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ABSTRACT

CHARACTERISATION OF ESBL-PRODUCING
ENTEROBACTERIACEAE

OF FOUR LOCAL VEGETABLES

Toh Wai Keat

The outbreak associated with ESBL-producer is well-documented worldwide and
the number of cases is on the rise. The purpose of this study was to PCR amplify
and characterise ESBL homologous genes, bla-CTX-M and bla-PER-2 genes
from the ESBL-producing Enterobacteriaceae. Bacterial isolates with different
morphological characteristics were isolated from tomato (Lycopersion
esculentum), cucumber (Cucumis sativus), celery (Apium graveolens) and
broccoli (Brassica oleracea) using MacConkey agar supplemented with 50 pg/ml
ampicillin. Following isolation of bacteria, several preliminary biochemical tests
were carried out. Twenty five bacteria isolates were shown to be Gram-negative,
catalase positive, oxidase negative and facultative anaerobes, fulfilling the
preliminary criteria for being an Enterobacteriaceae. Based on the antibiotic
susceptible test, nine bacterial isolates were observed to be resistant towards
multiple antibiotics. A potential ESBL-producer (TM P2) was identified with
resistant towards antibiotics classified as penicillin, monobactam, 31 generation

cephalosporins and showed a positive phenotypic test result via combined disc
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methodology. Biochemical characterisation using API 20E demonstrated the
presumptive identification of TM P2 and CE B2 as being Enterobacter cloacae
and Klebsiella pneumonia ssp pneumonia, respectively. PCR amplification using
bla-CTX-M degenerate primers was performed and a DNA fragment
corresponding to the expected size of about 590 bp was obtained from TM P2.
BlastX alignment search showed a gene fragment which had a high similarity to
metabolite-proton symporter of Enterobacter cloacae instead of desired
bla-CTX-M gene fragment. This observation might be due to the use of
unspecific degenerate primers and inappropriate PCR condition. On the other
hand, no bla-PER-2 homologous genes were successfully amplified using
bla-PER-2 specific primers. For future studies, the only ESBL-producer (TM P2)
obtained in this study will be further characterised using other ESBLs gene

specific primers.
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CHAPTER 1

INTRODUCTION

Foodborne diseases caused by microbes are a widespread and growing public
health problem worldwide. According to a report by World Health Organization
(WHO) in 2004, a large number of people are affected by discomforts and
diseases due to the consumption of contaminated food every year. Based on the
new estimates from the Centers for Disease Control and Prevention (CDC), about
48 million people get sick, 128,000 are hospitalised and 3,000 die each year from
foodborne disease caused by major pathogens and unspecified agents in America

(Scallan, Griffin, Angulo, Tauxe & Hoekstra, 2011a; Scallan et al., 2011b).

Raw vegetables have been shown to contribute to vegetable-borne outbreaks for
at least a century (Beuchat, 1996). Several factors are believed to be the potential
causes that contributed to the microbial contaminations of vegetables, including
contaminated soil amendments, fertilizers, water used in horticulture, processes of
harvesting, transporting, further processing and handling the vegetables (Food and

Agriculture Organization of the United Nation/World Health Organization, 2008).

Bacteria that cause infections are extremely resilient and they have developed
ways to resist antibiotics due to the increased usages and often misuses of existing

antibiotics, both in human and agriculture (Todar, 2008a). A high level of



antibiotic resistance is often related to the member of the Extended-spectrum
beta-lactamase (ESBL) producing Enterobacteriaceae (Johnson, Kuskowski,
Smith, O’bryan & Tatini, 2005), the largest group of medically important
Gram-negative, catalase positive, oxidase negative and facultative anaerobic

bacteria (Health Protection Agency, 2010).

ESBL-producing Enterobacteriaceae have been related to most of the recently
documented foodborne outbreaks which are associated with microbial
contamination. For instance, in 2006, DeNoon reported cases of Escherichia coli
serotype 0157:H7 food poisoning with associated to the consumption of fresh-cut
spinach involving about 200 victims, inclusive of three dead persons. In 2008, a
Salmonella outbreak in certain raw, red tomatoes had occurred and infected at
least 167 people, including 23 people being hospitalised in 17 states of the United

States (Hitti, 2008).

ESBL-producing Enterobacteriaceae might become a major threat to human
health as the infections caused by these bacteria have increasingly been reported
worldwide in the last decade (Rodriguez-Villalobos et al., 2010). Professor
Christian Ruef pointed out that as ESBL-producing Enterobacteriaceae has the
ability to inactivate almost entire of the beta lactam antibiotics, infections can
only be treated via injections or infusions due to their increased toxicity. In other
word, reserved antibiotics which are available outside of hospitals may no longer

be able to be used to treat the infection (Laarmann, 2010). Without a proper



antibacterial therapy to cure these infections, it may result in a high rate of patient

mortality worldwide (Pitout, 2010).

In this study, four different types of vegetable that are often consumed raw and
having a high prevalence of foodborne diseases linked to the consumption were

selected. The objectives of this study include:

e To determine the antibiotic sensitivity of Enterobacteriaceae cultivated
from the four selected raw vegetables.

e To screen and confirm the presence of potential ESBL-producing bacteria
among the cultivated Enterobacteriaceae.

e To characterise the potential ESBL-producing Enterobacteriaceae by using
several preliminary biochemical tests and API 20E kit.

e To amplify bla-CTX-M and bla-PER-2 homologous genes from
Enterobacteriaceae.

® To determine the presence of bla-CTX-M and bla-PER-2 homologous

genes using DNA sequencing methodology.



CHAPTER 2

LITERATURE REVIEW

2.1  Vegetables Consumption and Its Health Issues

The World Health Organization (WHO) recommends the consumption of at least
five 100 g portions of fruits and vegetables daily to stay healthy. According to
WHO (2002), a diet of low fruit and vegetable intake is contribute to about 31%

of ischaemic heart disease and 11% of stroke worldwide.

Having diets rich in fruits and vegetables is vital for health as they are packed
with various types of phytochemical such as flavonoids, alkaloids and terpenes,
just to name a few (Tyagi, Singh, Sharma & Aggarwal, 2010). Consuming
vegetables that contain high level of phytochemicals with antioxidant property
may provide a better protection against metabolic dysfunction, gastro-duodenal
pathogenesis, premature aging, inflammation, rheumatoid arthritis, atherosclerosis,
cancer and neuro-degeneration (Prakash & Gupta, 2009). Regular consumptions
on vegetables may also reduce the risk of getting eye-related diseases such as
cataract and age-related macular degeneration due to the presence of lutein and
zeatin (Rajasekaran, Sivagnanam & Xavier, 2008). Lastly, the indigestible fiber
which is widely available both in fruits and vegetables can trigger the regular
bowel movement and thus constipation can be relieved (Lembo & Camilleri,

2003).



As phytochemicals may be destroyed by processing techniques or heating, it is
advised to consume vegetables raw in order to retain the bioavailability of
phytochemicals (Tyagi et al., 2010). Nowadays, raw vegetables have been
habitually consumed due to expectation of improved food functionalities (Isshiki,

2007)

2.2 Emergence of Foodborne Illnesses

A foodborne disease outbreak can be defined as an incident which two or more
persons experience a similar illness, usually gastrointestinal, after ingestion of
contaminated food and epidemiological analysis implicates the food as the source
of the illness (Boyd, 1995). It may occur as apparently sporadic cases, as small
clusters of cases, or as point source outbreaks which may be small or large and

may last from hours to months.

Between the years of 1990 and 2005 in the United State, contaminated vegetables
had contributed towards 260 outbreaks out of a total of 5,316 outbreaks of
illnesses related to specific food (DeWaal & Bhuiya, 2007). Thus, although the
chance of contracting a foodborne disease via consumption of raw vegetables is
low, there are still risks available (Sapers, Gorny & Yousef, 2006) due to the
surfaces of raw vegetables often carry a large number of bacteria as bacteria are
able to colonise the nooks, the crannies or even the pores of the vegetables (Food

Safety Net, 2010).



To date, the world’s largest reported vegetable-borne outbreak occurred in Japan
in 1996 where over 11,000 people were affected and involved the death of three
children. Furthermore, more than 6000 cases were culture-confirmed
as Escherichia coli serotype O157:H7 infection which was associated with radish

sprouts (Ministry of Health and Welfare of Japan, 1997).

2.2.1 Infections and Pathogenicity of Gram-negative Bacteria

The pathogenicity found in many species of Gram-negative Enterobacteriaceae is
often related to the lipopolysaccharide (LPS) layer of the Gram-negative bacterial
cell envelope. Studies indicated that the presence of endotoxin properties residing
largely in the lipid portion of LPS, called lipid A. They are responsible for the
toxicity whereas the carbohydrate portion of LPS, the core polysaccharide and the
O-specific polysaccharide, are responsible for the immunogenicity (Madigan,

Martinko, Dunlap & Clark, 2009).

The physiological activities of LPS are mediated mainly by lipid A. Endotoxins
are released from the bacterial cell envelope and greatly contribute to the
symptoms and pathologies of the diseases encountered. They include fever,
diarrhea, inflammation or even death which may occur in the presence of large
doses of endotoxin (Todar, 2008b; Todar, 2008c; Madigan et al., 2009). For
instance, Escherichia coli secrete endotoxins, called enterotoxins, which activate
adenylate cyclase within the cells of the small intestine, and cause diarrhea

(Levinson & Jawertz, 1992).



As for the polysaccharide side chains of LPS, their involvements in the
expressions of virulence, possibly due to the O-specific polysaccharide, could
allow organisms to adhere specifically to certain tissues, and allow resistance to
antibodies and phagocytes. Also, the hydrophilic O-specific polysaccharide could

act as water-solubilising carriers for endotoxins (Todar, 2008b).

2.2.2 Enterobacteriaceae

The members of the family Enterobacteriaceae are commonly known as enterics
as they inhabit the intestinal tracts of human and other animals (Tortora, Funke &
Case, 2010). Enterics can be divided into three groups depending on the major
anatomic location of disease, such as pathogens found both within and outside the
enteric tract like Escherichia coli and Salmonella; pathogens mainly found within
the enteric tract like Shigella; and pathogens found outside the enteric tract like

Klebsiella, Enterobacter, Serratia and Proteus (Levinson & Jawertz, 1992).

Enterics have fimbriae which enable them adhere to surfaces or mucous
membranes. The presence of specialized sex pili aids in the exchange of genetic
information, for example the antibiotic resistance factor (R factors), between the
same or different families of the enteric. Moreover, they also produce protein
called bacteriocins which aid in maintaining the ecological balance of various

enteric in intestines (Boyd, 1995; Tortora et al., 2010).



Moreover, enterics are all facultative anaerobes with no cytochrome oxidase and
possess catalase enzymes except for Shigella dysenteriae type 1 (Health
Protection Agency, 2010). A battery of biochemical tests has been specially
designed for the identification of Enterobacteriaceae such as citrate utilization
(CIT) test, Voges-Proskauer (VP) test and gelatin (GEL) test, will differentiate all
of the pathogenic Enterobacteriacaea. Nowadays, commercial identification Kkits
like API 20E kit are used to identify Enterobacteriaceae instead of using

conventional methods to avoid time consuming and labor intensive (Boyd, 1995).

Research showed that a wide range of Enterobacteriaceae such as Salmonella,
Shigella, and Escherichia coli are able to contribute to the occurrence of
foodborne diseases as their toxins can be transmitted via food (Scientific
Committee on Food, 2002). They reside mainly in the intestinal tracts of animals,
and are more likely to contaminate raw fruits and vegetables through contact with
feces, sewage, untreated irrigation water or surface water (Tambekar &

Mundhada, 2006).

2.3  Antimicrobial Agents

Antimicrobial agents are chemical compounds used in medical intervention in an
infection, to actively inhibit or kill a pathogen (Forbes, Sahm & Weissfeld, 2002).
Generally, antimicrobial agents can be divided into two major categories.

Chemotherapeutic agents, which are chemically synthesized is the first group and



the second major group will be the antibiotics, a substances produced by certain

groups of microorganisms to treat certain bacterial infections (Todar, 2009).

Antimicrobial agents can be classified as either bactericidal or bacteriostatic drug.
A bactericidal drug kills bacteria whereas a bacteriostatic drug inhibits the growth
of bacteria but does not kill it. Thus, the use of bactericidal drug, sometimes, is
more essential compared to bacteriostatic drug in clinical situations for curing
purposes (Levinson & Jawertz, 1992) as it allows rapid elimination of bacteria
and a decreased possibility of resistance development or infection recurrence

(Finberg et al., 2004).

2.3.1 Antibiotics as Antimicrobial Agents

Antimicrobial chemotherapy began with Fleming's discovery of penicillin in 1929,
and the discovery of sulfonamides as a chemotherapeutic agent
by Domagk in 1935. Up to date, several hundreds of antibiotics have been
isolated from microorganisms over the years. Only a few of them with selective
toxicity such as beta lactam antibiotic, streptomycin, just to name a new are

clinically useful as they have minimal or no toxicity to human (Todar, 2009).

2.3.1.1 Spectrum of Antimicrobial Activity of Antibiotics
Bacterial spectrum can be defined as the range of bacteria that can be affected by
a particular antibiotic. Some antibiotics, for example tetracycline, can be used to

treat a wide range of bacteria and thus known as broad-spectrum antibiotic (Black,



1996). Others which can only inhibit selected group of bacteria, for example

penicillin G, are called narrow-spectrum antibiotics (Tortora et al., 2010).

2.3.1.2 Mechanisms of Action of Antibiotics

A total of five mechanisms are used to explain the actions of antibiotics. The five
mechanisms mentioned include the inhibition of cell wall synthesis, protein
synthesis, nucleic acid synthesis, metabolite synthesis and lastly the alternation of

cell membrane (Madigan et al., 2009).

All beta lactam antibiotics such as penicillins, cephalosporins, carbapenems and
monobactams are inhibitors of cell wall synthesis. In general, beta lactam drugs
will interfere with the final linking of the peptidoglycan rows by inhibiting
transpeptidases, results in degradation of peptidoglycan and osmotic rupture of

bacterial cells (Levinson & Jawertz, 1992).

