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ABSTRACT

Recombinant DNA techniques have been used to engineer a DNA vaccine from a gene
derived from Burkholderia pseudomallei. This vaccine was further manipulated to generate a
gene expression cassette that can be used to readily generate new DNA vaccines, utilising
genetic material from any source. The DNA vaccine was transfected into mammalian cells,
grown in vitro, in order to assess the ability of the DNA to provide the cell with the necessary
information for it to synthesise the protein encoded within the vaccine. Western blot analysis
of these cell extracts resulted in the detection of a protein with a molecular mass predicted for
the protein encoded by the DNA vaccine. This evidence suggests that transient transfection of
a mammalian cell with the engineered plasmid DNA construct, resulting in the translation of
the encoded protein has been successful. This in vitro process effectively mimics that which
occurs when the DNA plasmids are used to vaccinate higher mammals.
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Generation of a Gene Expression Cassette to
Enable the Rapid Production of DNA Vaccines

Executive Summary

- ADF personnel are at risk of being exposed to biological warfare (BW) agents
deliberately released by an enemy, and to agents occurring naturally in environments
where they are deployed. Current BW protective ensembles restrict the soldier’s
capability when worn over extended periods of time, and therefore are not suitable for
constant use under normal operating conditions. This creates the potential for exposure
to BW agents during the period between release and detection. Vaccination against
such potential agents can provide protection from infection.

Traditional vaccines have been used effectively for the last fifty years, in some cases
eliminating diseases such as smallpox and polio. More recently, scientific advances
have seen the use of recombinant DNA techniques to produce DNA vaccines. These
DNA vaccines act by providing the host with a set of instructions for the synthesis of
the encoded antigen. The host cell utilises this information to synthesise the protein
that interacts with the host immune system to generate the immune response.

DNA vaccines have the advantage over traditional vaccines in that they may be
produced with relative ease and speed. In addition, they have few side effects
associated with them and therefore may be more suitable for military personnel who
require immunisation with multiple vaccines over a very short time span.

This report outlines the method used to produce a DNA vaccine using a gene derived
from Burkholderia pseudomallei, a potential BW agent. The gene of interest was amplified
from the genomic DNA using the Polymerase Chain Reaction (PCR) and then cloned
into a vector to produce the DNA vaccine. The DNA vaccine was assessed for its ability
to direct protein synthesis by introducing it into a mammalian cell line grown in vitro.
Subsequent analysis of the cells revealed the presence of a protein with the molecular
weight predicted for the protein that the vaccine was engineered to produce. This
demonstrated that the appropriate transcription and translation signals required to
produce the protein encoded by the DNA vaccine construct are present. The vaccine
was designed and constructed in such a way that the gene of interest may be removed
easily and replaced with genetic material from any source to create new vaccines. Such
a generic gene expression cassette will reduce the time and effort required to produce
new DNA vaccines.
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1. Introduction

Vaccines are effective at protecting not only individuals, but also
communities. In the last fifty years, global immunisation programs have developed
such strong “herd immunity” that some diseases, eg smallpox and polio, have been
effectively eliminated. As scientific advances have been made, the production of
vaccines has shifted from traditional means, such as the isolation of attenuated
strains (6, 8, 12, 27, 28, 30, 34, 36), to methods that utilise recombinant DNA
techniques. These new vaccines may be subunit type protein vaccines (5, 9, 13, 14, 18,
19, 25, 33) or, more recently, vaccines that are composed entirely of DNA (7, 17, 24,
26). These DNA vaccines act by providing the host with a set of instructions for the
synthesis of the encoded antigen. The host cell then utilises this information to
synthesise the protein that interacts with the host immune system to generate an
immune response (32, 35).

Advances in the ability to precisely cut and join together pieces of DNA, have
enabled a vast array of genes from one species to be expressed in a heterologous
system (2, 11, 15, 16, 20). Here we report the use of these techniques to engineer a
DNA vaccine encoding a gene derived from Burkholderia pseudomallei. Furthermore,
the vaccine was designed as a gene expression cassette that can be readily used to
generate new DNA vaccines using any source of genetic material.

2. Materials and Methods

2.1 Bacterial Strains and Plasmids

The plasmid pNB06 was purchased from Ifor Beacham (Griffith University,
Queensland, Australia). This plasmid contained a portion of the Bpa A gene
sequence from Burkholderia pseudomallei (nt 1-4470 plus upstream sequence,
approximately 5.5kb in total) cloned into the pBluescript II SK* commercial vector.
The pGem T-easy vector was purchased from Promega and the pcDNA3.1 V5-His
vector was purchased from Invitrogen. The general laboratory strains of E. coli used
in this study included Able K and DHb5a (Stratagene). Bacterial cultures were grown
overnight in LB broth (Sigma) at 37°C with vigorous shaking. Where appropriate,
cultures were supplemented with 50 pg /ml ampicillin.

