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ABSTRACT

CONJUGATIVE TRANSFER OF ANTIBIOTIC RESISTANCE GENES
FROM SALMONELLA ENTERICA SEROVAR INFANTIS TO
ESCHERICHIA COLI

Cesur, Aylin
M.S., Department of Food Engineering

Advisor: Assoc. Prof. Dr. Yesim Soyer

January 2018, 101 pages

The usage and misusage of antibiotics in poultry, food-producing animals and human
diseases have led to transmission of conjugative plasmids carrying antibiotic
resistance genes from one microorganism to another, especially to the pathogenic
bacteria. Multi-drug resistant Salmonella enterica serovar Infantis, an emerging
serotype in poultry, has been spreading all around the world in a decade. Moreover,
commensal microorganisms such as commensal Escherichia coli in the gut
microbiota, functioning as a reservoir of antimicrobial resistance, of the warm-
blooded hosts acquire antibiotic resistance by plasmid from Salmonella enterica
serovars. The aim of this study was to identify the conjugative transfer of plasmids
including multi-drug resistance genes from Salmonella enterica serovar Infantis to
commensal susceptible E. coli in both of phenotypic and genotypic level. Salmonella
Infantis isolates with different antibiotic resistance profiles involving streptomycin,
sulfisoxazole, ampicillin, trimethoprim/sulfamethoxazole, kanamycin,

chloramphenicol, ciprofloxacin, cephalotin, nalidixic acid and tetracycline were



selected as donor bacteria (n=10), while susceptible non-pathogenic E. coli isolate
was used as a recipient. Applying filter paper mating procedure was used for
conjugation. Transconjugant E. coli colonies were screened by phenotypic and
genotypic methods. First, yellow colonies representing transconjugant E. coli
colonies were determined on the selective XLD agar containing 10 pg/ml
tetracycline in phenotypic level. After that, conjugation genes (i.e., traA, trak, tral,
tral, traG, traH, tral, traM, traR, traY, rfaG, rfal, rfaJ, rfaL and rfbP), and the
incompatibility group of plasmids were screened by polymerase chain reaction
(PCR) in genotypic level. This study contributes to recent and further studies related
to the conjugative transmission of antibiotic resistance genes in Salmonella and E.

coli, which is an arising serious problem worldwide.

Keywords: Antibiotic Resistance, Conjugation, Plasmid, Salmonella, Escherichia

coli
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ANTIBIYOTIiK DIRENCLILIK GENLERININ SALMONELLA ENTERICA
SEROVAR INFANTIS iZOLATLARINDAN ESCHERICHIA COLI SUSUNA
KONJUGASYONEL AKTARIM YOLU

Cesur, Aylin
Yiksek Lisans, Gida Miihendisligi Boliimii

Tez Yoneticisi: Dog. Dr. Yesim Soyer

Ocak 2018, 101 sayfa

Kiimes hayvanlarinda, gida {ireten hayvanlarda ve insan hastaliklarinda antibiyotigin
kullanimi1 ve yanlis kullanimi, antibiyotik direnglilik genlerini tasiyan konjugasyonel
plazmidlerin bir organizmadan digerine Ozellikle patojen bakteriye yayilmasina
neden olmustur. Coklu ila¢ direncli Salmonella enterica serovar Infantis, kiimes
hayvanlarinda yeni goriilen klon, 10 yilda tim diinyaya yayilmis bulunmaktadir.
Buna ek olarak, antimikrobiyal direnglilik rezervuari olarak islev géren sicakkanli
konakgilarin bagirsak mikrobiyotasinda bulunan kommensal Escherichia coli gibi
kommensaller, Salmonella enterica serovarlarindan antibiyotik direnglilik genlerini
tastyan plazmidleri kazanmaktadirlar. Bu ¢alismada, ¢oklu ila¢ direnglilik genlerini
tasiyan plazmidlerin Salmonella enterica serovar Infantis'ten duyarli kommensal E.
coli'ye fenotipik ve genotipik diizeyde konjugasyonel aktarim yolu belirlenmistir.
Streptomisin, sulfisoksazol, ampisilin, trimetoprim-siilfametaksazol, kanamisin,
kloramfenikol, siprofloksazin, sefalotin, nalidiksik asit ve tetrasiklin igeren farkli
antibiyotik direnclilik profillere sahip olan Salmonella Infantis izolatlar1 (n=10)

dondr olarak segilirken, duyarli nonpatojenik E. coli izolati alic1 olarak kullanilmistir.

vii



Konjugasyon icin filtre kagidiyla esleme yontemi uygulanmigtir. Konjuge olan E.
coli izolatlar1, fenotipik ve genotipik metotlarla saptanmistir. Ilk olarak, konjuge olan
E. coli izolatlar, 10 pg/ml tetrasiklin igeren selektif ksiloz-lizin-deoksikolat (XLD)
agarda sar1 kolonilere izafeten fenotipik diizeyde belirlenmislerdir. Bundan sonra,
konjugasyon genleri (traA, trak, tralL, traJ, traG, traH, tral, traM, traR, traY, rfaG,
rfal, rfaJ, rfaL and rfbP) ve plazmidlerin inkompatibilite grubu, polimeraz zincir
tepkimesiyle (PCR) genotipik diizeyde incelenmistir. Yapilan bu g¢alisma, diinya
capinda giderek artan ve ciddi bir sorun haline gelen antibiyotik direnclilik genlerinin
Salmonella ve E. coli suslarinda konjugasyonel aktarimiyla ilgili son ve ileriki

calismalara katkida bulunacak potansiyele sahiptir.

Anahtar kelimeler: Antibiyotik direnclilik, Konjugasyon, Plazmid, Salmonella,
Escherichia coli
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CHAPTER 1

INTRODUCTION

Salmonella is a genus of Gram-negative, including more than 2500 different
serotypes. Salmonella consists of two species which are Salmonella enterica and
Salmonella bongori. Salmonella enterica is composed of six subspecies. Moreover,
S. enterica subspecies enterica includes 1531 serotypes such as Salmonella Infantis,
Thyphimurium and Enteritidis. The basic reason for the concern about this
subspecies is that Salmonella enterica subsp. enterica is the second most one leading
to gastrointestinal human infections after Campylobacter spp. Non-typhoidal
Salmonella enterica subsp. enterica (Salmonella) lead to salmonellosis affecting the
intestinal tract with the symptoms of diarrhea, fever and abdominal cramps within 12
to 72 hours. Centers for Disease Control and Prevention (CDC) reports over a
million illnesses and around 500 deaths related to nontyphoidal Salmonella spp. in
the USA. Moreover, Salmonella cases have been becoming a serious threat to human
health all around the world. In recent years, progressively foodborne outbreaks
related to one of the Salmonella serovars, Infantis, have been observed. Furthermore,
the majority of these isolates show antibiotic resistance the most commonly in the
poultry and broiler meat in European countries. Salmonellosis targets everyone,
especially the children, adults and people having weakened immune system, which
are the highest risk groups. Ciprofloxacin, commonly used antibiotic in treating
salmonellosis, cannot be wused in children because of the unfavourable

musculoskeletal effects of fluoroquinolones.



Instead of ciprofloxacin, B-lactams are chosen for the treatment of children. Different
phenotypic antibiotic resistance profiles of Salmonella Infantis have been
determined. For example, a multidrug-resistant strain of Salmonella enterica Infantis,
which shows the resistance to nalidixic acid, streptomycin, sulphonamide and
tetracycline has been spread in Hungary. In addition to this, Salmonella enterica
serovar Infantis resistant to ampicillin, chloramphenicol, streptomycin,
sulphonamide, tetracycline, kanamycin, trimethoprim and sulfamethoxazole has been
collected in Italy. Multidrug-resistant strains of Salmonella serovars lead to more
serious bacterial infections as compared with the susceptible strains. The reason of
that might be because of the virulence factors on the same plasmids. Antibacterial
resistant Salmonella, especially the ones with the extended spectrum beta-lactams
might cause a problem for public health in near future. Since the misusage of
antibiotics in veterinary medicine and human health has become critical, it has
triggered the conjugative transfer of plasmids carrying the antimicrobial resistance
genes such as for tetracycline (tetA, tetB, tetC), for streptomycin (strA, strB, aadA),
for sulfonamides (sull, sul2, sul3), for kanamycin and neomycin (aphal, apha2), and
for beta-lactamase genes (blacmy-2, blawem, blasw, blaps), for kanamycin and
gentamicin (aadb, aadAl). Furthermore, from which source Salmonella spp. acquire
the antibacterial resistance genes and/or in what ways antibiotic resistance genes are
transferred to pathogenic bacteria remains unclear because of the usage and misusage
of antibiotics in poultry, food-producing animals and human diseases. At this point,
the studies have revealed that the conjugative transfer of plasmids carrying
antimicrobial resistance genes among Gram-negative foodborne pathogens such as
Salmonella enterica serovars and Escherichia coli serovars have been increasing in

recent years.



This thesis enucleates the acquisition of antibiotic resistance genes by the horizontal
gene transfer among antimicrobial resistant Salmonella enterica Infantis and
commensal Escherichia coli having susceptibility to antibacterials and plasmid-free.
In order to determine the molecular mechanism of horizontal gene transfer,
conjugation was applied. Salmonella enterica Infantis isolated from food origins
were used as donors, while plasmid-free Escherichia coli was selected as recipient.
The phenotypic features of antibiotic susceptibilities were examined by disc
diffusion and minimal inhibitory concentration studies. The genotypic characteristics
of antimicrobial resistance were screened by PCR amplification. To determine the
conjugative transfer of antibiotic resistance genes, genes on plasmids regulating the
conjugation process were also screened after the purification of plasmid DNA from

antibiotic resistant Escherichia coli.






CHAPTER 2

LITERATURE SEARCH

2.1. Antibiotics and Antibiotic Resistance

Antibiotics are defined as the low molecular weight microbial metabolites which
prevent the growth of microorganisms at low concentrations (Lancini et al., 1995).
There are two different impacts of antibiotics on bacteria; bacteriostatic and
bactericidal. Bacteriostatic components such as chloramphenicol inhibit the growth
of bacterial cells, while bactericidal substances such as penicillin remove bacteria
(Walsch, 2003). The main targets of antibiotics are put in order as cell wall
biosynthesis, protein biosynthesis, DNA and RNA biosynthesis, and folate
biosynthesis (Walsch, 2003). Gram-negative bacteria such as Salmonella enterica,
Escherichia coli and Pseudomonas aeruginosa and Gram-positive bacteria like
Staphylococcus aureus and Streptococcus pneumoniae possess a peptidoglycan layer
in order to protect themselves from the environmental stresses (Yoneyama and
Katsumata, 2006). Penicillins and cephaolosporins under the group of B-lactams
inactivate the functions of transglycosidase and transpeptidase, which are the main
enzymes of peptidoglycan layer (Spratt and Cromie, 1988). Since protein
biosynthesis consists of many complex reactions, antibiotics, aminoglycosides and
tetracyclines, attack to conserved regions of the 16S rRNA of the 30S subunit, and
other antibiotics, acrolides, chloramphenicol, lincosamides, and quinupristin-
dalfopristin, interact with the 23S rRNA of the 50S subunit (Yoneyama et al., 2006).



Furthermore, in order to inhibit the biosynthesis of DNA and RNA, quinolones such
as ciprofloxacin and nalidixic acid, and rifampicin play crucial roles, respectively
(Maxwell, 1997; Spratt, 1994). Moreover, sulfamethoxazole, one of sulfonamides,
and trimethoprim affect the folic acid metabolism adversely and inhibit the bacterial

infections such as urinary and respiratory infections (Mascaretti, 2003).

Antibiotic resistance might be hereditary or acquired. To illustrate of intrinsic
antibiotic resistance, Pseudomonas aeruginosa resistant to the majority of antibiotics,
Gram-positive bacteria resistant to colistin and Enterobacteriaceae resistant to
glycopeptides and linezolid (Yoneyama et al., 2006; MacGowan et al., 2013). On the
other side, acquired resistance is originated in gain of a plasmid and/or transposon or

mutational alterations in chromosome (Davies, 1994).



Figure 1 Main mechanisms of antibiotic resistance. Retrieved from Yoneyama, H.,
& Katsumata, R. (2006).

The main mechanisms of antibiotic resistance are (A) inhibiting the aggregation of
antibiotics in bacterial cell by increasing efflux or reducing uptake, (B) deactivation
of antibiotics by hydrolysis or phosphorylation, and (C) transformation of the target
qualitatively in order to decrease the resemblance for the antibiotics by mutation or
modification, or quantitatively by excessive production of the target as shown in
Figure 1 (Spratt, 1994; Walsh, 2000).



Table 1 Most commonly used antibiotics to determine the phenotypic antibiotic

resistance profile of Salmonella and E. coli isolates.