Protein inhibitor antiobiotics such as tetracyclines and aminoglycosides act on
ribosomal 30S subunit by blocking tRNA binding to ribosomes, thus interrupting
the function of initiation complex and causing misreading of mRNA, respectively.
Meanwhile, chloramphenicols, erythromycin and clindamycin act on ribosomal
50S subunit by blocking peptidyltransferase step of protein synthesis,
translocation and the formation of peptide bond respectively (Levinson & Jawertz,

1992; Katzung, 1998). Due to the differences between bacterial and human

10



ribosomal proteins, RNAs and associated enzymes, protein inhibitor antibiotics do
not interfere with the synthesis of proteins in human (Levinson & Jawertz, 1992).

Next, both sulfonamides and trimethoprims serve as inhibitors of metabolite
precursor synthesis (Madigan et al., 2009) as they are competitive inhibitors of
para-aminobenzoic (PABA) and dihydrofolate reductase, respectively. Drugs
mentioned will disrupt the synthesis of folate, which is an essential coenzyme in

its reduced form for nucleic acid and protein synthesis (Ryan, 1994).

The inhibition of nucleic acid includes inhibition of DNA or RNA synthesis.
Quinolones are bactericidal drugs that block bacterial DNA synthesis and
replication by inhibiting DNA gyrase which is the enzyme responsible for
supercoiling, nicking and sealing bacterial DNA (Ryan, 1994). On the other hand,
the selective mode of action of rifampins, a type of drugs to cure tuberculosis
caused by Mycobacterium tuberculosis, is based on blocking mRNA synthesis by

bacterial RNA polymerase (Levinson & Jawertz, 1992).

Lastly, polymyxin B and colistemethate, also known as polymyxin E, are known
for causing disorganization of the cell membrane (Baron, 1996). The
positively-charged free amino acid groups contained in polymyxins serve as
cationic detergents and thus able to disrupt the phospholipid structure of the cell

membrane (Levinson & Jawertz, 1992).

11



24 Beta Lactam Drugs

The activities of beta lactam drugs are either bactericidal or bacteriostatic, greatly
depending on the types of drug and the bacterial species or strains (Satta et al.,
1995). Studies indicate that the bactericidal effect of beta lactam drugs is mainly
related to the unregulated activities of autolysins (Handwerger & Tomasz, 1985)
while the bacteriostatic effect is depending on the inactivation of the enzymes
which are involved in the late stage of peptidoglycan synthesis (Spratt, 1975;

Waxman & Strominger, 1983).

There are four major groups in beta lactam antibiotics, include penicillins,
cephalosporins, carbapenems and monobactams. Each group of the drugs contains
a beta lactam ring which is linked to different additional ring except for
monobactams. For instance, an additional thiazolindine ring for penicillins,
cephem nucleus for cephalosporin, a double ring structure for carbapenems while
none for monobactams (Samaha-Kfoury & Araj, 2003). This property helps in

differentiating which groups the beta lactam antibiotic belongs to.

2.4.1 Penicillins

Penicillin is one of the earliest discovered and widely used antibiotic agents,
derived from the Penicillium mold by Fleming in 1929 and being produced from
cultures of Penicillium notatum in 1940 by Chain, Florey and their associates
(Katzung, 1998). Penicillin is used mainly to treat bacterial infections in the past

and thus, most bacteria are resistant to penicillin.
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As one of the member of beta lactam drugs, penicillin has a basic structure of a
beta lactam ring linked to a thiazolidine ring (Ryan, 1994). In general, it is a
bactericidal drug which kills bacteria by inhibiting the synthesis of cell wall

(Levinson & Jawertz, 1992).

2.4.2 Cephalosporins
Cephalosporins were isolated from Cephalosporium molds. They are similar to
penicillin chemically, in mode of action, and toxicity, but exist differently in

structures (Levinson & Jawertz, 1992).

Cephalosporins can be classified into four major generations, which are the
1** generation, 2nd generation, 31 generation and 4 generation, merely depending
on their spectrums of antimicrobial activity. Generally, 1* generation
cephalosporins have better activity against Gram-positive bacteria whereas the
later generation of cephalosporins shows improved activity against Gram-negative

aerobic bacteria (Katzung, 1998).

2.4.3 Beta-lactamase Inhibitors

A combination of a beta-lactamase inhibitor with a substrate beta lactam drug
provides one strategy to overcome beta-lactamase-mediated resistance (Livermore,
1993). Beta-lactamase inhibitors include clavulanic acid, sulbactam and

tazobactam, have little or no antimicrobial activity but they are potent inhibitors
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of many (but not all) beta-lactamases and thus they can protect the beta lactams

drugs from inactivation by the enzymes mentioned (Katzung, 1998).

Both clavulanic acid and sulbactam are highly effective against staphylococcal
penicillinase and TEM type beta-lactamases but it showed lesser efficiency in
inhibiting cephalosporinase (Ryan, 1994). Meanwhile, tazobactam has moderate
activity against some class I chromosomally-mediated beta-lactamases, especially
that of Morganella morganii, but not that of Enterobacter cloacae (Livermore,
1993). As for inhibiting CTX-M type beta-lactamses, these enzymes are inhibited
better by the tazobactam compared to others like sulbactam and clavulanaic acid

(Bradford et al., 1998; Tzouvelekis, Tzelepi, Tassios & Legakis, 2000).

2.5  Development of Antibiotic Resistance

Use of antibiotics is critical in treating bacterial infections. Years of misuse and
overuse of these antibiotics have fueled a major increase in prevalence of
multidrug resistance pathogens (Katzung, 1998). Any kind of antimicrobial used,
be it for human, animal or plant health purposes, can lead to emergence of
resistance and further promote the dissemination of resistant bacteria and

resistance genes (Newell et al., 2010).

Plasmids harboring multiple antimicrobial-resistance determinants (R plasmids)
can be readily transferred horizontally between bacteria from animals, human and

food (Kruse & Sorum, 1994). When the R plasmids were discovered in Japan in
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the 1950s, many of them already contained resistance genes for aminoglycosides,
tetracycline, chloramphenicol, and sulfonamides. Thus, multidrug resistance can
be transferred to a susceptible bacterium in a single conjugation event. Moreover,
R plasmids are stably maintained and usually transferred between bacterial cells

at a very high efficiency (Nikaido, 2009).

To date, the most significance in development of antibiotic resistance involves the
evolution of beta-lactamases which results in limited antibiotics option can be

used in therapeutic treatment (Paterson & Bonomo, 2005).

2.5.1 Classification of Beta-lactamases

Beta-lactamases are any of various enzymes that are produced by Gram-negative
bacteria and hydrolyse beta lactam rings, thereby able to inactivate penicillin and
cephalosporin antibiotics. They are most commonly being classified according to
two general schemes, the Ambler molecular classification scheme (Ambler, 1980)
and the Bush-Jacoby-Medeiros functional classification system (Bush, Jacoby &
Medeiros, 1995). The Ambler scheme divides beta-lactamases into four major
classes, namely class A to D according to the protein homology but not according
to phenotypic characteristics (Ambler, 1980). Later on, Bush-Jacoby-Medeiros
classification has been developed in 1995 to integrate the functional molecular

characteristics of beta-lactamases.
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Class A enzymes consist of a large family, including staphylococcal penicillinases,
TEM, SHV, CTX-M and ESBLs. They are found in Gram-negative as well as
Gram-positive bacteria while the other three classes are mainly found in
Enterbacteriaceae, Pseudomonas aeruginosa and Acinetobacter spp. (Alba et al.,
2002). TEM and SHV of class A enzymes are the forerunners of most of the
ESBLs which arise from the enzymes due to point mutation (Queener, Webber &

Queener, 1986).

Compared to the other three classes of beta-lactamases which consist of serine
enzymes, class B enzymes are consisting of zinc-metallo enzymes (Bunyak, 2006).
This class of enzymes preferentially inhibits cephalosporins (Queener et al.,1986)
yet they are inhibited by ethylenediamine tetraacetic acid (EDTA), 2, 6-
pyridinedicarboxylic acid, succinic acid and mercaptocarboxylate (Alba et al.,

2002).

Class C enzymes encompass the chromosomal AmpC cephalosporinases
(Livermore, 1998). AmpC beta-lactamases which are found naturally on
chromosomes of Enterobacter spp. and Citrobacter spp. can be readily spread to
Escherichia coli and Klebsiella spp., causing these isolates to be resistant to the
oxyimino-cephalosporins, cefoxitin, cefotetan and beta-lactamase inhibitor but

not to carbapenems (Kader & Nasimuzzaman, 2001).
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Lastly, class D enzymes, also known as the OXA class enzymes, are scattered in
Enterobacteriaceae as plasmid-borne types (Livermore, 1998). All class D
enzymes significantly hydrolyze amino and carboxypenicillins but inactivate

cloxacillin and oxacillin poorly (Poirel, Naas & Nordmann, 2010).

For Bush-Jacoby-Medeiros classification, it puts 178 beta-lactamases into four
groups based on the inhibitor and substrate profiles (Bush et al., 1995; Chaudhary
& Aggarwal, 2004). Thus, this classification scheme is of much immediate
relevance to the physician or microbiologist in a diagnostic laboratory (Paterson

& Bonomo, 2005).

2.5.2 The Extended-spectrum Beta-lactamases (ESBLs)

Extended-spectrum beta-lactamases (ESBLs) are a rapidly evolving group of
beta-lactamase. This extends the spectrum of beta-lactam antibiotics susceptible to
hydrolysis by these enzymes. The ESBLs are usually plasmid encoded and these
plasmids responsible for ESBLs production frequently carry genes encoding
resistance to other drug classes. Hence, only limited antibiotic can be used in the
treatment of infections caused by ESBL-producing organisms (Paterson &

Bonomo, 2005).

ESBLs were first observed in 1983 in isolates of Klebsiella ozaenae in Germany
(Paterson & Bonomo, 2005). Thereafter, a majority of cases reported in the first
decade after the discovery of ESBL were mainly from France (Philippon, Labia,

& Jacoby, 1989).
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A commonly used working definition is that the ESBL is beta-lactamase
belonging to group 2be in the Bush-Medeiros-Jacoby system and to class A in the
Ambler system. They are capable of conferring bacterial resistance to the
penicillins, 1% generation, 2™ generation, and 3™ generation cephalosporins, and
monobactam (but not the cephamycins or carbapenems) by hydrolysis of these
antibiotics, and which are inhibited by beta-lactamase inhibitors (Paterson &

Bonomo, 2005).

Today, over 150 different ESBLs have been described. Most of them are
derivatives of TEM or SHV enzymes due to the points mutation (Gly238—Ser,
Glu240—Lys, Argl64—Ser, Argl64—His, Aspl179—Asn, and
Glu[Asp]104—Lys) within plasmid or transposon genes encoding TEM and SHV

type beta-lactamases (Perez, Endimiani, Hujer & Bonomo, 2007; Ryan, 1994).

2.5.2.1 CTX-M Type ESBLs

An increasing number of non-TEM or SHV ESBL lineages have recently been
described. For instance, CTX-M beta-lactamases is a new family in class A
ESBLs, characterised at the beginning of the 1990s in the first reports of MEN-1

(CTX-M-1) enzyme (Barthelemy, Peduzzi, Bernard, Tancrede & Labia, 1992).

Based on the changes in amino acid sequences identities, CTX-M beta-lactamases
are divided into five clusters, CTX-M 1 branch, CTX-M 2 branch, CTX-M 8§

branch, CTX-M 9 branch and lastly, CTX-M 25 branch (Naas, Oxacelay &
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Nordmann, 2007). CTX-M enzymes probably originated by horizontal gene
transfer and subsequent mutation, from the chromosomal AmpC beta-lactamases
of Klyuvera ascorbata, which is 99% homology with CTX-M-2 (Humeniuk et al.,

2002; Poirel et al., 2002).

CTX-M beta lactamases evolved in a different way compared to TEM and SHV
beta-lactamases. The choromosomal beta-lactamase found in different species of
Kluyvera spp. was transferred into the plasmids, which are then transferred into
Klebsiella spp. and Escherichia coli through conjugation (Poirel, Kampfer &
Nordman, 2002). Also, CTX-M beta-lactamases are different from TEM and SHV

beta-lactamases as there are only 40% identities (Tzouvelekis et al., 2000).

CTX-M beta-lactamases preferentially hydrolyze cefotaxime than ceftazidime but
some of them such as CTX-M-15 and CTX-M-19 hydrolyze ceftazidime
efficiently and thus may complicate their phenotypic recognition (Pitout, et al.,
2005). Furthermore, several studies found out that these enzymes are inhibited
better by the beta-lactamases inhibitor, tazobactam compared to others like

sulbactam and clavulanic acid (Bradford et al., 1998; Tzouvelekis et al., 2000).

2.5.2.2 PER Type ESBLs

PER enzymes are class A beta-lactamases and have a similar kinetic behavior to

other ESBLs of the same class (Celenza et al., 2006). They share only about 25 to
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27% homology with known TEM and SHV type ESBLs (Pateson & Bonomo,

2005).

The first successful isolation of PER-1 enzyme was from Pseudomonas
aeruginosa strain (Nordmann et al., 1993) and followed by Salmonella enterica
serovar Typhimurium and Acinetobacter spp. isolates in Tukey (Vahaboglu et al.,
1995; Vahaboglu et al., 1997). Followed by the successful isolation in Turkey, it
was also detected in the following countries such as France (Poirel et al., 1999),
Italy (Pagani et al., 2004), Belgium (Claeys, Verschraegen, Baere &

Vaneechoutte, 2000) and Korea (Yong et al., 2003).

The PER-2 enzyme, which shares 86% homology to PER-1, was first identified in
Argentina in a Salmonella serovar Typhimurium strain (Bauernfeind et al., 1996)
and followed by detection in Escherichia coli, Klebsiella pneumonia, Proteus
mirabilis (Bauernfeind et al., 1996), and Vibrio cholera later on (Petroni et al.,
2002). Up to 2007, the PER-2 enzyme was reported exclusively in South America

countries only (Power et al., 2007).

