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ABSTRACT

Melioidosis is a disease that infects humans and animals, and can be detrimental in
humans. Mortality rate from melioidosis septic shock due to infection from Gram
negative Burkholderia pseudomallei (B. pseudomallei) in endemic regions of Malaysia
and Thailand remains high despite available antimicrobial therapy. Multiple strategies are
employed to identify essential genes and drug targets in this bacterium to improve current
antimicrobial therapies. This is important as B. pseudomallei is intrinsically resistant
to many commonly used antibiotics. In this study, hypothetical genes predicted to be
essential for B. pseudomallei by transposon-directed insertion site sequencing (TraDIS)
technique were selected. One target gene, BPSL2774, has been successfully amplified and
cloned from genomic DNA of B. pseudomallei strain K96243. Glutathione S-transferase
(GST) affinity tag chromatography was performed for partial protein purification. The
target protein was successfully expressed in soluble form with satisfactory yield output.
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dimensional structure of BPSL2774 has
been modelled and assessed by protein
model quality servers. Taking all the results
into account, the functional annotation of
BPSL2774 protein as a glycosyltransferase
is recommended, though future validation
from biochemical experiments will be
needed to support this.
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INTRODUCTION

Melioidosis is an infectious disease
spread by Burkholderia pseudomallei (B.
pseudomallei), a Gram negative bacterium
which resides in contaminated water and soil.
Direct contact with the contaminated source
either through exposed skin abrasions,
inhalation, or ingestion can spread the
disease to human and animals. Soil, stagnant
water and rice fields are the natural habitat
for this bacterium and can be found in
endemic regions including Southeast Asia
and northern Australia (Chewapreecha et
al., 2017; Limmathurotsakul et al., 2016).
Acute cases of melioidosis typically
present within 1-21 days after infection,
while chronic cases can persist for months
(Wiersinga et al., 2006). Death can occur
within the first 48 hours due to septic
shock, even with optimal antimicrobial
chemotherapy given (Holden et al.,
2004). Examples of common clinical
manifestations include localized abscess
formation, metastatic pneumonia, hepatic
and splenic abscesses, displaying evidence
of bacterial dissemination to distant sites.
Melioidosis often affects individuals with

underlying medical conditions associated
with an altered immune response. The major
underlying risk factor for melioidosis are
diabetes mellitus, followed by chronic renal
disease (Nathan et al., 2018; Wiersinga et
al., 2006).

In the past two decades, melioidosis
was categorized as an important human
infection in Malaysia, Singapore and
across the north of Australia (Nathan et al.,
2018; Schweizer, 2012; Sim et al., 2018).
There are increasing awareness of this
disease from other melioidosis-endemic
tropical countries i.e. Indonesia (Tauran et
al., 2018), Brunei (Pande et al., 2018), Sri
Lanka (Corea et al., 2018), Laos (Dance
et al., 2018) and Cambodia (Turner et al.,
2016). In Malaysia, incidence of melioidosis
varies between state, with recorded cases of
melioidosis in Kedah, Kelantan, Pahang,
Johor, Sabah and Sarawak (reviewed by
Nathan et al., 2018). Case fatality varied
between 33-54% in four Malaysian case
series that included all cases irrespective of
bacteraemic status. Cases of bacteraemic
melioidosis have higher mortality rates, with
up to 63% mortality recorded in Kelantan
(Deris et al., 2010).

Burkholderia pseudomallei is naturally
resistant to many commonly used antibiotics
(Holden et al., 2004; Wiersinga et al., 2006).
The intrinsic antibiotic resistance is due to
the bacterium’s physicochemical properties
that exclude entry of drug molecules using
its lipopolysaccharide component of the
cell membrane, enzymatic inactivation,
target mutation or efflux from the cell
(Rhodes & Schweizer, 2016; Schweizer,
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2012). Putative resistance mechanisms
for this bacterium that have been reported
include the action of seven Ambler class A,
B and D B-lactamases, ten multidrug efflux
systems and a putative aminoglycoside
acetyl transferase (Holden et al., 2004). It
secretes lecithinase, lipase, hemolysin and
siderophore for its survival and maintenance
(Stevens et al., 2002).

