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Objectives Mycobacterium tuberculosis (MTB), the causative agent of tuberculosis 
(TB), can survive inside the host granuloma courtesy the various extrinsic and intrinsic 
factors involved. Continuous use or misuse of the anti TB drugs over the years has led 
to the development of resistance in MTB against antibiotics. Drug-resistant TB in par-
ticular has been a menace since treating it requires exposing the patient to drugs for a 
prolonged period of time. Multidrug-resistant (MDR) and extensively drug resistant TB 
cases have increased over the years mostly due to the exposure of MTB to suboptimal 
levels of drug. Proteasomes provide MTB its pathogenicity and hence helps it to sur-
vive inside the host even in the presence of drugs.
Materials and Methods The recombinantly expressed proteasome accessory 
factor-C (PafC) protein was purified via Ni-NTA affinity chromatography and overex-
pressed in the nonpathogenic strain of mycobacteria (Mycobacterium smegmatis) for 
the comparative analysis of minimum inhibitory concentrations of antimycobacterial 
drugs. The bacteria were subjected to various stress conditions. Secretory nature of 
PafC was analyzed by probing the purified protein against patient sera. Quantitative 
mRNA analysis of pafC, lexA, and recA was performed to check for their level under flu-
oroquinolone (FQ) presence. The data were validated in clinical samples of pulmonary 
TB patients.
Results pafC, that forms one part of paf operon, is involved in providing MTB its 
resistance against FQs. Through a series of experiments, we established the fact that 
PafC is upregulated in mycobacteria upon exposure to FQs and it leads to the increased 
intracellular survival of mycobacteria under the stresses generated by FQs. The study 
also refers to the correlation of pafC to deoxyribonucleic acid (DNA) damage repair 
enzymes lexA and recA at transcriptional level. The results obtained in vitro corrobo-
rated when the pulmonary TB patients’ samples were subjected to the same molecular 
analysis.
Statistical Analysis All experiments were conducted at least in triplicate. p-Value of 
<0.05 was considered to be statistically significant
Conclusion PafC plays a significant role in providing resistance to mycobacteria 
against FQ class of drugs by increasing its intracellular survival through increased drug 
efflux and getting involved with DNA damage repair machinery.
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Introduction
Tuberculosis (TB) is caused by an aerobic, acid fast bacillus, 
Mycobacterium tuberculosis (MTB). In 80% of the cases bac-
teria infects the lungs causing pulmonary tuberculosis (PTB) 
whereas in the remaining 20% of cases it affects other organs 
causing extrapulmonary tuberculosis (EPTB).1 MTB could 
evade host defense system and persist inside the granuloma 
for long periods. It takes months to even years in some cases 
to completely eradicate the bacteria from the host.2,3 MTB 
over the course of its evolution has garnered various mecha-
nisms like thick mycolic acid and fewer porins in the cell wall, 
drug efflux pumps, and proteasome machinery that impart 
it resistance against drugs.4-6 Fluoroquinolones (FQs) are 
the choice of drugs for treating the multidrug-resistant TB 
(MDR-TB) in patients when the first line treatment fails. MDR 
strains of MTB are resistant to two of the major anti TB drugs, 
rifampicin (RIF) and isoniazid (INH).7,8 FQs function by gen-
erating redox ions via Fenton reaction. Oxidation by super-
oxides produces hydroxyl radicals which in turn oxidize the 
NADH produced in the TCA cycle by complex electron trans-
port chains thereby forming superoxide ions, which damage 
the deoxyribonucleic acid (DNA), proteins, and lipids, result-
ing in cell death.9 Slow generation time and thick cell wall 
cause the slow influx and accumulation of drugs at subinhib-
itory concentrations.

Proteasomes are the large cylindrical assemblies respon-
sible for controlled protein degradation. The substrate to be 
degraded is tagged by a specific degradation signal and cova-
lently modified.10-12 MTB possesses a prokaryotic ubiquitin-like 
protein (pup) that targets the protein for degradation, known 
as pupylation.13,14 The pafA gene which forms an operon with 
pafB and pafC is responsible for tagging the substrate similar to 
E3 ubiquitin ligase in eukaryotes.15 The work of Li et al in 2015 
showed that a pafC mutant strain of Mycobacterium smegma-
tis (MSMEG) was more susceptible to FQs. Other studies have 
shown that pafBC transcript is involved in the DNA repair 
mechanism through lexA independent pathway by acting as 
transcription factor.16,17 The study done to characterize the paf 
operon revealed that though pafA-deficient cells were hyper-
sensitive to RNI, pafBC was required for complete RNI resis-
tance. Complementation with pafA alone was not sufficient to 
recover the phenotype.15 Müller et al have demonstrated the 
importance of winged helix turn helix of PafC in the regulatory 
mechanism in DNA stress in Arthrobacter aurescens. Under 
nonstress conditions the helix turn helix domain is inacces-
sible for DNA binding.18 So far to the best of our knowledge 
no study has reported the possible mechanism pafC follows to 
impart resistance to MTB against FQs and most importantly its 
status in the patients. In our study we aim to characterize the 
role of pafC gene in response to FQ and its potential role in FQ 
resistance in mycobacteria and intracellular survival.

Materials and Methods
Type of Study
A pilot study of 40 subjects was conducted. The patients 
were selected from the Department of Respiratory Medicine, 

KGMU, Uttar Pradesh, Lucknow. Patients presented the symp-
toms prior to diagnosis, which were cough production, fever, 
weight loss, hemoptysis, chest pain, loss of appetite, fatigue, 
and weakness. Ethical approval was granted by Research 
Cell, KGMU, Uttar Pradesh, Lucknow Institutional Ethics 
Committee (IEC) [576/Ethics/R.cell-16 dated October 26, 
2016].

Inclusion and Exclusion Criteria of Patients
Inclusion criteria:
 • All AFB positive sputum cases.
 • Patients who did not respond to first line and second line 

treatment.
 • Prior consent of patients.

Exclusion criteria:
 • Human immunodeficiency virus (HIV) positive patients 

and diabetic patients.
 • Patients below 18 years of age and above 60 years of age.
 • Patients not giving consent.
 • Any form of EPTB.

Sample Collection from TB Patients
Sputum samples were collected for two consecutive morn-
ings from DOTS registered PTB patients in properly labeled 
screw cap disposable plastic bottles. Radiological and micro-
scopic analyses along with the drug susceptibility testing 
were performed to confirm the TB cases.

