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ABSTRACT

Melioidosis is a disease that infects human and animals and can be detrimental in
humans. Mortality rate from melioidosis septic shock due to infection from gram-
negative Burkholderia pseudomallei in endemic regions of Malaysia and Thailand
remain high despite available antimicrobial therapy. Different strategies are being
utilized to identify essential genes and drug targets in this bacterium for improvement
in current antimicrobial therapies. This particular concern is due to the resistance of B.
pseudomallei to many available and commercial antibiotics as well as the lack
exposure about the pathogenicity of this bacterium. In this study, five target genes
predicted to be essential for B. pseudomallei by transposon-directed insertion site
sequencing (TraDIS) technique were selected and amplified using nested polymerase
chain reaction (PCR) for subsequent Gateway™ cloning protocols. Currently, positive
clones have been verified for one target gene, BPSL2774 using colony PCR, BsrG1
restriction digest and deoxyribonucleic acid (DNA) sequencing. The essential gene
BPSL2774, obtained from B. pseudomallei K96243 were expressed in Escherichia
coli BL21(DE3) for protein production. Large scale protein preparations in high
density cultures were made according to the auto-induction method to express the
soluble target protein. The target protein was successfully separated and expressed in
soluble form by sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-
PAGE). Mass spectrometry analysis shown the soluble BPSL2774 protein was
successfully expressed with the correct mass of 35102 kDa. After confirmation of the
purified protein identity, in silico structural and functional prediction on BPSL2774
protein was performed. Secondary and tertiary structure of BPSL2774 protein was
predicted. BLASTp to protein databank (PDB) database showed that BPSL2774
protein have conserved domains of glycosyltransferase GT-B type superfamily. This
correlates with the secondary and tertiary structure model of BPSL2774 that displayed
two PB/a/p Rossmann fold domains with six parallel beta strands found in each domain,
indicative of the same fold. By using consensus approach (COACH) meta-server, the
top prediction for ligand binding was a-D-glucose, Uridine diphosphate (UDP) and N-
Acetylglucosamine (NAG). The refined structural model of BPSL2774 protein
validated by Ramachandran plot was used for docking simulations with UDP, GDP
and NAG. The docking results from both AutoDock4.2 and AutoDock Vina did not
show significant binding affinity of the three tested ligands to BPSL2774 protein, with
binding affinity values ranging from -4.4 kcal/mol to -6.9 kcal/mol. This was
consistent with the challenges of characterizing glycosyltransferases due to the various
sugar donor and acceptor specificity. Taking all the results into account, the functional
annotation of BPSL2774 protein as a glycosyltransferase is recommended, though
future validation from biochemical experiments or a more exhaustive docking
simulation experiments were needed to support this. In the future, BPSL2774 protein
can be further purified through additional purification steps following initial GST-
tagged Affinity Chromatography for subsequent functional assay and biophysical
experiments.
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CHAPTER ONE

INTRODUCTION

1.1 BACKGROUND OF THE STUDY

Melioidosis, also called Whitmore's Disease, is an infectious disease spread by B.
pseudomallei, a gram negative bacterium which resides in contaminated water and
soil. Direct contact with the contaminated source can spread the disease to human and
animals. Soil, stagnant water and rice fields are the habitat for this bacterium and can
be found in endemic regions including Southeast Asia and northern Australia
(Limmathurotsakul et al., 2016; Chewapreecha et al., 2017). It secretes lecithinase,
lipase, hemolysin and siderophore for its survival and maintenance (Stevens et al.,
2002). In the past two decades, melioidosis was categorized as an important human
infection in Malaysia, Singapore and across the north of Australia. This is of particular
concern for B. pseudomallei as it is naturally resistant to many commonly used
antibiotics. The intrinsic resistance mainly contributed by the exclusion of the
antibiotic from the bacterium by restriction of the cell envelope and
lipopolysaccharide (Rhodes & Schweizer, 2016). The mechanism of resistance in the
genome of strain K96243 is also aided by the presence of seven Ambler class A, B
and D [B-lactamases, ten multidrug efflux systems and a putative aminoglycoside
acetyl transferase (Schweizer, 2012). The genomic study of B. pseudomallei K96243
has shown that it comprised two chromosomes of 4.07 and 3.17 megabase pairs,
respectively (Holden et. al, 2004). The large chromosome is important for metabolism
and growth, whereas the small chromosome is useful in adaptation and survival

(Holden et al., 2004).