2.2 Polymerase Chain Reaction (PCR)

The PCR mixture contained 1 ng plasmid DNA (pNB06) template, 40 pmols
each of the sense (5 AGCCGCCATGGCCCTCGAGAGTCCCTCTAGAGCGCCGAC
GGGTAGTCAG 3/, termed Ag]l start) and antisense (5" CCATCTGGCCCATGCTGC
3, termed Agl end) oligonucleotide primers (synthesised by GeneWorks), 2 mM
each ANTP (Promega), 5 U taq DNA polymerase (Promega), 1 x PCR buffer (10 mM
Tris-HCI [pH 9.0], 50 mM KCl, 0.1% Triton X-100) (Promega) in a total volume of
50pl. Thermal cycling parameters, performed using a Peltier Thermal Cycler-200 (M]
Research), were as follows: 94°C for 5 minutes, 50°C for 30 seconds, 72°C for 2
minutes followed by 30 cycles of 94°C for 30 seconds, 55°C for 15 seconds, 72°C for
90 seconds. A final cycle of 94°C for 30 seconds, 55°C for 15 seconds and an extension
of 72°C for 5 minutes concluded the thermal cycling. PCR generated DNA was
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visualised by UV light after electrophoresis through a 1% w/v agarose gel in TAE (40
mM Tris-Acetate, ImM EDTA) containing 0.5 pg/ml ethidium bromide.

2.3 Recombinant DNA techniques

DNA ligations, restriction endonuclease digestion and agarose gel
electrophoresis were performed according to standard techniques (31). Enzymes
were purchased from Promega. DNA was purified from agarose gels using the
QIAEX 1II gel extraction kit (QIAGEN) as per manufacturer’s recommendations.
Following ligation of DNA fragments, plasmid DNA was introduced into E. coli cells,
made competent by calcium chloride treatment, using the heat shock method (31).

2.4 Plasmid DNA preparation

Small-scale plasmid DNA preparations were made from 1.5 mls of a bacterial
culture that had been grown overnight in LB broth (Sigma) supplemented with 50 pg
/ml ampicillin. Plasmid DNA was extracted from the bacterial cells using the
Promega Wizard plasmid purification kit as per manufacturer’s recommendations.

2.5 Transfection of 293S cells

Six well plates were seeded with 1x106 2935 cells (Invitrogen) per well in 2mL
of growth medium (5% Bovine Calf Serum (ThermoTrace) / DMEM (ThermoTrace) /
5 pg /ml penicillin-streptomycin) and incubated overnight at 37°C, 5% CO.. Two pg
of plasmid DNA in 250 pul SF-DMEM (ThermoTrace) per well to be transfected, was
added to 10 pl of Lipofectamine 2000 (Invitrogen) in 250 ul SF-DMEM that had been
incubated for 5 minutes at room temperature. The mixture was then incubated for 20
minutes at room temperature. The cells were washed with 1ml SF-DMEM, and 2 ml
of SF-DMEM placed over the cell monolayer. The plasmid DNA- Lipofectamine 2000
mixture was added to the appropriate well containing the cell monolayer in 2 ml of
SF-DMEM and incubated for 6 hrs at 37°C, 5% COz. The 2 ml of SF-DMEM was
removed and replaced with 2 ml of the growth medium. The cells were then
incubated for a further 24 hrs at 37°C, 5% CO..

The cells were harvested by the addition of 1ml of PBS, scraped off and
transferred into a microfuge tube. The cells were washed twice by the addition of 500
ul of PBS followed by centrifugation at 200g for 5 minutes to pellet the cells. The cell
pellet was resuspended in 100 pl of lysis buffer and incubated on ice for 15 minutes.
The solution was then passed through a 22-gauge needle 10 times to shear the DNA.

2.6 Polyacrylamide gel electrophoresis

An equal volume of 2x Laemmli sample buffer (Sigma) (12.2 mM Tris-HCl
pH 6.8, 20% Glycerol v/v, 4% SDS w/v, 10% B-mercaptoenthanol v/v, 0.004%
Bromophenol blue w/v) was added to the cells harvested above. Cell extracts were
fully denatured by heating to 100°C for 5 minutes. The samples were
electrophoretically separated through a 12.5% homogeneous SDS polyacrylamide
PhastGel (Pharmacia Biotech) as per manufacturer’s instructions. Low range, pre-
stained molecular weight standards (BioRad) were also loaded onto the
polyacrylamide gel to enable molecular weight comparisons. Following
electrophoresis, gels were either stained with Coomassie Blue (Sigma) or
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electrophoretically transferred to a nitrocellulose membrane (BioRad) using the
PhastSystem (Pharmacia Biotech) as per manufacturer’s instructions.

