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Abstract 

Johne's disease is a chronic, progressive enteric d isease of ruminants caused by 

i n fect ion wi th Mycobacterium avium subspecies paratuberculosis (M. ptb) from the 

M AIS complex (M. avium, M. ptb, M. intracellulare and M. scrofulaceum) .  The lack of 

speci fic and sensit ive diagnostic tests often l eads to M. ptb i nfected an imals being 

diagnosed with bovi ne tuberculos is ,  a member of the MTB complex (M. tb, M. bovis, 

M. bovis BCG, M africanum, M. microti and M. canetti). Secreted proteins from 

pathogenic mycobacteria have been found to be important for the development of 

protect ive immunity, namely a ce l l  mediated immune response (CM I ) .  The 

development of rel iable d ifferent ia l  diagnost ic tests w i l l  requ i re the use of species

speci fic  secreted prote in  antigens and the CMI response. 

Due to the taxonomic distance between the MAIS and MTB complexes our 

hypothesis was that the M. ptb genome may encode for secreted proteins that are absent 

from members of the MTB complex .  If such proteins can st imulate an immune response 

they may be suitable for use as antigens i n  a d i fferential diagnost ic test for Johne ' s  

d i sease .  To thi s  end, the secreted protein  l ibrary c lone pJEM 1 1 -M. ptb28 1 was 

exami ned and its i nsert found to contain the 5' region of the hypothetical M. ptb28 1 

ORF fused i n  frame with phoA. The ent i re ORF was determined  using M. avium and M. 

ptb database sequences then c loned i nto E. coli and mycobacterial express ion systems. 

These systems i ncorporate 6x h ist id ine ( H i s6 )  affin ity tags i nto recombinant proteins 

al low ing them to be semi-purified by N i -NTA affin i ty chromatography. Semi-purified 

recombinant proteins  tested pos i t ive by western blot analysis to h igh ly  speci fic anti

H i s6-tag antibodies .  Amino aci d  sequencing to confirm the identity of these 

recombinant protei ns and screening for thei r  abi l ity to st imulate an i mmune response 

were prevented by t ime constraints .  

Homologs to M. ptb28 1 were absent from M. tb, M. bovis and M. bovis BCG but 

present i n  the M A IS complex, making this protein unsuitable for use as an antigen to 

d ifferentiate between MAIS complex species in a diagnostic test .  M. ptb28 1 homologs 

found  in the genomes of two members of the Acetomycetes order corresponded to 

hypothetical proteins predicted by computer software programs trained to identify 

genes, which may indicate that the hypothetical M. ptb2 8 1 ORF may encode a 

funct ional prote in .  
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1.1 Johne's Disease 

Chapter 1: Introduction 

Johne ' s  d isease, otherwise known as paratuberculosis i n fects wild and domest icated 

ruminants such as cattle ,  sheep and goats, as wel l  as deer, antelope, lamas and b ison on 

a worldwide scale. The cau sative agent  of Johne's d isease i s  the obl igate parasi te and 

pathogen Mycobacterium avium subspecies paratuberculosis (M. ptb) ( 1). Johne's 

d isease i s  an infectious chronic enterit i s  characterized by an i ncubation period that i s  

usual ly  measured i n  years which i s  untreatable and invariably fatal .  The d isease has 

been recognized as a s ign ificant condi tion of rum inants for over a century but 

knowledge of the biology of  the causati ve organi sm and host response to i nfection has 

remained l im ited (2). 

1.1.1 The Organism 

M. ptb belongs to the taxonomic group from the Actinomycetales order that 

i nc ludes the pathogenic genera of Corynebacterium, Mycobacterium, Streptomyces and 

Nocardia. Within the mycobacteria taxon i s  the M A IS complex which inc ludes 

Mycobacterium avium (M. avium), i ts derivat ive M. ptb, M. intracel/ulare and M. 

scrofulaceum. M. ptb is genotypically disti ngui shed from M. avium i ts  c losest re lat i ve 

by the presence of 15-20 copies of an insertion element ( IS )  designated IS900 (3). As a 

weakly gram-posit ive rod shaped bacterium 0.5 J.lm wide and 1.5 J.lm in  length,  M. ptb i s  

resistant to  dry ing, ac i d  condit ions, certain dis infectants and can survi ve for months i n  

water, so i l  and faeces (4). 

1.1.2 H istorical Background 

I n  1895, Johne and Frothingham were the first to c learly describe paratuberculosis 

in a cow with chronic  enterit is  ( 4 ). The d i sease was recogni sed as being non

tubercu los is  in 1906 by Band who cal led the condit ion Johne's d isease or 

pseudotuberculosis (4). In 1912, Twort was the first person to successfu l ly  grow M. ptb 

i n  culture and i n  1914 showed the organism produced experimental enterit is  (5) . 
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1 .1 .3 Symptoms and Stages of Johne's Disease 

Cl inical symptoms of Johne's disease i n  catt le are chronic progressi ve weight loss 

with chronic or intermi ttent d iarrhoea with a reduction i n  mi lk production and fertil i ty .  

Ovine and caprine c l in ical cases resemble those of cattle with the exception that 

d iarrhoea may not be presen t  (4). Ruminants with Johne's d isease do not have a fever, 

cont inue to eat and general l y  appear to fee l  wel l  despite their  obvious i l l ness (1). 

J ohne's d isease progresses through three dist inct phases. S tage one animals are 

infected but do not shed the organism in their faeces and give the appearance of good 

health. Stage two animals i ntermittant ly  shed the organism i n  their faeces but are 

c l i n ical ly normal . Stage three ani mals shed the organism i n  their faeces and have 

c l i n ical symptoms of the d i sease. Livestock in stages one and two are classified as 

prec l i n ical and shed min imal  amounts of M. ptb i n  their faeces however over t ime th is  

shedding resul ts i n  the s ign ificant contamination of the environment (6). During the 

c l in ical termi nal stages of the disease, l ivestock can shed up to 1010 organisms per gram 

of faeces leading to substant ial environmental contaminat ion .  

1 . 1 .4 Control of Johne's Disease 

There are no requ i re ments i n  New Zealand for producers to implement Johne' s  

management programs i n  herds; therefore control of the d isease i s  opt ional . Herd 

management programs usual ly centre on detection and removal of infected animals by  

test and cu l l  measures and  are aimed a t  reducing transmission to  susceptible stock and 

reducing env ironmental contamination. Vaccines current ly  avail able in New Zealand for 

the protect ion of cattle, sheep and goats against Johne's d i sease are considered l ikel y  to 

provide an i mportant tool  for the strategic control of disease . When considering their 

use producers must be aware that they do not g ive 100% protection and do not prevent 

faecal shedding (7-9 ) .  I n  addition the l i ve vaccine commonly causes lesions at the 

i njection s i te and the vacci ne  stain can persist in the dra i ning l ymph nodes. As a resu l t  

vaccinated animals can be mistakenly d iagnosed with bovine tuberculosis a t  s laughter, 

leadin g  to downgrading of carcasses and financial loss to  farmers. Vaccinated ani mals  

may also be excluded from export markets or semen col lection.  

In an imals already infected, vaccination may actual ly  exacerbate development  of 

clinical disease including shedding and l osses. Vaccination also reduces the sensitivity 
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of  certain tests used to monitor the prevalence of Johne's disease, encumbering herd 

management  strategies. Approval from the Ministry of Agriculture and Fisheries (MAF) 

must first be  gained before catt le can be vaccinated due to the presence of bov i ne 

t uberculosis and deer are current ly unable to be vaccinated because i t  sensit ises them to 

bovi ne tuberculosis test ing .  

1 . 1 .5 Crohn's Disease 

M. ptb has been detected m the in testinal tissues of h uman pat ients with Crohn ' s  

d i sease; a chronic enterit i s  o f  unknown etiology wi th pathological and c l in ical  

s imi larit ies to Johne' s  disease. However, there remains u ncertainty over the role and 

relationship that M. ptb may p lay i n  Croh n ' s  disease ( 1 0- 1 3 ) .  

1 .2 Economic impact to New Zealand 

Johne ' s  d isease is known to affect around 1 2% of dairy herds in New Zealand but 

i s  unoffical l y  thought to affect upwards of 60% ( 1 4 ) .  The prevalence of Johne ' s  d isease 

i n  sheep herds is d ifficult to determine because M. ptb sheep strains have proved to be 

notoriously d ifficult to cu l ture ( 1 5 ) .  Less is known of its prevalence in deer and goat 

herds. Evaluation of economic losses due to Johne ' s  d isease in herds tends to focus on 

the reduced product ivi ty of an imals in the c l in ical stages of the disease. Little is known 

about the economic losses i ncured during the precl i n ical stages of Johne ' s  d isease but 

fie ld experie nce suggests losses duri ng the prec l in ical stages are insigni ficant compared 

to the c l i nical stages. The economic cost of Johne ' s  d isease on the l i vestock i ndustry i n  

New Zealand has been offic ia l ly  estimated to  be just under $5  mi l l ion/per year whereas 

u noffi cial est imates put the cost at $29 .2  m i l l ion/per year ( 1 4 ) .  

1 .3 Host-pathogen Interaction 

Pathogenic mycobacteria such as M. ptb target phagocytic sub-epithel ia l  and 

i ntraepi thel i a l  mononuclear cel ls ( monocyte/macrophage) ( 1 6) .  The method by which 

M. ptb enters host cel l s  is not known. Once engulfed by m acrophages M. ptb avoids cel l  

lys is  b y  unknown mechani sms to surv i ve and repl icate with in the host  macrophage. 

Other wel l-known bacterial i ntracel l ular parasi tes have evo lved several mechanisms to 

adapt to or modi fy the i ntracel lular envi ronment. Wel l -documented strategies employed 
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b y  these bacteria are 1 )  modi fication of the phagosome t hat inhibi ts aci di fication, 

phagosome-l ysosomal fus ion and l ysosomal enzyme act i v it ies, 2) resistance to or 

neutral ization of the damagin g  effects caused by reactive  i ntermediates, and 3) 

suppression of macrophage responsiveness to act ivat ing c ytokines such as gamma 

i nterferon (IFN-y) ( 1 6) .  

Detai ls  of the host ' s  immune response to infect ion by  M. ptb are no t  wel l  known, 

however, they can be d ivided i nto two mai n  stages; the precl in ical stage characterised 

by  a strong cel l-mediated immune response (CM I )  and the c l i n ical stages where a strong 

h umoral i mmune response dominates ( 1 6 ) .  The C M I  response, encompassing the 

complex relationship between T -ce l l s  and macrophages i nfected with mycobacteria, are 

bel ieved to be part icularly i mportant  for the development of protect i ve immunity to M. 

ptb (9). Thus the humoral i m mune response is not centra l  to the development of 

protective immunity to i ntracel l u lar parasites ( 1 6 ) .  

The greater degrees of protection seen with l i ve tuberculosis vacci nes than with 

dead vaccmes suggests that proteins secreted by growing M. tuberculosis play an 

important role  in e l ic i t ing protective i mmunity ( 1 7 ) .  M ycobacterial secreted prote in 

ant igens are recognised by T cel ls during the in i t ial i mmune response to mycobacterial 

i n fection in human and in an imal models .  Pro l i ferat ion of T cel ls  and product ion of 

gamma i nterferon ( INF-y) in response to mycobacterial antigens are genera l l y  

considered to  be  i ndicators of an antigen-speci fic C M I  response .  Therefore secreted M. 

ptb proteins  that stimulate a C M I response may be useful  as antigens in a diagnost ic test 

that measures yiNF. 

1 .4 Detection of Johne's Disease 

Diagnosis of Johne' s  d isease can be ach ieved by either the direct detect ion of M. 

ptb i n  faecal and t issue samples or i ndirect ly  by use of immunological assays. 

1 .4.1 Direct Detection 

C ulture 

Faecal cu ltures d i rectl y  i dentify M. ptb i n  samples and are considered the gold 

s tandard by  which a l l  other tests are measured ( 1 8).  M. ptb is  differentiated from other 
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mycobacteria by  i ts character ist ic slow growth, mycobactin dependence, colony 

morpho logy, conventional biochemical tests and antimicrobial susceptib i l i ty tests (19). 

Cultures can be performed on pool ed faecal samples, to ascertain the presence of 

Johne ' s  d isease i n  a herd, or on ind iv idual samples to ident i fy infected animals .  Of the 

tests presentl y  available for the detection of M. ptb, culturi ng  of ind ividual faecal 

samples i s  considered to be the most accurate with a speci fic i ty of 100% and sensi t iv i ty 

of about 50% (20). Diagnosis by conventional cu l ture can take as long as 12-16 weeks 

before a posit ive resul t  can be achi eved and up to 6 months have been recorded for a 

defi ni t ive negative .  Radiometric cu l ture allows more rapid detect ion of M. ptb i n  culture 

(as early as 9 days) ,  however, it i s  relat ively expensive (21) .  

D iagnosis b y  culture i s  t ime consuming, labour i ntens ive and contaminat ion IS 

often a problem when M. ptb i s  cul tured from faecal specimens,  even when two-step 

decontamination procedures are performed (22). Faecal culture tests also lack sensi t iv i ty 

due to the in termi ttent and i nconsistent shedding of M. ptb in  t he faeces of animals in 

the precl i n ical stages of the disease (6, 18). 

Microscopy 

M icroscopic examination of faecal or culture samples us ing Ziehl-Neelsen or K inyon 

sta in ing methods that rely  on the abi l i ty of the bac i l l i  to res i st desta in ing when treated 

with acid  or alcohol are of l imited value as they can not d i st i ngu ish between M. ptb and 

other mycobacteria. Fluorescence stain ing that uses fluorescei n-labeled 

immunoglobul ins  i s  a more sens i t ive method however it has a tendency to give false 

pos i t ive resul ts (23). The presence of mycobacterial c lumps i n  granu lomatous t issue 

from the termi na l  i leum and mesenteric l ymph nodes during h istological analysis i s  

considered confi rmatory for Johne's d isease ( 5 ) .  For pract ical reasons h istological 

examination of t issue samples is not a v iable method for whole herd test ing al though i t  

i s  u seful at slaughter for monitoring the prevalence o f  Johne's d isease i n  the herd. 

Polymerase Chain Reaction (PCR) 

Polymerase chain react ion (PCR), i nvolving the ampl i fication of speci fic  

nucleot ide sequences from genomic DNA, combined with restrict ion endonucl ease 

d igest ion can d i fferentiate between M. ptb and close ly  rel ated mycobacteria (24 ). 
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However, contaminants in faecal and tissue samples can inhibit PCR reactions. As with 

faecal culture tests PCR analyses are unable to detect al l animals in the preclinical 

stages of the d isease due to intermitted shedding. 

1.4.2 Immunological Detection 

A number of tests are avai lable that ut i lize humoral or CMI responses to detect 

J oh ne' s disease. 

Humoral immune response. 

Serolog ical tests detect antibodies directed against M. ptb antigens as a means to 

diagnose Johne's disease. The agarose gel immunodiffus ion test (AGID)  and the 

complement fixat ion test (CFf) are serological assays that are easy and rapid to 

perform. These tests use puri fied protein derivative (PPD) prepared from M. ptb 

(Johni n )  which contains antigens common to other mycobacteria resu l t ing in  low 

speci ficity. The Parachek T M  kit, a sol id phase enzyme l inked immunosorbant assay 

(EL ISA)  current ly avai lable in New Zealand for the detect ion of Johne 's  disease i n  

cattle, uses a complex mixture o f  M. ptb antigens adsorbed to a sol id support. To 

improve the spec i fic i ty, test serum is pre- i ncubated w ith M. phlei antigens to remove 

cross-reacting antibodies prior to performing the assay. 

Whi le these tests are suitable for detect i ng c l i n ical cases of Johne 's  disease they 

do not detect all prec l i n ical ani mals  due to the absence of a strong humoral Immune 

respon se during the early stages of the disease (9,25) .  

Cell  mediated i mmune response (CMI). 

The preclinical stages of J ohne' s disease are characterised by a strong CMI 

respon se and a weak humoral immune response. Diagnostic tests based on the CMI 

respon se make use of the complicated interpl ay between phagocytic cell s  and the i r  

interaction with T -cel ls .  T -cel l s  that recognise M. ptb antigens presented to them by 

phagocytes in association with m ajor histocompatibility c lass I I  molecules undergo 

cel l u l ar proliferation and/or secrete cytokines such as y-interferon (yiNF). The response 

of circulating T -cell s  to M. ptb antigens can be measured by  the incorporation of 

radioactive thymine into actively replicating cel l s, or by  using the commercial 
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Bovigam® kit  that measures yiNF i n  an ELISA assay (26,27) .  The yiNF ELISA assay i s  

more sens it ive than the lymphocyte proliferation assay and does not require the 

expensive and time consuming i solation of circulating T-cells,  or the use of hazardous 

radioisotopes. Additionally, proliferation assays can take up to 7 days to generate results 

whereas the yiNF assay can generate results within 24 hours (28) .  

A T-cell response to antigens can be detected using the delayed-type 

hypersen sit ivity reaction (DTH ). This involves the indra-dermal injection of PPD (0. 1 

mL) into the caudal fold of cattle or the cervical region of the neck in  deer (29). 

Recognit ion of antigens by T-cells is measured 72 hours later by the swell ing at the site 

of the i njection . This method is used extensively for TB herd testing using M. bovis 

PPD. When there is reason to doubt the results, perhaps due to the presence of M. avium 

in the area that can transiently infect cattle, a comparative cutaneous test can be 

performed. The comparative test uses M. bovis PPD and M. avium PPD injected indra

dermally at different sites. The injection sites are inspected 72 hours later with a larger 

swel l ing at the M. bovis PPD site than at the M. avium PPD site being interpreted as a 

positive result  for bovine tuberculosis (5 ) .  At the present time, using a DHT test to 

detect Johne ' s  disease in herds is not feasible due to the lack of suitable antigens for 

distingu i shing between M. ptb and M. avium infections (30) .  

These CMI based methods are relat ively fast compared to faecal cultures, 

however, they have serious specificity problems due to the lack of species-specific 

antigens .  Tests that ut i l ise antibodies to detect M. ptb infections are not useful for early 

diagnosis because seroconversion does not occur until  the late c l inical stages of Johne' s  

disease.  S ince infected animals in  the precl in ical stages outnumber those in the cl inical 

stages of Johne ' s  disease, early diagnosis is crucial to identify potential bacterial 

shedders to avoid spreading the infection. In order to diagnose animals in the precl inical 

stages of Johne's disease, M. ptb specific diagnostic antigens need to be identified for 

use in  C M I  based tests. 

1 .5 Bovine Tuberculosis 

B o vine tuberculosis is a chronic,  infectious disease caused by M. bo vis , a member 

of the M .  tb (MTB ) complex. Primarily  infecting cattle, M. bo vis also infects a wide 

range o f  host species including humans. Introduced to New Zealand with the first cattle 

and settlers in the 1 840s, bovine tuberculosis has become a serious public health and 
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economic problem for New Zealand. Test and cul l  programs during the 1 940s were 

successfu l  i n  reducing the incidence of bovine tuberculosis so that by the 1 960s it was 

believed it would be eradicated from the nation ' s  herds. The introduction to New 

Zealand of the Austral ian Brush Tail Possum ( Trichosurus vulpecular ), a species h ighly 

susceptib le  to M. bovis infection, has hampered measures to eradicate bovine 

tuberculosis  and is recognized as the primary feral reservoir re- infect ing herds in  New 

Zealand.  Of major concern is the i nabi l ity of current diagnostic tests to rel iably and 

consistent ly  differentiate between M. ptb and M. bovis infections. 

1.6 Hypothesis and Aims 

Due to the taxonomic distance between the MAIS (M. avwm, M. ptb, M. 

intracellulare and M. scrofulaceum) and MTB (M. tb, M. bovis, M. bovis BCG, M 

africanum, M. microti (31), and M. canetti (32)) complexes, the hypothesis to be tested 

was that a number of secreted proteins from M. ptb may be absent from members or a 

member of  the MTB complex . M. ptb secreted proteins that are absent from M. bovis 

may st i mulate a CMI and/or a humoral immune response in  M. ptb vaccinated sheep 

and cattle . Antigens such as these could improve the specificity of immunological based 

diagnostic tests for identifying animals in the precl in ical stages of Johne ' s  disease. 

Us i ng a PhoA + M. ptb secreted protein library clone whose sequence appeared to 

be absent from the MTB complex, the aims were to: 

• Identify the M. ptb ORF responsible for the PhoA + phenotype 

• Determine the species distribut ion of the ORF 

• Clone and e xpress the ORF 

• Purify the recombinant protei n  for i mmunological analyses 

8 



2.1 Materials 

Chapter 2: Materials and Methods 

Antibiotics, DNA ladders, E. coli D H lOB ElectroMAX, pPROEX-Htb vector, restriction 

endonucleases and DNA polymerases were obtained from Invitrogen Inc, USA whom 

also manufactured the ol igonucleotide primers. 

Proteinase K, T4 l igase, pre-stained Precis ion Protein Standard, mouse monoclonal anti

his6-peroxidase, Southern blot blocking reagent, DIG-dUTP, anti -digoxygenin-Ab fab 

fragments, Dig  Easy Hyb Granules, D IG-labelled control DNA, COP-star, NBP/BCIP 

stock solution and al l  deoxynucleotide triphosphates were purchased from Roche 

Molecular B iochemicals ,  Germany.  

The vectors pJEM 1 1  and pM IP 1 2  were gifts of Professor Brigitte G icquel ,  Pasteur 

Institute,  Paris ,  France. 

QIAquick Gel Extraction kit,  Concert Rapid Gel Extraction System, High Pure Plasmid 

Isolation Kit and Phase Lock Gel Light were obtained from the fol lowing sources: 

Qiagen,  Germany; lnvitrogen, Inc . ,  U S A;  Roche Molecular B iochemicals; Germany; 

Eppendorf, USA. 

Nylon membrane B iodyne B and Nitrocel lulose membrane (0.45 !Am) were obtained 

from Biodyne®, Pall Corporation, USA and BioRad Laboratories, USA respectively. 

Premixed preweighed acrylamide/bis and 0.025 J..lm filter discs were suppl ied by 

Mi l l ipore Corp. ,  USA. 

Electroporation chambers and GenePulser were supplied by B io-Rad Laboratories Inc. ,  

USA, while BCIP was provided by S igm a  Aldrich Ltd, USA. 

Midd lebrook 7H 1 1  Agar mediu m  and Middlebrook OADC enrichment were supplied 

by Difco Laboratories ,  USA and B ecton Dickenson, New York, USA, while 

M ycobactin J was obtained from Allied Monitor, Inc . ,  USA. 
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H iTrap 1 m L chelating columns were purchased from A mersham Pharmacia B iotech, 

S tockholm, Sweden .  

Digoxigenin-labeled control  DNA and C S PD was provided by  Roche, Germany and 

B i oMax M R  fil m was obtained by Kodak, USA. 

Centricon YM-3,  3 ,000 MW cut-off centrifugal fi lters were obtained from Mil lipore 

Corp. USA and SuperSignal® West Femto Maximum Sensitiv i ty Substrate solutions 

were provided by Pierce, USA. 

Automated D NA sequencmg was performed usmg an ABI  pnsm 377-64 DNA 

Sequencer from Appl ied B iosystems Inc, USA.  

S pectrophotometer Hel ios A. was purchased from Unicam, UK. ,  while the PCR Gene 

Amp 9600 cycler was obtained from Perkin  Elmer, USA. 

2.2 pJEMl l -M. ptb Secreted Protein Library 

A secreted protein l ibrary of the New Zealand Mycoba cterium avium subspecies 

paratuberculosis (M. ptb) field isolate ( ATCC 53950) had been made previously by 

Chris Dupont ( 3 3 )  using the vector pJEM 1 1  (34)  (Appendix A) .  In  brief, the library was 

prepared as fol lows: M. ptb genomic DNA was part ial ly  digested with Sau 3A and size 

fract ionated fragments of 300-3500 bp l igated into pJ EM 1 1 . The vector DNA was 

digested with Bam H 1 and treated with alkaline phosphatase (AP) to remove the 5 '  

phosphate group.  Ligated pJEM 1 1  was dialysed through 0.025 J..lm fi l ter discs and used 

to transform Escherichia coli (E. coli) D H l OB by e lectroporation in a 0.2 cm gap 

chamber. The transformation mixture was spread onto Luria-Bertani (LB)  plates 

contai ning 30 J..lg/mL kanamycin sulphate ( kan) and incubated at 37° C overn ight . The 

recombinant plasmids were recovered from E. coli using standard techniques and then 

electrocompetent M. smegmatis mc
2

1 55 were transformed with the plasmid to faci l i tate 

expression of M. ptb genes in a homologous host. The transformatio n  mixture was 

spread onto LB/kan plates supplemented with 40 J..l.glmL 5-bromo-4-chloro-3-indoyl 

phosphate disodium (BCIP) for selection of colonies with the alkaline  phosphatase 

phenotype (PhoA +) . The plates were incubated at 37° C for five days then transferred to 
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4° C for a further 40 days to detect secreted phoA recombinant proteins expressed at 

low levels. During  the 45 day period PhoA + colonies were collected and stored as 

glycerol stocks. Selected PhoA + recombinant plasmids were i ndividually transferred 

back into E. coli D H  l OB for sequencing purposes. 

2.3 Automated DNA Sequencing 

Automated DNA sequence analysi s  of recombinant plasmids and PCR fragments 

was performed u sing an ABI  prism 377-64 DNA Sequencer u sing Big Dye version 3 .0 

and Ampli Taq® DNA polymerase and the appropriate primer. 

2.4 Computer Analysis 

2.4. 1 BLAST Search Databases 

Nucleotide and translated sequences were submitted to National Centre for 

B iotechnology Information (NCBI ,  http://www.ncbi .n lm.nih .govlblastlblast.cgi ) ,  The 

Insti tute for Genomic Research (TIGR, http://t igrblast.tigr.org/cmr-blast ) ,  The Sanger 

Centre for Computational Genomics (http ://www.sanger.ac .uk) ,  and Bioinformatics 

(CCBG, http://www.ccgb.umn.edu/cgi-bin/common/web_blast.cgi) Protein Extraction, 

Description, and ANalysis Tool ( PEDANT; http://pedant.gsf.de ) databases and analysed 

by basic local alignment search tool ( B LAST),  ( 3 5 )  and FASTA (36 )  computer 

programs. Expect (E) Values � 0.0 were considered significant. The E value is a 

stat istical ly significant threshold for reporting matches against database sequences; the 

default value is 1 0, meaning that 10 matches are expected to be found merely by chance 

(3 7 ) .  Lower E thresholds are more stringent; hence they are more significant 

(www.ncbi .nlm.nih .gov/blastlhtmllblastcgihelp.html#expect ) .  Identical nucleotide or 

amino acid matches were defined as identities while amino acids and their  conservative 

substitutions were defined as s imilarities. 
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BLAST tools 

B LASTN 

B LASTP 

B LASTX 

TBLASTN 

TBLASTX 

Nucleotide vs nucleotide comparisons 

Protein vs protein comparisons 

Compares a nucleotide query sequence translated in all reading 

frames against a protein sequence database 

Takes a protein query sequence and compares it against an NCB I 

nucleotide database which has been translated in  all six reading 

frames 

Converts a nucleotide query sequence into protein sequences in all 

6 reading frames and then compares this to an NCBI nucleotide 

database which has been translated i n  all six reading frames 

2.4.2 Translation, Molecular Weight and pi Prediction 

Expert Protein Analysis System translation tool ( ExPASy, http://us.expasy.org/) 

was used to translate nucleotide sequences into al l six reading frames while 

Bionavigator (http://www.bionavigator.com) was used for molecular weight and pi  

prediction. 

2.4.3 Signal Peptide Search 

Signal peptide searches were performed with the first fifty N-terminal amino acid 

residues against PSORT (prediction of protein sorting signals and localization sites in 

ammo acid sequences, http ://psort. nibb.ac.jpl) and Signa!P (Signal peptide, 

http://www.cbs.dtu .dk/services/SignaiP/) servers using both gram negative and gram 

positive parameters. S ignalP V 1 . 1  and the beta release V 2.0 were used. PSORT 

predictions were based on the modified McGeoch's  method (38) and the Heij ne's 

method (39) .  SignalP V 1 . 1  based its predictions on S ignalP-NN (neural networks 

trained on SWISS-PROT rei. 29) (40) and SignalP V 2.0 based its predictions on 

SignalP-NN ( neural networks trained on SWISS-PROT rei .  35) and S ignalP-HMM 

(based on h idden Markov models) (4 1 ,42) .  
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2.5 Mycobacterial Genomic DNA 

2.5.1 Growth of Mycobacteria on 7Hl l  Agar Slopes 

Mycobacterial species and strains used i n  this study were routinely grown at 3T C 

on Middlebrook 7H 1 1  Agar medium slopes supplemented wi th M iddlebrook oleic acid

albumin-dextrose-catalase (OADC) enrichment for 1 month or until a lawn of bacteria 

covered the agar surface. S lopes growing M. ptb contained an additional supplement of 

I mg/mL Mycobactin J enrichment, an iron-chelat ing agent requ ired for the growth of 

M. ptb. 

2.5.2 Recovery of Mycobacterial Genomic DNA 

Mycobacterial genomic DNA was prepared by a modification of the method 

described in the thesis of Dr Susanne Borich (43 ) .  Using steri le technique, a lawn of 

cells was scraped from the 7H 1 1  agar slopes and re-suspended in 1 .5 mL pre- lysis 

solution (25% sucrose, 50 mM Tris pH 8.0, 25 mM EDT A) and heat treated at 70° C for 

2 hr. Cel ls  were then incubated at 3TC over n ight in 1 .5 mL lysis solution (500 )lg/mL 

lysozyme in pre - lysis solution ) .  A 4 mL Proteinase K solut ion ( l OO mM Tris pH 8 .0, 

1 .0% SOS and 400 )lg/mL Proteinase K) was added and incubated at 55°  C for 2 hr. 

After addition of 0. 1 mL of 5 M NaCI,  the DNA was extracted with phenol-chloroform, 

and ethanol precipitated at -20° C for 1 hr. The DNA was centrifuged at 1 2 ,000 rpm for 

30 minutes, air-dried and re-suspended in 1 mL dH20. The aqueous DNA was added to 

a 1 5  mL tube containing approximately 2 mL of Phase Lock Gel Light (PLG) then 

subjected to 3 more phenol-chloroform extractions within the same 1 5  mL tube. PLG i s  

a n  inert material that migrates t o  form a tight seal between the phases o f  an 

aqueous/organic extraction during centrifugat ion. The organic phase and the interphase 

materials are effectively trapped in or below the barrier, thus enabl ing complete and 

easy decanting or pipetting of the entire aqueous phase without interphase 

contamination. The aqueous phase was transferred to a fresh tube and a final chloroform 

w ash and ethanol precipitation performed as previously described. DNA was re

suspended i n  1 -3 mL dH20 and its concentration estimated on a 1 %  agarose gel or by 

absorbance at  260 nm in  a 0 .5  cm path length quartz cuvette us ing a double-beam 

spectrophotometer. 
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2.6 Analysis of DNA by  Agarose Gel Electrophoresis 

Loading buffer (30% glycerol ,  0. 1 g xylene cyanol 0.05 g bromo-phenol blue) 

was mixed at  a ratio of approximately 1 : 6 with a sample of DNA and loaded onto a 1 %  

agarose gel made with l x  Tris-acetate-EDTA (TAE) buffer (40 mM Tris, 1 mM EDTA, 

20 mM glacial acetic acid) and electrophoresis in  1 x T AE buffer at 1 00 volts for -40-45 

min. Fol lowing electrophoresis the agarose gel was soaked in solution of ethidium 

bromide ( -2 mg/mL) for - 1 5-20 min then visual ized by UV l ight on a transi l luminator 

and a digital image was col lected on B iorad GelDoc 2000 with software Quantity One, 

version 4. 

2.7 Purification of DNA Fragments 

Samples containing DNA were subjected to agarose gel electrophoresis (section 

2 .6) .  The gel was soaked i n  ethidium bromide ( -2 mg/mL) and visual ized by UV l ight  

on a transi l luminator. The desired band(s)  was excised and purified using either the 

QIAquick Gel Extraction kit  or Concert Rapid Gel Extraction System as recommended 

by the manufacturers and stored at -25° C. DNA purificat ion was based on the principle 

that in the presence of chaotropic salt ,  DNA will  adsorb to a si l ica membrane (44 ) .  The 

si l ica membrane, immobi l ized in a plastic fi lter tube allows smal ler contaminating 

molecu les to be washed away from the adsorbed DNA. The purified DNA can then be 

el uted from the si l ica membrane using water or a low salt buffer. An al iquot of the 

purified sample was analysed by agarose gel electrophoresis to verify the integrity of 

the sample before being stored at -20° C .  

2.8 Luria-Bertani (LB )  Agar and B roth 

LB broth ( 1 %  Bacto tryptone, 0.5% yeast extract, 1 %  NaCl , )  was made i n  

accordance with manufacturer' s instructions, autoclaved and the appropriate antibiotic 

(50 j.!g/mL kan or 1 00 j.! g/mL ampicil l in (amp)) added before use . LB agar plates were 

made by adding 1 .5% B ac to agar to the LB broth prior to autoclaving. The agar was 

cooled to 50° C before addi t ion of the appropriate antibiotic. 
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2.9 Sauton's Media 

Sauton' s  media (2.87 mM K2HP04, 4 . 1 5  mM MgS04,  30.28 mM asparagine, 

0. 1 59 mM ferric ammonium citrate, 1 0.4 mM citric acid, 6% glycerol,  0. 1 %  Tween® 

80, 0 . 1 mL/Liter 1 %  ZnS04 solution, pH adj usted to 6 .8-7.2 with NaOH and 

autoclaved) was modified from Sauton, B (45 ) .  Antibiotic (50 11g/mL kan) was added 

before use.  

