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were set to identify terminators with a stem consisting of @ minimum of seven paired base

pairs and a loop consisting of a maximum of 35 unpaired base pairs.

2.1.2. SEQUENCING OF THE MYCOBACTERIAL REPLICON OF THE PCR TEMPLATE

As the GenBank pHIGH100 and pAL5000 nucleotide sequences were known to differ from
that of the pHIGH100 used in our laboratory (Personal communication from Dr William
Bourn), the nucleotide sequence of the mycobacterial replicon of plasmid pHIGH100 was

confirmed prior to amplification. The sequencing strategy is depicted in Figure 2.2.

SGrap-F
SGrepA-F
SGrepA-R
......................................................... 4—__
SGrepB-R
................................................... .
p it repA repB

Figure 2.2, Strategy for sequencing the mycobacterial replicon of PCR template
pHIGH100.

Utilised primers are represented as arrows. The various fragments of sequence produced by
individual sequencing reactions are indicated by the dotted lines. A consensus sequence was

generated by the alignment of overlapping sequence files.

Primers were designed with the aid of Primer Design software package [Freeware, version 1]
(Table 2.1) and sequencing reactions were prepared using the Big Dye Terminator v3.1 cycle
sequencing kit [Applied Biosystems]. Cycle sequencing was performed in the GeneAmp® PCR
System 9700 thermocycler [Applied Biosystems] by the Genome Platform of the Department
of Human Genetics, University of Cape Town. Sequences were edited using the Chromas v2.3
software package [Technelysium] and aligned with the GenBank pHIGH100 and pAL5000
[GenBank Accession No: M23557] sequences using the DNAMAN biocinformatics software

package [Lynnon Biosoft, version 4.0.0.1].
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Table 2.1. Primers used in this study

Primer _ Orientation Use Seguence

Miud
" 5Grap-F Forward  Sequencing of PCR Template pHIGH100 S ACGCGTGTTGGATTC GGA GAC AAG C Y
PCR Amplification Stage 1 + 3
Sequencing of PCR Product from Stage 1
“SGrepA-R  Reverse  Sequencing of PCR Template pHIGH100 S TCGTTG CACGGA AATTCG 3
PCR Amplification Stage 1
Sequencing of PCR Product from Stage 1
"SGrepA-F  Forward  Sequencing of PCR Template pHIGH100 STICGATTCCGTCAGE TIGTG S
PCR Amplification Stage 2
Sequencing of PCR Product from Stage 2

Apnl
‘SGrepB-R Reverse  Sequencing of PCR Template pHIGH100 5 GGT ACC GAA ACA TGC GCA ACG AAC T
PCR Amplification Stage 2 + 3
Sequencing of PCR Product from Stage 2
17 Forward  Sequencing of pSG100 insert S TAATACGACTCACTATAGGG ¥
SP6 Reverse  Sequencing of pSGL00 insert 5 CGATT TAG GTGACACTATAG Y

-~ Primers were designed with the aid of Primer Design Software Package [Freeware, Version 1.] and synthesised at the DNA Synthesis Service,
Department of Molecular and Cell Biology, University of Cape Town
Restriction enzyme sites introduced for subsequent cloning are underlined
Additional nucleotide introduced to distupt EcoRf restriction site is in parentheses

2.1.3. PCR AMPLIFICATION OF THE MYCOBACTERIAL REPLICON CONTAINING
FULL LENGTH RAP AND THE HIGH COPY NUMBER MUTATION

A three-stage PCR strategy was employed to amplify the high copy number mycobacterial
replicon from pHIGH100 and simuitanecusly modify it for subsequent dloning (Fig. 2.3}, PCR
cydling was carried out using the GeneAmp® PCR System 2400 thermocycler [Applied
Biosystems]. The various primer pairs utilised for PCR are tabulated in Table 2.1,

2.1.3.1. Amplification Stage One

A 1,372 kb fragment Including r3p, a putative rap terminator and a portion of repd was
amplified from pHIGHI00. Approximately Sng of pHIGHIO0 plasmid DNA was used as
template in a final reaction volume of 50ul containing: 1uM each of primer SGrap-F and
SGrepA-R, 0.2mM of the four deoxy-nucleotides, 0.125U Pfu ® DNA polymerase [Promega],
1x Pfu reaction buffer of 4mM MgSQ, [Promegal and 3pl DMSO. PCR cycling conditions
consisted of an initial denaturing step at 95°C for 3 minutes followed by 25 cycles of
denaturation at 95°C for 30 seconds, annealing at 60°C for 30 seconds, and elongation at
72°C for 2 minutes and 50 seconds increasing by 5 seconds per cycle, and finally a 7 minute

extension step at 72°C. To facilitate subsequent cloning, the forward primer SGrap-F
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introduced an Miul site downstream of the likely rap terminator. The reverse primer SGrepA-
R introduced an additional, arbitrary nuclectide within the FooRT site to disrupt it. This was
done to preserve the unigueness of a second FooRl site, positioned at the 3 end of the
promoter region of the expression cassette, to enable uncomplicated future cloning of
promoter elements in our laboratory. Three negative controls were included; namely a
temnplate-free contamination control and two non-specific product controls using only the
reverse and forward primers respectively. Folfowing amplification, the PCR product was
initially verified according to size by gel electrophoresis and subsequently confirmed by
sequencing using the PCR amplification primer pair SGrap-F and SGrepA-R (See 2.1.2. for

sequencing details).