Each TB patient was provided with an interview form in 
easy to understand English language. Anonymity and con-
fidentiality of patients were maintained. A 5-mL blood was 
withdrawn from patients by the trained medical profession-
als. The sample was collected from susceptible TB patients, 
MDR-TB patients, and extensively drug resistant (XDR)-TB 
patients. The blood was immediately transferred to the red 
topped tubes. It was rested at room temperature (RT) for 
1 hour and centrifuged at 3,500 rpm for 15 minutes to remove 
the clots. The obtained supernatant was the blood sera which 
were immediately transferred to a new tube and maintained 
at 4°C. The sera were further used for immunoblotting.

The serum (at 1:200 dilution) was particularly used to 
probe the 1 µg of purified PafC protein so as to determine its 
immunogenicity.

The bronchoalveolar lavage (BAL) was collected by trained 
medical professionals in the bronchology laboratory/operat-
ing room. Since it is an invasive technique we could obtain 
consent from two patients to collect the samples. None of 
the samples contained blood in them. After collection, the 
BAL sample was washed three times with incomplete RPMI 
media, adhered on the 12 well plates, incubated for 24 to 
48 hours in complete RPMI media at 37°C and 5% CO2. Post 
this, adhered cells were scrapped out and lysate was pre-
pared. Unadhered cells were washed off by incomplete RPMI.

In Vitro Cloning of Mycobacterial pafC Gene
The open reading frame encoding pafC was amplified using 
flanking anchored primers (HindIII) from MSMEG genomic 
DNA. TA cloning was performed to clone the polymerase 
chain reaction (PCR) amplified gene into pTZ57R/T. PCR was 
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employed to confirm the positive transformants in Escherichia 
coli DH5α competent cells. Plasmids from the positive clones 
were subcloned into expression vector pET28b (T7 promoter) 
and integrative shuttle vector pMV361 (hsp60 promoter) at 
HindIII restriction site. Right orientation of the gene was con-
firmed via restriction digestion (►Fig. S1). The orientation of 
the gene was confirmed by digesting the plasmid from the 
positive clone by PvuII (in pMV361) and BamHI (in pET28b) 
restriction enzyme. Both PvuII and BamHI are single cutters 
in pafC as well as pMV361 and pET28b, respectively. The plas-
mids from pMV361 positive clones were electroporated in 
MSMEG to generate the recombinant clones (►Table S1).

The plasmid constructs of pafC in pET28b transformed E. coli 
Rosetta competent cells to express 6X His-tagged recombinant 
proteins induced using isopropyl-D-1-thiogalactopyranoside-β 
(IPTG) at 0.5-mM concentration overnight (o/n) at 16°C. The 
recombinant protein was purified via Ni-NTA chromatogra-
phy and confirmed by western blotting using rabbit anti-His 
antibody (►Fig.  S2C). The purified protein was processed 
for matrix-assisted laser desorption/ionization-mass spec-
troscopy (MALDI)-TOF MS/MS or mass spectroscopy analysis 
which confirmed it to be PafC protein according to the NCBI 
(National Center for Biotechnology Information) database 
(►Fig. S2D). A detailed list of primers and chemicals used in 
the study is provided in the ►Tables S2 and S3.

Production of Polyclonal Antisera against PafC
200 μg of purified PafC was injected subcutaneously with 
Freund’s incomplete adjuvant in female adult white New 
Zealand rabbit. Immunization was performed on days 0 and 
then two booster doses on day 15 and day 30. On day 45, 
rabbit was bled intracardially and the serum was separated 
by incubating at 37°C for 2 hours before transferring to 4°C. 
Coagulated blood was then centrifuged in cold at 2,000 × g 
for 10 minutes; serum was collected and aliquoted in 250-μL 
fractions and stored at–80°C for further use. The anti-PafC 
antiserum was confirmed for its reactivity with PafC protein 
via western blotting. Primary PafC antibody at 1:500 dilution 
was checked for its specificity at different concentrations of 
purified protein (►Fig. S6).

Protein Estimation and Western Blot Analysis
The protein estimation was done by Bradford assay. The 
bovine serum albumin was diluted in triple distilled 
water from concentrations 0.5 to 5 µg in a 96-well plate 
(total 100 µL volume). Bradford reagent (Coomassie blue 
dye) was then added at 1:1 ratio and reading was taken 
at 595 nm in a spectrophotometer. The data obtained was 
used to plot the standard graph with absorbance on the 
y-axis and the known protein concentration on the x-axis. 
Absorbance (y) of the standard was calculated using the 
formula y = mx + c.R2 was maintained at least at 0.98. For 
estimating the protein concentration of the unknown sam-
ple its absorbance was plotted on the standard graph and 
calculated by using the formula [(absorbance of the test 
sample)/(absorbance of the standard sample)] × dilution 
factor of the test sample. New standard graph was plotted 
for a fresh experiment.

Proteins separated by SDS-PAGE were transferred to 
PVDF membrane which was charged by soaking in meth-
anol and then equilibrated by dipping in transfer buffer. 
Polyacrylamide gel and PVDF membrane were sandwiched 
between sheets of Whatman-3 blotting paper, preabsorbed 
in transfer buffer. This gel-membrane cassette was placed in 
the semidry transfer unit. The proteins were transferred at 
200 mA for 60 minutes. After transfer, the membrane was 
then blocked with 5% blotto in TBST buffer (20 mM Tris-Cl, 
50 mM NaCl, and 0.5% Tween 20) for 2 hours. Appropriate 
dilutions of primary antibodies were prepared in 2.5% block-
ing buffer and the gel was soaked in it for 12 to 16 hours at 
4°C with mild shaking. The membrane was then washed 
three times with TBST buffer. After washing away the 
unbound primary antibody, the membrane was incubated 
with the appropriate secondary antibody (IgG-HRP) in 2.5% 
blocking buffer for 1 hour at RT. The membrane was washed 
three times with TBST and detection was performed with the 
Enhanced Chemiluminescence reagent. The blots were ana-
lyzed on LAS 500 gel-doc system using Image quant analysis 
software.

Growth Kinetics of MSMEG
Recombinant MSMEG cultures were grown to mid-log 
phase (OD600 = 0.4–0.6) in LBGT media and then diluted to 
the OD600 of 0.02. The cultures were allowed to grow at 37°C 
at 180 rpm in a shaker incubator and the absorbance was 
measured at different time intervals (0, 4, 8, 12, 24, 48, 72, 
96, and 118 hours). At every time interval the cultures were 
also plated on LBGTA medium for colony forming unit (CFU) 
counts. Three drops of 10 µL each were placed on the media. 
To obtain the countable number of colonies, especially at 
higher time points wherein the bacterial growth increased, 
each culture was diluted and simultaneously plated at dif-
ferent dilutions. MS_VEC was the control for all experiments 
with recombinant MSMEG cultures. Cell line, bacterial 
strains, plasmids, and growth conditions are given in detail 
in supplementary file.