The genome of B. pseudomallei
(strain K96243, a clinical isolate from
Thailand was first to be fully sequenced)
is known to be one of the largest and most
complex genome (Holden et al., 2004). It
comprised two chromosomes of 4.07 and
3.17 megabase pairs, respectively. The large
chromosome is important for metabolism
and growth, whereas the small chromosome
encodes accessory functions associated
with adaptation and survival (Holden et al.,
2004).

Current research efforts include a focus
on prevention of disease and finding ways
to reduce mortality and the rate of relapse.
A potential vaccination strategy has also
been considered using the closely related
avirulent Burkholderia 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
& Currie, 2005). 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 e.g. diabetes
(Peacock et al., 2012).

The development of new antimicrobial
therapies is emerging, with researchers
utilizing different tools to identify essential
genes and drug targets to combat melioidosis
due to its persistence. Hence, identification
of B. pseudomallei essential genes and its
products may represent excellent targets for
development of novel antimicrobial drugs.
As an example, one study by Moule et al.
(2016) on a transcription accessory protein
in B. pseudomallei; Tex, had shown that
deletion of the particular protein produced
a highly attenuated B. pseudomallei tex
mutant phenotypes. This indicates that
identifying essential genes and their
subsequent characterization can provide
fundamental information on the bacterium
survival strategy or pathogenicity.

Transposon library sequencing
techniques known as transposon-directed
insertion site sequencing (TraDIS) and
transposon sequencing (Tn-seq) have been
recently used to screen B. pseudomallei
K96243 bacterial libraries and identify
essential genes within the genome (Moule et
al., 2014). In this study, hypothetical genes
predicted to be essential for B. pseudomallei
from the TraDIS technique were selected
for protein expression and purification.
Previously, one target gene; BPSL2774, had
been successfully amplified and cloned from
genomic DNA of B. pseudomallei strain
K96243 (Drahaman et al., 2016). BPSL2774
protein was expressed in bacterial cells
and the soluble phase was utilized for
protein purification. Affinity binding tests
were performed to confirm expression and
solubility. The three-dimensional structure
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of BPSL2774 protein was modelled and
its active sites predicted to aid in future
functional experiments to validate its
function as a glycosyltransferase.

MATERIALS AND METHODS
Bacterial Cell Culture and Lysis

The cells were cultured using the auto-
induction method described by Studier
in his 2005 report (Studier, 2005). The
gene of interest coding for the target
protein had been obtained from genomic
DNA of B. pseudomallei K96243,
cloned into Gateway™ pDEST15 (GST-
tagged BPSL2774) and transformed into
Escherichia coli DH5a maintenance
strain, which had been kept in glycerol
stock at -80°C. Prior to protein expression
and purification, the cloned gene was
transformed into expression strain, E.
coli BL21(DE3) competent cell (Life
Technologies). The colony was inoculated
in a minimal non-inducing medium MDG
(25 mM Na,HPO,, 25 mM KH,PO,, 50
mM NH,CI, 5 mMNa,SO,, 2 mM MgSO,
, 0.1 x trace metals, 0.5% glucose, 0.25%
aspartate) added with 100 pg/mL ampicillin
before being incubated in 37°C at 200 rpm
(approximately 24 g), overnight. MDG
medium was further inoculated in complex
auto-induction medium ZYM-5052 (1%
N-Z-amine AS, 0.5% yeast extract, 25
mM Na,HPO,, 25 mM KH,PO,, 50 mM
NH,Cl, 5 mM Na,SO,, 2 mM MgSO,, 1 x
trace metals, 0.5% glycerol, 0.05% glucose,
0.2% a-lactose) added with 100 pg/mL
ampicillin and incubated in 37°C at 200 rpm
(approximately 24 x g) for 4 hours, followed

by at 18°C at 200 rpm, overnight. Then,
the cell was harvested by centrifugation at
900 x g for 30 minutes at 4°C. The pellet
was re-suspended in cold lysis buffer (50
mM Tris-HCI pHS8, 100 mM NaCl, 1 mM
EDTA). The suspension was sonicated
(Omni Sonic Ruptor 400) with sonication
condition of 6 x 30 Seconds / 60 Seconds
off, Amplitude 40%. After that, the lysed cell
was centrifuged at 4500 x g for 60 minutes
at 4°C.