2.1.3.2. Amplification Stage Two

During stage two a 1.171 kb fragment was amplified from pHIGH100 which overlapped with
the product amplified in stage one by approximately 150 bp. The PCR product spanned part
of repd including the high copy number mutation, the entire repf gene and some flanking
seguence downstream of repB. Conditions were consistent with those outlined for stage one
except that primers SGrepA-F and SGrepB-R were used and elongation time was decreased to
2 minutes and 20 seconds. To assist in later cloning, a Apn/ site was introduced by the
reverse primer SGrepB-R. As in stage one, a template-free contamination control and two
single primer non-specific product controls were included. PCR product size was confirmed by
gel electrophoresis initlally and subsequently sequenced using the PCR ampilification primer

pair SGrepA-F and SGrepB-R (See 2.1.2. for sequencing details).

2.1.3.3. Amplification Stage Three

The final modified mycobacterial replicon amplified during stage three was characterised by
the high copy number mutation, the full length repd, repB and rap genes, the putative rap
terminator and flanking restriction sites. Aside from the following noted deviations,
amplification conditions were consistent with those outlined for stage one. A mixture of 5ng
of each product from stages one and two served as template. Forward primer SGrap-F and
reverse primer 5GrepB-R were used. Elongation time was increased to 4 minutes. While a
contamination control was included, single primer specificity controls were unnecessary since
templates and primers utilised in stage three had been tested previously either in stage one
or two. Because equal concentrations of product from stage one and two were used as

template, the FooRT site was disrupted only in the half of the vield which had been amplified
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Figure 2.3. Stylised Diagram indicating the PCR amplification strategy.
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from the stage one PCR product. Conversely, the second half of the vield contained an intact
EcoRI site since the product from stage two acted as its template. The resulting PCR product
size was confirmed by gel electrophoresis. Seguencing was not carried out at this stage as

the amplified fragment was sequenced following subsequent dloning.

2.1.4. CONSTRUCTION OF THE MODIFIED £ COLFMYCOBACTERIAL SHUTTLE
VECTOR

General recombinant procedures used in cloning are outlined here. Vectors and DNA
fragments were digested using restriction enzymes [Roche Diagnostics] as per manufacturer’s
instruction. Resulting DNA fragment sizes were determined by electrophoretic resolution on a
1% agarose gel alongside either a 1 kb marker [Promega] or ADNA [Roche Diagnostics]
digested with Pstl Desired fragments were purified from agarose gels using the QlAquick Gel
Extraction Kit [Qiagen] or from reaction mixes using the QlAquick Purification Kit [Qlagen].
Following quantitation on the Nanodrop Spectrophotometer [Ingaba Biotec], fragments were
ligated using the Rapid Ligation Kit [Roche] according to the supplied protocol. £ coff IM108
cells (obtained from the BioVac Institute) were made competent using the method by Inoue
ef al. (1990). Ligations were transformed into competent £, cofi cells according to standard
protocol (Sambrook & Russell, 2001). Except for pGEM-T Easy cloning, initial positive
transformants were selected by plating transformed cells onto 25mi of 2YT (16g tryptone,
10g yeast extract, 5g Na( per litre of water) solid medium supplemented with 50ug/mi
kanamycin and propagated at 37 °C. Selected colonies were used to inoculate 1ml of 2YT
liquid medium supplemented with 50ug/mi kanamycin and incubated at 37°C overnight with
shaking for aeration. Small amounts of plasmid DNA were isolated from initial positive
transformants with a kanamycin resistant phenotype using the alkaline lysis method of Ish-
Horowicz and Burke (1981) and used to conduct secondary screening by restriction digest
analysis. The Nucleobond AX PC-Kit [Machery-Nagel] was used according to the supplied
protocol to isolate large amounts of plasmid DNA from 100ml cultures of confirmed positive

transformants.

2.1.4.1. Construction of Sub-Clone pSG100

An EcoRI digest was performed to isolate the FooRMree half of the 2,409 kb final PCR
product yield from stage three. The uncut, FcoRFfree PCR product was gel purified. The
resultant isolated fragment therefore consisted of a mycobacterial replicon modified to lack

an FcoRI site and contain the full /ap gene, its putative terminator, the high copy number
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mutation and the complete repd and rep8 genes. To generate sub-clone pSG100, this
modified mycobacterial replicon fragment was A-tailed using Tag polymerase [Supertherm]
and cloned into the pGEM-T Easy vector™ [Promega pGEM-T Easy Vector System [} at a 151
insert to vector ratio according to the protocol supplied by the manufacturer. Transformation
mixes were plated onto 2YT media supplemented with 80ug/mi Xgal, 0.5mM IPTG and
100ug/mi ampicillin. The identification of desired transformants as white colonies was
facilitated by selection for p-galactosidase insertional inactivation and ampicillin resistance
following overnight propagation at 37°C. A Safl digest was used to confirm insertion of the
mycobacterial replicon fragment into pGEM-T Easy in the correct orientation. The insert in the
pSG 100 sub-clone was sequenced before its use in constructing the modified vector pSG300
using primers SGrepA-R, SGrepA-F and universal primers SP6 and T7 (See section 2.1.2. for

sequencing details).

2.1.4.2. Construction of Sub-Clone pSG200

Sub-clone pSG200 was generated o introduce a transcription terminator following the repB
gene within the mycobacterial replicon. Oligonuclectides were designed to create a M. bovis
hspé0 transaription terminator similar in sequence to that published by Kanekiyo ef &/ (2005)
(Fig. 2.4). Complimentary oligonuclectides were designed to include flanking Apn/ and Xbal
overhangs with phosphorylated 5 ends to assist coning. In addition, an internal Xho! site
was incorporated to allow confirmation of the presence of the terminator via restriction
mapping. Oligonuclectides were armnealed by combining equal concentrations of
complementary oligonucieotides in STE Buffer (10mM Tris pH 8.0, 50mM NaCl, 1mM EDTA).
The reaction mix was heated to 95°C and allowed to cool gradually to prevent the formation
of secondary structure. To generate pSG200 the resulling annealed oligonucieotides
containing the Aspél transcription terminator were ligated at a 5:1 insert to vector ratio to
the backbone of vector pRC100 which was isolated following a sequential KpnZ Xbal digest.
The pRC100 vector backbone contained a gene encoding GFP, a kanamycin resistance gene,
an oriE and an unmodified mycobacterial replicon containing a truncated rap gene, the repd
gene, the repB gene and lacking the high copy number mutation. Successful insertion of the

terminator was conflrmed by an Xhol restriction digest.