2.6  ESBLs Detection Methods
ESBLs detection methods can be divided in two major ways, by clinical
microbiology techniques and molecular detection methods. ESBLs can be

difficult to detect because they have different levels of activities against various
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cephalosporins and that is the reason why the choice of antibiotics to test is vital

(Centers for Disease Control and Prevention, 2010).

Although several methods have been proposed for the detection of ESBLs in
clinical isolates, it is important to note that none of the methods that rely on
phenotypic expression of the beta-lactamase will detect every ESBL producing

isolate (Bradford, 2001).

According to National Committee for Clinical Laboratory Standards (1999), all
penicillins, cephalosporins, and aztreonam should be reported as resistant if an
ESBL is detected. Moreover, each Klebsiella pneumoniae, Klebsiella oxytoca,
or Escherichia coli isolate should be considered a potential ESBL-producer if
their inhibition zones based on antibiotic susceptible test results are as follows:
cefpodoxime < 22 mm, ceftazidime < 22 mm, aztreonam < 27 mm, cefotamixe <

27 mm and lastly, ceftriazone < 25 mm.

2.6.1 Clinical Microbiology Techniques

Methods which are utilized similarly to standard susceptibility tests based on the
Kirby-Bauer disc diffusion test methodology are the most convenient clinical
detections for ESBLs. Primary screening is done by detecting the synergy effects
between a beta-latamase inhibitor, indicator, cephalosporin (Jitsurong &

Yodsawat, 2006).
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Combined disc method used in this study is a recently developed method from
double disc method with ability to detect presence of ESBL. A difference of more
than 5 mm between the zone diameters of either of the cephalosporin discs and
their respective cephalosporin/clavulanate acid disc is taken to be the phenotypic
confirmation of ESBLs production (Clinical and Laboratory Standard Institute,

2007).

Compared to other conventional methods such as double disc approximation test
described by Jarlier and co-researchers (1988), and E test (Cambridge Diagnostics
Services Ltd, Cambridge, UK), the combined disc method might be the most ideal
way in primary screening for ESBLs as it is cost effective and having a high
specificity. Several researches pointed out the disadvantages of double disc
method such as it requires an accurate separation in between the discs and thus
variation may occur (Jabeen, Zafar & Hasan, 2003). Furthermore, the optimal
distance needed is varying on different bacterial strains (Livermore & Brown,
2001). As for E test, Florijin, Nijssen, Schmitz, Verhoef and Fluit (2002) found

out that it often yields unsatisfied result.

Combined disc method has been found to perform well for the detection of
ESBLs in Escherichia coli and Klebsiellae spp. (Carter, Oakton, Warner and
Livermore, 2000). However, for a bacterium which has inducible AmpC beta
lactamases, it might give false positive results as the enzymes mentioned are able

to mediate resistance to cephalosporin and beta lactamase inhibitor (Jacoby, 2009).
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2.6.2 Molecular Detection Methods

As the clinical microbiology methods are a presumptive identification of ESBLs,
molecular detection methods are preferably to be carried out to confirm the
presence of ESBL genes. DNA probes method that were specific for TEM (Arlet
& Philippon, 1991; Gallego, Umaran, Garaizar, Colom & Cisterna, 1990) and
SHV enzymes (Arlet & Philippon, 1991) were used in the early detection of

beta-lactamases.

Detection using DNA probes is rather labor intensive and it was replaced by
polymerase chain reaction (PCR) with oligonucleotide primers that are specific
for a beta-lactamase gene. These primers are usually chosen to anneal to regions

where various point mutations are not known to occur (Bradford, 2001).

The standard method to detect all variant of ESBL is by nucleotide sequencing the
suspected genes (Bradford, 2001). However, this can give different results
depending on the method used. A study established by Bradford in 1999 showed
that the standard dideoxy-chain termination method resulted in errors in the
interpretation of the SHV nucleotide sequence and the derived amino acid
sequence that had been reported previously whereas the automated thermal
cycling method was better and gave consistent results in the correct sequences for

that particular gene.
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CHAPTER 3

MATERIALS AND METHODS

3.1  Materials

3.1.1 Vegetable Samples

This study was conducted using tomato, cucumber, celery and broccoli. All of the
vegetable samples were bought from Tesco Kampar, Perak, one hour before

sampling.

3.1.2 Materials and Equipments

Chemical reagents and equipments required in this study were provided by the
Department of Biological Science, Perak campus of University Tunku Abdul
Rahman. All of the chemical reagents were readily obtainable from the
Microbiology and Molecular Biology Laboratories while the equipments were
assessable in the Final Year Project Laboratory. Details of the materials and

equipments used are listed in Table 3.1 and Table 3.2, respectively.
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Table 3.1 List of Materials Used and Their Suppliers in this Study

Materials

Suppliers

Brain Heart Infusion Broth (BHIB), Commercial Antibiotic Discs
(cefotaxime/clavanulate & ceftazidime/clavanulate), Muller Hinton
(MH) Broth, Oxidation — Fermentation

Ampicillin Powder

API 20E kit

Absolute Ethanol

100 bp DNA Ladder, DNA loading dye, Isopropyl-beta-D-
thiogalactopyranoside  (IPTG), 5-bromo-4-chloro-3-indolyl-beta-D-
galactophyranoside (X-Gal)

dNTP, DNA-spinTM Plasmid DNA Purification Kit, Magnesium
Chloride (MgCl,), MgCl, Free PCR buffer, Taq Polymerase,

Buffered Peptone Water, Gram’s Crystal Violet Solution, Luria-Bertani
(LB) Agar, Luria-Bertani (LB) Broth, Safranine Solution

Commercial Antibiotic Discs (Except for Cefotaxime/Clavanulate &
Ceftazidime/Clavanulate), MacConkey (MAC) Agar, Muller Hinton
(MH) Agar

pGEM-T® Easy Vector System

Violet Red Bile Glucose (VRBG) Agar, Oxidation-Fermentation (O-F)
Basal Medium

QIAquick™ Gel Purificarion Kit
D-glucose

SP6 Promoter Primer, T7 Promoter Primer
Gram’s Iodine

Mineral Oil

1 kb DNA Ladder, 100 bp DNA Ladder, Agarose Powder, bla-CTX-M
Forward and Reverse Primers, bla-PER-2 Forward and Reverse Primers

BD

Bio Basic Inc
BioMerieux
Copens Scientific

Fermentas

iNtRON

MERCK

Oxoid

Promega

Pronadisa

QIAGEN

Rdeh

Research Biolabs
R & M Chemicals
Sigma

Vivantis
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Table 3.2 List of Equipments Used and Their Suppliers in this Study

Equipments Suppliers

Electronic Balance Adventurer'™ Pro

PCR Machine (Thermal cycle) Biometra
Spectrophotometer BIO-RAD SmartSpec™
Incubator Shaker Hettich Zentrifugen
Autoclave Machine HIRAYAMA

Laminar Flow Hood Isocide™

Light Microscope Leica

Incubator, Water Bath Memmert

Centrifuge Machine, Microcentrifuge, Nanodrop 1000, Electrophoresis Thermo Electron
Power Supply Corporation

UV Transilluminator UVP

3.2 General Methodology

3.2.1 Preparation of Media and Reagents

Powdered-form growth media were dissolved in sterile deionised water, following
instructions as per provided respectively. All of the media, agar and reagent were
sterilised before using. Media and agar that required additional components were
mixed well before using. Molten agar was poured onto petri dishes after
autoclaving and allowed to solidify before being stored at room temperature. All
the reagents were kept at room temperature except in cases where storage at 4°C
or lower is required such as antibiotic discs and ampicillin were stored in freezer

at -20°C. Methods for media and buffer preparation are stated in Table 3.3.
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Table 3.3 Preparation of Media Used in this Study

Media Media Type Method of preparation

Ampicillin containing media - An amount of 500 pl of ampicillin stock (50

(50pg/ml) mg/ml) was added into 1L of media which is
cooled down to around 50°C. The media was
then well mixed.

Ampicillin stock solution Antibiotic An amount of 0.05 g of ampicillin powder

(50mg/ml) was dissolved in Iml of sterile deionised
water. The solution was then filter-sterilized
into eppendorf tube, wrapped with parafilm
and stored at -20°C.

Brain Heart Infusion Broth Broth 37.0 g of BHIB powder was dissolved and

(BHIB) topped up to 1L using sterile deionised water.

Buffered  Peptone = Water Broth 25.5 g of BPW powder was dissolved and

(BPW) broth topped up to 1L using sterile deionised water.

Luria-Bertani (LB) agar Molten agar 37.0 g of LB agar powder was dissolved and
topped up to 1L using sterile deionised water.

Luria-Bertani (LB) broth Broth 25.0 g of LB broth powder was dissolved and

Muller Hinton (MH) agar

Muller Hinton (MH) broth

MacConkey (MAC) agar

O-F (Oxidation-Fermentation)
Basal Medium

Violet Red Bile
(VRBG) agar

Glucose

Molten agar

Broth

Molten agar

Semi-solid agar

Molten agar

topped up to 1L using sterile deionised water.

38.0 g of MH agar powder was dissolved and
topped up to 1L using sterile deionised water.

22.0 g of MH broth powder was dissolved
and topped up to 1L using sterile deionised
water.

52.0 g of MAC powder was dissolved and
topped up to 1L using sterile deionised water.

9.8 g of O-F basal medium powder was
dissolved and topped up to 1L using sterile
deionised water.

41.5 g of VRBG powder was dissolved and
topped up to 1L using sterile deionized water.
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3.2.2 Sterilisation

Sterilisation of all media and reagents were accomplished either through
autoclaving or filter sterilisation. Liquid media were autoclaved at 121°C at 15 psi
for 15 minutes whereas heat-liable media such as ampicillin and glucose were
filter-sterilised using a 0.20 um syringe filter. As for glasswares, pipette tips,
microcentrifuge tubes and other heat-stable apparatuses, they were autoclaved at
121°C at 15 psi for 20 minutes. Autoclaved apparatuses were placed into 70°C

oven for drying purposes.

3.3  General Classification of Bacteria Strains

3.3.1 Sampling of Vegetable Samples

All vegetable selected for this study were picked with a clean plastic bag in order
to avoid contamination from sampler. Prior to the vegetable sampling, working
area and equipments were sterilised using 70% (v/v) ethanol solution. Sterilisation
was carried out before and after handling each different type of vegetables. The
vegetable samples were washed using distilled water to remove soil residues and
spoiled parts were trimmed off. Only parts that will be eaten raw were chopped
into small pieces. About 5 g of the chopped vegetable samples were transferred
into Brain-Heart Infusion Broth (BHIB) and Buffered Peptone Water (BPW)
broth supplemented with 50 pg/mL ampicillin. They were then incubated at 37°C
overnight in incubator shaker with 200 rpm agitation. Overnight incubated
cultures were then subjected to a ten-fold serial dilution using sterile deionised

water. A volume of 100 pl of each dilution was poured and spread evenly on
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MacConkey (MAC) agar plates which were supplemented with 50 pg/mL of
ampicillin and incubated overnight at 37°C. After incubation, each colony with
different morphology were picked and streaked on Violet Red Bile Glucose
(VRBQG) agar plates which were also supplemented with 50 pg/mL of ampicillin.
The plates were then incubated overnight at 37°C. Colonies were sub-cultured to

Luria-Bertani (LB) agar plates with 50 pg/mL of ampicillin.

3.3.2 Preliminary Characterisation of Bacteria Isolates

Gram staining and several biochemical tests such as catalase test,
oxidase-fermentation (O-F) test and oxidase test were carried out with all of the
isolated bacteria. Later on, selected potential ESBL-producing bacterial strains
will be further identified using API 20E (BioMerieux). All the tests were

performed following the instructions stated in the manufacturer’s manual.

3.3.2.1 Differential Staining — Gram’s Staining

A single colony of pure isolated bacterium was retrieved using an inoculation
loop and placed on a clean glass slide to form a thin smear over the glass slide.
The bacterial smears were heat-fixed by passing the glass slide through the flame
of the bunsen burner. The heat-fixing process has to be fast as overheating may
cause distortion of the shapes of the bacterial cells. The surface of the slides
containing bacteria smears were then flooded with crystal violet dye for
30 seconds. The slides were then washed under running water to remove excess

crystal violet dye. Gram’s iodine was dripped onto the smears for 30 seconds.
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After washing off Gram’s iodine dye with tap water, 95% (v/v) alcohol was
evenly distributed on the slides and washed off after 10 seconds for
decolourisation purposes. Bacterial smears were then counterstained by safranin
for 30 seconds and then rinsed off with tap water. The slides were tilted to drain
off the excess water and allowed to air-dry before being examined
microscopically using oil immersion lens microscope. Colour and morphology of

the bacterial cells were recorded.

3.3.2.2 Catalase Test

The bacteria isolates were first streaked onto LB agar supplemented with
50 pg/mL ampicilin and allowed to grow overnight. A few drops of 3 % hydrogen
peroxide (H,O,) were added to the colonies on the plate. Presence of bubbles

indicates positive reaction.

3.3.2.3 O-F (Oxidation-Fermentation) Test

A young colony of bacterium was picked and inoculated into 2 tubes of O-F basal
medium supplemented with 1 % glucose. Sterile mineral oil was added into one of
the inoculated tube to create an anaerobic condition while the other tube remained
as aerobic condition. The inoculated tubes were incubated at 37°C for 48 hours. A
colour change in medium, from green to yellow in both tubes after incubation

indicates that the bacterium is a fermentative bacterium.
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3.3.2.4 Oxidase Test

A drop of oxidase reagent was dripped on a filter paper. A single colony of young
bacterium was picked and placed on the top of the oxidase reagent on filter paper.
An appearance of violet in colour on the filter paper indicates positive reaction

whereas negative reaction is signified by no colour change on the filter paper

3.4  Antibiotic Susceptible Test

The bacteria isolates were incubated in Mueller Hinton (MH) broth overnight at
37°C. The turbidity of inoculums was adjusted to a 0.5 McFarland standard. They
were subsequently incubated for a longer period of time or diluted with sterile
deionised water if the turbidity was too light or too heavy, respectively. A sterile
cotton swab was dipped into the inoculums and excessive fluid was removed by
rotating the cotton swab using firm pressure against the wall of tube. The cotton
swab was then swabbed 3 times over the entire MH agar surface by rotating the
plate approximately 60° each time to ensure an even distribution and confluent
growth. Fifteen different commercial antibiotic discs were used. They include
aztreonam (30 pg), cefotaxime (30 pg), cefotaxime/clavanulate (30 pg/10 pg),
ceftazidime (10 pg), ceftazidime/clavanulate (30 pg/10 pg), cefpodoxime (10 pg),
ceftriazone (30 pg), amoxicillin/clavulanate (20 pg/10 pg), oxacillin (1 pg),
ampicillin (10 pg), chloramphenicol (30 pg), ciprofloxacin (5 pg), tetracycline
(30 pg), trimethoroprim/sulfamethozaxole (25 pg) and gentamicin (10 pg). The

discs were placed on MH agar with not less than 2 cm apart. The agar plates were
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then incubated at 37°C overnight. Diameter of clear zones around each antibiotic

disc were measured and recorded.