A vaccine to protect against this bacterium is yet to be developed and the
proteomics involved in the pathogenicity of B. pseudomallei is still need to be
discovered. A current review on potential melioidosis vaccine candidates indicated
that the vaccination strategy required more extensive development and evaluation to
protect against multiple routes of disease acquisition, as well to consider risk factors
for infection such as diabetes (Peacock et al., 2012). A potential vaccination strategy
has also been considered using the closely-related avirulent B. thailandensis and other
attenuated strains. However, this approach was not pursued due to the extensive
exposure of both B. thailandensis and B. pseudomallei to the patients (Cheng et al.,
2004).

The identification of essential genes in B. pseudomallei is crucial for
understanding the cellular mechanism and potential targets selection for the
development of new or improved antibiotics (Song et al., 2014). Single gene
detection, transposon mutagenesis, genetic footprinting and antisense RNA
techniques are used for the prediction and discovery of essential genes (Guo et al.,
2015). These techniques may not always be feasible however, as they require large
investment of time and resources (Acencio & Lemke, 2009). Recently, next-
generation sequencing approach has enabled the screening of mutagenesis so that the
transposon insertion sites can be located efficiently. This is useful for analysis of the
mutants in the transposon-directed insertion site sequencing (TraDIS) and
transposon sequencing (Tn-seq) techniques. These techniques enable the compilation
of the essential gene important for antimicrobial development. Many candidate open
reading frame (ORF) are being identified with no known function from numerous
genomes sequencing projects. Experimental and computational approaches may help

to identify and characterize these proteins (Chen et al., 2006). New discoveries are



possible by determining whether the expression of unknown genes during infection
is relevant to the process of disease. Moule and his colleagues utilize TraDIS
techniques to list and compile the essential genes encoding for hypothetical proteins
or conserved hypothetical proteins (Moule et al, 2014). BPSL 2774 is one of the
hypothetical proteins in B. pseudomallei that are predicted to be essential through
TraDIS method (Moule et al, 2014).

In this study, essential genes encoding for hypothetical proteins from B.
pseudomallei are targeted for cloning, over expression and characterization to improve
fundamental knowledge on the bacterium’s survival strategy. A screening process was
performed by amplifying five selected target genes predicted to be essential by
TraDIS method using PCR for recombinational cloning by Gateway™ cloning
system. Recombinational cloning allows DNA segments to be transferred into a
variety of vector backgrounds for protein expression and functional analysis of these
genes (Hartley et al., 2000). One of the commonly used vectors is Gateway™ vectors.
It is suitable for the cloning of ORFs for studies in protein interaction mapping,
structure determination and protein localization (Walhout, 2000). Then, a small-scale
culture and protein expression on the successfully cloned target gene was conducted.
The successfully expressed target protein was further analyzed for the predicted
function using various in silico structural and functional analysis including secondary
and tertiary structure prediction, active site prediction as well as docking study with

the expected ligand molecules.

1.2 PROBLEM STATEMENT
Mortality from melioidosis septic shock, caused by infection from gram-negative B.

pseudomallei remains high despite appropriate antimicrobial therapy. Thus, the



development of new antimicrobial therapies is ongoing, with researchers utilizing
different strategies to identify essential genes and drug targets to combat melioidosis.
A study of essential genes of B. pseudomallei would be of great value due to its
resistance to the commonly used antibiotics and the products might be significant for
novel antimicrobial drugs production. Using TraDIS technique, a set of essential
genes that are needed for bacteria development has recently been predicted and
identified (Moule et al., 2014). This list provides researchers a good starting point to
analyze and characterize potential functional genes, against which to ultimately
develop potential novel antibiotics. Therefore, biochemical and biophysical
characterization can be completed based on the expression screening of the essential

genes.

1.3 RESEARCH OBJECTIVES

The study aimed to achieve the following objectives:

General objective:

To characterize BPSL 2774 gene of Burkholderia pseudomallei.



Specific objectives:

To amplify five target genes listed as essential genes by transposon-
directed insertion site sequencing (TraDIS) technique using PCR.

To clone the successfully amplified target genes from B. pseudomallei
using Gateway"" cloning system.

To conduct protein purification and expression on the successfully cloned
target genes.

To perform in silico structural and functional prediction using

bioinformatics.

1.4 RESEARCH HYPOTHESES

The hypotheses are as follows:

Potential target genes from B. pseudomallei can be screened and
characterized for confirming the prediction from Transposon-Directed
Insertion site Sequencing (TraDIS).

BPSL 2774 gene from B. pseudomallei has glycosyltransferase activity.



