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were set to identify terminators with a stem consisting of a 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 pHIGHlOO 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 
.... ........... ........ ......... ... ............. ............ --

SGrep8-R 
....................................................... --

(fir + II (epA (epB 

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 1J 

(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 BiosystemsJ by the Genome Platform of the Department 

of Human Genetics, University of Cape Town. Sequences were edited using the Chromas v2.3 

software package [TechnelysiumJ and aligned with the GenBank pHIGH 100 and pAL5000 

[GenBank Accession No: M23557J sequences using the DNAMAN bioinformatics software 

package [Lynnon Biosoft, version 4.0.0.1]. 
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Mlu! 

, SGrap-F Forward Sequendng of PCR Template pHIGHIOO 5' ~ GTT GGA TTC GGA GAC MG C 3' 

PeR Amplification Stage 1 + 3 

Sequencing of PeR Product from Stage 1 

'SGrepA-R Reverse Sequencing of PCR Template pHIGHIOO 5' TCG TTG CAC GGA TCG3' 

PeR Amplification Stage 1 

Sequendng of PeR Product from Stage 1 

, SGrepA-F Forward Sequencing of PeR Template pHIGHI00 5' TTC GAT TCC GTC AGG TTG TG 3' 

PeR Amplification Stage 2 

Sequencing of PeR Product from Stage 2 

Kpnl 
, SGrepB-R Reverse Sequencing of PeR Template pHIGHI00 5' ~ GM ACA TGC GCA ACG MC 3' 

PeR Amplification Stage 2 + 3 

Sequencing of PCR Product from Stage 2 

T7 Forward Sequencing of pSGIOO insert 5' TM TAC GAC TCA CTA TAG GG 3' 

.' Primers were designed with the aid of Primer Design SOftware Package [freeware, Version 1. J 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 disrupt £CoRl 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 tnree-st<lloe PeR c:+ .. :.t.,rnl was ol'Tln.n'"on to :::om,nlll"\1 the copy number my,cot)ad:enal 

it for ;:'UI.J;>C:\.IUCI PeR 

PCR 2400 was carried out 

The various utilised for PeR are tabulated in Table 2.1. 

2.1.3.1. One 

A 1.372 kb rap, a rap terminator and a of was 

from of DNA was used as 

tpnnnl:::Itp in a final reaction volume of and 

0.2mM of the four de()xv-nuclec)tidles, 0.125U Pfu DNA 

1x Pfu reaction buffer of 4mM and DMSO. PCR conditions 

consisted of an initial for 3 minutes followed of 

denaturation at for 30 at 

for 2 minutes and 50 seconds Inl"',..,,, .. ::II'1.fl 5 seconds per and a 7 minute 

extension at To facilitate the forward 
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introduced an MluI site downstream of the rap terminator. The reverse 

R introduced an nucleotide within the EcoRI site to it. This was 

done to preserve the of a seoond EcoRI at the 3' end of the 

of the to enable future of 

n ... ",m",.!'o ... elements in our I",hn ... ~,tn, .. , Three nor''''!'I\''''' controls were n"""t'I.OII\I a 

!":"'nnl:"l'o.It ... ~."" contamination control and two nn".c, .. .,..,ifir 

reverse and forward 

verified :>rr'nrrl,inn 

the 

was 

2.1.2. for 

2.1.3.2. Amplifica1t1on Two 

the 

of 

two a 1.171 kb It",:>,nm",nl' was ::omnlifl<>rl from which '''I<>I'I::onn<>I"I with 

::omnlif'iorl in one 150 The PCR 

copy number the entire gene and some 

sequence downstream of Conditions were consistent with those outlined for one 

that and were used and time was decreased to 

2 minutes and 20 seconds. To assist in later a site was introduced the 

reverse one, a oontamination oontrol and two 

controls were included. PCR size was confirmed 

the PeR ::omnlifir:>'"inn 

2.1.2. for 

2.1.3.3. AmlDunaltlClln Three 

The final modified three was rh::o,r:>rt",ri 

the copy number the full and rap genes( the rap 

terminator and restriction sites. Aside from the noted 

conditions were oonsistent with those outlined for one. A mixture of 

of each one and two served as Forward and 

reverse were used. time was increased to 4 minutes. While a 

oontamination oontrol was oontrols were unnecessary since 

Te""'"'"'T''''' and three had been tested either in one 

or two. Because ooncentrations of from one and two were used as 

the EcoRI site was in the half of the which had been :>mnlifl<>rl 
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Stage 1 ML 
... ..... ~ 