Classification Antibiotics Function Reference
Ampicillin
Ceftiofur
Cefoxitin
Ceftriaxone . .
Interfering with .. .
p-Lactams Cephalothin the cell wall Majiduddin et
. al., 2002
Amoxicillin- synthesis
clavulanic acid
Ertapenem
Imipenem
. e Blocking DNA  Aldred et al.,
Quinolones Nalidixic acid transcription 2014
Fluoroquinolones Ciprofloxacin Blocklng DNA Aldred etal,
transcription 2014
Amikacin
Gentamicin Inhibitin_g protein  Fantin et al.,
Aminoglycosides synthesis of 30S 1991
Kanamycin subunit
Streptomycin
Inhibiting protein
Phenicols Chloramphenicol synthesis of 50S Sethetal,
. 2009
subunit
Inhibiting protein
Tetracyclines Tetracycline synthesis of 30S  Roberts, 2002
subunit
Trimethoprim- Inhibiting folate Van Hoek et
Sulfonamides sulfamethoxazole gr al., 2011
. synthesis
Sulfisoxazole
DHFR inhibitors Trimethoprim Inhibiting folate ¢\ 14 2001

synthesis




2.1.1. p-lactam antibiotics have been using for various bacterial infections for a
long time. They comprise of penicillins, cephalosporins, monobactams, carbapenems
and B-lactamase inhibitor combinations (Watkins et al., 2017). Penicillins and some
cephalosporins, B-lactam antibiotics, include a four-atom cyclic amide. B-lactam
antibiotics might be reproduced from the polymerization of amino acids (Lancini et
al., 1995). Gram-negative organisms, involving the majority of Enterobacteroaceae,
are affected by the natural penicillin activity of aminopenicillins such as ampicillin
and amoxicillin (Watkins et al., 2017). In addition to this, aerobic Gram-positive,
Gram-negative and anaerobic organisms, which generate B-lactamases are more
affected with the use of B-lactamase inhibitors. For cephalosporins, there are five
generation types. Cefotaxime, ceftazidime and ceftriaxone, belonging to third-
generation cephalosporins, have had efficient Gram-negative. Ceftaroline which is
the last generation-cephalosporin has improved its efficiency against methicillin-
resistant Staphylococcus aureus (MRSA) (Watkins et al., 2017). On the other hand,
because of extended-spectrum [-lactamases and carbapenemases, resistancy to
cephalosporin rises. For instance, Salmonella isolates resistant to third-generation
cephalosporins have been found out since 1988, because of the extended-spectrum f3-
lactamases (ESBL) all around the world (Rhen, 2007). The extended-spectrum f-
lactamases (ESBL) in Salmonella are found on plasmid-mediated class 1 beta-
lactamases SHV, TEM, PER and CTX-M groups. An outbreak of Salmonella
enterica Infantis producing ESBL was reported in Brazil (Pessoa-Silva et al., 2002).
Non-typhoidal Salmonella might get resistance to extended spectrum cephalosporins

due to plasmid-mediated AmpC-type beta lactamases (Rhen, 2007).



2.1.2. Quinolones and fluoroquinolones are the unnatural antimicrobial substances.
They are originally reproduced from 1,8-naphthyridine constituents such as nalidixic
acid. (Rubinstein et al., 2017). The inhibitory effect of naphthyridine and quinolone
materials, such as nalidixic acid, was restricted to Gram-negative pathogens
especially Salmonella and Shigella spp. On the other hand, adding a fluorine at
position 6 has increased the activity against the Gram-negative pathogens
(Rubinstein et al., 2017). The main way to acquire the quinolone resistance is the
mutational alteration on the antimicrobial target site. Mutational changes on the
active site of gyrA, which results in higher susceptibility to nalidixic acid rather than
the fluoroquinolones have been found out in the majority strains of Escherichia coli.
In addition to this, insertional parC mutation has led to more resistance to
ciprofloxacin in E. coli (McDonald et al., 2001). Some studies have revealed that
nontyphoidal Salmonella infections have shown the resistance to nalidixic acid and
become less susceptible to fluoroquinolones (Poutanen et al., 2003). Another way of
gaining resistance to quionolones is the efflux pumps, which generally lead to low
level resistance. On the other hand, in case of overexpression of efflux pumps, it
might bring out serious problems. The efflux pump system of E. coli is acrAB-tolC
(Rubinstein et al., 2017). A number of strains of Salmonella enterica serovar
Typhimurium have been less susceptible to fluoroquinolones, because of the
overexpression of AcrAB efflux pump which might be expressed more by MarA and
SoxS encoded by marRAB and soxRS in return (Giraud et al., 2000; White et al.,
1997). A recent mechanism reducing susceptibility to quinolones in
Enterobacteriaceae is Qnr proteins which preserve gyrase and topoisomerase 1V from
quinolone detention (Rubinstein et al., 2017). Another discovered mechanism is
AAC(6')-Ib-cr, aminoglycoside acetyltransferase, which is responsible for
transferring low-level resistance to aminoglycosides and fluoroguinolones (Robicsek
et al., 2006).
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2.1.3. Aminoglycoside antibiotics are generated by the genera Streptomyces,
Micromonosora and Bacillus. Aminoglycoside group includes streptomycin,
kanamycin, gentamicin, tobramycin and neomycin. They are composed of a cyclic
amino alcohol and amino sugars (Lancini et al., 1995). Aminoglycosides inhibit the
protein synthesis by binding to the ribosome of bacteria (Fantin et al., 1991).
Moreover, they damage the translation process of bacteria by binding to 30S
ribosomal subunit reversibly, which results in gathering non-specified proteins in
bacteria (Hermann, 2007). Aminoglycosides are effective against bacterial pathogens
leading to serious diseases (Menashe et al., 2008). On the other hand, they are not
efficient to treat intracellular bacteria such as Staphylococcus aureus and Salmonella
enterica in vitro (Kihlstrom et al., 1985). Streptomycin was the first antibiotic
treating tuberculosis (Lancini et al., 1995). Kanamycin, gentamicin, tobramycin,
amikacin and netilmicin were isolated to supress bacteria, which are not susceptible
to streptomycin (Lancini et al., 1995). Acquiring the resistance to aminoglycosides is
runned by acetyltransferases, nucleotidyltransferases and phosphotransfeases, which
results in enzymatic inactivation (Benveniste et al., 1973). aph genes enable bacteria
to acquire the resistance to kanamycin and neomycin, while Salmonella isolates gain
resistance to streptomycin by the help of genes, strA, strB and aadA (Shaw et al.,
1993). Furthermore, aadB is responsible for the resistance to gentamicin and
tobramycin. A study has revealed that Salmonella strains isolated from clinical
source were highly resistant to kanamycin compared to amikacin, tobramycin, and
gentamicin (Samadi et al., 2015). On the other side, macrophage associated
Salmonella have been impacted by aminoglycosides based on selected concentration

and exposure time of gentamicin (Menashe et al., 2008).
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2.1.4. Chloramphenicol is one of the group of miscellaneous antibiotics including
florfenicol. It was first isolated from Streptomyces venezuealae (Lancini et al., 1995).
It consists of a nitrobenzene moiety (Seth et al., 2009). Chloramphenicol inhibits the
protein synthesis by binding to the 50S ribosomal subunit reversibly and intercepting
aminoacyl tRNA from binding to the acceptor group on the former ribosomal subunit
(Seth et al., 2009). Chloramphenicol is used to treat the infections of Gram-negative
bacteria because of its effective antimicrobial activity. Therefore, plasmid mediated
resistance to chloramphenicol has been increasing although some strains of
Salmonella are still susceptible to chloramphenicol. Gram-negative bacteria acquire
the resistance to chloramphenicol by transferring of plasmids via conjugation.
Moreover, plasmid mediated resistance might lead to multidrug resistance including
chloramphenicol, tetracycline and streptomycin (Seth et al., 1995). Distinct types of
chloramphenicol acetyltransferases (CATs) make ineffective chloramphenicol,
thiamphenicol and azidamphenicol, while florfenicol is not affected by these
enzymes mentioned before (Van Hoek et al., 2011). Furthermore, efflux
mechanisms, mutational changes on the specific site and inactivation of
phosphotransferases are also considered as the resistance mechanisms (Schwarz et
al., 2004). There are two classified genes encoding the chloramphenicol
acetyltransferases, which are catA and catB. In addition to this, cmlA provides
resistance to chloramphenicol, while it does not have the same effect to florfenicol.
On the other hand, floR enables the resistance to both of chloramphenicol and
florfenicol (Van Hoek et al., 2011). Chloramphenicol resistance have been found out
in isolates representing Salmonella serovars Typhi, Typhimurium and Paratyphi
isolates (Lee et al., 2004; Faldynova et al., 2003; Hardjo et al., 2017).
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2.1.5. Tetracyclines are composed of chlortetracycline, oxytetracycline and
tetracycline. They are generated from the distinct strains of Streptomyces.
Tetracyclines have extensive spectrum of activity against Gram-positive and Gram-
negative bacteria. They inhibit the protein synthesis and the growth of bacteria
(Roberts, 2002). Efflux systems connected to energy, ribosomal protection proteins
and enzymatic inactivation are the mechanisms providing the resistance to
tetracycline (Van Hoek et al.,, 2011). There are tet genes encoding tetracycline
resistance and otr genes encoding oxytetracycline resistance, and tcr encodes for
efflux pumps (Brown et al., 2008; Roberts, 2005). tet(B) is the most seen gene
among the Gram-negative bacteria (Van Hoek et al., 2011). tet(A), tet(B), tet(C),
tet(D) and tet(G) were also screened in Salmonella isolates (Chopra and Roberts,
2001).

2.1.6. Sulfonamides are the synthetic antibiotics which inhibit the dihydropteroate
synthase (DHPS) taking place in thymine production and bacterial cell growth (Van
Hoek et al., 2011). Sulfamethoxazole is one of the most used sulfonamides. Because
of their inhibitory activity, sulfamethoazole and trimethoprim have been combined at
specific concentrations. In consequence of mutational alteration in folP responsible
for DHPS, chromosomal sulfonamide resistance arises (Skold, 2000). sull, sul2 and
sul3 are plasmid mediated genes encoding sulfonamide resistance. sul3 was screened
in Salmonella serovars Typhimurium, Rissen and Agona (Antunes et al., 2005;
Guerra et al., 2004). sull gene is located in class 1 integrons. On the other hand, sul2
is found on nonconjugative plasmids or large conjugative plasmids (Antunes et al.,
2005). Thus, sull gene is commonly screened in Salmonella isolates compared to

sul2.
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2.1.7. Trimethoprim is a synthetic antibiotic, which inhibits the dihydrofolate
reductase (DHFR) by connecting to its active site (Van Hoek et al., 2011). DHFR has
responsibility of folate biosynthetic system (Skéld, 2001). Resistance to
trimethoprim, seen at low level, might be based on antibiotic resistant types of
chromosomal folA gene producing DHFR (Skold, 2001). On the other hand,
resistance at high frequency might be transferred by plasmid mediated DHFRs.
Especially in Gram-negative bacteria, this situation have become critical (Gruneberg,
1972). dfrA and dfrB genes encode DHFRs. Variations of dfrA gene were found in
Salmonella serovars Typhi, acquired dfrA7, and Typhimurium, acquired dfrAl2.
They have shown the resistance to trimethoprim (Shanahan et al., 1978; El-Sharkawy
etal., 2017).

2.2. Horizontal Gene Transfer of Antibiotic Resistance

Alterations in the genetic inheritance of a bacterium can be taken place by mutations
or acquisition of new genetic materials, such as genes regulating the antimicrobial
resistance (Bennett et al., 2008). The widespread usage of antibiotics in food animal
production chains, human and veterinary medicine have given rise to increase the
antibiotic resistant bacteria, and horizontal gene transfer of antibiotic resistance (Van
Meervenne et al.,, 2012). The acquisition of antibacterial resistance genes by
horizontal gene transfer might occur in three ways: transformation, transduction and
conjugation (Bennett et al., 2004). Horizontal gene transfer takes place by at least
two operations which are the physical transferring of DNA and the association with
genome of the recipient in order to get consistent heredity (Stokes and Gillings,
2011). Incorporation mechanisms and autonomous replication enable DNA to sustain
itself in genome of the recipient after the transfer mechanism of plasmids occurs.
Moreover, transposition does the same for transposons and insertion sequence

common regions, while site-specific and homologous recombination apply the same
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procedure for integrative and conjugative elements, gene cassettes and integrons
(Stokes et al., 2011). Bacterial horizontal gene transfer mechanisms are illustrated in
Figure 2. Conjugation is paid regard to main transfer way of plasmids carrying
antibiotic resistance genes and conjugative transposons (Wintersdorff et al., 2016).
DNA is transferred through the genus and different species by the help of
conjugation of plasmids while transformation and transduction are more restricted in
transferring gene transfer agents for the same species (Mathur and Singh et al.,
2005).

2.2.1. Conjugation

Conjugation is defined as the unmediated transfer of DNA from the donor to
recipient bacterium by the help of pilus serving as a bridge between the two
contiguous bacterial cells (Singh, 2017). Certain transfer proteins play a crucial role
in the formation of pilus and transferring of DNA of the donor bacterium for
conjugation. Hence, bacteria with DNA encoding transfer and mobilization genes,
are eligible for conjugation. For instance, the majority of Salmonella plasmids have

tra group of transfer genes (Singh, 2017).