Intracellular Survival of Mycobacteria and Drug 
Efficacy
J774A.1 murine macrophage cell line was meant to study the 
intracellular behavior of MSMEG. The cells were seeded at a 
density of 2 × 105 cells/well in 12 well tissue culture plates 
and infected with log phase recombinant mycobacterial 
cultures at 1:10 MOI. Cells were replenished with complete 
medium containing 100 μg/mL amikacin to kill any extracel-
lular bacteria and prevent secondary infection. To estimate 
the intracellular survival of MSMEG, the cells were lysed and 
plated for CFU count on LBGTA medium.

For studying the effect of individual anti TB drugs in 
intracellular mycobacteria, after 3 hours of infection, the 
intracellular mycobacteria were treated with levofloxacin 
(LFX), ofloxacin (OFX), and moxifloxacin (MFX) at differ-
ent concentrations (8, 4, 2, 1, and 0.5 μg) for 2 hours. The 
infected J774A.1 cells were washed with incomplete RPMI 
media before they were treated with drugs. Post drug treat-
ment, the macrophages were lysed and plated on solid 
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media without any antibiotic for CFU counting. Uninfected 
cells and infected cells without drug treatment were the 
controls.

Effect of Stress on PafC Expression
The log phase recombinant mycobacterial cultures were 
grown in Sauton’s media (minimal media) to understand the 
behavior of PafC under different stress conditions: pH 4.5, 5.5; 
NO stress; H2O2 stress; nutrient stress and hypoxia. pH of the 
media was adjusted to acidic levels by 5 N HCl; deta NO was 
used to give NO stress and hydrogen peroxide for H2O2 stress. 
To create nutrient stress the cultures were grown in 1× PBS. 
The hypoxic condition was created by filling the culture to 
the brim of the culture tube and sealing it completely with 
paraffin. Methylene blue was added as hypoxia indicator. 
Upon attaining the hypoxic environment blue color of the 
dye changes to white. The culture at pH 7.2 was the control. 
The cultures were subjected to respective stress for three 
cycles, after which the cultures were pelleted down, and the 
obtained pellet was processed for western analysis.

Antimycobacterial Activity of the Fluoroquinolones
REMA is based on the reduction of the nonfluorescent dye 
resazurin (blue) to fluorescent resorufin (pink) by living cells 
and was used to detect antimycobacterial activity of com-
pounds. For calculating the minimum inhibitory concentra-
tion (MIC)50 of drugs, mid-log phase cultures of MSMEG were 
incubated at different drug concentrations (100–0.012 μg) in 
96 well plates for three cycles at 37°C. Following incubation, 
0.02% resazurin was added into each well at 10% of total vol-
ume and further incubated at 37°C till the color developed. 
The highest concentration of DMSO did not exceed 0.1%. 
Relative to cellular viability, upon aerobic respiration by met-
abolically active cells the resazurin (purple) was irreversibly 
reduced to resorufin (pink). Subsequent fluorescence was 
recorded at 530/590 nm wavelengths (570 nm cut off).

Measurement of Fluoroquinolone Accumulation
As described earlier,19 the FQ accumulation was measured 
in mycobacterial cultures with some modifications. Mid-log 
phase cultures were harvested via centrifugation at 3,000 × g 
for 20 minutes at 15°C. Cells were washed with 50-mM sodium 
phosphate buffer (pH7) and concentrated with same buffer. The 
obtained bacterial suspension was placed in a stirring water 
bath at 37°C for 10 minutes. LFX, OFX, and MFX were added to 
a final concentration of 10 μg/mL and 1-mL sample from each 
was removed at timed intervals. Samples were immediately 
centrifuged, and the pellets were washed with sodium phos-
phate buffer, resuspended in 1 mL of 0.1 M glycine-HCl (pH3) 
and left O/N at RT with agitation to lyse. Next day the samples 
were centrifuged at 12,000 × g and the fluorescence of superna-
tants was determined at 281/440-nm wavelengths.

Effect of Fluoroquinolones on Mycobacteria and 
Quantitative RT-PCR
The behavior of pafC and two DNA damage repair enzymes 
(lexA and recA) was studied in the presence of FQs by mRNA 

expression analysis. The cultures of MSMEG and MTB were 
treated with LFX, OFX, and MFX at their respective MICs for 
1 hour. After drug treatment the RNA was isolated and single 
strand cDNA synthesis was performed.

The mycobacterial cultures were centrifuged, and the 
pellet was suspended in 100 μL of lysozyme of concen-
tration 50 mg/mL with 900 μL of 1 × PBS (in DEPC water) 
added to the mixture. The suspension was vortexed for 10 
seconds and left at RT for 15 minutes followed by centrif-
ugation. The pellet thus obtained was suspended in 500 μL 
of RLT buffer provided in the Qiagen kit and the RNA was 
isolated as per the manufacturer’s protocol.

Approximately 10 μg of total RNA was treated with 2 
to 4 units of RNase free DNase (Thermo Scientific) in 1× 
DNase buffer for 30 minutes at 37°C. The reaction was 
terminated by heating at 65°C for 10 minutes for inactiva-
tion of DNase. 1 μg of RNA was reverse transcribed using 
RevertAid H Minus Reverse Transcriptase. Random hex-
amer primers were used for the cDNA synthesis. The reac-
tion was started by incubating the reaction mix at 25°C 
for 10 minutes which was followed by 60 minutes incuba-
tion at 42°C. The reaction was terminated by inactivating 
reverse transcriptase at 70°C for 10 minutes. Quantitative 
real time PCR (qRT-PCR) was performed in 96 well plate on 
Applied Biosystems StepOne Real-Time PCR Systems using 
Power SYBRGreen PCR Master Mix (Thermo Scientific) 
with 10 pmoles of gene-specific primers. Intracellular 
bacteria in J774.A1 cell line (at 1:10 MOI) and the bacte-
ria cultured from patient samples were also processed the 
same way. The calculated cycle threshold (Ct) of the test 
gene was normalized to the Ct of the internal control (16S) 
gene. Similarly, the calculated delta Ct of treated samples 
was normalized with the calculated delta Ct of untreated 
samples (UN). The obtained delta Ct was then used to esti-
mate the fold change.