2. 1 0  Recovery of  Plasmid Vectors 

A single colony of the desired recombinant E. coli clone was transferred from an 

LB agar plate ( 1 %  Bacto tryptone, 0.5% yeast extract, 1 %  NaCI, 1 .5% Bacto agar) 

containing the appropriate antibiotic (50 11g/mL kan or l OO �-t g/mL amp) to 5 mL LB 

( 1 %  Bacto tryptone, 0.5% yeast extract, 1 %  NaCl )  containing antibiotic and grown 

overnight with agitation at 37° C. The recombinant plasmids were recovered using the 

High Pure Plasmid Isolation Kit as recommended by the manufacturers. Lysis of E. coli 

bacterial cells was based on the alkal ine lysis method that uses a 0.2 M NaOH, I %  SOS 

solution (46) .  Simultaneously cel lular RNA was removed by RNase A in this  step. The 

lysis solution disru pts the cel l  and denatures high molecular weight chromosomal DNA 

while covalently closed circu lar plasmid DNA remains intact. Upon neutral ization, 

chromosomal DNA renatures to form an insoluble clot, that i s  precipitated along with 

cel lu lar debris leaving plasmid DNA in the supernatant . Purification and recovery of 

plasmid DNA was based on the principle that in the presence of chaotropic salt, DNA 

will adsorb to a si l ica membrane (44) .  The s i l ica membrane, immobil ized in a plastic 

fi lter tube allows smaller contaminating molecules to be washed away from the 

adsorbed DNA. The purified plasmid DNA can then be eluted from the si l ica membrane 

using water or a low salt buffer. A sample of purified plasmid was analysed by agarose 

gel e lectrophoresis ( section 2 .6)  prior to storage at -20° C. 

2. 1 1  Storage of Bacterial Cultures Grown in Liquid Medium 

Samples of bacteria grown to stationary phase in l iquid media were stored in 1 5% 

steri le glycerol at -70° C in a sterile airtight tube . 
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2.12 B acterial Strains 

Table l :  B acterial strains used in this study 

Strain Source/Reference 

M. ptb (M. paratuberculosis) New Zealand field i solate A TCC 53950 

Neoparasec® M. ptb vaccine strain 316F (Merial ) 

M. bovis ATCC 35726 

M. bovis B acil l i  Calmette-Guerin (BCG) Pasteur 

M. fortuitum ATCC 684 1 

M. gordonae ATCC 14470 

M. int racellulare ATCC 35848 

M. kansasii ATCC 12478 

M. marinum ATCC 927 

M. phlei Wallacevi l le, field isolate 

M. scrofulacium ATCC 19981 

M. smegmatis mc
L 
155 (47) 

M. terrra e ATCC 15755 

M. tb (M. t uberculosis) H37Ra ATCC 25177 

E. coli DH10B1M 
ELECTROMAX

1M
, Invitrogen Inc . ,  USA. 

Genotype: FmcrA �(mrr-hsdRMS-

mcrBC) <j>80dlacZ6M 15 �lacX7 4 

deaR recA1 endA l araD 139 �(ara , 

leu)7697 gaLU gal K A- rps L nup G  
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2.13 Preparation of Southern Blots. 

2.13.1 Separation of Genomic DNA 

Aliquots of restriction endonuclease digested genomic DNA were loaded onto 

0. 7% agarose gels made in l x T AE buffer; each lane containing approximately  l 11g of 

DNA. Electrophoresis was carried out at 96 volts for -1 112 hr in fresh l x T AE buffer. 

The upper left hand corner of the gel was cut and the orientation recorded to enable the 

correct identification of the genomic samples after Southern transfer. The gel was 

soaked in ethidium bromide (-2 mg/mL) d i luted in l x  TAE for -10-15 min before 

being aligned next to a flu orescent ruler on the surface of a clean transi l luminator. The 

gel was visuali zed by UV l ight and the i mage recorded using B iorad GelDoc 2000 

Software: Quantity One version 4. 

2.13.2 Southern Transfer 

The following method was modified from Current Protocols in Molecular Biology 

(48) .  The procedure was carried out while wearing fresh gloves with clean apparatus 

and bench tops. Membranes were handled with clean tweezers and gloves. 

After electrophoresis ,  the gel was submerged in excess denaturat ion solution (0.5 

M NaOH, 1.5 M NaCl)  for 30 min with shaking to separate DNA strands then briefly 

washed 3x in  dH20. The agarose gel was then submerged in excess neutral izat ion 

solution ( l  M Tris, 1 .5 M NaCl,  pH 7 .5 )  with shaking for 2x 15 min i ntervals. 

Four Whatman filters were cut -4 cm larger than the 0.7% agarose gel .  An excess 

amount of 20x SSC (3  M NaCl, 0.3 M sodium citrate , pH 7 .0)  transfer solution was 

poured into a reservoir tray. The first fi lter was laid on top of the solution and then more 

20x SSC was poured on top. The second fil ter was laid on top of the first and air 

bubbles removed by rol l ing a glass rod over the filters. More 20x SSC transfer solution 

was poured onto the stack of filters and the process repeated until four fi l ters had been 

added. A small amount of transfer solution was poured on top of the stack of filters and 

then the gel was laid on top so that the bottom of the wells was upper most . Air bubbles 

were removed then a small amount of transfer solution was poured on top of the gel .  

Four strips of p lastic wrap were then placed over the edges of the gel .  The positively

charge nylon membrane B iodyne B was cut slightly larger than the gel and with one 

corner cut. To enable the correct identi fication of the genomic samples after Southern 
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transfer the membrane was laid on top of  the gel so their cut corners aligned. Air  

bubb les were removed and two dry filters cut  to the same size as the membrane were 

laid on top followed by a stack of paper towel -4 cm high cut to the same size as the 

membrane. A glass plate was placed on top of the paper towel stack and a 500 g weight 

placed on top. 

Following overnight transfer the paper towels and filter papers were removed and 

the position of the wells marked on the membrane in pencil to ensu re that the correct 

orientations could be establ ished. The membrane was then rinsed in excess 2x SSC to 

remove any agarose and laid on the surface of a clean transilluminator and then exposed 

for 4 min with UV l ight to permanently cross link the DNA to the membrane. Southern 

blots were stored dry or in 2x SSC in a sealed bag. To assess efficiency of the transfer, 

the agarose gel was soaked in dilute ethidium bromide then visualized by UV l ight. 

2.1 4  Digoxigenin (DIG)  Labelling. 

Nucleic acid probes were labelled using the DIG Nonradioactive Nucleic Acid 

Labell ing system. This system used digoxigenin ( D IG) ,  a steroid hapten , coupled to 

dUTP via an alkal i- labi le ester-bond forming digox igenin- 1 1 -2 '  -deoxy-uridine-

5' triphosphate alkal i-labi le  (DIG- 1 1 -dUTP).  DIG- 1 1 -dUTP is a substrate for Taq DNA 

polymerase and replaces dTTP during PCR label l ing of the desired DNA fragments. 

DIG-label l ing of DNA fragments was routinely carried out by PCR using the thermal 

cycle program as follows: pre-incubation at 95° C for l O  min fol lowed by 35 cycles of 

94° C melting temperature for 45 sec, 60° C anneal for I min, and a 72° C extension for 

2 m in with a final 72° C extension for 1 0  min. The 50 �L PCR mixture contained 1 .5 

units of Taq DNA polymerase with 1 .5 mM MgCl2 and l x  Taq polymerase buffer, 20 

pmol of each primer, in the presence of 1 0% dimethyl-sulphoxide (DMSO),  20 �M of 

D IG-dUTP, and 0.5 mM of dATP, dCTP and dGTP with - l O  ng of template. After 

labelling, the PCR mixture was analysed by agarose gel electrophores is  (sect ion: 2 .6 )  

and DNA fragments of  the  expected size excised and purified using either the Q IAquick 

Gel Extraction kit or Concert Rapid Gel Extraction Kit as previously described (section: 

2 .7 )  and stored at -25° C. 
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2.1 4. 1  Estimating the Yield of a DIG-labelled Probe 

To estimate the yield of a D IG-labelled probe a 1 [! L  sample of the newly label led 

experimental DNA probe was taken and serial ly  diluted. A dot blot was prepared by 

taking 1 )lL aliquots from each dilution and spotting them in  a row on a positively

charge nylon membrane. In a second row 1 )lL spots of D IG-labelled control DNA 

ranging in concentration from 0.0 I pg to 1 0  pg were spotted adj acent to the 

experimental probe spots. After the spots had dried the DNA was cross l inked to the 

membrane by exposure to UV l ight for 4 min before being rinsed briefly in  excess wash 

buffer (maleic acid buffer with 0.3% Tween® 20) . Block solution ( l x )  was prepared in  

maleic acid buffer (0. 1 M maleic acid, 0. 1 5  M NaCI,  pH 7 .5 ;  autoclaved) from a ! Ox 

stock solution ( 1 0% w/v B lock reagent dissolved in  maleic acid buffer). The dot blot 

was incubated in  excess l x  Block solution at room temperature with gentle agitation for 

1 5  min. An anti-digox igenin alkal ine phosphatase sheep Fab fragment (anti-D IG-AP) 

solution was prepared by diluting anti-D IG-AP 1 : 5000 ( 1 50 mU/mL) in I x Block 

solution. The dot blot and 2 mL of anti-DIG-AP solution were transferred to a sealed 

container and incubated with gentle agitation at room temperature for 1 5  min.  The dot 

blot was removed from the container and washed 2x 5 min in excess wash buffer before 

being equil ibrated for 2 min in excess detection buffer (0. 1 M Tris-HCI ,  0. 1 M NaCI ,  

pH 9 .5 :  autoclaved) .  From a 50x N BT (ni tro b lue  tetrazolium chloride)/BC IP (5-

bromo-4-chloro-3-indolyl phosphate disodium) stock, ( 1 8 .75 mg/mL NBT, 9.4 mg/mL 

BCIP in 67% DMSO (v/v ) ) ,  a l x  NBT/BCIP AP substrate solution was made in  

detection buffer to  a final concentration 375 )lg/mL NBT and 1 88 )lg/mL BCIP. The 

dot blot was laid in a shal low dish and covered with I x NBT/BCIP AP substrate 

solution. Excess solution was poured off and the membrane i ncubated in the dark unti l  

the desired degree of development had occurred. This was a subjective measure gauged 

visually by the formation of a blue precipitate in the vicinity of the control and 

experimental probe spots. Direct comparison between the i ntensities of the di luted 

probe and the control DNA spots after colorimetric detection e nabled the DIG-label l ing 

yields to be estimated. 

2.1 5  Southern Blot Analysis Using DIG-labelled Probes 

The following stringency conditions were adopted based on previous experience 

in the laboratory (pers. comm.) .  A Southern blot was placed in a plastic bag containing 
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2.5 rnL DIG Easy Hyb solution per 1 00 cm
2 

of membrane and sealed to exclude air. The 

bag was place in a gently agitat ing water bath set to the appropriate hybridization 

temperature and i ncubated for 30 min. Under high stringency conditions the 

hybridization temperature was 42° C (high stringency hybridization) and for low 

stringency conditions the hybridization temperature was 40° C (low stringency 

hybridization). The probe, used at 25 ng/mL hybridization solution was prepared by 

adding the probe to 50 fll of water in a 1 .5 mL tube. The tube was placed in a boi l ing 

water bath for 1 0  min to render the probe single stranded. The tube was briefly 

centrifu ged and its contents quickly added to the hybrid ization solution in the plastic 

bag avoiding direct contact with the membrane. The hybridizat ion bag was resealed to 

exclude air and returned to the water bath to incubate overnight. A glass plate was 

placed over the bag to keep it flat. On completion of the incubation period the 

hybridization solution was discarded and the blot washed at the appropriate stringency 

with post- hybridization solutions. 

Removal of probe. 

Membrane was rinsed in dH20 for 1 min then incubated with agitation 2x I 0 mins 

in alkal ine probe stripping solut ion (0.2% NaOH, 0. 1 %  SDS) at 3r C. Membrane was 

rinsed 2x 5 min in 2x SSC and stored a 4° C in fresh 2x SSC. 

2.15.1 Stringency Washes 

Low Stringency Washes 

U nless stated otherwise all washes were performed us ing gentle agitation in wash 

solutions made from 20x SSC and 1 0% sodium dodecylsulphate (SDS)  solutions. 

Following low stringency hybridization the blot was subjected to low stringency washes 

as follows; 2x 5 rnin in excess 2x SSC, 0. 1 %  SDS at room temperature, 2x 1 5  rnin in 

excess 1 x SSC, 0. 1 %  SDS at 68° C and 2x 1 5  rnin in excess 0.5x SSC, 0. 1 %  SDS at 68° 

C .  

High Stringency Washes 

Following high stringency hybridization the Southern blot was subjected to high 

stringency washes as follows; 2x 5 rnin in excess 2x SSC, 0. 1 %  SDS at room 
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temperature, fol lowed by 2x 1 5  min i n  excess 1 x  SSC, 0. 1 %  SDS, 2x 1 5  min in  excess 

0.5x SSC, 0 . 1 %  SDS and a final 2x 1 5  min  wash in excess 0. 1 x SSC, 0. 1 %  SDS at 68° 

c 

2.15.2 Chemiluminescent Detection of a Hybridized Southern Blot 

The fol lowing incubations were performed at room temperature with gentle 

agitation. After hybridization and stringency washes the membrane was briefly rinsed 

for 1 min in e xcess wash buffer. The membrane was incubated in l x  B lock solution at a 

ratio of l OO mL l x  Block soln./ 1 00 cm
2 

of membrane for 30 min .  For 

chemiluminescent detection the ant i-DIG-AP solution was prepared by diluting anti

D IG-AP 1 :  1 0000 (75 mU/mL) in 1 x B lock solution. The membrane was transferred to 

the anti-DIG-AP solution and incubated for 30 min. The anti-DIG-AP solution was 

discarded and the membrane washed for 2x 1 5  min in excess wash buffer before being 

equil ibrated for 2 min in 20 mL/ 1 00 cm
2 

detection buffer. Excess detect ion buffer was 

drained from the Southern blot and then laid onto a plastic sheet. The two AP substrates 

used for chemiluminescent detection were CSPD ® and CDP
513r

. Approximately 0.5 mL 

Of CDp
star 2 

f CS ® d. l d I 00 · for every I 00 cm of membrane or 1 mL o PO 1 ute 1 1 m 

detection buffer was evenly distributed around the perimeter of the blot .  The substrate 

was evenly distributed over the membrane by repeatedly folding and l i fting the other 

half of the plastic sheet over the membrane .  The blot was sealed inside the folded plastic 

sheet and placed in an X-ray cassette with a reflective screen. The chemiluminescent 

signal was detected by BioMax MR fi lm which was subsequently developed. 

2. 1 6  Standard Polymerase Chain Reaction (PCR) 

Amplification was achieved using a Gene Amp 9600 cyder and a thermal cycle 

program of 94° C for 10 min followed by 35  cycles of 94° C melt ing temperature for 30 

sec, 55° C annealing for 30 sec, and a 72° C extension for 1 min with a final 72° C 1 0  

min extension unless stated otherwise. The standard PCR used 2 .5 uni ts of Taq DNA 

polymerase per 20 �-tL reaction with 1 .5 mM MgC12, 1 x  Taq polymerase buffer (20 mM 

Tris-HCL (pH 8.2),  50 mM KCl) ,  1 0  pmol of each primer and 0. 1 mM of  each dNTP. 

PCRs were performed i n  the presence of 1 0% DMSO except when 1 6S primers (246 
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and 264) and M PB70 primers ( MPB7 1 and M PT72) were u sed. Approximate ly  5 ng of 

template was used per 20 !!L reaction. 

Where stated 1 unit of PLATINUM Pfx DNA Polymerase with 2 mM M gS04 and 

1 x  Pfx Amplification Buffer ( Invitrogen Inc, USA) were used instead of Taq DNA 

polymerase, MgCl2 and l x  Taq polymerase buffer in a standard (20 !!L )  PCR.  

2. 1 7  Restriction Endonuclease Digests 

2. 1 7.1 Restriction Endonuclease Digests of Genomic DNA 

Genomic DNA was digested at 37° C for - 1 6  hr with restriction endonucleases 

( - 1  )lg DNN5 un i ts restriction enzyme) Eco R 1 and Bam H 1, used in accordance with 

manufacturers instructions. Samples were analysed on I %  agarose gels by 

electrophoresis i n  1 x T AE buffer to check the DNA was ful ly  digested. 

2.1 7.2 Kpn 1/Bam Hl Restriction Endonuclease Digests 

Restriction e ndonucleases, Kpn 1 and Bam H 1 were used in accordance with 

manufacturers' instruct ions. Al iquots of purified M. ptb281 PCR product containing 

approx imately 1 50 ng of DNA or vector contain ing approximately 500 ng of DNA were 

separately incubated with 20 units of Kpn 1 in 1 x  buffer (20 mM Tris-HCL (pH 7.4) ,  5 

mM MgCh, 50 m M  KCL) in a volume of 20 !! L and incubated overnight at 3 7° C. After 

thi s  period 4 !! L of vector was removed and stored for analysis  by agarose gel 

e lectrophoresis.  The remaining Kpn 1 digests were subjected to Bam H I  digestion 

overnight at 37° C by adding 20 units Barn H l  in l x  buffer ( 1 0 mM Tris-HC L, 1 0  mM 

NaCl,  5 mM MgC12, 1 mM 2-mercaptoethanol ,  pH 8 .0 ) to the Kpn 1 digest and the 

volume made up to 40 !! L. The Kpn l /Bam H 1 digests were then purified by agarose gel 

electrophoresis as described in  section 2 .7 .  

2. 18 Ligation 

Ligations were carried out  overnight at room temperature with T4 DNA Ligase in  

accordance wi th  manufacturer' s  recommendations. A ratio of  approximate! y 1 : 3 

(vector: insert) was mixed with 1 unit of T4 Ligase in  a total volume of 40 !!L.  
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2.19 Transformation 

A 20 f!L sample of l i gation mixture or 20 f! L  of purified plasmid vector di luted in  

a ratio of 1 : 1 0 was dialysed on a 0.025 f!m filter disc for 20 mins. The dialysed sample 

was mixed with 20 f! L  of chi l led E. coli DH l OB cel ls  or electrocompetent M. smegmatis 

mc
2

1 55 ( 43) and transferred to a chil led 0. 1 cm gap electroporation chamber and 

electroporated as per the manufacturer' s recommendations. LB broth (200 f! L) was 

added to the chamber and the mixture incubated for 2-2Y2 hours at 37° C .  The 

transformation mixture was spread on an LB agar plate containing 50 f.lg/mL of kan or 

1 00 f.lg/mL amp and incubated at 37° C overnight for E. coli DH l OB or 72 hours for M. 

smegmatis mc
2

1 55 .  

2.20 E lectrocompetent M. smegmatis mc2155 

Electrocompetent M. smegmatis mc2 1 55 cells were previously made using a 

method modified from Ranes et al. J .  Bact. J 990: 1 99 p2 1 95-2 1 97 that substituted 

gl ycerol for sucrose ( 43 ) .  

2.21 Preparation of M. smegmatis mc2155-pMIP-M. ptb281 template for PCR 

A single colony was transferred to 5 mL Sauton ' s  media containing 50 �-tg/mL kan 

and incubated at 37o C w ith agitat ion for 72 hours. A J mL sample from the Sauton ' s  

culture was centrifuged at 1 4000 g and the supernatant discarded.  The pel let was 

washed twice by re-suspending in steri le water and repeating the centrifugation step. 

The washed pellet was re-suspended in 400 f! L of sterile water and boi led for 1 0  mins 

before being frozen at -70° C. The sample was thawed ,  mixed and centrifuged at  1 4000 

g to pellet cellular debris before a 5 f! L  al iquot was used as template in a standard PCR. 

2.22 Protein Expression 

2.22. 1 Small Scale Induction of pPROEX Clones 

A starter culture was prepared by inoculating 5 mL LB broth contain ing 1 00 

f.lg/mL amp with a s ingle colony of the desired E. coli DH l OB pPROEX clone and 

incubating overnight at 37° C with agitation. The starter culture was used to inoculate 

1 0  mL LB/amp broth to obtain a di lution with an OD6oonm reading of 0. 1 and the culture 

i ncubated at 37° C wi th agitation. When the culture had reached an OD6oonm reading 
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between 0.5  and 1 .0 a 1 rnL pre-induction sample was collected, centrifuged at 1 4000 g, 

the supernatant discarded and the pellet stored at -70° C.  The remaining culture was 

induced w ith IPTG to a final concentration of 0.2 mM or 1 mM and incubated at 37° C 

with agitation. After 4 hours a 1 mL i nduced sample was collected, centrifuged, the 

supernatant discarded and the pellet stored at -70° C. The remaining culture was 

incubated overnight before being centrifuged, the supernatant discarded and the wet 

weight of the pellet determined prior to storage at -70° C.  

2.22.2 Large Scale Induction of p PROEX Clones 

Induction of a 1 50 mL LB/amp culture with the desired pPROEX E. coli O H  l OB 

clone was performed as stated above ( section 2.22. 1 )  using a 1 0  mL starter culture and 

inducing to a final concentration of 0.2 mM IPTG overnight . 

2.22.3 Protein Expression of pMI P 1 2  Clones 

Sauton ' s  starter cultures (5 mL) containing 50 Jlg/mL kan were inoculated with a 

single colony of the appropriate M. smegmatis mc
2

1 55-pM IP c lone and incubated with 

agitation at 37o C for 4 days. Fresh 50 mL Sauton' s/kan cultures were prepared and 

inoculated with a I mL aliquot of the appropriate starter culture and incubated as above 

for 7 days. The 50 mL cu ltures were centrifuged at 1 4000 g and the pel lets stored at -70° 

C until  needed. 

2.23 Sonication 

Pel lets were re-suspended in phosphate buffered sal ine (PB S ;  1 37 mM NaCI,  2 .68 

mM KCI ,  4.02 mM Na2HP04, 1 .7 6  mM KH2P04, pH 7 .4 )  or start buffer (20 mM 

Na2HP04, 0.5 M NaCI ,  1 5  mM imi dzole, pH 7 .4 )  as indicated and sonicated on ice 8x 

30 sec (E. coli ) or 1 x  40 sec (M. smegmatis mc
2

1 55 ) .  

2.24 1 5 %  SDS PAGE Gel Electrophoresis 

Protein samples were boiled for 1 0  mins in 1 x loading buffer (2x stock; 0. 1 25 M 

Tris-Cl p H 6.8 ,  4% SDS, 20% glycerol, 1 0% 2-mercaptoethanol ,  0.2% w/v 

bromophenol blue), applied to a 1 5% polyacrylamide gel (PAGE) (Stacking gel ;  1 3% 

24 



acrylamide, 0. 1 25 M Tris-HCl, pH 6.8,  0. 1 %  SDS, 0.05% w/v ammonium persulphate, 

0.05% v/v TEMED, Resolving gel ;  1 5% acrylamide, 0 .375 M Tris-HCL, pH 8 .8 ,  0. 1 %  

SDS, 0. 1 %  w/v ammonium persulphate, 0.07% v/v TEMED) and electrophoresed in  

tank buffer (0.02 M Tris base, 0 . 1 92 M glyc ine, pH 8 .3 ,  0 . 1 %  SDS) unti l  the dye front 

reached the end of the gel .  Gels were soaked in stain (0. 1 25% Coomassie blue, 50% 

methanol ,  I 0% acetic acid) w ith gentle agitation for - 1 5  mins and de-stained (50% 

methanol, 1 0% acetic acid) with gentle agitation unti l  prote in  bands were clearly visible.  

2.25 I mmobilized Metal Affinity Chromatography ( I MAC) 

H iTrap 1 mL Chelat ing columns were used in accordance with manufacturer ' s  

recommendations. A column was  charged with I mL 0. 1 M N iCh and equil ibrated with 

5 mL start buffer (20 mM Na2HP04, 0.5 M NaCl, 1 5  mM i midzole, pH 7.4) .  S amples 

were loaded onto the col umn in I mL al iquots, each of which was left to adsorb for -2 

mins before the next aliquot was pushed through and a fraction col lected. Unbound 

proteins were washed from the column using 1 mL start buffer and the fraction 

collected. Bound proteins were eluted from the column using I mL a1iquots of e lution 

buffer containing increasing amounts of imidazole (start buffer containing 50 mM, I 00 

m M  or 250 mM imidazole ) and I mL fractions col lected. 

2.26 Centricon Centrifugal Filter Device 

A Centricon YM-3, 3 ,000 MW cut-off centrifugal fi l ter was used in accordance 

w ith the manufacturer' s instructions. 

2.27 Western Blots 

Protein  samples were subjected to 1 5% SDS PAGE gel e lectrophoresis ( section 

2 . 24) with a sample of Pre-stained Precision Protein Standard and the gel soaked i n  

transfer buffer (25 mM Tris ,  1 92 m M  glycine, 20% methanol, p H  9 . 5 )  2 x  1 0  m i n  t o  

equil ibrate. N i trocellu lose membrane (0.45 f! m) was cut t o  s lightly larger than the gel , 

pre-wetted i n  methanol and soaked in transfer buffer for 2 x  1 0  min. Two sheets of filter 

paper were cut to a size larger than the membrane and soaked in transfer buffer wi th two 

pads. The polyacrylamide gel  was laid on a sheet of fil ter  paper, overlaid with the 

membrane and the second sheet of filter paper was laid on top. The filter paper 
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containing the gel and membrane was sandwiched between the pads and placed inside a 

porous plastic transfer cassette. The cassette was placed in  a tank containing transfer 

buffer so that the membrane was between the gel and the anode. E lectrophoresis was 

performed with cooling at 1 00 volts for -45 min.  The sandwich was then disassembled 

and the position of the lanes transferred to the membrane before the gel was removed 

and stained with Coomassie blue. The membrane was rinsed in  dH20 and soaked in  1 x 

Ponceau S ( l Ox stock; 2 g Ponceau S dissolved in 30 mL glacial acetic acid and brought 

up to 1 00 mL with dH20) for 5 mins and the excess washed off with dH20 until the 

bands were resolved. The membrane was photocopied, the lanes cut into individual 

strips, rinsed in dH20 for 1 0  mins to remove the Ponceau S and stored at 4° C in  a 

sealed bag until needed. 

2.27. 1 Immunodetection 

All incubations were performed at room temperature. Western blots were 

equil ibrated in western wash (20 mM Tris pH 7 .4, l OO mM NaCl,  0. 1 %  Tween 20) for 

-2 min then incubated with gentle agitation for I hr in excess western block solution 

(20 mM Tris pH 7 .4, 1 00 mM NaCl , 0. 1 %  Tween 20, 5% Skim milk) .  Mouse 

monoclonal anti-his6-perox idase was used in accordance with manufacturer 's  

instructions and diluted 1 /500 in western block solution ( 1 00 mU/mL) .  The membrane 

was incubated in anti-his6-peroxidase/block solution with gentle agitat ion for I hr, 

washed for 6x 5 min in  l x  western wash and placed in  an open plastic bag. 

Chemiluminescent SuperS ignal® West Femto Maximum Sensitivity Substrate solutions 

were mixed 1 :  1 and 5 IlL per strip pi petted onto the membrane. The other half of the 

plastic bag was used to draw the substrate across the length of the membrane and the 

bag sealed. The membrane was then exposed to B io M ax M R  film for 1 sec, 10 sec , 1 

min, 30 min,  overnight and the fi lm developed. 
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3. 1 I ntroduction 

Chapter 3 :  Results 

During the prec l in ical stage of Johne's d isease the host ' s  response to the organism 

i s  i n  the form of  a strong cel l -mediated i mmune response (CMI )  ( 1 6) .  Work with 

pathogenic mycobacteria has demonstrated that part of the CMI response i s  d irected 

against secreted proteins ( 1 7 ,49,50) . At present CMI  based detect ion methods are 

unable to rel iabl y  different iate between mycobacterial i n fections such as bov ine 

tuberculosis and Johne 's  d isease caused by M. bovis and M. ptb respect i ve l y  due to the 

Jack of species  spec ific anti gens. Thus the i dent ification of species spec i fic secreted 

proteins from M. ptb that are recognised by the CMI  response could potent ia l ly  improve 

the speci fic i ty  of current C M I  based diagnost ic tests. 

Reporter gene technology has been w idely used to ident ify and i so late secreted 

proteins from a number of d ifferent micro-organisms. Previously the Escherichia co li 

(E. co li) alkal i ne phosphatase (phoA) reporter gene was used to ident i fy secreted 

proteins from M. ptb expressed in a mycobacterial model ( 3 3 ) .  

3. 1 . 1  pJEM l l -M. ptb Secreted Protein Library 

The secreted protei n  l ibrary of the New Zealand Mycobacterium avium subspecies 

paratubercu losi s  (M. ptb) fie ld  isolate ( ATCC 53950) made previously ( sect ion: 2 .2 )  by 

Dupont et. al . was constructed using the vector pJEM 1 1  ( Appendix B )  suppl ied by 

Professor Brigitte Gicquel ( Pasteur I nst itute, Paris ) .  The pJEM 1 1  vector contains a 

truncated Escherichia co li (E. co l i ) alkal i ne phosphatase (phoA) reporter gene 

(Acc#O 1 659)  devoid of  i ts  own promoter, r ibosome b inding site, N -terminal signal 

sequence and start codon and is unable to drive its own expression and export. Adjacent 

to phoA is a mult iple c loning s i te that allows the fusion of  genomic material direct ly  to 

p hoA. PhoA acti vity, otherwise known as the PhoA phenotype ( PhoA +) w i l l  only occur 

if a genomic fragment carrying the N-terrninal encoding region of a sec reted protei n  

w ith its promoter, ribosome binding s i te, start codon and s ignal sequence i s  fused i n  

frame wi th phoA. Hence, i n formation with in the M. ptb genomic fragmen t  i s  u l t imately 

responsible for the expression and export of the PhoA-hybrid protei n .  Export of the 

PhoA-hybrid protein out of the reducing env i ronment of the cytosol across the p lasma 
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membrane causes the formation of disul fi de bonds essential for the correct formation 

and act ivation of the PhoA (5 1 ) . Interaction of act ive PhoA with i ts chromogenic 

substrate 5-bromo-4-chloro-3- indo l yl phosphate ( BCIP) causes a blue precip itate to 

form t urning the colony blue, enab l i ng un-aided v isual detect ion of PhoA + clones ( 34) .  

Thus only b lue colonies wi l l  contain recombi nant plasmids carrying the N-terminal 

encodi ng region of secreted M. pt h prote i n  convenient ly fused in  frame with and 

adjacent  to phoA ( Figure 1 ) . 

Sau 3 NMprb genomic 
frag ments 

pJ EM I I  

Bam H l lphoA pJEM I I 
vectors 

pJEM I I  

.-------- Potent ial  translat ion prod ucts -------...., 

N ._1 __ ...._____,! C N ...._....._ _ ___. __ C N ._1 __.. __ _.____,I C 
Non-secreted 

hybrid protein  
Secreted PhoA 
hybrid prote i n  

+ 

Kan/BCIP LB agar pla1c 

c:::J Aberrant PhoA translat i o n  product 

Reco mbi nant bacterial co lon ies 

- Secreted/ac t i ve PhoA prote i n  

Secreted aberrant 
PhoA hybrid 

protei n 

c:::::J M. prb protein 

c:::::J I nact i ve PhoA prote i n  

c:::J M .  prb s i gnal sequence 

Figure l :  The pJ EM 1 1  l ibrary and PhoA + select ion.  Genomic fragments, randomly 

l igated into pJEM 1 1  vectors whose transcriptional products run into and in frame 

with phoA wi l l  p roduce a PhoA-hybrid prote i n  with detectable PhoA + act iv i ty and 

turn the colony blue .  N = amino termin i ;  C = carboxyl termin i ;  ATG,  start codon ; 

RBS ,  ribosome b ind ing site. 

Designed to bind to sequences flanking the M. pth genomic insert, the pJEM 1 1  

sequencing primers J EM l and J E M 2  (Appendix C )  al low the i ntervening sequences to 

be determined by DNA sequencing  (33 ) .  The JEM2 primer b inds  to the reading strand 

wi th in  phoA approx imately  l 00 bp from the i nsert enab l ing the nucleotide sequence 
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adjacen t  to phoA to be determined thus enab l ing the N-terminal encoding region of the 

gene responsible for the PhoA + acti vi ty to be ident ified. 

3. 1 .2 Sequencing of the pJEMl l -M. ptb28 1 Insert 

The pJEM 1 1 -M. ptb28 1 i n sert was estimated to be -3 1 00 bp ( 5 2 ) , a length 

exceeding the abi l i t y  of DNA sequencing to cover with the two flanking primers J EM I 

and JEM2 .  To sequence the ent ire i n sert the i nternal primers KatE-i I ,  KatE- i2 ,  KatE-i3 

and KatE-i4 ( Appendix C)  were used with JEM I and JEM2 which revealed a 2043 bp 

insert ( Appendi x  A ) .  

Part A :  Preliminary Analysis of pJEM l l -M. ptb281 

3.2 Introduction 

The start ing material for th i s  work was the nucleotide sequence of the 2043 bp 

insert from the pJE M  1 1 -M. ptb plasmid l ibrary clone, pJEM 1 1 -M. ptb28 1 ( Appendix A )  

( 5 2 ) . In th is sect ion the genomic i nsert from pJ EM 1 1 -M. ptb2 8 1 was analysed using 

in ternet based bioin format ics tools  to determine the ident i ty of the gene( s )  responsible 

for the PhoA 
+

act iv i ty  and to ascerta in  its d istribut ion across bacterial species .  

3.3 Preliminary Database Search 

The National Centre for B iotechnology Information ( NCB I )  database was 

searched using basic  local al ignment search tool s  ( BLAST) w ith the M. ptb insert 

sequence from pJE M  1 1 -M. ptb28 1 .  The most s ign ificant B LASTN al ignment was to 

kat£ w hich encodes for the catalase HP I I  of Mycobacterium avium (M. a vium ) ,  a close 

re lat i ve of M. ptb ( Appendix A ) .  The BLASTN al ignment covered the ent ire 2043 bp 

M. ptb query sequence and shared 98% ident i ty wi th the M. avium subject sequence 

with an expected ( E )  value of 0.0. 