Protein Purification

The soluble supernatant fraction was purified
using GST Fusion Protein Purification Kit
(Genscript). The supernatant was filtered
through a 0.25 um filter fitted to a syringe.
500 pL of settled glutathione resin (1 mL
50% resin slurry) was equilibrated four
times with Buffer A (50 mM Tris-HCI pHS,
100 mM NaCl, 1 mM EDTA). The resin
was then transferred to a new tube and
mixed with the filtered supernatant. The
supernatant-resin mixture was incubated
for 30 minutes on ice. After 30 minutes, the
mixture was transferred into a mini spin
column 500 pL at a time and centrifuged at
500 x g for 5 seconds. All the flow-through
was collected in a sterile tube. This step
was repeated until all the supernatant-resin
mixture was centrifuged, leaving behind
the resin suspension on the spin column.
The column containing the resin was then
washed 20 times with 400 puL of Buffer A
at a time by centrifugation at 500 x g for 5
seconds, with each eclution fractionated at
800 uL in volume. Finally, the column was
eluted 20 times with 400 pL of Buffer B
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(50 mM Tris-HCL pH 8.08, 100 mM NaCl,
1 mM EDTA, 2 mM BME, 10 mM reduced
glutathione) by centrifugation at 500 x g for
5 seconds (each elution fractionated at 800
pL in volume). All flow-through fractions
were collected and stored in -20°C for
SDS-PAGE analysis. Protein concentrations
in each elution fractions were determined
using Nanodrop 2000¢ (Thermo Fisher
Scientific).

Bioinformatics — Homology
Identification and Domain Analysis
BPSL2774 protein sequence was retrieved
from UniProtKB server (UniProtKB ID
Q63R99) (Apweiler et al., 2004). The
searches for related protein sequences were
conducted using the National Center for
Biotechnology (NCBI) with Basic Local
Alignment Search Tool (BLAST) against
Protein Data Bank (PDB) to find regions of
sequence similarity for the functional and
evolutionary descriptions (Altschul et al.,
1990). Subcellular localisation of BPSL2774
was determined using WoLF PSORT
(Horton et al., 2007), Yloc (Briesemeister et
al., 2010) and TargetP (Emanuelsson et al.,
2000) prediction tools. A trans-membrane
helixes Hidden Markov Model (HMM)-
based prediction tool, TMHMM (Krogh et
al., 2001), was used to predict the presence
or absence of trans-membrane domains in
BPSL2774 protein. VICMpred tool (Saha &
Raghava, 2006) and MP3 tool (Gupta et al.,
2014) were used to predict the virulence and
pathogenicity of BPSL2774 protein.

Structure Prediction, Model

Quality Assessment and Active Site
Determination

Secondary structure and the three-
dimensional structure of the protein
were predicted by using [-TASSER
(Roy et al., 2010; Yang et al., 2015) and
SWISS-MODEL Workspace softwares
(Waterhouse et al., 2018). The quality of
the predicted structure was determined
by the C-score calculation in I-TASSER
server and QMEAN Z-score calculation in
the QMEAN server (Benkert et al., 2010)
available at SWISSMODEL Workspace,
as well as verify3D of the UCLA-DOE
Structure Evaluation server (Eisenberg et
al., 1997). Model structure refinement was
performed using ModRefiner algorithm
tool (Xu & Zhang, 2011) from I-TASSER
database. Ramachandran Plot assessment
of the protein 3D model was performed
using RAMPAGE server (Lovell et al.,
2003). Active site and ligand binding site of
BPSL2774 protein was predicted by using
COFACTOR and COACH server based on
the [-TASSER structure prediction from the
I-TASSER website. Besides, metaPocket
2.0 server (Zhang et al., 2011) was used
to determine the active site of BPSL2774
protein.