The gut microbiota of human and animal, and environment are important reservoirs
for antibiotic resistance genes on mobile genetic elements. For example, blactx-m
genes have become threat in increasing antibiotic resistance plasmids because of
extended-spectrum B-lactamases among Enterobacteriaceae all around the world
(Hawkey et al., 2009). In addition to this, sub minimum inhibitory concentrations
might be related to spread of resistance genes by promoting the conjugation (Lopez
et al., 2007). Hence, the conjugative transfer of plasmids in human and foodborne
pathogens has conduced toward to propagate the antimicrobial resistance genes

resistant to many antibiotic agents (Huddleston, 2014).
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Figure 2 Bacterial horizontal gene transfer mechanisms. Retrieved from Burmeister,
A. R. (2015).

2.2.2. Transformation

Griffith has discovered the transformation in which genetic exchange occurs in
Streptococcus pneumoniae in 1928 (Griffith, 1928). Hotchkiss has exposed antibiotic
sensitive strains of Streptococcus pneumoniae to DNA of resistant ones in order to
get them acquire penicillin and streptomycin resistance (Hotchkiss, 1951).
Transformation is expressed as the uptake, integration and functional expression of
free extracellular DNA (Wintersdorff, 2016) as shown in Figure 2. The competent
recipient bacteria attain extracellular DNA by incorporation into the its genome or

recircularisation for transformation mechanism (Thomas et al., 2005).
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2.2.3. Transduction

Transduction was found out first among Salmonella bacteria (Zinder et al., 1952).
Bacteriophages, in other words bacterial viruses, function as natural vectors to move
the genes of the host bacteria (Modi et al., 2013) as can be seen in Figure 2. On the
other hand, two distinct ways of transduction were expressed. In Salmonella phage
22 and E. coli phage P1, some viral molecules include a part of host chromosome
instead of a reproduced viral genome for generalized transduction (Arber, 2014),
while transducing viral particles comprise of a segment of phage genes and some

host bacterial genes for specialized transduction (Arber, 2014).
2.3. Plasmid and Integron Mediated Antibiotic Resistance

Plasmids are defined as double-stranded circular DNA elements changing in size,
replicating themselves by the help of distinct molecular mechanisms, existing
diversified amount of copies per cell (Tolmasky, 2013). Moreover, the host range of
plasmids might vary from several genera to wide range of them. The F sex factor
encoding the conjugation mechanism is found on the majority of plasmids encoding
prevalent transfer (tra) function (Hughes and Andersson, 2001). In general, plasmids
are assigned to incompatibility (Inc) groups. Incompatibility is expressed as the
incapability of the plasmids to be reproduced steadily in the same cell line (Carattoli,
2003). There are four main incompatibility groups determined according to the
genetic relevance and pilus structure: IncF, IncP, Incl and Ti plasmid groups. The
IncF group is composed of IncF, IncS, IncC, IncD, IncJ, while the IncP group is
composed of IncP, IncU, IncM, IncW, and the Incl group is composed of Incl, IncB,
IncK. The last group Ti plasmid group is composed of IncX, IncH, IncN and IncT
(Waters, 1999). Antimicrobial resistance genes carried by plasmids are usually found
on mobile genetic elements, transposons, taking part in the transposase mechanism

enabling them to incorporate into chromosome or plasmid (Carattoli, 2003).
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Moreover, integrons are genetic mobile elements capturing gene cassettes including
resistance genes (Hall, 2013). Integrons encode a site-specific recombinase called as
Intl, and gene cassettes are merged into a particular site of integron neighboring on
intl gene (Hall, 2013). Hence, the integrase encoded by intl gene and an attl site
identified by the integrase demonstrate the two special attributes of the integrons. In
addition to this, the Intl integrase might also identify the attC sites in the gene
cassettes. Reassociation of an attC and attl site results in assembling of the gene
cassette to integron (Hall, 2013). Furthermore, Pc, a promoter, performs the
expression of adjoined genes (Gillings, 2017). Integrons might catch more than one
gene cassette, and varying the numbers from one to hundreds of gene cassettes might
be located on the integrons. Integrons are classified to four groups by taking into
consideration the homology of the integrase proteins: Class 1, 2, 3 and 4. Class 1
integrons, the most commonly found, play crucial role in dissemination of antibiotic
resistance. Class 1 integrons consist of intl1 gene acquiring and expressing of gene
cassettes, gene cassettes assigning antibiotic resistance, gacE conferring resistance to
disinfectants as efflux pump, sull providing resistance to sulfonamides, Tn402
imbedding to plasmids and transposons as res hunting transposon, Tn501 supplying
resistance to mercury, mobile and IS elements (Gillings, 2017). Class 1 integron,
taking important part in propagating antimicrobial resistance, has been found on the
majority of Gram-negative bacteria such as Salmonella, Escherichia coli and
Shigella. The greater part of class 1 integrons includes aadA gene, encoding
streptomycin-spectinomycin resistance (Deng et al., 2015). In addition to this,
genetic elements providing trimethoprim resistance are also found (Fluit et al., 2004).
Class 2 integron is generally correlated to Tn7 transposon family involving attl2 and
Pc (Deng et al., 2015). Class 3 integron has included blaivp gene cassette providing
resistance to carbapenems (Arakawa et al., 1995). In addition to this, blaces-1 within
IncQ plasmid has been determined in Salmonella spp., Esherichia coli and Serratia

marcescens (Deng et al., 2015; Ploy et al., 2003).
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Class 4 integron has firstly been spotted in Vibrio isolates. It has been reported that
class 4 integron carries gene cassettes encoding chloramphenicol and fosfomycin
resistance (Shibata et al., 2003; Fluit et al., 2004).

Effective conjugative transfer of plasmids, genetic elements, from high-frequency
recombinant (Hfr) donors demonstrates the consistent integration of F factor. The
transfer of DNA starts from the F origin of transfer (oriT) through the circular
genome from 5'to 3' direction (Gross et al., 1966). Expression of a pilus filament is
required for the conjugative transfer of plasmids among Gram-negative bacteria such
as Salmonella and Escherichia coli (Frost, 1993). F-like plasmids are divided to
seven Inc groups by considering incompatibility, from IncFl to IncFVII, which is
related to replicon(s) of a plasmid. This classifying is applied because the plasmids
are located in the same Inc group in case of not being able to consistently coexist in
the same host cell (Datta, 1975). In Figure 3, the phases of F-plasmid mediated
conjugative transfer of DNA are demonstrated. In A part of Figure 3, the mechanism
of intercellular contingence of DNA transfer is shown. The contiguity between donor
and recipient cells are constructed between F pilus and the surface of recipient cell
(Helmuth et al., 1978). The surfaces of donor and recipient cells are connected by the

help of depolymerization of filament subunits in order to transfer DNA.
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Figure 3 Thedifferentphases of F-plasmid mediated conjugative transfer of DNA.
Retrieved from Firth, N., K. Ippen-Ihler, and R. A. Skurray. (1996).
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After electron-compacted conjugative joint part is formed, plasmid is transferred
following segregation (Firth et al., 1996). On the other side, in B part of Figure 3, the
contact surfaces of donor and recipient cells are formed by a mating signal
transmitted from the pilus to a protein composite involving Tral linked to F-oriT site.
A single strand of F mediated plasmid DNA is transferred to the recipient cell. F-
Tral relaxase/helicase keeps connected to 5' oriT end by considering its location at
the intercellular interaction site, after nicking. Replacement strand synthesis in the
donor cell and complementary strand synthesis in the recipient cell take place while
the strand is unstuck from oriT. After the recircularization of transferred strand at

oriT, conjugative transfer mechanism stops.
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33.3 kb F traregion, regulating gene expression and protein synthesis, play an
important role in conjugal DNA transfer and employment as receptor (Firth et al.,
1996). For example, traA regulates pilus biogenesis in the inner membrane and the
extracellulary inner membrane; traE and tralL regulate pilus biogenesis in inner
membrane; traJ take part in the regulation of conjugative transfer of plasmids in
cytoplasm; tral regulates DNA metabolism in cytoplasm (Firth et al., 1996; Frost et
al., 1984; Cuozzo et al., 1986; Bradshaw et al., 1990).

2.3.1. Plasmid-Mediated Antibiotic Resistance in Salmonella Serovars

Salmonella serovars from food animals and humans have been showing antibiotic
resistance to four or more antimicrobials incrementally (Carattoli, 2003).
Fluoroquinolones, ampicillin, trimethoprim-sulfamethoxazole or third-generation
cephalosporins are effectively used antibiotics for Salmonella infections. On the
other hand, trimethoprim-sulfamethoxazole and ampicillin are inefficient because of
the accelerating resistance. Moreover, in salmonellosis cases of children,
fluoroquinolones are not used. Thus, extended-spectrum cephalosporins have been
currently used in children infected with Salmonella (Acheson and Hohmann, 2001).
On the contrary, resistance of Salmonella species to extended-spectrum
cephalosporins have been emerging all around the world (Threlfall et al., 1997).
Plasmid-mediated CMY-2, one of the plasmid-mediated AmpC p-lactamases, was
firstly found out on a conjugative plasmid of Salmonella serovar Senftenberg (Koeck
et al., 1997).Furthermore, Salmonella Typhimurium isolated from human and cattle
hosts were detected within CMY-2 encoding plasmids (Fey et al., 2000). Plasmids
having cmy-2 gene were classified according to restriction patterns and its
hybridisation models. Type A and C plasmids provided resistance to streptomycin,
chloramphenicol, tetracycline, sulphonamides, and ceftriaxone provided by CMY-2

B-lactamase.
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In addition to this, resistance to [-lactam antibiotics by CMY-2 was acquired by
type B plasmids (Carattoli et al., 2002). Resistance to extended spectrum
cephalosporins by plasmid-mediated CMY-2 pB-lactamase has been found in
Salmonella serovar Bredeney isolate in Canada (Allen et al., 2002), Salmonella
serovars Mikawasima and Montevideo isolates in Spain (Navarro et al., 2001), and
Salmonella serovar Typhimurium isolate in Taiwan and South Korea (Yan et al.,
2003; Lee et al., 2014), and Salmonella serovar Heidelberg isolate in South America
(Cejas et a., 2014). Since ceftiofur, an extended-spectrum cephalosporin, is used in
veterinary medicine, cephalosporin resistance in Salmonella enterica strains
especially isolated from food animals are frequently seen. Incl, IncH and IncF
plasmids conferring antibiotic resistance have been mostly determined in Salmonella
isolates (Rychlik et al.,, 2006). Resistance of Salmonella enterica serovar
Typhimurium isolates carrying IncFl plasmids within two class 1 integrons; Intl
including aadB and catB3 genes providing kanamycin and chloramphenicol
resistance, and Int2 involving oxal and aadAl genes acquiring B-lactams and
streptomycin-spectinomycin resistance, to ampicillin, chloramphenicol, kanamycin,
streptomycin, spectinomycin, sulfonamides, tetracycline and trimethoprim has been
identified in Albania (Tosini et al.,, 1998). Moreover, Salmonella serovars
Typhimurium and 4,5,12:i:- carrying IncFIC plasmid comprising spvCD genes and
antibiotic resistance genes coding ACSSuT (Ampicillin, Chloramphenicol,
Streptomycin, Sulphonamides and Tetracycline) have been identified (Llanes et al.,
1999; Guerra et al., 2001). On the other side, Salmonella Typhimurium phage or
definitive type (DT) 104 is an emerging multidrug-resistant pathogen all around the
world (Poppe et al., 1998). Furthermore, Salmonella Typhimurium definitive type
204c has shown the resistance to gentamicin and apramycin by conjugative transfer

of plasmids of 11 incompatibility group (Threlfall et al., 1986).
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Unlike the conjugative transfer of plasmids belonging to Typhimurium DT204c and
encoding ACSSuT, chromosomally integration of antibiotic resistance genes in
Typhimurium DT104 has been determined in despite of the possibility of plasmid
origin (Threlfall et al., 1994). In addition to this, acquiring resistance to trimethoprim
of Typhimurium DT104 strains has been occured by nonconjugative but mobilizable
plasmid which also provide resistance to sulfonamides (Threlfall et al., 1996). The
recent study related to global and local epidemiology of Salmonella serovar
Typhimurium DT104 has revealed details by the help of whole-genome sequencing
(WGS). Multidrug-resistance profile of DT104 strains has been formed by the
horizontal transfer of the 13- kb Salmonella genomic island 1 (SGI1) multidrug-
resistance region (Leekitcharoenphon et al., 2016).The majority of Salmonella
enterica serotype Typhimurium DT104 strains have shown multidrug resistance to
streptomycin and spectinomycin, sulfonamides, chloramphenicol and florfenicol,
tetracyclines, and [-lactams because of aadA2, sull, floR, tetA(G), and
blaP1(alternative form blapse1 or blacars2) in return (Levings et al., 2005).
Furthermore, SGI1, an integrative mobilizable element, was also determined in
Salmonella enterica serovars Paratyphi B, DT 120, Agona, Cerro, Derby,
Dusseldorf, Infantis, Kiambu (Doublet et al., 2005; Meunier, 2002; Doublet et al.,
2004; Levings et al., 2005). Salmonella enterica serovar Enteriditis isolates resistant
to extended-spectrum cephalosporins by the blashv-12 gene found on conjugative
plasmids have been observed (Villa et al., 2002). Moreover, pACM1 plasmid from
Klebsiella oxytoca and pSEM plasmid from Salmonella Typhimurium pertain to
IncL/M group and acquire resistance to extended-spectrum cephalosporins by
blashvs gene. These plasmids include class 1 integron providing resistance to
aminoglycoside, and play a crucial role in spreading the antibiotic resistance among

Gram-negative pathogens.
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In addition to these, an emerging serotype observed over the last ten years,
Salmonella Infantis, has showed an extraordinary antibiotic resistance all around the
world. For example, Salmonella Infantis has indicated plasmid-mediated resistance
to third-generation cephalosporins in Belgium (Ceyssens et al., 2015). Moreover, in
Hungary, multidrug-resistant Salmonella Infantis with the large-sized conjugative
plasmid isolated from broiler chickens has been determined (Nogrady et al., 2007).
Furthermore, Salmonella Infantis isolated from human clinical sources in China has

demonstrated antibiotic resistance (Liang et al., 2015).