An artefact of this type of l ibrary i s  the generat ion of inserts made up from 

mult ip le instead of s ingle Sau 3A d igested genomic fragments .  This can occur when 

Sau 3A digested genomic fragments are randomly l igated together prior to thei r  l i gation 

i nto the Barn H 1 d igested vector. Thus the order of the genomic fragments  wi th in the 

i nsert w i l l  not reflect the order found in the nat ive genomic material . If th is  event i s  not 

ident ified in a clone, erroneous conclusions may be drawn from database search resul ts .  
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The un- in terrupted nucleot ide al ignment of the ent ire M. ptb query sequence to the M. 

avium sequence i s  ev idence that the i n sert was derived from a s ingle Sau 3A digested 

fragment. 

A B LASTX search also reported a s ign i ficant al i gnment to M. avium kat£ ( Fi gure 

2) .  The al ignment had a s ignificant E value of 0.0, shared 96% ident i t ies, 97% pos i t ives 

and was in the +2 reading frame, not the phoA + 1 readi ng frame. 

gi l 7 6 2 8 2 9 lgb iAAC 1 8 4 0 7 . 1 I c a t a l a s e  H P I I  [ Mycob a c t e r i um a vium] 
E xpe c t  

Query : 2 

0 . 0 ,  I de n t i t i e s  6 2 1 / 6 4 4  ( 9 6 % ) , P o s i t ive s = 6 2 8 / 6 4 4  ( 9 7 % ) , Frame + 2  

S b j c t : 6 3  

Query : 1 8 2  

S bj c t : 1 2 3  

Query : 3 6 2 

S bj c t : 1 8 3  

Query : 5 4 2  

Sb j c t : 2 4 3  

Query : 7 2 2  

S b j c t : 3 0 3  

Query : 9 0 2  

S bj c t : 3 6 3  

Query : 1 0 8 2  

S bj c t : 4 2 3  

Query : 1 2 6 2  

S bj c t : 4 8 3 

Query : 1 4 4 2  

S b j c t : 5 4 3  

Q u e r y : 1 6 2 2  

S bj c t : 6 0 3  

Query : 1 8 0 2  

S b j c t : 6 6 3  

I TH FDHER I PERVVHARGAGAYGYFEPYDDRLAQYTAAKFLTS PGTRTPVFVRFSTVAGS 1 8 1  
I TH FDHE R I PERVVHARGAGAYGYFE PYDDRLAQYTAAKFLTS PGTRTPVFVRFS TVAGS 
I THFDHER I PERVVHARGAGAYGYFEPYDDRLAQYTAAKFLTS PGTRTPVFVRFS TVAGS 1 2 2  

RGSADTVRDVRGFATKFYTEQGNYDLVGNNFPVFF I QDGI KFPDFVHAVKPEPHN E I PQA 3 6 1  
RGSADTVRDVRGFATKFYTEQGNYDLVGNNFPVF F I QDG I KF P  VHAVKPEPHN E I PQA 
RGSADTVRDVRGFATKFYTEQGNYDLVGNNFPVFF I QDG I KF PVLVHAVKPEPHN E I PQA 1 8 2  

QSAHDTLWDFVSLQPETLHA I MWLMSDRALPRSYRMMQGFGVHTFRLVNARGRGTFVKFH 5 4 1  
QSAHDTLWDFVSLQPETLHAI MWLMSDRALPRSYRMMQGFGVHTFRLVNARGRGTFVKFH 
QSAHDTLWDFVSLQPETLHAI MWLMSDRAL PRSYRMMQGFGVHTFRLVNARGRGTFVKFH 2 4 2  

WKPRLGVHSL I WDECQKI AGKDPDYNRRDLWEA I E S RQYP EWE LGVQLVAEDDE F S FD FD 7 2 1  
WKPRLGVH S L I WDECQKIAGKD PDYNRRDLWEA I E S  QYPEWELGVQLVAEDD E F S FD FD 
WKPRLGVH S L I WDECQKIAG KD PDYNRRDLWEA I E SGQYPEWELGVQLVAEDDE FS FDFD 3 0 2  

L LDAT K I I PEEQVPVLPVGKMVLNRNPDNFFAETEQVAFHTANVVPGID FTNDPLLQFRN 9 0 1  
LLDATK I I P EEQVPVLPVGKMVLNRNPDNFFAETEQVAFHTANVVPG I D FTNDPLLQFRN 
LLDAT K I I PEEQVPVLPVGKMVLNRNPDNFFAETEQVAFHTANVVPGIDFTNDPLLQFRN 3 6 2  

FSYLDTQL I RLGGPNFAQL PVNRPVAQVRTNQHDGYGQHT I PQGRSSYFKNS I GGGCPAL 1 0 8 1  
FSYLDTQL I RLGGPNFAQLPVNRPVAQVRTNQHDGY QH I PQGRS SYFKNS I GGGCPAL 
FSYLDTQL I RLGGPNFAQL PVNRPVAQVRTNQHDGYAQHA I PQGRS SYFKNS I GGGCPAL 4 2 2  

ADENVFRHYTQRVDGQT I GKRAEAFQNHYGQARMFFKSMS PVEAEHIVAAFAFELGKVEM 1 2 6 1  
ADE +VFRHYTQRVDGQT I GKRAEAFQNHYGQARMF F KSMS PVEAEH I VAAFAFELGKVEM 
ADEDVFRHYTQRVDGQTIGKRAEAFQNHYGQARMF F KSMS PVEAEH I VAAFAFELGKVEM 4 8 2  

P E I RSAVVAQLARVDDQLAAQVAAKLGL P E P P EEQVDESAPVSPAVSQVTDGGDT IASRR 1 4 4 1  
P E I RS AVVAQLARVDDQLAAQVAAKLGL P E P P E E QVDESAPVS PA+SQVTDGGDT IASRR 
PE I RSAVVAQLARVDDQLAAQVAAKLGL P E P P EEQVDESAPVSPALSQVTDGGDT IASRR 5 4 2  

IAVLAPDGVNVVGTHRFTELMEHPGAVVKVLAPVPGRTLAGGSARKLRVDRSFTTMASVL 1 6 2 1  
I AVLA DGV+VVGT RFTELME GAVV+VLAPV G TLAGGS + LRVDRSFTTMASVL 
IAVLAADGVDVVGTQRFTE LMEQRGAVVEVLAPVAGGTLAGGSGGELRVDRS FTTMASVL 6 0 2  

YNAVVVACE PRSVSTLSEQRYAVHFVTEAYKHL KP IGAYGAGVDL LRKAG I DNRLAEDTD 1 8 0 1  
Y+AVVVAC PRSVSTLS+ YAVHFVTEAYKHLKP I GAYGAGVDL LRKAG I DNRLAEDTD 
YDAVVVACGPRSVSTLSDDGYAVHFVTEAYKHLKP I GAYGAGVDL LRKAG I DNRLAEDTD 6 6 2  

VLNDQAVVTTKAAADELPERFAEE FAAALAQHRCWQRRTDAVPA 1 9 3 3  
VLNDQAVVTTKAAAD E L P ERFAEEFAAALAQHRCWQRRTDAVPA 
VLNDQAVVTTKAAAD E L P ERFAEEFAAALAQHRCWQRRTDAVPA 7 0 6  

Figure 2 :  NCBI  B LASTX search results .  A l ignment between the translated 

pJE M  1 1 -M. ptb28 1 i nsert query sequence and M. avium kat£. Query = translated 

nucleot ide sequence from pJEM 1 1 -M. ptb28 1 i n sert ; Sbjct = amino acid  sequence 

of KatE ;  + = conserved residues. Query numbers refer to the nucleot ide sequence 

residue whereas the subject numbers refer to the amino acid  sequence residues .  
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The a l ignment included the first 1 936 bp of the 2043 bp insert sequence to the last 643 

amino acid  residues of the 706 residue Kat£ protei n  i nd icat ing the 5 '  region of kat£ was 

absent from the insert wh i le the 3 '  region was located upstream of phoA . 

The combined B LAST database results indicate the presence of a M. ptb homolog 

of M. avium kat£ in the pJEM 1 1 -M. p tb28 1 i nsert . The published M. avium kat£ 

sequence ( 5 3 )  and database results were used to locate the M. ptb kat£ gene with in the 

pJEM 1 1 -M. ptb28 1 i nsert (F igure 3 ) .  

GATCACCCACTTCGACCACGAGCGCATCCCGGAGCGTGTGGTGCATGCGCGCGGGGCCGG 6 0  
CGCCTACGGCTATTTCGAACCGTACGACGACCGGTTGGCGCAGTACACGGCGGCGAAATT 1 2 0  
TCTGACCTCGCCGGGCACCAGGACGCCGGTGTTCGTGCGTTTTTCGACGGTCGCCGGATC 1 8 0  
GCGCGGTTCGGCCGACACCGTCCGCGACGTGCGCGGGTTCGCCACCAAGTTCTATACCGA 2 4 0  
ACAAGGCAATTACGACTTGGTGGGCAACAACTTCCCGGTGTTCTTCATCCAGGACGGCAT 3 0 0  
CAAGTTCCCCGACTTCGTGCACGCGGTGAAACCCGAGCCGCACAACGAGATTCCGCAGGC 3 6 0  
GCAGTCGGCGCACGACACGCTGTGGGACTTCGTGTCGCTGCAGCCCGAGACGTTGCACGC 4 2 0  
CATCATGTGGCTGATGTCGGACCGGGCGCTGCCGCGCAGCTACCGCATGATGCAGGGGTT 4 8 0  
CGGGGTGCACACCTTC CGGCTGGTGAACGCCCGCGGCCGAGGGACTTTCGTGAAGTTCCA 5 4 0  
CTGGAAGCCCCGACTCGGCGTGCACTCGCTGATCTGGGACGAATGCCAGAAGATCGCCGG 6 0 0  
CAAAGAC CCCGATTACAACCGCCGCGACCTGTGGGAGGCCATCGAATCCCGCCAGTACCC 6 6 0  
GGAGTGGGAGCTGGGCGTGCAGCTGGTCGCCGAGGACGACGAGTTCAGCTTCGACTTCGA 7 2 0  
TCTGCTGGACGCGACGAAAATCATTCCGGAAGAACAGGTTCCGGTATTGCCGGTGGGCAA 7 8 0  
GATGGTGTTGAACCGCAACCCCGACAACTTCTTCGCCGAGACCGAGCAGGTCGCTTTTCA 8 4 0  
CACCGCCAACGTGGTGCCGGGCATCGATTTCACCAACGACCCGTTGCTGCAGTTCCGCAA 9 0 0  
CTTCTCCTATCTGGACACGCAGCTGATCCGGTTGGGCGGCCCCAACTTCGCGCAGCTGCC 9 6 0  
GGTCAACCGCCCGGTGGCGCAGGTGCGGACCAACCAGCACGACGGTTACGGGCAGCACAC 1 0 2 0  
GATTCCGCAGGGCCGGTCCAGTTACTTCAAGAACAGCATCGGCGGCGGTTGTCCCGCACT 1 0 8 0  
GGC CGACGAGAACGTGTTCCGGCACTACAC CCAGCGGGTGGACGGGCAGACGATCGGCAA 1 1 4 0  
GCGCGCCGAGGCGTTCCAGAACCACTACGGCCAGGCGCGGATGTTCTTCAAGAGCATGTC 1 2 0 0  
GCCGGTGGAGGCCGAACACATCGTGGCCGCCTTCGCCTTCGAACTCGGCAAGGTGGAGAT 1 2 6 0  
GCCCGAAATCCGTTCCGCGGTGGTGGCACAACTCGCCCGCGTCGATGACCAGCTGGCCGC 1 3 2 0  
CCAGGTCGCGGCGAAACTGGGGCTGCCCGAGCCGCCGGAGGAGCAGGTGGACGAGTCGGC 1 3 8 0  
ACCGGTTTCCCCGGCCGTTTCGCAGGTCACCGACGGCGGCGACACCATCGCGTCGCGCCG 1 4 4 0  
GATCGCGGTGCTGGCC CCCGACGGCGTCAACGTGGTGGGCACGCACCGCTTCACCGAGCT 1 5 0 0  
GATGGAGCACCCCGGCGCGGTGGTCAAGGTGCTGGCCCCGGTGCCCGGCCGCACGTTGGC 1 5 6 0  
GGGTGGGTCCGCCCGCAAGCTGCGGGTGGACCGGTCCTTCACGACGATGGCGTCGGTGCT 1 6 2 0  
CTACAACGCGGTGGTGGTGGCGTGCGAACCGCGGTCGGTGTCAACGCTGTCCGAACAGCG 1 6 8 0  
GTACGCCGTGCACTTCGTCACCGAGGCCTACAAACACCTCAAGCCGATCGGCGCCTACGG 1 7 4 0  
GGCCGGTGTCGACCTGCTCCGCAAGGCCGGCATCGACAACCGGCTCGCCGAGGACACCGA 1 8 0 0  
CGTGCTCAACGACCAAGCGGTGGTCACCACCAAGGCCGCCGCCGACGAGCTGCCCGAGCG 1 8 6 0  
CTTCGCCGAGGAATTCGCCGCCGCGCTCGCGCAGCACCGGTGCTGGCAGCGGCGCACCGA 1 9 2 0  
CGCGGTGCCGGCCTGAAAGCCGGCCGAAGACCGCCGAAAGGTTTTCCCGGCCGC CGGGAC 1 9 8 0  
GGGCATCCGGCTCAGAAGGCGTCATCGTGGACAGGAGGACAAGTCATGCCGCGCTCGTCG 2 0 4 0  
ATC - phoA 2 0 4 3  

Figure 3 :  Locat ion o f  kat£ homolog w ithin the pJEM 1 1 -M. ptb28 1 i nsert . Brown 

text = kat£ sequence ; TGA = kat£ stop codon;  GA TC = Bam H 1 /Sau 3A vector 

i nsert l igat ion sites. 
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The M. ptb kat£ homolog covered the nucleotide sequence of pJEM 1 1 -M. ptb28 1 from 

the Bam H 1 /Sau 3A (GA TC) insert vector l igat ion s i te at residue 1 to the TGA kat£ 

stop codon located 1 08 bp upstream of phoA ending at nucleotide 1 936.  

The location of katE' s stop codon and the knowledge that the gene possessed a 

s i ngle open reading frame ( ORF) ( 53 )  enab led the search for the ORF responsible for 

the PhoA + phenotype ( hypothetical M. ptb-28 1 ORF) to be confi ned to the I 07 

nucleot ides between phoA and the 3' region of the M. ptb kat£ homolog. Using th is  

sequence the NCB I  B LASTN search was repeated which unexpectedly reported an 

al ignment to M. avium kat£ ( Figure 4 ;  A ). 

A 

gi l 7 6 2 8 2 8 lgbi L4 1 2 4 6 . 1 IMSGKATE Mycobac t e r ium avium c a t a l ase H P I I ( ka t E )  
Exp e c t  = S e - 4 8 ,  I de n t i t i e s  = 1 0 6 / 1 0 7  ( 9 9 % ) , S t rand = P l u s  I P l u s  

Query : 
ii�rr11rr1ii�iTT1TT1iii11r r r rrrr1�TT�TT�1�ir119TiTTT���rri1i 

6 0  

Sbj c t : aagccggc cgaagac cgccgaaagg t t t t cccggccgccgggacgg - c a t ccggct caga 2 3 1 5  

Que ry : 
i��r1rrirr�r��iri11i�1irii1rlir1rr11�rrl1rr1irr 

1 0 7  

Sbj c t : aggcgtcatcgtggacaggaggacaagt c a tgccgcgc t cg t cga t c  2 3 6 2  

B 
CGCTTCGCCGAGGAATTCGCCGCCGCGCTCGCGCAGCACCGGTGCTGGCAGCGGCGCACCGACGCG 2 2 4 4  

R P A E E F A A A L A Q H R C W Q R R T D A 
GTGCCGGCCTGAAAGCCGGCCGAAGACCGCCGAAAGGTTTTCCCGGCCGCCGGGACGGCATCCGGC 2 3 1 0  

V P A -
T CAGAAGG CGTCATCGTGGACAGGAGGACAAGTCATGCCGCGCTCGTCGATCAAGAACGAAAAGAT 2 3 7 6  

GTATCAGGATCTGCGCAAGAAGGGCGAATCCAAGGAGAAGG 2 4 1 7  

Figure 4 :  Al ignment o f  the 1 07 bp M. ptb sequence to A.GAM22 .  A ;  B LAST 

al ignment of  the M. ptb sequence shared  99% ident i t ies with M. a vium and had a 

s ign i ficant E value of 5e-48 . Al ignment of the 1 07 bp M. ptb insert to the NCBI  

database subject M. a vium occurred down stream of  the kat£ stop codon in  

sequence flanking the gene. Query = 1 07 bp M. ptb sequence; Sbjct = subject from 

database . B ;  the last 1 73 bp from the A.GAM22 insert with KatE amino acid 

equence below was modified from M i lano, 1 996. The s ingle ORF of kat£ 

terminates  at base 2253 .  I nverted arrows appear below a potential rho-independent 

terminat ion sequence ( 53 ) .  The underl i ned sequence represents the region where the 

1 07 bp M. ptb sequence al igned to the M. avium A.GA M 22 sequence .  
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The al ignment had an expected ( E )  value of 5e-48 wi th 99% ident i ty and occuned 

outside the katE gene downstream of i ts C-terminus (Figure 4 ;  B ). Alignment of the 1 07 

bp query sequence to kat£ occurred because the orig inal sequence submi tted to the 

GenBank Library, from a A.GAM- 1 1  M. a vium l ibrary c lone A.GAM 2 2  (accession 

number L4 1 246 ) ,  carried an insert which i ncluded the kat£ gene and i ts flanking 

sequences ( 5 3 ) .  

The B LASTN alignment o f  the 1 07 bp  M. ptb sequence had a n  ex tra base at 

posit ion 47 between the C-terminus of the M. ptb kat£ homolog and phoA that was not 

present in the equi valent M. avium sequence from the NCB I database A.GAM22 clone 

( Figure 4) .  The extra base may be a legi t imate d ifference between these two species or 

be a sequenc ing  error in  e i ther sequence. Of major importance was the absence of any 

s ignificant a l ignment between the 1 07 bp M. ptb sequence to members of the MTB 

complex or re lated bacteria. 

3.4 Preliminary Southern Blot Analysis 

To invest igate the apparent absence of the hypothet ical M. ptb28 1 ORF from 

member( s )  of the MTB complex, the biomolecu lar based method of Southern blot 

analys is  was used.  

3.4. 1 Preparation of Probes 

phoA -28 1 

The probe phoA-28 1 -DIG was des igned to screen a Southern blot of M. ptb 

( Neoparasec ) and M. bovis BCG ( BCG ) vacci ne strains and a M. ptb lambda l ibrary to 

isolate the C-terminal encoding region of the M. ptb28 1 ORF. The absence of AP from 

the genome of  mycobacteria ( 33,34,54,55 )  made it poss ible to ut i l ize the pJ EM 1 1 -M. 

ptb28 1 vector as a template i n  a polymerase chain react ion ( PCR)  wi th  the exist ing 

pJEM 1 1 primer, JEM2 and the forward primer M PTB28 1 F l .  Using JEM2 as a reverse 

primer resulted in approximately 1 00 bp of phoA being inc luded in the fi n al phoA-28 1 -

DIG probe. 

Wi th the aid of computer programs A mpl ify (56 )  and Mac vector ( MacYector, 

Accelrys l nc ) ,  the forward primer M PTB28 1 F 1 was designed to anneal to a region 

w ith in the pJE M l l -M. ptb28 1  i nsert, bases 1 448 to 1 507 that had a 1 00% al ignment to 
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M. avium kat£ on the B LASTN results adding  the final 439 bp from the 3 '  region of 

kat£ to phoA-28 1 -DIG.  The absence of kat£ from the genome of M. tuberculosis and 

M. bovis ( 53 ) suggested that the gene would  also be absent  from BCG, a derivat ive of 

M. bovis and the source of genomic material used in the Southern blots. I t  was therefore 

ant ic ipated that the 439 bp of kat£ in the probe would  not hybridize to BCG causing 

fal se pos i t ives. Theoretical ly,  M PTB28 1 F 1 w i l l  not form pri mer diamers with i tself or 

JEM2 and wi l l  anneal speci fical l y to a s ingle s i te within the pJEM 1 1 -M. ptb28 1 i nsert 

du ring a PCR to produce the DNA fragment phoA-28 1 for D IG  label l i ng. 

Using the standard PCR protocol with a 65° C anneal ing temperature, J EM 2  and 

M PTB28 1 F l  primers were used with - 1 0  ng of pJ EM 1 1 -M. ptb28 1 template to ampl ify 

the -660 bp phoA-28 1 DNA fragment for D IG labe l l ing.  The PCR product was 

analysed by agarose gel electrophoresis as described in the methods sect ion . Analysis of 

phoA -28 1 PCR mixture by agarose ge l electrophores is  showed the PCR successfu l l y  

ampl ified a s ingle band that migrated to  the expected d istance of  -660 bp  as  judged by 

the 1 00 bp ladder ( Figure 5 ) .  The remain ing PCR mixture was used to ge l puri fy the 

-660 bp band as described in section 2.7 i n  preparat ion for DIG labe l l ing. 

M PB70 

As a pos i t i ve control for BCG on the Southern blot a fragment of the M. tb ( MTB ) 

complex speci fic gene, designated MPB70 ( mycobacterial protein secreted from BCG ) 

was ampl ified by PCR for DIG labe l ing ( M PB70-DIG ) ( 5 7 ) .  The primers M PB7 1 and 

M PB72 ( 5 7 )  were used to ampl i fy a 396 bp fragment of the MPB70 gene from BCG 

us ing standard PCR cond i t ions wi th a 60° C anneal ing temperature in  the absence of 

D MSO. Analys is  of the MPB70 PCR mixture by agarose gel e lectrophores i s  ( Figure 5 )  

showed a s ingle band of approximately  396 bp was successfu l ly ampl i fied from BCG. 

The remain ing PCR mixture was subjected to agarose gel electrophores is  and the -396 

bp MPB70 band e xcised and puri fied i n  preparat ion for DIG l abe l l ing. 

DIG labe l l i ng of purified phoA-28 1 and MPB70 PCR fragments was performed 

( section 2 . 1 4) and the yield of DIG-labe l led DNA estimated using calorimetric 

detection ( sect ion 2 . 1 4 . 1 ) . 
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Figure 5: Agarose gel analysis of phoA-28 1  and M PB70 PCR products .  Al iquots (4 

).I.L)  from phoA-28 1 ( left )  and M PB70 ( righ t )  PCRs were electrophoresed on I %  

agarose gels in  1 x TAE buffer. The DNA was stained with ethidium bromide and 

examined under UV l i ght .  Both PCRs produced s ingle bands of the s ize expected 

(phoA-28 1 = -660 bp; MPB70 = 396 bp ) .  Lanes : 1 & 4, 1 00 bp ladder; 2; -660 bp 

phoA -28 1 PCR product ;  3 & 6, negat ive controls ;  5, -396 bp M PB70 PCR product .  

3.4.2 Neoparasec and BCG Eco Rl Southern Blot Set 1 

The vaccine strai ns M. ptb 3 1 6F ( Neoparasec ) and M. bovis BCG ( BCG ) ,  

derivat i ves o f  M. ptb and M. bovis respect ively, were used a s  the source of Eco R I  

digested genomic material for Southern blot analys is .  The vacc ine strains were chosen 

because they are re lat i ve ly  safe, and faster growing than the parental strains .  BCG was 

grown in 500 mL of 7 H 9  Middlebrook medium supplemented w i th albumin-dex trose

catalase ( ADC ) wi th cons istent shak ing at 37° C. DNA was extracted as described by 

(43 ) .  Neoparasec genomic DNA used only for the pre l iminary Southern blots was 

k indly provided by Or Jeremy Rae (Massey Un ivers i ty) .  Al iquots of Neoparasec and 

BCG genomic DNA were subjected to restriction endonuclease digest wi th  Eco R I .  

Al iquots of nat ive DNA and Eco R l  digested samples were loaded onto a 0.7% agarose 

gel and analysed by electrophoresis to confirm the d igests were successful ( Figure 6 ) . 
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Figure 6 :  Analysis of  Eco R I  digested Neoparasec and BCG. Undigested and 

digested samples were loaded onto a 0.7% agarose gel and subjected to 

electrophoresis in I x TAE buffer. Lanes :  I ,  I kb+ ladder; 2 ,  6 .7  11L undigested 

Neoparasec genomic DNA ;  3, 1 4 .2 �LL Eco R I  digested Neoparasec DNA; 4, 3 11L 

undigested BCG genomic DNA; 5 ,  4 11L Eco R I  digested BCG genomic D A. 

Samples of undigested genomic DNA from eoparasec and BCG were loaded 

onto lanes 2 and 4 respect ive ly ;  each contai ned a s ingle broad band of genomic DNA 

present above the 1 2  kb marker. Samples contain ing approx i mately  equivalent amounts 

of DNA, re l at i ve to the undigested samples, were loaded on to lanes 3 Neoparasec, and 5 

BCG, where the absence of the > 1 2  kb band confi rmed the digests were complete. 

Al iquots containing approx i mately I �tg of  DNA from Eco R I  Neoparasec and BCG 

digests were loaded onto a fresh 0.7% agarose gel and e lectrophoresed. A reference 

photo was taken ( Figure 7 )  before the gel was subjected to Southern transfer as 

described in sect ion 2 . 1 3 . 2 .  For s impl ic i ty,  only strips 1 and 2 are shown. 
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Figure 7 :  Reference photo of Neoparasec and BCG Eco R 1 Southern blot set l ,  

strips 1 & 2 .  ( Str ips 3-6 not shown ) .  Al iquots contain ing approximate ly  1 !J.g of Eco 

R I  digested DNA were e lectrophoresed on a 0 .7% agarose gel i n  I x TAE buffer. 

The gel was soaked in d i lute ethidium bromide and a reference photo was taken 

wi th  the gel al i gned next to a fl uorescent ru l er. a, UV fluorescent ruler. Lanes: b, I 

kb+ ladder; c & e, Eco R I  d igested BCG DNA; d & .f, Eco R I  digested eoparasec 

DNA. Lane c & d, strip I ;  e & j� strip 2 .  

Low Stringency Hybridization 

The Neoparasec and BCG Eco R I  Southern blot set I ,  strip 2 was i ncubated wi th  

phoA -28 1 -DIG as described i n  sect ion 2 . 1 5  us ing a 40° C hybrid i zat ion temperature 

( low stringency hybridizat ion ) .  Low stringency post-hybridization washes were 

performed (sect ion 2 . 1 5 . 1 ) , and the blot was prepared for chemiluminescent detect ion 

using CSPD ( sect ion 2 . 1 5 . 2 ) .  The b lot was exposed to X-ray fi l m  for 1 and 2 hours to 

get a range of exposures ( Figure 8 ) . Under low stringency condi t ions the phoA-28 1 -D I G  

probe produced a s ingle strong defined band i n  Neoparasec on the 1 and 2 hour 

exposures. The 2 hour exposure showed the emergence of background hybridizat ion 

s ignals i n  the Neoparasec lane. H ybridization of  phoA-28 1 -D I G  to BCG DNA produced 

a smear of hybrid ization signals i n  the 1 and 2 hour exposures .  The l atter exposure a lso 

produced two fai nt but poorly defi ned bands in  fragments approximatel y  3 .4 kb and 1 .8 

kb that most l ikel y  represent areas of low homology to some part of the probe. 
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The absence of h igh background signals from Neoparasec and their presence i n  

B C G  after I and 2 h ours of exposure was typical of strips from set I under l ow 

stringency condit ions. 

a 

B N 

b 

B N 

49.0 mm 5 1 .0 mm 

3 . 4 kb -

62.0 mm 
1 . 8 kb -

Figure 8 :  Hybrid izat ion of phoA -28 1 -DIG usmg low stringency condi t ions .  

Neoparasec and BCG Eco R I  Southern blot  set I ,  strip 2 was probed wi th phoA-

28 1 -D IG  us ing low stri ngency condi t ions and subjected to chemi luminescent 

detect ion with CSPD for I and 2 hour s .  Travel i ng d istance of the bands are shown 

wi th the approximate s ize of the genomic fragments they were located on as judged 

by a standard curve made from the reference photo. a ,  I hr exposure ;  b, 2 hr 

exposure . B = BCG l ane, N = Neoparasec lane. 

Marks i ndicat ing the pos it ion of t he wel ls on the Southern blot were transferred 

onto the fi l m  and the d istance between the band and the wel l i n  the Neoparasec lane was 

measured to be -49 mm.  A standard curve of the Neoparasec and BCG Eco R I  

Southern b lot set I was made using the I kb+ ladder from the reference photo (F igure 

9 ) .  
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F igure 9: Neoparasec and B CG Eco R I  Southern blot, set I standard curve. The 

standard curve was generated from the mot i l i ty of I kb+ ladder DNA fragments on 

the reference photo ( Figure 7 ) . The band found in Neoparasec 49 mm from the wel l  

( shown in blue )  corresponds to genomic fragments approxi mate ly  3800 bp i n  

length. 

Trac ing the 49 mm mark onto the standard curve a l lowed an esti mation to be 

made on the s ize of the band found in Neoparasec. The band fal l s  wi th in genomic 

fragments approx imate ly  3800 bp in  length .  

3.4.3 Neoparasec, BCG Eco R l  Southern Blot Set 2 

Background signals present i n  the h igh molecu lar we ight fragments in  BCG on set 

may have been obscuring hybridizat ion s ignals of low but s ignificant homology. To 

reduce the background signals in the h igh molecular weight fragments so that low 

homology hybrid ization signals could be seen ,  a number of changes were made to the 

0 .  7% agarose gel used to make Neoparasec and B CG Eco R I  Southern blot set 2 .  

First ly, the 0.7% agarose gel was made using a comb that produces 10  mm i nstead of  5 

m m  long wel l s .  This was done to allow the h igh molecu l ar weight fragments to spread 

out  more across the lane to reduce the l ikel ihood of the probe becoming entangled in a 

dense mat of genomic mater ial . Secondly,  the gel was e lectrophoresed further than i n  

set 1 to better separate the h igh molecu lar weight fragments thus i mproving the 
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resolut ion of bands i n  the high molecular weight fragments. Thi s  resu l ted i n  the absence 

of molecu lar weight fragments from the Southern blot below -3 kb. The absence of 

those fragments  was not considered important because the focus of this Southern blot 

was on the h igh molecular weight fragments where most of the s ignals were .  

A second Eco R I  d igest of  Neoparasec and BCG was prepared and subsequently 

used to construct the eoparasec and BCG Eco R 1 Southern blot set 2 .  Two 0.7% 

agarose gels  were prepared for Southern transfer each contain ing mult iple samples of 

Eco R I  digested DNA from eoparasec and BCG. After Southern transfer the 

membranes were cut into strips contain ing one lane from each species and numbered in  

order of their  appearance in the reference photo ( Figure I 0 ) .  

Gel A Gei B 

S trip I Str ip  2 Strip 3 Strip 4 
� � � � 

a b c d e f a b c d e f 
kb kh 

1 2 .0 

8.0 

3.0 

Figure I 0: Reference photos of Neoparasec and BCG Eco R I  Sou thern blots, set 2 .  

Al iquots contain i ng approximatel y  I 11g o f  Eco R I  d igested D A were 

e lectrophoresed on two 0.7% agarose gel s  in l x  TAE buffer. The gels  were soaked 

in d i lute ethidium bromide and reference photos were taken w i th each gel al igned 

next to a fluorescent ruler. Gel A, strips I & 2; Gel B, strips 3 & 4. Lanes: a, UV 

fluore cent ru ler; b, I kb+ ladder; c & e ,  Eco R I  digested BCG DNA;  d & f, Eco 

R I  d igested Neoparasec DNA. 
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High Stringency Hybridization 

Neoparasec and BCG Eco R l  Southern b lot set 2, strip 2 was i ncubated wi th  

phoA-28 1 -D I G  using a 42° C hybrid izat ion temperature (h igh str ingency condit ions) 

fol lowed by h igh stri ngency post hybridizat ion washes .  The blot was prepared for 

chemi luminescent detect ion  with CDP
Star and exposed to fi lm for 1 and 2 hours to get a 

range of exposures ( Figure l l  ) .  

80 111111 

- 3 . 8  k b -

a b 

B N B N 

Figu re l l : H ybridizat ion of phoA-28 1 -DIG usmg h igh stringency condit ions .  

Neoparasec and BCG Eco R l Southern blot set 2 ,  str ip 2 was probed with phoA-

28 1 -DIG us ing h igh stri ngency condi t ions and subjected to chemi luminescent 

detect ion w i th CDPSiar and exposed to fi l m  for I and 2 hours. a = I hr exposure; b 

= 2 hr  exposure ; mm = trave l ing distance of the band from the wel l ;  kb = k i lobase; 

arrow indicates approxi mate size of genomic fragments the band was located on as 

judged by the standard curve of set 2 ,  str ip 2 (data not shown) ;  B = BCG lane, N = 

Neoparasec lane. 

B oth 1 and 2 hour exposures revealed the presence of a single strong 

hybrid izat ion signal in Neoparasec wh i le no specifi c  hybridizat ion signals were 

observed in BCG. The hybrid ization signal in Neoparasec was located among fragments 

-3.8 kb as j udged by the standard curve generated from the l kb + ladder i n  the reference 

photo ( data not shown) .  B ac kground noi se emerged in BCG as a fain t  smear in the h igh 

molecular weight fragments after 2 hours exposure (F igure 1 1 ) whereas i t  had been 
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prominent i n  both the 1 and 2 hour exposures  of the first Southern blot subjected to low 

str ingency condi tions ( Fi gure 8) .  

3.4.4 Hybridization of the BCG Positive Control Probe MPB -DIG 

Neoparasec and BCG Eco R 1 Southern blot set 2 strip 4 was i ncubated wi th the 

MTB complex speci fic probe MPB70-DIG using a 42° C hybrid izat ion temperature and 

h igh stringency post hybridization washes.  The blot was p repared for chemi lumi nescent 

detect ion w i th  CDPStar and exposed to fi l m  for I and 2 hours. As expected the probe 

produced no hybridization signal s i n  Neoparasec after I or 2 hour exposures whi le i t  

produced a s i ngle strong hybridizat ion s ignal in both exposures of  BCG ( Figure 1 2 ) .  