SGrap-F SGrepA-R 

rap ~ /I (epA repB 

2403 
EcoRI 

1 
Mlul 

I lap + rt (epA repa 
I 

1 

Kpnl 

•• . ..... ~ I 
Stage 2 SGrepA-F SGrepB-R 

lap t 1/ repA rep8 

2403 

1 
Kpn I 

(epA (epa 
I • HI 2409 

EcoRI 

Stage 3 Mlul 

I rap + It SGrepB-R 
.. ........ ... .. .... ...... ............. .. ....... ... .. .. ~ 

Kpn I 

SGrap-F (epA (epB 
I ~ ...... .. .. .... ... • HI 2409 

/ 
EcoRI 

Mixed yield 

Mlu I Kpn I Mlu I Kpnl 
f Ap ~ It (epA (epB I faD + It repA (epB I 

I 
HI 2409 HI 2409 

£CoRl 

Figure 2.3. Stylised Diagram indicating the peR amplification strategy. 
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from the one PCR nm,orc,o,\I the second half of the contained an intact 

EcoRI site since the 

size was confirmed 

the ::Im,nlif'lIPI1 fr::l.nm,pnt was 

two acted as its The PCR 

was not carried out at this as 

2.1.4. CONSTRUcnON OF THE MODIFIED E. COLI-MYCOBACTERIAL SHUTTLE 

VECTOR 

General recombinant used in are outlined here. Vectors and DNA 

t'I"::I/,m".nT'<:: were restriction enzymes as per 

instruction. sizes were determined resolution on a 

1 % agarose either a 1 kb marker 

diglestE~ with Pst!. Desired were from agarose Gel 

Extraction Kit or from reaction mixes Purification Kit 

cells 

et al 

to the ::>U1-'i-'lIt:u nlcnt"lrI"Il 

from the BioVac were made rnrnn.>tIPI~t 

In""tll~r\<:: were transformed into mln ...... 1-"" .. !" 

for 

transformants were selected transformed cells onto 25ml of 2YT 

NaCI per litre of solid medium with 

n::lnnvron and at 37 Selected colonies were used to inoculate 1ml of 2YT 

.nnl ..... ''''nt'''l1 with and incubated at 370C with 

for aeration. Small amounts of DNA were isolated from initial 

transformants with a resistant nho,nn!"\lnQ the alkaline method of Ish-

Horowicz and Burke and used to conduct e .. r,nl"llil",,..,, c:rr,ppn,inn restriction 

The Nudeobond /lJ( PC-Kit was used to the ::>U1J'i-'lIt:u 

nrr;,r,."..r.' to isolate 

tra nsforma nts. 

amounts of n ...... """<1 DNA from 100ml cultures of confirmed nne:',I\,'''' 

2.1.4.1. Construction of SUb-Clone 

An EcoRI was no",tn .. ",,011 to isolate the EcoRHree half of the 2.409 kb final PCR 

from three. The EcoRHree PCR was The 

resultant isolated T'r::l,nm",nT' therefore consisted of a mycot)adte r"'niljr .. 1n modified to lack 

an EcoRI site and contain the full rap gene, its the copy number 
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modified mY4:oblactE~rial 

and doned into the 

insert to vector ratio 

mixes were onto 2YT 

and 

to the 

media 

25 

genes. To sub-clone this 

was A-tailed 

I] at a 1: 1 

the manufacturer. Transformation 

with O.5mM IPTG and 

The identification of desired transformants as white colonies was 

facilitated selection for laOtoslaa~;e insertional inactivation and alT"nlr'lII resistance 