2.7 Western blot analysis

Western blot analysis was performed using standard techniques. In brief,
following blocking of the membrane in 10 ml of Blocking buffer (5% milk powder in
PBS -Tween 20 [Sigma]) for 1 hr at room temperature the membrane was washed
twice in 20 ml of PBS-Tween 20. The membrane was then incubated in 5 ml of
blocking buffer containing Anti-V5 antibody (Invitrogen) at a dilution of 1:5000, for 2
hrs at room temperature. The membrane was washed twice in 20 ml of PBS-Tween
20 and incubated in 15 ml of blocking buffer containing goat anti-mouse IgG alkaline
phosphatase conjugate (Sigma) at a dilution of 1:30000 for 1hr at room temperature.
Following washing of the membrane twice in 20 ml of PBS-Tween 20, proteins
reactive to the Anti-V5 antibody were then visualised by developing the blot using
Sigma Fast BCIP /NBT tablets (5-bromo-4-chloro-3-indolyl phosphate / Nitro blue
tetrazolium) as per manufacturer’s instructions. The reaction was stopped, by
washing the membrane several times in distilled water.

3. Results and Discussion

3.1 PCR Amplification and cloning

The transcription and translation signals that are recognised by prokaryotic
(eg bacteria) and eukaryotic (eg mammalian) cells are quite different (1, 3, 4, 10, 23,
29). For example, it has been experimentally determined that for optimal protein
translation initiation in eukaryotes, certain nucleotide residues, known as the Kozak
consensus sequence, must surround the translation start codon (21, 22). Hence when
-expressing a gene sequence of bacterial origin within a eukaryotic cell, it is necessary
to consider the nucleotides that surround the translation initiation codon. A start
codon surrounded by the Kozak consensus sequence was engineered to give optimal
expression of the gene in the mammalian host. This was achieved by designing a
synthetic oligo-nucleotide primer that contained an ATG translation initiation codon,
flanked by the appropriate nucleotides of a Kozak consensus sequence. Also in the
primer were a Xho I restriction endonuclease recognition site along with a Xba I
restriction site that was in frame with the ATG start codon. Finally, the primer
contained 18 nucleotide residues that were homologous to a region of the
Burkholderia pseudomallei Bpa A gene (figure 1A). This sense oligo-nucleotide primer
was designated Agl start. The second synthetic oligo-nucleotide primer designed,
was designated Agl end, and contained 19 nucleotide residues homologous to the
anti-sense strand of a region approximately 1100 bp downstream of the sense oligo-
nucleotide primer within the BpaA gene.

The polymerase chain reaction was used to amplify a region of the Bpa A
gene (nt 152-1227) using the two oligo-nucleotide primers Agl start and Agl end,
and a plasmid DNA template (pNB06) that consisted of a portion of the Bpa A gene
cloned into the general purpose vector pBluescript II SK plasmid (Stratagene). Using
a standard PCR mutagenesis technique, the amplification of the DNA fragment
(figure 1) enabled some specific modification of the DNA sequence to occur. The
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procedure enabled a translation initiation codon, a Kozak consensus sequence along
with nucleotide sequences coding for restriction endonuclease recognition sequences,
to be introduced into the amplified DNA fragment (figure 1A). Following
amplification, the DNA fragment was visualised after electrophoresis through an
agarose gel (figure 1B). By comparison to DNA fragments of known sizes (figure 1B,
lane 1) the length of the amplified fragment is approximately 1100 base pairs (figure
1B, lane2). This corresponds to the calculated size of 1104 base pairs, consisting of
1075 bp of Bpa A gene sequence plus the addition of 29 bp sequence consisting of a
Kozak consensus sequence, translation initiation codon and restriction endonuclease
recognition sequences.

The PCR generated DNA fragment was cloned into the commercial pPGEM-T
easy (Promega) cloning vector to generate the plasmid pBps010 (figure 2). This was
an intermediate cloning step used to clone the PCR amplified fragment, and more
readily permit downstream cloning procedures to be performed. Subsequently an
Eco RI digest of this plasmid excised a fragment that consisted predominantly of the
cloned PCR fragment. This Eco RI fragment was then cloned into the plasmid vector
pcDNA 3.1 V5-His (Invitrogen), which had been digested with Eco RI (figure 2). This
generated the plasmid pBps110, for use as a DNA vaccine.