Preparation of Culture Filtrates
To prepare the culture filtrate, recombinant cultures of 
MSMEG were grown to mid-log phase, pelleted down at 2,000 
× g for 10 minutes at RT. The obtained pellets were washed 
twice with sterile 1× PBS and suspended in Sauton’s medium 
to grow for three cycles. Further the cultures were pelleted 
by centrifugation at 2,000 × g for 10 minutes. The superna-
tant was again centrifuged at 2,000 × g for 10 minutes in cold. 
The resulting supernatant generated was filtered twice, once 
with 0.45 µm filter and next with 0.22 µm filter. The obtained 
filtrate was TCA precipitated (added at 15% of the volume of 
the filtrate) at 20°C for 16 hours. The precipitate was then 
washed with acetone thrice and air dried. The obtained pellet 
was suspended in rehydration buffer and subjected to west-
ern blot analysis.

Statistical Analysis
GraphPad Prism 5.03 software was used to plot graphs. The 
p-value of <0.05 was considered to be statistically significant. 
The statistical significance was defined by one-way ANOVA. All 
experiments were conducted in triplicate.
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Results
Patients’ Profile
The study was performed on selected 40 PTB cases. The 
demographic profiles and other details of selected 40 PTB 
patients are summarized in ►Table 1. There was no partic-
ular demarcation in the patients from urban or rural set-
ting, but the number of males was significantly higher than 
females. Maximum patients with TB either had a family his-
tory of the disease or were in close contact with a TB patient. 
These patients were divided into three groups, susceptible 
TB 11 (27.5%), 20 (50.0%) MDR patients, and rest 09 (22.5%) 
patients were XDR (►Table  1). Among 40 cases, 24 were 
males and remaining 16 were females (60.0 and 40.0%). All of 
them were in the age group of 18 to 60 years. Of the 40 cases, 
30 (75.0%) were in low income group and only 10 (25.0%) 
from middle-income group. DR patients in our study either 
had history of inadequate treatment or were in close contact 
with TB patients. The number of male patients were more 
than the female patients.

Cloning of pafC and Generation of Recombinant Strains 
of MSMEG
The open reading frame encoding pafC when amplified from 
MSMEG genomic DNA gave a 957-bp fragment, as also when 
amplified in pET28b and pMV361 (Fig.  S2B). As observed 
through SDS-PAGE of culture lysates, IPTG-induced protein 
was found to be approximately 40 kDa in size. 10 µL of each 
lysate was run on the gel (Fig. S2C). The 40 kDa size of PafC 
was due to the 6× His tag added to the native 33 kDa PafC pro-
tein. The induced PafC protein which was purified via Ni-NTA 
affinity chromatography was eluted in three different con-
centrations of imidazole (150, 300, and 450 mM). Amongst 
these, the best elution was obtained at 300-mM imidazole 
concentration (Fig. S2C). Presence of a single prominent band 
on SDS-PAGE confirmed the homogeneity of the protein. The 
pMV361 vector containing sense and antisense clone of pafC 
weas electroporated into MSMEG to generate namely MS_OE, 
MSMEG containing pMV361:pafC overexpressing PafC under 
hsp60 promoter; MS_KD, MSMEG containing pMV361:pafC 
under-expressing PafC under hsp60 promoter. MS_VEC, 
MSMEG containing pMV361 alone was the control. The OE 
and KD clones were confirmed by western blot analysis.

PafC Enhances the Intracellular Survival of MSMEG
Growth and intracellular survival form the basis for any 
intracellular pathogen to successfully cause an infection. 
Mycobacteria have been an exceedingly successful human 
pathogen and therefore we studied if pafC plays any part in 
its growth, survival and thereby have a role in establishing an 
infection. The initial bacterial load was kept equal in all such 
experiments so as to nullify any discrepancy in data. Growth 
curve plot analysis showed no significant difference in the 
growth pattern of different strains of MSMEG (►Fig.  1A). 
Upon studying the intracellular survivability of mycobacte-
ria in J774A.1 macrophage cell line, it was observed that at 

Table 1  Demographic profile of patients

Demographic profile of patients

S. 
No

Variables No. of 
samples
(n = 40)

Percentage%

1 Residence

Urban 18 45.0

Rural 22 55.0

2 Gender

Male 24 60.0

Female 16 40.0

3 Age

18–30 28 70.0

31–40 06 15.0

41–50 02 5.0

51–60 04 10.0

4 Living pattern

 • Pucca house
 • Kachha house

10
30

25.0
75.0

5 Ventilation

 • Dampness
 • Light

17
23

42.5
57.5

6 Smoking history

 • Smoker
 • Non-smoker
 • Ex-smoker

21
06
13

52.5
15.0
32.5

7 Types of smoking

 • Cigarette
 • Bidi
 • Hukka
 • Chillum
 • Biomass fuel

16
12
02
04
06

40.0
30.0
05.0
10.0
15.0

8 History of other addiction

 • Alcohol
 • Narcotics

24
16

60.0
40.0

9 Family history of TB

 • Yes
 • No
 • Not known
 • Contact with TB patients

19
04
06
11

47.5
10.0
15.0
27.5

10 Past history of pulmonary TB

 • Yes
 • No

28
12

70.0
30.0

11 HIV status All 
negative

100%

12 Diabetes mellitus All 
negative

100%

13 Patients category

 • Primary TB
 • MDR cases
 • XDR cases

11
20
09

27.5
50.0
22.5

Abbreviations: MDR, multidrug-resistant; TB, tuberculosis; XDR, exten-
sively drug resistant.



255PafC Regulates Drug Resistance in Mycobacteria Narain et al.

Journal of Laboratory Physicians Vol. 12 No. 4/2020 © 2020. The Indian Association of Laboratory Physicians.

12 hours and 24 hours MS_OE had significantly increased 
intracellular survival in comparison with MS-KD and MS_
VEC (►Fig.  1B). Another important finding was approxi-
mately nine times increased phagocytosis of MS_OE strain at 
0 hours (►Fig. S3). Increased survival of PafC overexpression 
strain (MS_OE) in J774A.1 macrophage cell line underlined 
PafC’s role in allowing the bacteria to exist inside the host 
macrophages (►Fig. S4).

