
Mantha T. Makume*, P. Jain+, J. Kriakov+, W.R. Jacobs jnr.+ & 
A.W. Sturm*

*University of KwaZulu-Natal, R.S.A,
+ AECOM, NY, U.S.A



Introduction
 Tuberculosis has killed more people than 2 World wars 

COMBINED

 Decrease in incidence 

 Industrialization

 Anti-tuberculous drugs

 Developing (3rd world) countries lagging behind

 Incidence of HIV coupled with increased TB infections

 Emergence of drug resistant strains



World’s  Burden of tuberculosis
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Laboratory Diagnosis of M. tb

• Smear microscopy

• Culture (liquid & Solid)

Gold 
Standard

(WHO)

• Radiometric tests

• Molecular Biology
‘Newer’ 

tests
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Challenges of working with M. tb
• Hazardous:

– Requires bio-safety level

– Difficult to kill bacilli

• Slow growth:
– 18-24 hour doubling time

– 14-21 days to get a single colony

• Access to live cell:
– Thick cell wall difficult to penetrate while keeping 

cell alive

– Cording factors, prevent access to single cell



Mycobacteriophages & M.tb 
research (Jacobs jnr et.al 1990s)

Bacteriophages specific for mycobacteria

Molecular manipulation of live bacilli

 ‘Transformation’ of mycobacteria

Closer look into mycobacterial genome

 Gene ‘knock-outs’

 Expression systems/libraries of M.tb



Reporter mycobacteriophages
Molecular inserts of reporter genes coding 

for:

 Fluorescent proteins (ZsYellow, RFP, GFP)

 Luminescent proteins (Fflux)

Colorimetric proteins (lacZ)

Allow for expression of proteins in ‘live’ 
bacilli

Phenotypic tool for detection of M.tb
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Reporter mycobacteriophages
(Available)

• Expresses gfp

• Time to detection <24 hours via 
fluorescent microscope

• Specific & Sensitive for M.tb

• Expresses luciferase

• Time to detection <24 hours 
via luminometer

• Specific & Sensitive for M. tb
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Reporter mycobacteriophages
( -̡gal phageR)

Molecular inserts of reporter genes

 E. coli derived (lacZ)

Codes for δ-galactosidase enzyme
 Breakdown of  Glucose into monosacharides

Substrates (X-gal & IPTG) used as colour 
indicators



ɰ-gal phageR

Eliminates expensive machinery

 Fluorescence microscope (>R 100K)

 Luminometer (>R 300K)

Utilises available laboratory equipment

 Tissue-culture plates

 37°C incubator

 Bio-safety hoods



Wild type phage (TM4)
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 M. tb culture infected 
with lacZphageR 

 Overlayed with Solid 
agarX-gal

 Incubated at 37°C for 72-
96 hours

Reporter mycobacteriophages
( -̡gal phageR )



 1 blue dot ≈ 1 CFU

 The lower the bacillary 
count, the clearer the 
spots

 No need for machinery

 Spots visible & 
discernable in 48-72 
hours

Reporter mycobacteriophages
( -̡gal phageR )



Application for lacZphageR to 
clinical isolates (stored sputa)



lacZphageR Ψǎ vs Gold Standard

Results Solid Culture Smear lacZphageR

Positive 14 6 12

Negative 0 8 2

Solid Culture Smear lacZphageR

Test amounts 50 μl 15 μl 1500 μl



Advantages of -̡gal phageR

 Phenotypic

 Eliminates the issue of detecting genotypic resistance

 Can provide susceptibility profile for ALL known anti-
TB drugs

 Stable

 Gene insert unlikely to degrade over time

Host-range for TM4 mycobacteriophage 
narrow

 Infects only the relevant mycobacteria (MTC)

 Highly specific



Application for lacZphageR

Drug susceptibility
Not all ‘drug resistance’ genetic markers are 

known

Current technology for genotypic resistance 
detection limited

β-gal phageR

 Phenotypic

Detects live vs non-viable bacilli post drug-
exposure

Applicable to 1st, 2nd and 3rd line drugs
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