3.5 Biochemically Characterisation of Bacterial Isolates

Two bacterial isolates which showed a positive phenotypic result (TM P2 & CE
B2) were further analysed by using API 20E kit (BioMerieux). An incubation box
was prepared and 5 ml of deionised water was distributed into the honeycombed
wells of the tray to create a humid atmosphere. An API 20E strip was then placed
in the incubation box. A single young colony was removed by pipette and diluted
in 5 ml deionised water. The suspension was emulsified to achieve a
homogeneous state and distributed into the individual tubes of the strip
accordingly. The strip was tilted slightly forward to avoid bubbles formation. The
incubation box was then closed and incubated at 37°C for 18 to 24 hours. The

results of all of the tests were recorded and interpreted by referring to apiweb™.

3.5.1 O-NitroPhenyl--D-Galactopyranosidase (ONPG) Test
The bacterial suspension was distributed into the ONPG tube and incubated for
18 to 24 hours. A yellow colour formed after incubation indicates a positive

reaction whereas colourless indicates a negative reaction.
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3.5.2 Arginine Dihyrolase (ADH) Test, Lysine Decarboxylase (LDC) Test,
Ornithine Decarboxylase (ODC) Test, Hydrogen Sulfide (H,S) Test, and
Urease (URE) Test

The bacterial suspension was distributed into the tubes accordingly. Mineral oil
was added into all tubes to create an anaerobic condition and incubated for 18 to
24 hours. For ADH test, LDC test and ODC test, a red or orange colour formed
after incubation indicates a positive reaction while a yellow in colour indicates a
negative result. For H,S test, a black deposit and thin line formed after incubation
indicates a positive reaction, a colourless or greyish in colour was considered as a

negative reaction.

3.5.3 Citrate Utilization (CIT) Test, Voges - Proskauer (VP) Test, Gelatin
(GEL) Test

The bacterial suspension was distributed into both tubes and cupules accordingly
and incubated for 18 to 24 hours. For CIT test, a blue-green or blue colour formed
after incubation indicates a positive reaction whereas a pale green or yellow
colour signifies a negative reaction. For VP test, both VP 1 and VP 2 reagents
were added into the tubes, one drop each. A pink or red colour formed
10 minutes after adding the reagents mentioned indicates a positive reaction while
a colourless or pale pink colour formed indicates a negative reaction. For GEL
test, a diffusion of black formed after incubation indicates a positive reaction

whereas no diffusion formed signified a negative reaction.
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3.5.4 Tryptophan Deaminease (TDA) Test

The bacterial suspension was distributed in the tube and incubated for 18 to
24 hours. A drop of TDA reagent was added. A reddish-brown colour formed
immediately after adding the reagent signifies a positive reaction while a yellow

colour indicates a negative reaction.

3.5.5 Indole (IND) Test

The bacterial suspension was distributed in the tube and incubated for 18 to
24 hours. A drop of James reagent was added. A pink colour developed in the
whole cupule immediately after adding the reagent indicates a positive reaction

whereas a colourless, pale green or yellow colour signifies a negative reaction.

3.5.6 Glucoes (GLU) Test, Mannitol (MAN) Test, Inositol (INO) Test,
Sorbitol (SOR) Test, Rhamnose (RHA) Test, Saccharose (SAC) Test,
Melibiose (MEL) Test, Amygdalin (AMY) Test, Arabinose (ARA) Test

The bacterial suspension was distributed in the tubes accordingly and incubated
for 18 to 24 hours. A yellow colour formed after incubation indicates a positive

reactive whereas a blue or blue-green colour signifies a negative reaction.

3.5.7 Nitrate Reduction
A drop for each of the NIT 1 and NIT 2 reagents were added into the GLU tube
and incubated for 2 to 5 minutes. A red colour formed after incubation indicates a

positive result whereas a yellow colour signifies a negative result. About 2 to
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5 mg of zinc reagent was added into GLU tube. The tube which remains yellow in
colour after incubation for 5 minutes indicates a positive reaction whereas an

orange or red colour formed after incubation signifies a negative reaction.

3.6  Total DNA Extraction

In this study, the fast boil method (Holmes & Quigley, 1981) was used to extract
the total DNA. Bacterial cells were cultured in 5 ml of LB broth overnight at
200 rpm agitation. An amount of 1.5 ml of the bacterial culture was centrifuged at
14,000 rpm for 15 minutes at room temperature. The supernatant was discarded
whereas pellet was then re-suspended in 300 pl of sterile deionised water and
centrifuge at 14,000 rpm for 10 minutes at room temperature. The supernatant
was the removed. The remaining suspension was then boiled at 100°C for
10 minutes and cooled on ice immediately for 3 to 5 minutes. The samples were
then centrifuged at 14,000 rpm for 2 minutes. The supernatant was then being
transferred to a new sterile microcentrifuge tube and stored at -20°C until future
use. The concentration and purify of DNA obtained were measured using

Nanodrop 1000 (Thermo Scientific).

3.7 Polymerase Chain Reaction (PCR)
3.7.1 Oligonucleotides for PCR Amplification
A set of degenerate primers (CTXM_F and CTXM_R), were used in PCR

amplification of the beta-lactamase CTX-M gene while a set of specific primers

35



(PER2_F and PER2_R), were used in PCR amplification of the beta-lactamase

PER-2 gene. Details and sequences of the primers were stated in Table 3.4.

Table 3.4 Primers Sequences used in bla-CTX-M and bla-PER-2
Homologous Genes Amplification

Primer Primer Sequences (5’ to 3°) Length (base)
CTXM_F 5’ - ATG TGC AGY ACC AGT AARGT -3’ 20
CTXM_R 5’ —TGG GTR AAR TAR GTS ACC AGA -3’ 21

PER2_F 5’ -GTA GTATCA GCCCAATCCCC-3’ 20
PER2_R 5’ - CCA ATA AAGGCCGTCCATCA -3’ 20

Legend : F: Forward; R: Reverse
Note : Y: C/T; R: A/G; S: G/C

3.7.2 Preparation of PCR mixtures for ESBLs (bla-CTX-M and bla-PER-2)
Homologous Genes Amplification

The PCR reactions were carried out by using a non-gradient PCR thermal cycler
(Biometra). All PCR reactions were conducted in 25ul aliquots containing 1X
MgCl; free PCR buffer (iNtRON), 2 mM MgCl, (iNtRON), 0.04 U/ml Tag DNA
polymerase (iNtRON), 0.2 mM dNTP mix (iNtRON), 400 nM of each forward

and reverse primers, respectively, 0.46 ng/ul of DNA template and ddH,O.

3.7.3 Optimisation of the PCR Amplification
PCR reaction was carried out for the amplification of ESBLs gene using a
non-gradient PCR thermal cycler (Biometra). The annealing temperature was

optimised for generating the desirable amplified products.
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The PCR amplification for bla-CTX-M homologous gene was performed using

the condition stated below:

94°C : 5 minutes Initial denaturation 1 cycle
94°C : 45 seconds

50°C /53°C/55°C: 45seconds  Annealing temperature 30 cycles
72°C : 45 seconds
72°C : 10 minutes  Final extension step 1 cycle

The PCR amplification for bla-PER-2 homologous gene was performed using the

condition stated below:

94°C : 10 minutes  Initial denaturation 1 cycle
94°C : 30 seconds

55°C : 30seconds  Annealing temperature 25 cycles
72°C : 30 seconds

72°C : 5 minutes Final extension step 1 cycle

3.7.4 Gel electrophoresis of PCR Products

An aliquot of 3 pl of the PCR product was mixed with 1ul of loading dye and
analyzed using 1.5% (w/v) agarose gel electrophoresis stained using ethidium
bromide and visualized under the UV transilluminator. A 100 bp DNA ladder
(Fermentas) was used as molecular weight marker when the expected sizes of the
PCR products are below a 1 kb whereas 1 kb DNA ladder (Vivantis) was used

when the expected sizes of PCR products are above 1 kb. The electric current
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used was 80 V and switched off when the loading dye reached 3 of the length of

the agarose gel.

3.8 Cloning of PCR Product

3.8.1 Agarose Gel Purification

Amplified PCR products were purified using QIAquick™ Gel Purificarion Kit
(QIAGEN) following the manufacturer’s manual. DNA was electrophoresed in a
1.5% (w/v) agarose gel and viewed under UV transilluminator. The DNA
fragment was excised from the gel using a clean and sharp scalpel. The gel slide
was weighted in a 1.5 ml microcentrifuge tube, 3 volumes of Buffer QG were
later added onto 1 volume of gel. The mixture was then incubated at 50°C for
10 minutes or until the gel was completely dissolved. The sample was then
applied to a QIAquick™ spin column which placed on a 2 ml collection tube,
centrifuged for 2 minutes at 13,000 rpm and the flow-through was discarded.
Subsequently, 0.75 ml of Buffer TE was added to the spin column, centrifuge for
2 minutes at 13,000 rpm and the flow-through was discarded. The spin column
was then spin again for another 2 minutes at 13,000 rpm to ensure all of the
ethanol from Buffer TE was completely removed. The spin column was then
placed on a sterile 1.5 ml microcentrifuge tube and 30 ul of Buffer EB was added
to the center of the QIAquick™ membrane to elute the DNA. It was left standing
for 5 minutes before being centrifuged for 2 minutes at 13,000 rpm. The
concentration of purified DNA was measured using Nanodrop 1000 and stored

the purified DNA at -20°C.
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3.8.2 Ligation of Purified DNA to pGEM-T® Easy Vector
An amount of 3 pl of PCR products, 1 pl of pGEM—T® Easy Vector (Promega,
50 ng), 1 pl of T4 ligase (Promega, 3 U/ul) and 5 pl of 2X Rapid Ligation Buffer

(Promega) were mixed together and incubated at 4°C overnight.

3.9  Transformation and Plasmid Extraction

3.9.1 Preparation of JM109 Competent Cells

A single colony of E.coli strain JM109 was inoculated into 5 ml of LB broth and
incubated at 37°C overnight with agitation at 200 rpm. An amount of 300 ul of
the overnight inoculum was transferred into 15 ml of fresh LB medium. The
inoculums were further agitated (200 rpm) at 37°C until it reached an ODggo of
between 0.5-0.6. The cells were pelleted by centrifugation at 5,000 rpm for
5 minutes at 4°C. Cells were subsequently resuspended in 2 ml of 0.1 M of cold

CaCl, and incubated on ice for 2 hours.

3.9.2 Transformation of Competent Cells

An amount of 3 pl of ligation mixture was mixed gently with 200 pl of competent
cells in a sterile pre-cold 1.5 ml microcentrifuge tube. The mixture was placed on
ice for 1 hour before being subjected to heat-shocking for exactly 90 seconds at
42°C. The tube was immediately placed on ice for another 5 minutes. An amount
of 900 ml of LB broth was added into the tube and then incubated at 37°C for
45 minutes in incubator shaker with 80 rpm agitation. The cells were pelleted by

centrifugation at 8,000 rpm for 10 minutes. An amount of 900 ml of supernatant
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was removed and pellet was resuspended in remaining supernatant. Lastly, the
mixture was plated onto LB agar plate which was supplemented with 50 pl/ml
ampicillin. For blue-white selection of the transformed bacteria, selection was
performed on the 50 pl/ml ampicillin-supplemented LB agar plate that were
spread with 20 pl of IPTG (100 mM) and 20 pl of X-Gal (50 mg/ml). For positive
and negative control plates, competent cells were transformed with and without
pUC109, respectively. The plates were then incubated overnight at 37°C. White
colonies formed were then cultured onto a new plate which was spread with 20 pl
of IPTG (Fermentas, 100 mM) and 20 pl of X-Gal (Fermentas, 50 mg/ml) for

confirmation and further screening purposes.

3.9.3 Colony PCR

A colony was gently touched with a sterile toothpick and placed into a standard
PCR mixtures consisting of 1 X MgCl, free PCR buffer (iNtRON), 2 mM MgCl,
(INtRON), 0.04 U/ml Tag DNA polymerase (iNtRON), 0.4 uM of each SP6 and
T7 promoter primers (Research Biolabs), 200 uM dNTP mix (iNtRON) and
ddH,O to a final volume of 25 pL. PCR reaction was carried out using
non-gradient PCR thermal cycler (Biometra). After PCR amplification, the PCR
products were assessed in a 1.5% (w/v) agarose gel. Details and sequences of the
primers are stated in Table 3.5. PCR mixtures consisting of 1 X MgCl, free PCR
buffer (iNtRON), 2 mM MgCl, (iNtRON), 0.04 U/ml Tag DNA polymerase

(INtRON), 0.4uM of each SP6 and T7 promoter primers (Research Biolabs),
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200uM dNTP mix (iNtRON) and ddH,O to a final volume of 25 puL. Details and

sequences of the primers were stated in Table 3.5.