26

5-CGAGGAGCCCGGTCCCTTTGTGGGGCCGGGCTCCTCCTCGAGT-3'

3-CATGGCTCCTCGGGCCAGGGAAACACCCCGGCCCGAGGAGGAGCTCAGATC-5'
Kpnl Xhol Xba I

Figure 2.4. Annealed oligonucleotides with overhangs.

Restriction sites Kpnl, Xhol and Xbal are highlighted.

2.1.4.3. Construction of Modified Vector pSG300

The E.colFmycobacterial shuttle vector, pSG300, was generated to contain the fully modified
mycobacterial replicon. The optimised mycobacterial replicon consisted of the high copy
number mutation, the entire rap gene, its putative terminator, the complete repA and repB
genes and an hsp60 transcription terminator following the repB gene. A Kpnl Mlul sequential
digest of pSG100 preceded isolation of the modified mycobacteriai replicon fragment
consisting of the high copy number mutation and full length rap. A Kpnl Miul sequential
digest of pSG200 was used to isolate the vector backbone containing the Asp60 transcription
terminator. The modified mycobacterial rep]icon was ligated at a 1:1 insert to vector ratio to
the modified backbone at the Apnl and Miul restriction sites to create the vector pSG300.

This optimised expression vector was mapped using the XhoI restriction site.

2.2. CONSTRUCTION OF INTERMEDIATE E£. COLI-MYCOBACTERIAL SHUTTLE
VECTORS

Three intermediate £. co/Fmycobacterial shuttle vectors were constructed for use in specific
evaluation of each of the modifications made to the mycobacterial replicon in the optimised £.

colFmycobacterial shuttle vector.

2.2.1. CONSTRUCTION OF INTERMEDIATE VECTOR pSG400

Intermediate vector pSG400 was constructed to evaluate the effects of incorporating the high
copy number mutation into the mycobacterial replicon. This could be determined by directly
comparing pSG400, which had the high copy number mutation, to unmodified vector pRC100
which lacked the mutation but was otherwise identical. To construct pSG400, a high copy
number fragment containing repA, repB and truncated rgp, was obtained following a

sequential digest of intermediate vector pSG600 (Details of pSG600 construction are given



27

below) with Apnl and M/ul. A backbone fragment containing the Asp60 promoter, GFP, the
kanamycin resistance gene and oriE was isolated from similarly digested pRC100. The two
fragments were ligated at a 3:1 insert to vector ratio to produce intermediate construct
pSG400. Restriction enzyme mapping with Apnl and M/ul was performed to confirm the
conservation of sites and additional confirmatory restriction analyses were carried out using

Sall and Bgl/II.

2.2.2. CONSTRUCTION OF INTERMEDIATE VECTOR pSG500

Intermediate vector pSG500 was constructed to determine the effect of including the full
length rap gene in the mycobacterial replicon. Since pSG500 differed from pSG400 in that it
contained the entire rap gene, but was otherwise identical, the effect of inclusion of the full
rap could be determined by directly comparing the vectors. Vector pSG500 was constructed
using optimised vector pSG300 and unmodified vector pRC100. Following a sequential digest
of pSG300 with Apnl and Mul, the high copy number fragment containing full length rap,
repA and repB was obtained. A fragment containing kanamycin resistance and oriE was gel
purified from similarly digested pRC100. The two fragments were ligated at a 3:1 insert to
vector ratio to yield intermediate construct pSG500. Restriction enzyme mapping using Kpni
and Mjul was performed to confirm the conservation of sites and a further Sa/I restriction

analysis was carried out to confirm plasmid structure.

2.2.3. CONSTRUCTION OF INTERMEDIATE VECTOR pSG600

Intermediate vector pSG600 was generated for the purpose of evaluating the effect of
introducing the Asp60 terminator following repB within the mycobacterial replicon. Plasmid
pSG600 differed from pSG400 in that it contained the Asp60 terminator but was otherwise
identical. Therefore, these vectors could be directly compared to appraise the effect of
including the Asp60 terminator. Vector pSG600 was created from modified vector pSG300 and
unmodified vector pRC100. Following a sequential digest of pSG300 with Bg/II and Hpal, a
fragment containing repA and the high copy number mutation, repB, the hsp60 terminator,
the Asp60 promoter and GFP was isolated. A fragment containing kanamycin resistance, oriE
and truncated rap was gel purified from similarly digested pRC100. The two fragments were
ligated at a 3:1 insert to vector ratio to yield intermediate construct pSG600. Restriction
enzyme mapping using Bg/ll and Hpal was used to confirm conservation of restriction sites

and Xhol endonuclease digestion was used to confirm the presence of the /sp60 terminator.
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2.3, TRANSFORMATION OF E COLFMYCOBACTERIAL SHUTTLE VECTORS INTO
MYCOBACTERIA