2.4. The Gut Microbiota As a Reservoir for Antibiotic Resistance Determinants

The human intestine includes various and abundant microbial habitat composed of
around 1000 distinct bacterial species and more than 7000 distinct serovars (Biackhed
et al., 2005). These bacteria participate in important biological functions such as
physiological processes and immune system (Jernberg et al., 2010). However,
antibiotics used for a long time have undesirable effects on normal gut microbiota
complex. For example, colonization resistance of the commensal microbiota has
been impaired, because of the usage of antibiotics (Jernberg et al., 2010). Dysbiotic
gut microbiota might not implement life-sustaining functions such as supplying
nutrient, protecting from pathogens and producing vitamin (Guarner et al., 2003). In
addition to this, dysbiosis of the gut microbiota has been correlated to metabolic,
immunological, developmental diseases and increasing susceptibility to infectious
diseases (Langdon et al., 2016). On the other hand, microbiome enables horizontal
transfer of antibiotic resistance genes to the latent pathogens while the gut microbiota
performs viral functions for the human health (Penders et al., 2013). The intestine
possesses moist and warm medium which is rich in regard to nutrients. Thus, this
leads to high copy numbers of potential bacterial cells for acquiring resistance, and

creates a great gene pool for theresistance factors (Jernberg et al., 2010).
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Antibiotic resistance genes might be transferred to pathogens from commensals after
commensal bacteria acquire themin the gut microbiota. For instance, transmission of
plasmid keeping B-lactamase gene from a resistant Escherichia coli serovar to a
previously susceptible same strain has been determined in a child cured with
ampicillin (Karami et al., 2007). In addition to this, when commensal microbiota not
been exposed to antibiotics for minimum one year has been examined by the help of
metagenomic way, unique resistance determinants have been found out (Sommer et
al., 2009). Hence, new resistant pathogens might occur because of the multifarious
gene pool in the gut microbiota of healthy people. Additionally, the recent research
has demonstrated that bacteria generating extended-spectrum p-lactamases, and
Escherichia coli having CTX-M-15 gene have been determined by the shotgun
metagenomic sequencing in the gut microbiota of the study individuals not been
exposed to antibiotic treatment (Bengtsson-Palme et al., 2015). Moreover, class 1
integrons have been found out in the microbiota of human and food animals at high

level, due to selective pressure of antibiotics (Gillings, 2017).
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2.5. The Aim of the Thesis

Emerging pathogens, gaining antibiotic resistance, have been threating the human
health, veterinary and agriculture all around the world. Plasmids play an important
role in the horizontal gene transfer of antimicrobial resistance genes. At this point,
the acquisition route of these determinants, and conjugative transfer of plasmids
among the Gram-negative pathogens have been uncertain. Furthermore, the effects
of antibiotics and resistant pathogens on the gut microbiota are the issue of concern
recently. The goals of this thesis were to investigate the horizontal gene transfer
based upon plasmids from resistant Salmonella enterica subsp. enterica serovar
Infantis to susceptible commensal Escherichia coli, and make contribution to the
subsequent studies such as the sequencing of the plasmid metagenome, which targets

to find the antibiotic resistance genes in the gut microbiota.
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CHAPTER 3

MATERIALS AND METHODS

3.1. Donor Salmonella enterica Serovar Infantis Strains and Recipient

Escherichia coli Strain

Donor bacterial strains isolated from chicken meat were selected according to their
antibiotic resistance profiles (ARP) and antibiotic resistance genes located on
plasmids. In other words, the compatibilities of screening antibiotic resistance genes
on plasmids, and observing their relevant antibiotic targets were the main criteria for
the selection of isolates. 10 donor isolates out of 70 Salmonella Infantis isolates were
selected from the data bank of Food Safety Laboratory, Department of Food
Engineering, Middle East Technical University. On the other hand, recipient strain
was chosen with regard to antibiotic susceptibility and plasmid-free. PFGE and
MLST types of Salmonella Infantis isolates were analyzed in the former project
(Acar et al., 2017).
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Table 2 Phenotypic and genotypic antibiotic resistance profiles of donor strains.

Salmonella lsolation PFGE MLST  Antibiotic  ~‘ntimicrobial
Infantis Source Brand Date Tvoe Tvpe Resistance Resistance
Isolates yp yp Genes

Chicken
MET-S1- wing A December PTO7 ST32 SAMPKENT aadAl,blartem-1,
669 meat , 2012 sull
MET-S1- Chicken February, sull, aphAl-lab,
774 rib meat B 2015 PT08 ST32 SISAKSNT aadAl, tetA
Chicken
MET-S1-  “ihigh ¢ TPV prgy o732 SfSxSCipNT  sull, aadAl
77 2015
meat
Chicken
MET-S1- ; February, sull, aphAl-lab,
782 wing C 2015 PTO8 ST32 SfSXtKSNT aadAL, tetA
meat
Chicken
MET-S1- “4high c  Febrary, orog sr32 sfexicsnt  SullaadAl
785 2015 tetA
meat
Chicken .
MET-SI- “jeast D "o, prog grap  STSXICSCIDN o1 oadAl, tetA
788 2015 T
meat
Chicken
MET-S1- February, sull, aadAl,
792 heart E 2015 PTO8 ST32 STSxtSNT tetA
meat
Chicken
MET-S1- eart g February,  oros gr3n sisxcsnt UL aadAl
798 2015 tetA
meat
Chicken
MET-S1- February, sull, aphAl-lab,
801 breast E 2015 PTO8 ST32 STSxtCKSNT aadAL, tetA
meat
Chicken
MET-S1- ; February, sull, aphAl-lab,
804 mler;g[ E 2015 PTO8 ST32 STSxtCKNT aadAL tetA

S: Streptomycin, Sf: Sulfisoxazole, Amp: Ampicillin, Sxt: Trimethoprim/sulfamethoxazole, K:

Kanamycin, S: Streptomycin, C: Chloramphenicol, Cip:Ciprofloxacin, Kf: Cephalotin, N: Nalidixic

acid, T: Tetracycline.
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Table 3 Phenotypic and genotypic antibiotic resistance profiles of recipient strain.

Recipient I I .
Escherichia coli Source Isolation Date Ant.'b'om Ar_ltlmlcroblal
. Resistance Resistance Genes
Strain
MET-A1-018 Chicken February, 2015 *Susceptible blarem-1, aphAl-lab

meat

*Susceptible: Recipient strain showed susceptibility to all antibiotics used in this study. Antibiotics
were given below.

S: Streptomycin, Sf. Sulfisoxazole, Amp: Ampicillin, Sxt: Trimethoprim/sulfamethoxazole, K:
Kanamycin, S: Streptomycin, C: Chloramphenicol, Cip:Ciprofloxacin, Kf: Cephalotin, N: Nalidixic

acid, T: Tetracycline, Cro: Ceftriaxone, Eft: Ceftiofur, Imp: Imipenem, Ak: Amikacin, Cn:
Gentamicin, Amc: Amoxicillin/clavulanic acid, Fox: Cefoxitin, Etp: Ertapenem.

3.2. Chemicals

Chemicals used in this study were listed in Appendix A.

3.3. Buffers and Solutions

Preparation of buffers and solutions was explained in Appendix B.
3.4. Disc Diffusion Method

In order to determine the antibiotic susceptibilities of Salmonella and E.coli isolates,
disc diffusion method was done. The cultures of Salmonella and E. coli were
incubated individually in 4 ml of Mueller-Hinton broth at 37°C for 18 hours. In
proportion to 1:100, dilution was done after the incubation process. Diluted cultures
were spread onto the Mueller-Hinton agars. Paper discs including antibiotics were
placed to the surface of Mueller-Hinton agar. They were incubated at 37°C between
16 and 18 hours. Antibiotics specified in Table 4 were used for the disc diffusion
method. E. coli ATCC 25922 was used as a quality control strain. According to the
Clinical Laboratory Standards Institute (CLSI) and the European Union Committee
on Antimicrobial Susceptibility Testing (EUCAST), limits given in Table 4 were
followed.
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Table 4 Zone diameter standards to determine antibiotic susceptibility of Salmonella

and E. coli by disc diffusion method.

Classification Antibiotic Cg)r:'fgnt Zone diameter (mm)
(1) Susceptible  Intermediate  Resistant

Aminoglycosides Amikacin ! 30 >17 15-16 <14
Gentamicin * 10 >15 13-14 <12
Kanamycin * 30 >18 14-17 <13
Streptomycin ! 10 >15 12-14 <11
B-lactams Ampicillin 10 >17 14-16 <13
Ceftiofur? 30 >21 18-20 <17
Cefoxitin 30 >18 15-17 <14
Ceftriaxone ! 30 >23 20-22 <19
Cephalothin ? 30 >18 15-17 <14
CI’;/TIC:;'ICC' ';g:d . 20/10 >18 14-17 <13
Ertapenem ! 10 >23 20-22 <19
Imipenem ? 10 >23 20-22 <19
Phenicols Chloramphenicol* 30 >18 13-17 <12
Quinolones Nalidixic acid * 30 >19 14-18 <13
Fluoroquinolones Ciprofloxacin ! 5 >21 16-20 <15
Tetracyclines Tetracycline ! 30 >15 12-14 <11
Sulfonamides Suﬁgmgmggglel 1.25/23.75 >16 11-15 <10
Sulfisoxazole * 300 >17 13-16 <12

1CLSI, 2011. Clinical and Laboratory Standards Institute, Performance Standards for Antimicrobial
Susceptibility Testing; Twenty-First Informational Supplement, VVol:31, ISBN 1-56238-742-1.

2 CLSI, 2002. Clinical and Laboratory Standards Institute, Performance Standards for Antimicrobial
Disk and Dilution Susceptibility Tests for Bacteria Isolated from Animals; Approved Standard—
Second Edition , Vol: 22, ISBN 1-56238-461-9.
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3.5. Confirmation of Antibiotic Resistance Genes on Salmonella and E. coli
Isolates

After the antibiotic resistance profiles of Salmonella and E. coli isolates were
determined at phenotypic level, their genotypic antibiotic resistance profiles were
analyzed by using purified Salmonella and E. coli DNA (Aydin, 2018). PCR master
mix was prepared by using double distilled water, 10X PCR buffer, MgCl,, dNTPs,
forward and reverse primers (shown in Table 5), and Tsg DNA polymerase (Lamda
Biotech) with reference to required volumes shown in Table 5. 98 pul of PCR master
mix was transferred from 1.5 ml Eppendorf tube to 0.2 ml PCR tube. Thereafter, for
each Salmonella and Escherichia coli isolate, 2 ul of purified DNA was added
individually including negative and positive control. Prepared PCR tubes were put
into thermocycler (US and T100 Thermal Cycler, Bio-Rad, CA, US) by considering
the procedure specified in Table 8. After 5 pul of each DNA sample was mixed with
1 ul of 6X Loading dye, they were inserted into the 1.7% agarose gel, and plasmid
DNA samples were run by 100 Volts for 45 minutes.

Table 5 PCR master mix.

PCR Substances (Concentration) Volume (pul)

ddH20 71.50

10X PCR Buffer 10.00
MgCl2 (25mM) 6.00
dNTPs (10 mM) 2.00
*Forward Primer (12.5uM) 4.00
*Reverse Primer (12.5uM) 4.00
Tsg DNA Polymerase 0.50
Total 98.00

*: The primer sequences were given in Table 7.
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Table 6 Locations and antibiotic targets of the antibiotic resistance genes used in this

study.
Genes Location Resistance to Antibiotic Reference
Resistance to p-
lactams
blaTEM-1 Plasmid Class A B-lactam Chen et al., 2004
blaPS1E-1 Chromosome Class A B-lactam Chen et al., 2004
blaCMY-2 Plasmid Ceftiofur, Ceftriaxone Chen et al., 2004
ampC Plasmid B-lactams Pérez-Pérez et al.,
2002
Resistance to
Chloramphenicol
catl Plasmid Chloramphenicol Chen et al., 2004
cat2 Plasmid Chloramphenicol Chen et al., 2004
flo Chromosome Chloramphenicol Chen et al., 2004
cmlA Plasmid Chloramphenicol Chen et al., 2004
Resistance to
Aminoglycosides
aadAl Plasmid Streptomycin Randall et al., 2004
aadA2 Chromosome Streptomycin Randall et al., 2004
StrA Plasmid Streptomycin Gebreyes et al., 2002
strB Plasmid Streptomycin Gebreyes et al., 2002
aacC2 Plasmid Gentamicin, Kanamycin Chen et al., 2004
aphAl-lab Plasmid Kanamycin Frana et al., 2001
Resistance to
Trimethoprim
dhfrl Plasmid Trimethoprim Chen et al., 2004
dhfrXIl Plasmid Trimethoprim Chen et al., 2004
Resistance to
Sulfonamide
sull Chromosome Sulfonamide Chen et al., 2004
sul2 Plasmid Sulfonamide Chen et al., 2004
Resistance to
Tetracycline
tetA Plasmid Tetracycline Chen et al., 2004
tetB Plasmid Tetracycline Chen et al., 2004
tetG Chromosome Tetracycline Chen et al., 2004
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Table 7 The sequences and binding temperatures of primers.