RESULTS AND DISCUSSION
Protein Purification and Expression

The transformed GST-tagged BPSL2774
construct was expressed from E. coli
BL21(DE3) expression strain using auto-
induction method for protein purification
and expression screening. After lysis of
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the sedimented cell pellet, the supernatant
containing GST-tagged BPSL2774 protein
was purified using GST fusion protein
purification kit (Genscript) to isolate the
GST-tagged protein. In this study, two
cultures of 500 mL and 1 L respectively,
of E. coli BL21(DE3) expression strain
were induced in the auto-induction phase
for expression of the target GST-tagged
BPSL2774 protein and purified using GST-
tagged affinity chromatography. All flow-

through fractions, pellet, and resin from the
purification step were retained for analysis
with SDS-PAGE (Figures 1 and 2).

The combined molecular weight of the
target protein (35.1 kDa) and the GST tag
(25.5 kDa) is 60.6 kDa. Both SDS-PAGE
gels showed the presence of intense band
between 60 kDa and 80 kDa marker for
Elution 1 and Elution 2 from the 500 mL
culture preparation and for Elution 1 and
Elution 5 from the 1 L culture preparation.
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Figure 1. SDS-PAGE for fractions from 500 mL culture of E. coli BL21(DE3) expression strain. Marker:
ProteinRuler® II (12-120 kDa) (Transgen Biotech Co., Ltd.), Pellet: sedimented lysed cells, Filtered s/n:
filtered supernatant, F/through: flow-through, W1: first wash fraction, W5: final wash fraction, E1: first
elution fraction, E2: elution fraction 2, ES: final elution fraction, Resin: resin sample

Filtered

kDa/ Pellet
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Figure 2. SDS-PAGE for fractions from 1 L culture of E. coli BL21(DE3) expression strain. Marker:
ProteinRuler® II (12-120 kDa) (Transgen Biotech Co., Ltd.), Pellet: sedimented lysed cells, Filtered s/n:
filtered supernatant, F/through: flow-through, W1: first wash fraction, W10: final wash fraction, E1: first
elution fraction, ES: elution fraction 5, E10: final elution fraction, Resin: resin sample
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This indicated a promising possibility that
there was a relatively significant soluble
overexpression of GST-tagged BPSL2774
protein. This band was then cut from
the SDS-PAGE gel and sent for mass
spectrometry analysis for confirmation. This
band was also observed in the insoluble
pellet fraction, markedly for the 1 L culture
preparation (Figure 2). This may indicate
that at a larger scale protein preparation,
there is a tendency for the recombinant
GST-tagged BPSL2774 to become insoluble
or highly aggregated (otherwise known as
inclusion bodies) in E. coli host. Future
attempts to purify this insoluble fraction
of the expressed protein can be made in
the denatured form using detergent and
refolding method (Yang et al., 2011).
Other protein bands were also observed
in the SDS-PAGE gels. Two neighbouring
bands at 50 kDa and 80 kDa, as well as
two other distinct bands near the 30 kDa
mark were observed. These contaminating
bands can be deduced to have been eluted
together with the target protein as they
were not observed in the wash fractions
wells. We suspect that these may be
contaminating proteins from the host cells,
E. coli BL21(DE3) that was co-purified with
the target protein due to their interaction
with BPSL2774. In the future, purification
process needs to be followed with several
more purification steps e.g. ion exchange
chromatography followed by gel filtration
to aid in the removal of these contaminants.
For both cultures, high concentrations
of the target protein were obtained. The
highest protein concentration was for the
first 800 puL elution fraction (E1) at 1382
pg/mL from the 500 mL culture, and from

the 1 L culture the highest concentration was
obtained for the first 800 pL elution fraction
(E1) at 910 pg/mL.

Mass Spectrometry of Purified Samples
from SDS-Page Gel
The Coomassie-stained protein gel band
near the 60 kDa mark was cut and sent
to First BASE Laboratories Sdn. Bhd. for
further analysis using mass spectrometry.