Modified expression vector pSG300 and intermediate expression vectors; pRC100, pSG400,
pSG500 and pSG600, were transformed into M. smegmatis mc*155 (Obtained from the
BioVac Institute) and M. bovis BCG Pasteur ApanCD mc?6000 strain (Obtained from Dr
William Jacobs Jr) competent celis by electroporation. Mycobacterial electrocompetent cells
were prepared according to the method described by Parish and Stoker (2001).
Electrocompetent mycobacteria were electroporated with plasmid DNA using the Gene
Pulser™ [BioRad] at setting 1.BkV, 25uF and 10000, In order to obtain colonies,
electroporated cells were plated onto 35ml of Middlebrook 7H10 solid medium (M7H10)
supplemented with oleic-acid albumin dexirose complex (OADC) [Biolab] and 10ug/mi
kanamycin [Sigma]l. Plates were protected from dehydration by being sealed in plastic bags
and subsequently incubated at 37°C for two to three days for M. smegmalis or three to four
weeks for BCG ApanCD colony formation. Colonies were used to inoculate Middlebrook
{M7H9) liguid medium supplemented with OADC and kanamydn. M smegmalis and BCG
ApanCD cultures were further supplemented with tween80 or 0.25ul/mi tyloxapol detergent
respectively, to reduce cell dumping. In addition, BCG Apan(D cultures were supplemented
with 0.048mag/mi p-Pantothenic Acdid [Sigma] and 0.05mg/mi Hygromycin B [Roche]. Cultures
were incubated at 37°C with gentle rolling in order to minimise cell dumping until logarithmic
growth phase of ODgoe 0.4-1.0 was reached. For M. smegmatis this took one to two days and
for BCG 10 to 25 days. Plasmid DNA was isolated from transformants using the High Pure
Plasmid Isolation Kit [Roche Diagnostics] according to the method described by Parish and
Stoker (2001). Because mycobacterial plasmid DNA yield is typically low, isolated plasmid
DNA was used to transform £ coff for subsequent verification. Recombinant plasmids isolated
from £. coli were again mapped with restriction enzymes to confirm their general structure.
In addition, a sequential Xbal Hpal restriction digest was carried out specifically to confirm
the integrity of the GFP gene.
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2.4. EVALUATION OF THE MODIFIED £ COLFMYCOBACTERIAL SHUTTLE VECTOR

2.4.1. EVALUATION OF GFP EXPRESSION LEVELS

2.4.1.1. GFP Fluorescence Study

Relative levels of colony GFP fluorescence were estimated for recombinant M smegmalis and
BCG ApanCD. Colonies were viewed and photographed on a Chromato-vue TM-20
Transilluminator [UVP] at 254nm (UV light) to visualise GFP fluorescerice as a preliminary

indication of GFP expression levels,

2.4.1.2. GFP Western Blot Analysis
Relative levels of GFP expression were determined via duplicate Western blots for

recombinant M. smegmatis and BCG ApanCD,

L.og phase mycobacterial cultures (ODggo 0.5-0.8) were harvested by centrifugation (5000rpm,
10 minutes, 4°C) using the GP Centrifuge [Beckman]. Pellets were washed in 10ml
phosphate-buffered saline {(PBS pH7.4) and centrifuged as before. Cells were resuspended in
imi PBS and transferred to FastRNA tubes [Bio 101] containing 0.1mm zirconia-silica beads
{BioSpec]. Cell were iysed in the FastPrep machine [Bio 101] by four 30 second repeats of
vigorous shaking at speed setting 6. Tubes were cooled on ice between repeats. Following
benchtop centrifugation in the Eppendorf 5415R (14000rpm, 10 minutes, RT) the supematant
was collected and stored in aliquots at -80°C. Protein concentration of all samples was

determined using the D BioRad Quantitation Kit Assay according to supplier's instruction,

Protein samples shown in Table 2.2. were separated by SDS-PAGE on 12.5% denaturing gels
{Sambrook & Russell, 2001) alongside Kaleidoscope Molecular Weight Marker [BioRad]. Gels
were run in triplicate. Equal loading was demonstrated by silver staining one of the three
identical SDS-PAGE gels (Merrill 2f 2/ 1981). A TransBiot semi-dry transfer cell [BioRad] was
used to transfer protein (15V, 40 min) from the remaining two SDS-PAGE gels onto
nitrocellulose membrane. Membranes were pre-incubated in block buffer (1 hour, RT) and
then probed with 8 mouse monodional anti-GFP primary antibody [Roche] diluted 1:1000 in
block buffer (1 hour, RT). Blots were washed three times in wash buffer (3x 10 minutes, RT)
after which they were hybridised with anti-rabbit alkaline phosphatase conjugated secondary
antibody [Sigma] diluted 1:5000 in block buffer (1 hour, RT). Following a second set of
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washes, blots were developed using Nitro blue tetrazolium chloride/ 5-bromo-4-chloro-3-

indolyl phosphate (NBT/BCIP) [Roche].

Table 2.2. Protein samples used for GFP Western Blot Analysis

Use Source Characterigtic Form Amount

Positive Control rM. smegmalis or rBCG ApanCD pHS207*  High GFP-expresser Cell lysate 2ug

Positive Control + MW Standard r£. coff expressing GFP GFP protein Purified protein  15ng
Negative Control v, sregmatis or rBCG ApanCD pHS200%  Non GFP-expresser Cell lysate 2u0
Experimentat rM. smegmabis or tBCG ApanCD pRC100 Unknown Cell lysate 2ug
Experimental rM. smegmatis or 18UG ApanCD pSG300 Unknown Cell lysate 2ug
Experimental rM. smegmalis ar rBCG ApanCD pSG4D0 Unknown Cell lysate 2ug
Experimental rM. smegmatis or rBCG ApanCD pSG500 Unknown Cell lysate 2ug
Experimental rM. smegmatis ar rBCG ApanCD pSGE00 Unknown Cell lysate 2ug

M- Molecular Weight
*Plasmids pHS207 and pHS200 were obtained from Dr Helen Stulz

2.4.1.3. GFP Capture ELISA
GFP expression levels for recombinant M. smegmatis and BCG ApanCD were quantitated by
GFP Capture ELISA performed in triplicate.