A SaIl was used to confirm insertion of the 

in the correct orientation. The insert in the 

sub-clone was the modified vector oS(33(JIO before its use in 

and universal SP6 and 17 section 2.1.2. for 

2.1.4.2. Construction of Sub-Clone .., .... "' ...... .., 

Sub-clone p5(32CIO was ",,,,, .. "'~:>t-"'.rI to introduce a t-r:>n.,,"ri terminator t-nllnu,inl"f the 

gene within the my,cottaOterial rc • .-.Ii."" ... luclleoltidE~S were to create a M. bovis 

tr;!ln<:r1rint'inn terminator similar in sequence to that 

luclleo1tidE~ were n"":IlUl<"rl to 

nh(~"nhn'"\/I",t",rl 5' ends to assist In ",rlfliti,.,n 

and Xbal 

an internal XhoI site 

was inr,n~nn .. ",t",,", to allow confirmation of the presence of the terminator via restriction 

were annealed 

luclleoltidE~S in STE Buffer 

The reaction mix was heated to 9SoC and allowed to cool 

of structure. To the 

t .. ""nc:rrint'inn terminator were 

concentrations of 

1mM 

to nrl"'VP'"lT the formation 

at as: 1 insert to vector ratio to 

the backbone of vector U"'_.l.\J'V which was isolated tnlll'\\Al,nl"f 

The vector backbone contained a gene on,'nrlinn a resistance gene, 

an oriE and an unmodified myco[)aocenal ,..""t",;nir,,., a truncated rap gene, the 

gene, the gene and the copy number mutation ........ '-,\..'-'~..." insertion of the 

terminator was confirmed an >thaI restriction 
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S'-CGAGGAGCCCGGTCCCTTI GTGG GGCCGGGCTCCTCCTCGAGT -3' 

1111111111111111111111111111111111111111111 
3'-CATGGCTCCTCGGGCCAGGGAAACACCCCGGCCCGAGGAGGAGCTCAGATC-S' 

KpnI XhoI Xba I 

Figure 2.4. Annealed oligonucleotides with overhangs. 

Restriction sites KpnI, Xhol and Xbal are highlighted. 

2.1.4.3. Construction of Modified Vector pSG300 

The E.colf-mycobacterial 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 KpnI Mlulsequential 

digest of pSG100 preceded isolation of the modified mycobacterial replicon fragment 

consisting of the high copy number mutation and full length rap. A KpnI Mlul sequential 

digest of pSG200 was used to isolate the vector backbone containing the hsp60 transcription 
-

terminator. The modified mycobacterial replicon was ligated at a 1: 1 insert to vector ratio to 

the modified backbone at the KpnI and Mlul restriction sites to create the vector pSG300. 

This optimised expression vector was mapped using the Xholrestriction site. 

2.2. CONSTRUCTION OF INTERMEDIATE E. COLI-MYCOBACTERIAL SHUTTLE 

VECTORS 

Three intermediate E. calf-mycobacterial shuttle vectors were constructed for use in specific 

evaluation of each of the modifications made to the mycobacterial replicon in the optimised E. 

calf-mycobacterial 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 rap, was obtained following a 

sequential digest of intermediate vector pSG600 (Details of pSG600 construction are given 
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below) with Kpnl and Mlul A backbone fragment containing the hsp60 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 Kpnl and Mlul was performed to confirm the 

conservation of sites and additional confirmatory restriction analyses were carried out using 

Sail and 8gl11 

2.2.2. CONSTRUCTION OF INTERMEDIATE VECTOR pSG500 

Intermediate vector pSGSOO was constructed to determine the effect of including the full 

length rap gene in the mycobacterial replicon. Since pSGSOO 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 pSGSOO was constructed 

using optimised vector pSG300 and unmodified vector pRClOO. Following a sequential digest 

of pSG300 with Kpnl and MluI, the high copy number fragment containing full length rap, 

repA and rep8 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 pSGSOO. Restriction enzyme mapping using Kpnl 

and Mlul was performed to confirm the conservation of sites and a further Sail 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 hsp60 terminator following rep8 within the mycobacterial replicon. Plasmid 

pSG600 differed from pSG400 in that it contained the hsp60 terminator but was otherwise 