Binding
Gene Primer Sequence Temperature Reference
(°C)
F: CAGCGGTAAGATCCTTGAGA
blaTEM-1 R: ACTCCCCGTCGTGTAGATAA 53.9 Chen et al., 2004
F: TGCTTCGCAACTATGACTAC
blaPS1E-1 R AGCCTGTOTTIGAGOT AGAT 52.4 Chen et al., 2004
F: TGGCCGTTGCCGTTATCTAC
blaCMY-2 R: CCCGTTTTATGCACCCATGA 608 Chen etal., 2004
. F: AACACACTGATTGCGTCTGAC 50 Pérez-Pérez et al.,
amp R: CTGGGCCTCATCGTCAGTTA 2002
i F: CTTGTCGCCTTGCGTATAAT Touchdown ch tal. 2004
ca R: ATCCCAATGGCATCGTAAAG 55-45 enetal,
F: AACGGCATGATGAACCTGAA
cat2 R ATCCCAATGGCATCGTAAAG 60 Chen et al., 2004
F: CTGAGGGTGTCGTCATCTAC
flo R. GCTCCGACAATGCTGACTAT 544 Chen etal., 2004
F: CGCCACGGTGTTGTTGTTAT
cmiA R GCGACCTGCGTAAATGTCAC 58.5 Chen etal., 2004
F: TATCAGAGGTAGTTGGCGTCAT
aadAl R T TCCATAGCGTTAAGGTTTCATT 536 Randall etal., 2004
F: TGTTGGTTACTGTGGCCGTA
aadA2 R GATCTCGCCTTTCACAAAGC 57.3 Randall et al., 2004
A F: CTTGGTGATAACGGCAATTC c15 Gebreyes et al.,
str R: CCAATCGCAGATAGAAGGC : 2002
o F: ATCGTCAAGGGATTGAAACC - Gebreyes et al.,
str R: GGATCGTAGAACATATTGGC 2002
F: GGCAATAACGGAGGCAATTCGA
aacC2 R: CTCGATGGCGACCGAGCTTCA 579 Chen etal., 2004
F: AAACGTCTTGCTCGAGGC
aphAL-1ab N AACCGTTATTCATTCGTGA >4 Frana etal., 2001
F: CGGTCGTAACACGTTCAAGT
dhfrl R CTGGGGATTTCAGGAAAGTA 51.7 Chen et al., 2004
F: AAATTCCGGGTGAGCAGAAG
dhirXil R CCCGTTGACGGAATGGTTAG 579 Chen etal., 2004
F: TCACCGAGGACTCCTTCTTC
sull R: CAGTCCGCCTCAGCAATATC 556 Chen et al., 2004
F:.CCTGTTTCGTCCGACACAGA
sul2 R GAAGCGCAGCCGCAATTCAT 56 Chen et al., 2004
F: GCGCCTTTCCTTTGGGTTCT
tetA R CCACCCGTTCCACGTTGTTA 57.7 Chen et al., 2004
F: CCCAGTGCTGTTGTTGTCAT
tetB 58.4 Chen et al., 2004

R: CCACCACCAGCCAATAAAAT

tetG

F: AGCAGGTCGCTGGACACTAT

R: CGCGGTGTTCCACTGAAAAC

60

Chenetal., 2004

F: Forward primer., R: Reverse primer.
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Table 8 Polymerase chain reaction (PCR) amplification conditions.

One hold at 94.0°C for 8 minutes (1 cycle)

35 cycles of the following:

At 94.0°C for 30 seconds

At X*°C for 30 seconds (30 cycles)
At 72.0°C for 30 seconds

One hold at 72.0°C for 5 minutes (1 cycle)
One hold at 4.0°C (0)

X*: Annealing temperature changes with regard to the each primer binding

temperature given in Table 7.

3.6. Plasmid Isolation from Salmonella and Escherichia coli

Plasmid isolation from Salmonella and conjugated E. coli isolates was performed by

using QIAGEN Plasmid Mini Kit. Salmonella colonies reflect red with black centres,

while Escherichia coli colonies reflect yellow color on XLD agar. Plasmid isolation

from Salmonella isolates was done following the same steps of the plasmid isolation

from E. coli.
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Each single colony of E. coli was selected from XLD agar containing 10 pg/ml
tetracycline, and incubated in 3 ml of LB broth involving 10 pg/ml tetracycline at
300 rpm and 37°C for 8 hours. 6 ul of the inoculated culture was put on 3 ml of LB
broth comprised of tetracycline for 16 hours at 37°C at 300 rpm. Henceforth,
bacterial cells were centrifuged at 8700 rpm and 4°C for 15 minutes. Each bacterial
pellet was resuspended with 300 ul of Buffer P1 (Qiagen Plasmid Mini Kit) by
vortexing. After that, 300 ul of Buffer P2 (Qiagen Plasmid Mini Kit) was
supplemented to former ones by vigorously inverting at 22°C for 5 minutes.
Refrigerated Buffer P3 (Qiagen Plasmid Mini Kit) at 4°C was added, and then the
solutions were instantly inverted and incubated on ice for 5 minutes. In order to get
supernatants involving plasmid DNA, they were centrifuged for 10 minutes at 15000
rpm. The supernatants were individually applied to QIAGEN-tip 20 equilibrated with
1 ml of Buffer QBT (Qiagen Plasmid Mini Kit) before by gravity flow. DNA
samples of each mated bacterial cell were eluted using 800 ul of Buffer QF (Qiagen
Plasmid Mini Kit) heated to 65°C previously, after the QIAGEN-tip 20 were washed
with 4 ml of Buffer QC (Qiagen Plasmid Mini Kit) by gravity flow. DNA samples of
each cell were precipitated by adding 560 ul of isopropanol (615080, Sigma-Aldrich)
at 22°C and instantly centrifuged at 15000 rpm and 4°C for 30 minutes. Next, DNA
pellets were washed with 1 ml of 70% ethanol (16368, Sigma-Aldrich) and
centrifuged at 13700 rpm for 10 minutes. The pellets were dried at 22°C for 8
minutes and dissolved in 100 pl of pH 8.0 Tris-EDTA (TE) buffer solution, after the

supernatants were removed with caution.
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3.7. Determination of the Plasmid Incompatibility Group

After the plasmid isolation of the donor Salmonella Infantis and recipient strain E.
coli isolates, plasmid incompatibility groups of them were screened by PCR
following conditions in Table 11. In order to screen plasmid incompatibility groups,
PCR master mix was prepared by using double distilled water, MyTaq Red Mix, 2x,
forward and reverse primers, and Tsg DNA polymerase (Lamda Biotech) with
reference to required volumes shown in Table 9. 49 ul of PCR master mix was
transferred from 1.5 ml Eppendorf tube to 0.2 ml PCR tube. After that, 1 pl of
Salmonella Infantis, and Escherichia coli plasmid DNA was added individually
including negative and positive control. Prepared PCR tubes were put into
thermocycler (US and T100 Thermal Cycler, Bio-Rad, CA, US) by considering the
procedure. 5 pl of each DNA sample was inserted into the 1.7% agarose gel, and the
samples were run by 100 Volts for 45 minutes.

Table 9 PCR master mix.

PCR Substances (Concentration) Volume (pul)

ddH.0 36.50

MyTaqg Red Mix, 2x 10.00
*Forward Primer (20 mM) 1.00
*Reverse Primer (20 mM) 1.00
Tsg DNA Polymerase 0.50
Total 49.00

*: The sequences of the primers were given in Table 10.
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Table 10 Primer sequences, product sizes in bp, and the annealing temperatures of
the different types of plasmids (Carattoli et al., 2005).

Annealing
Temperature
°C)

Product

G Primer Sequences Size (bp)

AJC F: GAGAACCAAAGACAAAGACCTGGA 465 60
R: ACGACAAACCTGAATTGCCTCCTT

B/O F: GCGGTCCGGAAAGCCAGAAAAC 159 60
R: TCTGCGTTCCGCCAAGTTCGA

FIA F: CCATGCTGGTTCTAGAGAAGGTG 462 60
R: GTATATCCTTACTGGCTTCCGCAG

FIB F: GGAGTTCTGACACACGATTTTCTG 702 60
R: CTCCCGTCGCTTCAGGGCATT

EIC F: GTGAACTGGCAGATGAGGAAGG 262 60
R: TTCTCCTCGTCGCCAAACTAGAT

Ell F: CTGTCGTAAGCTGATGGC 270 60
s R: CTCTGCCACAAACTTCAGC

= F: TGATCGTTTAAGGAATTTTG 270 52
rep8 R: GAAGATCAGTCACACCATCC

HI1 F: GGAGCGATGGATTACTTCAGTAC 471 60
R: TGCCGTTTCACCTCGTGAGTA

HI2 F: TTTCTCCTGAGTCACCTGTTAACAC 644 60
R: GGCTCACTACCGTTGTCATCCT

I"n F: CGAAAGCCGGACGGCAGAA 139 60
R: TCGTCGTTCCGCCAAGTTCGT

K/B F: GCGGTCCGGAAAGCCAGAAAAC 160 60
R: TCTTTCACGAGCCCGCCAAA

L/M F: GGATGAAAACTATCAGCATCTGAAG 785 60
R: CTGCAGGGGCGATTCTTTAGG

N F: GTCTAACGAGCTTACCGAAG 559 60
R: GTTTCAACTCTGCCAAGTTC

F: CTATGGCCCTGCAAACGCGCCAGAAA

R: TCACGCGCCAGGGCGCAGCC 534 60

T F: TTGGCCTGTTTGTGCCTAAACCAT 750 60
R: CGTTGATTACACTTAGCTTTGGAC

W F: CCTAAGAACAACAAAGCCCCCG 242 60
R: GGTGCGCGGCATAGAACCGT

X F: AACCTTAGAGGCTATTTAAGTTGCTGAT 376 60
R: GAGAGTCAATTTTTATCTCATGTTTTAGC

F: AATTCAAACAACACTGTGCAGCCTG

Y R: GCGAGAATGGACGATTACAAAACTTT

765 60

*1G: Incompatibility Group, F: Forward primer, R: Reverse primer.
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Table 11 Polymerase chain reaction (PCR) amplification conditions.

One hold at 95.0°C for 1 minute (1 cycle)

30 cycles of the following:

At 95.0°C for 15 seconds

At X*°C for 15 seconds (30 cycles)
At 72.0°C for 10 seconds

One hold at 72.0°C for 5 minutes (1 cycle)
One hold at 4.0°C (0)

X*: Annealing temperature changes with regard to the each primer binding

temperature given in Table 10.
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3.8. Conjugation Procedure

Stored donor and recipient cells were taken from -80°C freezer (Thermo Fisher
Scientific, US), and each isolate was streaked on BHI agar plate. They were
incubated for 24 hours at 37°C. Then, one colony of each isolate was picked. Picked
donor Salmonella enterica Infantis strains and recipient Escherichia coli were
incubated in brain heart infusion (BHI) broth (CM1136, Oxoid, Thermo Fisher
Scientific Inc.) at 150 revolutions per minute (rpm) at 37°C. Each donor Salmonella
Infantis and recipient E. coli were mated in proportion to 1:10 in the unit of milliliter
(ml) respectively. Each mated bacterial culture was filtrated through sterile mixed
cellulose ester filters (0.45um) (HAWP04700, MF-Millipore membrane filter,
Merck) by using vacuum filter. Afterwards, 3 ml of sterilised buffer peptone water
was applied to filtrated mated culture in order to provide the cells to attach the filter.
After this stage, the membrane filters were incubated on Luria-Bertani (LB) agar for
24 hours at 37°C by taking into consideration the optimal growth conditions of the
recipient cell. The incubated mated bacterial cells were elutriated by the help of 3 ml
of sterilised buffer peptone water. Obtained bacterial cell solutions were diluted.
Dilutions of each mating culture were spread onto Xylose-lysine-desoxycholate
(XLD) agar (CM0469, Oxoid, Thermo Fisher Scientific Inc.) plates including 10
pg/ml tetracycline, and incubated for 48 hours at 37°C. Moreover, the donor and
recipient bacterial cells were individually spread onto selective XLD agar containing

tetracycline as the control groups.
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3.9. Confirmation of Conjugation Genes Located on Plasmids

In order to confirm the genes participating in conjugative transfer, PCR master mix
was confected by using double distilled water, 10X PCR buffer, MgCl,, dNTPs,
forward and reverse primers (shown in Table 12), and Tsg DNA polymerase (Lamda
Biotech) with reference to required volumes illustrated in Table 12. 49 ul of PCR
master mix was transferred from 1.5 ml Eppendorf tube to 0.2 ml PCR tube.
Thereafter, for each Salmonella and conjugated Escherichia coli isolates, 1 ul of
plasmid DNA was added individually including negative and positive control.
Prepared PCR tubes were put into thermocycler (US and T100 Thermal Cycler, Bio-
Rad, CA, US) by considering the procedure specified in Table 14. After 5 ul of each
DNA sample was mixed with 1 ul of 6X Loading dye, they were inserted into the
1.7% agarose gel, and plasmid DNA samples were run by 100 Volts for 45 minutes.