77 111111 -

- 5 .5 kb ---- � 

Figure 1 2 : Hybrid izat ion of MPB70-DIG usmg h i gh stri ngency cond i t ions. 

Neoparasec and BCG Eco R I  Southern blot set 2, strip 4 was hybridized wi th 

M PB70-DIG us ing h igh stringency condi t ions and subjected to chemi luminescent 

detection w ith copStar and exposed for 2 hours. Shown are the travel l i ng distance of 

the band and the approx imate s ize of the genomic fragments the band was located 

on as judged by the standard curve doe set 2 (data not shown) .  B = BCG lane, N = 

Neoparasec lane. 

A standard curve of set 2 strip 4 showed the MPB70-DIG probe annealed to BCG 

genomic fragments of approximatel y  -5500 bp ( data not shown) .  The presence of a 

hybrid ization  s ignal i n  BCG showed the DNA used i n  set 2 was not degraded and 
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capable of producing  a speci fi c  hybridizat ion s ignal . There fore, the l ack  of speci fic  

hybridization signal s from BCG on set 2 strip 2 when hybrid ized with phoA-28 1 -D IG 

was due to the absence of th is  sequence i n  BCG. 

3.4.5 Conclusion to Preliminary Analysis of pJEM l l -M. ptb281 

The pJEM I 1 -M. ptb28 1 i nsert contained the last 1 936 bp of an M. ptb homolog to 

the M. avium catalase gene, kat£. M inus its 5 '  region and present in the wrong reading 

frame with its stop codon upstream of phoA, the M. ptb kat£ homolog was considered 

un l ikely to be the gene responsible for the PhoA + phenotype. Wi th in  the I 07 bp 

sequence between kat£ and phoA lay the 5' region of a poss ible ORF (M. ptb2 8 1 OR F ) .  

The 1 07 bp sequence was absent from the  annotated genome of M. tuberculosis 

indicating the hypothetical M. ptb28 1 OR F  may be absent from M. tuberculosis. I t 

remains poss ible that the PhoA + phenotype of pJ EM 1 1 -M. ptb28 1 may be a c loning or 

expression artefact and wi l l  requ ire direct evidence such as those from primer extens ion 

analysis before the i dentity of the gene responsible can be assigned. 

Strong s ingle hybridization signals were observed in  the M. ptb derivative 

Neoparasec and M. bOI'is derivat ive BCG when Southern blots were probed under h igh 

stri ngency condi t ions with phoA-28 1 -DIG and MPB70-DIG respect ively,  confirming 

the i ntegri ty of the DNA used to produce these blots. Probi ng the first Southern blot 

under low stri ngency condi t ions with phoA-28 1 -DIG produced a smear of background 

signals among the h igh mo lecu lar weight fragments of BCG and two faint  i ndist inct 

bands in fragments below 400 bp. The second Southern blot , focusing on h igh 

molecu lar weight fragments where the bulk of background signal occurred, was 

subjected to h igh stringency conditions with phoA-28 1 -D IG .  This resu l ted in the 

reduction of background signals in  BCG revea l i ng mu l t iple faint ind is t inct band i n  

fragment ranging from - 1 2  t o  -3 kb. Whi le t he  background signals  presen t  i n  BCG 

probed with phoA -28 1 -DIG most l ikely  represent areas of  low homology to some part 

of the probe, these resul ts  do not conclus ive l y  prove or d isprove the presence of a 

homolog to the hypothetical M. ptb28 1 OR F  i n  the genome of BCG. 
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Part B :  Identification of the Full Length Hypothetical M. ptb28 1  ORF 

3.5 I ntroduction 

Expression and secretion of the PhoA-fus ion protein from pJEM 1 1 -M. ptb28 1 

rel ies on the fusion of the N-termi nal encoding region from the hypotheti cal secreted 

prote i n  M PTB28 1 bei n g  fused in frame with and adjacent to phoA .  Before the 

immunological properti e s  of the hypothetical M PTB28 1 protein could be explored, 

sequence encoding the amino and carboxyl termin i  was requ i red for the ful l  length ORF 

to be c loned and expressed. 

3.6 M PTB28 1 C-terminal Search 

The insert from pJE M  1 1 -M. ptb28 1 contained the putat i ve -terminal but not the 

C-termi nal encoding region of MPTB28 1 .  To ident ify the C-terminal encoding reg ion 

of  MPTB28 1 the strateg ies  out l i ned in the fol lowing sections were employed. 

3.6. 1 M. ptb Lambda Library 

A M. ptb lambda l ibrary ( 5 8 )  was original l y  u sed to fi nd the 3 '  regton of the 

hypothet ical M. ptb28 1 ORF however, attempts to screen the l i brary us ing colony 

plaque h ybridizat ion w i th the phoA -28 1 -D IG probe were unsuccessfu l  ( data not shown ) .  

The lambda l i brary had p reviously been shown to  be  i ncomplete by the absence of the 

kat£ gene (Chri st i ne D upont ,  pers. comm. ) ,  the gene located upstream of the 

hypothet ical M. ptb28 l ORF. 

3.6.2 TIGR Database 

The second strategy u t i l i sed sequence data from The Inst i tu te for Genomic 

Research (TIGR)  database and the Sanger database which contained the part i al ly 

completed mycobacterial genome M. ptb and i ts c lose relat i ve M. avium. The M. ptb and 

M. avium genome sequenc ing projects were i ncomplete at the t ime of this work and 

bei ng u n-annotated were u nable to provide i nformat ion  on hypothetical ORFs. B LAST 

search resu lts from the M.  ptb database were l im i ted to an  al ignment between the  query 

sequence and subjects found in the database, wh i le the M. avium database provided i n  

addi t ion to an al ignment, the contig to which the most s ignifi cant al ignment belonged. 
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A cont ig provided approx imatel y  1 000 bp of sequence to each s ide of the query thus 

a l lowing sequence flanking the query to be identified. 

The close genealogy of M. avium and M. ptb meant i t  was probable that M. avium 

would conta in  a homolog to the hypothet ical M. ptb28 1 ORF responsible for the phoA 

phenotype . Hence, screen ing the M. avium databa e wi th sequence contain ing the N

terminal encoding region of M. ptb28 1 was l ikely to result  i n  the ident i fication of a M. 

a vium homolog and the cont ig  to which it belonged. The M. a vium contig would contain 

sequence flanking the M. avium28 1 homolog, including its 3' region, which cou ld then 

be used to search the M. ptb database. This would al low the authentic M. ptb C-terminal 

sequence to be identified in  the query/subject al ignment.  Determinat ion the C-terminus 

would be ach ieved by i den t i fy ing the first downstream stop codon in the phoAIM. 

ptb28 1 reading  frame. 

M. avium Database Search 

The last 1 1 9 bp from the pJ EM 1 1 -M. ptb28 1 i nsert sequence, contai n ing the 5 '  

region o f  the hypothetical M. ptb28 1 and the 3 '  region o f  kat£, was used i n  a BLAST 

search of the M. avium database ( http ://t igrblast . t igr.org/ufmgli ndex .cgi ?database= 

m_avium lseq ) . The most s ign i ficant M. avium database result  was found in cont ig 1 4  

that contained 20,6 1 1 bp. The M. ptb query/M. avium subject alignmen t shared 99% 

i dent i t ies and posi t ives wi th an expected E value of l . l e.:? l  ( Figure 1 3 ) . The M. avium 

database also provided approx i mately 1 000 bp of sequence flanking both s ides of the 

databa e subject from cont ig 1 4  ( Appendix A ) . 

Cont ig 1 4 , Length = 2 0 , 6 1 1 ,  M i nus S t rand : 
E xpect = 1 . 1 e - 2 1 ,  I dent i t i e s  & Pos i t i v e s  = 1 1 8 / 1 1 9  ( 9 9 % ) , St rand = M i nu s / P l u s  

Query = 1 1 9  
?Tr??????Trttt???r????tt?t?????Gtttr?TTTT???rr??r??r?rt??rr? 

6 0  

S b j e t : 1 8 0 9 8  GTGCCGGCCTGAAAGCCGGCCGAAGACCGCCAAAAGGTTTTCCCGGCCGCCGGGACGGGC 1 8 1 5 7  

Query : 5 9  
tT??rr?T?trttrr?rT?tT?rTrrt?trrtrrt?ttrTTtTr??r?r?T?rT?rtT? 

1 

S b j e t : 1 8 1 5 8  ATCCGGCTCAGAAGGCGTCATCGTGGACAGGAGGACAAGTCATGCCGCGCTCGTCGATC 1 8 2 1 6  

Figure 1 3 : B LASTN resul t  from the M. a vium database. Query = 1 1 9 b p  pJEM 1 1 -

M. ptb28 l query sequence; Sbjet ( subject) = ident i t ies from contig 1 4  from the M. 

avium database. Brown text = 3 '  region of M. ptb kat£; TGA = M. ptb kat£ stop 

cod on 
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M. ptb Database Search 

The final 1 208 nucleot ides from contig 1 4, i ncluding the final 1 0 1  bp from the C

terminus of kat£ as a reference poi nt ,  were used in a B LASTN search of the M. ptb 

database . The most significant a l ignment was to a subject that shared 99% identit ies, 

had no gaps and an expected value of 0.0 i n  a plus I minus orientation to the first 960 bp 

of the query sequence ( Figure 1 4 ) .  

Expe c t  = 0 . 0 ,  I dent i t i e s  = 9 5 4 / 9 6 0  ( 9 9 % ) , S t rand = P l u s  I M i nus 

Query : 1 ll�ll�ll�ll�lrlr�??l�l�?�l 1 r l�??�ir�ilr 11�11�11�1�1rl�l�li�l 6 0  

Sb j c t : 5 4 8 4  ccgccgccgacgagctgc c cgagcgc t t cgccgagga a t t cgccgccgcgc tcgcgcagc 5 5 4 4  

Query : 6 1  ill�rr �lr����rl�����������rlrrrrl?rYI?frilirllr�ll�ii�i?l�ll 
1 2 0  

Sb j c t : 5 5 4 5  accggtgc tggcagcggcgcaccgacgcggtgc cggcctgaaagccggccgaagaccgcc 5 6 0 4 

Query : 1 2 1  a
iil�rrr rrlllr�ll�llr���������rllr�lrli�ilr�l�rllrlrr������� 

1 8 0  

Sb j c t : 5 6 0 5  gaaagg t t t t cccggccgccgggacgggcatc cggct cagaaggcgtcatcgtggacagg 5 6 6 5  

Query : 1 8 1  
���llii�r?lr�ll�lrlrl�rl�irlil�lil�lill�irrrirli���rlr�l�lli 

2 4 0  

Sb j c t : 5 6 6 6  aggacaagtca tgccgcgc t cgt cgatcaagaacgaaaaga t g t a t cagga t c tgcgcaa 5 7 2 5  

Query : 2 4 1  
��������ilrllii�����������������TTTT

c
llr�l���

c
�?l����������� 

3 0 0 

Sb j c t : 5 7 2 6  gaagggcgaa tccaaggagaaggccgcgcgca t c t cgaa tgcggc t gccggccaaggcaa 5 7 8 5  

Query : 3 0 1  
rrl�rl��rr����r?l�lrrlr�lii�rll�r�rllrirlir�ilr������r�llr�i 

3 6 0  

Sb j c t : 5 7 8 6  gt cgt cggtgggccgccgcggcggcaag t c cgggtcctat cagga c t ggaccgtgccgga 5 8 4 5  

Query : 3 6 1  
irr�ii�ii�lr�����������rr�rllrrrll���rirrlr����r�illilrrilii 

4 2 0  

Sbj c t : 5 8 4 6  a t tgaaga agcgggccaaagagct tggc a t t t ccggc ta t t cgggc c tgaccaaggacaa 5 9 0 5  

Query : 4 2 1  
rlr�rrlrllllllrrlrliilll?r�lrll�rlir?r?�rlil?l�li�rl�rrl�rll 

4 8 0 

Sb j c t : 5 9 0 6  gctggt cgccaaactgcgca accactga t ccgtcat ctcgtcaac cgcagtcgt t cggcc 5 9 6 5  

Query : 4 8 1  
irlilllrrlirrlrlll�lrrlrrlrrrrrlrrlrrrlr�irlllr�irrrl�rllli� 

5 4 0  

Sb j c t : 5 9 6 6  agcaccaggaaggcgaccgcgt agtcgt tgt cggcggtc tgagcccgga t t t cgt cccag 6 0 2 5  

Query : 5 4 1  
rlli�l?�rrl�l�?ilr�lrl�lil?rl����������r r�������r?�lirrrrrrl 

6 0 0 

Sb j c t : 6 0 2 6  t c cagccgt tcgcgcacggcgcgcaccgcgggcagcagc t tggcgaagt cgcagtggtgc 6 0 8 5  

Query : 6 0 1  
rl�??lr�?�ir?�li�lrrlr����rr�lrl?irrrr���r�rlirli??rrlirrl?r 

6 6 0  

S bj c t : 6 0 8 6  t cgcccagcgagcgcagc t g c t ggacgagcacca tggtgggtggcagcaccggca tgccg 6 1 4 5  

Query : 6 6 1  
rrr�rlrrlrlrrlrrrrrrl rlrrlrlrrrllrrrrrlrrlrlirlrr?rrr?i?�llr 

7 2 0  

Sbj c t : 6 1 4 6  atcgccagcacgtcgtgg t g c t c ggcgcggt c cagggtc t gcgcat cgacgggcacgccg 6 2 0 5  

Query : 7 2 1  
r rrirrlrrr�lr�lilirlrillcrlirrrlrll��rrl�r�llrrrir�irlll�rll 

7 8 0  

S bj c t : 6 2 0 6  t tgaggcggtgcagcaca t c gaccagcatgt cgccggtgcgggcc t tgaagagccagt c c  6 2 6 5  

Figure 1 4 : The most significant M .  ptb database resul t .  Shown are the fir t 780 bp  

of  a 960 bp  al ignment between M .  avium cont ig  1 4  and the M. ptb database . The 

a l ignment had an expected E value of 0.0 and hared 99% i dent i t ies. Query = M. 

avium contig 1 4  sequence; Sbjct = M. ptb databa e identi ty .  B rown text = 3 '  region 

of M. ptb kat£; TGA = M. ptb kat£ stop codon 
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Search for the first downstream Stop Codon 

Using the ExPASy (Expert Prote in  Analys i s  System) t rans lat ion tool 

( http ://us.expasy.org/tool s/dna.html ) the phoA/M. ptb28 l reading frame was ident ified 

( Fi gure 1 5 ; A )  and appl ied to the M. ptb database sequence. 

A 

B 

c tgaaagccggc c gaagaccgc cgaaaggt t t t cccggc cgccgggacgggc a t c cggc t 6 0  
L K A G R R P P K G F P G R R D G H P A 

c agaaggcgt ca t cgtggacaggaggac a agt ca t gccgc gc t cgtc ga t ccggatacgt 1 2 0  
Q K A S S W T G G Q V M P R S S I R I R 

�acc tgac t c t tatacacaagtagcgtcc tggacggaa c c t ttc ccgtt t t gc c c t  1 8 0  
T V 

c tgaaagccggcc ga agaccgc cgaaagg t t t tc c cggc cgccgggacgggc a t ccggct 5 5 8 2  
L K A G R R P P K G F P G R R D G H P A 

cagaaggcg t c a t cgtggacaggaggacaagtca tgccgcgc t cgtcgatcaagaacgaa 5 6 4 2  
Q K A S S W T G G Q V M P R S S I K N E 

aagatgtatcagg a t c tgcgcaagaagggcgaatccaaggagaaggccgcgcg c a t c tcg 5 7 0 2  
K M Y Q D L R K K G E S K E K A A R I S 

a a t gcggc tgccggccaaggcaagtcgtcggtgggccgccgcggcggc aagtc cgggtcc 5 7 6 2  
N A A A G Q G K S S V G R R G G K S G S 

t a t caggac tgga c cgtgccgga a t tgaagaagcgggc ca aagagc t tggca t t t c cggc 5 8 2 2  
Y Q D W T V P E L K K R A K E L G I S G 

t a t t cgggcc tgac ca aggacaagc tggtcgccaaac t gcgca accac tgatccgtcat c 5 8 8 2  
Y S G L T K D K L V A K L R N H S V I 

t c g t caaccgcag t c  
S S T A V 

5 9 5 6  

Figure I 5 :  The M. ptb28 1 stop codon. A, 1 80 b p  from pJEM 1 1 -M. ptb28 1 

inc luding phoA sequence with translated residues below in  the phoA/M. ptb28 1 

read ing frame. 8 ,  M. ptb database sequence 5582-5956 with translated res idues 

below in the M. ptb28 1  reading frame. Blue uppercase text = PhoA amino ac id 

residues; bold lower case text = vector sequence ; u nderl i ned lowercase text = 

remnant of  the vector' s mult iple c lon i ng site; gate = Bam H l !Sau 3A l igat ion i te ;  

tga = kat£ stop codon ;  tga = first downstream stop codon in  the M. ptb28 1 reading 

frame. 

The sequence was i nspected in  the correct read ing frame for the stop codons 

TAG, TGA or TAA. The first in  frame stop codon was found 344 bp downstream from 

the 3 '  region of kat£ ( Figure 1 5 ; B ) .  The M. ptb and M. avium genome sequencing 

projects were unfin i shed at the t ime of this work and could contain errors. Therefore, a 

section of the M. ptb database al i gnment to M. avium contig 1 4  between the 3 '  region of 
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kat£ and the first down stream stop codon was i nspected for gaps and base d i fferences 

that could potent ia l ly  conceal the true stop codon ( Figure 1 6 ) .  

Query : 

Sbj c t : 

Query : 

Sb j c t : 

Que ry : 

ill11r11r111i1111111ill1il1111r1111111r�iii111Y1111ii1ill111 1 2 0  

accggt gctggcagcggcgcaccgacgcgg gccggcc tgaaagccggccgaagaccgcc 5 6 0 4  
* 

aiii11r r rriii111111111YiiYYYiiriiYYirliYii1111rliriYrYYiliYY 1 8 0  

gaaagg t t t t cccggccgccgggacgggc a t c cggc t cagaaggcg t ca tcgtggacagg 5 6 6 5  

Sb j c t : agga c a agtca tgccgcgc t cgtcga t c aagaacgaaaaga t g t a t c agga t c t gcgcaa 5 7 2 5  
* * 

Que ry : Yii1YYIYiirllii11i1ii1111YIYIYii r lrlciir111Yic1111111iiYYiii 3 0 0  

Sbj ct : gaagggcgaat cca aggagaaggccgcgcgca t c t cgaat gcggc tgccggcc aaggca a  5 7 8 5  

Que ry : 1riYriYYr11111111YIYYIYYiiiYriiYYYrllrirliYYilrYYiiiYrYIIYYi 3 6 0  

Sbj ct : gtcgtcggtgggccgccgcggcggcaagtc cggg tcctat caggac tggaccgtgccgga 5 8 4 5  

Query : 

Sbj c t : 

Query : 

Sbj c t : 

irrYiiYiiYIYYYIIiiiYirlrrYrlir r rllrrlrirrlrYYIIrrilliiYrilii 4 2 0  

a t tgaagaagcgggccaaagagc t tggca t t t c cggc t a t t cgggc c tgaccaaggacaa 5 9 0 5  

rlrr1r1YIIiiilr11Yiiillilrrirll1rlirlrl1rliill11i1rl1rr l1111 4 8 0  

gc tgg t cgccaaactgcgcaaccac tgat c c g t c a t c tcgtcaaccgcagtcgt t c ggcc 5 9 6 5  

Figure 1 6 : Inspection of M. ptb and M. aviu111 contig 1 4  al ignment .  Sequence 

between the kat£ stop codon ( tga ) and first downstream stop codon ( tga ) in  the 

phoA reading frame were inspected for gap and base d i fferences. Three base 

d i fferences at nucleot ides 5605 , 5762 and 577 1 were found ( indicated in green text 

be low ). Query = M. a 1'i11111 contig 1 4  sequence; Sbjct = M. ptb database identity. 

o gap di fference were found in these sequences wh i le three base d i fferences 

were found between the 3' reg ion of the M. ptb kat£ homolog and the hypothetical M. 

ptb28 l stop codon at residues 5605, 5762 and 577 1 ( Figure 1 6 ) .  These bases were al l 

found at the th i rd posit ion of their respective codons and d id  not involve potential stop 

codons. Due to codon redundancy these ba e d i fference in M. avium do not change the 

translated amino acid sequence from those of the trans lated M. ptb sequence ( residues 

5605 cca/ccg = pro l ine, 5762 tcc/tcg = serine and 577 1 gee/get = alan i ne ) .  

The A.GA MM22 sequence differs from the M. a vium database sequence and 

pJEM 1 1 -M. ptb28 1 in  ert by the absence of a 'G '  down stream of the potential rho

independent termination repeat .  
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3.7 MPTB281 N-terminus Search 

A number of h ie rarch ical e lements requ i red for expression and export of a protei n  

can b e  recognised i n  and around  the gene sequence . R N A  polymerase promoter 

elements -30 and - 1 0  and ribosome b inding s i tes ( RB S )  can be ident ified in the DNA 

sequence upstream of an open reading frame . N -terminal s ignal pept ides, u sual l y  

requ i red for export across the plasma membrane, can be recognised in the translated 

sequence of the gene by their characterist ic mot i f. Together these features were u sed i n  

a n  attempt to identi fy the start codon for the hypothetical M. ptb28 1 ORF. 

3.7. 1 Start of Translation 

The database resu lts from Part A ident i fied the si ngle ORF of the M. a vium 

catalase gene kat£ i n  the insert of pJem 1 1 -M. ptb28 1 .  The 5 '  region of the gene was 

absent from the insert and i t ' s  3' region was located upstream of, and i n  the wrong 

reading  frame to the phoA gene . Thus, kat£ was considered un l ikely to be the gene 

responsible for the PhoA + phenotype. The search for the 5 '  region of the ORF 

responsible the PhoA + phenotype focused on the nuc leot ide sequence between the 3 '  

region of  kat£ and the phoA gene .  

The ExPASy translation tool was used to trans late the pJEM 1 1 -M. ptb28 1 i nsert 

sequence into the phoA reading frame to ident ify potential prokaryote meth ion ine 

(ATG ) and val i ne ( GT G )  start of translation codons .  Examination of the trans lated 

sequence revealed the presence of two potential start codons between katE' s stop codon 

and the plwA gene, namely a meth ion i ne and a val i ne res idue ( Figure 1 7 ) .  I n  addi t ion, 

both potential start codons were located downstream of the rho-independent terminat ion 

repeats reported to be associated with kat£ ( 53 ) .  The val i ne res idue was encoded by a 

GTC and not the val i ne start codon GTG, which made it un l ikely to be the start codon, 

leaving the ATG codon as the only other opt ion .  

The pJEM 1 1 -M. ptb28 1 i nsert, M. avium and M. ptb database sequences a l l  

contained an extra nuc leotide down-stream of the rho- independent terminat ion repeat 

that was not present i n  the M. avium kat£ A.GAM22 sequence ( Fi gure 4) .  This  base was 

removed and the pJEM 1 1 -M. ptb28 1 sequence translated i nto the phoA read i ng frame to 

ensure potent ial N-termi na l  res idues were not bei ng  obscured (data not shown ) .  A 
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search of th i s  sequence d id  not reveal any other potent ial  methionine or val i ne res idues 

between the C-terminus of kat£ and phoA, nor did i t  brin g  kat£ into the phoA readi ng 

frame. 

3.7.2 Hypothetical Shine-Dalgarno Sequence 

Sh ine-Dalgarno si tes are A+G rich sequences approximate ly  7 base long 

fol lowed by  an i nterval of 4-7 bases typical ly,  before an ATG start codon ( 59 ) .  

Inspection of the sequence revealed a h ypothet ical 7 base Sh ine-Dalgarno sequence 

( aggagga ) 6 bp upstream from the hypothetical A TG start codon ( Figure 1 7 ) .  

ctgaaagccggccgaagaccgccgaaaggttttcccggcc�ccgggacgggcatccggct 6 0  

cagaaggcgtcatcgtggacaggaggacaagtc ccgcgctcgtcga tccggatacgt 1 2 0  
V M P R S S I R I R 

�acctgac tcttatacacaagtagcgtcctggacggaacc t ttcccgttttgccct 1 8 0  
T V 

Figure 1 7 : Potential start codon for MPTB28 1 .  uc leot i de sequence of pJ EM 1 1 -M. 

ptb28 1 ( read ing strand ) shown above w i th the re levant amino ac ids below in  the 

plwA reading frame . Bold lowercase text = pJ EM 1 1  vector sequence: underl i ned 

lowercase text = remnant of  the vector' s mult iple c lon i ng site; gate = Bam H 1 /Sau 

3A l igat ion si te; tga = kat£ stop codon ;  tg = hypothet ical start codon;  l ight b lue 

uppercase text = PhoA amino acid sequence ; i nverted arrows appear be low 

potent ial rho- independent termination repeat ; aggagga = potent ial  Sh ine-Dalgarno; 

tcagaa = potential promoter. 

3.7.3 Hypothetical Promoter Element 

The typical E. coli A+ T rich hexamer promoter e lements - 1 0  (TAT AA T )  and -35 

(TTGACA ) common to most prokaryotes were absent from sequence up-stream of the 

hypothetical M. ptb28 1 start codon. However, a potent ia l  - 1 0 hexamer promoter element 

ly i ng between the 3 '  end of kat£ and the hypothet ical ATG start codon was ident ified 

based on i ts  h igh A+ T content ( Figure 1 7 ) .  No -35 promoter element could be ident ified 

based on the E. coli consensus or on reported mycobacterial consensus elements 

( 59,60) .  Wi th a G+C content ranging from approximate ly  57-65% (M. leprae and M. tb 
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respect ively) rel at i ve ly  few mycobacterial promoter e lements studied to date conform to 

the E. coli conse nsus, with some except ions such as the h igh ly  conserved heat shock 

promoters (59 ) .  I t  is poss ible that there are other as yet un ident ifi ed elements enhanc ing 

transcription act i v ity up-stream of the hypothetical M. ptb28 1 ATG start codon. 

3. 7.4 Signal Peptide 

General ly,  s ignal pept ides range i n  s 1ze from 1 8  to 30  ammo ac ids with a 

posi t i vely charged N-terminus ( -domain ), a hydrophobic core of at least 7 res idues ( H

domain )  fol lowed by neutral ly  charged residues near the peptidase cleavage s i te (C

domai n )  ( 39,6 1 -6 3 ) .  Inspection of the M PTB28 1 -PhoA hybrid showed the M. ptb 

port ion only contributed 6 amino acids to the prote in  upstream of PhoA; a length 

considered insu ffic ient for a s ignal  peptide. Start i ng wi th the proposed N-termi nal 

meth ion ine, the fi rst 50 amino acids from the MPTB28 1 - PhoA hybrid and the 

hypothetical MPTB28 1 prote i n  were sent to the signal pept ide pred ict ion servers 

PSORT and S igna! P. Using gram negat i ve and gram posi t ive parameters, nei ther server 

predicted a signal peptide for these sequences ( data not shown ) .  

3.8 The Hypothetical M. ptb28 1 ORF 

The hypothetical M. ptb28 1 ORF ( Figure 1 8 ) was assembled us ing the proposed 

5 '  reg ion from the pJ EM 1 1 -M. ptb28 1 sequence and the proposed 3' region from the M. 

ptb database sequence. 

atgccgcgc tcgtcgatcaagaacgaaaaga t g t a t c agga t c tgcgcaagaagggcgaa 6 0  
M P R S S I K N E K M Y Q D L R K K G E 

tccaaggagaaggccgcgcgca t c t cgaa tgcggc tgc cggccaaggca a g t cgtcggtg 1 2 0  
S K E K A A R I S N A A A G Q G K S S V 

ggccgccgcggcggcaagtccgggt cctatcagga c t ggaccgtgccgg a a t tgaagaag 1 8 0  
G R R G G K S G S Y Q D W T V P E L K K 

cgggccaaagagct tggc a t t t ccggc t a t t cgggcc tgaccaaggacaagctggt cgcc 2 4 0  
R A K E L G I S G Y S G L T K D K L V A 

aaactgcgcaaccac tga 2 5 8  
K L R N H 

Figure 1 8 : The ful l  hypothet ical M. ptb28 1 ORF and translated sequence . 

Nucleotide ( above ) and trans lated (below ) sequences were assembled from the 

pJem 1 1 -M. ptb28 1 sequence (bold text )  and M. ptb database seq uence. 
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The hypothetical gene comprised 258 n ucleot ides wi th  a G+C conten t  of 6 1 .24% that 

translates i nto 85 amino acids and was predicted by B ionavigator 

(ht tp ://www.bionavigator.com) to have a molecular mass of l 0.8 1 kDa. 

The M. ptb database sequence used to locate the 3 '  region of M. ptb28 l ,  d i ffered 

at pos i t ions 87 and 96 ( Figure 1 5 ; residues 5762 and 577 1 )  from i ts equ ivalent in the M. 

avium cont ig 1 4. These base d ifferences occur at the th ird posi t ion of their respective 

codons and may be sequencing errors, or alternat i vely may be authent ic d ifferences 

between M. ptb and M. avium. The presence of these base differences does not change 

the amino acid sequence predicted for M PTB28 1 and the M. a vium homolog due to 

codon redu ndency. 

3.9 Conclusion to Identification of Hypothetical M. ptb28 1 ORF 

The hypothet ical -terminal meth ionine start codon was selected on the basis that 

A ;  it was the only ATG start of trans lat ion codon between the 3 '  region of kat£ and the 

vector/phoA sequence that was in  frame with phoA and B;  i t  had a potent ial Sh ine

Dalgarno sequence 6 bp upstream. The only other poss ible N-termi nal residue was a 

val ine found  adjacent to and upstream of the hypothet ical meth ionine A TG start . The 

val ine was encoded by GTC and not t he val ine start cod on GTG so was considered 

unl ike ly to be the N-terminal residue. However, d i rect experi mental evidence w i l l  be 

requ ired to ident ify the true start codon .  

The t ranslated hypothet ical M. ptb28 1 ORF and the putat ive MPT28 1 -PhoA 

fus ion prote in had no detectable signal sequence. In fact the MPT28 1 port ion of the 

PhoA fus ion prote in ,  predicted from the proposed A TG start codon,  carried on ly 6 

amino ac ids upstream of PhoA; a length considered insuffic ient to act as a signal 

sequence. Hence, the possibi l i ty that the PhoA phenotype was a clon ing or expression 

artefact can not be e l iminated unt i l  d i rect experi mental evidence has been gathered. 

Exported leaderless prote ins, however, have been reported for M. tb ( polyphosphate 

glucokinase ) and M. smegmatis ( acetamidase ) fue l l ing specu lat ion that an as yet 

unknown protein secre t ion pathway may ex ist in  mycobacteria ( 64,65 ) .  
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Part C: Cloning the Hypothetical M. ptb28 1 ORF 

3. 1 0  Introduction to  Directional Cloning 

Direct ional c loning describes the process where a gene is c lo ned i nto an 

expression vector in an orientat ion that maintains the correct trans lat ional reading 

frame. This process requ i res the use of  two d ifferent restric t ion endonuclease 

recogni t ion s i tes that are absent from the gene of i nterest but present i n  the mult iple 

cloning s i te ( MCS)  of the express ion vector. Those restr ict ion s i tes are i ncorporated i nto 

o l igonucleot ide primers that are designed to fl ank and ampl i fy the gene of  i nterest by 

PCR. The first of these restrict ion s i tes to occur upstream in the MCS is i ncorporated 

in to the 5' end of the forward pri mer wh i le  the second s i te, located downstream of the 

first , i s  incorporated i nto the 5' end of the reverse primer. 

Fol lowing  ampl i ficat ion by PCR the i nsert and expression vector were digested 

w i th the appropriate restr ict ion cndonucleases. The double digest creates two di fferent 

ol i gonuc leot ide protrusions (cohesi ve ends ) at the ends of the vector and i nsert . These 

cohesive ends have di fferent  sequences which prevent in t ramolecular l i gat ion of vector 

and i nsert dur ing cloning.  The l igat ion process i nvolves pai ring of the cohesive ends 

from the vector with i t s  complement on the insert thereby prov id ing d i rect ional i ty 

during c lon ing and ensur ing the correct read ing frame of the i nsert is  main tained i n  the 

ex press ion vecto r. 

3. 1 0. 1  Prokaryote Expression Vectors 

The hypothet ical M. ptb28 1 gene was d i rectional l y  cloned i nto the £. coli and 

mycobacterial expression vectors pPRoEX-HTb and pM IP I 2  respect i ve ly ;  both of 

wh ich carry seq uence encoding a poly-h ist i d i ne affin i ty  tag ( H is6 ) .  A gene  cloned i nto 

the MCS of t hese vectors wi l l  be expressed fused to the H is6-tag which al lows 

purificat ion of the recombinant prote in  by i mmobi l i zed metal affin i ty chromatography 

( IM AC ) . 

pMIP 1 2  

The E. coli/mycobacterial shutt le vector pMIP  1 2  (supplied by the Pasteur 

Inst i tute)  al lows mycobacterial proteins to be expressed in a mycobacteri al system, 

53 



hence enab l ing possible immunogenic post-translat ional modifications speci fic to 

mycobacteria to be preserved ( Appendix B ) .  

pPRoEX-Htb 

The commerc ial E. coli expression vector pPRoEX-HTb contains the powerful E. 

coli promoter Trc (pTrc) for h igh-level expression and the /aciq repressor for regulated 

expression with IPTG ( i sopropyl �-0-thiogalactos ide)  ( Appendix B ) . The presence of a 

recogni t ion sequence for rTEY protease between the Hi s6-tag sequence and the 

extens ive MCS, al lows removal of the N-terminal  affin i ty tag from the recombinant 

prote i n  after purificat ion .  