identical. Therefore, these vectors could be directly compared to appraise the effect of 

including the hsp60 terminator. Vector pSG600 was created from modified vector pSG300 and 

unmodified vector pRClOO. Following a sequential digest of pSG300 with 8gl11 and HpaI, a 

fragment containing repA and the high copy number mutation, rep8, the hsp60 terminator, 

the hsp60 promoter and GFP was isolated. A fragment containing kanamycin resistance, oriE 

and truncated rap was gel purified from similarly digested pRClOO. The two fragments were 

ligated at a 3: 1 insert to vector ratio to yield intermediate construct pSG600. Restriction 

enzyme mapping using 8gl11 and Hpal was used to confirm conservation of restriction sites 

and Xhol endonuclease digestion was used to confirm the presence of the hsp60 terminator. 
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2.3. TRANSFORMATION OF E. COLI-MYCOBACTERIAL SHUTTLE VECTORS INTO 

MYCOBACTERIA 

Modified vector and intermediate 

and were transformed into M. the 

BioVac and M. boy's BCG Pasteur from Dr 

William Jacobs cells cells 

were Parish and 

with DNA Gene 

Puiser™ at and 1000.0. In order to obtain 

cells were onto 35ml of Middlebrook 7HIO solid medium 

with oleic-acid albumin dextrose and 

Plates were from 

and ;::'U,-,';::o<;;;\,IU<:::' incubated at 370 C for two to three sm,eQlnal7s or three to four 

weeks for BCG formation. Colonies were used to inoculate Middlebrook 

medium t:>m.:>nb>l1 with OADC and ,,,mPOlnl'lf'l,, and BCG 

LU""" , .... ,'"" cultures were further , ........ It:>"'."'ntM with tween80 or 

to reduce cell BCG cultures were 

with and Cultures 

were incubated at 370 C with in order to minimise cell 

of 0.4-1.0 was reached. For M. smealnat1s this took one to two and 

Pure for BCG 10 to 25 

Plasmid Isolation Kit 

Plasmid DNA was isolated from transformants 

to the method described 

the 

Parish and 

Stoker Because my,cotlad:eri,al nli;:tc:rnil1 is 

DNA was used to transform E. co/ifor "'u .. '''''''''~u<;;, verification. Recombinant n,,,,'=rn,,,,,, isolated 

m"' .... n~.r1 with restriction enzymes to confirm their n"'n",,..,., structure. from E. coli were 

In ",r1 ... liti",n a XbaI restriction was carried out c:n~"ifiir;:tllv to confirm 

the of the GFP gene. 
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2.4. EVALUATION OF THE MODIFIED E. COLI-MYCOBACTERIAL SHUTTLE VECTOR 

2.4.1. EVALUATION OF GFP EXPRESSION LEVELS 

2.4.1.1. GFP Fluorescence 

Relative levels of GFP fluoresoence were estimated for recombinant M. smegr.na1.7S 

BCG Colonies were viewed and on a Chromato-vue TM-20 

Transilluminator at 254nm to visualise GFP f1uorescenoe as a 

indication of GFP pvr\rp'::cll'.n levels. 

2.4.1.2. GFP Western Blot An,::;I"!I:!!!: 

Relative levels of GFP 

recombinant M. smealnalts 

were determined via Western blots for 

mycot>adterial cultures were harvested 

10 the Pellets were washed in 10ml 

as before. Cells were esulsp€:ndE~d in 

1ml PBS and transferred to FastRNA tubes O.lmm zirconia-silica beads 

[Bi()Spec]. Cell were four 30 second of 

at 6. Tubes were cooled on ice between .. ",n,::o",h:: 

in the I"n ... "nrlnM' 5415R 10 

was collected and stored in at -Sooc. Protein concentration of all was 

determined the Oc BioRad ,;:,nirit;:,irinn Kit to instruction. 

