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Commentary

Proteomics of multidrug resistant Mycobacterium tuberculosis clinical isolates:
A peep show on mechanism of drug resistance & perhaps more

Tuberculosis (TB) caused by Mycobacterium
tuberculosis (Mtb) has emerged as one of the deadliest
of bacterial communicable diseases faced by mankind.
According to the 2014 WHO report, nine million new
cases of TB and 0.36 million deaths including HIV
positive cases were recorded'. Despite the availability
of antibiotics, childhood vaccine and advances in
understanding the biology of Mtb and the host immune
responses to this stealth pathogen, this Mycobacterium
continues to present an insurmountable challenge.
Emergence of drug resistant strains of M¢b threatens the
effectiveness of the disease control programmes in India
and other countries®. M. tuberculosis lacks resistance
plasmids and does not acquire drug resistance through
horizontal gene transfer. Intrinsic drug resistance is
primarily due to the limited penetration of the thick,
lipid rich cell wall of Mtb by the antibiotics. While the
mechanism of multidrug resistance remains elusive,
recent evidences suggest that multiple mechanisms
are exploited by the bacterium®. Moreover, drug
modifying or inactivating enzymes and efflux pumping
mechanisms have also been reported®s. Clinically
relevant resistance to M¢b results from the acquisition
of spontaneous mutations including novel mutations in
rpoB, katG, inhA, gyr4 and gyrB loci and the selection
of the mutants by the drug treatment to which the
resistance has originated®’. A better understanding
of the mechanistic basis of drug resistance will be
potentially important in designing new treatment
strategies for multidrug resistant (MDR)-TB.

The article by Singh et al® in this issue identifies
important changes in the proteome of multidrug
resistant tuberculosis caused due to non-compliance
with the standard chemotherapy. The authors performed
proteomic analysis of the sequential clinical isolates of
Mtb from a 22 yr old “treatment non-compliant” male
patient and identified 27 proteins that were upregulated

in the drug resistant clinical isolates. Importantly,
Singh et al® observed that five different protein spots
representing chaperonin protein dnaK HSP70 (2 spots),
hypothetical protein Rv2004, antigen 84 (wag31) and
bfrA were consistently upregulated in all the three drug
resistant isolates examined. Among the 27 proteins up-
regulated in drug resistant isolates, about 30 per cent
of the proteins have roles in intermediary metabolism
and respiration function, as per TubercuList database
(http://tuberculist.epfl.ch/). Expectedly, the protein
levels of drug pressure responsive chaperonin proteins
dnaK HSP70 (Rv350) and groEL2 (Rv440) were
elevated in the drug resistant isolates’. M. tuberculosis
aconitase (Rv1475c), another protein identified by
Singh and his colleagues, was earlier shown to be a
bifunctional enzyme'® with roles in tricarboxylic acid
(TCA) cycle, and also displayed the ability to respond
to iron levels by binding to both mycobacterial and
mammalian transcripts harbouring iron responsive
elements. Interestingly, their observation that Rv1475¢
protein is specifically over-expressed in Mtb clinical
isolate resistant to rifampicin, isoniazid, ethambutol and
kanamcyin points to a link between iron homeostasis
and development of MDR in tuberculosis'’. The
glycogen accumulation regulator protein GarA, another
protein found to be upregulated in drug resistant
isolates by Singh et al®, was earlier reported to have
a key role in TCA cycle and glutamate metabolism
and was required for intracellular growth of M) in
macrophages'?. Consistent with the elevated GarA
levels, the glycogen levels in all the three drug resistant
isolates were enhanced after seven days of culture. MtbH
growth regulator, Wag31 (Rv2145c), also found to be
overexpressed at both transcript and protein levels in
drug resistant clinical isolates, was consistent with a
previous study'. The observed difference in mobility
of Wag31 between sensitive and resistant isolates points
to the role of post-translational protein modifications.
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Another important aspect of this study was that
drug resistance information was derived from the
proteomic analysis of sequential clinical isolates from
a single tuberculosis patient with increasing resistance
to standard chemotherapy. Such analysis is likely to
provide more realistic information than data obtained
from the drug resistant strains developed in the
laboratory. This will also help identify the mutations
acquired by Mtb due to increasing drug resistance
rather than merely highlighting the differences caused
due to genotype-environment interaction as in the case
of drug resistant Mtb isolates from multiple individuals.
While the identification of eight hypothetical proteins
overexpressed in drug resistant clinical isolates is
significant, ascribing a function(s) to them, particularly
in the context of development of multidrug resistance,
would have important implications.

The data presented in this study should be
interpreted with circumspect. As rightly acknowledged
by the authors, the overexpression of several proteins
observed in this study may not be exclusively due to
the increasing drug resistance but could be a result of
host specific stress or extended growth period in the
patient or a combination of both. The overexpression
of chaperonin protein dnaK HSP70 lends support to
such an argument. The technical problems, including
sensitivity and resolution issues, encountered by
these investigators also raise questions about the truly
representative proteome profile of the MDR isolates.

Considering the growing incidences of extensively
drug resistant (XDR)-TB in India, it is imperative to
carry out more such studies with sequential multidrug
resistant clinical isolates, for such information will
likely not only provide important mechanistic cues for
the development of novel anti-tuberculosis drugs in
future but could also serve as potential biomarker for
drug resistance and dormancy.
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