Cell lysate was isolated and its protein content quantitated as in 2.4.1.2, Protein samples
used and their experimental functions are outlined in Table 2.3, For quantification purposes,
purified recombinant GFP protein [Clontech] was used to establish a linear standard curve.
Samples were diluted in PBST containing 1% milk powder and incubated in wells of
commercially bought 96-well plates pre-coated with anti-GFP antibody [Pierce] (1 hour,
37°C). Wells were washed four times with PBST using the ELx50 Autostrip Washer [Bio-Tek
Instruments] and incubated with a goat polyclonal anti-GFP HRP-conjugated antibody
[Abcam] {1 hour, 379C), Wells were incubated with 100p substrate [TMB Microwell
Peroxidase Substrate System, KPL] (30 minutes, RT, in the dark) prepared following
manufacturer’s protocol to detect the HRP, The detection reaction was stopped by addition of
1004l of 0.5M H,504 per well. Absorbancies were read in @ PR2100 ELISA plate reader
[Sanofi Diagnostic Pasteur] at 450nm. For each sample, the amount of GFP was extrapolated
from the standard curve and corrected by the dilution factor to determine the percentage of
GFP expressed per total protein sample, Statistica 7 Software Package [StatSoft] was used to
perform statistical analysis on ELISA results,
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Tahle 2.3. Protein samples used for GFP Capture ELISA

Use Source Characteristic Form
Positive Controt rM. smegmalis or rBLG ApanCD pHS207*  High GFP-expresser Cell ysate
Positive Control + MW Standard r&. colff expressing GFP GFP protein Purified protein
Negative Control rM. smegmalis or rBCG ApanCD pHS200*  Non GFP-expresser Cell lysate
Experimental rM. smegmatis or rBCG ApanCD pRC100 Unknown Cell lysate
Experimental M, smegmalis or rBCG ApanCD pSG300 Unknown Cell lysate
Experimental M. smegmatis or rBCG ApanCD p5GAL0 Unknown Cell lysate
Experimental M, sregmatis or 1BCG ApanCD pSGS00 Unknown Cell lysate
Experimental rM. smegmalis or rBCG ApanCl? pSGHO0 Unknown Cell lvsate

MW- Molecular Weight
*PMasrnids pHS207 and pHS200 were obtained from Dr Helen Stutz

2.4.2. EVALUATION OF VECTOR COPY NUMBER

2.4.2.1. Restriction Digest Analysis

To determine relative differences in plasmid copy number, recombinant M. smegmatis and
BCG ApanCP total DNA was digested to compare plasmid fragment to chwomosomal

background intensities.

Total DNA was extracted from 100ml stationary phase cultures of recombinant M. smegmalis
and BCG apanCD. Harvested cultures were washed in 20ml MTB extraction buffer (267mM
monosodium glutamate, 50mM Tris-HCI, 25mM EDTA; pH 7.4) and incubated in 12mi of MTB
extraction buffer supplemented with 100mg lysozyme powder for 5-6 hours at 37°C. Samples
were incubated for a further 14-18 hours at 45°C following the addition of 10pl RNase
{10mg/mi), 400l proteinase K (10mg/mi} and 1.4mi proteinase K buffer (100mM Tris-HCI,
50mM EDTA, 5% SDS; pH 7.8). The sample was extracted with an equal volume of
phenol/chioroform/iscamylaicohol [25:24:1] and total DNA precdipitated in the aqueous phase
by addition of 0.7 volume isopropanol and 350yl of 5M Sodium Acetate. Precipitated total
DNA was resuspended in 1mil TE buffer (10mM Tris-HC, 1mM EDTA, pH 8.0) and exiracted a
second time with an equal volume of phencl/chloroform/iscamylalcohol. Samples were
washed twice with an egual volume of chloroform and total DNA precipitated in the aqueous
phase by addition of 0.7 volume isopropanol and 350ul of 5M Sodium Acetate. Total DNA was
washed with 0.7 volume of 70% ethanol and suspended in 400ul TE buffer. Total DNA
concentrations were estimated by gel quantitation against known concentrations of ADNA
{Roche].
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Eight ug of total DNA from each sample was subjected to a double Ml Xbal restriction
digest. Two-fold dilutions were prepared in TE buffer. A similar restriction digest was carried
out for 300ng of corresponding plasmid DNA. The digested plasmid DNA and two-fold
dilutions of digested total DNA were separated on 1% agarose by gel electrophoresis.
Following electrophoresis the gel was uniformly stained in a 0.05% ethidium bromide
solution. SynGene GeneTools Image Analysis Software Package [Syngene, version 3.00.22]
was used to estimate plasmid fragment intensities relative to chromosomal background

intensities.

2.4.2.2, Qualitative Real-Time PCR
Qualitative real-ime PCR was used to determine relative plasmid copy numbers in
recombinant M smegmatis and BCG ApanCD using probes with 165 chromosome- and GFP

plasmid-specificity respectively.

A 5-VIC labelled TAMRA probe and flanking primers specific to the 165 gene in M
tubercuiosis were available for use (Obtained from Dr Mark Nicol). To ensure that this probe-
primer set designed for M. tubercufosis would be able to amplify the 165 genes of M.
smegmalis and BCG, probe and primers were tested using the online /n siico simulation of
PCR amplification tool (Bikandi ef &/ 2004). The specificity of the probe-primer set for the
165 chromosomal genes in M smegmatis and BCG was verified by sequence homology
searches using the NCBI BLAST algorithm (Altschul ef &/, 1997). The Primer Express software
package [Applied Biosystems] was employed for design of a 5-FAM labelled TAMRA probe
and flanking primers specific to the GFP gene in plasmids pRC100 and pSG300-600. The
DNAMAN bicinformatics sofiware package [Lynnon Blosoft, version 4.0.0.1] was used to

determine the degree of cross specificity.