Protein shown in Table 2.2. were """"''''I'"",t",rI 50S-PAGE on 12.5% 

::Ilnnn<:it1p Kalleld()sc()pe Molecular Marker Gels 

were run in tri~)licc~te. 

identical 50S-PAGE 

used to transfer 

was demonstrated one of the three 

A TransBlot c<>n,,-t'l,n.1 transfer oell 

40 from the two 50S-PAGE 

was 

onto 

nitrooellulose membrane. Membranes were in block buffer (1 and 

then with a mouse monoclonal anti-GFP nrIlTl;:!''V " .. ,t-Ihrvl" diluted 1:1000 in 

block buffer (1 Blots were washed three times in wash buffer 

after which were with anti-rabbit alkaline nh ... ,cnl",;:,t::>""" 

diluted 1:5000 in block buffer (1 I"nlllnlA,'lnn a second set of 
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blots were ne1Jell)nF'n Nitro blue tetrazolium 5-bromo-4-chloro-3-

Positive Control rH. smegmatisor rBCG I'1panCDpHS207* High GFP-expresser Cell lysate 

Positive Control + MW Standard rE. coli expressing GFP GFP protein Purified protein 

Negative Control rH. smegmatisor rBCG I'1panCDpHS200* Non GFP-expresser Cell lysate 

Experimental rH. smegmafisor rBCG I'1panCDpRC100 Unknown Cell lysate 

Experimental r M. smegmafis or rBCG I'1panCD pSG300 Unknown Cell lysate 

Experimental r H. smegmatis or rBCG I'1panCD pSG400 Unknown Cell lysate 

Experimental r H. smegmafis or rBCG I'1panCD pSG500 Unknown Cell lysate 

MW- Molecular Weight 

'Plasmlds pHS207 and pHS200 were obtained from Or Helen Stulz 

2.4.1.3. GFP Cal,tUl'e ELISA 

GFP t:>vr)Ft:><~<::i('\n levels for recombinant M. .t;mea/nalit; BeG '''-''7I1LI1 were 

GFP ELISA n.:>ITnr'ml=lI1 in .... i .... Ii,.."·t'" 

Cell was isolated and its content l::In!tit::ltM as in 2.4.1.2. Protein <::::Innnl,><:: 

used and their functions are outlined in Table 2.3. For purposes, 

recombinant GFP was used to a linear standard curve. 

were diluted in PBST 1 % milk and incubated in wells of 

96-well with anti-GFP (1 

Wells were washed four times with PBST 

and incubated with a 

Wells were 

the ELx50 

anti-GFP 

with 

Peroxidase Substrate in 

manufacturer's nrnrnrnl to detect the HRP. The detection reaction was stoDDE~ 

per well. Absorbandes were read in a PR2100 ELISA 

at 450nm. For each the amount of GFP was 

Microwell 

addition of 

reader 

from the standard curve and corrected the dilution factor to determine the of 

GFP Statistica 7 Software was used to 

n.:>rTnrlm statistical ::In;uv<::l<:: on ELISA results. 

2jJ.Q 

15ng 

211g 

211g 

2119 

211g 

2119 
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Positive Control rM. smegmatisor rBCG apanCDpHS207* 

Positive Control + MW Standard rE. coIiexpresslng GFP 

Negative Control rM. smegmatisor rBCG apanCDpHS200* 

Experimental rM. smegmatfsor rBCG apanCDpRCI00 

Experimental rM. smegmatlsor rBCG apanCDpSG300 

Experimental rM. smegmatfsor rBCG apanCDpSG400 

Experimental rM. smegmatlsor rBCG apanCDpSGSOO 

MW- Molecular Weight 

*Plasmids pHS207 and pHS200 were obtained from Dr Helen Stutz 

2.4.2. EVALUATION OF VECTOR COPY NUMBER 

2.4.2.1. Restriction Diolest AnaIV'SIS 

31 

High GFP-expresser Cell lysate 

GFP protein Purified protein 

Non GFP-expresser Cell lysate 

Unknown Cell lysate 

Unknown Cell lysate 

Unknown Cell lysate 

Unknown Cell lysate 

To determine relative differences in nB,",'o;;rnlln copy recombinant M .. <:""POm;;,ti<: and 

BCG /\l""IILLI total DNA was to compare to chromosomal 

intensities. 