3. 1 1  M. ptb28 1 I nsert Preparation 

The hypothetical M. plb28 1 ORF was analysed by MacYector; a computer 

programme that predicts the presence or absence of restrict ion endonuc lease s i tes from a 

spec i fied nucleotide sequence. Analysis showed the restrict ion endonuclease s i tes Ba111 

H I  and Kpn 1 were absent from M. plb28 1 .  These s i tes were present in the M CSs of 

pPRoEX-Htb and pM IP 1 2  with Ba111 H I  being located upstream of Kpn I in  both cases . 

Us ing the Ba111 H I  and Kpn I s i tes to clone M. ptb28 1 into pM lP  1 2  and pPRoEX-Htb 

wou ld resu lts i n  recombi nant M PTB28 1 prote ins  larger than the I 0.8 1 kDa predicted for 

the M. ptb28 1 ORF due to the addit ion of the affi n i ty H is6-tag . Recombinant MTPB28 1 

prote ins from pM l P  1 2  ( M-MPTB28 1 )  and pPRoEX-Htb ( X - M PTB28 1 )  wou ld be 1 1 . 59 

kDa and 1 4 .39 kDa respect ive ly ,  wi th the latter being larger due to the pre sence of a 

spacer region and protease cleavage site between the H is6 tag and recombinant prote in .  

Two ol igonuc leot ide pri mers were designed to flank and ampl i fy the M. ptb28 1 

gene by PCR from M. ptb. M ac Vector Analys i s  ( software ;  version I )  showed both 

these primers annealed speci fica l ly  to their complementary sequence in the M. ptb28 1 

gene and did not form primer-di mers. To fac i l i tate directional c loning of M. ptb28 J a 

Bam H I  s i te (GGA TCC) was incorporated i nto the 5 '  end of  the forward primer i n  a 

manner that wou ld ensure the correct reading frame was expressed i n  the recombinant 

prote in .  A Kpn I s i te ( GGTA CC )  was i ncorporated into the 5 '  end of the reverse primer 

and the M. ptb28 1 stop codon removed in a way as to allow the translation and fusion of 

the C-terminal h i st idi ne tag to the recombinant protei n  expressed by pM I P  1 2 . I nc lusion 

of restriction endonuclease sites i n  the primers resul ts i n  a PCR product of 273 bp 
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i nstead of the 258 bp predicted for the M. ptb28 J ORF. Double restrict ion endonuclease 

digest removes the Bam H 1 and Kpn 1 sites from the 273 bp PCR product to yie ld a 257 

bp c lon ing  fragment  w i th  Bam H 1/  Kpn I cohes ive ends. To ensure the primers 

ampl ified the desired product and not a product of a s ingle primer, a PCR check was 

performed using standard PCR condit ions ( section 2 . 1 6 ) .  Analysis of the PCR by 

agarose gel electrophores i s  showed the primers M PTB28 1 F2 & MPTB28 1 R I  ampl i fied 

a single product of approx imately the expected s ize (273  bp) from M. ptb genomic DNA 

( Figure 1 9 ) .  

Ind iv idual ly ,  only the forward primer was able to produce an ampl i fied product 

from M. ptb that ranged in size from 400 to 1 650 bp with no products apparent below 

300 bp. Us ing the h igh fide l i ty enzyme PLATINUM Pf.x DNA polymerase the PCR was 

repeated wi th an anneal temperature of 6 1  o C and subjected to agarose ge l 

electrophoresis ( data not shown) .  

kb 

1 2 .0 -

1 .0 -

0.5 -
0.4 -
0 . 3  -
0 . 2 -

2 3 4 5 

- - 273 bp 

Figure 1 9 : MPTB28 1 F2 & MPTB28 1 R l  pri mer check.  Al iquots ( 7 � L) from the 

primer check PCR and controls were loaded onto a 1 %  agarose gel and subjected to 

e lectrophoresis in  l x  TAE buffer. The DNA was stained with d i lu te eth id ium 

bromide and examjned under UY l ight .  Lanes:  I ,  1 kb+ ladder; 2 ,  M PTB28 1 F2 + 

MPTB28 1 R 1  negati ve control (no template ) ;  3 ,  forward primer M PTB28 1 F2 ;  4 ,  

reverse primer M PTB28 1 R 1 ;  5 ,  M PTB28 1 F2 + M PTB28 1 R  1 .  
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The PCR produced a s ingle 273 bp band which was exci sed and purified by ge l 

extract ion (sect ion 2 .7 )  i n  preparation for d igestion wi th restriction endonucleases .  A 

Kpn 1 /Bam H 1 double digest of the 273 bp PCR product was performed as described i n  

the methods sect ion ( sect ion 2 . 1 7 . 2 ) .  

3. 1 2  pMIP1 2  and pProEX Preparation 

In i t ia l  attempts to c lone t he M. ptb28 1 insert i nto pM IP 1 2  and pPRoEX us ing 

chemical ly competent E. coli DHSa cel l s  manufactured i n  the laboratory fai led, as d id  

at tempts to  transform and harvest pUC 1 8  from these cel l s  ( data not shown ) .  

To improve the transformation effic iency o f  further c lon ing attempts, commercia l  

e l ectrocompetent E. coli OH I OB cel l s  were used i nstead of  the chemical ly  competent E. 

coli OHS a cel ls .  In addi t ion,  pM JP  1 2  and pPROEX vectors supplied by Chris Dupont 

that had previous ly been confi rmed by D A sequencing  to  have the M K35 insert 

l igated i nto the ir  Kpn 1 /Bmn H I  s i tes ( unpubl ished data ) ,  were used as the source of 

vector for c lon ing. The ir  use e nabled the excis ion of the i nsert to be mon i tored by 

agarose gel electrophores is  thus confirming the presence of  Kpn I and Ba111 H I  cohesive 

ends.  

E. coli cel ls contain ing pM I P 1 2-M K35 and pPROEX-MK35 were grown and 

harve · red as described in the methods sect ion ( section 2 . 1 0 ) . S amples of pM JP 1 2-M K35 

and pPROEX-M K35 were subj ected to  double digest w i th Kpn I /Ba111 H I  ( section 

2 . 1 7 . 2 )  and pur ified by gel extract ion ( sect ion 2 . 7 ) .  Samples from the Kpn I and Kpn 

l /Bam H I  digests along w i t h  nat ive samples were analysed by agarose gel 

e lectrophores is  to confi rm the exci sion of  the -560 bp M K35  insert ( Figure 20 ) .  Both 

pM I P l 2-M K35 and pPRoEX-M K35 were rendered l i near by the Kpn I d igest as was 

ev ident by the absence of c i rcu l ar forms of vector on the gel .  ln addi t ion, pMIP-M K35 

and pPRoEX-M K35 vectors migrated to  -7320 bp and -5430 bp re pect ively ;  the  s ize 

expected for these c lones after a s ingle s i te d igest .  Both the pMIP-M K35 and pPRoEX

M K35 Kpn l /Bam H l d ige t s  produced two bands; one corresponding in s ize to the 

vector and the other to the -560 bp i nsert, confi rming the e xcis ion of M K35 and the 

presence of Kpn l !Bam H I  cohes ive ends. The remain ing Kpn l !Bam H l  vector digests 

were ubjected to agarose gel e lectrophores is ,  purified by  gel extrac t ion and used to 

c lone the M. ptb28 1 i nsert . 
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Figure 20: Preparat ion of vectors for cloning. Samples of native, Kpn I and Kpn 

I /Bam H I  digests of pM lP-M K35 and pPRoEX-M K35 were analysed by agarose 

gel e lectrophoresi s  soaked in ethid ium bromide and visual ized by UY l i ght .  Lanes: 

I ,  4 & 6, I kb + l adder; 2,  nat ive pM IP-M K35 ;  3, pM IP- M K35 Kpn I digest ;  5, 

pMIP-MK35 Kpn I /Ba111 H I  digest ; 7, nat ive pPRoEX-MK35 ;  8,  pPRoEX-M K35 

Kpn I digest; 9, nat ive pPRoEX-M K35;  1 0, pPRoEX-MK35 Kpn I /Ba111 H I  digest .  

3. 1 3  Ligation and Transformation 

The Bam H I /Kpn I digested M. ptb28 1 i nsert ( sect ion 3 . 1 1 )  and the Bam H I /Kpn 

I dige ted vectors pM lP 1 2  and pPRoEX ( section 3 . 1 2 ) were l igated and transformed as 

described in  the methods sect ion ( section 2 . 1 8  & 2 . 1 9 ) .  Briefl y ,  the M. ptb28 1 i nsert 

was l i gated into pM J P  1 2  and pPROEX in eparate reactions us ing T4 DNA Ligase at 

room temperature overnight . A sample from each l igat ion was dial ysed, e lectroporated 

in to E. coli OH l OB cel l s  and incubated at 3 7° C for 2 hours i n  200 f! L  LB broth.  The 

ent ire pM IP-M. ptb28 1 transformation mixture was spread onto an LB agar plate 

contain i ng kanamyc in ( kan) while 1 5  f!L of the pPROEX-M. ptb28 1 transformat ion 

mixture was spread onto an LB agar p late contain ing ampic i l l i n  (amp) and i ncubated at 

37° C overnight .  After incubat ion, the LB/kan plate contained approximately  2000 

pM IP-M. ptb28 1 E. coli OH l OB colony forming units (CFU) .  From th is  p late -90 
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individual colon ies were selected and streaked i n  a reference grid pattern on a fresh 

LB/kan plate and incubated at 37° C overnight in preparat ion for a PCR check. 

The LB/amp plate containing pPROEX-M. ptb28 1 E. coli OH l OB was confluent 

with what appeared to be smal l background colonies growing among larger CFUs. 

Samples were taken from the larger colon ies  and streaked onto a second LB/amp plate 

to separate i nd ividual colonies and incubated as above. After the incubat ion si ngle 

colonies were selec ted and the process repeated on a th ird plate . Single colonies were 

t ransferred from the th ird plate to a fresh LB/amp plate in a reference grid pattern i n  

preparat ion for a PCR check. 

3. 1 4  Screening of Recombinant C lones 

To ident i fy colonies carrying the c loned M. ptb28 1 insert, a standard PCR was 

performed w i th  the pri mers MPTB28 1 F2 & MPTB28 1 R I  using colonies from the grid 

reference p lates as temp late. Of the first 1 7  pM lP  M. ptb28 1 E. coli D H  I OB colonies 

tested, 1 6  were posi t ive for the M. ptb2 8 1 insert while 3 of the fi rst 1 4  pPROEX-M. 

ptb28 1 E. coli DH l OB colon ies were pos i t ive ( Figure 2 1  ). The presence of a h igh 

number of ampic i l l i n  resi stant colonies on the LB/amp reference grid plate that do not 

appear to carry the M. ptb28 1 insert may indicate a recombination event took place 

between the vector and the host ' s  genome that e l imi nated the insert or that the vector re

I igated to i tse l f. 

S ingle colonies from the PCR posi t i ve clones pM J P-M. ptb28 1 E. coli DH I OB 

CFU #I and p PROEX-M. ptb28 1 E. coli OH I OB CFU # 1 2  were streaked onto fresh LB 

agar plates containing the appropriate ant ibiot ic and incubated at 37o C overnight . 
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Figure 2 1 :  PCR screen to i dent ify M. ptb2 8 1 pos i t ive c lones. Using the pn mers 

M PTB28 1 F2 and MPTB28 l R I  a standard PCR was performed using colonies from 

the grid reference plates as template. A l iquots ( 7  �t L )  from each PCR was anal ysed 

by agarose gel e l ectrophoresis ,  soaked in d i l u te  ethidium bromide and visua l i zed by 

UV l ight .  A, p M l P-M. ptb28 1 E. coli OH l OB CF s # 1 -8 .  B, pPROEX-M. ptb28 1 E. 

coli D H I OB CFUs # 1 - 1 4 . Lanes: a, l kb+ ladder; +, pos i t ive control ( template = 0. 1 

!A L of puri fied M. ptb28 1 PCR product ) ; - ,  negat ive control ( no template ) .  

A fter incubat ion a si ngle colony was taken from each plate and separately incubated 

i n  l 0 mL of LB broth wi th the appropriate ant ib iotic overnight at 37° C. A sample of 

each cul ture was t aken and stored in glycerol at -70° C ( section 2. 1 1 ) for future use; 

wh i le the remainder was used to harvest the p lasmid vectors ( sect ion 2 . 1 0 ) .  A l iquots of 

the purified plasmids pMIP-M. ptb28 1 and pPROEX-M. ptb28 1 were ubjected to Kpn 1 

and Kpn I I Bam H 1 digests and analysed by agarose gel e lectrophoresis  to confi rm the 

exc ision of the M. p tb28 1 insert ( Figure 22) .  
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2 3 4 5 6 7 8 9 

- 2 7 3  bp 

Figure 2 2 :  PMIP 1 2-M. ptb28 1 and pPROEX-M. p tb28 1 .  Vectors were harvested 

from pMIP  1 2-M. ptb2 8 1 E. coli OH I OB CFU # I  and pPROEX-M. ptb2 8 1 E. coli 

DH I OB CFU # 1 2  and digested with Kpn I and Kpn 1 /Bmn H I .  Al iquots were 

analysed by agarose gel electrophoresis ,  soaked i n  d i lu te ethidium bromide and 

v i sual ized by UV l ight .  Lanes: I ,  nat i ve pM I P  1 2 ; 2 ,  nat i ve pM IP-M. ptb28 1 ;  3 ,  

p M  fP-M. ptb28 1 Kpn I digest ; 4 ,  pM I P-M. pth28 1 Kpn I I Bmn H J diges t ;  5 & 6 ,  

I kb+ l adder; 7 ,  nat i ve pPROEX-M. ptb28 1 ;  8 ,  pPROEX-M. ptb28 1 Kpn I d igest ;  9 ,  

pPROEX-M. ptb28 1 Kpn 1 /Bam H I  digest . 

The Kpn I digest rendered both pM I P  1 2-M. ptb2 8 1  and pPRoEX-M. ptb28 1 l i near 

as was ev ident by the absence of c i rcular forms on the gel .  Both pM I P-M. ptb2 8 1 and 

pPrwEX-M. ptb28 1 Kpn 1 /Bam H I  d igests produced two bands ; one corresponding in  

s ize to  the vector and the other to  the �273 bp insert . A sample of purified pPROEX -M. 

ptb28 1 was sent for 0 A sequenc ing w ith the sequencing pri mer M 1 3/pUC ( sect ion 

2 . 3 ) . Sequencing confi rmed the M. ptb28 1 i nsert had been cloned into Bam H I  and Kpn 

I restrict ion sites of pPROEX and was i n  the correct reading frame ( Figure 23  ) .  
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5' 

CAT CAC CAT CAC GAT TAC G A T  ATC CCA ACG ACC GAA AAC CTG TAT TTT CAG GGC GCC ATG 
Ht' H i '  H t'  Ht'  A,p T1r A ,p lk Pro Thr Tl11 Glu A'n L.::u T 1 r  Phe Gin Qh Ala M�t 

His6 tag spacer region rTEV protease cleavage site 

Bwn H I  
� 
GGA TCC A TG CCG CGC TCG TCG A TC AAG AAC GAA AAG A TG TAT CAG GAT CTG CGC AAG A A G  
Gl! S e t  M e t  Pro Arg S e r  S c r  l i e  Lys A s n  Glu Lys M e t  T y r  Gin A s p  Leu A r g  Lys Lys 

GGC G A A  TCC AAG GAG AAG GCC GCG CGC A TC TCG A A  T GCG GCT GCC GGC CAA GGC AAG TCG 
Glu Glu Ser Lys Glu Lys Ala Ala Arg lie Scr Asn Ala Ala Ala Glu Gin Glu Lys Ser 

TCG GTG GGC CGC CGC GGC GGC AAG TCC GGG TCC TAT CAG GAC TGG ACC GTG CCG GAA TTG 
Ser Val Glu Arg Arg Glu Glu Lys Ser Glu Scr Tyr Glu Asp Trp Thr Val Pro Glu Leu 

AAG AAG CGG GCC AAA GAG CTT GGC A TT TCC GGC TAT TCG GGC CTG ACC AAG GAC AAG CTG 
Lys Lys Arg Ala Lys Glu Lcu Glu lie Ser Glu Tyr Scr Glu Leu Thr Lys Asp Lys Leu 

Kjm l 

� 
GTC GCC A A A  CTG CGC AAC C A C  GGT ACC AAG CTl C iGC TGl T rT GGC GGA iJ..!,l C i  '\Ci AAG 

Val Ala Ala Lys Lcu Arg A s n  Gl) Thr L) ' L.:u Gl!  C" Ph.: Gl!  Gl! Stop 

Figure 23 :  Nuc leot ide and t ranslated sequence of pPROEX-M. ptb28 l .  The plasmid 

vector from pPROEX-M. ptb28 1 E. coli DH I OB CFU # 1 2 was harvested and sent 

for D A sequencing wi th  the primer M 1 3/pUC 1 8 . Blue text = pPROEX nucleotide 

(above ) and amino ac id sequence (below ) .  Black text = M. ptb28 1 nuc leot ide 

( above ) and amino ac id sequence (below ) .  Ba111 H I  and Kpn l restrict ion sites are 

indicated above by brackets .  Underl i ned text indicates H i s6-tag, spacer region, 

protease c leavage si te and stop codon as stated. 

3. 1 5  Transformation of M. smegmatis mc2 1 55 with p M IP-M. ptb28 1 

A sample of the plasmid vector puri fied from pM I P-M. ptb28 1 E. coli DH I OB 

CFU #I  was transformed, as  previously described, i nto M.  smeg111atis mc2 1 SS ( sect ion 

2 .20) .  The transformat ion mix ture was incubated with 200 �A L of LB broth at 37o C for 

-2 hours before being spread onto a fresh LB/kan plate and incubated for 72 hours at 

37° C. Of the - 200 CFUs that grew, -90 i nd ividual colon ies were streaked onto a fresh 

LB/kan plate and incubated as above. Two i ndividual pM IP-M. ptb28 1 M. smegmatis 

mc2 1 55 colonies were se lected and streaked onto a fre h LB/kan plate and i ncubated as 

before . A sin gle colony was selected, i ncubated in 5 mL of Sauton ' s  min imal med ia  

( section 2 . 9 )  supplemented wi th  kan and i ncubated wi th  agi tat ion at 37°  C for 72 hours .  

The  M. smegmatis mc
2

1 55 cu l ture developed a turbid, c lumping appearance that was 

typical for mycobacteria grown i n  l iquid media. A sample of cul ture was taken and 

stored i n  g lycerol at -70° C for future use wh i le another w as used to prepare a template 

for PCR ( sect ion 2 .2 1 ) . A standard PCR wa pe1formed u sing the primers B laF2 and 
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TermR2 with 5 flL of pM IP-M. ptb28 l M. smegmatis mc2 1 55 template to prepare a 

fragment for D N A  sequencing. A nalysis of the PCR by agarose gel e lectrophoresis 

showed three bands; a major product of the s ize expected ( -460 bp) and two minor 

products below 300 bp (data not shown ) .  The -460 bp band was excised, purified and 

sent for DNA sequenc ing with the forward primer BlaF2. The nucleot ide sequence 

confi rmed the M. ptb28 1 i nsert was cloned i nto Bam H I  and Kpn I s i tes of  pMIP  1 2-M. 

ptb28 1 and i n  the correct readi n g  frame ( Figure 24 ) . In addi t ion, the nucleot ide 

sequence of the M. ptb28 1 insert from pM IP 1 2-M. ptb28 1 was I 00% i dent ical to i ts  

equi valent i n  pPROEX -M. ptb28 1 .  

8a111 H I  

:;· 1 1  \ G AA GGA G A A G rA CCG A I G � ATG CCG CG T G TCG ATC A A G AAC GAA AAG ATG 

Mcga S O  Met Gly Scr M e t  Pro A r g  S c r  S c r  l ie Lys Asn Glu  Lys Met 

y 
Stan 

TAT CAG GAT CTG CGC AAG AAG GGC GAA TCC AAG GAG AAG GCC GCG CGC ATC TCG AAT GCG 
Tyr Gin Asp Leu Arg Lys Lys G l u  Glu Scr Lys G l u  Lys Ala Ala Arg lie Scr Asn Ala 

GCT GCC GGC CAA GGC AAG TCG TCG GTG GGC CGC CGC GGC GGC AAG TCC GGG TCC TAT CAG 
A l a  Ala Glu G i n  Glu Lys Scr Scr Val  Glu Arg Arg Glu Glu Lys Scr Glu Scr Tyr G l u  

G AC TGG A C C  GTG CCG GAA TTG A A G  A A G  CGG GCC A A A  G A G  CTT G G C  A TT TCC GGC TAT TCG 
Asp Trp Thr Val Pro Glu Lcu Lys L) S Arg Ala Ly> Glu Lcu Glu lie Scr Glu Tyr Scr 

Kpn I 

� 
GGC CTG ACC A A G  GAC AAG CTG GTC GCC AAA CTG GC AAC CAC CiC i I \CC C I Ci C \( , C \ I  C .-\ I 
G l u  Lcu Thr Lys Asp Lys Lcu Val  Ala Ala Ly' Lcu Arg Asn C il�  Tht l.eu (i in  J l t ,  J l t ,  

CA I CAC C A " !  C AC I . \ ( ; � Ac\ I \ C iC ( i ,\ · \  ,\C "1' 

H i s6 tag 

Figure 24: DNA and translated sequence of pM J P-M. ptb28 1 .  The plasmid vector 

from pMIP-M. ptb28 ! M. smegmatis mc2 1 55 CFU # I  was harvested and i t s  DNA 

sequence ( shown above with t ranslated amino ac ids be low ) determined using the 

sequencing primer BlaF2. B lue text = pMIP  sequence . B lack text = M. ptb28 ! .  

Endonuclease restriction s i tes, and start codon are i ndicated w i th brackets. H i s6 tag, 

stop codons and Mega SO ( mega Sh ine-Dalgarno ) are underl i ned where indicated. 
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3.1 6 Conclusion to Cloning the Hypothetical M. ptb281 Gene 

DNA sequencing confi rmed the M. ptb2 8 1 insert was c loned i nto the Kpn l !Bam H 1 

si te in  the correct read i ng frames of both pM IP-M. ptb28 1 M. smegmatis mc2 1 55 CFU 

# I  and pPROEX-M. ptb28 1 E. coli D H l OB CFU # 1 2 . The M. ptb28 1 insert sequences 

from both t hese c lones were I 00% ident ical to the M. ptb database sequence at the 

nucleot i de l evel .  
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Part D: Protein Expression and Western Analysis 

3. 1 7  Introduction 

E. coli and mycobacterial express ton systems pPROEX-Htb and pM I P  1 2  

respect ively ( section 3 . 1 0. 1 )  produce h is t id ine tagged ( H i s6 )  recombinant prote ins .  

Recovery of  H is6-tagged recombinant prote ins  from host bacteria can be  fac i l i tated by  

son icat ion, a method that uses high frequency ul trasonic waves to d isrupt the cel l 

membrane releas i ng the cel l s  contents. Soluble recombinant proteins can then be semi

purified from ce l l ular debris by immobi l i zed metal affin i ty  chromatography ( IMAC ) .  

IMAC ut i l izes the strong and natural affin i ty of  hist idine for d ivalent ions immobi l i zed 

to a sol id inert support . The H i s6-tagged prote i ns are bound to the sol id support via the 

ion/hist idine i nteraction al lowing cel lu lar debri s and impurit ies to be removed in a 

series of washes .  Disrupt ion of  the ion/h is t id ine interact ion can be achieved by changing 

the pH or by the using the h i st id ine analog im idazole al low ing H is6-tagged recombinant 

proteins to be e lu ted from the sol id support . 

Crude sonicated or semi -pur ified prote i ns can be analysed by sod ium dodecyl 

su lphate polyacrylamide ( S OS-PAGE ) ge l e lectrophores is .  This involves denatur ing a 

protein sample i n  the presence of a reducing agent prior to e lectrophoresi s .  Anions of 

SOS bind to prote in  giving i t  a negat ive charge . The prote ins  move in  the presence of an 

e lectric current  through the polyacrylamide mo lecular s ieve toward the anode separat ing 

the proteins based on s ize .  The gel can then be stained to observe the protein band ing 

pattern or subjected to western blot t ing to i mmunodetect recombinant prote ins .  

Western blott ing, a process that transfers prote ins by electrophoresis from an 

acrylamide gel to a membrane i s  a conven ient  robust method for ident i fy i ng spec ific 

prote ins by i mmunodetect ion . This technique ut i l izes the strong and spec i fic b inding 

affini ty of an ant i body for i ts  ant igen which i s  located on the blot . Conjugated to ei ther 

a primary or secondary antibody i s  an assayable label al lowing the ant ibody/ant igen 

complex to be located on the blot .  

Recombinant  MPTB28 1 protein expressed by p M I P-M. ptb28 1 ( M-MPTB28 1 )  

and pPROEX-M. ptb28 1 (X-MPTB28 1 )  were predicted to be 1 1 . 59 kDa and 1 4 .39 kDa 

respect ively w i th the latter appearing larger due to the spacer region and rTE V  protease 

cleavage s i te loc ated between the H is6 tag and the recombi nant prote in .  
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3. 1 8  Protein Expression from E. coli DHlOB-pPROEX-M. ptb28 1 

Smal l scale expression of the recombinant protein X-MPTB28 1 from E. coli 

OH 108-pPROEX-M. ptb28 l was in i t ial l y  carried out as described in the methods 

sect ion ( section 2 .22 . 1 )  to ascerta in the opt i mal i ncubation t ime and concentrat ion of the 

inducing agent IPTG. Pre- induced and induced samples were subjected to 8 x 30 sec 

son icat ion on ice ( sect ion 2 .23 ) and al iquots of the supernatants and pe l lets subjected to 

1 5% PAGE gel e lectrophoresis ( sect ion 2 .24 ) .  Comparison of the protein pattern from 

the pre and post i nduced samples of pPROEX-M. ptb28 l showed no obvious expression 

of the 1 4.39 kDa X-MPT828 1 after 4 hrs or overnight incubat ion with 0.2 mM or l .O 

mM TPTG and appeared simi lar to the protein pattern of the pPROEX negat i ve control  

(data not shown ) .  Converse ly the pPROEX-M K35 pos i t ive control  showed strong 

induction of the 30 kDa MK35 protein after 4 hr and overnight incubat ions wi th no 

observable differences between 0.2 mM or 1 .0 mM IPTG induction ( data not shown) .  

A number of explanat ions cou ld account for the apparent absence of X-M PT828 1 

from the cel lu lar fract ion of the cul ture inc luding physical or biological proteolysis 

dur i ng preparat ion of the samples. Observat ion that the E. coli OH I 08-pPROEX-M. 

ptb28 1 and control  cu l t ures shared s imi lar 006oonm readi ngs over the incubat ion period 

suggests cel l  tox ic i ty was not the cause of the low cytosol ic concent rat ion . Ident i fied as 

a secreted prote in  by the pJ EM 1 1 -M. ptb l ibrary but hav ing no ident i fiable E. coli or 

mycobacterial signal sequence, export of X-MPT828 1 from the cytosol in to the media 

by a Sec ( secret ion ) i ndependen t  pathway remai ned one possib i l i ty .  Al ternat ive ly ,  X

M PT828 1 could have an adverse effect on i ts  own expression in  E. coli or be subject to 

h igh rates of mR A or protein degradat ion resu l t i ng in  low cytosolic concentrat ions. 

With the assumption that X-MPTB28 1 was present but at low cytosol ic 

concentrations, large scale 0 .2 mM lPTG induced overnight cultures of pPROEX-M. 

ptb28 l and pPROEX were grown ( section 2 .22 .2 ) .  Pel let samples (0. 1 g )  from each were 

re-suspended i n  6 m L  start buffer ( 20 mM Na2H P04, 0.5 M NaCI ,  1 5  mM i midzole, pH 

7 .4 )  and sonicated on ice for the shorter durat ion of 30 sec to reduce the possib i l i ty of 

mechanical proteolys is .  The son icates were then subjected to a series of centrifugations 

at 4° C for 5 mins at 1 4000 g to remove cel lu lar debris and the supernatants  appl ied to a 

n ickel affin i ty  chromatography column to enrich for the H is6-tagged recombinant 

protein ( section 2 .25 ) .  Al iquots of selected fract ions were subjected to 1 5% SOS  PAGE 

gel e lectrophoresis .  Comparison of the fract ions showed the presence of a very fain t  
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band ( - 1 5  kDa) i n  the 250 mM imidazole fract ion of pPROEX -M. ptb28 1 that was 

absent from the equivalent negat ive control fract ion and was of the approx imate s ize 

expected for X-MPTB28 1 ( 1 4 .39 kDa) ( data not shown ) .  

To i ncrease the concentration of the - I  5 kDa protein the son ication step was 

repeated using 0.2 g of pel let re-suspended in 3 mL start buffer. Selected column 

fractions contain ing -9 .4  !J- L of  sample were subjec ted to  1 5% SOS-PAGE anal ysi s 

( Figure 25 ) .  A strong dis t i nct band was observed i n  the 250 mM imidazole fract ion of 

pPROEX-M. ptb28 1 that was absent from the equivalent negat ive control  fract ion . The 

band migrated to - 1 5  kDa s l ight ly larger than the 1 4 .4 kDa expected for X-MPTB28 1 .  

kDa 

75 -
so -

25 -

I s -

1 0 -

2 

pPROEX control 

4 5 6 

pPROEX-M. ptb28 1 

7 8 9 1 0  1 1  1 2  

Figure 25 :  Enriched recombinant X-MPTB28 1 .  Pe l let samples from the overn ight 

0.2 mM IPTG induced pPROEX-M. ptb28 l and pPROEX control cu l tures were 

sonicated and the supernatant appl ied to a n ickel affin i ty  chromatography column .  

Selected fractions were analysed by  1 5% SOS  PAGE gel electrophores is  and 

stained with Coomassie blue. Lanes:  I & 1 2 , Preci s ion Prote in  Standard; 2-6, 

pPROEX negative contro l  fract ions; 7- 1 1 ,  pPROEX-M. ptb28 1 fract ions; 2 & 7 ,  

sonicated i nsoluble cel l u l ar debri s ;  3 & 8 ,  unbound protein flow through fract ion;  4 

& 9, unbound protein fract ion after start buffer wash; 5 & 1 0, l OO mM i nl idazole 

fraction ; 6 & I I ,  250 mM i midazole fraction . 

The size discrepancy may be an artefact of the SOS-PAGE gel or an i ndicat ion 

that post- translat ional modi fication occurred making the recombinant protein m igrate 

further than expected. In addi t ion high molecu lar weight bands were observed migrat ing  
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to -75 kDa and 50 kDa. A strong - 1 2  kDa band was observed i n  lane 8 of pPROEX-M. 

ptb28 l .  Wh i le a band of approx imate ly  the same size was present in the equ ivalent 

control fract ion i t  was not of t he same rel at i ve i ntensity. N-terminal sequencing coul d  

b e  u ndertaken t o  indicate the nature o f  th i s  protei n .  Furt her attempts t o  purify X 

M PTB28 l were unsuccessful and may have been due t o  loss o f  the protein during an 

add i t ional step that i nvolved concentrat ing the sonicated supernatant prior to nickel 

affi n i ty chromatography ( data not shown ) .  

3. 1 9  Protein Expression from M. smegmatis mc2 1 55-pMIP-M. ptb28 1  

Sauton ' s  cu l tures ( 50 m L )  o f  M. smegmatis mc2 1 55-pM IP- 1 2  ( negat ive control ) 

and M. smegmatis mc2 1 55-pM IP-M. ptb28 1 were grown as described in the methods 

sect ion ( sect ion 2 .22 .3 ) .  The pel le ts  were resuspended in 4 mL start buffer, sonicated for 

40 sec on ice and subjected to a series of centrifugat ions at 4° C for 5 m ins at 1 4000 rpm 

to remove ce l l u l ar debri s .  The supernatants were appl ied to a n ickel affin i ty  

chromatography column to  e nr ich for the  const i tut ively expressed - 1 1 .59 kDa 

recombi nant protein M-M PTB28 1 and selected fract ions subjected to 1 5% SOS PAGE 

gel e lectrophores is .  A faint  - 1 5  kDa band was observed in the 250 mM i midazole 

frac t ion of M. smegnwtis mc2 1 55-pMIP-M. ptb28 l that was absent from the equivalent 

control fract ion ( data not shown ) .  The 250 mM i midazole M. smegmatis mc2 1 55-pM IP

M. ptb28 l fract ion was concentrated using a Cent ricon Centr ifugal Fi l ter Dev ice with a 

3 ,000 molecu lar weight ( M W )  cut-off ( sect ion 2 .26 ) .  A sample of flow through and 

concentrate (9 .4  f-! L )  from the fi lter was analysed by 1 5% SOS PAGE gel 

electrophoresis ( Figure 26 ) .  A fain t  -60 kDa band was present in both the flow through 

and concentrated fract ion of the ge l that cannot be seen i n  the scanned i mage shown 

here. A strong defi ned - 1 5  kDa band was present only in the concentrated 250 mM 

im idazole fract ion.  Al though the image shown does not i nc lude the 1 0  kDa molecu lar 

weight marker no bands were observed below 1 5  kDa when S OS-PAGE gel analysis of 

the concentrated fraction was repeated ( data not shown ) .  The absence of the - 1 5  kDa 

band from the control cu l ture and i ts  presence i n  M. smegmatis mc2 1 55-pM IP-M. 

ptb28 1 cul ture suggests the band represents M-MPTB28 1 ,  however, N-termi nal ami no 

acid  sequencing would be requ i red to confi rm th is .  The size d iscrepancy of 3 .4 kDa 

between the predicted M-MPTB28 1 and the semj-purified prote i n  may be an artefact or 

an ind icat ion of post-translat ional modificat ion. 
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Figure 26:  Enriched recombinant M-MPTB28 1 .  The pel let from a 7 day 50 mL 

Sauton ' s  cul ture o f  M .  s111eglllatis mc2 1 55-pM lP-M. ptb28 1 was son icated in 4 mL 

start buffer and the supernatant appl ied t o  a n ickel affin i ty chromatography column .  