The Eco RI restriction site within pcDNA 3.1 V5-His is flanked by the strong
mammalian promoter CMV, and the Bovine Growth Hormone (BGH) transcription
termination / polyadenylation signal. Thus the insertion of the Eco RI fragment from
pBps010 provides the complete requirement for protein synthesis of the Bpa A gene
product within a mammalian cell. That is, the Bpa A gene sequence is preceded by a
promoter to drive transcription and is followed by a transcription termination /
polyadenylation signal. This will permit a messenger RNA molecule to be
synthesised in the nucleus of the cell into which the plasmid DNA is introduced, and
for it to be appropriately terminated and polyadenylated. The polyadenylation
process is essential for the molecule to be exported out of the nucleus and into the
cytoplasm of the cell, where it will provide the necessary instructions to the
translational apparatus of the cell and allow synthesis of the encoded protein derived
from the B. pseudomallei Bpa A gene.

A final point to note with this plasmid, are the nucleotide sequences that
occur after the 3’ end of the Bpa A coding region. Following this sequence are the
nucleotide residues coding for the amino acids that form a V5 epitope and 6 x His tag
followed by a translation termination codon. These sequences are contained within
the pcDNA 3.1 V5-His vector and the introduction of the Eco RI fragment was
designed in such a manner that the V5 and 6 x His would be in frame with the
sequence from the Bpa A gene. Consequently upon translation of the entire reading
frame, a protein would be synthesised that contained the amino acid sequence of the
portion of the Bpa A protein and also contained a carboxy-terminal V5 epitope and a
6 x His tag. The V5 epitope could then be used to detect the presence of the
synthesised protein using an anti-V5 antibody and the 6 x His sequence could be
used either to detect the protein in a similar fashion or as a means to purify the
protein should this be required.

3.2 Gene expression in vitro

To assess whether the constructed DNA vaccine contained the appropriate
signals for directing the cells protein synthesis machinery, the DNA vaccine was
introduced into a mammalian cell line, 293S, derived from human kidney cells. The
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293S cells were grown in vitro and transfected using a cationic lipid complex. If the
appropriate transcription and translation signals are present, the plasmid DNA
should permit transcription of the encoded gene to produce an mRNA template.
Subsequent translation of this template by the 293S cells’ ribosomal complexes
should result in synthesis of the protein encoded by the DNA vaccine construct. This
process mimics that which should occur following the introduction of the DNA
vaccine into an animal host. Following the introduction of the DNA into the cells,
they were permitted to continue protein synthesis for a further 24 - 48 hours to allow
the specific protein to accumulate to levels that could be detected through western
blot analysis.

The cells were harvested, lysed and the cellular protein contents separated
according to their molecular weight by electrophoresis through a 125 %
polyacrylamide gel. Proteins were then visualised by staining with coomassie blue
(figure 3A). Because of the vast multitude of proteins contained within a cell, it is
difficult to distinguish between untransfected 293 cells (lane 3), cells transfected with
a positive control plasmid that encodes the Lac Z gene (lane 2) or cells transfected
with the experimental plasmid DNA, pBps110 (lane 1).

Therefore to enable the detection of specific proteins within the cell extracts,
the proteins from an equivalent gel to that represented in figure 3A were
electrophoretically transferred to a solid nitrocellulose membrane. The membrane
was then blocked and probed with an antibody directed against the V5 epitope
(figure 3B). No proteins contained within a cell extract derived from the 293 cells
only (lane 3) reacted with the antibody. In contrast, in lane 2 an immuno reactive
protein with a molecular mass in excess of 106 kDa was observed. This lane
contained a cell extract derived from 293 cells that had been transfected with the
positive control plasmid pcDNA3.1 Lac Z. A protein of this molecular mass would
correspond to the lac Z gene product, which has a molecular mass of 121kDa. This
indicates that the transfection procedure was successful and the DNA plasmid was
able to provide the cell with the necessary information to enable it to synthesise the
encoded protein. Likewise in lane 1, an immuno reactive protein is present. This
protein has an estimated molecular mass of 40kDa. Contained in this lane are the
proteins extracted from 293 cells that had been transfected with the plasmid pBps110.
This plasmid was the engineered DNA vaccine that encoded a gene derived from a
portion of the Bpa A gene of Burkholderia pseudomallei and the molecular weight
observed for the detected protein correlated with the expected molecular weight
(40kDa) for the encoded protein.