Mass spectrometry analysis of the
purified samples in SDS-PAGE confirmed
the presence of the target protein, BPSL2774
as the third hit with a score of 390 and 27%
protein sequence coverage (Figures 3 and
4 respectively). By performing BLASTp
search to non-redundant database using
the mass spectrometry result, it showed
100% sequence identity to BPSL2774
hypothetical protein from B. pseudomallei
K96243 (NCBI Reference Sequence: WP
004550046.1) (Figure not shown).

The two upper hits found to be present at
60 kDa were E. coli chaperonin GroL protein
and E. coli chaperonin GroEL protein, with
less protein sequence coverage, at 14%
and 9% respectively. In protein synthesis,
molecular chaperones are commonly present
to interact with new proteins as they form
their final structure (Rosano & Ceccarelli,
2014). As the target protein was purified
from E. coli expression system, it could be
expected that some protein chaperones from
the host were co-purified together with the
target protein. In order to obtain the target
protein in high purity, further purification
steps would be required (e.g. GST-tag
removal, ion exchange chromatography
followed by gel filtration).
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Figure 3. Mascot Score histogram of mass spectrometry analysis. lons score is 10*Log(P), where P is
the probability that the observed match is a random event. Individual ions scores > 59 indicate identity
or extensive homology (p<0.05). Protein scores are derived from ions scores as a non-probabilistic basis
for ranking protein hits. The target protein BPSL2774 score at 390 (labeled with an arrow) is the third
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Figure 4. Peptide summary report from mass spectrometry analysis for the third hit (labelled Q63R99)

showing the presence of target protein BPSL2774

Homology Identification and Domain
Analysis

Through BLASTP search of the PDB
database for BPSL2774, the protein is
shown to have conserved domains of
glycosyltransferase GTB type superfamily
and RfaB superfamily (glycosyltransferase
involved in cell wall biosynthesis).
Glycosyltransferases catalyse the transfer
of sugar moieties from activated donor
molecules to specific acceptor molecules,
forming glycosidic bonds (Breton et al.,
2006). It has 11% sequence similarity to
two glycosyltransferase enzymes from
Bacillus anthracis strains (PDB ID: 3MBO
A and 2JJM A). Likewise, BPSL2774 has

616

also been included and mapped into the
Burkholderia Ortholog Group #BG016035
(downloadable listing of the group members
is available at http://www.burkholderia.
com/orthologs/list?id=374551) in which
glycosyltransferases across Burkholderia
species or strains are grouped together
(Winsor et al., 2008). The target protein
is shown to have conserved domains of
glycosyltransferase GTB type superfamily
(Figure 5).

From WoLF PSORT, Yloc, TargetP
and TMHMM prediction tools, BPSL2774
protein was predicted to be located within
the cytoplasm with no trans-membrane
domain evident. It is also predicted to
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Figure 5. Conserved domain found on BPSL2774 through DELTA-BLAST search of the PDB database

be involved in metabolic processes by
VICMpred and is not involved in the
pathogenicity of B. pseudomallei by MP3
software (data not shown).

Three-Dimensional Model of BPSL2774

The initial model of BPSL2774 from
I-TASSER server has a C-score of 0.13,
with a relatively average confidence in
the quality of the predicted model (Figure
6). Two ModRefiner refinement runs were
performed to refine the initial model. Figure
7 showed the Ramachandran plot of the
initial model and the final refined model.
The final Ramachandran Plot Statistics from
RAMPAGE server showed 92.3% residues
in the most favoured regions, with two
residues in the disallowed regions (ARG220
and GLY299). An estimated 89.8% of
the amino acid had an averaged 3D-1D
score of more than 0.2 using Verify3D
Plot (figure not shown), indicating that
the environment profile of the model was
acceptable. The QMEAN (Qualitative
Model Energy ANalysis) scoring function

Pertanika J. Trop. Agric. Sc. 42 (2): 609 - 625 (2019)

provided an estimate of the quality of the
model with QMEANG score of 0.62 (Figure
8). The QMEANG score range from 0 to 1,
with one being considered to be a model of
good quality (Benkert et al., 2010).