Total DNA was extracted from 100ml c::t::llrinni::lN cultures of recombinant M. sm,egt:nal7S 

and BeG Harvested cultures were washed in 20ml MTB extraction buffer 

monosodium 

extraction buffer 

50mM and incubated in 12ml of MTB 

I'J"''''''''Jm<> rV'nAlt'le>r for 5-6 hours at 37"C. 

were incubated for a further 14-18 hours at 45"C I'nlln"",nn the addition of RNase 

50mM 

nrr,tl"in::l<:'<> K buffer 

was extracted with an volume of 

and total DNA nr"'riM.it::l·~",rI in the aqueous 

addition of 0.7 volume lc::nr\rnr\::In,nl of 5M Sodium Acetate. PrecipitatE!d total 

DNA was esu!spe~ndE~d in 1 ml TE buffer and extracted a 

were second time with an 

washed twice with an volume of chloroform and total DNA nr".,.i.."it",;rori in the aqueous 

addition of 0.7 volume ,,,nY'my,,,,n,nl and of SM Sodium Acetate. Total DNA was 

washed with 0.7 volume of 70% ethanol and TE buffer. Total DNA 

concentrations were estimated known concentrations of ADNA 
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I-1g of total DNA from each was sut:ljected to a double MluI XbaI restriction 

Two-fold dilutions were ... ,.." ... :>," .. ,; in TE buffer. A similar restriction was carried 

out for of DNA. The DNA and two-fold 

dilutions of total DNA were "'<> ... "" .. "'TO>" on 1 % agarose 

the stained in a 0.05% ethidium bromide 

solution. """,,.~·n., GeneTools 

was used to estimate nl:::acrnil'l 

intensities. 

2.4.2.2. OUiillitath,e Real-Time peR 

Software P.:::.r·k'.:::." .. version 

intensities relative to rh",I'\rn,r\cnrn:>1 

real-time PeR was used to determine relative copy numbers in 

recombinant M. and BCG with 165 chromosome- and GFP 

A 5'-VIC labelled TAMRA and 1'1"",l.-il'1'" to the 165 gene in M. 

tuberculosis were available for use from Dr Mark To ensure that this 

set for M. tuberaJlosis would be able to "' ....... ,,"'\r the 165 genes of M. 

smeat:nar.rs and and n,.in~"' .. o:: were tested the online in silica simulation of 

PeR tool The 0::""".1"11'" .... ,1'>1 of the set for the 

165 chromosomal genes in M. smearnatis and BCG was verified sequence hnrnnll""" 

searches the NCBI BLAST The Primer software 

was of a 5'-FAM labelled TAMRA 

and nrin,,,,,.c c....,,~ifir to the GFP gene in nl::.,::rn;.;" U''' ..... JlUU and 05(;300-6100. The 

DNAMAN bioinformatics software oac:kaCle version was used to 

determine the of cross soE'clti,cltv 

reactions had a final volume of and included 1x All real-time PeR .:::.mnlll',r.:::.I', 

Universal PeR Master Mix in various N"Ir"hir,:>ti,r\nc 

of each 165 and of each GFP 

conditions were as follows: an incubation 

of 165 

Mix activation at of a 

denaturation at for 15 seconds and a combined :>n, ... ",,,,iin/,_,,,·,,t,,,,nci, ... n 

for 1 minute. PCR was carried out the ABI Prism 7000 

To determine the linear range for of the 165 gene, ten-fold 
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dilutions of M. sm,eglnalls chromosomal DNA lln:t:: .. r>OI'I from Dr Karen were used as 

",' •• ,n, .... '· to a 165 standard curve of threshold versus the of the amount of 

chromosomal DNA. ten-fold dilutions of DNA were to 

establish the linear range for .:>m,nlifir:;:rl';nn of the GFP gene. T .. , ..... nl.:>til>_f .. """ controls as well as 

crclss-,sOl~ciflcitv controls were included. of recombinant M. 