The detection of a protein of the expected size that is reactive against the anti
V5 antibody is an indication that the engineering of the DNA vaccine, including the
introduction of the ATG start codon and the Kozak consensus sequence, has
produced a piece of circular plasmid DNA that is capable of permitting the encoded
protein to be synthesised within the transfected mammalian cells. It also provides an
indication that the entire open reading frame is undisturbed. As the detection of the
protein is reliant upon the protein containing a V5 epitope, which had been
engineered into the 3" end of the gene construct, the motif will therefore only be
contained within the protein if the entire open reading frame is translated. This
information provides evidence that the engineered plasmid DNA construct should
be functional, in terms of permitting protein synthesis when used as a DNA vaccine.
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3.3 Generation of a multi use gene expression cassette

An Xba I restriction endonuclease digestion of the plasmid pBps110 (figure 2)
generates two fragments. One fragment is approximately 5500 nucleotides in length,
the other 1100 nucleotides. The shorter of the two fragments will contain the B.
pseudomallei Bpa A gene sequence, while the larger fragment will contain sequences
that permit the plasmid to replicate within bacterial cells, along with eukaryotic
signals for transcription and translation. Separation and isolation of this larger
fragment allows the insertion of new DNA fragments to generate new DNA vaccine
plasmids. Re-circularisation of this larger fragment, through enzymatic ligation
generated the gene expression cassette, pcDNA 3.1 Start (figure 2). Digestion of this
plasmid with the restriction endonuclease Xba I, will then permit the insertion of any
DNA fragment containing compatible termini. These fragments will be flanked by
the appropriate transcription and translation signals required for protein synthesis in
eukaryotic cells. Thus, any number of new DNA vaccines can be generated through
the simple insertion of gene sequences into this Xba I digested plasmid (figure 2).
Using rapid molecular biology DNA amplification techniques, such as PCR, DNA
gene sequences can be amplified from genomic DNA (or RNA) while at the same
time incorporating Xba I restriction endonuclease recognition sequences to aid in the
construction of new DNA vaccines.

In summary, this report has described the engineering and production of:

e a candidate DNA vaccine for B. pseudomallei that was
demonstrated to be functional in mammalian cells.

e the plasmid pcDNA 3.1 Start, a gene expression cassette.

This plasmid will be a valuable tool for the generation of DNA vaccines, against both
bacteria and viruses, that can subsequently be assessed for their effectiveness as
vaccines against a range of potential biological warfare agents.
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A

5> AGCCGCCATGGCCCTCGAGAGTCCCTCTAGAGCGCCGACGGGTAGTCAG 3’

pNB06
3’ CGTCGATACCCGGTCTACC 5°

. /

B | 3 PCR

I G
DNA fragment

Figure 1: Schematic representation of the amplification and engineering of the expression cassette.
The Polymerase Chain Reaction (PCR) was used to amplify the specific Burkholderia pseudomallei (orange
box) sequence of interest, with the plasmid pNB06 as a template (A). The nucleotide sequence of the
reverse and forward primer is shown. Within the forward primer, the translation start codon is in red, an
Xho I (green) and Xba I (blue) recognition sequence is highlighted, while the Burkholderia pseudomallei
specific sequence is underlined and a line is above the Kozak concensus sequence. The amplified DNA is
visualized following electrophoresis through a 1% agarose gel and staining with ethidium bromide (B).
Lane 1 contains A DNA digested with Pst I as size markers and indicated in base pairs (bp). Lane 2 contains
the contents from a single PCR reaction.
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Figure 2 : Schematic representation of the construction of the DNA vaccine pBps110.

The Polymerase Chain Reaction (PCR) was used to amplify a the specific gene of interest. The amplified
DNA was cloned into the pGEM-T Easy vector (1) to generate the plasmid pBps010 (2). The Eco RI
fragment was excised from pBps010 (3) and cloned into Eco RI digested pcDNA3.1 V5-His (4) to generate
the DNA vaccine pBps110 (5). An Xba I digestion dropped out the Burkholderia pseudomallei gene
sequence and left the translation initiation sequence (6). Re-ligation of the DNA generated the plasmid
pcDNA 3.1 Start (7).
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Figure 3: In vitro expression of the antigen encoded in the DNA vaccine.

Plasmid DNA was transfected into 293S cells using a cationic lipid complex. Cell extracts were
prepared and separated by electrophoresis through a 12.5% poly-acrylamide gel, and either stained
with coomassie blue (A) or transferred to a nitrocellulose membrane and probed with an anti-V5
epitope antibody (B). Lane 1, protein extracts from cells transfected with pBps110 (B. pseudomallei
antigen 1); lane 2, pcDNA3.1 Lac Z; or lane 3 untransfected 293S cells. Lane 4 contains molecular

weight standards indicated in kilo-Daltons (kDa).
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