Table 3.5 Primers Sequences Used in Colony PCR

Primer Primer Sequences (5’ to 3’) Length (base)
T7 5" -~ TAA TAC GACTCA CAT TAG GG -3’ 20
SP6 5"~ ATT TAG GTG ACACTATAG -3 18

The PCR amplification for colony PCR was performed using the condition stated

below:
96°C: 3 minutes Initial denaturation 1 cycle
96°C: 30 seconds
50°C: 15 seconds  Annealing temperature 30 cycles
60°C: 150 seconds
60°C: 10 minutes  Final extension step 1 cycle

3.9.4 Plasmid Extraction

Plasmid extraction was performed with DNA-spin™ Plasmid DNA Purification
Kit (iNtRON) following the methodology given by the manufacturer. A single
freshly streaked transformed bacterial colony was picked and inoculated in a 5 ml
LB broth supplemented with 100 pg/ml ampicillin and incubated overnight at
37°C with agitation 180 rpm. Bacterial cells were pelleted using 3 ml of overnight
incubated broth by centrifugation at 13,000 rpm for 30 seconds at room

temperature. Supernatant was discarded. Pellet was resuspended completely in
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250 pl of Resuspension Buffer by pipetting until no clumps of the cell pellet
remain. An amount of 250 pl of Lysis Buffer was added to the resuspended cells.
The tube was mixed gently by inverting it for several times. The cells were
incubated at room temperature for up to 5 minutes. An amount of 350 ul of
chilled Neutralization Buffer was added and mixed gently by inverting the tube
several times. The tube was then centrifuged at 13,000 rpm for 10 minutes at 4 °C.
DNA-spin™ column was inserted into a 2 ml collection tube. A maximum of
750 pl of supernatant formed after centrifugation was transferred promptly into
the column and centrifuged at 13,000 rpm for 60 seconds. The flow-through was
discarded and the column was placed into the same collection tube. An amount of
500 pl of Washing Buffer A was added into the column and centrifuged at
13,000 rpm for 60 seconds. The flow-through was discarded and the column was
placed into the same collection tube. An amount of 700 pl of Washing Buffer B
was added into the column and centrifuged at 13,000 rpm for 60 seconds. The
flow-through was discarded and the column was placed into the same collection
tube. An additional centrifuge at 13,000 rpm for 60 seconds was performed to
remove the residual ethanol completely. The collection tube was discarded and
the column was placed on a sterile 1.5 ml microcentrifuge tube. An amount of
50 ul of Elution Buffer was added to the upper reservoir of the column, left for
1 minute before centrifuging the tube assembly at 13,000 rpm for 60 seconds.

Eluted DNA was stored at -20°C.
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3.10 DNA Sequencing and Analysis
3.10.1 Sequencing of the Extracted Recombinant Plasmid
Extracted recombinant DNA plasmid was outsourced to 1 BASE Laboratories

Sdn. Bhd. for cycle sequencing using specific primers, T7 and SP6.

3.10.2 BlastX Alignment Analysis
The resulting DNA sequences obtained were aligned with BlastX software which
is available on the NCBI, National Center for Biotechnology Information website

(http://blast.ncbi.nlm.nih.gov/Blast.cgi).
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CHAPTER 4

RESULTS

4.1 Cultivation and Isolation of Gram-negative Bacteria

In this study, selection of Gram-negative bacteria was performed on MacConkey
(MAC) agars supplemented with 50 pg/ml of ampicillin. A total of
25 morphologically different bacterial isolates were isolated. They include
8 bacterial isolates from tomato, 8 bacterial isolates from cucumber, 5 bacterial
isolates from celery and 4 bacterial isolates from broccoli. The individually
isolated bacterial isolates were then streaked on Violet Red Bile Glucose (VRBG)
agars supplemented with 50 pg/ml of ampicillin to obtain pure strain isolates.
Figure 4.1 (a) and Figure 4.1 (b) illustrates the bacterial single isolates on MAC

and VRBG agars supplemented with 50 ug/ml of ampicillin, respectively.
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(a)

(b)

Figure 4.1  Bacterial Single Isolates on both MAC and VRBG Agar
Supplemented with 50 pg/ml of Ampicillin

Image shows (a) bacterial single isolates on MAC agar supplemented with

50 pg/ml of ampicillin and (b) bacterial single isolate on VRBG agar
supplemented with 50 pg/ml of ampicillin.
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4.2  Preliminary Characterisation of Bacterial Isolates

All bacterial isolates selected were characterised based on their morphological
and biochemical characteristics. Validation of the isolates for Gram-negative
bacteria based on their Gram’s reaction was performed. Further identification was
carried out using several preliminary biochemical tests as well as using API 20E
kit (BioMerieux). Table 4.1 and 4.2 summarise the morphological characteristics
of each bacterial isolate on both MAC and VRBG agars supplemented with

50 pg/ml of ampicillin.

4.2.1 Differential Staining — Gram’s Staining

Bacterial cells that retained the purple colour of crystal violet dye after Gram’s
staining will be classified as Gram-positive bacteria whereas bacterial cells which
take up the reddish pink colour of counter stain safranin dye will be classified as
Gram-negative bacteria. All bacterial isolates were stained pink in colour after
performing Gram’s staining. Therefore, it can be concluded that all of them were
Gram-negative bacteria. Out of 25 bacterial isolates, 20 bacterial isolates were
rod-shaped while other 5 were coccobacillus. Figure 4.2 illustrated the images of
bacterial cells viewed under oil immersion objective of the microscope
(magnification of 1000x) after Gram’s staining whereas the morphology and

colour of the bacterial cells observed was tabulated in Table 4.3.
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Table 4.1 Appearance and Morphology of Bacterial Isolates Isolated from Tomato and Cucumber on MacConkey (MAC)
Agar and Violet Red Bile Glucose (VRBG) Agar

Vegetable Assigned Appearance and Morphology of Colony
Source Code Colour Shape Elevation Edge Opacity Texture
MAC VRBG
Tomato TM B1 Pink Violet Circular Convex Entire Translucent Glistening
TM B2 Pink Violet Circular Convex Entire Translucent Glistening
TM B3 Pink Violet Circular Convex Entire Opaque Smooth
T™ B4 Pink Violet Circular Convex Entire Opaque Smooth
TM B5 Ivory Violet Circular Convex Entire Opaque Smooth
T™M P1 Pink Violet Circular Convex Entire Translucent Glistening
™ P2 Pink Violet Circular Convex Entire Opaque Smooth
TM P3 Ivory Violet Circular Convex Entire Opaque Smooth
Cucumber CCBl1 Pink Violet Circular Convex Entire Translucent Glistening
CCB2 Pink Violet Circular Convex Entire Translucent Glistening
CCB3 Pink Violet Circular Convex Entire Translucent Glistening
CCB4 Ivory Violet Circular Convex Entire Opaque Smooth
CCP1 Pink Violet Circular Convex Entire Translucent Glistening
CCP2 Pink Violet Circular Convex Entire Translucent Glistening
CCP3 Pink Violet Circular Convex Entire Opaque Smooth
CCP4 Ivory Violet Circular Convex Entire Translucent Glistening
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Table 4.2

Agar and Violet Red Bile Glucose (VRBG) Agar

Appearance and Morphology of Bacterial Isolates Isolated from Celery and Broccoli on MacConkey (MAC)

Vegetable Assigned

Appearance and Morphology of Colony

Source Code Colour Shape Elevation Edge Opacity Texture
MAC VRBG
Celery CE Bl Pink Violet Circular Convex Entire Opaque Smooth
CE B2 Pink Violet Circular Convex Entire Opaque Smooth
CE B3 Pink Violet Circular Convex Entire Opaque Smooth
CE Pl Pink Violet Circular Convex Entire Opaque Smooth
CE P2 Pink Violet Circular Convex Entire Opaque Smooth
Broccoli BR Bl Pink Violet Circular Convex Entire Translucent Glistening
BR B2 Ivory Violet Circular Convex Entire Opaque Smooth
BR P1 Pink Violet Circular Convex Entire Translucent Glistening
BR P2 Ivory Violet Circular Convex Entire Opaque Smooth




(a)

Figure 4.2  Bacterial Cells Viewed Under Oil Immersion Objective of the
Microscope (Magnification of 1000X) after Gram’s Staining

Images of (a) rod-shaped bacteria and (b) coccobacillus bacteria stained in pink.
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Table 4.3

Isolates after Gram’s Staining

Microscopic Observation (Magnification of 1000X) of Bacterial

Bacterial Isolate Morphology Colour Gram’s Reaction

(Code)

TM B1 Rod Pink Gram-negative
T™ B2 Rod Pink Gram-negative
T™ B3 Rod Pink Gram-negative
T™ B4 Coccobacillus Pink Gram-negative
T™M BS Rod Pink Gram-negative
™ P1 Rod Pink Gram-negative
™ P2 Rod Pink Gram-negative
T™ P3 Rod Pink Gram-negative
CCB1 Rod Pink Gram-negative
CCB2 Rod Pink Gram-negative
CCB3 Rod Pink Gram-negative
CCB4 Coccobacillus Pink Gram-negative
CcCcPr1 Rod Pink Gram-negative
CCP2 Rod Pink Gram-negative
CcCcPp3 Rod Pink Gram-negative
CCP4 Rod Pink Gram-negative
CE B1 Rod Pink Gram- negative
CE B2 Rod Pink Gram-negative
CE B3 Rod Pink Gram-negative
CEP1 Coccobacillus Pink Gram-negative
CE P2 Rod Pink Gram-negative
BR B1 Coccobacillus Pink Gram-negative
BR B2 Rod Pink Gram-negative
BR P1 Coccobacillus Pink Gram-negative
BR P2 Rod Pink Gram-negative
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4.2.2 Catalase Test

For the catalast test, bubble formation (Figure 4.3) indicates the presence of
catalase enzyme which is used to detoxify a cell of hydrogen peroxide (H,0,). All
the 25 bacterial isolates formed bubbles after few drops of 3 % H,0, were added

and thus showing positive result in this biochemical test.

4.2.3 O-F (Oxidation-Fermentation) Test

All the 25 bacterial isolates turned both open tube (aerobic condition) and closed
tube (anaerobic condition) of the inoculated O-F basal medium supplemented
with 1 % glucose into yellow in colour (Figure 4.4) after incubation for 24 to 48

hours. Thus, they were fermentative bacteria.

4.2.4 Ocxidase Test
All the 25 bacterial isolates were classified as oxidase negative as no colour
change occurring after adding single colonies of the bacterial isolates separately

onto the oxidase reagent on filter papers.

51



Bubbl: fo

rmation

Figure 4.3  Catalase Test

Image showed the formation of bubbles on bacterial isolate after adding few drops
of 3 % hydrogen peroxide (H,0,).

Figure 4.4 O-F (Oxidation-Fermentation) Test
Image showed O-F test with negative control tube (left), open tube (middle) and

closed tube (right). Both open tube (aerobic condition) and closed tube (anaerobic
condition) turned into yellow in colour in the O-F test.
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4.3  Antibiotic Susceptible Test

Interpretation of the Zone Diameter Interpretative Standards of Clinical
Laboratory Standard Institute (CLSI) was used as reference to determine the
resistance of the bacteria as “susceptible”, “intermediate” or “resistance” in this
study towards 15 types of commercial antibiotic disc. Table 4.4, 4.5, 4.6 and 4.7
showed the collective measurements of the inhibition zone and interpretation of
bacteria isolates isolated from tomato, cucumber, celery and broccoli towards the

antibiotic agents, respectively whilst a summary of antibiotic susceptible test on

all bacterial isolates obtained was tabulated in Table 4.8.

All the bacteria isolates were demonstrated resistant towards ampicillin and
oxacillin. Among the 25 bacteria isolates, some of them showed additional
resistance towards other antibiotics. Based on the result obtained, a total of nine

1solates showed resistance towards more than one class of first-line antibiotics.

In this study, cefotaxime/clavulanate and ceftazidime/clavulanate were used for
the detection of ESBL-producer based on phenotypic disc testing by comparing
the inhibition zone of the cephalosporin tested in combination with clavulanic
acid versus its inhibition zone when tested alone. If an inhibition zone of the
cephalosporin tested in combination with clavulanic acid was larger or equal to
5 mm of its inhibition zone when tested alone was observed, the particular isolate
was classified as phenotypic positive isolate. Out of 25 bacterial isolates, only two

isolates, TM P2 and CE B2 demonstrated a positive phenotypic result.
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Table 4.4 Antibiotic Susceptible Test of Bacterial Isolates Isolated from Tomato
Bacterial isolate (code) T™ B1 T™ B2 T™ B3 T™ B4 T™ BS T™ P1 ™ P2 T™ P3
Type of antibiotics Clear zone diameter (mm)

Aztreonam 26 (S) 29 (S) 30 (S) 28 (S) 30 (S) 34 (S) 18 () 25 (S)
Cefotaxime 26 (S) 29 (S) 28 (S) 28 (S) 25 (S) 32(S) 14 (R) 26 (S)

Cefotaxime/Clavulanate 26 29 29 29 25 32 20 26
Ceftazidime 22 (S) 24 (S) 24.(S) 25 (S) 23 (S) 28 (S) 11 (R) 25 (S)

Ceftazidime/Clavulanate 24 25 26 26 24 29 16 25
Cefpodoxime 24 (S) 25 (S) 26 (S) 21 (S) 23 (S) 29 (S) 6 (R) 22 (S)
Ceftriazone 24 (S) 25 (S) 28 (S) 25 (S) 22 (S) 31 (S) 14 (D 20 (S)
Amoxycillin/Clavulanate 19 (S) 20 (S) 21 (S) 18 (S) 20 (S) 26 (S) 11 (R) 20 (S)
Oxacillin 6 (R) 6 (R) 6 (R) 6 (R) 6 (R) 6 (R) 6 (R) 6 (R)
Ampicillin 11 (R) 13 (R) 7 (R) 9 (R) 9 (R) 9 (R) 6 (R) 10 (R)
Chloramphenicol 20 (S) 22 (S) 28 (S) 22 (S) 25 (S) 28 (S) 21 (S) 24 (S)
Ciprofloxacin 24 (S) 26 (S) 30 (S) 25 (S) 30 (S) 29 (S) 28 (S) 25 (S)
Tetracycline 22 (S) 22.(S) 24 (S) 21 (S) 24 (S) 25 (S) 22 (S) 23 (S)
Trimethroprim/Sulfamethozaxole 20 (S) 22.(S) 20 (S) 23 (S) 19 (S) 26 (S) 24 (S) 20 (S)
Gentamicin 15 (S) 18 (S) 19 (S) 15 (S) 17 (S) 19 (S) 16 (S) 17 (S)