,<;m,ear:n!'lfi[<; and BeG total DNA 2.4.2.1. for extraction ........ ~,;. .. ,,>J were used as 

' .... ,.,1-1',." real-time peR ng,."fnr"ml!>t1 in 

165 and the ",::..,mln nrr,n",_nr,rn<"" sets. Results were "n:.,,,'=n 

both the chromosomal 

the ABI Prism 7000 

SDS software Version Baseline was set at a level 

than The difference in threshold between the 165 threshold 

and the GFP Ct was used to determine the fold difference in copy number 

for each recombinant relative to the unmodified 

2.4.3.2. !IiiOl'ahili'N 

Recombinant M. and BeG cultures were grown in the absence of 

antibiotic selection for 43 n""1i1> .. .:>t;"nc: to assess in terms of GFP fluorescence and 

antibiotic resistance retention. 

Recombinant BeG cultures were grown in in the absence of antibiotic 

selection. At an of I, cultures were sub-cultured. At each sub-culture 

time was recorded and stocks were stored at -20°C. Based on the 

recorded the of each culture was calculated 
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::::.rr'nrl1iinl"l to the Generation In lin 2 

At each subculture time Ziehl-Neelsen was carried out on 

.."",r", .. ,,," stocks to that cultures were not contaminated 

htvn:mnt stocks were used to cultures onto media with and without selection. 

Colonies were viewed on a Chromato-vue TM-20 Transilluminator at 254nm 

to ascertain the of units which maintained GFP fluorescence. 

with and without selection were used to calculate the 

1'1' .... 'rnl ... " units which retained antibiotic resistance. 
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3.1. MODIFICATION OF THE MYCOBACTERIAL REPLICON OF AN E. COLI­

MYCOBACTERIAL SHUTTLE VECTOR 

36 

The utilised in £, coli-

mycotladterial shuttle vectors was modified in an to vector and 

increase recombinant levels. The modifications included : 

• of the entire rap genet truncated in £, my<:oO<:lctE!nal shuttle 

to determine the effect on vector staDIII1-;V 

pVf)rp'::C::i(,ln levels 

copy number and recombinant 

• Introduction of a copy number mutation in an to increase recombinant .::.ntll'l",n 

,''''fl • .,.,,,I,,.n levels 

• Indusion of a "!"::II""r"'nf',nn terminator downstream of rap to determine whether vector 

into the oriE 

• Indusion of a ""r'nl"",,, terminator downstream of to establish if vector 

may be .""'F.-U/a,., into the 

Inc::t'I"P:::Im of the recombinant ::lI"!-'no .... 0".,,.0'""''''', cassette. 

In this ",ni.:nml::.l £, my(:0b<3ctE!rial shuttle vectors and 1J"'~.l.\J'V were 

selected as the derivative from which to vectors. 

While both vectors' are based on was utilised as 

the for bioinformatic searches and peR because it contained many of 

the elements desired within the modified the copy 

number mutation and the full rap gene Plasmid "''''_.L,,'Y n'·n\II'''...., 

",vr,,,,,,',c:irln vectors with a backbone which contained the model GFP recombinant a 

nannvr.n resistance gene, and an oriE. 

3.1.1. BIOINFORMATIC SCANNING OF THE MYCOBACTERIAL REPLICON FOR 

TERMINATORS 

The mycotladterial """nlllonn within further differs from the mYCO[laOCenal "~'nli,-nn 

mrrlnnlV found in £, shuttle vectors in that it contains the downstream 

.... fl.nn", of the rap and these in were 

bioinformatics to intrinsic terminators for rap and The 

search tool of the DNAMAN bioinformatics software oaC:Ka<le 

version 4.0.0. was used to scan for terminators rnrnn,'ic:irll'l 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 bioinformatically 

(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. 