Upregulation of PafC during Stress
When inside a granuloma, mycobacteria encounter differ-
ent kinds of stresses like nutrient deprivation, oxidative 
stress, etc. The bacteria overcome such harsh conditions to 
establish a successful infection inside the host. Lysates of 
MSMEG (20 µg) culture subjected to various stresses were 
run on the gel and immunoblotted with PafC primary anti-
body at 1:40,000 dilution. The protein expression analysis 
of PafC in MSMEG subjected to stress akin to that encoun-
tered inside host showed elevated PafC expression during 
H2O2 stress, NO-stress, and nutrient deprivation (►Fig. 1C). 
This upregulation of PafC indicates that it directly or indi-
rectly, helps mycobacteria persist under stress inside gran-
uloma and also survive the presence of drugs that have 
oxidative/nitrosative stress as their bactericidal mode of 
action.

Minimum Inhibitory Concentration (MIC50) and 
Intracellular Efficacy of Drugs
Since FQs kill mycobacteria by generating oxidative stress 
and we have already established that PafC has increased 
expression under oxidative/nitrosative stress; we insti-
gated the MIC50 of FQs for recombinant MSMEG strains. 
The resazurin dye assay showed that MS_OE has increased 
MIC50 (►Fig.  2A) meaning that FQs in a PafC overexpres-
sion strain were not as effective as they were in other two 
strains (MS_VEC and MS_KD). Further deciphering the role 
of PafC in relation to drugs, when the intracellular recom-
binant MSMEGs were treated with FQs at different concen-
trations, MS_KD showed an escalated growth (►Fig. 2B–D). 
The range of drug concentrations used in the experiment 
was decided considering the MICs of all three FQs against 

MSMEG which also covered the MIC50 of our recombinant 
strains. The decreased growth in MS_OE could have been 
due to the stalling of growth pertaining to the metabolic 
shutdown in the presence of drugs. But the hypothesis still 
required a valid confirmation and therefore the accumula-
tion of FQs was studied. No morphological changes were 
observed due to antibiotic stress (►Fig. S5).

Reduced FQ Accumulation in Mycobacteria 
Overexpressing PafC
When subjected to stress either drug generated or host’s 
immune system generated, the mycobacteria could acquire 
a state of latency wherein it becomes metabolically inac-
tive. Owing to the reduced growth of intracellular MS_OE in 
the presence of FQs, we wanted to check the status of FQs 
inside the mycobacteria and hence the accumulation of FQs 
was studied in recombinant MSMEG strains and MTB H37Ra. 
The fluorometric analysis showed significantly lower drug 
accumulation in MS_OE than MS_KD (►Fig. 3). It delineated 
the attribute that PafC does indeed counter the FQ accumu-
lation via increased efflux. With the results obtained here it 
could be established that increased drug efflux in the PafC 
overexpression strain shifted mycobacteria toward a state 
of metabolic dormancy which lead to its decreased growth 
inside macrophages. The slow growing WT H37Ra showed 
a gradual increase in drug accumulation over the period of 
time due its more rigid cell wall composition than MSMEG, 
but the accumulation was still higher than MS_OE (►Fig. 3).

PafC is Nonsecretory
Many pathogenic mycobacterial proteins like ESAT-6 and 
CFP-10 are secretory in nature. Since proteasomes provide 
mycobacteria its pathogenicity and paf operon works in asso-
ciation with them, we investigated if this feature was con-
trolled by its secretion.

Prior to proceeding for the detection in culture filtrates, 
specificity of PafC Ab was checked against purified protein as 
well as bacterial lysates (►Figs. S2E and S6). Antisera against 
PafC were generated using purified proteins by immunization 
in rabbit described in methods section. The antisera were con-
firmed for their reactivity with target protein using western 

Fig. 1 Growth kinetics and intracellular survival. (A) Growth curve assay of recombinant MSMEG strains was plotted at log10 against MS_VEC from time points 
0 to 118 hours. No significant difference in growth was observed. p < 0.05. (B) Intracellular survival assay in J774A.1 macrophage cell line. The MS_OE showing 
increased survival at 12 and 24 hours. Uninfected cells did not give any growth on agar medium. (C) Expression of PafC under stress. Lane1, pH 7.2 as control; 
Lane 2, pH 4.5; Lane 3, pH 5.5; Lane 4, H2O2 at 10 mM; Lane 5, NO- at 0.5 mM; Lane 6, Hypoxia; Lane 7, 1X PBS. Hsp65 was the loading control. MSMEG, 
Mycobacterium smegmatis; PafC, proteasome accessory factor-C.
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blotting and were also used for detection of protein expression 
in mycobacteria. Purified PafC was run at different concentra-
tions (5 ng to 2 µg) and its specificity against PafC primary 
antibody was done by western blot analysis. Similarly PafC was 
confirmed to be present in MSMEG upon probing the lysate 
with PafC primary antibody. Best results with bacterial lysates 
were obtained at 1:40,000 PafC primary antibody dilution.

The 100 µg of culture filtrates of recombinant MSMEG 
strains were probed with PafC antibody (at 1:500 dilution) but 
none showed the presence of PafC protein. Corroborating to it 
when 1-µg PafC purified protein was immunoblotted with sera 
from different TB patients (susceptible, MDR, and XDR) at 1:500 
dilution it went undetected in them either. Absence of PafC in 
the culture filtrates and patient sera confirmed its nonsecretory 
nature (►Fig. 4A, B). Antigenic nature of PafC was determined 
when it was detected in the BAL of TB patients through western 
blot analysis (►Fig. 4C). A 100 µg of lysate prepared from BAL of 
TB patients (as described in methods section) was when probed 
with PafC primary antibody at 1:1,000 dilution, a prominent 
band 33 kDa was detected on the blot.

Clinical Significance of Upregulated pafC mRNA 
Expression upon FQ Treatment
Extending on the antigenicity of PafC, when pafC expression 
was studied upon treating bacteria with FQs in culture and 
intracellularly, it showed higher mRNA expression in the 
presence of FQs than RIF (►Fig. 4D, E).

Comparison of pafC mRNA expression amongst drug 
susceptible, MDR and XDR patients revealed the upregula-
tion of pafC mRNA in DR cases than drug susceptible cases, 
though XDR patients had lower expression than MDR 
patients (►Fig.  4F). The drug susceptible patients which 
were not treated with FQs had the lowest pafC mRNA level 
of all and the XDR patients which were resistant to FQs 
had pafC mRNA higher than susceptible patients but lower 
than MDR patients. Through qRT-PCR analysis we proved 
the connection between FQs and PafC and also that PafC 
is involved in providing mycobacteria resistance against 
FQs. The clinical data were in line with results obtained 
with mycobacteria in culture as well as the intracellular 
mycobacteria.