Note:  R: Resistant, I: Intermediate, S: Susceptible
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Table 4.5 Antibiotic Susceptible Test of Bacterial Isolates Isolated from Cucumber
Bacterial isolate (code) CCB1 CCB2 CCB3 CCB4 ccpr1 CCP2 CCP3 CCP4
Type of antibiotics Clear zone diameter (mm)
Aztreonam 30 (S) 29 (S) 28 (S) 25 (S) 29 (S) 29 (S) 25 (S) 28 (S)
Cefotaxime 29 (S) 29 (S) 25 (S) 26 (S) 26 (S) 25 (S) 25 (S) 20 (S)
Cefotaxime/Clavulanate 29 30 25 26 26 25 25 22
Ceftazidime 25 (S) 25 (S) 25 (S) 20 (S) 24 (S) 25 (S) 20 (S) 22 (S)
Ceftazidime/Clavulanate 25 25 25 21 25 25 20 22
Cefpodoxime 26 (S) 23 (S) 22 (S) 25 (S) 14 (R) 14 (R) 22 (S) 15 (R)
Ceftriazone 27 (S) 23 (S) 22 (S) 25 (S) 25 (S) 25 (S) 23 (S) 22 (S)
Amoxycillin/Clavulanate 20 (S) 11 (R) 10 (R) 20 (S) 10 (R) 11 (R) 19 (S) 10 (R)
Oxacillin 6 (R) 6 (R) 6 (R) 6 (R) 6 (R) 6 (R) 6 (R) 6 (R)
Ampicillin 6 (R) 8 (R) 10 (R) 9 (R) 10 (R) 9 (R) 6 (R) 6 (R)
Chloramphenicol 24 (S) 24 (S) 23 (S) 24 (S) 20 (S) 19 (S) 28 (S) 24 (S)
Ciprofloxacin 29 (S) 28 (S) 28 (S) 30 (S) 34 (S) 20 (D 28 (S) 28 (S)
Tetracycline 21 (S) 22 (S) 22 (S) 24.(S) 11 (R) 17 (D) 23 (S) 15 (D)
Trimethroprim/Sulfamethozaxole 23 (S) 23 (S) 24 (S) 18 (S) 28 (S) 16 (S) 18 (S) 26 (S)
Gentamicin 18 (S) 17 (S) 17 (S) 18 (S) 20 (S) 19 (S) 15 (S) 19 (S)

Note:  R: Resistant, I: Intermediate, S: Susceptible
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Table 4.6 Antibiotic Susceptible Test of Bacterial Isolates Isolated from Celery
Bacterial isolate (code) CE B1 CE B2 CE B3 CEP1 CE P2
Type of antibiotics Clear zone diameter (mm)
Aztreonam 24 (S) 20 (S) 25 (S) 22 (S) 26 (S)
Cefotaxime 24 (S) 20 (S) 28 (S) 24 (S) 24 (S)
Cefotaxime/Clavulanate 24 23 28 24 25
Ceftazidime 20 (S) 18 (S) 23(S) 18 (S) 22 (S)
Ceftazidime/Clavulanate 24 23 25 22 24
Cefpodoxime 24 (S) 21 (S) 25 (S) 24 (S) 24 (S)
Ceftriazone 24 (S) 20 (S) 26 (S) 25(S) 25(S)
Amoxycillin/Clavulanate 16 (I) 18 (S) 23(S) 17 (D) 18 (S)
Oxacillin 6 (R) 6 (R) 6 (R) 6 (R) 6 (R)
Ampicillin 6 (R) 10 (R) 9([R) 6 (R) 6 (R)
Chloramphenicol 6 (R) 26 (S) 25(S) 6 (R) 6 (R)
Ciprofloxacin 20 (S) 24 (S) 24 (S) 22 (S) 22 (S)
Tetracycline 6 (R) 22 (S) 23 (S) 6 (R) 7 (R)
Trimethroprim/Sulfamethozaxole 6 (R) 24 (S) 26 (S) 6 (R) 6 (R)
Gentamicin 15 (S) 14 (I) 16 (S) 15 (S) 16 (S)

Note:  R: Resistant, I: Intermediate, S: Susceptible
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Table 4.7 Antibiotic Susceptible Test of Bacterial Isolates Isolated from Broccoli

Bacterial isolate (code) BR B1 BR B2 BR P1 BR P2
Type of antibiotics Clear zone diameter (mm)
Aztreonam 28 (S) 34 (S) 27 (S) 33 (S)
Cefotaxime 27 (S) 26 (S) 27 (S) 28 (S)
Cefotaxime/Clavulanate 28 26 28 29
Ceftazidime 23 (S) 21 (S) 23 (S) 24 (S)
Ceftazidime/Clavulanate 25 25 24 28
Cefpodoxime 24 (S) 21 (S) 26 (S) 21 (S)
Ceftriazone 28 (S) 25 (S) 27 (S) 24 (S)
Amoxycillin/Clavulanate 21 (S) 12 (R) 21 (S) 24 (S)
Oxacillin 6 (R) 6 (R) 6 (R) 6 (R)
Ampicillin 6 (R) 6 (R) 7 ([R) 8 (R)
Chloramphenicol 25 (S) 28 (S) 25 (S) 28 (S)
Ciprofloxacin 24 (S) 29 (S) 22 (S) 28 (S)
Tetracycline 19 (S) 25 (S) 22 (S) 25 (S)
Trimethroprim/Sulfamethozaxole 21 (S) 21 (S) 23 (S) 22 (S)
Gentamicin 14 (1) 18 (S) 15 (S) 14 (D)

Note:  R: Resistant, I: Intermediate, S: Susceptible



Table 4.8 Summary of Antibiotic Susceptibility Test of Gram-negative
Isolates from Four Local Vegetables Samples

Type of antibiotics No (%) of resistant isolates from
All Tomato ~ Cucumber Celery Broccoli
(n=25) (n=8) (n=8) (n=5) (n=4)
Aztreonam 1* (4.0) 1* (12.5) 0(0.0) 0(0.0) 0 (0.0)
Cefotaxime 1 (4.0) 1(12.5) 0 (0.0) 0(0.0) 0(0.0)
Cefotaxime/Clavulanate 1(4.0) 1°(12.5) 0(0.0) 0 (0.0) 0 (0.0)
Ceftazidime 1 (4.0) 1(12.5) 0 (0.0) 0(0.0) 0(0.0)
Ceftazidime/Clavulanate 2 (8.0) 1°(12.5) 0(0.0) 1°(12.5) 0(0.0)
Cefpodoxime 4 (16.0) 1(12.5) 3(37.5) 0(0.0) 0(0.0)
Ceftriazone 1* (4.0) 1* (12.5) 0(0.0) 0(0.0) 0(0.0)
Amoxycillin/Clavulanate 9" (36.0) 1(12.5) 5 (62.5) 2°(40.0)0 1(25.0)
Oxacillin 25(100.0) 8(100.0) 8(100.0) 5(100.0) 4 (100.0)
Ampicillin 25(100.0) 8(100.0) 8(100.0) 5(100.0) 4 (100.0)
Chloramphenicol 3(12.0) 0(0.0) 0(0.0) 3 (60.0) 0 (0.0)
Ciprofloxacin 1* (4.0) 0(0.0) 1* (12.5) 0 (0.00) 0 (0.0)
Tetracycline 6" (24.0) 0 (0.0) 3°(37.5) 3 (60.0) 0(0.0)
Trimethroprim/Sulfamethozaxole 3 (12.0) 0 (0.0) 0 (0.0) 3(60.00 2(50.0)
Gentamicin 2% (8.0) 0 (0.0) 0 (0.0) 0(0.0) 2%(50.0)

*These isolates demonstrated intermediate sensitivity to the antimicrobial agent.
"This number includes isolated demonstrating resistance and intermediate sensitivity.
“These isolates demonstrated a > Smm zone diameter for either antimicrobial agent tested in

combination with clavulanic acid versus its zone when tested alone, indicating it as a

ESBL-producer based on phenotypic disc test.
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4.4  Biochemically Characterisation of Bacterial Isolates

4.4.1 API 20E Kit

The result of each biochemical tests obtained via API 20E kit for both TM P2 and
CE B2 was summarised in Table 4.9. It was observed that 22 tests out of 26 tests
showed the same results for both TM P2 and CE B2. The 22 tests are ONPG, CIT,
H,S, TDA, IND, VP, GEL, GLU, MAN, INO, SOR, RHA, SAC, MEL, AMY,

ARA, OX, NO,, N,, McC, OF-O and OF-F tests.

For ONPG, CIT, VP, GLU, MAN, INO, SOR, RHA, SAC, MEL, AMY, ARA,
NO,, Ny, McC, OF-O and OF-F tests, both TM P2 and CE B2 showed positive
reaction results whereas for H,S, TDA, IND, GEL and OX tests, both bacterial

isolates showed negative reaction results.

The other 4 tests showed different results (ADH, LDC, ODC and IND tests). For
ADH and ODC tests, TM P2 showed positive reaction results whereas CE B2
showed negative reaction results. For LDC and IND tests, CE B2 showed positive
reaction results while TM P2 showed negative reaction results. Figure 4.5 showed

the API multi-test system strips for both TM P2 and CE B2.
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Figure 4.5  API Multi-test System Strips

Images showed API multi-test system strip (a) on top containing inoculums of TM P2 while strip (b) at below containing inoculums of
CE B2.



Table 4.9 Summary of Biochemical Tests

Biochemical tests Bacterial code
T™ P2 CE B2

p - galactosidase ONPG + +
Arginine dihydrolase ADH + -
Lysine decarboxylase LDC - +
Ornithine decarboxylase ODC + -
Citrate utilization CIT + +
H,S production H,S - -
Urease production URE - +
Tryptophan deaminase TDA - -
Indole production IND - -
Voges-Proskauer VP + +
Gelatin hydrolysis GEL - -
Glucose GLU + +
Mannitol MAN + +
Inositol INO + +
Sorbitol SOR + +
Rhamnose RHA + +
Sucrose SAC + +
Melibiose MEL + +
Amygdalin AMY + +
Arabinose ARA + +
Oxidase production (0):¢ - -
NO,; production NO, + +
N, production N, + +
MacConkey agar McC + +
Oxidation OF-O + +
Fermentation OF-F + +

Legend: +: Positive, -: Negative



4.4.2 Identification of Bacterial Isolates

Based on the identification result obtained from  apiweb™™,
TM P2 was identified as bacteria from the genus of Enterobacter. Two probable
bacteria strains for TM P2 where may be either Enterobacter clocae, which has
identity of 59.4% and T value of 0.86, or Enterobacter sakazakii, with an identity
of 40.4% and T value of 0.82. On the other hand, for CE B2, it showed significant
taxa of Klebsiella pneumonia ssp pneumonia, which has the identity of 97.6% and
T value of 1.0. However, it also has the possibility to be Raoultella planticola.
Thus, further identifications are needed to validate the identity of the bacterial
isolates. Figure 4.6 showed the print screen images of the results for both TM P2
and CE B2 obtained from apiweb™.

4.4.3 Further Identifications of Bacterial Isolates TM P2 and CE B2

Both TM P2 and CE B2 were further tested with the complementary tests
suggested by apiweb™™, yellow test and methyl red test, respectively to validate
their identity. In yellow test, TM P2 was streaked onto LB agar and incubated
overnight at 37°C. The colour of colonies observed was ivory (Figure 4.7). Hence,
it indicates that it has a bigger possibility to be Enterobacter clocae rather than
Enterobacter sakazakii. As for CE B2, methyl red test was performed. A negative
reaction result was obtained (Figure 4.8), indicated that it has a bigger possibility

to be Klebsiella pneumonia ssp pneumonia rather than Raoultella planticola.
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(a)

EXCELLENT IDENTIFICATION TO THE GENUS

Strip API20E V4N
Profile 3305773
Note POSSIBILTY OF Enterobacter cloacae
Significant taxa % 1D T Tests against
Enterobacter cloacae 59.4 0.86 |INO 12%
Enterobacter sakazakii 40.4 0.62 | SOR &%
Hext taxon % 1D T Tests against
Enterobacter aerogenes 0.1 0.22 |ADH 0% | LDC
Complementary test(s) YELLOW ESC [HYD.)
Enterobacter cloacae 134 0%
Enterobacter sakazakii 98% 100%

(b)

GOOD IDENTIFICATION

Strip APIZ0EWV4A
Profile 5245773
Hote POSSIBILITY OF Racultella planticola
Significant taxa % ID T Tests against
Klebziella pneumoniae ssp pneumoniae 7.6 1.0 |
Hext taxon % 1D T Tests against
Klebsiella oxytoca 21 0.72 [IND 99% |
Complementary test(s) BKG METHYL RED
Raoultella planticola 95% 100%
Klebsiella pneumoniae ssp pneumoniae 2% 9%

Figure 4.6  Result of Identification of Bacterial Isolates Obtained from

apiweb™

Images show the print screen result from apiweb' ™ of bacterial isolate (a) TM P2

and (b) CE B2.
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Figure 4.7  Observation of TM P2 on LB Agar Plate

Image showed colonies of TM P2 on LB agar plate which were ivory in colour.

Figure 4.8  Methyl Red Test of CE B2

Image showed methyl red test of CE B2 with negative control tube on left and CE
B2 methyl red test tube on the right.
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4.5  Analyses of PCR Product and Agarose Gel Electrophoresis

4.5.1 Purity of Extracted DNA

DNA extracted from all the bacterial isolates was considered as relatively pure as
their Aye0/Azgo ratio was within the range of 1.8 to 2.0 except for TM P1, CC P1,
CE P1 and BR B2. The Ajs/Axg ratio of TM Pl1, CC Pl and
BR B2 were slightly higher than 1.8, indicates that they might be contaminated
with RNA. For CE P1 with the Aygo/Asgoratio of 1.69, it indicates that the DNA
might be contaminated with residual protein (Sambrook & Russell, 2001). The

Aseo/Argoratio and concentration of bacterial isolates were tabulated in Table 4.10.