All real-time PCR ampilification reactions had a final volume of 25ul and included 1x TagMan
Universal PCR Master Mix [Applied Biosystems] and, in various combinations, 0.08uM of 165
probe, 0.3uM of each 165 primer, 0.3uM of GFP probe and 0.8uM of each GFP primer.
Amplification conditions were as follows: an incubation step at 50°C for 2 minutes, a2 Tag
polymerase (Master Mix component) activation step at 95°C for 10 minutes, 40 cycles of a
denaturation step at 95°C for 15 seconds and a combined annealing-extension step at 60°C
for 1 minute. PCR amplification was carried out using the ABI Prism 7000 [Applied

Biosystems]. To determine the linear range for amplification of the 165 gene, ten-fold
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dilutions of M. smegmaltis chromosomal DNA [Obtained from Dr Karen Shires] were used as
template to plot a 165 standard curve of threshold cyde (Ct) versus the log of the amount of
chromosomal DNA. Similarly, ten-fold dilutions of pRC100 plasmid DNA were used to
establish the linear range for amplification of the GFP gene, Template-free controls as well as
probe-primer cross-specificity controls were included. Approximately 20ng of recombinant M.
smegmatis and BCG total DNA samples (See 2.4.2.1. for extraction details) were used as
templates for multiplex real-time PCR performed in duplicate using both the chromosomal
165 and the plasmid GFP probe-primer sets. Results were analysed using the ABI Prism 7000
SDS software package [Applied Biosystems, Version 1]. Baseline was arbitrarily set at a level
higher than background. The difference in threshold cyde (ACY) between the 168 threshoid
cycle (Ct) and the GFP (t was used to determine the fold difference in plasmid copy number

for each recombinant sample relative to the unmodified pRC100 recombinant.

2.4.3. EVALUATION OF VECTOR FITNESS

2.4.3.1. Growth Rate Study

As a preliminary Indication of growth rate, relative colony sizes were estimated for
recombinant M, smegmatis and BCG ApanCD respectively. Care was taken to compare colony
sizes between plates with simifar cell counts since a high density of colony forming units may
limit colony size. Growth rates were more accurately determined by measuring the optical
density of triplicate recombinant M. srmegmaltis and BCG ApancCD cultures over time. 100ml
cultures were inoculated with vigorously growing cells to an initial ODggo of 0.005 (See 2.3,
for culturing conditions}. Measurements were recorded every 3 hours for M. smegmatis
cultures and every 24 hours for BCG ApanCl cultures until stationary phase was reached,

Cultures with an ODgo exceeding 1 ODU were diluted to fall within the linear range.

2.4.3.2. Stability Study
Recombinant M. smegmalis and BCG ApanCD cultures were grown in the absence of
antibiotic selection for 43 generations to assess stability in terms of GFP fluorescence and

antibiotic resistance retention.

Recombinant BCG cultures were grown in duplicate in the absence of kanamycin antibiotic
selection. At an ODgge of approximately 1, cultures were sub-cultured. At each sub-culture
time point ODge was recorded and glycerol stocks were stored at -20°C. Based on the

recorded optical densities, the approximate generation of each culture was calculated
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according to the following equation: Generation = [in (final ODgg) ~ In (starting ODgp)] / In 2
{Widdel, 2007). At each subculture time point, Ziehl-Neelsen staining was carried out on
glycerol stocks to verify that cultures were not contaminated (Sleigh & Timburg, 1998).
Glycerol stocks were used to plate cultures onto media with and without kanamycin selection.
Colonies were viewed on a Chromato-vue TM-20 Transilluminator [UVP] at 254nm (UV light)
to ascertain the percentage of colony forming units which maintained GFP fluorescence.,
Colony counts from plates with and without kanamycin selection were used to calculate the

percentage of colony forming units which retained antibiotic resistance.
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3.1. MODIFICATION OF THE MYCOBACTERIAL REPLICON OF AN £ COLE
MYCOBACTERIAL SHUTTLE VECTOR

The pAL5000-derived mycobacterial replicon typically utilised in episomal £ cof
mycobacterial shuttle vectors was modified in an attempt to improve vector stability and
increase recombinant antigen expression levels. The modifications included :

» Incorporation of the entire rap gene, commonly truncated in £ cofmycobacterial shuttle
vectors, 10 determine the effect on vector stability, copy number and recombinant
protein expression levels

¢ Introduction of a high copy number mutation in an effort to increase recombinant antigen
expression levels

» Inclusion of a transcription terminator downstream of rap to determine whether vector
stability may be improved by preventing transcriptional read-through into the oriE

e Inclusion of a transcription terminator downstream of repB to establish if vector stability
may be improved by preventing transcriptional read-through inte the promoter

region, upstream of the recombinant antigen expression cassette.

In this study, episomal £ coffmycobacterial shuttle vectors pHIGH100 and pRC100 were
selected as the derivative plasmids from which to generate modified expression vectors.
While both vectors’ mycobacterial replicons are based on pAL5000, pHIGH100 was utilised as
the template for bicinformatic searches and subsequent PCR because it contained many of
the elements desired within the modified mycobacterial replicon, including the high copy
number mutation and the full length rap gene (See Fig. 2.1). Plasmid pRC100 provided
expression vectors with a backbone which contained the model GFP recombinant antigen, a

kanamycin resistance gene, and an oriE.