The 250 mM i midazole fract ion was concentrated 20  fold us ing  a 3,000 MW cut-off 

centri fugal fi l ter dev ice. Al iquots contain ing -9 .4 11 L of the flow through and 

concen t rated fract ions were analysed by 1 5% S DS PAGE gel electrophores is  and 

stained w i th coomassie blue.  Lanes :  I ,  Prec is ion Prote in  Standard; 2 ,  flow through 

fract ion ;  3 ,  concentrated fract ion 

Further attempts to purify M-MPTB28 1 were unsuccessfu l  and hampered by the 

inabi l i ty to reproduce M. smeg111atis mc2 1 55 cu l tures wi th suffi c ient growth.  As 

previous ly mentioned the inc lusion of  an addit ional step that concentrated the on icated 

supernatant prior to n ickel affin i ty  chromatography may have resu l ted in loss of the 

prote in  ( data not shown ) .  

3.20 Preparation of Western Blots 

A western blot contain ing - 1 . 1 f! LIIane of semi-purified X-M PTB28 1 from the 

250 mM i midazole n ickel  column frac t ion was prepared as described in the methods 

sect ion ( section 2.27 ) .  After t ran fer the gel was stained with Coomassie b lue and the 

membrane stained wi th  Ponceau S to v isual ize the degree of prote in  t ransfer from the 

gel to the membrane (Figure 27 ) .  
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Figure 27 :  Western t ransfer o f  X-M PTB28 1 recombinant prote in .  A 1 5% SOS

PAGE gel  was electrophoresed with X-M PTB28 1 and the prote in  t ransferred to 

n i t roce l lu lose membrane by electroblot t ing .  The gel was stained wi th  Coomassie 

blue and the membrane wi th Ponceau S to confirm prote in  transfer occurred.  Left, 

Coomass ie b lue stained PAGE gel after e lectrob lott i ng .  Right, Ponceau S stained 

membrane after electrob lott ing. Lanes: a ,  Prestained Precis ion Prote in  Standard ; I 

to 1 2  ( equ ivalent to strips I to 1 2 ) .  

The absence of the - 1 5  kDa prote i n  from the  gel and i t s  presence on  the 

membrane showed transfer  of the recombinant prote in was successfu l .  ln addit ion, h igh 

molecular weight impurit ies transferred poorly as they were pronounced on the gel 

wh i le not v i s ib le on the membrane . A second western blot contain ing - 1 .5 fJ- Lilane of 

semi-puri fied M-MPTB28 l prote i n  from the concentrated 250 mM i midazole n ickel 

column fract ion was prepared as above. The post-transfer  Coomassie blue and Ponceau 

S stains of the gel and membrane confi rmed the - 1 5  kDa recombinant protein 

t ransferred succes ful ly, in contrast to the h igh molecu lar weight prote ins that were 

pronounced on the gel wh i le not v is ible on the membrane (data not show n ) .  

3.2 1 Immunodetection 

One str ip from each of the X-MPTB28 1 and M-MPTB28 1 western blots prepared 

above were subjected to immunodetect ion wi th mouse monoclonal Ant i -His6-

Perox idase Ant ibody (an t i -H is6-ant ibody )  and the ant ibody-ant igen complex v isual ized 
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with the chemiluminescent substrate SuperS ignal West Femto (Figure 28 )  as described 

in the methods sect ion ( section 2 .27 . 1 ) . Briefly ,  the membranes were blocked ( 1  hr) and 

incubated ( 1 hr) in  ant i -His6-ant ibody at room temperature . After a series of washes and 

the addit ion of substrate , the membranes were exposed to fi l m  for I sec, 1 0  sec , 1 min ,  

30 min ,  and overnight .  After 30 m in  expo ure a chemi luminescent signal was detected 

on the X-MPTB28 1 western b lot but not the M-MPTB28 1 western blot .  Overnight 

exposures produced a s ingle chemi luminescent s ignal from X-MPTB28 1 and M

M PTB28 1 blots that correspond to - 1 5  kDa as j udged by al ignment of the appropriate 

reference ladders to each b lot ( Figure 2 8 ) .  

These signals correspond to the  semi-purified - 1 5  kDa proteins from the 250 mM 

imidazole n ickel column fract ions from E. coli OH I 08-pPRoEX-M. ptb28 1 and M. 

smegmotis mc2 1 55-pM IP-M. ptb28  I 

2 2 
k Da 

kDa 1 

so -

2S -

I S -

1 0 -

Figure 28 :  l mmunodection of X-M PTB28 1  and M-M PTB28 1 western blots .  

Membranes were blocked I hr and incubated in  ant i -H i s6-ant ibody I h r, washed 

chemi luminescent substrate added and exposed to X-ray fi lm .  Reference ladders 

were al igned with the out l i ne  of the blots on the fi lm  to al low esti mat ion of the 

protein s ize that the signal e manated from. Left, X-MPTB28 1 western blot . Right, 

M-MPTB28 1 western blot . Lanes: 1 ,  Prestained Precis ion Protein Standard; 2, 30 

nun exposure ;  3, over n ight e xposure. 
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3.22 Conclusion to Protein Expression and western Analysis 

Affin i ty  chromatography appears to have sem i-purified recombinant prote ins  X

M PTB28 1 and M-MPTB28 1 as j udged by the absence of  these bands from control  

cul tures on SOS-PAGE ge ls .  The s ize predicted for X - MPTB28 1 and M-MPTB28 1 was 

- 1 4 .39 kDa and - 1 1 .6 kDa respect ively,  however, both semi-purified prote ins migrated 

to - 1 5  k Da.  This s ize d i screpancy may be an artefact or an indicat ion of post

translat ional modificat i on .  Western blot analys is  of the semi -pur i fied recombi nant 

proteins us ing specific ant i -His6-tag ant ibodies appears to confi rm the presence of  a 

H i s6 affin i ty  tag on these prote ins .  These resu l ts  lend strong support to the conc lus ion 

that X-M PTB28 1 and M-MPTB28 1 have been semi -puri fied. However, defin i t i ve 

confi rmat ion of the ident i ty  of these proteins can not be assigned unt i l  they have been 

further purified and the i r  amino acid sequences deduced .  
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Part E: Species Distribution of the Hypothetical M. ptb281 ORF 

3.23 Introduction 

To further i nvest igate the spec1es d i stribution of M. ptb28 1 ,  the fu l l  length 

hypothet ical M. ptb28 1 gene wa used in database screens,  Southern blot hybrid izat ions 

and PCR analyses of mul t iple mycobacterial species. 

3.24 Database Search 

NCB I, T IGR, Sanger and Center for Computat ional Genomics and Bioi nformat ics  

( CCGB ) databases were searched wi th  both the  nuc leot ide and t rans lated sequences of  

the ful l  length hypothetical M.  ptb28 1 gene using BLAST programs .  Us ing these 

databases no s ign i ficant al ignments were found to MTB complex members M. tb 

( st rains H37Rv and CDC 1 55 1  ), M. bOl'is ( strain AF2 1 22/97, spol igotype 9) or M. 

leprae at the prote in or nucleot ide level .  

The CCG B database reported a sign ificant al ignment to M. ptb ( catt le  s train K- 1 0 )  

of  1 00% ident i t ies at the nucleot ide level ( Figure 29; A ,  TB  LAST ) and 8 1 %  ident i t ies 

at the ami no ac id level ( F igure 29; B ,  TBLASTX ) .  Closer inspection of  MPTB28 1 

sequence and the amino ac id  database subject showed the two sequences shared 1 00% 

i dent i t ies ( Fi gure 29 ;  C ,  manual al ignment ) .  The database automat ical ly  subst i tuted 

query sequence of low complexi ty with the letter "X" to reduce the prevalence of 

art i factual h i ts  and excluded that sequence from the percentage calculat ion resu l t ing in 

the incorrect report of 85% ami no ac id ident i ty where there was I 00%.  

72 



A 

Exp e c t  = e - 1 4 3 ,  I dent i t i e s  = 2 5 8 / 2 5 8  ( 1 0 0 % )  

Query : rr1111111rl1rl1frlrr1rrr1rrrr1rr1rrrrr11frlr1111ff1ff11111rr 
S b j c t : a t gc cgcgc t cgt cgat c aagaa cgaaaaga t g t a t c aggat ctgcgcaagaagggcgaa 

Query : rllff11f1ff1111111r11frrrl1ffr11111r1111111ff111ff1rl1rl11r1 
S b j c t : t c c a aggagaaggccgcgcgc a t c t cgaatgcggctgc cggccaaggcaagt c g t cggtg 

Query : 111111r11111111ff1rll111rllrfrlf11flr11fll1r11111ffrr1ff1ff1 
S b j c t : ggc c g c cgcggcggcaag t c cggg t c c t a t c agga c t ggaccgtgccgg a a t t gaagaag 

Query : 111111fff1f11rr111frr r ll111rfrrl11111r1fllff11flff11r11rl111 
S b j c t : cggg c c aaagagct tggcat t t c cggc t a t t cggg c c t gaccaagg a c a a g c t ggtcgcc 

Query : rrrlr1r11ffllflr1r 2 5 8  

S b -j c t : a a a c t q cqcaaccactqa 5 1 6 4 4 2  

B 
Expect 2 e - 4 0 ,  I dent i t i e s  = 7 0 / 8 6  ( 8 1 % )  

6 0  

5 1 6 2 4 4  

1 2 0  

5 1 6 3 0 4 

1 8 0  

5 1 6 3 6 4  

2 4 0  

5 1 6 4 2 4  

Query 1 M P R S S I KNEKMYQDLRKKG E S KEKAAR I SNAAAXXXXXXXXXXXXXXXXYQDWTVPELKK 1 7 8  

M P R S S I KNEKMYQDLRKKG E S KEKAA R I SNAAA YQDWTVPELKK 
S b j c t  M P R S S I KNEKMYQDLRKKG E S KEKAAR I S NAAAGQGKSSVGRRGGKS G S YQDWTVPELKK 

Query 1 7 9  RAKELG I SGYSGLTKDKLVAKLRNH * 2 5 4  

RAKELGI SGYSGLTKDKLVAKLRNH* 
S b j c t  RAKELGI SGYSGLTKDKLVAKLRNH* 

c 
M PTB2 8 1  vs M . ptb database s ub j e c t ; Am i no a c i d  Ident i t i e s  = 1 0 0 %  

M PTB2 8 1 : 1 M P RS S I KNEKMYQDLRKKG ES KEKAAR I SNAAAGQGKSSVGRRGG KSGSYQDWTVPELKK 6 0  

M P R S S I KNEKMYQDLRKKG E SKEKAARI SNAAAGQGKSSVGRRGG KSGSYQDWTVPELKK 
S b j ct : M P RS S I KNEKMYQDLRKKGESKEKAARI SNAAAGQGKSSVGRRGG KSG SYQDWTVPELKK 

M PTB2 8 1 : 6 1  RAKELGISGYSGLTKDKLVAKLRNH - 87 

S b j ct : 
RAKELGI SGYSGLTKDKLVAKLRNH 

RAKELGI SGYSGLTKDKLVAKLRNH -

Figure 29: CCGB database a l ignment to M. ptb. A l ignment of M. ptb28 1 to the 

CCGB database subject M. ptb s t rain K I O .  A, B LASTN al ignment ;  B ,  TBLASTX 

al ignment ;  C, manual al ignment of M PTB28 1 and ami no aci d  subject .  Query = M. 

ptb28 1 nucleot i de sequence; Sbjct  = M. ptb identity in  database; X = residue 

omitted from search by low complexity fi lter. 

The Sanger database gave s ign ificant B LASTN and TBL ASTX al ignments to M. 

marinum (stra in M )  with E values o f  l . l e-32 and 2 .8e-30 respect ively (Figure 30) .  

73 



A 

mar 5 0 2 b 1 1 . q 1 k :  Expe c t  = 1 . 1 e - 3 2 , Ident i t i e s  & Po s i t ives = 2 0 9 / 2 5 9  ( 8 0 % )  

Query : 
1 tTYTTfc

G
T
T
T
G
TTYtTTttfttTY�Y

A
T
G
Tt

T
T
A
YYtTTTYTYTtt- yttyy

G
cy

A 5 9  

Sbj c t : 2 6 8  ATGCCGAACCCCTCGATCAAGAACGAGAAGCTATACCGGGATCTGCGCAAAGAAGGCAGC 3 2 7  

Query : 6 0  A
T??tt??t

G
�???c?????ctTcT?

G
ttT?????

T
??c?

G
??�???�

G
T?

G
T???T 

1 1 9  

Sbj c t : 3 2 8  -TCCAAGGAAAGGGCAGCGCGGATTTCCAATGCGGCAGCTGCCCAGGGCACTTCCTCGGT 3 8 6 

Query : 1 2 0  
YYYTTYTc

G
cfYTYYTt1Y

T
TT8fYTTTTtTT

A
fftTTYYtTcfTYTT

G
ftt

T
TYt1Yt1 

1 7 9  

Sbj c t :  3 8 7  GGGCCGCAAAGGCGGCAAGGCCCGGTCCTATCCGGACTGGACGGTGCCAGAACTGAAGAA 4 4 6  

Query : 1 8 0  G
??????ttt?t??TT???tT

T
T??

G
?
C
TtTT?

G
????T?t?

C
tt

G
?t?�?

C
T?

G
TT

GC 2 3 9  

Sbj c t : 4 4 7  ACGGGCCAAAGAGCTTGGCATGTCCAGGTATTCCGGCCTGACAAAAGACGAGTTGATCAG 5 0 6  

Query : 2 4 0  
?�?T????tt??

A
?T?t 

2 5 8  

Sbj c t : 5 0 7  CAAGCTGCGCAACCGCTGA 5 2 5  

B 

ma r 5 0 2 b 1 1 . q 1 k : Expe c t = 2 . 8 e - 3 0 , I de n t i t i e s  & P o s i t ive s = 7 7 / 8 6  ( 8 9 % )  

Query : 1 MPRSS IKNEKMYQDLRKKGESKEKAARISNAAAGQGKSSVGRRGGKSGSYQDWTVPELKK 1 8 0  
M P  S I KNEK+Y+DLRK+G S KE+AARI SNAAA QG SSVGR+GGK+ S Y  DWTVPELKK 

Sbj c t : 2 6 8  MPNPS IKNEKLYRDLRKEGSSKERAARISNAAAAQGTSSVGRKGGKARSYPDWTVPELKK 4 4 7  

Query : 1 8 1  RAKELGI SGYSGLTKDKLVAKLRNH * 2 5 8  
RAKELG+S YSGLTKD+L++KLRN * 

Sbj c t : 4 4 8  RAKELGMSRYSGLTKDELISKLRNR* 5 2 5  

Figure 30 :  Sanger M. nwrinttlll database al ignment .  A ,  BLASTN a l ignment of  M. 

ptb28 1 to the M. nwrinwn subject .  B ,  T B LASTX al ignment of trans lated M. ptb28 1 

to a M. marinunt database subject .  Query = M PTB28 1 nucleot ide or amino ac id 

sequence; target = M. nwrinunt database subjec t ;  + = conservat i ve amino ac id  

subst i tu t ion .  

The T IGR database gave sign i ficant al ignments to M. avntnt strain I 04 a t  the 

nucleot ide and ami no ac id  level of 99% ( Figure 3 1 ;  A,  BLASTN ) and I 00% ( Figure 3 1  

TBLASTX ) respect ive ly .  
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A 
Expe c t = 4 . 6 e - 5 3 ,  I dent i t i e s = 2 5 7 / 2 5 8  ( 9 9 % )  

Query : 

Sbj c t : 

Que ry : 

Sbj c t : 

tT?rr?r?rTr?Tr?tTrtt?ttr?tttt?tT?TtTrtrrtT?Trrrrttrttrrrrrtt 6 0  

ATGCCGCGCTCGTCGATCAAGAACGAAAAGATGTATCAGGATCTGCGCAAGAAGGGCGAA 4 1 9 3 4 4 8  

T??ttr?t?tt??????????tT?T?8ttT?????????????tt???tt?T??T???T? 1 2 0  

TCCAAGGAGAAGGCCGCGCGCATCTCCAATGCGGCCGCCGGCCAAGGCAAGTCGTCGGTG 4 1 9 3 5 0 8  

Query : r????????rr?rr?tt?T?????T??TtT?t??t?Tr?t??rT?????ttTTrtt?tt? 1 8 0  

Sb j c t : GGCCGCCGCGGCGGCAAGTCCGGGTCCTATCAGGACTGGACCGTGCCGGAATTGAAGAAG 4 1 9 3 5 6 8  

Query : ?rr???tttrtr?TTrr?tTTT?rrr?TtTT?rrr??Trt??ttrrt?ttr?TrrT?rrr 2 4 0  

Sbj c t : CGGGCCAAAGAGCTTGGCATTTCCGGCTATTCGGGCCTGACCAAGGACAAGCTGGTCGCC 4 1 9 3 6 2 8  

Query : ttt?Tr?r?tt??t?Trt 2 5 8  

Sbj c t : AAACTGCGCAACCACTGA 4 1 9 3 6 4 6  

B 
Expe c t  = 1 . 4 e - 4 0 ,  I de n t i t i e s  = 8 5 / 8 5  ( 1 0 0 % )  

Query : MPRS S I KNEKMYQDLRKKGESKEKAAR I SNAAAGQGKS SVGRRGGKSGSYQDWTVPELKK 6 0  
MPRS S I KNEKMYQDLRKKGESKEKAARISNAAAGQGKS SVGRRGGKSGSYQDWTVPELKK 

Sbj c t : MPRS S I KNEKMYQDLRKKGES KEKAA R I S NAAAGQG KSSVGRRGGKSGSYQDWTVPELKK 4 1 9 3 5 6 8  

Query : RAKELG I SGYSGLTKDKLVAKLRNH 8 5  
RAKELG I SGYSGLTKDKLVAKLRNH 

S b j c t : RAKELG I SGYSGLTKDKLVAKLRNH 4 1 9 3 6 4 3  

Figure 3 1 :  TIGR database al ignment to  M. a l 'ium. Al ignment of  M. ptb28 1 t o  the 

T IGR database subject M. a l 'ium strai n 1 04 .  A, BLASTN al ignmen t ;  B, T B LASTN 

al ignment. Query = M. ptb2 8 1 ;  Sbjct = M. m•ium ident i ty in  database. 

The database also gave s ign i ficant al ignments to M. smegmatis strain mc2 1 55 at the 

nuc leot ide and amino acid level of 75% (Figure 32; A, B LASTN ) and 85% ( Figure 32 ;  

B ,  TB LASTN ) respect i ve ly .  Being un-annotated at the t ime of this work t he  M. ptb, M. 

a l'iwn, M. smegmatis and M. IIWrint/111 databases gave no addit ional i n format ion wi th 

their  al ignments .  
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A 
Expect = 2 . 6 e - 2 6 , I dent i t i e s  = 1 9 5 / 2 6 0  ( 7 5 % )  

Query : tTfTTfc8cTT8TTftTTtffAfTf�fAT8TtTTtfftTTTfTfTtffAffffTf� 6 0  

S b j c t : ATGCCGAATTCATCGATCAAGGACGAGAAGCTCTACCAGGACCTGCGCAAGCAGGGCGAC 1 3 6 5 6 4 8  

Query : Trcttr?t?ttr?rrrrrrrrtT?T?GttT?r??rc?rcGG??Af???AA?T?GTCrrTG 1 2 0  

Sbj ct : TCGAAGGAGAAGGCCGCGCGCATCTCCAACGCGGCGGCGTCCCGAGGCCGGTCCAAGGTC 1 3 6 5 7 0 8  

Query : ffcTfT- TfcffTffTtffTTTff8TTTTtTctrrtrTfftTTfTfcT8f�TTfAAfAf 1 7 9  

Sbj c t : GGGCGCTCG - GGCGGCAAGTCCGGATCCTATGAGGACTGGACCGTGTCCGACCTGC - GCA 1 3 6 5 7 6 6  

Query : f-Tf8fTcttfft8TTTffctTTTTTffcTtTTT8f8TcTftcTtfffAcAffcTffTcG 2 3 8  

Sbj c t : GTCGTGCGAAAGAACTTGGGATCACCGGATATTCCGACAAGAACAAGGGTGAGTTGGTGA 1 3 6 5 8 2 6  

Query : cc�TTGcfctfcTtTTft 2 5 8  

Sbi c t : AGATGCTCAGGAATCACTGA 1 3 6 5 8 4 6  

B 

Expect = 4 .  9 e - 2 9 ,  I de nt i t i e s  = 6 2 / 8 5  ( 7 2 % ) , s i m i l a r i t i e s = 7 3 / 8 5  ( 8 5 % )  

Query : MPRS S I KN E KMYQDLRKKG E S KEKAARI SNAAAGQGK S S VGRRGGKSGSYQDWTVPELKK 6 0  

M P  S S I K+ E K + YQDLRK+ G + S KEKAARI SNAAA + G + S  VGR GGKSGSY+DWTV +L+ 

Sbj ct : MPNS S I KD E KLYQDLRKQGDSKEKAAR I SNAAAS RGRS KVGRSGGKSGSYEDWTVSDLRS 1 3 6 5 7 6 8  

Query : RAKELG I SG YSGLTKDKLVAKLRNH 8 5  
RAKELG I + GYS K + LV LRNH 

S b j c t : RAKELGI TGYSDKNKGELVKMLRNH 1 3 6 5 8 4 3  

Figure 32 :  T IGR database a l ignment to  M. smegmatis. Al ignment of M. ptb28 1 to 
') 

T IGR database subject M. smegma/is stra in mc- 1 55 .  A ,  B LASTN a l ignment ;  B ,  

TB LASTN al ignment .  Query = M. ptb28 l ;  Sbjct = M. smegma! is  i den t i ty I n  

database ; + indicates conservat i ve subst i tu t ions .  

The NCB I database reported two s ign i ficant BLASTP al ignments to two ful l y  

sequenced and annotated genomes ( Figure 33 ) .  The  first was t o  a hypothetical p rotein of  

Deinococcus radiodurans ( D. radiodurans) stra in  R I  (ATCC 1 3939 ) ( 66 )  that had an E 

value of 6e-04 with 5 1 %  s imi l arity ( Figure 3 3 ;  A ) .  The second al ignment  was to a 

h ypothet ical prote in  from Corynebacterium ejjlciens ( C. ejjlciens ) stra in YS-3 1 4  ( 67 )  

w hich had an E va lue of se-20 w i th  75% s im i larity ( Figure 33 ;  B ) . 
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A 
gi l 1 5 8 0 7 5 4 4 l re f iN P  2 9 6 2 8 0 . 1 1 hypo t he t i c a l  p ro t e i n  [ D . radi odurans] 
gi i 7 4 7 2 6 6 0 ipir l I F 7 5 2 5 8  hypot h e t i c a l  prot e i n  D .  radi odurans ( s t r a i n  Rl ) 
gi l 6 4 6 0 3 9 l lgb iAAF 1 2 1 0 5 . 1 IAE 0 0 2 0 8 5  8 hypothe t i c a l  prot e i n  [ D .  ra di odurans]  
Exp e c t  = 6 e - 0 4 , I dent i t i e s = 3 1 / 9 5  ( 3 2 % ) , S im i l a r i t i e s  = 4 9 / 9 5  ( 5 1 % ) , 
Gaps = 1 3 / 9 5 ( 1 3 % )  

Que ry : 1 MPRS - S I KN EKMYQDLR - - - - KKG E S KEKAAR I SNAAAGQGKSSVGRR - - - - - - - - GGKS 4 7  
MP + +  S K + E +  Y +  + +  K+GES + +A I +  + + GR G 

Sbj c t : 1 MPKAWSNKDERQYEHVKDSEVKRGE S PDRAEE IAARTVNKSRREEGRTPNKRTQGTGNPD 6 0  

Que ry : 4 8  GSYQDWTVPE LKKRAKELGI SGYSGLTKDKLVAKL 8 2  
+ D T E L  RAKE G I +G S + + K  + LV L 

Sbj c t : 6 1  AALSDLTRDELYNRAKE KG IAGRSRMS KAELVRAL 9 5  

B 
gi l 2 5 0 2 9 1 6 5 l re f iN P  7 3 9 2 1 9 . 1 1 hypo t he t i cal pro t e i n  [ C .  effi ci ens YS - 3 1 4 ]  
gi l 2 3 4 9 4 4 5 3 l dbj I BAC 1 9 4 1 9 . l l hypo t h e t i cal p ro t e i n  [ C . effi ciens YS - 3 1 4 ]  
Exp e c t  5 e - 2 0 ,  Ident i t i e s  = 4 5 / 8 1  ( 5 5 % ) , S imi l a r i t i e s  = 6 1 / 8 1  ( 7 5 % )  

Que ry : 5 S I KNEKMYQDL RKKGESKEKAARI SNAAAGQGKSSVGRRGGKSGSYQDWTVPELKKRAKE 6 4  
S + K+ + + Y + + L R +  G SKEKAA R I +NA A + VG + GGK+GSY + DWTV E L +  RA E 

Sbj c t : 1 8  SVKDGELYEELREDGAS KEKAARIANATANTSRGEVGE KGGKAGSYEDWTVEELRTRAAE 7 7  

Que ry : 6 5  LG I SGYSGLTKD KLVAKLRNH 8 5  
L I G S + KD + L +  LRNH 

Sbj c t : 7 8  LDI DGRSKMKKD E L I DALRNH 9 8  

Figu re 3 3 :  NCB I database al ignments. A, B LASTP al ignment of MPTB28 1 to 

database subject D. radiodurans; B,  B LASTP a l ignment of MPTB28 1 to database 

subject C. e.ff/ciens stra in  YS-3 1 4. Query = MPTB28 1 ;  Sbjct = ident i ty in database ; 

+ indicates conservat i ve subst i tut ions; - =  gap in a l ignment .  

The completed and analysed genomes of C. diphtherioe ( st rain NCTC 1 3 1 29 )  ( 68 ) ,  

a known pathogen and C. glutomicum ( ATCC 1 3032 )  (69 )  u sed for the  commerc ial 

production of amino ac ids ,  are both c lose relat ives of C. efjlciens. The i r  genomes were 

subjected to BLAST searches through the Sanger and PEDA T ( Protein Extract ion ,  

Descript ion , and ANalys i s  Tool ) databases using the nuc leot ide and translated sequence 

of M. ptb28 1 . The search resul ts  reported no s ign i ficant al ignments. 
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3.25 Southern Blot Analysis of Selected Mycobacterial Species 

The use of mycobacteri a l  database searches to determi ne the spec ies d i stribut ion 

of M. ptb28 1 was l imited due to the smal l  nu mber of fu l l y  sequenced genomes. To 

obtain more i n format ion,  genomic DNA from se lected m ycobacterial species were 

subjected to Southern blot analys i s  and probed with the fu l l  length M. ptb28 1 gene. 

3.25 . 1  Preparation of Probes 

M. ptb28 1 -DIG 

The cloning primers M PTB28 1 F2 and MPTB28 1 R I  were used in a standard PCR 

to ampl i fy the insert from pM IP-M. ptb28 1 .  The resu l tant 273  bp fragment was pur i fied 

and DIG label led as prev iously described ( sect ion 3 .4. 1 ) . 

1 6S-DIG 

The I 020 bp fragment spec i fic to the 1 6S ribosomal subunit of mycobacteria was 

ampl i fied from BCG genomic DNA in a standard PCR wi th  the pri mers 246 and 264. 

The fragment was puri fied and DIG label led for use as a posit ive control  (data not 

shown ) .  

3.25.2 Bam H 1  Southern Blot #3 

A select ion of mycobacterial spec ies was grown and their  genomic DNA 

extracted as  described in the  methods sect ion ( section 2 .5 ) .  Samples of DNA from each 

species were digested wi th  Bam H I  ( section 2 . 1 7  . I ) and al iquots conta in ing 

approx imate ly  I !lg  of D A were subjected to 0 .7% agarose gel electrophores is .  A 

reference photo was taken of  the gel al igned next to an u l tra-violet reflect ive ru ler 

( Figure 34 ) and the DNA pat tern subjected to Southern transfer. 
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Figure 34: Reference photo o f  Bam H I  digested mycobacterial DNA. A l iquots 

contai n i ng approxi mately I )..lg of Bam H I  digested DNA from se lected 

mycobacterial species were e lectrophoresed on a 0.7% agarose gel in I x TAE 

buffer. The gel was soaked in d i l u te  ethidi um bromide and a photo taken of the ge l 

a l igned next to fl uorescent rulers. Ru ler; u l tra v io let florescent ru ler. I kb+ = DNA 

ladder ;  Lanes: I ,  BCG ; 2, M. tb; 3 ,  M. bo l 'is; 4, M. intracellulare; 5, Neoparasec ;  6 ,  

M. scro.fulaceum; 7 ,  M. gordonae;  8 ,  M. kansosii; 9, M. phlei;  I 0, M. 1//(/ l'inum; I I ,  

M. terrae; 1 2 , M . .fortuitwn ; 1 3 , M. ptb. 

3.25.3 High St.-i ngency Conditions 

Bam H I  Southern blot #3 made from the gel in  Figure 34 was i ncubated with M. 

ptb28 1 -D IG as previously described ( section 3 .4 . 3 )  us ing a 42° C hybrid izat ion 

tempe rature (h igh str ingency hybrid ization ) .  H igh stringency post-hybridizat ion washes 

were performed and the blot prepared for chemi luminescent detection with CD PStar. The 

blot was exposed to X-ray fi lm  for '12 hr, 3 hrs and overnight to get a range of exposures 

( Figure 35 ) .  
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Figure 3 5 :  H i gh stri ngency hybridizat ion of  M. ptb28 I -D lG . Bam H I  Southern blot 

#3 was hybridized with M. ptb28 I -D lG us ing high stringency condi t ions , subjected 

to chemi i um inescent detection with c opStar and exposed to fi lm for Y2 hr, 3 hrs 

( left )  and overnight ( right ) .  Trave l ing  di stances of the bands and the s ize of the 

genomic fragments they were located on are indicated.  Lanes: I ,  BCG; 2 ,  M. tb; 3 ,  

M. bol 'is ; 4 ,  M. intracellu/are; 5 ,  Neoparasec ; 6, M. scro.fii/aceu/11 ; 7 ,  M. gordonae; 

8 ,  M. konsosii; 9,  M. ph/ei; I 0, M. 111orinuln; 1 1 , M. terrae; 1 2 , M. fortuitwn ; 1 3 , M. 

ptb. * = arte fact 

M. ptb28 1 -DlG produced a s ingle hybridization signal i n  M. ptb and its derivat ive 

Neoparsec after 3 hr and overnight exposure as expected. The s ignals were among 

genomic fragments approxi mate ly I 0.0 kb as judged by a standard curve prepared from 

the reference photo (data not shown ) .  I n  add i t ion, a s ing le faint hybridi zat ion s ignal was 

observed in M. intrace//u/are among fragments approximately 1 .7 kb on the 3 hr and 

overnight exposures .  S ince h igh stringency condit ions al low areas of target DNA with a 

h igh degree of  sequence homology to that of the probe to be detected, these resu l ts  

suggest that M.  intrace//u/are carries a s ingle M. ptb28 1 homolog. Converse ly ,  no 

hybridizat ion signals were observed i n  any other spec ies on the Southern blot .  Another 

Bam H l Southern blot ( Bam H l Southern blot #4, data not shown )  was hybridized with 

M. ptb28 1 -D IG under h i gh stringency condit ions which shared the same banding 

pattern as  Bam H 1 Southern blot #3 . Spots occurring in  lanes 3 ,  7 and 1 3  of Bam H 1 

Southern b lot #3 were not present on Bam H l Southern blot #4 confirming the i r  

presence as  artefacts . 
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3.25.4 Low Stringency Conditions 

To detect areas of low ident i ty  Bam H 1 Southern blot #3 was probed wi th M. 

ptb28 1 -0lG us ing low stringency condi tions as previous ly described ( sect ion 3 .4 .2 ) .  

Br iefly ,  the hybrid ization was performed overnight  at  40° C fol lowed by low stri ngency 

post-hybridizat ion washes as fol lows; 2x 5 min in excess 2x SSC, 0. I %  SOS at room 

temperature ,  2x 1 5  m in  in excess l x  SSC, 0. 1 %  S OS at 68° C and 2x 1 5  min in excess 

0 .5x SSC, 0. I %  SOS  at 68° C. The blot was subj ected to chemiluminescent detection 

wi th COPStar and exposed to fi l m  for 2 Y2 hr and overnight . Both exposures shared the 

same banding pattern and low background as produced under h igh stringency condit ions 

(data not shown ) .  

In an attempt to ident ify sequences with low s imi larity to the probe the procedure 

was repeated with the stringency condit ions reduced to a 37° C overnight hybrid ization 

fo l lowed by low stri ngency post-hybridizat ion washes of 4x 1 5  min with 5x SSC, 0. 1 %  

SOS at room temperature. The blot was subjected to chemi l uminescent detect ion and 

exposed to X-ray fi lm for I hour and overn ight (Figure 36 ) .  Hybridizat ion signals 

emerged i n  the I kb+ ladder on both exposures among fragments derived from pUC and 

lambda DNA suggest ing these condit ions were able to stab i l i ze weak hybridizat ion . 

These condi t ions a l so increased the level of background noise and art i facts making 

i n terpretat ion more d ifficu l t .  The three hybrid izat ion s ignals  present on the h igh 

stri ngency exposures ( - 1 . 7 kb M. intracellulare, - I  0.0 kb M. ptb and Neoparasec ) were 

also pre ent under these condit ions. The appearance of a second band in M. 

intracellulare among the -4.9 kb fragments appears at the same point  as a horizontal 

artefact that stretches across lanes 3 to 8 making interpretation difficu l t .  The second 

band in M. ptb among the -7 .5  kb fragments appears to be an artefact poorly 

represented i n  the scanned image .  
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Figure 36: Low stringency hybridizat ion of M. ptb2 8 l -D lG .  Ba111 H I  Southern blot 

#3 was hybridized wi th M. ptb28 1 -DIG at 3r C and subjected to 4x 1 5  min washes 

with 5x SSC, 0. 1 %  S OS at room temperatu re .  The blot was subjected to 

chemi l uminescent detect ion with CDPStar and exposed to fi l m  for I hour ( upper)  

and overnight ( lower ) .  A pproximate t ravel ing d istances of the bands and their s izes 

are i ndicated. Lanes :  I ,  BCG; 2, M. tb;  3 ,  M. bovis ; 4, M. intrace/lulare; 5, 

eoparasec; 6, M. scrofulaceum; 7 ,  M. gordonae; 8 ,  M. kansasii; 9, M. phlei;  l O, M. 

marinum; 1 1 , M. terrae;  1 2 , M. fortuitum; 1 3 , M. ptb. 