Table 12 PCR master mix.

PCR Substances (Concentration) Volume (pul)

ddH20 30.75

10X PCR Buffer 10.00
MgCl. (25mM) 3.00
dNTPs (10 mM) 1.00
*Forward Primer (20 mM) 2.00
*Reverse Primer (20 mM) 2.00
Tsg DNA Polymerase 0.25
Total 49.00

*: The sequences of the primers were given in Table 13.
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Table 13 Genes taking part in conjugative transfer, sequences of primers, functions

of the conjugative genes, and annealing temperatures of the genes.

*
Genes Primer Sequences Functions of the genes (Q:-I)_ References
oA F: TGCCCCCTGCGGCGTTAGTA Bilus biogenesis
R: TTGCCAACGCAGCCGCTGAT g
raE F: TGATGCGGCAAGTGCGACAA bilus biogenesis 650 Wangetal.
R: AGCGCGGCGAGATGCTTGAG g ' 2011
F: AGCGCATCGCTACAAGCACA L _
tral R: ACGACAACCCCACCGAGGCT Pilus biogenesis
a3 F: GCTTTACGACCACCGTCATT Rczgnu.hat;?ir:/ gf eso Petersonetal.
R: CCTGTCATCAGGGATTCGAT Jug ' 2011
transfer
raG F:CTGTCCATAACGACGGGTTC P;'n”dsg'o?s”:tsés 550 Petersonetal,
a R: TCGGATAAAAGCGGAATCAC ggreg ' 2011
stabilization
traH F: GGACGTGAAGGTTGACTGGT Pilus biodenesis 550 Peterson et al.,
a R: GACTGGGAAGGTGATGCAAT g : 2011
F: TTGTCTTCCTTCCTGCCATC . Peterson et al.,
tral R: TGAACGCTTTGTCAGCAATC Sl e L 2011
F: AATATTCGCGCTCCACATTC . Peterson et al.,
raM o AACAGCGGGCAAATAATGTC ~ DNAmetabolism — 55.0 2011
traR F: TCGACATTGCGAACCATATC Unknown function 550 Peterson et al.,
R: GCCGGAGCAAACTGACTAAG ' 2011
F: TGCGACGAAACTCAGTATGC . Peterson et al.,
ra¥ R GGAAGCATGTTCTGGGTGTT  DNAmetabolism — 55.0 2011
wora  F: GGAACGTTTGTAYCTTGTATTG Regulation of Feﬁg;ﬂgz ot
R: ACTCACTATCTTCTGTTGATTG conjugation ' Al 2011
F: GGATGCTATTGCACGCGGCTG  Regulation of the Kong et al
rfaG  R:TCACCTGCCTGCAGGCTCATAGC structure of 63.5 2%11 .
AGGCTGTCCAAA lipopolysaccharide
F: GTATGGTTGGCAAAGCGCGC Regulation of the Kona et al
rfal R TATGGGTTCCTGCAGGAGTGATC structure of 58.0 2%11 .
ACTTTTGTAATTTC lipopolysaccharide
F:AGTGAATAAAGCGCGTTTTG Regulation of the Kong et al
rfa]  R:GAGGGGAACCTGCAGGTACATC structure of 54.0 2%11 .
ACCTATGGGTTTTAT lipopolysaccharide
F:CAACTGATAAAAGTCAATCC Regulation of the Kong et al
rfoP  R:GTAAGCTTACCTGCAGGTTAATC structure of 60.0 2%11 .
CTCACCCTCTGA lipopolysaccharide
F.:GTGGGCAACACCGGATTACGG Regulation of the Kong et al
rfaL R:GCGTTTTTTTACTTTTCTCCACAA structure of 56.0 2%11 "
TAGGTTTGG lipopolysaccharide

*AT: Annealing Temperature, F: Forward Primer, R: Reverse Primer.
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Table 14. Polymerase chain reaction (PCR) amplification conditions.

One hold at 94.0°C for 8 minutes (1 cycle)

35 cycles of the following:

At 94.0°C for 30 seconds

At X*°C for 30seconds (35 cycles)
At 72.0°C for 30 seconds

One hold at 72.0°C for 5 minutes (1 cycle)
One hold at 4.0°C (0)

X*: Annealing temperature changes with regard to the each primer binding

temperature given in Table 13.

3.10. Counting Colonies of Salmonella and Conjugated E. coli

After the conjugation procedure, Salmonella and conjugated E. coli colonies on XLD
agars containing 107 diluted mating solutions for each isolate were counted in order
to calculate the conjugation frequency, which is from 0 to 1. Conjugation frequency
0 means that there is no conjugation between donor and recipient, while 1 means that
all recipient cells require the plasmid. Conjugation efficiency was calculated as the
proportion of transconjugants (E. coli) to the total colony forming units of the

bacterial cells on the selective XLD agar by using the information given in Table 15.
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3.11. Statistical Analysis

Two-way ANOVA was applied to the replicates given in Table 15 to find whether
there is a significant difference or not between replicates of transconjugant
Escherichia coliand Salmonella enterica serovar Infantis isolates . In addition to this,
one-way ANOVA was used to determine the standard error in the conjugation

frequency of each transconjugant Escherichia coli isolate.
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CHAPTER 4

RESULTS AND DISCUSSION

4.1. Phenotypic Conjugation Results of Escherichia coli Isolates

Salmonella spp. are observed as red colonies with black centres, while Escherichia
coli spp. are seen as yellow colonies on Xylose-Lysine-Desoxycholate (XLD) agar.
Conjugated E. coli isolates were seen phenotypically on XLD agars as yellow
colonies after the incubation for 48 hours at 37°C. Salmonella enterica serovar
Infantis colonies were observed as red colonies with black centers. In Figure 4, E.
coli conjugated with MET-S1-792 Salmonella Infantis isolate was shown. Other

transconjugant E. coli isolates were illustrated in Appendix C.

Figure 4 Conjugated E. coli colonies on XLD agars containing 10 and 107 diluted
mating solutions from left to right respectively (MET-S1-792+MET-A1-018).
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Two-way ANOVA with replication was done to find out whether there is any
significant difference or not among the replications consisting of two independent
variables. The results have demonstrated that there were not any significant
differences in samples and interactions (F<FcriticaL and p-value>0.05). In order to
find the conjugation efficiency, colony forming units (CFUs) of donors (Salmonella
enterica serovar Infantis) and recipients (Escherichia coli) were counted with the

replicates as can be seen in Table 15.

In addition to this, conjugation frequency of each mated bacterial cell has been
demonstrated with standard errors by applying one-way ANOVA in Figure 5 with

the information supplied in Table 15.
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Conjugation Efficiencies of E. coli Isolates
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Mated bacterial cells

Figure 5 Conjugation frequency values of transconjugant E. coli isolates with each

mated Salmonella enterica serovar Infantis strain.
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Table 16 Conjugation frequency values with standard errors of each mated bacterial

cell.
Salmonella Infantis Isolates Used for Conjugation Frequency + SE
Mating
MET-S1-669 0.2986 + 0.0164
MET-S1-774 0.4341 + 0.0116
MET-S1-777 0.2769 + 0.0319
MET-S1-782 0.1527 + 0.0167
MET-S1-785 0.2273 + 0.0197
MET-S1-788 0.0884 + 0.0273
MET-S1-792 0.3901 + 0.0740
MET-S1-798 0.4184 + 0.0441
MET-S1-801 0.4588 + 0.0352
MET-S1-804 0.1150 £ 0.0193

Conjugative transfer of antibiotic resistance genes from Salmonella enterica serovar
Infantis to commensal Escherichia coli has been observed in both of phenotypic and
genotypic ways given in the result part of the thesis. Moreover, the conjugation
efficiencies have differed from each mated bacterial cells. For example, the
transformation frequencies of E. coli mated with MET-S1-801, 774, 798 and 792
have been observed higher compared to E. coli mated with MET-S1-669, 777, 785 in
Table 16. On the other hand, the least conjugation frequencies have been determined
in E. coli mated with MET-S1-782, 788, 804. The reasons of the differences in
transfer frequencies of transconjugant E. coli samples might be based on physical,
chemical and biological conditions (Andrup and Andersen, 1999). In other words,
conjugative transfer of genetic element in Escherichia coli is not reciprocal (Griffiths
et al., 2000), so at this point, Salmonella Infantis isolates acting as donor cells play

important roles in affecting conjugative transfer frequency.
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The highest conjugation frequency was determined in E. coli mated with MET-S1-
801, while the least one was detected in E. coli mated with MET-S1-804. Although,
the genotypic antibiotic resistance profiles of MET-S1-801 and MET-S1-804 are the
same, MET-S1-801 has showed extra phenotypic resistance to streptomycin (S)
differently from the former isolate. At this point, streptomycin might significantly
affect the conjugation frequency. Even though MET-S1-782 has the same genotypic
antibiotic resistance profile and has lacked resistance to chloramphenicol (C)
compared to MET-S1-801, there is a huge difference in conjugation frequencies.
Furthermore, finding high conjugation frequency between an emerging strain,
Salmonella Infantis, and commensal E. coli means higher spreading frequency of
multidrug- resistance genes among the bacteria. Thus, serious health problems might
occur in humans and animals infected with Salmonella Infantis. In order to
understand in detail why conjugation frequency considerably varies, more molecular

studies are required.

4.2. Genotypic Screening of Conjugation In Escherichia coli Isolates

Transfer genes, including traA, trak, tralL, traJ, traG, traH, tral, traM, traR, traY,
korA, rfaG, rfal, rfaJ, rfoP and rfalL, were screened on all of the transconjugant
Escherichia coli isolates mated with Salmonella enterica serovar Infantis strains.
Except traA, trak, traL, and rfbP, all studied genes were observed in the
transconjugant Escherichia coli isolates (Table 17; Figures 7-18). In Figure 6, the
plasmid sizes acquired by transconjugant Escherichia coli isolates were indicated.
The plasmid sizes of the transconjugant E. coli mated with MET-S1-669 were
determined as 40 kb and ~20 kb, while in the transconjugant E. coli mated with
MET-S1-785, 798, 801, 804 they were found as 47 kb and ~20 kb. On the other side,
the transconjugant E. coli mated with MET-S1-788 acquired 45 kb and ~20 kb
plasmids. The plasmid sizes of transconjugant E. coli mated with MET-S1-774, 777,
782 and 792 were confirmed as ~20 kb as can be seen in Figure 6.
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E. coli 39R861 was used as a positive control because of the different sizes of
plasmids which are 7 kb, 20 kb, 36 kb, and 63 kb in order to adjust the size of
plasmids. Furthermore, the plasmid profiles acquired by transconjugant E. coli
isolates were found as exactly same with the plasmid profiles of donor Salmonella

Infantis isolates.

L +1 2 3 45 6 7 8 9 10
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47 kb 47 kb 47 kb4 kb

45 kb

¥ b idiba

Figure 6 Gel photograph of the plasmid profiles acquired by transconjugant E. coli

isolates.

L: PerfectSize 1 kb XL Ladder, +: E. coli 39R861 (7 kb, 20 kb, 36 kb, 63 kb), 1:
Transconjugant E. coli mated with MET-S1-669, 2: Transconjugant E. coli mated
with MET-S1-774, 3. Transconjugant E. coli mated with MET-S1-777, 4:
Transconjugant E. coli mated with MET-S1-782, 5: Transconjugant E. coli mated
with MET-S1-785, 6: Transconjugant E. coli mated with MET-S1-788, 7:
Transconjugant E. coli mated with MET-S1-792, 8: Transconjugant E. coli mated
with MET-S1-798, 9: Transconjugant E. coli mated with MET-S1-801, 10:
Transconjugant E. coli mated with MET-S1-804.
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Figure 7 Gel photograph of korA gene of transconjugant E. coli isolates.

L: 100 bp -1000 bp Ladder, +: Positive control, -: Negative control, 1:
Transconjugant E. coli mated with MET-S1-669, 2: Transconjugant E. coli mated
with MET-S1-774, 3: Transconjugant E. coli mated with MET-S1-777, 4.
Transconjugant E. coli mated with MET-S1-782, 5: Transconjugant E. coli mated
with MET-S1-785, 6: Transconjugant E. coli mated with MET-S1-788, 7:
Transconjugant E. coli mated with MET-S1-792, 8: Transconjugant E. coli mated
with MET-S1-798, 9: Transconjugant E. coli mated with MET-S1-801, 10:
Transconjugant E. coli mated with MET-S1-804.
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Figure 8 Gel photograph of rfaG gene of transconjugant E. coli isolates.