4.5.2 bla-CTX-M PCR Products and Gel Purified PCR Products

Figure 4.9 showed the agarose gel electrophoresis image of 12 PCR products
from TM B1, TM B2, TM P1, TM P2, CC B1, CC B2, CC P1, CC P2, CE B1, CE
B2, BR Bl and BR B2, amplified using bla-CTX-M degenerate primers with
annealing temperature of 50°C. Other 13 PCR products were not being showed in

Figure 4.9 as the results were negative.

Lane 1 is the negative control and as expected, no product was observed. On the
other hand, only PCR product from TM P2 corresponded near to the expected
approximately 590 bp was successfully amplified. However, smear and
primer-dimer appearing indicates that the PCR condition might not be optimised
yet. Thus, the DNA of TM P2 was re-amplified again with the annealing

temperatures of 53°C and 55°C. Figure 4.10 (a) showed agarose gel
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electrophoresis image of PCR products from TM P2 using annealing temperature
of 50°C, 53°C, and 55°C. The optimum temperature for bla-CTX-M degenerate
primer was determined to be at 53°C as the least smear and primer-dimer were

observed at this temperature.

Subsequently, the resulting PCR product from TM P2 amplified by bla-CTX-M
degenerate primers using annealing temperature of 53°C was purified as describe
in Section 3.7.1. The concentration and purity of gel-purified product was
measured by Nanodrop 1000, showed reading of 8.5 ng/ul and 1.85, respectively.
Image of agarose gel electrophoresis for the gel-purify PCR product was shown in

Figure 4.10 (b).

4.5.3 bla-PER-2 PCR Products
None of the PCR product mentioned corresponded to the expected size of 740 bp
was successfully amplified. Thus, it was presumed that all the 25 isolates obtained

in this study did not possess any bla-PER-2 homologous genes.
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Table 4.10  Ajq/Azs0 Ratio and Concentration of Bacterial Isolates DNA
Obtained using Nanodrop 1000

Bacterial Isolates (code) Aseo/Asso Concentration (ng/pl)
T™ B1 1.82 323.47
T™M B2 1.89 677.34
T™ B3 1.80 410.41
T™M B4 1.99 786.34
TM BS 1.84 542.31
T™™ P1 2.02 375.86
™™ P2 1.86 475.60
T™™ P3 1.84 496.94
CCB1 1.92 508.91
CCB2 1.94 702.99
CCB3 1.98 912.32
CCB4 1.88 519.85
CCPr1 2.03 894.96
CcCP2 1.90 778.95
CCP3 1.92 696.12
CCP4 1.81 503.40
CE B1 1.82 429.41
CE B2 1.85 719.79
CE B3 1.92 329.60
CEP1 1.69 393.32
CE P2 1.81 516.87
BR B1 1.89 370.19
BR B2 2.09 772.30
BR P1 1.92 728.54
BR P2 1.94 429.31
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Figure 4.9  Representative Gel Electrophoresis Image of PCR Products
Amplified wusing bla-CTX-M Degenerate Primers with Annealing
Temperature of 50°C

Lane M1 is the 100 bp DNA ladder (Fermentas). Lane 1 represents the negative
control. Lane 2 to 13 represents the PCR products of bacterial isolates TM BI,
T™™ B2, TM P1, TM P2, CC B1, CC B2, CC P1, CC P2, CE BI, CE B2, BR Bl
and BR B2 amplified using bla-CTX-M degenerate primers, respectively. Only
PCR product from TM P2 in lane 5 showed a band with the size about 590 bp.
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(a) (b)

Figure 4.10 Gel Electrophoresis Images for the Optimisation of PCR
Reaction for bla-CTX-M Degenerate Primers and Gel-purified PCR
Products

Image showed (a) Optimisation of PCR Reaction for bla-CTX-M Degenerate
Primers and (b) Gel-purified PCR Products. Lane M1 is the 100 bp DNA ladder
(Fermentas) while Lane 1 represents the negative control. Lane 2 to 4 represents
the PCR products of TM P2 amplified with different annealing temperatures of
50°C, 53°C and 55°C, respectively. Lane 3 showed the most efficient PCR
amplification with least smear and primer-dimer formation. Lastly, lane 5
represents the gel-purified PCR products obtained in lane 3, showed a distinct
band with the size of about 590 bp.
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4.6 Transformation

4.6.1 Screening of the Presence of Insert in the Vector

The transformation process was performed as mentioned in Section 3.9.2. As
shown in Figure 4.11, white and blue colonies formation representing the
transformed and untransformed bacterial cells, respectively. On the other hand,
the massive number of blue colonies presented on positive control plate indicated
the high efficiency of competent cells whereas no colony formation on negative
control plate showed proper aseptic techniques were being applied during the

transformation process.

4.6.2 Colony PCR

A potential white colony of transformed competent cells which suspected to
harbour bla-CTX-M gene fragment was assessed. Colony PCR were performed as
mentioned in Section 3.9.3. Figure 4.12 showed the results for colony PCR. No
product was amplified in the absence of DNA as shown in Lane 1, indicating that
the PCR process is contaminant-free and the products amplified were probably
the desired PCR products. The amplification of untransformed bacterial cells, blue
colony was showed in lane 2 with the expected size of around 180 bp whereas the
amplification of the white colony which suspected carrying bla-CTX-M gene
fragment was shown in lane 3 the expected product size of approximately 780 bp.
Recombinant plasmids were extracted from the white colony and DNA

sequencing was performed.
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Figure 4.11 Positive, Negative Control Plates and Transformation Plate

Plates A and B indicate the positive and negative controls of the transformation
process respectively. A massive number of blue colonies were formed on positive
control plate while no colony was presented on negative control plate. On the
other hand, obvious blue and white colonies were observed on the transformation
plate, plate C.
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~780 bp

Figure 4.12 Gel Electrophoresis Image of Colony PCR Amplification

The amplified colony PCR prodcucts were expected to have a product size of
approximately 780 bp. Lane M1 is the 100 bp DNA ladder (Fermentas) while
Lane 1 represents the negative control. Lane 2 represents the amplification of blue
colony, shows a clear band approximately to the size of 180 bp whereas Lane 3
represents the amplification of the white colony, and shows a clear band of the
size of around 780 bp.
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4.7  DNA Sequencing

Sequencing result obtained was reported as reliable sequences by 1% Base
laboratories. The nucleotide sequence of each sample was analysed using BlastX
program which search the protein database. Table 4.11 tabulated the obtained

BlastX results for the amplified samples using bla-CTX-M degenerate primers.

Table 4.11  Top Five BlastX Alignments from TM P2 Forward Sequence
Amplified using bla-CTX-M Degenerate Primers

BlastX identity Accession Identities Score Query  Expect
(%) (bits) coverage value
(%)

¢ Proline/glycine betaine  ZP 04558676.1 91 257 72 6e-67
transporter
[Citrobacter spp.]

e Metabolite-proton
symporter CBK&844563.1 99 254 68 3e-66
[Enterobacter clocae]

¢  Proline/glycine betaine
transporter ZP 0386445.1 99 254 68 3e-66
[Escherichia coli
0157:H7]

¢ Proline/glycine betaine
transporter 7P 04871198.1 93 254 71 4e-66
[Escherichia coli
1_1_43]

¢  Proline/glycine betaine
transporter NP 756966.1 93 254 71 4e-66
[Escherichia coli
CFT073]
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CHAPTER 5

DISCUSSION

5.1 Cultivation and Isolation of Gram-negative Bacteria

In this study, Gram-negative bacteria were cultivated and isolated from four types
of raw vegetables. Brain-Heart Infusion Broth (BHIB), Buffered Peptone Water
(BPW) broth were used for cultivation purpose while MacConkey (MAC) agar
and Violet Red Bile Glucose (VRBG) agar were used for selection and isolation

purposes.

BHIB, a type of general non-selective medium was used to cultivate bacteria from
raw vegetables as it supplies the nutritional requirements for growth of
microorganisms and able to maintain the osmotic balance of the medium. On the
other hand, BPW was used in this study as it is rich in nutrients and produces high
recovery rates for injured bacteria and intense growth. Furthermore, the phosphate
buffer system prevents bacterial damage due to changes in the pH of the medium
as vegetable specimens in general have a low buffering capacity (Zimbro, Power,

Miller, Wilson & Johnson, 2009).

Both Gram-positive and Gram-negative bacteria were able to grow equally in
BHIB and BPW. Thus, the cultivated Gram-negative bacteria were isolated and

validated using MAC agar and VRBG agar, respectively. A positive validation
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was indicated by their ability to grow on VRBG agar. The growth of
Gram-positive bacterium was inhibited by bile salts and crystal violet dye in both

MAC and VRBG agar. (Flournoy, Wongpradit & Silberg, 1990).

MAC and VRBG are also a differential medium. MAC has the ability to
differentiate lactose and non-lactose fermenting bacteria based on the colour of
the colonies. For instance, lactose fermenting bacteria, their colonies will appear
in pink on the MAC agar plate as shown in Figure 4.1 (a). However, it cannot
differentiate non-lactose and non-glucose fermenting bacteria (Pompei, Berlutti,
Thaller’b, Ingiannia & Sattac, 1996). In order to solve this problem, VRBG was
used. As such, non-lactose fermenting but glucose fermenting Gram-negative
bacterium was differentiated using VRBG agar (Zimbro et al, 2009). The
formation of purple-red colonies as shown in Figure 4.2 (b) indicated the

occurrence of glucose fermentation.

5.2  Differential Staining — Gram’s Stain

The Gram’s staining method was named after Christian Gram, a Danish
bacteriologist. It is the most widely used method nowadays in differentiating
bacteria into two major groups, i.e., Gram-positive and Gram-negative, on the

basis of their Gram’s reactions (Harley & Prescott, 2002).

Gram-negative bacteria are stained in pink after Gram’s staining as the

lipopolysaccharide layer of Gram’s negative bacteria was disrupted by the alcohol
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wash, resulting the CV-I complexes. This is formed by the combination crystal
violet dye and iodine it is washed out from the cells. Thus, they remain colourless
until it is counterstained by safranin, after which appear in pink. On the other
hand, Gram-positive bacteria have a thicker peptidoglycan cell wall than
Gram’s negative bacteria, resulting in the CV-I complexes cannot be washed out
from the cells. As a result, Gram-positive bacteria retain the dye and appear in

purple. (Tortora et al., 2010)

All the 25 isolates were validated as Gram-negative bacteria after
Gram’s staining. In this study, only young culture cells were being used in
Gram’s staining in this study as the Gram’s reaction is most consistent when it is

used on young bacterial cells.

5.3  Catalase Test

Catalase test is to detect the presence of catalase enzyme by the decomposition of
hydrogen peroxide to release oxygen and water in most of the
cytochrome-containing aerobic and facultative anaerobic bacteria (Doelle, 1969)
except Streptococcus and Enterococcus spp.. The presence of catalase enzyme is
relatively important to both aerobic and facultative anaerobic bacteria as hydrogen
peroxide is formed as an oxidative end product of the aerobic breakdown of
sugars. A high amount of hydrogen peroxide will result in cell death as it is highly
toxic (MacFaddin, 2000). All bacterial isolates were catalase positive, which was

in tally with the theoretically identification characteristic of Enterobacteriaceae.
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54 O-F (Oxidation-Fermentation) Test

The O-F test, also known as the “oxferm” test, is used to determine either
oxidative or fermentation routes is used for a bacterium in metabolizing glucose
and other carbohydrates. Oxidative organisms can only metabolize carbohydrates
under oxidative reaction while facultative anaerobes can metabolites
carbohydrates in both oxidative and fermentative reactions (Brown, 2001). As the
end product of metabolizing a carbohydrate is an acid, it can be detected by the
pH indicator which present in the O-F medium. All bacterial isolates obtained
turned the colour of the medium from green into yellow throughout both open and
closed tubes (Figure 4.4), indicated all of them were actually fermenting

organisms.

5.5  Oxidase Test

The oxidase test can be used to determine if an organism possesses the
cytochrome oxidase enzyme. The test reagent, N, N, N’, N’-tetra-methyl-p-
phenylenediamine dihydrochloride, a redox dye in its reduced form, acts as an
artificial electron acceptor and forms indophenol blue in the presence of oxidase
enzyme. All 25 bacterial isolates were oxidase negative, indicating that they

lacked of cytochrome C oxidase.

5.6  Antibiotic Susceptible Test
All the 15 types of commercial antibiotic disks mentioned in Section 3.3.3 were

used in this study to test the presence of multiple resistance genes. In addition,
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aztreonam, cefotaxime, ceftazidime, cefpodoxime, ceftriazone,
ampicillin, oxacillin, ceftazidime/clavulanate, cefotaxime/clavulanate and
amoxicillin/clavulanate were also used for the investigation of the presence of

potential ESBL-producer.

As stated by Finch, Greenwood, Norrby and Whiteley (2003), a bacterial isolate
can be labeled as multidrug-resistant if it was reported to be resistant towards at
least two of the first-line agents. In this study, nine isolates were labeled as multi-
drug-resistant, namely TM P2, CC P1, CC P2, CC P4, CE BI, CE P1, CE P2, BR
B1 and BR P2 as they have the ability to resist more than one type of the first-line

antibiotics.

The presence of ESBL genes can be detected via the phenotypic test, which is
comparing the inhibition zone diameter for 31 generation cephalosporins tested in
combination with clavulanic acid versus its zone when it tested alone based on the
antibiotic susceptible test. Based on the result obtained, a total of 2 bacterial

isolates, TM P2 and CE B2 showed a positive result for the phenotypic test.