Fig. 2 Drug efficacy in mycobacteria. (A) MIC50 of MS_OE and MS_KD in comparison with MS_VEC. OE strain had the highest drug inhibitory 
concentration of all. (B–D) Intracellular drug efficacies against recombinant MSMEG and MS_VEC at different drug concentrations. MS_OE had 
lower survival than MS_KD. MSMEG, Mycobacterium smegmatis.

Fig. 3 Fluoroquinolone accumulation in mycobacteria (A) Levofloxacin (B) ofloxacin, and (C) moxifloxacin. A lower accumulation of fluoro-
quinolones was observed in MS_OE.
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Regulation of DNA Repair Enzymes by PafC
It is well known that FQs induce DNA damage that is bacteri-
cidal. Hence it became necessary to check the involvement of 
PafC in DNA damage in mycobacteria. For this, two enzymes 
lexA and recA were taken up. Normally lexA is present in 
higher quantity that recA as it inhibits the transcription of 
recA. Upon DNA damage, the autolysis of lexA leads to the 
transcription of recA which in turn upregulates the transcrip-
tion of SOS DNA damage repair enzymes.

MSMEG recombinant strains were treated with FQs at 
their respective MICs and the qRT-PCR analysis of lexA and 
recA mRNA transcripts showed their increased expression in 
MS_OE. RIF was the control drug (►Fig. 5A, B). Same expres-
sion pattern was observed in PTB patients as well, wherein 
the DR patients had significantly higher expression of lexA 
and recA in comparison with drug-susceptible patients 
(►Fig. 5C, D). In both, recombinant MSMEG and patient sam-
ples around 5 to 10 folds difference was observed between 
the mRNA expression levels of recA and lexA in the presence 

of FQs. The result corroborated with expression profile of 
pafC in MDR and XDR patients, i.e., they gave higher mRNA 
expression in MDR patients than in XDR patients. Here we 
conclude that pafC have a definite role in protecting myco-
bacteria against the damaging effects of the FQs by increasing 
DNA damage response.

Discussion
MTB has evolved over centuries to modulate the host’s 
defense mechanism for its own survival. The bacteria possess 
the ability to persist inside the granuloma for an extended 
period of time sometimes even for the lifetime of an indi-
vidual, without causing an active disease. Both extrinsic 
and intrinsic mechanisms help bacteria in its survival inside 
host and also acquire drug resistance against antituberculo-
sis therapy (ATT). There are more than one factors involved 
which help mycobacteria in surviving inside granuloma’s 
unfavorable environment.6,20-22 MTB boasts of highly efficient 

Fig. 4 Antigenicity and upregulation of PafC. (A) Detection of PafC in culture filtrates. Lane 1 purified PafC protein; Lane 2, protein ladder; 
Lane 3, MS_VEC; Lane 4, MS_OE; Lane 5, MS_KD. CFP-10 was the control. (B) Detection of PafC inpatient sera. Lane 1, healthy volunteer sera; 
Lane 2, susceptible patient sera; Lane 3, MDR patient sera; Lane 4, XDR patient sera. (C) Detection of PafC in BAL samples obtained from TB 
patients (Lanes 1 and 2 show samples from two different patients). CFP-10 was used as control. (A) and (B) show the nonsecretory nature of PafC 
whereas (C) shows its antigenic nature. (D) pafC mRNA expression level in MSMEG and MTB in culture on drug treatment. (E) pafC mRNA expres-
sion level in intracellular MSMEG and MTB on drug treatment. (F) mRNA expression level in bacteria from TB patients. (D) to (F) demarcate the 
upregulation of pafC in the presence of FQs. The expression levels were considerably higher than when treated with first line drug. BAL, bronchoal-
veolar lavage; MDR, multidrug-resistant; MSMEG, Mycobacterium smegmatis; MTB, Mycobacterium tuberculosis; PafC, proteasome accessory 
factor-C; TB, tuberculosis; XDR, extensively drug resistant.
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approach that provides it the ability to overcome the adverse 
effects of drugs. Prolonged exposure to drugs, ability to mod-
ify antigenic markers, thick cell wall, fewer porins, and drug 
efflux pumps are the major determinants of drug resistance 
in mycobacteria.23-25 In the recent years there has been an 
upsurge in the drug resistant TB cases. Patients with MDR 
are difficult to treat as the time taken to completely cure it 
could take up to 2 years and simultaneously being exposed to 
high concentrations of drug for such long periods has its own 
repercussion on the patients. Hence there is a dire need to 
identify new markers/drug targets which could help in com-
bating the drug resistance in TB and make its diagnosis an 
easy task. FQs, the drugs used to treat MDR-TB, function by 
generating oxidative stress that obstructs the functioning of 
DNA thus, ultimately killing the bacteria.7,26

Similar to eukaryotes, MTB possesses proteasome degrada-
tion machinery, known as pup proteasome system. It targets 
the proteins intended for degradation. paf operon forms an 
essential part of this system. pafA gene of this operon has been 
well characterized to tag the protein destined for degradation 

by proteasome machinery. It works in a fashion similar to E3 
ubiquitin ligase in eukaryotes. Other two genes pafB and pafC 
have not been that well characterized. Keeping this in consid-
eration, an extensive literature search directed us toward pafC 
gene, which has a possible function in FQ resistance in myco-
bacteria.27 But the possible mechanism of its involvement and 
how does it operate remained to be elucidated.

We started out by characterizing the pafC gene in fast 
growing and slow growing mycobacteria through bioin-
formatics analysis. The protein sequences obtained from 
Mycobrowser were subjected to amino acid sequence anal-
ysis via ESPript. Presence of consensus sequence between 
the two, suggested an evolutionary importance of PafC 
(►Fig.  S2A). This is supported by the fact that proteasome 
complex is responsible for mycobacterium’s pathogenicity 
and M. leprae has maintained complete paf operon despite its 
shorter genome size.15,28 MSMEG differs from MTB in physio-
logical requirement and ecological requirements, but it has a 
pup-proteasome similar to it and unlike in other mycobacte-
rial species, pafB and pafC are present adjacent to pafA in both. 