L: 100 bp -1000 bp Ladder, +: Positive control, -: Negative control, 1:
Transconjugant E. coli mated with MET-S1-669, 2: Transconjugant E. coli mated
with MET-S1-774, 3. Transconjugant E. coli mated with MET-S1-777, 4:
Transconjugant E. coli mated with MET-S1-782, 5: Transconjugant E. coli mated
with MET-S1-785, 6: Transconjugant E. coli mated with MET-S1-788, 7:
Transconjugant E. coli mated with MET-S1-792, 8: Transconjugant E. coli mated
with MET-S1-798, 9: Transconjugant E. coli mated with MET-S1-801, 10:
Transconjugant E. coli mated with MET-S1-804.
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Figure 9 Gel photograph of rfal gene of transconjugant E. coli isolates.

L: 100 bp -1000 bp Ladder, +: Positive control, -: Negative control, 1:
Transconjugant E. coli mated with MET-S1-669, 2: Transconjugant E. coli mated
with MET-S1-774, 3. Transconjugant E. coli mated with MET-S1-777, 4:
Transconjugant E. coli mated with MET-S1-782, 5. Transconjugant E. coli mated
with MET-S1-785, 6: Transconjugant E. coli mated with MET-S1-788, 7:
Transconjugant E. coli mated with MET-S1-792, 8: Transconjugant E. coli mated
with MET-S1-798, 9: Transconjugant E. coli mated with MET-S1-801, 10:
Transconjugant E. coli mated with MET-S1-804.
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Figure 10 Gel photograph of rfaL gene of transconjugant E. coli isolates.

L: 100 bp -1000 bp Ladder, +: Positive control, -: Negative control, 1:
Transconjugant E. coli mated with MET-S1-669, 2: Transconjugant E. coli mated
with MET-S1-774, 3. Transconjugant E. coli mated with MET-S1-777, 4:
Transconjugant E. coli mated with MET-S1-782, 5: Transconjugant E. coli mated
with MET-S1-785, 6: Transconjugant E. coli mated with MET-S1-788, 7:
Transconjugant E. coli mated with MET-S1-792, 8: Transconjugant E. coli mated
with MET-S1-798, 9: Transconjugant E. coli mated with MET-S1-801, 10:
Transconjugant E. coli mated with MET-S1-804.
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Figure 11 Gel photograph of rfaJ gene of transconjugant E. coli isolates.

L: 100 bp -1000 bp Ladder, +: Positive control, -: Negative control, 1:
Transconjugant E. coli mated with MET-S1-669, 2: Transconjugant E. coli mated
with MET-S1-774, 3: Transconjugant E. coli mated with MET-S1-777, 4.
Transconjugant E. coli mated with MET-S1-782, 5. Transconjugant E. coli mated
with MET-S1-785, 6: Transconjugant E. coli mated with MET-S1-788, 7:
Transconjugant E. coli mated with MET-S1-792, 8: Transconjugant E. coli mated
with MET-S1-798, 9: Transconjugant E. coli mated with MET-S1-801, 10:
Transconjugant E. coli mated with MET-S1-804.
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Figure 12 Gel photograph of traJ gene of transconjugant E. coli isolates.

L: PerfectSize 100 bp XL Ladder, +: Positive control, -: Negative control, 1:
Transconjugant E. coli mated with MET-S1-669, 2: Transconjugant E. coli mated
with MET-S1-774, 3: Transconjugant E. coli mated with MET-S1-777, 4.
Transconjugant E. coli mated with MET-S1-782, 5: Transconjugant E. coli mated
with MET-S1-785, 6: Transconjugant E. coli mated with MET-S1-788, 7:
Transconjugant E. coli mated with MET-S1-792, 8: Transconjugant E. coli mated
with MET-S1-798, 9: Transconjugant E. coli mated with MET-S1-801, 10:
Transconjugant E. coli mated with MET-S1-804.
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Figure 13 Gel photograph of traG gene of transconjugant E. coli isolates.

L: PerfectSize 100 bp XL Ladder, +: Positive control, -: Negative control, 1:
Transconjugant E. coli mated with MET-S1-669, 2: Transconjugant E. coli mated
with MET-S1-774, 3: Transconjugant E. coli mated with MET-S1-777, 4:
Transconjugant E. coli mated with MET-S1-782, 5: Transconjugant E. coli mated
with MET-S1-785, 6: Transconjugant E. coli mated with MET-S1-788, 7:
Transconjugant E. coli mated with MET-S1-792, 8: Transconjugant E. coli mated
with MET-S1-798, 9: Transconjugant E. coli mated with MET-S1-801, 10:
Transconjugant E. coli mated with MET-S1-804.
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Figure 14 Gel photograph of traH gene of transconjugant E. coli isolates.

L: PerfectSize 100 bp XL Ladder, +: Positive control, -: Negative control, 1:
Transconjugant E. coli mated with MET-S1-669, 2: Transconjugant E. coli mated
with MET-S1-774, 3. Transconjugant E. coli mated with MET-S1-777, 4.
Transconjugant E. coli mated with MET-S1-782, 5: Transconjugant E. coli mated
with MET-S1-785, 6: Transconjugant E. coli mated with MET-S1-788, 7:
Transconjugant E. coli mated with MET-S1-792, 8: Transconjugant E. coli mated
with MET-S1-798, 9: Transconjugant E. coli mated with MET-S1-801, 10:
Transconjugant E. coli mated with MET-S1-804.
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Figure 15 Gel photograph of tral gene of transconjugant E. coli isolates.

L: PerfectSize 100 bp XL Ladder, +: Positive control, -: Negative control, 1:
Transconjugant E. coli mated with MET-S1-669, 2: Transconjugant E. coli mated
with MET-S1-774, 3. Transconjugant E. coli mated with MET-S1-777, 4:
Transconjugant E. coli mated with MET-S1-782, 5: Transconjugant E. coli mated
with MET-S1-785, 6: Transconjugant E. coli mated with MET-S1-788, 7:
Transconjugant E. coli mated with MET-S1-792, 8: Transconjugant E. coli mated
with MET-S1-798, 9: Transconjugant E. coli mated with MET-S1-801, 10:
Transconjugant E. coli mated with MET-S1-804.
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Figure 16 Gel photograph of traM gene of transconjugant E. coli isolates.

L: PerfectSize 100 bp XL Ladder, +: Positive control, -: Negative control, 1:
Transconjugant E. coli mated with MET-S1-669, 2: Transconjugant E. coli mated
with MET-S1-774, 3. Transconjugant E. coli mated with MET-S1-777, 4:
Transconjugant E. coli mated with MET-S1-782, 5: Transconjugant E. coli mated
with MET-S1-785, 6: Transconjugant E. coli mated with MET-S1-788, 7:
Transconjugant E. coli mated with MET-S1-792, 8: Transconjugant E. coli mated
with MET-S1-798, 9: Transconjugant E. coli mated with MET-S1-801, 10:
Transconjugant E. coli mated with MET-S1-804.
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Figure 17 Gel photograph of traR gene of transconjugant E. coli isolates.

L: PerfectSize 100 bp XL Ladder, +: Positive control, -: Negative control, 1:
Transconjugant E. coli mated with MET-S1-669, 2: Transconjugant E. coli mated
with MET-S1-774, 3. Transconjugant E. coli mated with MET-S1-777, 4:
Transconjugant E. coli mated with MET-S1-782, 5: Transconjugant E. coli mated
with MET-S1-785, 6: Transconjugant E. coli mated with MET-S1-788, 7:
Transconjugant E. coli mated with MET-S1-792, 8: Transconjugant E. coli mated
with MET-S1-798, 9: Transconjugant E. coli mated with MET-S1-801, 10:
Transconjugant E. coli mated with MET-S1-804.
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Figure 18 Gel photograph of traY gene of transconjugant E. coli isolates.

L: PerfectSize 100 bp XL Ladder, +: Positive control, -: Negative control, 1:
Transconjugant E. coli mated with MET-S1-669, 2: Transconjugant E. coli mated
with MET-S1-774, 3. Transconjugant E. coli mated with MET-S1-777, 4:
Transconjugant E. coli mated with MET-S1-782, 5: Transconjugant E. coli mated
with MET-S1-785, 6: Transconjugant E. coli mated with MET-S1-788, 7:
Transconjugant E. coli mated with MET-S1-792, 8: Transconjugant E. coli mated
with MET-S1-798, 9: Transconjugant E. coli mated with MET-S1-801, 10:
Transconjugant E. coli mated with MET-S1-804.
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Three of transfer genes (traA, trak and tral) ,not found in the conjugated in E. coli
isolates in our study, were found in F plasmids that have roles inregulating gene
expression and protein synthesis. In other words, traA expresses the pioneer of the
pilus subunit propilin and is maturated by the gene products of traQ and traX, while
traE and traL take part in pilus assembly in the F plasmid (Firth et al., 1996).
Moreover, when TraQ is absence, traA is quickly degraded (Maneewannakul et al.,
1993). Thus, in this study, traA, trakE and traL might not be screened. Furthermore,
other tra genes following traJ, traH, traG, tral, traM, traR and traY were determined
in all transconjugant E. coli isolates. On the other hand, conjugative pilus formation
and conjugative transfer of F plasmid from donor, Salmonella Infantis, to recipient,
commensal Escherichia coli, have been in need of the proteins expressed by 33.3 kb
tra operon located in F plasmid (Gubbins et al., 2002). Transfer gene expression has
been controlled by the negative loop drived by FinOP (fertility inhibition system)
and positive loop composed of TraM, TraJ and TraY. Furthermore, traM, traJ
expression has been suppressed by FinP and FinO, responsible for the fertility
inhibition (Zatyka and Thomas, 1998). In the fertility inhibition system (FinOP
system), finP expresses antisense RNA specified to a plasmid, while the output of
finO is interchangeable polypeptide among many different plasmids such as F
plasmid (Zatyka and Thomas, 1998). Hence, FinP adhering to traJ mRNA interferes
with the entry of ribosomes and restrains the translation of traJ (Koraimann et al,
1991). On the other side, core lipopolysaccharide is essential to the recipient for the
effective conjugation system despite the fact that the O (somatic) side chains of the
lipopolysaccharide decrease the conjugation frequency (Watanabe et al., 1970). The
outer membrane of the Gram-negative bacteria is composed of minimum two lipids
including lipopolysaccharide (LPS) and phospholipids, and jointly some specific
proteins (Roncero and Casadaban, 1992). LPS involves lipid A region, core

oligosaccharide and O-antigen polysaccharide (Kong et al., 2011).
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The genes responsible for the synthesis and modification of lipopolysaccharide core
are clustered in the rfa region aparting from 2-keto-3-deoxyoctulosonic acid (KDO)
biosynthesis (Roncero et al., 1992). In addition to this, rfaK and rfalL, the genes
located in this cluster, are assigned in the binding of O antigen to the core
(Schnaitman and Klena, 1993). rfaG adding the first backbone hexose (Glc I, glucose
I) to Hep 1l (heptose I1) in E. coli, rfal adding the second backbone hexose (Glc II,
glucose I1) to core in E. coli (Pradel et al., 1992), rfaJ adding the third (terminal)
backbone hexose (Glc 11, glucose I1) to core in E. coli (Pradel et al., 1992), and rfalL
playing a crucial role in the supplement of O antigen to core, and rfe-based insertion
of GIcNAc (N-Acetylglucosamine) to terminal Glc 11l in E. coli (Klena et al., 1992).
Moreover, rfoBCAD cluster participates in expression of LOS (lipooligosaccharide)
form of core in E. coli (Klena et al., 1992). By taking into consideration the effects of
lipopolysaccharide core system on the conjugative transfer, it showed that all E. coli
isolates mated with Salmonella enterica serovar Infantis of this research modified
their core system, during the conjugative transfer of genetic elements, such as
plasmid. On the other hand, since rfaL responsible for ligation of O antigen to the
core, the conjugation frequency of E. coli mated with MET-S1-782, 788, 804 might
be influenced negatively as well as the lipopolysaccharide core features of
Salmonella Infantis. On the contrary, in E. coli isolates mated with MET-S1-801,
774,798 and 792, the expression of O side chains of the lipopolysaccharide might be
repressed during the conjugation. In order to understand the mechanisms underlying

conjugation frequency affected adversely, the more researches are required.
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4.3. Results of the Plasmid Incompatibility Group

As can be seen in Table 18, only incompatibility group P was determined in donor
Salmonella enterica serovar Infantis isolates and transconjugant E. coli isolates
mated with them in Figure 19. IncP plasmids involve IncPa (RK2, RP1, RP4, R68
and R18) and IncPp (R751) (Thomas et al., 1987). The schema of the conjugative
transfer of IncP genes was illustrated in Figure 20. The major control is carried out
by KorA, KorB and TrbA which are the three global regulators. The transfer genes
are suppressed by KorB and TrbA, while KorA expressed by korA is required to
repress the expression of trbA, which enables to stop the transcription of tra and trb
genes when the conjugative plasmid is formed (Zatyka et al., 1998). TraJ and TraK
binding to oriT and suppressing the promoters in this region shown in Figure 20
check over the relaxosome. Regulatory genes are illustrated as black; genes
functioning in DNA processing as light grey; surface exclusion genes as dark grey;
forming mating pair as diagonal hatching; unknown function as white; disassociated
genes between the two regions as vertical hatching are shown in Figure 20.
Moreover, the black arrowhead at oriT represents the direction of transfer, while
horizontal arrows mean recommended transcriptional units (Zatyka et al., 1998).
Interlocking regulons in IncP plasmids are controlled by repressors such as KorA and
KorB expressed by the autogenously regulated central control operon (Zatyka et al.,
1998). Moreover, this operon stabilizes independently unstable plasmids (Motallebi-
Veshareh et al., 1990). Although the transfer frequencies of IncP plasmids are high,
their conjugation genes are not expressed as a basis in order to abstain from the high
metabolic complex comprising many genes. To control this complex system, global
regulators and local autoregulators take place. The conjugation genes in plasmid
RK2 are located in Tral expressing tra genes, and Tra2 expressing trb genes
(Pansegrau et al., 1994). korA gene was determined in all transconjugant Escherichia
coli isolates. Furthermore, korA protects E. coli from the lethal effects of kilA in
plasmid RK2 (Bechhofer et al., 1983).
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Figure 19 Gel photograph of the incompatibility group P gene of donor Salmonella

enterica serovar Infantis isolates.