3.1.1, BIOINFORMATIC SCANNING OF THE MYCOBACTERIAL REPLICON FOR
TERMINATORS

The mycobacterial replicon within pHIGH100 further differs from the mycobacterial replicon
commonly found in £ cof-mycobacterial shuttle vectors in that it contains the downstream
flanking regions of the rap and repB genes. Accordingly these regions in pHIGH100 were
analysed using bioinformatics to identify potential intrinsic terminators for rap and 7epB. The
stem-loop/hairpin search tool of the DNAMAN bicinformatics software package [Lynnon

Biosoft, version 4.0.0.1.] was used to scan for terminators comprising a minimum stem
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length of seven paired base pairs and a maximum loop of 35 unpaired base pairs. These
parameters were relatively lenient, considering that a stem length containing a minimum of
12 bp had been defined previously to identify terminators in prokaryotes biocinformatically

(Petrillo et a/, 2006).

3.1.1.1. Identification of a Putative rap Gene Transcription Terminator

A putative transcription terminator was identified 69 bp after the rap gene stop codon in
pHIGH100 (Figure 3.1). The terminator has a poly-U tailed stem-loop structure. This
sequence was consequently included to effectuate transcriptional termination downstream of

rap.

— uGA| .. CCUCGCCCUUUUU

Figure 3.1. Putative poly-U tailed transcription terminator identified for rap.

Arrow indicates direction of rgp transcription, UGA likely stop codon is boxed and ellipses
represent 69 bp.

3.1.1.2. Absence of a repB Terminator

No homology to intrinsic terminator sequences was identified in the region following the repB
gene. Consequently, the M. bovis hsp60 terminator was introduced directly upstream of the
hsp60 promoter, to prevent transcriptional read-through into the promoter of the expression
cassette. Approximately 466bp of DNA downstream of the repB gene was included as this
region contains numerous direct and inverted repeats that could play a role in plasmid

replication and stability.
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3.1.2. SEQUENCING OF THE MYCOBACTERIAL REPLICON OF THE PCR TEMPLATE

The mycobacterial replicon of plasmid pHIGH100 served as the template for PCR amplification
for construction of the modified mycobacterial replicon. Prior to amplification, the nucleotide
sequence of the pHIGH100 mycobacterial replicon was confirmed since the GenBank
pHIGH100 and pAL5000 nucleotide sequences were known to differ from that of the

pHIGH100 used in our laboratory (Personal communication from Dr William Bourn).

3.1.2.1. Identification of an Inconsistency Between Template and Published
pAL5000 Mycobacterial Replicon Sequence

Sequencing of the mycobacterial replicon of the pHIGH100 PCR template revealed an
inconsistency with the GenBank pAL5000 mycobacterial replicon sequence. Within repA, there
exists a triple direct repeat in the GenBank pAL5000 sequence. One of these 12 bp repeats
appeared deleted in the pHIGH100 template such that only a single direct repeat remained
(Fig. 3.2). As expected, the pHIGH100 high copy number deletion was absent in the pAL5000

mycobacterial replicon.

rap terminator

‘ rap repAB

T \‘\\
e .
CGGC s’ pHIGH100 template sequence

o .
A AC pAL5000 GenBank sequence

Figure 3.2. Deletion in repA of the pHIGH100 template.

An alignment of the triple direct repeat is shown; grey shading indicates 100% sequence
homology, blue shading indicates the sequence of the deleted repeat; ellipses represent the
corresponding deletion in pHIGH100.
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3.1.3. PCR AMPLIFICATION OF THE MYCOBACTERIAL REPLICON CONTAINING
FULL RAP AND THE HIGH COPY NUMBER MUTATION

Plasmid pHIGH100 contained three of the modifications required within the final modified
mycobacterial replicon; the high copy number mutation, the full length rap gene and the
putative rap terminator. However, the presence of a second EcoRl site within repd of the
pHIGH100 mycobacterial replicon was undesirable since vectors in our laboratory exploit a
unique FcoRl site positioned at the 3’ end of the promoter region of the expression cassette
which allows promoter elements to be interchanged. Thus, a three-stage PCR strategy (See
Fig. 2.2) was employed in order to isolate the modified mycobacterial replicon from
pHIGH 100, introduce flanking restriction sites to fadilitate subsequent doning, and preserve

the unigueness of the FcoRT site upstream of the promoter.

For all three PCR reactions, products were successfully amplified (Fig. 3.3). With the
exception of the PCR amplification stage two forward primer control (Fig 3.3.B, lane 4),
control reactions did not vield PCR products. The resulting non-specific product from the PCR
stage two forward primer control was approximately 1 kb in size, and thus distinguishable
from the desired product of 1.171 kb. In addition, the non-specific product was absent from
the complete PCR reaction containing the desired product. Sequencing confirmed error-free

amplification of PCR products from stages one and two.

3.1.4. CONSTRUCTION OF AN £ COLEFMYCOBACTERIAL SHUTTLE VECTOR
CONTAINING THE MODIFIED MYCOBACTERIAL REPLICON

The fully modified vector pSG300 was constructed to contain a mycobacterial replicon
characterised by the full length r8p gene and its putative terminator, repd including the high
copy number mutation, repB, and an Asps0 transcription terminator downstream of repB. The
cloning strategy emploved to generate this final vector, outlined in Figure 3.4, was based on
the construction of two sub-clones; pSG100 and p5G200. A series of restriction enzyme
digests confirmed successful generation of sub-clones pSGI00 and pSG200 and modified
expression vector pSG300 (Table 3.1, and Figure 3.5).