Fig. 5 Increased expression of DNA repair enzymes. (A, B) Recombinant MSMEG strains were treated with RIF, LFX, OFX, and MFX at their 
respective MIC and the lexA and recA mRNA expression was quantified, respectively. MS_OE had increased lexA and recA mRNA expression in 
comparison with MS_VEC and MS_KD. (C, D) mRNA expression analysis in pulmonary TB patients showed higher expression of lexA and recA 
in DR patients, specifically in MDR patients as compared with susceptible patients. DNA, deoxyribonucleic acid; LFX, levofloxacin; MDR, mul-
tidrug resistant; MFX, moxifloxacin; MSMEG, Mycobacterium smegmatis; MTB, Mycobacterium tuberculosis; OFX, ofloxacin; RIF, rifampicin; TB, 
tuberculosis; XDR, extensively drug resistant.
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For example, in Mycobacterium abscessus, Mycobacterium 
rutilum and Nocardia pafB and pafC are separated from pafA.

The primary objective of any pathogen is to successfully 
establish an infection inside its host; hence, we first stud-
ied the role of PafC in mycobacterial growth and intracel-
lular survival. Two recombinant strains of PafC, OE and KD, 
were generated to study its functioning in the presence 
of FQs. Increased intracellular survival and phagocyto-
sis of MS_OE manifests that PafC is allowing mycobacteria 
to get successfully internalized and establish an infection 
(►Figs.  1B and  S3). To contain the MTB infection, RNI and 
ROS are two of the major defense mechanisms employed by 
host’s immune system. It is also the mode of action of FQs. 
Due to their moderate in vivo activity FQs are given as the 
second line treatment in TB. The microenvironment inside 
the granuloma is there to primarily contain the bacteria, but 
it also provides bacteria the niche to survive quite efficiently.3 
Mycobacteria bypasses oxidative stress, nutrient starvation, 
and low pH to survive inside a granuloma and overcome 
stress generated by FQs. Upregulation of PafC under oxida-
tive, nitrostative, and nutrient stress confirmed that through 
some yet unknown mechanism, PafC is involved in the effi-
cient survival of mycobacteria intracellularly (►Fig. 1C). The 
TB granuloma inside lungs harbors a pretty rough environ-
ment. It is technically a defense mechanism employed by 
host to contain the mycobacterial infection. There is a high 
influx of cytokines and neutrophils; oxidative stress in the 
form of ROS, RNIs, low pH, and oxygen is observed. Despite 
such harsh conditions MTB is able to successfully survive 
inside a granuloma and only cause active disease in case of 
host’s immunosuppression. Such persisters are a huge prob-
lem in treating TB, as treating latent infection requires a very 
high dose of antibiotics which in itself has severe side effects. 
Treating MTB in its active state is relatively easier. To the best 
of our knowledge so far there is no literature citing a direct 
role of pafC in allowing MTB to survive under stress.

Role of pafBC transcript has been reported in mediating 
DNA repair mechanism through lexA independent path-
way. pafBC functions as transcription factor and mediates 
the SOS DNA repair inside mycobacteria.16-18 But the func-
tioning of PafC in the presence of drugs and its mechanism 
of action remains to be identified. For the PafC to be effec-
tive against FQs, it must allow mycobacteria to survive and 
resist high concentrations of drug. Overexpressed PafC did 
indeed render the FQ relatively ineffective in mycobacteria 
(►Fig. 2A). Efficacy of any drug is dependent on how much 
of it is getting accumulated inside the pathogen and also 
whether the pathogen is able to overcome the drug’s bacte-
ricidal action. DNA gyrase (Topoisomerase II), the major tar-
get of FQs, is intracellular and hence FQs need to cross the 
bacterial cell wall to function and exert an effect. There have 
not been many studies on the accumulation of FQs in myco-
bacteria and thereby the role permeability has in imparting 
drug resistance.19 Mycobacteria evolutionarily possess many 
mechanisms which makes it resistant to drugs. In the series 
of experiments conducted it was observed that surprisingly 
MS_OE had reduced intracellular survival than the KD strain 
upon FQ treatment at different concentrations (►Fig. 2B–D). 

It could have been because of the stalling of bacterial metab-
olism due to combined effect of on-going DNA repair and 
increased drug efflux.

Drug efflux pumps form a vital part of xenobiotic metab-
olism in mycobacteria and the shutdown of metabolism 
allows mycobacteria to enter a dormant phase. gyrA and 
gyrB are largely considered the single most important targets 
of FQs in mycobacteria because mycobacteria possess only 
these two respective genes which code for DNA gyrase. It is 
supported more by the fact that mostly the mutations in gyrA 
and gyrB have been reported during FQ resistance. But it has 
now been well established that the energy-dependent quino-
lone efflux also plays part in quinolone resistance in myco-
bacteria. Decreased FQ accumulation in PafC overexpressing 
strain showed that PafC rather does increases the drug efflux 
and is thereby involved in the pathogenicity of mycobacte-
ria (►Fig.  3). Mycobacteria has a slower generation time 
compared with other pathogens and it also possess a highly 
complex mycolic acid containing cell wall which gives it the 
sufficient time to be exposed to subinhibitory drug concen-
tration and in the process acquire drug resistance.29,30

The finding that PafC has a necessary part to play in 
mycobacteria’s virulence, prompted us to instigate if indeed 
the protein is secretory in nature similar to CFP-10/ESAT-6. 
But since the protein was undetectable at its native size of 
33 kDa in the culture filtrates and the patient sera, it was 
concluded that PafC is a non-secretory protein (►Fig. 4A, B). 
Nonsecretory nature of PafC could be attributed to the fact 
that pafC works in association with proteasomal complex 
that primarily functions in the cytosol. For treating MDR-TB, 
FQs are given in monotherapy in the current ATT regimen 
followed. This consequentially increases the chances of drug 
resistance in mycobacteria.31,32 Deciphering the position of 
PafC in this array it was vindicated that when mycobacte-
ria were treated with FQs in culture and intracellularly, the 
pafC mRNA expression shot up drastically. Such was not the 
case when treated with RIF (►Fig. 4D, E). RIF was taken as a 
control in our study because it is a major first line TB drug 
administered to patients. Since we validated our data in 
patient samples it was essential to confirm the pafC’s expres-
sion in vitro similar to susceptible TB patients. Higher pafC 
mRNA expression in MDR cases than XDR cases was an inter-
esting finding. Since at the outset it was hypothesized that 
DR-TB patients should have a similar pafC expression pattern, 
but we found that in MDR patients it was around seven times 
more than the XDR patients. In comparison with susceptible 
cases it was around 13 times more (►Fig. 4F). MDR patients 
are treated with FQs and increased pafC mRNA in them 
means that it is specifically regulated by FQs. In XDR patients 
though the pafC mRNA expression was higher than suscepti-
ble cases it was much less than the MDR cases. The bacteria 
in the XDR cases are already resistant to FQs, hence there was 
an increased expression in comparison with drug-susceptible 
cases. But since there was no continuous exposure to FQs, the 
pafC mRNA expression was relatively subsided.