L: PerfectSize 100 bp XL Ladder, +: Positive control, 1: MET-S1-669, 2: MET-S1-
774, 3: MET-S1-777, 4: MET-S1-782, 5: MET-S1-785, 6: MET-S1-788, 7: MET-
S1-792, 8: MET-S1-798, 9: MET-S1-801, 10: MET-S1-804, -: Negative control.
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Figure 20 The IncP transfer system. Retrieved from Zatyka, M., & Thomas, C. M.
(1998).
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Tral region is composed of oriT, transfer origin, and genes taking place in DNA
processing and transfer. In addition to this, traF, traG, traH, tral, traJ and trakK
which are Tral genes play crucial roles in mating for intraspecific Escherichia coli.
The relaxosome is formed by Tral, TraJ and TraK binding to oriT. The first phase of
relaxosome generation is suggested by TraJ binding to 19 bp inverted repeat
sequence in oriT (Ziegelin et al., 1989). The other Tral genes including traC
expressing primase are not required for mating among E. coli strains. On the other
hand, traM enhances the conjugative transfer performance (Lanka and Wilkins,
1995). In Salmonella strains, plasmids of Incl, IncH and IncF incompatibility groups
are mostly encountered, while IncN, IncP and IncQ are less often observed compared
to them (Rychlik et al., 2006). Plasmids from the pre-antibiotic period pertained to
Incl, IncX and IncF. The studies have revealed that current plasmids expressing
antibiotic resistance were determined among plasmids of similar incompatibility
groups from the pre-antibiotic period (Rychlik et al., 2006). Thus, it might be
presumed that plasmids of IncP incompatibility group found in this study
transformed from the former plasmids from the pre-antibiotic period by acquiring
new genetic factors. A recent research has found an IncP plasmid in colistin resistant
Salmonella enterica serovar Typhimurium isolated from a healthy person (Lu et al.,
2017). Moreover, conjugative transfer of plasmids carrying antibiotic resistance and
virulence from Salmonella enterica serovar Infantis to commensal E. coli strain was
observed (Aviv et al., 2016). In addition to this, the conjugative transfer of large
~100 kb plasmid from Salmonella Infantis to E. coli was determined (Gal-Mor et al.,
2010). All in all, commensal Escherichia coli sensitive to antimicrobial agents also
acquired the antibiotic resistance genes from multidrug resistant Salmonella enterica
serovar Infantis by the way of conjugative transfer of plasmid(s), 20, 40, 45 and 47
kb. It might be concluded that conjugative transfer of plasmids of IncP
incompatibility group carrying multidrug resistance genes spread in Gram-negative

bacteria recently.
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CHAPTER 5

CONCLUSION

Recently emerged Salmonella serotype Infantis with multidrug resistancy was
focused and how the microbial resistancy is transfered from these strains to
commencial E. coli isolates was investigated. For this aim, commensal E. coli mated
with each Salmonella enterica serovar Infantis isolated from chicken and showing
different phenotypic antibiotic resistance profiles including streptomycin,
sulfisoxazole, ampicillin, trimethoprim/sulfamethoxazole, kanamycin, streptomycin,
chloramphenicol, ciprofloxacin, cephalotin, nalidixic acid and tetracycline acquired
the antibiotic resistance by the conjugative transfer of plasmid(s). Moreover, distinct
conjugation frequencies were obtained and evaluated by applying both of one-way
and two-way ANOVA statistical analysis. We observed that all Salmonella isolates
used in here carried P plasmids. After conjugation, the native transfer genes for P
plasmids were found also in transconjugant Escherichia coli mated with all
Salmonella Infantis isolates. In addition to this, plasmids of IncP incompatibility

group were determined in all transconjugant E. coli strains.

In conjuction with the environmental selective pressure induced by the usage of
antimicrobial agents, antibiotic resistance genes have spread all around the world. At
this point, the recent studies have remarked that Salmonella enterica serovar Infantis,
emerging strain in livestock, broiler chicken and human, have been acquiring multi-
drug resistance genes via conjugative plasmids, and transferring the antibiotic

resistance genes located on plasmids to the Gram-negative bacteria and/or
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Salmonella species. Hence, the usage of antibiotics in food animal production should

be reduced in order to prevent these bacteria from acquiring the antibiotic resistance.

This study set sight on the mechanism of conjugative transfer between E. coli and
Salmonella enterica serovar Infantis in order to make contribution for the further

studies, and to comprehend how antibiotic resistance genes are acquired.
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CHAPTER 6

RECOMMENDATIONS

Salmonella enterica serovar Infantis is one of the prevalent salmonellae leading to
serious human health problems, foodborne infections and veterinary infectious
diseases around the world. Furthermore, these problems mentioned above have been
spreading among Gram-negative bacteria such as Escherichia coli because of the
conjugative transfer system of multidrug resistance genes found on plasmids. In spite
of the limitations in this study, important information about the conjugative transfer
of plasmid(s) carrying antibiotic resistance genes between emerging clone
Salmonella Infantis isolated from chicken meat in Turkey and commensal E. coli is

given.

In addition to this, transmission and reservoirs of these plasmids among Gram-
negative bacteria and Gram-positive bacteria play crucial role in the gut microbiota
of warm-blooded hosts. In other words, while the usage and misusage of antibiotics
on humans, veterinary and animal foods damages the normal flora of gut microbiota,
the environment of the warm-blooded hosts' intestines enables favorable reservoir for
the antibiotic resistance at the same time. For further studies, in order to find the
reliable solutions for these, widescale research takes an important place. To illustrate,
by the help of whole genome sequencing (WGS) technology, the source and origin of
antibiotic resistance genes on transmissible plasmids, and some still unclear

mechanisms of conjugation might be revealed.
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APPENDIX A

CHEMICALS USED IN THE STUDY

Table 19 List of the chemicals.

10X PCR Buffer (Genoks)

Agar Bacteriological (Agar No.1) (Oxoid)

Agarose (AppliChem)

Brain Heart Infusion (BHI) Broth (Oxoid)

Buffered Peptone Water (Oxoid)

dNTPs (10 mM) (Genoks)

Ethanol (Sigma-Aldrich)

Ethidium Bromide (10 mg/ul)(Sigma Aldrich)

Ethylenediaminetetraacetic acid (EDTA) Stock Solution [0.5 M]
(Bioshop)

Isopropanol (Sigma-Aldrich)

Ladders (Scientific Laboratory Supplies)

Loading Buffer (6X) (Genoks)

Luria-Bertani (LB) Broth (Sigma-Aldrich)

MgCl> (25mM) (Genoks)

Mueller-Hinton Agar (Oxoid)

Mueller-Hinton Broth (Oxoid)

MyTaq DNA Polymerase (Bioline)

MyTaqg Red Reaction Buffer (Bioline)

Primers (Sentegen)

Qiagen Plasmid Mini Kit (Qiagen)

Sodium Hydroxide, NaOH (Merck)

Tetracycline (Sigma-Aldrich)

Tris (Merck)

Tsg DNA Polymerase (Lamda Biotech)

Xylose Lysine Deoxycholate (XLD) Agar (Oxoid)
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APPENDIX B

PREPARATION OF BUFFERS AND SOLUTIONS

1. Preparation of Tetracycline Stock Solution

120 mg of tetracycline was dissolved in 4 ml of sterile sterile H2O and 4 ml of

ethanol under fume hood. The test tube was wrapped in foil.

2. Preparation of Buffered Peptone Water

10 g of buffered peptone water mixture was dissolved in 500 ml of ddH20. Buffered

peptone water solution was sterilized in autoclave at 121 °C for 15 minutes.

3. Preparation of Xylose Lysine Deoxycholate (XLD) Agar

26.5 g of XLD agar was dissolved in 500 ml of ddH20O. After the solution was boiled
without overheating, it was transferred to water bath at 50°C for 25 minutes. It was

poured into the petri dishes nearby Bunsen burner.
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4. Preparation of Xylose Lysine Deoxycholate (XLD) Agar Containing 10 pg/ml

Tetracycline

26.5 g of XLD agar was dissolved in 500 ml of ddH.O. After the solution was boiled
without overheating, it was transferred to water bath at 50°C for 25 minutes. 0.333
ml of stock solution was added directly to 500 ml of cooling XLD agar. The solution

was mixed for 15 minutes. It was poured into the petri dishes nearby Bunsen burner.

5. Preparation of Brain Heart Infusion (BHI) Agar

37 g of BHI broth and 15 g of bacteriological agar were dissolved in 1 liter of
ddH.O. The solution was sterilized in autoclave at 121 °C for 15 minutes. After
cooling in the water bath at 50°C for 25 minutes, it was poured into the petri dishes

nearby Bunsen burner.

6. Preparation of Brain Heart Infusion (BHI) Broth

37 g of BHI broth was dissolved in 1 liter of ddH2O. The solution was sterilized in

autoclave at 121 °C for 15 minutes.

7.Preparation of Luria-Bertani (LB) Broth

25 g of LB broth was dissolved in 1 liter of ddH20. The solution was sterilized in

autoclave at 121 °C for 15 minutes.
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8. Preparation of Luria-Bertani (LB) BrothContaining 10 pg/ml Tetracycline

12.5 g of LB broth was dissolved in 500 ml of ddH2O. The solution was sterilized in
autoclave at 121 °C for 15 minutes. After cooling in the water bath at 50°C for 25

minutes, 0.333 ml of stock solution was added directly to the LB broth.

9. Preparation of pH 8.0 Tris-EDTA Buffer

Firstly, to prepare 1M Tris solution, 60.57 g of Tris (MWT 121.4 g/mol) was
dissolved in 500 ml ddH2O by a magnetic stirrer. The pH of the solution was done
8.0 using HCI. To prepare 0.5M EDTA, 18.6 g of Diaminoethane tetraacetic acid
was mixed with 100 ml ddH-O by a magnetic stirrer with a moderate heat. The pH of
the solution was brought to 8.0 by using NaOH. 5 ml of 1M Tris pH 8.0, 1 ml of
0.5M EDTA pH 8.0, and 494 ml of ddH.O were mixed and sterilized in autoclave at
121 °C for 15 minutes.

10. Preparation of Agarose Gel

1.7 g and 0.7 g of agarose were dissolved in 100 ml of 0.5 X TBE solution
individually. Until the solution became clear, it was brought to boiling temperature
on a magnetic stirrer. After cooling at room temperature for 15 minutes, it was

poured into the gel tank.

11. Preparation of Mueller-Hinton Agar

19 g of Mueller-Hinton agar was dissolved in 500 ml of ddH20O. The solution was
sterilized in autoclave at 121 °C for 15 minutes. After cooling in the water bath at

50°C for 25 minutes, it was poured into the petri dishes nearby Bunsen burner.
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12. Preparation of Mueller-HintonBroth

10.5 g of Mueller-Hinton broth was dissolved in 500 ml of ddH.O. The solution was

sterilized in autoclave at 121 °C for 15 minutes.
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APPENDIX C

PHENOTYPIC CONJUGATION RESULTS OF ESCHERICHIA COLI
ISOLATES

Figure 21 Conjugated E. coli colonies on XLD agars containing 10 and 107 diluted
mating solutions from left to right respectively (MET-S1-669+MET-A1-018).

Figure 22 Conjugated E. coli colonies on XLD agars containing 10 and 10 diluted
mating solutions from left to right respectively (MET-S1-774+MET-A1-018).
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Figure 23 Conjugated E. coli colonies on XLD agars containing 10 and 10 diluted
mating solutions from left to right respectively (MET-S1-777+MET-A1-018).

Figure 24 Conjugated E. coli colonies on XLD agars containing 10 and 10 diluted
mating solutions from left to right respectively (MET-S1-782+MET-A1-018).
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Figure 25 Conjugated E. coli colonies on XLD agars containing 10 and 107 diluted
mating solutions from left to right respectively (MET-S1-785+MET-A1-018).

Figure 26 Conjugated E. coli colonies on XLD agars containing 10 and 10 diluted
mating solutions from left to right respectively (MET-S1-788+MET-A1-018).

99



Figure 27 Conjugated E. coli colonies on XLD agars containing 10 and 10 diluted
mating solutions from left to right respectively (MET-S1-798+MET-A1-018).

3 /

Figure 28 Conjugated E. coli colonies on XLD agars containing 10 and 10 diluted
mating solutions from left to right respectively (MET-S1-801+MET-A1-018).
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Figure 29 Conjugated E. coli colonies on XLD agars containing 10 and 10 diluted
mating solutions from left to right respectively (MET-S1-804+MET-A1-018).
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