According to Rawat and Nair (2010), an ESBL-producer demonstrates resistance
towards penicillins, 1 generation, 2" generation, 3™ generation cephalosporins
and monobactam but not the cephamycins or carbapenems. Thus, only TM P2
alone fulfilled all the criteria mentioned as it is resists towards oxacillin,

ampicillin and amoxicillin/clavulanate which belong to the class penicillin;
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aztreonam which belongs to the class of monobactam; cefotaxime, ceftazidime,
cefpodoxime and ceftriazone which belong to the class of 31 generation of
cephalosporins. As for CE B2, it was just suspected as a normal beta
lactamase-producer as it did not shows resistance towards the mentioned

antibiotics.

In short, after analysing the detection results among penicillin, monobactam,
31 generation cephalosporins and the phenotypic test of all the 25 bacterial
isolates, it can be concluded that only TM P2 has a big possibility of being a
potential ESBL-producer whereas bacteria CE B2 might not be a ESBL-producer
as it did not fulfills the requirements for being an ESBL-producer although it

showed a positive result for the phenotypic test.

5.7  Identification of Bacterial Isolates

To identify an organism using API 20E kit, the profiles obtained was compared to
the profiles of the taxa in the database. The accuracy of API identification is
greatly dependent on the percentage of ID (identity) and the T index obtained
from the tested bacterial profile. The percentage of ID is the relative proximity to
the different taxa of the database and it allows us to determine whether the profile
obtained is close to a taxon. On the other hand, T index represents the proximity
to the most typical profile in each of the taxa. In this study, bacterial isolates TM

P2 and CE B2 were further characterised using API 20E Kkit.
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Based on the identification result obtained from apiwebTM, TM P2 was able to
identify up the genus level. The result indicated that TM P2 might be
Enterobacter clocae, which has identity of 59.4% and T value of 0.86, or
Enterobacter sakazakii, which has identity of 40.4% and T value of 0.82 as shown
in Figure 4.6 (a). A possible reason explaining why both identity percentages are
relatively low as there is only 19% differences in both species due to
Enterobacter sakazakii has a biochemical profile that very similar to that of
Enterobacter clocae (Nazarowec-White, Farber, Reiji, Cordier & Schotrst, 2003).
According to Farmer and co researchers (1980), Enterobacter sakazakii was
named as “yellow-pigmented Enterobacter clocae” in the past, showing that
colonies colour of Enterobacter sakazakii are yellow in colour whereas
Enterobacter clocae is non-pigmented in general (Sakazaki, 1974). As a result,
the colonies colour of TM P2 are needed to be observed to further identify the
bacterial identity and the colour being observed was ivory in colour
(Figure 4.7). Thus, it gives a better indication that TM P2 might to be

Enterobacter clocae rather than Enterobacter sakazakii.

On the other hand, CE B2 showed significant taxa of Klebsiella pneumonia ssp
pneumonia, which has the identity of 97.6% and T value of 1.0. There is also a
possibility that it could be Raoultella planticola as shown in
Figure 4.6 (b). As demonstrated by Alves, Silva Dias, Dias de Castro, Riley and
Moreira (2006), the appropriate identification of Klebsiella spp. 1is not

easily achieved in most clinical microbiology laboratories due to several species
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especially Klebsiella pneumonia and Raoultella planticola sharing a similar
biochemical profile. Several findings (Monnet, Freney, Brun, Boeufgras, &
Fleurette, 1991; Westbrook, O’Hara, Roman & Miller, 2000) showed that some
isolates that were being classified as Klebsiella pneumonia could in fact
be Raoultella planticola. Thus, a complementary methyl red test, suggested by
apiweb™™, was carried out. It showed negative reaction result (Figure 4.8), which
indicates that it has a bigger possibility of being Klebsiella pneumonia ssp

pneumonia as compared to Raoultella planticola.

5.8  Total DNA Extraction

In this study, fast boil method (Holmes & Quigley, 1981) was used to extract total
DNA from the bacterial isolates as this method is fast, inexpensive, repeatable,
does not need any specific reagents and yield reasonable results (Sadeghi,
Najafabadi, Abedi & Dehkordi, 2008). The concentration of total DNAs extracted
are relatively high as they ranged from 323.47 ng/pl to 912.32 ng/pl. The purity of
the total DNA mentioned was relatively pure. An absorbance ratio of 260 nm to
280 nm around 1.8 indicates of a pure DNA, whereas ratio which was less than
1.8 and more than 2.0 indicates of protein contamination and RNA contamination,
respectively (Sambrook & Russell, 2001). Twenty one of 25 bacterial total DNAs
absorbance ratios of 260 nm to 280 nm were ranged between 1.8 to 2.0 while the

other four were just slightly deviated from the pure DNA range.
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5.9 PCR Amplification

All the reagents and PCR conditions contributed crucial roles during the PCR
amplification. Tag DNA polymerase, assay buffer, deoxynucleoside triphoshates,
stabilizing agents, and primers aid in the amplification of the DNA template
in vitro to get a detectable quantities (Singh & Kumar, 2001). Moreover, the
parameters of PCR also play a vital role in the amplification of desired products.
During PCR amplification, template-independent primer interactions can take
place that give rise to some of the non-specific products like primer dimers

(Rychlik, 1995).

Initially, the annealing temperature used for PCR amplification of bla-CTX-M
genes was 50°C. However, smearing as well as primer dimers were observed after
agarose gel electrophoresis (Figure 4.9). This phenomenon might be due to the
PCR condition was not specific enough. According to Rychlik, Spencer, and
Rhoads (1990), empirical experiments have to be performed to determine the
optimal temperature of PCR amplification. Thus, optimisation of bla-CTX-M
primer was carried out with the annealing temperature ranging from 50°C to 55°C,
as mentioned in Section 3.6.3. PCR amplification using annealing temperature of
53°C was shown to demonstrate optimal annealing temperature as it gave the least

primer dimmers smearing (Figure 4.10).

On the other hand, the PCR amplification conditions for bla-PER-2 genes used

were as suggested by the study by Petroni et al. (2002). Similar set of PCR
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primers were also utilised as well. Based on the result obtained, none of the
25 isolates showed any detectable gene amplification on the agarose gel
electrophoresis image. It was presumed that all of the 25 bacterial isolates were
bla-PER-2 negative. As the sample size of this study was relatively small, it was
not be able to conclude that there is no other bla-PER-2 producer. Several
literatures demonstrated that bla-PER-2 producers were only restricted to South
America (Celenza et al., 2006; Power et al., 2007). Further investigations such as
optimising the other PCR parameters or the use of another set of bla-PER-2 gene
specific primers could be performed to validate the presence or absence
bla-PER-2 gene in all bacteria isolates. In order to warrant that there are no other

bla-PER-2 producers, a larger sampling size is required.

5.10 Transformation

Transformation is a process which involves the acquisition of naked DNA from
the extracellular environment, and the ability to undergo transformation is term
genetic competence (Chen & Dubeau, 2004). Transformation process was
performed to facilitate the DNA uptake of chemically treated Escherichia coli
JM 109 competent cells, using CaCl, transformation method after the gel

purification process (Sambrook & Russell, 2001).

As introduced by Mandel and Higa (1970), Ca’* chemical transformation is a
suitable and economical method to induce the DNA uptake of Escherichia coli.

Since high concentration of Ca”* will influence on the phospholipids composition
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on cells, pre-incubation of bacteria cells in chilled CaCl, will render the cell
membranes to be more permeable, resulting from the breaking down of the outer
membrane. As a result, it facilitates the uptake of heterogeneous DNA during the
heat shock treatment. Also, the culture must be collected in early logarithmic
phase and cell density should be low in order to increase the efficiency of

transformation.

Transformed cells were plated on LB agar containing ampicillin together with
X-gal and IPTG, to enable the screening and selection purposes. Ampicillin was
chosen due to the presence of ampicillin resistant gene present within the
pGEM®—T Easy vector that used in this study. By doing so, undesirable growth of
other microbes can be eliminated. Positive control plate (Figure 4.11) indicates
the high efficiency of competent cells and chemicals, with inserted pUC19 vector.
Both blue and white colonies were presented on the transformation plate,
illustrates high transformation efficiency. The formation of blue colonies was due
to the absence of recombinant DNA in the bacteria cells whereas the formation of
white colonies indicates the recombinant DNA was inserted successfully into the

transformed bacteria.

5.11 BlastX Alignment Search

In this study, the extracted recombinant DNA plasmid of TM P2 was sequenced.

Both forward and reverse DNA strands were sequenced using T7 and SP6 primers,
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respectively. The DNA sequences were then aligned using BlastX analysis

software as provided by NCBI.

Instead of getting the desired bla-CTX-M genes, BlastX alignments search
showed highest similarity with proline/glycine betaine transporter of Citrobacter
spp.- (91%), followed by metabolite-proton symporter of Enterobacter cloacae
subsp. cloacae (99%) (Refer to Table 4.11). None of the BlastX alignment search
showed similarities to bla-CTX-M genes sequences. Several factors might
attribute to this incident. First of all, according to Pagani et al. (2003) findings, the
primers used for amplification of bla-CTX-M genes was a set of degenerate
primers which were designed based on the conserved regions of bla-CTX-M
genes. This set of degenerate primers was able to amplify various types of
bla-CTX-M genes, including bla-CTX-M-1 to bla-CTX-M-30, bla-TOHO-1 to
bla-TOHO-3, bla-FEC-1, bla-UOE-1, and bla-UOE-2 (Pagani et al., 2003). Also,
literature stated that degenerate primers have a higher probability of causing
undesired and possible permutation which is likely to be recognized other as gene
product, hence non-specific or undesired product might be amplified out

(Dieffenbach & Dveksler, 2003).

Further analysis of the DNA sequenced revealed that instead of amplifying the
desired gene product, the reverse primer (CTXM_R primer) acted as both forward
and reverse primers in the PCR amplification. The sequence of CTXM_R

(5’- TGG GTR AAR TAR GTS ACC AGA -3’), consist of degenerate
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oligonucleotides where R could be adenine or guanine whist S could be be either
guanine or cytosine. Thus, it serves as forward primer with the sequence of
5" —= TGG GTG AAA TAG GTG ACC AGA - 3’and as reverse primer with the
sequence of 5° — TGG GTA AAG TAA GTG ACC AGA - 3’. After analysing the
sequences, it showed that there were only three single nucleotide differences (as
highlighted in red) in both forward and reverse primers served by CTXM_R in
this amplification. Hence, it can be concluded that the bla-CTX-M degenerate
primers used in this study was not specific enough to detect bla-CTX-M genes in

bacterial isolate TM P2.

By calculating using the nearest-neighbor thermodynamic theory, the melting
temperature of CTXM_F and CTXM_R were approximately 47.7°C to 51.8°C
and 48.5°C to 54.4°C, respectively. As a rule of thumb, the annealing temperature
of the primers used should be 5°C lower than its respective melting temperature
(Dieffenbach & Dveksler, 2003). However, the annealing temperature of 53°C
was used in this study and this might caused CTXM_F failing to anneal to its
specific site on the desired genes as the annealing temperature used was higher

than the melting temperature of CTXM_F.

Lastly, based on the BlastX alignment result, the sequence aligned with high
similarity to the metabolite-proton symporter of Enterobacter cloacae. The
resultant alignment demonstrated a high similarity of 99% identity and a low

E-value of 3e-66. The bacterial isolate was identified as Enterobacter cloacae via
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apiweb™ as shown in Figure 4.6 (a). Analysis of the BlastX alignment result was
in accordance with the result obtained from apiweb'™ where the

metabolite-proton symporter was also from Enterobacter cloacae.

5.12  Future Studies

ESBL homologous genes are constantly evolving due to various selection
pressures and the ability of the microorganism to adapt. Thus, the origin and
identity of the antibiotic resistance bacteria should be determined. Characterising
the bacterial pool found on vegetables will lead us to a better understanding of the
relationship between vegetables and foodborne diseases. For future studies, more
variety and a larger sampling number of vegetables from different sources should

be considered for a more detailed investigation.

To detect the ESBL homologous genes, several aspects in this study can be
modified and improved. First of all, more antibiotic discs can be included in
antibiotic susceptible test. For instance, tazobactam should be tested on bacteria
isolates suspected to harbor bla-CTX-M genes as it yields better result compared
to other beta lactamases inhibitors (Bradford et al., 1998; Tzouvelekis et al., 2000).
Moreover, a more specificity set of primers can be designed for the detection of
the genes of interest. A suitable approach can include nested PCR where it would

enhance the specificity of amplifying the bla—CTX-M homologous genes.
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Lastly, TM P2 will be tested for other ESBL genes as it is shown to be a potential
ESBL-producer. The 16S rRNA gene will be sequenced out in future studies to

further validate its identity too.
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CHAPTER 6

CONCLUSIONS

Four different types of vegetable (tomato, cucumber, celery and broccoli) were
subjected to characterise for the presence of multiple antibiotics resistance and
ESBL genes. A total of 25 bacterial isolates with resistance to ampicillin were
isolated based on their different morphological characteristics. All isolates were
found out to be Gram-negative, catalase positive, oxidase negative and facultative

anaerobes, fulfilling the preliminary criteria of Enterobacteriaceae.

Based on the antibiotic susceptible test, all isolates were resistant towards
antibiotics classified as penicillin. Nine isolates were demonstrated to be
multidrug-resistant bacteria. Although both TM P2 and CE B2 showed positive
phenotypic result, only TM P2 is classified as a potential ESBL-producer. CE B2
did not show any resistance towards aztreonam and amoxicillin/clavulanate and
hence did not fulfil the criteria of being ESBL-producer. TM P2 and CE B2 were
biochemically characterised as Enterobacter cloacae and Klebsiella pneumonia

ssp pneumonia, respectively.

No bla-CTX-M and bla-PER-2 genes were amplified successfully from all the
bacterial isolates using bla-CTX-M degenerate primers and bla-PER-2 gene

specific primers in this study. Although a clear band with the expected size of
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approximately 590 bp was successfully amplified using bla-CTX-M degenerate
primers from TM P2, BlastX alignment showed alignment to metabolite-proton
symporter. The result could be due to the non-specific amplification of target gene

and the use of non-optimised PCR condition.

TM P2 will be further characterised using various ESBL genes specific primers in

future to verify whether it is a true ESBL-producer. Moreover, 16S rRNA gene

sequencing will also be performed for further characterisation.
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