The reference photo shows M. in.tracellulare, M. phlei and M. mann.um had 

excess genomic DNA i n  their  lanes which may have contributed to the high background 

in  those species. The presence of h igh background made i nterpretation of poorly defi ned 
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bands i n  those species d ifficu l t .  Thick bands of genomic DNA in the h igh molecular 

weight fragments of M. marinum appear to correspond to fain t  hybridizat ion signals 

among fragments -6 . 2 kb to - 1 1 kb on the blot making thei r  i nterpretat ion d i fficu l t .  A 

strong hybrid izat ion s ignal among -4.5 kb fragments of M. marinum appears to be 

be low the bands of genomic DNA and may correspond to the nucleot ide sequence of 

the M. marinum database al ignment .  Conversely  there were no hybridi zat ion s ignals in 

M. fortuitum, M. terrae, M. kansasii, M. scrofulaceum, M. gordonae. Of major 

i mportance was the absence of bands from the MTB complex representat i ves BCG , M. 

tb and M. bovis. 

3.25.5 1 6S Positive Control 

Bam H I  Southern blot #3 was subjected to high str ingency hybridi zat ion with the 

1 6S-DIG probe to test the abi l i ty of all spec ies on the blot to produce speci fic 

hybridizat ion s ignals .  H igh stri ngency post-hybridization washes were performed and 

the blot prepared for chemi lumi nescent detect ion with CDPStar . After a I hr exposure al l 

spec ies on the blot produced 2-4 strong dist i nct bands confi rming the ab i l i ty of these 

spec ies to produce spec i fic hybridizat ion s ignal s ( Figure 3 7 ) .  
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Figure 37: 1 6S control probe. M u l t i-M. sp. Bam H I  Southern blot # I  was 

hybrid i zed with 1 6S-DIG us ing high stri ngency condi t ions, subjected to 

chemi l umi nescent detection with CDPStar and exposed to fi lm  for I hour. Lanes :  I ,  

BCG ; 2 ,  M. tb; 3 ,  M. bovis ; 4, M. intracellulare; 5 , Neoparasec; 6, M. scrofulacewn ; 

7 ,  M. gordonoe ; 8,  M. kansasii; 9 ,  M. phlei; I 0, M. nwrinwn; 1 1 , M. terrae; 1 2 , M. 

fortuitwn; 1 3 , M. ptb. 

The presence of two hybrid izat ion signals from most spec 1es on the blot was 

l i kely due to the conservat ion of an i nternal Bam H I  site known to occur  in the 1 6S 

operon of  BCG ( 70 ) .  The appearance of more than two hybridization signals could be 

due to the presence of a second 1 6S al lele notably but not exclus ively found in fast 

growing  mycobacteria such as M. fortuitunt ( 7 1 )  or to an addi t ional Bam H I  si te .  

3.26 PCR Analysis of Selected Mycobacterial Species 

Using a combination of PCR anneal temperatures and DNA polymerases ,  PCR 

analys i s  was performed against selected mycobacterial species and M. ptb i so lates to 

search for sequences with s imi lar i ty to M. ptb28 1 .  

A standard PCR was performed u ing the clon ing pmners MPTB28 1 F2 and 

M PTB28 1 R 1 with template from the mycobacterial pecies .  Samples were subjected to 

1 %  agarose gel e lectrophoresis and examined for the presence of a 273 bp band, the size 

expected for M. ptb28 1 ampl i fied with these primers ( Figure 38 ) .  
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Figure 38 :  PCR screen of selected mycobacterial species. M. ptb2 8 1 cloning 

primers were used in  a standard PCR w ith template from selected m ycobacterial 

spec ies. A l iquots (2 fA L )  were subjected to 1 %  agarose gel electrophores i s ,  soaked 

in eth id ium bromide and vi suali sed wi th U V  l ight .  I kb+ = DNA ladder. Lanes: I ,  

negat ive control ; 2, BCG ; 3 ,  M. bovis ;  4,  M. tb; 5 ,  M . .fortuitum; 6, M. gordonae; 7,  

M. kansasii; 8,  M. IIWrinwn ; 9, M. terrae; I 0 ,  M. S111eg11wtis ; I I .  M. in tracel/ulare; 

1 2  & 1 7 , M. scrojit!aceum; 1 3 , M. ptb; 1 4 , Neoparasec ; 1 5 , negat ive contro l ;  1 6 , M. 

phlei. ( 1 6S controls not shown) .  

The PCR produced strong dist inct bands of  approximate ly  270 bp in  M. intracel/ulare, 

M. scro.fulacewn, M. ptb, Neoparasec and M. phlei wi th the latter appearing as two 

c losely migrat ing bands ( doublet ) .  

I n  add i t ion non-spec i fic bands of varymg S ize were present I n  most spec ies 

i nc luding a s t rong dis t inc t  -700 bp band in M. terrae and an indis t inct faint -270 bp 

band in  M. terrae; resu l ts  that were typical ly  found in ubsequent PCRs using the same 

condi t ions ( data not show n ) . 

To i ncrease the spec i fic i ty of the react ion, the PCR was repeated us ing an 

anneal ing temperature of 62° C resu l t i ng  i n  a reduct ion i n  the level of non-speci fic 

bands ( Figure 39) .  These condit ions produced strong dis t inct -270 bp bands i n  M. ptb 

and Neoparasec, a dist inct -700 bp band i n  M. terrae and fain t  -270 bp bands in M. 

intracel/ulare, M. marinum. M. terrae and M. phlei the lat ter being present as a doublet . 

The fain t  appearance of the -270 bp bands in  the latter four species suggests there may 

be s ignificant  d i fferences in the nucleot ide sequence of  the primers to that of the target 

sequence i n  t hose species ( Figure 39 ) .  
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Figure 39: The 62°  C PCR screen of se lected mycobacterial spec1es. M. ptb28 l 

c loning primers were used i n  a 62° C PCR with template from selected 

mycobacterial species .  A l i quots (2 � L )  were subjected to 1 %  agarose gel 

e lectrophores is ,  soaked in eth id ium bromide and v isual i sed with UV l ight. I kb+ = 

DNA ladder. Lanes: I ,  negat ive contro l ;  2, BCG; 3, M. bovis; 4, M. tb; 5 ,  M. 

fortuitwn; 6, M. gordonae;  7 ,  M. kansasii; 8 ,  M. phlei; 9 ,  M. ll/arinu11 1 ;  I 0, M. 

terrae; 1 1 , M. s111eglllatis; 1 2 , M. intracel/ulare; 1 3 , M. scro.fii/aceu/11 ; 1 4 , M. ptb; 

1 5 , Neoparasec. ( 1 6S controls not shown ) .  

The 55° C and 62°  C PCRs were repeated us ing the high fidel i ty enzyme PLATI UM 

Pfr DNA polymerase instead of  Taq DNA polymerase. Samples were subjected to  

agarose ge l  e lectrophores is  and examined for the presence of a -270 bp band ( Figure 

40) .  The 5SO C Pj:-.: PCR produced dist inct -270 bp bands i n  M. intracellulare, M. 

scrofulacewn, M. p tb, Neopara ec, and a faint band in M. phlei. The 62° C Pfx PCR 

produced d ist inct -270 bp bands in  M. intracellulare, M. scrofulaceulll, M. ptb, 

Neoparasec, M. ph/ei and M. kansasii with the latter two appearing s l ight ly  l arger than 

2 70 bp. The 55° C and 62° C Pfx DNA polymerase PCRs had h igh background making 

i nterpretat ion of bands > 270 bp d i fficu l t .  
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Figure 40:  PLATINUM Pf'( PCR screens. PCRs were performed with PLAT I N U M  

Pf'( us ing anneal temperatures of 5 5 °  C ( upper )  and 62° C ( below ) with template 

from selected mycobacterial spec ies .  Samples (3 � �  L )  were e lectrophoresed on I %  

agarose gels ,  soaked i n  ethidium bromide and v i sua l i sed wi th UV l ight . I kb+ = 

DNA ladder. Lanes: I ,  BCG ; 2 ,  M. bol'is; 3 ,  M. th; 4, M. intrace/lulare; 5 ,  M. 

scro.fit!aceum; 6, M. ptb ; 7, Neoparasec; 8, M. fortu itum ; 9, M. gordonae ; I 0, M. 

kansasii; 1 1 , M. phlei ;  1 2 , M. nwrinum ; 1 3 , M. terrae; 1 4 , M. smegmatis; 1 5 , 

negat i ve contro l .  ( Pos i t i ve 1 6S contro ls  not shown ) .  

Wh i l e  the -270 b p  bands from these species are approx imately the s ize expected for M. 

ptb28 1 ,  the i r  t rue iden t i ty  can not be assigned un t i l  nucleot ide sequenc ing has been 

performed. 

3.27 PCR Analysis of Selected M. ptb Isolates 

The final PCR was performed to determine the d i stribu t ion of the hypothet ica l  M. 

ptb28 1 gene wi th in a group of M. ptb isolates col lected from cattle, sheep and deer from 

New Zealand and abroad . Samples of genomic DNA from M. ptb isolates donated by Dr  
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Des Col l ins ( AgResearch ,  Wal l acevi l le An imal Research Centre) were subjected to a 

standard PCR w ith the primers M PTB28 1 F2 and M PTB28 1 R  J (Figure 4 1  ) .  

1 3 4 5 6 7 8 9 I 0 1 1  1 2  

-270 bp 

Figure 4 1 :  PCR screen of mul t iple M. ptb i solates. Pri mers M PT828 l F2 and 

M PT828 l R 1 were used in a standard PCR with templates from mul t ip le  M. ptb 

i solates ( al l  from New Zealand unless stated otherwi se ) .  A l iquots ( 2  � L ) were 

subjected to l %  agarose gel electrophoresis ,  soaked i n  eth id ium bromide and 

visual i sed wi th UV l ight . I kb+ = DNA ladder. Lanes :  l ,  negat ive contro l ;  3, 4 & 5 ,  

Deer isolates 6770A, 677 1 A & 6665 ; 6 ,  7 ,  8 ,  & 9,  Sheep isolates 6760A , 67568 ,  

6758A, & 67598 ;  1 0  & 1 1 , South African sheep i solates 469A & 506C; 1 2 , 

Cattle isolate 6349 ; 1 3 , Faeroe Is land sheep isolate P 1 33179. (Neoparasec, M. ptb 

( ATCC 53950 ) and 1 6S posi t i ve contro ls  not shown) .  

Al iquots were analysed by I %  agarose gel e lectrophoresis and examined for the 

presence of a -270 bp band, the s ize expected for M. ptb2 8 1 ( Figure 4 1  ) . All M. ptb 

i solates were posi t ive for a -270 bp band.  
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3.28 Conclusion to Species Distribution 

Database search resul ts, Southern b lot and PCR analyses a l l  appear to confirm the 

absence of a M. ptb28 l homolog from the MTBC members M. tb, M. bovis and M. 

bovis BCG (Table 2 ) . I n  addi t ion, no M. ptb28 1 homolog was reported from the M. 

/eprae database. M. ptb, M. avium, M. marinum and M. smegmatis databases reported 

s ignificant s imi lari t ies at both the nucleotide and amino acid  levels to M. ptb28 l .  This  

resu l t  confirmed the presence of  the  h ypothetical M .  ptb28 l ORF in  the M. ptb database 

isolate and i ndicated the presence of a homolog in M. avium, M. marinu111 and M. 

smegma/is. 

The M. marinum and M. smegmatis homologs, reported by database searches to 

share s ign ificant s imi larit ies at the nucleot ide level to M. ptb2 8 l ,  were not evident i n  

PCR analysis .  The absence of a -270 bp band from these spec ies indicates the sequence 

homology between the primers and thei r target was i nsuffic ient to ampl i fy the homolog 

under these condi t ions,  a factor that cou ld also be true for other spec ies that were 

negat i ve for the -270 bp band .  

Database searches revealed M. ptb28 l homologs in  C. efjiciens and D. 

radiodurans at the amino acid level but not at the nucleot ide level indicating these 

homologs may diffe r s ignificant ly at the nuc leot ide level from M. ptb28 l .  

M. intracellulare, a member of  the MA IS  complex to which M. ptb and M. m•iwn 

both belong, was the only mycobacterial spec ies to give s ign ificant resu lts in both 

Southern blot and PCR analyses. These resu l ts suggest that M. intracel/ulare carries a 

M. ptb2 8 l homolog with s ignificant sequence s imi larity at the nucleotide level , not only 

with in the gene but at  its termin i  as wel l .  ucleot ide sequencing of the -270 bp band 

w i l l  be requ i red for confi rmat ion of i t s  ident i ty 

H igh background on the low stringency Southern blot exposures and the non

speci fic  banding pattern of the PCRs made ass ign ing s ignificance to some of these 

resu l t s  d ifficu l t .  However, the poss ib i l i ty remains that some of these spec ies may carry 

M. ptb28 l homologs that, wh i le not detected due to s ign i ficant dev iat ions in the 

nucleot ide sequence, share s ignificant imj larity at the amino acid  level due to codon 

redundancy. 

PCR analysis of mul t iple M. ptb isolate col lected from cattle, sheep, and deer 

from a number of geographical reg ions were al l  pos i t ive for a -270 bp band.  Nucleotide 

sequencing of t hese bands wi l l  be requ ired before their identity can be confi rmed. These 
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resu l ts i ndicate M. ptb28 1 i s  a single copy gene present i n  members of the MAIS  

complex, M.  marinum, M. smegmatis and l i ke ly other mycobacteria. I n  addi t ion i t  i s  

present i n  C. efficiens but not i t s  c losest re lat i ves and D. radiodurans both non

pathogenic members of the Act i nomycetales order to wh ich mycobacteria belong. 

Table 2: Summary of M. ptb28 1 species d is tr ibution 

Database 
Southern blot PCR analysis PCR analysis 

analys i s  Taq Pfx 

Spec ies 
o/o s imi larity 

HS LS 62° c 55° c 62° c 55° c 
nuc a a 

M. tuberculosis X X X X X X X 

M. bo 11is X X X X X X X 

M. bo1 1is BCG X X X X X X X 

M. leprae X - - - - - -

M. ptb 1 00% 1 00% / / / / / / 

M. m'illlll 99% 1 00% - - - - - -

M. intracellulare X / / / / / / 

M. scrofulacewn X X X X / / / 

M. 111arinwn 80% 89% X / / X X X 

M. S111eg111atis 75% 85% - - X X X X 

M. phlei X X ') / / / / 

M. terrae X X X / / '] X 

C. e.ffi c i ens - 75% - - - - - -

C. diphtheriae X - - - - - -

C. glutall l icu/11 X - - - - - -

D. radiodurans - 5 1 % - - - - - -

S igni ficant resul ts  from database searches, Southern analyses and PCR analyses. x = no 

s ignificant resu l t ;  / = s ignificant resu l t ;  - = act ion not performed ;  ? = resul t  not 

i n terpretabl e ;  nuc = nucleot ide s imi lari ty;  aa = amino ac id s imi lari ty. 
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Chapter 4:  Discussion and Conclusions 

4. 1 Hypothetical M. ptb28 1 ORF 

The re are at  present no re l i able  rapid methods sui table for detecting an imals i n  the 

prec l i n ical stages of Johne ' s  di sease in whole herds. Precl i n ical ani mals can take 2 to 5 

years to develop c l in ical symptoms. During th is  t ime they intermittent ly shed the bac i l l i  

from the i r  digest ive t racts, spreading  the organ ism to  herd mates through faecal 

contaminated pastures and drink ing water causing serious economic loss to farmers 

( 1 8 ) .  Secreted prote ins  from pathogen ic  mycobacteria have been found to be important 

for the development of protect i ve i mmunity, namely a C M I  response (49 ) .  The 

development of rel iable di fferent ial  d iagnostic tests to detect an imals in the precl i n ical 

stages o f  Johne ' s  d i sease wi l l  requ i re the use of spec ies-speci fic secreted protein 

antigens  and the CM I response . 

The hypothetical secreted prote i n  M PTB28 1 ,  from the M. ptb secreted protein 

l ibrary c lone pJ EM I I -M. ptb28 l ,  may be a candidate for use i n  a CM ! based d ifferent ial 

diagnost i c  test or for use in a sub-un i t  vaccine for the control of J ohne ' s  disease. The 

ORF of M. ptb28 1 was not determined experimental ly but was i nterpreted from the 

nucleotide sequence of the PhoA + c lone. The genomic insert from pJ EM 1 1 -M. ptb28 1 

contained a sign ificant port ion of a M. ptb homolog to the M. a vium catalase gene kat£ 

( 5 3 ) . The 5 '  region of the gene was absent from the insert and i t ' s  stop codon was I 07 

bp upstream of and i n  the wrong read ing frame to the reporter gene ,  al l  of wh ich made 

kat£ u n l i ke ly to be the gene respons ib le for the PhoA + phenotype. 

Inverted repeats 

A potential rho-independent termination repeat was located downstream of the M. 

ptb kat£ gene ( 5 3 ) .  Rho-independent termination repeats form a characteristic hai rpin 

mot i f  i n  t he 3 '  region of mRNA and have been shown experimen tal l y  to stop elongation 

of the transcript. The typical mot i f  consists of a hairpin structure with a stem length of 4 

to 20 nuc leotide pairs , a loop of 3 to 1 0  nucleot ide and a poly-U tail of 3 or more ' U ' s  i n  

the 3 '  region no  more than 5 nucleotides downstream of  the stem (72 ) .  The repeats 

downstream of kat£ have not been shown experimental ly  to terminate transcript ion and 

do not conform to the typical hairp i n  motif by having I base i n  the loop and no 3' poly-
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U tai l .  B ioinformatic  analysis of complete bacterial genomes led to suggestions that 

bacteri a may employ al ternat i ve transcription termination structures to the conventional 

stem loop poly-U tail ( 72,73 ) .  Devoid  of a pol y-U tai l ,  the i nverted repeats downstream 

of threon ine dehydrogenase ( tdh ) from Xanthomonas campestris pv. campestris (X. 

campestris ) ,  were shown experimental ly to exhib i t  b i -d irectional transcript ion 

terminat ion act iv i ty i n  E. coli and X. campestris. Thi s  demonstrates alternative 

structure s  for transcription terminat ion exist in bacteri a ( 74 ) .  

Evidence ex is ts  that prokaryot ic  genes can overlap at  the ir  termin i  by I or 4 

nucleot i des, however, it i s  considered extremely unl ike ly  that complete overlaps 

between genes occur  ( 75 ,76 ) .  For th is  reason it i s  considered h ighly unl ike ly that the 

inverted repeat between M. pth kat£ and M. pth28 1  are associated with an ORF on the 

reverse complement .  

f nverted repeats i n  the  5 '  untranslated regton of  mR A transcripts have been 

shown experimental l y  to increase the stab i l i ty of bacterial transcripts ( 77 ,78 ) .  Direct 

experi mental ev idence has shown that the hai rpin in the 5' untranslatcd region of 

mRNA gyrase from M. s111eg111atis i ncreased the stabi l ity of the transcript sign i ficant ly 

under nu trient depri ved condi t ions ( 79 ) . The stab i l ization of mRNA transcripts has been 

proposed as a resource conservat ion  mechan ism al lowing s low growing pathogenic 

mycobacteria to surv i ve,  espec ial ly during a state of dormancy or nutrient depri vat ion 

such as might be experienced duri ng infect ion.  S i nce the i nverted repeats between M. 

pth kat£ and the hypothet ical M. pth2 8 1 ORF have not been determined experimental ly 

to funct ion as a transcription terminator, they may be assoc iated with the 5 '  untrans lated 

region o f  M. pth28 1 mRNA, provid ing stab i l i ty  for the transcript . 

Promoter regions 

The absence of E. coli consensus - 1 0  and -35 promoter e l ements upstream of the 

M. pth28 1 ORF is cons istent w ith other mycobacterial genes ( 64,65,80-82 ) .  

Furthermore, mycobacterial promoters are often di fferent i n  structure from the E. coli 

consensus ( 8 3 )  which may explain the observation that many mycobacterial promoters 

funct ion poorly in E. coli ( 80,83-8 5 ) .  Bashyam studied randomly i solated M. th and M. 

smegmatis promoters and found the - 1 0  promoters had s imi larity with the E. coli 

consensus  i n  contrast to the -35 pro moter which was highly variable ( 83 ) . 
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P romoter elements from Streptomycetes, a member of the Act inomycetales order 

to which mycobacteria belong, are d iverse with some having l it t le resemblance to the E. 

coli consensus ( 8 6 )  especial l y  i n  the -35 region ( 8 7 ) .  I n  add i t ion Streptomycetes sp. 

have been described as being better hosts for express ion of mycobacterial genes than £. 

coli ( 85 ) .  The sigma subuni t  of the holoenzyme RNA polymerase, p rovides most of the 

promoter recogn it ion factors and i ni t i ates transcription ( 88 :  Borukhov, 2003 #2368 ) .  

Mul t ip le  s igma factors with different or  overl apping speci fic i t ies have been found i n  

Streptomyces sp. which enables them to tolerate the h igh degree of  sequence flex ib i l i ty 

in  the -35 promoter region ( 83 ,89 ) .  Eight putat ive sigma factors have been ident i fied in 

M. tb, of which four have been examined ( 59 ) .  The two const i tu t ive ly expressed sigma 

factors ( M ysA and M ysB ) found in M. smegnwtis, M. tb, and M. /eprae corresponding 

to the genes mysA and mysB have been cloned and sequenced ( 90 ) .  The regions 

respons ib le for recogni t ion of the - 1 0 and -35 promoters, regions 2 .4 and 4 .2  

respecti ve ly, from MysA were compared to the i r  equivalent i n  Streptomyces ( HrdB )  and 

E. coli ( RpoD ) .  MysA and HrdB were ident ical in region 2 .4, whi le  RpoD di ffe red by 

three amino ac ids. Region 4.2 showed the greatest variab i l i ty with MysA and H rdB 

di ffer ing from each other by three ami no ac ids while RpoD d i ffered by 14 from both 

MysA and HrdB ( 83 ) . Simi larit ies between mycobacteria, Streptomyces and thei r 

transcript ional mechani sms have led to the assumption that mycobacterial tolerance for 

di verse -35  promoters is due to mu l t ip le sigma factors. 

A nu mber of bacterial promoters lacking a -35 region have been found with a 5' 

ex tended - 1 0  promoter produced by a TGn mot i f. This mot i f  has been ident i fied in 

mycobacteria and shown in vi tro to enhance transcription ( 59,9 1 ,92 ) .  The sign ificance 

of a 'TGG'  sequence between the 3 '  region of kat E and the proposed M. ptb28 1 start 

codon c an not be assigned unt i l  mRNA mapping has estab l ished the locat ion of 

promoter and Shi ne-Delgarno elements on the M. ptb28 1 t ranscript. 

A n  A+ T rich e lement upstream of the M. tb katG promoter has been shown to 

increase promoter act iv i ty .  S imi lar seq uences upstream of promoters in E. coli, known 

as UP e lements, increase promoter act i v ity by enhancing the i n i t ial assoc iation of RNA 

polyme rase with the DNA in a manner i ndependent of the s igma factor. An A+ T rich 

sequence of 20 bp has been found upstream of M. ptb28 i located 5 '  to the inverted 

repeat .  W hi le al l UP e lements are A+ T rich no consensus sequence h as been determined 

for comparison (59,9 3 ) .  The presence of these nucleotides upstream of the M. ptb28 1 

ORF may be u nrelated and a subject that only fur ther analysis can determine .  I t  i s  
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possib le  t hat other as yet unknown mechan isms regulate the transcription act iv i ty of M. 

ptb28 1 .  

Signal sequence 

Fou r  types of protein secretion pathways have been ident ified in prokaryotes of 

which on ly  type 1 1  is Sec-dependent requ ir ing an N -tcrminal s ignal sequence ( 63 ) .  

Exami nation of the t ranslated M. ptb2 8 1 ORF d i d  not ident ify an N-terminal signal 

sequence or  membrane spanning domain expected for export by the Sec dependent 

pathway.  

The smal l  secreted M. tb prote i n  ESAT6 has no signal sequence (94 ) .  Export of 

this prote i n  has been suggested to be by the type I prote in secretion pathway using ABC 

transporter prote ins ( 95 ) .  The presence of  putat ive ABC transporter genes in the genome 

of M. tb ( 96 )  and M. smeg111atis ( 97 ) ,  p lus  the close genealogy of mycobacteria indicates 

that M. ptb cou ld also contain ABC t ransporter genes. Export by th is  mechan ism is  

be l ieved to involve a C-terminal s ignal sequence of -60 bp preceded by a g lyc ine rich 

domain .  PTB28 1 has a c luster of g lyc i ne res idues -40 bp from i ts C-terminus although 

their s igni ficance in th is  context has not been determ ined. 

Type I l l  and IV Sec independent pathways involve large groups of genes for 

which no homologs have been ident i fied in the genome of M. tb (95 )  mak ing it un l i kely 

that homologs to those genes exist i n  M. ptb. 

The smal l Staphylococcus aureus nuclease protein has been used successfu l ly  as a 

reporter gene to iden t i fy secreted products from Lactococcus lactis ( 98 ) .  This reporter 

gene system was used in M. s111egnwtis to detect M. tb secreted proteins,  however, M. 

smegmatis exported the construct wi th or without a leader pept ide suggest ing this 

reporter s ystem shou ld not be used i n  mycobacteria ( 95 ) .  Resul ts showed that secret ion 

of the nuclease by M. smegmatis was not due to leakage or auto lysis .  Th is  group 

conc luded that correct folding of the nuclease was necessary for efficient export, and 

suggest i t s  export may be via a redundant secret ion pathway or by components of an 

alternat ive  Sec pathway (95 ) . Extens ive mutat ional studies, however, were unable to 

iden t i fy the mechanism responsible (95 ) .  MPTB28 l may be exported by such a pathway 

but un t i l  demonstrated otherwise, i t  is possible that the PhoA + phenotype of pJEM 1 1 -M. 

ptb28 1 was an art i fact ,  due to M. smegmatis i nterpret ing sequences w i th in  the insert as 

e lements for transcript ion,  translat ion and export . 

94 



Recombinant MPTB281 

In i t ial l y ,  Sauton's and LB cul tures of pPROEX-M. ptb28 l ,  pM I P L 2-M. ptb2 8 l  and 

controls grew well and were used to analyze the cloned inserts and for g lycerol stocks. 

In addit ion, cul tures of pPROEX-M. ptb28 L ,  pMIP L 2-M. ptb28 L and controls were 

grown to pur ify and analyze the putat ive  H i s6-tagged recombinant prote ins .  These 

cu l tures were the only ones from which the putat i ve H i s6-tagged recombinant prote ins  

were recovered ,  as judged by SOS-PAGE and western blot analyses .  A l l  subsequent 

pPROEX-M. ptb28 l ,  pM I P 1 2-M. ptb28 1 and contro ls  cul tures grew poorly and nicke l  

affi n i ty chromatography fai led to enrich for recombinant H is6-tagged prote ins .  This may 

have been due to the inc lusion of an extra step prior to purification as mentioned in the 

resul t s  sect ion .  

The poor and i ncons i stent growth of cul tures was found to be i ndependent of the 

M. ptb28 1 i n se rt or the bacterial species used, was not due to glassware , its preparat ion 

for use ,  water source or antibiot ic stock ( data not shown ) .  The presence of contaminants 

in the stocks used to make these cultures  was not exami ned and may have been the 

cause of the poor growth. The inab i l i ty  to grow cul tures of suffic ient qual i ty  and 

quan t i ty prevented the putat ive H i s6-tagged recombinant prote ins from being recovered 

in su fficient quant i t ies for use. Hence, the identi ty and i mmunogen ici ty of the - 1 5  kDa 

prote ins from the 250 mM imidazole n ickel affin i ty chromatography fractions from 

pPROEX-M. p tb28 1 and pM TP I 2-M. ptb28 l cultures were not estab l i shed in the t ime  

remammg. 

4.2 Species distribution 

The number of mycobacterial spec ies screened i n  the work presented here was not 

comprehens ive ,  however, the M. ptb28 1 ORF appears to be absent from 3 M. tb i solates, 

2 M. bovis i solates and M. bovis BCG Pasteur, al l members of the MTB complex . 

Further examinat ion of a l l  MTB complex members (M. tb, M. bovis, M. bovis BCG, M 

africanum, M. microti, and M. canetti )  w i l l  be required before the absence of M. ptb28 1 

from this group can be confi rmed. M. ptb28 l homologs were present i n  a number of  

mycobacterial species inc luding a l l  members of the  MAIS  complex (M. avium, M. ptb, 

M. intracellulare and M. scrofulaceum) ,  M. marinwn and M. smegmatis. Other 

suspected M. ptb28 I homologs ident ified by PCR or Southern b lot analyses have yet to 

be confirmed by DNA sequencing.  B iomolecular methods such as those used here to 
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detect homologs at the nucleot ide level can not ident i fy al l  homologs that can exist  at 

the ami no aci d  level  due to codon redundancy .  Hence, M. ptb28 l homo logs may exist at 

the protein level i n  species analysed that were not detected by these methods. 

C. efficiens and D. radiodurans are both non-pathogenic members of the 

Actomycetes order to which mycobacterial belong. The M. ptb28 1 homologs reported i n  

these species correspond t o  hypothet ical proteins predicted b y  gl immer version 2 .0, a 

software program designed to identify poten t ial ORFs in bacterial genomes. Previously 

the presence of h ypothetical genes i n  mult ip le species has been taken as good evidence 

that the gene is functional (99 )  though th is  may not always be true and has yet to be 

proven in the case of M. ptb28 1 .  

4.3 Potential use for M PTB281 

Whi le the CMI response for MPTB28 1 has yet to be determined, the use of a 

s i ngle ant igen i n  an immunological d iagnostic test wou ld not provide suffic ient 

sensit i v i ty. This  i s  due to genetic var iat ion between ind iv iduals which causes some 

i nd iv iduals to react to certain ant igens and not to others ( I  00 ) .  A number of studies have 

i nvestigated the use of secreted prote ins from M. th as antigens for a DTH test 

( 50, I 0 1 ,  I 02 ) .  Resu lts from such tests have shown that a combinat ion of recombinant 

prote ins  ( prote i n  cocktai l )  from M. tb were able to s t imulate a far greater T-ce l l  

response than could a s ingle prote in  ant igen. The protei n  cocktail proved to be h igh ly 

sensit i ve and spec ific compared to convent ional PPDs used in  DTH tests. Hence, PPD 

may be replaced by designer prote in cocktai l s  as  the ant igen of choice in  future CMI  

based tests t o  d iagnose M. th i nfect ions. A s imi lar strategy cou ld be  employed to  

i mprove the sens i t ivity o f  d iagnostic antigens u sed to  detect Johne's  d i sease . 

M. ptb28 1 appears to be conserved i n  a subsection of mycobacteria and in  two 

c lose ly  re lated non-pathogen ic  species lead ing  one to specu late that M. ptb28 1 may not 

p lay a d irect role in pathogenes is .  Used as a d iagnostic antigen, MPTB28 1 cou ld l i ke ly  

d i fferent iate between MTB and MAlS  complex infect ions bu t  not between members of  

the  MAIS  complex.  As such M PTB28 1 cou ld not dist inguish between Johne ' s  d isease 

and animals transiently i nfected with M. a vium, a species commonly fou nd in the 

e nvironment. A lternat ively ,  M PTB28 1 could be used with other antigens absent from 

the MTB complex as components of a sub-un it vacci ne for Johne ' s  d i sease . A vaccine 
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such as th i s  wou ld not i n terfere with bovine tuberculosis herd surve i l l ance which i s  one 

l i mi tation of curren t  vaccines.  

DNA sequencing of clones from the pJE M  1 1 -M. ptb secreted prote i n  l ibrary and 

database searches ident i fied five c lones with no s ign ificant sequence homology to M. tb 

or  M. bovis [ Dupont ,  2002 # 1 567 ] .  Further examination of these c lones cou ld iden t i fy 

secreted prote ins  that may also be absent  from M. avium. Proteins such as these may 

have immunological act i v i ty and be sui table for use as di fferent ial diagnost ic  antigens .  

Complet ion of the M. avium and M. ptb genome sequencing projects wi l l  great ly  

enhance the  search  for diagnostic ant igens .  Once completed bioinformat ic tools could 

be used to perform subtract ive comparat ive analyses of the M. ptb, M. aviu111 ,  M. tb and 

M. bovis genomes to ident i fy regions spec ifi c  to M. ptb. Invest igat ion of such regions 

may reveal the ORF ' s  to M. ptb secreted prote ins .  I f  immunogenic ,  these prote ins would 

be useful  as components of a di fferent ial d iagnostic prote in  cocktai l for use in a CMI  

based diagnost ic test for the ident ificat ion of ani mals in  the precl inical stages of  Johne ' s  

d i sease . 
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4.4 Future Work 

Results described here appear to place the hypothet ical M. ptb28 l ORF outside 

the MTB complex .  The effect iveness of th is  hypothetical prote in as a d i fferent ial 

d iagnost ic ant igen or component of a sub-un i t  vacc ine w i l l  depend on i ts  absence from 

al l MTB complex members and on i ts abi l i ty  to st i mulate an i mmune response .  Future 

exper iments requ i red to ascertain the suitab i l i ty  of the hypothetical M. ptb2 8 1 protein 

for such purposes are described below. 

• 

• 

• 

• 

Determine the spec ies d i str ibut ion of the M. ptb28 1 ORF across a comprehensive 

range of mycobacterial and re lated spec ies ( especia l ly MTB complex members ) .  Th i s  

w i l l  be  ach ieved  using a combinat ion of database searches (where appl icable ) ,  PCR 

and Southern b lot analyses. 

