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One day an author in Microbiology Todaywill write an
epitaph to the tubercle bacillus. The White Plague will
have finally been conquered and scientists will be
discussing whether frozen stocks of the bacillus should be
destroyed. The author, having a keen sense of history, will
list the significant dates in man’s struggle against his
oldest enemy. Robert Koch’s presentation of the tubercle
bacillus to the Berlin Physiological Society in 1882 will 
be seen as the start of the campaign. 1921, the year that 
the attenuated BCG strain was first used as a vaccine to
protect a child from tuberculosis, will be celebrated as 
an early victory. 1944, the year in which streptomycin 
first cured a patient will be hailed as a triumph. The
development of multidrug therapies in the 1950s may be
considered as the beginning of the endgame. But then, in
the final decades of the 20th century, the fight-back of the
tubercle bacillus will be described. First came the
devastating impact, particularly in the developing world,
of the pathogen’s grim alliance with HIV. Then, with the
emergence of multidrug-resistant strains, even the
wealthy West felt threatened. But one further significant
date will surely be noted: 1998, the year in which the
genome of the tubercle bacillus was finally revealed. Three
years on from that historic publication, it is perhaps time
to take stock and look forward to future conquests.

The first rule of warfare is said to be to ‘know thine 
enemy’ and the authors of the genome paper surely had
this in mind when they set themselves the task of,
‘Deciphering the biology of Mycobacterium tuberculosis…’. 
The success of the mycobacterial research community in
taking up this challenge will be the key to eventual
victory. The sequence data contained a few clues to
possible weaknesses. A large fraction of the genome was
found to be devoted to lipid metabolism. That came as no
surprise to mycobacteriologists who had long lamented
the hydrophobic nature of mycobacterial cells and their
aggravating habit of clumping in liquid culture. But it
did strengthen earlier suggestions that the pathogen may
adopt a lipolytic lifestyle in vivo. Scientists interested in
exploiting this intelligence to develop new control
strategies have focussed on the glyoxylate shunt pathway
that bacteria use to synthesize carbohydrates from fats.
Animal cells lack the pathway, making it a potential
target for development of specific drugs. David Russell’s
group at Washington University, and his collaborators,
inactivated the isocitrate lyase gene, encoding a key
enzyme in the pathway, in M. tuberculosis. They injected
the mutant and wild-type into mice and found that
whereas the knock-out strain was able to cause a similar
acute infection as the wild-type, unlike the wild-type it
did not persist. These findings suggest that persistent M.
tuberculosis survives in the host by scavenging host lipids,
and it needs an active glyoxylate cycle to do this.
Researchers have already solved the structure of the 
TB isocitrate lyase protein and are currently designing
inhibitors that target this potential Achilles’ heel.

Solving the problem of persistent M. tuberculosiswill surely
be one of the key battlegrounds ahead. It is well known
that the organism can lie dormant for many years before
attacking the host. What the pathogen is up to during this
period of latency is far from clear. Many researchers
consider that it goes undercover, surviving in the host in a
physiological state with characteristics of dormancy.
Although M. tuberculosis certainly doesn’t form any kind of
dormant spore, the genome does encode a host of
transcriptional regulators that are likely to be involved in
downsizing metabolism during persistence. And
although mycobacteria are characteristically aerobic, the
genome encodes a bunch of anaerobic respiration genes
that might be mobilized within oxygen-starved lesions.
Inactivation of the nitrate reductase gene in BCG
rendered the organism avirulent in immunodeficient
mice. Like the glyoxylate shunt pathway, anaerobic
respiration, being absent in animal cells, may be a target
for development of new drugs.

One of the few disappointments to TB researchers reading
the 1998 paper was the fact that a whole bunch of new
virulence genes didn’t spill out. But there were surprises.
Four copies of the mcegene were found. The gene was first
characterized as a macrophage colonizing factor and it
certainly seems important to M. tuberculosis, which devotes
approximately 1% of its genome to four mceoperons. Each
operon encodes an mce-related protein plus additional
genes predicted to encode membrane proteins and
transcriptional regulators. In many ways, mce looks like
the kind of system that in Gram-negative bacteria is
involved in secreting virulence factors. In support of a role
in virulence, inactivation of mce1was found to attenuate
the mutant’s ability to invade epithelial cells. However,
the situation may not be so simple as the on-going
sequencing project for the distantly related, though non-
pathogenic Mycobacterium smegmatishas turned up several
mce-related genes and the Mycobacterium lepraegenome also
has mcegenes. To be so widely distributed, mycobacteria
must have acquired mcegenes early on in their evolution,
well before people – or perhaps even mammals – were
around to catch TB. Current efforts to inactivate each
locus independently should help to dissect out their
function.

Whether the above advances represent minor skirmishes
or will lead to real victories in our fight against the
tubercle bacillus, only our reviewer of the future can tell.
But it is certain that when final victory over the tubercle
bacillus is celebrated, the genome sequence will be seen as
a key weapon in its downfall.
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