The generated model of the BPSL2774
protein tertiary structure from I-TASSER
was found to have two domains which
is similar to GT-B type superfamily of
glycosyltransferase. It consists of two /0/f
Rossmann fold domains with six parallel
beta strands found in each domain and the
two domains are less tightly associated
(Lairson et al., 2008). Only two structural
folds, GT-A and GT-B, have been identified
for the nucleotide sugar-dependent enzymes,
but other folds are now appearing for the
soluble domains of lipid phosphosugar-
dependent glycosyltransferases (Lairson
et al., 2008). They play essential roles in
biosynthesis pathways of oligo- and poly-
saccharides, as well as protein glycosylation
and formation of valuable natural products
(Schmid et al., 2016).
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Figure 6. Predicted three-dimensional structure of BPSL2774, with N-terminal coloured blue and
C-terminal coloured red

R
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Figure 7. Ramachandran plot analysis of modeled structure of the original model (left) and the final
refined model (right)

° Comparison with Non-redundant Set of PDB Structures

< 1.0

m

S 0.5]

o

3 |Z-score[>2

= 0.0] o 1<|Z-score|<2

g e |Z-score|<l

5 + model

~ -0.50 100 200 300 400 500 600
Protein Size (Residues)

Figure 8. Graphical presentation of estimation of absolute quality of model with QMEAN
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Active Site Prediction

The active site of the protein as predicted
by metaPocket server is as shown in Figure
9. The top two metaPocket clusters were
shown in Figure 9, with the first cluster
having a Z-score of 23.82 of six pocket sites
and the second cluster with two pocket sites
and a Z-score of 1.35. I-TASSER server
suite provides biological annotation of the
target protein by COFACTOR and COACH
programs. The two top predictions for
BPSL2774 for ligand binding were uridine
diphosphate (UDP) for a glycosyltransferase
function (based on its PDB hit, 3mboE,
a glycosyltransferase from B. anthracis)

with the highest C-score of 0.33. This
glycosyltransferase structure from B.
anthracis is involved in bacillithiol
(a novel low-molecular-weight thiol)
biosynthetic pathway (Parsonage et al.,
2010). The second highest C-score of 0.25
was N-acetylglucosamine (NAG) ligand,
derived from clusters of PDB hit to 5e9uA,
which is also a glycosyltransferase from
Streptococcus gordonii (Figure 10, Table
1). This glycosyltransferase is involved
in O-glycosylation reactions, which has a
critical role for biogenesis and modification
of adhesins in streptococci and staphylococci
bacteria (Chen et al., 2016). In general,

o B )

Figure 9. Active sites of the predicted 3D structure
of the target protein as determined by metaPocket
server. The color of the spheres indicated the active
site predicted by MetaPocket method (red ball), PASS
method (actinium ball), LIGSITE method (magenta
ball), FPocket method (potassium ball), SURFNET
method (wheat ball), GHECOM method (yellow ball)
and ConCavity method (blue ball)

Table 1

Figure 10. Predicted ligands that bind to the predicted
active site by I-TASSER, and superimposed on active
sites prediction spheres from metaPocket server
(spheres colored pink). Model structure is colored
gray, UDP ligand is colored orange, and NAG ligand
is colored green

Amino acid residues for predicted ligand binding sites from I-TASSER prediction suite

Ligand PDB Hit Ligand Binding Site Residues
UDP 3mboE 144,145,146,151,197,198,199,202,227,228,229,232
NAG 5e9uA 67,68,119,223,224,225,226,227,228
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models with C-score > —1.5 have a correct
fold (Roy et al., 2010). The results from
both metaPocket and I-TASSER active sites
prediction corresponds well and located in
the crevice between the two Rossman fold
domains.