G G 
A T 
A G 

G-C 
U-A 
G-C 
G-C 
C-G 
G-C 
U-A 

~ C-G 
rap-~ ... C - G CCUCGCCCUUUUU 

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

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

3.1.1.2. Absence of a repBTerminator 

No homology to intrinsic terminator sequences was identified in the region following the rep8 

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 rep8 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 pHIGH 100 mycobacterial replicon was confirmed since the GenBank 

pHIGH100 and pAL5000 nucleotide sequences were known to differ from that of the 

pHIGH 100 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 pALSOOO mycobacterial replicon sequence. Within repA, there 

exists a triple direct repeat in the GenBank pALSOOO 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 pALSOOO 

mycobacterial replicon. 

rap terminator 

I 

pHIGH100 template sequence 

AGig::jAC:G(~I:& •••••• ~~GQ!M,CGiG<;~d pALSOOO 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 100 contained three of the modifications within the final modified 

the copy number the full rap gene and the 

rap terminator. the presence of a second EcoRI site within of the 

100 my,cot)adterial r"" .. U'-.... n was undesirable since vectors in our l"'n' ... r"'!· .... 1"V a 

cassette at the 3' end of the 1"1"",,.,.,,,.1'0.- of the ovrwo.=", 

which allows nl'l',ml'.t",,. elements to be a mn:!e-!;tacle PeR d",.:.t"",V 

in order to isolate the modified 

introduce restriction sites to facilitate ;:'UI...:>t::I..IUC! 

the of the EcoRI site of the nn"',mr.t", .. 

For all three PeR 

two forward 

control reactions did not peR 

two forward 

from the desired of 1.171 kb. In adcllticln 

the peR reaction r .... n'l":::I1I111nl"l 

ifir:::otirln of peR from one and two. 

from 

and preserve 

With the 

lane 

from the PeR 

was absent from 

confirmed error-free 

3.1.4. CONSTRUCTION OF AN E. COLI-MYCOBACTERIAL SHUTTLE VECTOR 

CONTAINING THE MODIFIED MYCOBACTERIAL REPLICON 

The modified vector was constructed to contain a 

characterised the full rap gene and its 

copy number t .. ""nerrinl·i .... n terminator downstream of The 

outlined in was based on 

the construction of two sutl-Cic:mes: 1,J,;;>UJlVV and pS(;200. A series of restriction enzyme 

confirmed successful of sub-clones and and modified 

"'vr"I'",.:cir'nvectorlJ~'~J~'V 

3.1.4.1. Construction of Sub-Clone 11" ... ' .......... '" 

The EcoRHree 2.409 kb peR 

of the modified vector was cloned into 

The desired half of the PeR three 

for construction 

to construct sub-clone .... "", ..... "" .. 

rnnf'::III1Unn the EcoRI restriction 
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A 
kb: 

B 
kb: 23456 2 3 456 

0.0 

75 

c kb: 1 2 3 4 5 6 7 8 9 10 

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 rap gene and the putative rap terminator. To 
assist in future cloning, primer SGrap-F introduced a flanking MluIrestriction 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 pHIGHlOO which overlapped with the 
peR 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 KpnI restriction site downstream of repB. Lane 1- ADNN Pst! 
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 1kb 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, repA, 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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I r"f: rr repA repB 
I qa • 

Kpn I 

! 
1 HI 2409 

Amplification product 

Mixed yield 

Mlul Kpnl 
rap + It repA repB I j. I 

1 HI EC~RI 2409 

Amplification product 

EcoRI 
digested; 

uncut fragment 
gel purified 

Mlul 
i", II repA repB 

HI 
Amplification product 

Kpnl 

I 
2409 

Poly-A tailed + ligated into 
pGEMT-Easy at Kpnl Mlul sites 

Kpnl Xbal 

I Xhol 

hsp60 terminator 43 

Mlul 

Kpnl 
Sail 

0'" + If ..... ~tri ...... 

-G 
RBS 0 

hsp60 If hsp60 Pr , 
hoI I ' 

Kpnl 

• r oriE 

41 

yIp .,1 ......... 1-;-1 ..... 

RBS 0 
hsp60 Pr 

h 601f{ Xba I ' 
sp Kpn I pRC100 

4941bp 

oriE 

/. u,,<'nrod f7Jp 

Terminator ligated into 
pRe 1 00 at Kpnl Xba I sites 

Figure 3.4. Overview of the cloning strategy used to generate modified vector pSG300. 
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Figure 3.5. Restriction maps of sub-clones, intermediate E. coli-mycobacterial 

shuttle vectors and modified E. coli-mycobacterial shuttle vectors. 




































































