Perform DNA sequenc ing on the -270 bp bands from the M. ptb28 l PCR screens of 

M. ph/ei, M. intrace//u/are, M. scrofu/aceuiiJ and M. terrae to determine the ir  degree 

of sequence homology to M. ptb28 l .  

Perform RT-PCR or primer extension analysis on mR A isolated from M. pth to 

confi rm the transcription of the ORF and to ident ify the start of transcript ion.  

Repeat the M -MPTB28 1 and X-MPTB28 1 western blots wi th the appropriate 

pPROEX and pM I P  nickel column control  fractions to ensure the chemi l u minescent 

signals were spec i fic to the H i s6-tagged recombinant prote ins .  

• Perform amino ac id sequencing of the recombinant proteins X-MPTB28 1 and M

M PTB28 1 to confi rm expression of the c loned hypothet ical M. ptb28 1 gene. H igh 

molecular weight i mpur i t ies  shou ld be removed from both protein samples using s ize 

exclus ion chromatography and rTEV protease and n ickel chromatography should be 

performed on X-MTPB28 1 to remove the N-terminal H i s-tag prior to sequencing. 

• Perform western blot analysis on X-MPTB28 1 and M - M PTB28 1 us ing sera from 

Neoparasec vacc inated and BCG vaccinated animals to determine the i r  abi l i ty to 

st imulate a humoral immune response. 

• Use recombinant prote ins  X-MPTB28 l and M-MPTB28 l as ant igens i n  a Bovigam 

assay using whole blood from Neoparsec vaccinated and BCG vaccinated animals to 

test the abi l i ty of these proteins  to sti mu late a yiNF response in T-cel l s .  
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• Use recombi nant prote ins  X-MPTB28 1 and M-MPTB28 1 as ant igens m a 

cutaneous test of vaccinated and non-vaccinated animals to test the abi l ity of these 

proteins to produce a DTH react ion .  

• Remove the H is6-tag from X-MPTB28 1 and rai se poly-c lonal ant ibodies to i t  ( ant i -

x -MPTB28 1 ) .  Us i ng sui table control s for bacterial lys is ,  conduct western blot 

analyses on cul ture fi l trate and sonicated cel l u lar pel lets from Neoparasec and/or M. 

ptb cul tures us ing ant i-x-M PTB28 1 to locate the native prote in  and assess i t s  status 

as a secreted or cytosol ic prote i n .  

• Use ant i-x-MPTB28 1 to sem i  pur i fy nat ive M PTB28 1 from Neoparasec and/or M. 

ptb cultures. Send pur i fied prote i n  for ami no acid sequenc ing to confi rm the 

expression of M PTB28 1 in v i vo .  

• 

• 

Produce a M. ptb 28 1 gene knockout I n  M. ptb and/or eoparasec and M . 

smegmaris and i f  v iable, test i t s  pathogenic abi l i t ies i n  macrophages from Johne ' s  

vaccinated and non-vacc inated an imals. 

Perform northern blot analys is  on mRNA iso lated from M. ptb to sec if the M . 

ptb28 I ORF i s  transcribed as part of an operon which may g ive a clue to i ts  funct ion 

and explain the absence of promoter elements upstream of the ORF. 

• Perform quanti tat i ve mR A anal yses using a nuclease protect ion assay or RT-PCR 

to ascertai n the level of M. prb28 I transcript ion duri ng stress condi t ions such as those 

that wou ld be experienced during infect ion . I n formation from such assays cou ld yie ld 

i n formation important to the d i scovery of the prote ins  funct ion dur ing infect ion .  
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Appendix A:  Nucleotide sequence. 

pJEMl l -M. ptb28 1 insert 

( Reading strand ) 

GATCACCCACTTCGACCACGAGCGCATCCCGGAGCGTGTGGTGCATGCGCGCGGGGCCGG 6 0  
CGCCTACGGCTATTTCGAACCGTACGACGACCGGTTGGCGCAGTACACGGCGGCGAAATT 1 2 0 
TCTGACCTCGCCGGGCACCAGGACGCCGGTGTTCGTGCGTTTTTCGACGGTCGCCGGATC 1 8 0  
GCGCGGTTCGGCCGACACCGTCCGCGACGTGCGCGGGTTCGCCACCAAGTTCTATACCGA 2 4 0  
ACAAGGCAATTACGACTTGGTGGGCAACAACTTCCCGGTGTTCTTCATCCAGGACGGCAT 3 0 0  
CAAGTTCCCCGACTTCGTGCACGCGGTGAAACCCGAGCCGCACAACGAGATTCCGCAGGC 3 6 0  
GCAGTCGGCGCACGACACGCTGTGGGACTTCGTGTCGCTGCAGCCCGAGACGTTGCACGC 4 2 0  
CATCATGTGGCTGATGTCGGACCGGGCGCTGCCGCGCAGCTACCGCATGATGCAGGGGTT 4 8 0  
CGGGGTGCACACCTTCCGGCTGGTGAACGCCCGCGGCCGAGGGACTTTCGTGAAGTTCCA 5 4 0  
CTGGAAGCCCCGACTCGGCGTGCACTCGCTGATCTGGGACGAATGCCAGAAGATCGCCGG 6 0 0  
CAAAGACCCCGATTACAACCGCCGCGACCTGTGGGAGGCCATCGAATCCCGCCAGTACCC 6 6 0  
GGAGTGGGAGCTGGGCGTGCAGCTGGTCGCCGAGGACGACGAGTTCAGCTTCGACTTCGA 7 2 0  
TCTGCTGGACGCGACGAAAATCATTCCGGAAGAACAGGTTCCGGTATTGCCGGTGGGCAA 7 8 0  
GATGGTGTTGAACCGCAACCCCGACAACTTCTTCGCCGAGACCGAGCAGGTCGCTTTTCA 8 4 0  
CACCGCCAACGTGGTGCCGGGCATCGATTTCACCAACGACCCGTTGCTGCAGTTCCGCAA 9 0 0  
CTTCTCCTATCTGGACACGCAGCTGATCCGGTTGGGCGGCCCCAACTTCGCGCAGCTGCC 9 6 0  
GGTCAACCGCCCGGTGGCGCAGGTGCGGACCAACCAGCACGACGGTTACGGGCAGCACAC 1 0 2 0  
GATTCCGCAGGGCCGGTCCAGTTACTTCAAGAACAGCATCGGCGGCGGTTGTCCCGCACT 1 0 8 0  
GGCCGACGAGAACGTGTTCCGGCACTACACCCAGCGGGTGGACGGGCAGACGATCGGCAA 1 1 4 0  
GCGCGCCGAGGCGTTCCAGAACCACTACGGCCAGGCGCGGATGTTCTTCAAGAGCATGTC 1 2 0 0  
GCCGGTGGAGGCCGAACACATCGTGGCCGCCTTCGCCTTCGAACTCGGCAAGGTGGAGAT 1 2 6 0  
GCCCGAAATC CGTTCCGCGGTGGTGGCACAACTCGCCCGCGTCGATGACCAGCTGGCCGC 1 3 2 0  
CCAGGTCGCGGCGAAACTGGGGCTGCCCGAGCCGCCGGAGGAGCAGGTGGACGAGTCGGC 1 3 8 0  
ACCGGTTTCCCCGGCCGTTTCGCAGGTCACCGACGGCGGCGACACCATCGCGTCGCGCCG 1 4 4 0  
GATCGCGGTGCTGGCCCCCGACGGCGTCAACGTGGTGGGCACGCACCGCTTCACCGAGCT 1 5 0 0  
GATGGAGCACCCCGGCGCGGTGGTCAAGGTGCTGGC CCCGGTGCCCGGCCGCACGTTGGC 1 5 6 0  
GGGTGGGTCCGC CCGCAAGCTGCGGGTGGACCGGTCCTTCACGACGATGGCGTCGGTGCT 1 6 2 0  
CTACAACGCGGTGGTGGTGGCGTGCGAACCGCGGTCGGTGTCAACGCTGTCCGAACAGCG 1 6 8 0  
GTACGCCGTGCACTTCGTCACCGAGGCCTACAAACACCTCAAGCCGATCGGCGCCTACGG 1 7 4 0  
GGCCGGTGTCGACCTGCTCCGCAAGGCCGGCATCGACAACCGGCTCGCCGAGGACACCGA 1 8 0 0  
CGTGCTCAACGAC CAAGCGGTGGTCACCACCAAGGCCGCCGCCGACGAGCTGCCCGAGCG 1 8 6 0  
CTTCGCCGAGGAATTCGCCGCCGCGCTCGCGCAGCACCGGTGCTGGCAGCGGCGCACCGA 1 9 2 0  
CGCGGTGCCGGCCTGAAAGCCGGCCGAAGACCGCCGAAAGGTTTTCCCGGCCGCCGGGAC 1 9 8 0  
GGGCATCCGGCTCAGAAGGCGT CATCGTGGACAGGAGGACAAGTCATGCCGCGCTCGTCG 2 0 4 0  
ATC - phoA 

TGA = M. avium kat£ stop codon 

Brown text = M. avium kat£ gene 

ATG = hypothetical M. ptb28 1 start codon 

Green text = hypothet ical M. ptb28 J ORF 

TGA = hypothetical M. ptb28 1 stop codon 

2 0 4 3  
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NCBI BLASTN alignment of pJEM l l -M. ptb281 insert to M. avium katE 

gi l 7 6 2 8 2 8 lgb i L 4 1 2 4 6 . 1 IMSGKATE Mycoba c t e r i um avium catalase HPI I ( katE }  gene , 
Expect = 0 . 0 , Ident i t i es = 2 0 0 7 / 2 0 4 4  ( 9 8 % } , 

Que ry : 1 

Sbj ct :  3 2 1  

Query : 6 1  

Sbj ct :  3 8 1  

Query : 1 2 1  

Sbj ct : 4 4 1  

Query : 1 8 1  

Sbj ct : 5 0 1  

Que ry : 2 4 1 

Sbj ct :  5 6 1  

Query : 3 0 1  

Sbj ct :  6 2 1  

Que ry : 3 6 0  

Sbj c t : 6 8 0  

Que ry : 4 2 0  

Sbj c t : 7 4 0  

Query : 4 8 0  

Sbj c t : 8 0 0  

Que ry : 5 4 0  

Sbj ct : 8 6 0  

Query : 6 0 0  

Sbj ct :  9 2 0  

Query : 6 6 0  

Sbj c t : 9 8 0  

�iTTiTTTiT T TT�iTTiT�i�T�TiTTTT����T�T�T��T�TiT�T�T�T����TT�� 
6 0  

gatc ac c c a c t t c gacc acgagcgcatcccggagcg tg tggtgc atgcgcgcggggc cgg 3 8 0  

T�TTTiT��Trir rrr�iiTT�TiT�iT�iTT��TT��T�Ti�TiTiT��T��T�iiirr  
1 2 0  

cgcc tacggc t a t t t cgaac cgtacgacgaccggt tggcgcagtacacggcggcgaaa t t  4 4 0  

TTT�iTTTT�TT���TiTTi���T�TT��T�T TT�T�T�rrrrrr1ir1�r
c
�TT11irT 

1 8 0  

tc tgac c tcgcc gggcaccaggacgc cggtgttcgtgc g t t t t tcgacggtggccggatc 5 0 0  

1T�T�1r rr��TT1ifiTT�TTT�T�if1r�f1f1��T T T�TTiTTii�rrfririff1i 
2 4 0  

gcgcggt tcggc c gacaccgtccgcgacgtgcgcggg t tcgccaccaagttc tataccga 5 6 0  

irii�1fiirrif�ifrr��r�1�fiiriifrrfrf��r�rrfr rrirffi���T��fir 
3 0 0  

acaaggc a a t t acgact tggtgggcaacaacttcc cgg t g t t c t tc a t c c aggacggcat 6 2 0  

Tii�TTTTTT�- iTTT
c
�T�TiT�T��T�iiiTTT�i�TT�TiTiiT�i�iT TTT�Ti�� 

3 5 9  

caagt t c c c c gtac t t - gtgc acgcggtgaaacc c gagc c gcacaacgagattc cgcagg 6 7 9  

T�Ti�rf��T�TiT�iTiT�TT�T����TT TT�T�TT�TT�Ti�TTT�i�iT�TT�TiT� 
4 1 9  

cgcagtcggcgc acgacacgc tgtgggac ttcgtgtcgc tgcagcccgagacg t tgcacg 7 3 9  

frirfir�r��Tr�iT�TT���TT���T�TT�TT�T�Ti�TTiTT�Tir�ir�fi����T 
4 7 9 

ccatcatgtggc tgatgtcggaccgggcgc tgccgcgcagctaccgca tgatgc aggggt 7 9 9  

TT����r�fifiTTT TTT��Tr�1r1iiT�TTT1T11rf1i111irr r rf1r1ii1r rfr 
5 3 9  

tcggggtgc a c a c c t tccggc tggtgaacgc c cgcggc c gagggac t t tcgtgaagttcc 8 5 9  

irr11ii1TTTT1iTTT1�f1r1fifrT1Tr1irfr111ir�iir�TTi�ii�irf1rf1 
5 9 9  

ac tggaag c c c c gac tcggcgtgcac tcgc tgatc tgggacgaatgc c agaagatcgccg 9 1 9  

1riii1iTTTT1irririiTT1TT1T1iTTT1T�11i1�TTiTT�iiTTT
c
1TTi1riTT 

6 5 9  

gcaaagaccc c g attacaaccgccgcgacc tgtgggaggc catcgaatc cggccagtacc 9 7 9  

r�1i1r111i1r r11111r�ri�fr11rr1rr�i1�if1ir�i�rrri1frrf1irrrr1 
7 1 9  

cggagtgggagc tgggcgtgc agc tggtcgc cgaggacgacgagttcagc t tcgac ttcg 1 0 3 9  

Query : 7 2 0  
i
t
rr1rr11ir1T�ir�iiiirrirrfr�������Ti1�rrrr1�rir r1rr11r1�1Ti 

7 7 9 

Sbj ct :  1 0 4 0  acc tgc tggacgcgacgaaaat c a t t c cggaagaac aggt tc cggta ttgccggtgggc a 1 0 9 9  

Que ry : 7 8 0  
i1ir11r�rr�iiTT�TiiTTTT1iriiTTTTTTT1TT�i1irr1i1fi11rf1r

t
r r

t
r 

8 3 9  

Sbj ct : 1 1 0 0  agatggtgt tgaac cgc aac c c c gac aac t t c t tcgcc gagaccgagc aggtcgcgttcc 1 1 5 9  

Que ry : 8 4 0  
iTiTT1TTiir1r11r1fr111rirf1irrrrifriir1iTTT1rr1rr1fi1rr

c
T1Ti 

8 9 9  

Sbj ct :  1 1 6 0  acaccgc c aacgtggtgc cgggcatcgatttcac c aacgacccgt tgc tgcagt t tcgca 1 2 1 9  

Query : 9 0 0  
iTTTTTTTritfr�1irir1ri�fr1irfr1�rr�1�f�1TTTTiirrrf1T�Ti1rr1f 

9 5 9  

Sbj ct : 1 2 2 0  a c t t c t c c tacc tggacacgcagc tgatccggt tgggcggc cccaac t tcgcgc agc tgc 1 2 7 9  

Que ry : 9 6 0  
r11rriiTT1TTT�1r��T1Ti11r�r�1iTTiiTTi1fir1ir1�rriT191Ti1TiT

a 1 0 1 9  

Sbj ct : 1 2 8 0  cggtcaaccgcc cggtggcgcaggtgcggac caac c ag cacgacggttacgcgcagcacg 1 3 3 9  

The al ignment of pJEM 1 1 - M. ptb28 1 i n sert sequence to NCB I subject M. aviwn kat£. 

Query = M. ptb query sequence. Sbjct = ( subject )  M. avium kat£ sequence from the 

NCB I database. Bold text = M. avium kat£. Continued over page. 
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Que r y : 1 0 2 0  
f1ir rff1fi111ff11rffi1rrifrrfii1iifi1firf11f11f11rr1rfff1fif 

1 0 7 9  

Sbj ct : 1 3 4 0  cgattc cgc agggcc gg t c cagt tac t t caagaacagc a tcggcggcggt tgtc ccgc ac 1 3 9 9  

Query : 1 0 8 0  
r11ff1if1i1

a
if1r1rrff11fifrififffi1f111r11if111fi1if1irf11fi 

1 1 3 9  

Sbj ct : 1 4 0 0  tgg c cgacgaggacgtg t tccggcactacacccagcgggtggacgggcagacgatcggca 1 4 5 9  

Que r y : 1 1 4 0  
i1f1f1ff1i11f1rrffi1iiffifrif11ffi11f1f11ir1rrfrrfii1i1fir1r 

1 1 9 9  

Sbj ct : 1 4 6 0  agcgcgccgaggcgt t c c agaac c ac tacggc c aggcgcggat g t t c t t caagagcatgt 1 5 1 9  

Que ry : 1 2 0 0  
f1ff11r11i11ff1iififirf1r11ff1ffrrf1ffrrf1iifrf11fii11r11i1i 

1 2 5 9  

Sbj ct :  1 5 2 0  cgccggtggaggccgaacacatcgtggc cgc c ttcgc c t tcgaac tcggcaaggtggaga 1 5 7 9  

Que ry : 1 2 6 0  
r1fff1iiirff1rrff1f11r11r11fifiifrf1fff1f1r

c
1ir1iffi1fr11ff1 

1 3 1 9  

Sbj ct : 1 5 8 0  tgc c cgaaatccgttccgcggtggtggc acaac tcgcc cgcgtggatgacc agc tggc cg 1 6 3 9  

Query : 1 3 2 0  
fffi11rf1f11f1iiifr1111fr1fff1i1ff1TT91i11i1fi11r11if1i1rf11 

1 3 7 9 

Sbj c t : 1 6 4 0  c c c aggtcgcggcgaaac tggggc tgc c c gagccgc ccgaggagcaggtggacgagtcgg 1 6 9 9  

Query : 

Sbj ct : 

Query : 

Sbj ct : 

1 3 8 0  
fiff11rrrffff11T

c
9 T T TT1fi11rfiff1if11f11f1ififfirf1f1rf1f1ff 

1 4 3 9  

1 7 0 0  cac cggt t tc c c cggcgc t t tcgc aggtcaccgacggcggcgacaccatcgcgtcgcgcc 1 7 5 9  

1 4 4 0  
11irf1f11r1fr11ff

c
ff1if11f1rf

a
if1r11r111fif1fi

c
f1frrfiff1i1f 

1 4 9 9  

1 7 6 0  ggatcgcggtgc tggccgccgacggcgtcgacgtggtgggc acgc aacgc t tc accgagc 1 8 1 9  

Que ry : 1 5 0 0  
r1ir11i1fi

c
T
c
T11f1f11r11TT

a
i11r1fr11TTTT11r1

c
TT11f

c
1TiT1

t
r11 

1 5 5 9  

Sbj ct : 1 8 2 0  tgatggagcagcgcggcg c ggtggtcgaggtgc tggccccggtggccggcggc acgc tgg 1 8 7 9  

Query : 1 5 6 0  
f111r111rff1

c
f
c
1f

a
i1fr1f111r11iff11rff r rfif1if1ir11f1rf11r1f 

1 6 1 9  

Sbj c t : 1 8 8 0  cgggtgggtccggcggcgagc tgcgggtggac cggtc c t tc acgacgatggcgtcggtgc 1 9 3 9  

Que ry : 1 6 2 0  
rfrif

a
if1f11r11r11r11f1r1f1

a
iff1f11rf11r1rf

a
if1fr1rff1i

ac
is

c 1 6 7 9  

Sbj ct :  1 9 4 0  t c t acgacgcggtggtggtggcgtgcggac cgcggtcggtgtcgacgc tgtccgacgacg 1 9 9 9  

Que ry : 

Sbj ct : 

Query : 

Sbj ct :  

1 6 8 0  
19Tif1ff1r1fifrrf1rfiff1i11ffrifiiififfrfii1ff1irf11f1ffrif1 

1 7 3 9  

2 0 0 0  gc t acgccgtgcac t tc g t c accgaggcc t ac aaacac c tc aagccgatcggcgcc t acg 2 0 5 9  

1 7 4 0  
111ff11r1rf1iffr1frff1fii11ff11firf1ifiiff11frf1ff1i11ififf1 

1 7 9 9  

2 0 6 0  gggc cggtgtcgacc tgc tc cgcaaggc c ggc atcgac aac cggc tcgccgaggac accg 2 1 1 9  

Query : 1 8 0 0  
if1r1frfiif1iffii1f11r11rfiffiffii11ff1ff1ff1if1i1fr1fff1i1f 

1 8 5 9  

Sbj ct : 2 1 2 0  acg tgc tcaacgacc aagcggtggtcaccacc aaggccgc cgc c gacgagc tgc c cgagc 2 1 7 9  

Que ry : 

Sbj ct :  

Que ry : 

Sbj ct : 

1 8 6 0  
1fr rf1ff1i11iirrf1ff1ff1f1frf1f1fi1fiff11r1fr11fi1f11f1fiff1 

1 9 1 9  

2 1 8 0  gc t tcgc cgaggaat tc g c cgccgcgc tcgcgcagcaccggtgc tggcagcggcgcaccg 2 2 3 9  

1 9 2 0  
if1f11r1ff11ffr1iii1ff11ff1ii1iff1ff1iii11r r rrfff11ff1ff111i 

1 9 7 9  

2 2 4 0  acgcggtgccggcc�aagccggccgaagaccgccgaaaggt t ttcccggccgccggga 2 2 9 9  

Que ry : 1 9 8 0  
T911firff11frfi1ii11f1rfirf1r11ifi11i11ifii1rfir1ff1f1frf1rf 

2 0 3 9  

Sbj c t : 2 3 0 0  c -ggcatccggctcagaaggcgtcatcgtggacaggaggacaagtcatgccgcgctcgtc 2 3 5 8 

Que ry : 2 0 4 0  
1iT T  

2 0 4 3  

Sbj ct :  2 3 5 9  gate 2 3 6 2  

Bold text = M. avium kat£; tga = 3 '  region of kat£ 

I nverted arrows below text i ndicate the locat ion of a potent ia l  rho-independent 

termination repeat . 
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M. avium contig 1 4. 

GCGGCCCCAACTTCGCGCAGCTGCCGGTCAACCGCCCGGTGGCGCAGGTGCGGACCAACC 6 0  
AGCACGACGGTTACGGGCAGCACGCGATTCCGCAGGGCCGGTCCAGTTACTTCAAGAACA 1 2 0  
GCATCGGCGGCGGTTGTCCCGCACTGGCCGACGAGGACGTGTTCCGGCACTACACCCAGC 1 8 0  
GGGTGGACGGGCAGACGATGCGCAAGCGCGCCGAGGCGTTCCAGAACCACTACGGCCAGG 2 4 0  
CGCGGATGTTCTTCAAGAGCATGTCGCCGGTGGAGGCCGAACACATCGTGGCTGCCTTCG 3 0 0  
CCTTCGAACTCGGCAAGGTGGAGATGCCCGAAATCCGTTCCGCGGTGGTGGCACAACTCG 3 6 0  
CCCGCGTCGATGACCAGCTGGCCGCCCAGGTCGCGGCGAAACTGGGGCTGCCCGAGC CGC 4 2 0  
CCGAGGAGCAGGTGGACGAATCGGCACCGGTTTCCCCGGCGCTTTCGCAGGTCACCGACG 4 8 0  
GCGGCGACACCATCGCGTCGCGCCGGATCGCGGTGCTGGCCGCCGACGGCGTCGACGTGG 5 4 0  
TGGGCACGCAACGCTTCACCGAGCTGATGGAGCAGCGCGGCGCGGTGGTCGAGGTGCTGG 6 0 0  
CCCCGGTGGCCGGCGGCACGCTGGCGGGTGGGTCCGGCGGCGAGCTGCGGGTGGACCGGT 6 6 0  
CCTTCACGACGATGGCGTCGGTGCTCTACGACGCGGTGGTGGTGGCGTGCGGACCGCGGT 7 2 0 
CGGTGTCGACGCTGTCCGACGACGGCTACGCCGTGCACTTCGTCACCGAGGCCTACAAAC 7 8 0  
ACCTCAAGC CGATCGGCGCCTACGGGGCCGGTGTCGACCTGCTCCGCAAGGCCGGCATCG 8 4 0  
GCAACCGGCTCGCCGAGGACACCGACGTGCTCAACGACCAAGCGGTGGTCACCACCAAGG 9 0 0  
CCGCCGCCGACGAGCTGCCCGAGCGCTTCGCCGAGGAATTCGCCGCCGCGCTCGCGCAGC 9 6 0  
ACCGGTGCTGGCAGCGGCGCACCGACGCGGTGCCGGCCTGAAAGCCGGCCGAAGACCGCC 1 0 2 0  
AAAAGGTTTTCCCGGCCGCCGGGACGGGCATCCGGCTCAGAAGGCGTCATCGTGGACAGG 1 0 8 0  
AGGACAAGTCATGCCGCGCTCGTCGATCAAGAACGAAAAGATGTATCAGGATCTGCGCAA 1 1 4 0  
GAAGGGCGAATCCAAGGAGAAGGCCGCGCGCATCTCCAATGCGGCCGCCGGCCAAGGCAA 1 2 0 0  
GTCGTCGGTGGGCCGCCGCGGCGGCAAGTCCGGGTCCTATCAGGACTGGACCGTGCCGGA 1 2 6 0  
ATTGAAGAAGCGGGCCAAAGAGCTTGGCATTTCCGGCTATTCGGGCCTGACCAAGGACAA 1 3 2 0  
GCTGGTCGCCAAACTGCGCAACCACTGATCCGTCATCTCGTCAACCGCAGTCGTTCGGCC 1 3 8 0  
AGCACCAGGAAGGCGACCGCGTAGTCGTTGTCGGCGGTCTGAGCCCGGATTTCGTCCCAG 1 4 4 0  
TCCAGCCGTTCGCGCACGGCGCGCACCGCGGGCAGCAGCTTGGCGAAGTCGCAGTGGTGC 1 5 0 0  
TCGCCCAGCGAGCGCAGCTGCTGGACGAGCACCATGGTGGGTGGCAGCACCGGCATGCCG 1 5 6 0  
ATCGCCAGCACGTCGTGGTGCTCGGCGCGGTCCAGGGTCTGCGCATCGACGGGCACGC CG 1 6 2 0  
TTGAGGCGGTGCAGCACATCGACCCGCATGTCGCCGGTGCGGGCCTTGAAGAGCCAGTCC 1 6 8 0  
TCCGGCGGGCGTTCGATTTCGAACCCGGCGCTGGCCAGGGTGGTCACCGCGGTCTCCACG 1 7 4 0  
TCCGCCTCGGCCACCACCAGGTCGGCGTCGTGGCTGGGTTCCGGTGCGCCGTAAGCCCAT 1 8 0 0  
AACGCGTAGCTGCCGGCCAGGGCGAAACGCGGGCCCTTCTCCTTGAGCGCCGATGCCGCC 1 8 6 0  
GCGCGCAGCGCCTCCCGCAGCCGCGGGGCGGCCGCGGCGGTGTCGGCGCGCGCGTCGC CG 1 9 2 0  
GATGTCATGGTGCATAGTCATACCCCGCCCGCAGGGCGGCCAACCCGTTGACCCCTGGTC 1 9 8 0  
ACGGCGCCGCGCGGTTGTCAAGACCGTTTAACTTGCGGCCGATTGGGAAATCGTGGGTTA 2 0 4 0  
TGTCAACTCCTGTGCCATGCGCCTATGATGCTGTCGCCGTGGTGATTCCCGCGCACAACG 2 1 0 0  
AGGCAGCC 2 1 0 8  

1 1 2 



Appendix B :  Plasmid Maps. 

pJEM l l .  

E. coli - mycobacterial shutt le vector. 

phoA 

pJEM l l  
1 0  857 bp 

r+ JEM2 sequenc ing pri mer 

JEM 1 sequencing pri mer 

Modi fied from Lim,  et a/ (34 ) .  

Mycobacterial or igin 
of repl icat ion 

Sea I 
Apa I 
Sac 1 1  
Bam H I  
Bsp F l  
Sna B I 
Kpn I 

E. coli orig in  of 
repl icat ion 

Mu lt iple 
c loning s i te 
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pMIP12 

Mycobacterial expression vector 

Mega 

Shi ne-Dalgarno Bam H 1 Kpn 1 Pst I His6 stop2 

s · � I I � 3' A GAA GGA GAA G TA CCG A TG GGA TCC GGT ACC CTG CAG CAT CAC CAT CAC CAT CAC TAG TGA 

Kan,. 

MCS 

pMI P 1 2  

6765 bp 

Mega Sh ine-Dalgarno = ribosome b inding s i te 

A TG = pM l P  start codon 

MCS = mult ip le clon ing  site 

H i s6 = poly-his t id ine affin i ty  tag 

stop2 = two stop codons 

Modified from Pasteur I n st i tute i n format ion. 

italics = rest riction endonuclease s i tes 

� BlaF2 sequenc ing pri mer 

TermR2 sequenc ing pri mer 

� ESAT 6 transcription terminator 
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pPROEX-Htb 

E. coli Expression vector. 

H i s6 Spacer region rTEY protease c leavage si te 

� 
:;· ATG TCG TAC TAC CCAT CAC h G AT TAC GAT ATC CCA ACG ACC GAA AAC CTG TAT TTT CAG 

Bam Il l Nm l 

GGC GCC A TG GGA TCC GGA A TT C A A  AGG CCT ACG TCG ACG AGC TCA CTA GTC GCG GCC GCT TTC 

Xba l Psr I Xilo I Spil I Kpn I 1/ind I l l  
I I I I I 1 1  I I I I I 

GAA TCT AGA GCC TGC AGT CTC GAG GCA TGC GGT ACC AAG CTT GGC TGT TTT GGC GGA TGA 3 · 

pPROEX-Htb 

4779 bp 
Amp' 

A TG = pPROEX start codon 

H i s6 = poly-h i st id ine affin i ty  tag 

TGA = pPROEX stop codon 

E. coli orig in  of 
repl icat ion 

ribosome bi nding s i te 

� M 1 3/pUC sequenc ing pri mer 

italics = restriction endonuc lease si tes 

Modified from Inv i trogen product information booklet. 
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Appendix C: Primers. 

pJEM l l  sequencing primers. 

Primer Sequence ( 5 '  -3 ' )  

J EM l CGA GCT GCAGTG GGA TGA CC 

JEM2 TCG CCC TGA GCA GCC CGG TT 

Reference 

G ift of Professor B ri gi tte 

Gicquel , Pasteur I nst i tute 

1 1  

pJEM l l -M. ptb28 1 internal sequencing primers 

Primer Sequence ( 5 ' -3 ' )  Reference 

KatE-i I GGGCCAGCACCTTGACC ( 5 2 )  

KatE-i2 GACCGGCCCTGCGGAATCGTGT 1 1  

KatE-i3 GGCTTCCAGTGGAACTTCAC 1 1  

KatE-i4 CGCTCGTCGTACGGTTC 1 1  

pPROEX-Htb sequencing prime•· 

Pri mer Sequence ( 5 '  -3 ' ) 

M 1 3/pUC AGCGGA T AACAA TTTCACACAGG 

pMIP 1 2 sequencing primers 

Primer Sequence ( 5 '  -3 ' ) 

BlaF3 TCGCGGGACTACGGTGCC 

TermR2 TCGAACTCGCCCGA TCCC 

Refere nce 

Inv i trogen lnc, USA 

Reference 

Gift of Professor Brigitte 
Gicque l ,  Pasteur Inst i tute 

1 1  

1 1 6 



M. ptb2S1 primers. 

Primer Sequence ( 5 ' -3 ' )  

M PTB28 1 F I GCT TCA CCG AGC TGA TGG AG 

*MPTB28 1 F2 GGA GGA TCC ATG CCG CGC TCG TCG AT 

*M PTB28 1 R I  GAC GGT ACC GTG GTT GCG CAG TTT GG 

*Endonuclease restrict ion sites underl i ned. 

Pri mer 

M PB7 1 

MPB72 

MPB70 primers. 

Sequence ( 5 ' -3 ' ) 

GAA CAA TCC GGA GTT GAC AA 

AGC ACG CTG TCA ATC ATG TA 

M PB70 pri mers M PB7 1 /MPB72 produce a 396 bp D A fragment. 

Primer 

1 6S 246 

1 6S 264 

1 6S p rimers. 

Sequence ( 5  ' -3 ' )  

AGAGTTTGATCCTGGCTCAG 

TGCACACAGGCCACAAGGGA 

1 6S primers 246/264 product a 1 030 bp DNA fragment .  

Refe rence 

This  study 

1 1  

1 1  

Reference 

( 5 7 )  

" 

Refe rence 

( I  03 ) 

1 1  

1 1 7 


	20001
	20002
	20003
	20004
	20005
	20006
	20007
	20008
	20009
	20010
	20011
	20012
	20013
	20014
	20015
	20016
	20017
	20018
	20019
	20020
	20021
	20022
	20023
	20024
	20025
	20026
	20027
	20028
	20029
	20030
	20031
	20032
	20033
	20034
	20035
	20036
	20037
	20038
	20039
	20040
	20041
	20042
	20043
	20044
	20045
	20046
	20047
	20048
	20049
	20050
	20051
	20052
	20053
	20054
	20055
	20056
	20057
	20058
	20059
	20060
	20061
	20062
	20063
	20064
	20065
	20066
	20067
	20068
	20069
	20070
	20071
	20072
	20073
	20074
	20075
	20076
	20077
	20078
	20079
	20080
	20081
	20082
	20083
	20084
	20085
	20086
	20087
	20088
	20089
	20090
	20091
	20092
	20093
	20094
	20095
	20096
	20097
	20098
	20099
	20100
	20101
	20102
	20103
	20104
	20105
	20106
	20107
	20108
	20109
	20110
	20111
	20112
	20113
	20114
	20115
	20116
	20117
	20118
	20119
	20120
	20121
	20122
	20123
	20124
	20125
	20126
	20127
	20128
	20129