Glycosyltransferase Function in
Pathogenic Bacteria
Glycosyltransferases catalyze glycosidic
bond formation using sugar donors
containing a nucleoside phosphate or a
lipid phosphate leaving group (Breton
et al., 2006). Most commonly, the donor
sugar substrate is activated in the form of
nucleoside diphosphate sugars e.g. UDP
galactose or GDP mannose. However, other
forms such as nucleoside monophosphate
sugars, lipid phosphates, and unsubstituted
phosphates are also used. Glycosyl transfer
frequently occurs to the nucleophilic
oxygen of a hydroxyl substituent of the
acceptor, but it can also occur to nitrogen
nucleophiles, such as in formation of
N-linked glycoproteins; sulfur nucleophiles,
such as in formation of thioglycosides in
plants; and also in carbon nucleophiles, such
as in C-glycoside antibiotics (Lairson et al.,
2008) The product of this reaction may be a
growing oligosaccharide, a lipid, or a protein
(Breton et al., 2006).

Some pathogenic Streptococcus and
Pasteurella bacteria have capsules that
contain nonimmunogenic hyaluronan,
which protects them against a mammalian
host’s immune system. The mammalian
body possesses an abundance of hyaluronan,
which means that any significant response

against the bacterial hyaluronan capsule
could cause widespread autoimmune
complications in the host. Hyaluronan is
synthesized by the glycosyltransferase
hyaluronan synthase (DeAngelis, 1999).

In Gram negative bacteria,
glycosyltransferases are valuable in the
formation of lipolysaccharides (LPS), i.e.
the major cell-surface component protecting
the bacterium from extracellular threats
(Cote & Taylor, 2017). In Gram negative
Neisseria meningitidis and Haemophilus
influenzae, small molecular inhibitors of
LgtC glycosyltransferase are being analysed
as potential anti-virulence drug candidates
(Xu et al., 2018). The B. pseudomallei
genome carries four large polysaccharide
loci, all of which have been demonstrated
to play a role in virulence in vivo; these
encode the type I O antigen polysaccharides
(O-PS) capsule, the type I O-PS LPS, and
two additional clusters defined as type III
O-PS and type IV O-PS (Moule et al., 2016).

In other pathogenic bacteria such as
Escherichia coli, Salmonella enterica and
Shigella dysenteriae, glycosyltransferases
along with other proteins play significant
roles to ensure their survival in mammalian
host, namely in the modification processes
of bacteria’s protein, enterobactin. This
protein can successfully compete for iron,
Fe (II) binding against the host, which
is important to the pathogen’s ultimate
survival (Fishbach et al., 2006).

Three genes predicted to be
glycosyltransferases in B. pseudomallei;
BPSS2167, BPSS2248 and BPSL1444 have
recently been identified as newly discovered
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genes involved in in vivo virulence with
roles in different stages of B. pseudomallei
pathogenesis, including extracellular
and intracellular survival (Moule et al.,
2016). In the same 2016 paper, Moule
suggested that “the role of polysaccharides
in B. pseudomallei infections is even
more complex than has been previously
described”, as these three genes identified in
their screen did not belong to any of the four
polysaccharide clusters (Moule et al., 2016).

CONCLUSION

The GST-tagged BPSL2774 target protein
was able to be expressed in soluble
form from high density cultures and
has been partially purified using affinity
chromatography. Higher protein purity can
be achieved through further purification
steps following the initial GST-tagged
affinity chromatography. Escherichia
coli chaperonin proteins from the E. coli
host system was found to be co-purified
along with the target protein. The purified
protein however is at acceptable purity
and at sufficient concentration for use
as samples in functional assays, e.g. a
fluorescence-based or bioluminescence-
based glycosyltransferase assay in the near
future. Due to the challenges to determine
both the sugar donor and acceptor for a GT
of unknown function, in silico approaches
were performed to annotate the structure and
function of BPSL2774 protein. The quality
of the refined model was verified by using
Ramachandran plot. Through preliminary
docking runs using AutoDock 4.2 (Morris
et al., 2009) and AutoDock Vina suite

(Trott & Olson, 2010) on predicted ligands
UDP and NAG to BPSL2774 structure
model, satisfactory docking results were
obtained (results not shown). It was worth
to note that the bioinformatics structural
and functional annotation predictions all
pointed towards BPSL2774 functioning as
a glycosyltransferase. 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
will be needed to support this.
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