3.1.4.1. Construction of Sub-Clone pSG100

The FroRFfree 2.409 kb PCR product of the mycobacterial replicon required for construction
of the modified vector was cloned into pGEM-T Easy to construct sub-clone pSG100 (Fig.
3.4). The desired half of the PCR stage three yield containing the disrupted £coRl restriction
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A B
kb:1 2 3 4 5 6 kb: 1+ 2 3 4 5 6

11.50-14.00 “go.100 | 1150-14.00 5.0-10.0
5.0-6.0
4.50-5.08 40 4.50-5.08

2.84

2.0 1.99
1.70

1.09-1 16 1.09-1 16

kbi1 2 3 4 5 6 7 8 9 10
11.50 -14.00
4.50-5.08

ol

284
1.99

2.409kb

Figure 3.3. PCR Amplification of the Mycobacterial Replicon.

A. PCR Stage one. Amplification of a 1.372 kb portion from the mycobacterial replicon of
pHIGH100 containing part of repA, the entire rgp gene and the putative rap terminator. To
assist in future cloning, primer SGrap-F introduced a flanking M/uf restriction site downstream
of the likely rap terminator, and primer SGrepA-R introduced an arbitrary nucleotide within
the EcoRI site of repA to disrupt it. Lane 1- ADNA/PstI molecular weight marker, Lane 2-
1.372 kb product, Lane 3- No template control, Lane 4- Forward primer only specificity
control, Lane 5- Reverse primer only specificity control, Lane 6- Promega 1 kb molecular
weight marker. B. PCR Stage two. Primers SGrepA-F and SGrepB-R were used to amplify a
1.171 kb portion from the mycobacterial replicon of pHIGH100 which overlapped with the
PCR product amplified in stage one by 150 bp and included the high copy number mutation
within repA, repB and some downstream sequence of repB. To facilitate future cloning,
SGrepB-R introduced a flanking Kpnf restriction site downstream of repB. Lane 1- ADNA/ PstT
molecular weight marker, Lane 2- 1.171 kb product, Lane 3- No template control, Lane 4-
Forward primer only specificity control, Lane 5- Reverse primer only specificity control, Lane
6- Promega 1lkb molecular weight marker. C. PCR Stage three. Equal concentrations of
product from stage one and two served as template for primers SGrap-F and SGrepB-R to
amplify the final 2.409 kb modified mycobacterial replicon, characterised by full length rap
and its putative terminator, repA4, the high copy number mutation, repB, some sequence
downstream of repB and flanking restriction sites with half of the yield containing the intact
EcoRI site and the other half containing the disrupted EcoRI site. Lane 1- ADNA/PstI
molecular weight marker, Lane 2-10- 2.409 kb final mycobacterial replicon product, Lane 10-
No template control.
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Figure 3.4. Overview of the cloning strategy used to generate modified vector pSG300.
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Table 3.1. Confirmatory restriction digests following transformation of £ co¥f and mycobacteria

Expression vector Plasmid size (bp) Enzyme Enzyme sites Product sizes Carried out following transformation of:
E cofi M. smegmatis  BOG apanCD
Sub-clones
pSGL00 5424 EcoRl 52, 2479 2427, 3000 ¥
Kpni Miul 61, 2468, 2523 55, 2407, 2965 o
Salf 1434, 2499 1065, 4359 v
p5G200 4971 Kpnd Mlul 2010, 3922 1912, 3059 v
Xhol 149, 2408, 3959 1161, 1551, 2259 Y
Modified vector
pSG300 5466 Xhol 149, 2752, 4454 1161, 1702, 2603 )
Bglll Hpal 3126, 5355 2229, 3237 v‘
Hpal SpaBI 4590, 5355 765, 4701 \f
Hpal Xbal 4460, 5355 895, 4571
Kpnl Miul 2010, 4417 2407, 3059 {
Miul Xbal 2010, 4460 2450, 3016 ¥
Neol 3588, 4801 1213, 4253 &
Sacl 2636, 3161, 4178 525, 1017, 3924 xf
Intermediate vectors
pRC100 4941 Bglil 2787, 3924 1142, 3799
Hpal SnaBl 4065, 4830 765, 4176 ¥
Miui Xbal 2010, 3935 1925, 3016 J
Neol 3246, 4276 1030, 3911
pSG400 5092 Bolir 2782, 4075 1293, 3795 \’
Hpal 5naBi 4216, 4981 765, 4327 4
Hpal Xbal 4086, 4981 765, 4327
Kpnl Miul 2010, 4073 2063, 3029 y
Mhdd Xbal 2010, 4086 2076, 3016 4
Neol 3244, 4427 1183, 3909
Sacl 2292, 2817, 3834 525, 1107, 3550 +
Sall 2702, 4069 1367, 3572 +
pSG500 5436 Boglif 3126, 4419 1293, 4143 +
Hpal SnaBl 4560, 5325 765, 4671 wl
Hpal Xbal 4430, 5325 855, 4541
Kpnl Mis 2010, 4417 2407, 3029 ¥
Miuf xbal 2010, 4430 2420, 3016 ¥
Neol 3588, 4771 1183, 4253
Sall 3046, 4566 1520, 3916 «!
pSG600 5122 Bolll Hpal 2782, 5011 2229, 2893 ¥
Hpal SnaBl 4246, 5011 765, 4357 N
Hpal Xbal 4116, 5011 895, 4227
Kopnd Ml 2010, 4073 2063, 3059 \f
Miul Xbal 2010, 4116 2106, 3016 ¥
Mool 3244, 4457 1213, 3909
Xhol 149, 2408, 4110 1161, 1702, 2259 N
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Figure 3.5. Restriction maps of sub-clones, intermediate £. co/F-mycobacterial
shuttle vectors and modified E. co/-mycobacterial shuttle vectors.






















































































































