Patients selected for the study had certain inclusion and 
exclusion criteria based on the absence or presence of any 
other disease with immune suppression, age or, EPTB. Patients 
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with metabolic disorders like diabetes mellitus (DM) were not 
included in the study since they already have a suppressed 
immunity and behavior of MTB changes under such condi-
tions. Two crucial drugs RIF and INH used in the treatment 
of TB interact with oral antidiabetic drugs and therefore may 
lead to suboptimal glycemic control, reducing the effective-
ness of DM management.33,34 The bidirectional association 
between TB and DM is currently one of the major concerns for 
clinicians. The data in the study conducted by Siddiqui et al in 
2016 showed that PTB patients with DM have reduced rate of 
sputum conversion with higher probability of poor treatment 
outcome, namely, default, death, failure, and shifting to MDR 
category, than patients without DM.35 Altered plasma levels of 
TB drugs due to differences in absorption, distribution, metab-
olism, and/or excretion of drugs in diabetic patients complicate 
the course of treatment of TB in people with diabetes. Same is 
the case with HIV + patients. Complex pharmacokinetic drug–
drug interactions between the rifamycins and two widely 
used classes of antiretroviral drugs the protease inhibitors and 
the non-nucleoside reverse-transcriptase inhibitors decrease 
plasma concentrations of several antiretroviral drugs.36 This 
leads to a loss of antiviral efficacy and stepwise accumulation 
of resistance mutations37. A retrospective study of TB patients 
in Canada found that in comparison with HIV-cases, the HIV+ 
patients are 3.8 times more likely to experience a significant 
drug-related adverse event.38

An interesting or rather a known feature observed during 
our study was that the number of female patients enrolled 
for the study was less than the half of male patients. This 
was most probably due to the socio-economic barrier which 
women still encounter, especially in a country like ours. Fear 
of being left out or being called a social outcast makes women 
from weaker economic background hide the disease.

Considering the damage FQs cause to mycobacteria plus 
the increased PafC expression in mycobacteria under FQ gen-
erated stress and otherwise, we tested the mRNA expression 
profile of two of the major DNA damage repair enzyme, RecA 
and LexA. PafC overexpression strain showed marked increase 
in the mRNA levels of these two enzymes in comparison with 
KD and MS_VEC (►Fig. 5A, B). The mRNA expression profiles 
of lexA and recA followed the mRNA expression profile of pafC 
in PTB patients, i.e., they were significantly increased in the DR 
patients especially the MDR patients (►Fig.  5C, D). LexA is a 
known inhibitor of RecA; under normal conditions it binds to 
the SOS box thereby preventing the transcription of DNA repair 
enzymes.16,17 During SOS repair, autolysis of LexA leads to the 
transcription of DNA repair genes mediated by RecA. Increased 
number of recA transcripts in PafC MS_OE and decrease in MS_
KD upon FQ treatment indicate the correlation between the two. 
In the control strain the relative mRNA level of lexA was either 
more than or equal to recA (upon FQ treatment). But when the 
drugs were administered the levels of recA mRNA transcripts 
shot up exponentially (►Fig. 5C, D). In mycobacteria the DNA 
damage repair is mediated via lexA-dependent and lexA-inde-
pendent pathways. lexA-independent (via P1 promoter) path-
way is the major pathway involved, as could be deciphered from 
our results as well. Upon FQ treatment though both lexA and 
recA increased but the increase in recA mRNA levels was around 

ten times more than lexA. A recent study done in Arthrobacter 
aurescens PafBC characterizes the role of this heterodimer as a 
transcriptional regulator. Presence of WYL domain and winged 
helix turn helix in PafC points out its mode of action as a tran-
scriptional regulator.18 Only recently it was reported that pafBC 
acts a transcriptional regulator of PafA, the prokaryotic counter-
part of E3 ubiquitin ligase. pafBC acts as a positive regulator for 
PafA and that it is essential for the recovery from DNA damaging 
conditions in MSMEG.38 The clinical data analysis from different 
types of TB patients specifically highlights the functioning of 
pafC in the presence of FQs at the transcriptional level.

Conclusion
Tuberculosis is a disease dreaded worldwide, mostly 
because of the ability of MTB to evolve continuously 
together with its host. Proteasomes are the necessary 
machinery required by both eukaryotes and prokaryotes 
for their respective survival. It is all the more essential for 
mycobacteria since they play a prominent role in impart-
ing pathogenicity to it. Mycobacteria contain a pup which 
targets the intrinsic and extrinsic proteins for degradation. 
Though functionally pup is similar to Ub in eukaryotes, 
architecturally it is very different. Also unlike in eukary-
otes where there are more than one Ub ligases present, 
mycobacteria, so is known to contain only one in the form 
of PafA. PafA functions as E3 ligase and tags the substrate at 
cysteine moiety for proteasomal degradation. pafA is a part 
of paf operon which also has two other genes, namely, pafB 
and pafC. Our study on pafC showed that PafC operates to 
impart resistance to mycobacteria by increasing the drug 
efflux and by regulating the DNA damage repair. The drug 
efflux pumps wear down the effect of drugs by pumping 
them out of the bacterial system, a mechanism which is 
utilized by PafC overexpressing strains. Increased internal-
ization of the bacteria helps it to avoid the stress generated 
by the FQs to a certain extent. In an event of FQ generated 
stress, the PafC overexpression counters it by effluxing the 
drug from the mycobacteria and the increased engulfment 
aids in acquiring the latency under unfavorable conditions. 
Both these events help mycobacteria in establishing a suc-
cessful infection (►Fig.  6). Mycobacteria when in latent 
state, slows down its metabolism and only becomes active 
if and when the immune status of the host deteriorates.

An observational analysis of patients recruited in the 
study pointed at the lesser amount of TB notification from 
females. It highlights the socio-economic and psychological 
barrier prevalent amongst the females. Ours was the study 
targeting the functioning of PafC in the presence of FQs. It 
was a pilot study and to the better of our knowledge first 
study to examine the status of pafC in the clinical isolates of 
TB patients. The clinical data generated here validated the in 
vitro studies done with OE and KD strains of pafC in MSMEG.
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