CHAPTER TWO

LITERATURE REVIEW

2.1 BURKHOLDERIA PSEUDOMALLEI AS A TARGET BACTERIUM

2.1.1 General Characteristics

The genus Burkholderia was first described in 1950 by Walter Burkholder
(Burkholder, 1950). It is made up of 43 species of non-sporing, motile, bacillus and
gram-negative bacterium. Under gram stain, B. pseudomallei displays bipolar staining,
giving it a ‘safety pin’ like appearance.The organism is easily recovered on standard
culture medium but may be misidentified as Burkholderia cepacia, Pseudomonas
stutzeri or other Pseudomonas species (Currie, 2010). The organism is oxidase
positive due to its usage of glucose in its oxidative pathway. Furthermore, the ability
of Burkholderia to utilize L-arabinose enables the distinction between B. thailandensis
(Ara*) and B. pseudomallei (Ara’) (Wuthiekanun et al., 1996). B. pseudomallei can be
cultured aerobically and it shows white colonies on most agar media after 24-48 hours
incubation at 37 °C. Ashdown’s medium or modified versions are commonly used.
They initially produce smooth colonies, followed by dry or wrinkled colonies after
further incubation (Puthucheary, 2009). It is a remarkably diverse species that are
found in various localities, ranging from contaminated soils to the respiratory tract of
humans (Vellasamy et al., 2012) which include environmental, clinical and agro-
biotechnological relevance. This genus was shown to have distinct lineages from the
large groups of plant-associated and saprophytic bacterial species and human

pathogen, B. cepacia complex (Estrada et al., 2013). Most species in this genus are



harmless and non-pathogenic with a few exceptions that are able to cause severe and
life threatening infections to humans and animals. One of the pathogenic species is B.
pseudomallei which are commonly found in soil and water in Southeast Asia,
Northern Australia, Central America and South America (Currie et al., 2008). This
bacterium is the pathogen of melioidosis, an unusual bacterial epidemic characterized

by abscesses in tissues and organs.

2.1.2 Pathogenicity and Virulence Factor

Several features of melioidosis suggest that B. pseudomallei is a facultative
intracellular pathogen. It is inherently resistant to many antibiotics such as penicillin,
ampicillin, first-generation and second-generation cephalosporin, gentamicin,
tobramycin, streptomycin, and polymyxin and can cause latent infection (Wiersinga et
al., 2012). Identified virulence factors for the pathogenesis of this bacterium includes
its cell surface polysaccharides and lipopolysaccharide, adhesins for host cell
adherence, secretions systems, e.g., Type Il secretion system found in Gram-negative
pathogens, actin-based intracellular motility and a variety of secreted factors (Stone et
al., 2014). Once it has entered the intracellular compartment, B. pseudomallei is able
to escape from endocytic vacuoles and move within the cytoplasm and enter
neighbouring cells by inducing actin rearrangement, leading to the formation of actin
tails and membrane protrusions (Shalom et al., 2007). Among the mechanism of
antibiotic resistance documented in B. pseudomallei is the permeability of the cell
envelope, efflux from the cell as well as altered target sites (Schweizer, 2012).
Consistent with this, B. pseudomallei has been shown to survive and multiply within

non-phagocytic cells, macrophages and free-living amoebae (Inglis et al., 2000).



It is also predicted that the survival of B. pseudomallei in the immune system
are the main components in the pathogenesis of melioidosis. In addition, their survival
and persistence in the environment as well as in the host offer a notable example of
bacterial adaptation. The quorum sensing system, type 1l secretion system [TTSS]
gene clusters, type VI secretion systems, capsular polysaccharide and surface O-
polysaccharides are the possible multiple virulence factor for B. pseudomallei
(Wiersinga et al., 2006). However, further study on the impact for each virulence
factor is still needed (Wiersinga et al., 2012). Recently, several environmental B.
pseudomallei-like organisms were formally classified as B. thailandensis which are
not correlated with human disease and are avirulent in the Syrian golden hamster
animal model (Coenye & Vandamme, 2003) and useful for examining B.
pseudomallei in detail due to the genomic similarity for both bacteria (Yu et al.,
2006). In addition, B. thailandensis can be used as potential vaccine with
approximately 50% defence against B. pseudomallei in guinea pigs (lliukhin et al.,
2002). However, using living B. thailandensis as a vaccine is not preferred as it can

cause pneumonia-derived sepsis (Wiersinga et al., 2008).

2.1.3 Genomic Data

The B. pseudomallei with strain K96243 originated from Thailand and is the first B.
pseudomallei strain to have its whole genome sequenced. The genome is quite
complex, where it is comprised of two chromosomes of 4.07 and 3.17 megabase pairs
respectively (Figure 2.1, Holden et al, 2004). The genome consists of a variety of
genes that are responsible for the survival in extreme conditions as well as for
pathogenicity. A core set of 2590 genes is shared between B. pseudomallei and other

members of the Burkholderia genus (Wiersinga et al., 2012). Within the prototypic B.



