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Percoll density gradient centrifugation for the fractionation of SCs and NCs

The preparative scale Percoll density gradient centrifugation for the enrichment of short cells
(SCs) and normal/long-sized cells (NCs) from Msm and Mtb cultures to prepare short cell
enriched fraction (SCF) and normal/long cell enriched fraction (NCF) were performed by
scaling up the method as described (Vijay et al., 2017). The preparative scale Percoll density
gradient centrifugation of Msm MLP cells was performed by using discontinuous gradients
from 64% to 80% of Percoll, with an increment of 2% in the gradient. Whereas the preparative
scale Percoll density gradient centrifugation of Mtb MLP cells was performed by using
discontinuous gradients from 60% to 76% of Percoll, with an increment of 2% in the gradient
(Vijay etal., 2017). In brief, the Stock Isotonic Percoll (SIP) was prepared in 9:1 ratio of Percoll
(Sigma) and 1.5 M NaCl (Sigma) respectively. When required, the specific concentration of
different inhibitors, [dimethyl thiourea (DMTU), diphenyleneiodonium chloride (DPI),
thiourea (TU)], was added to SIP. The different percentage density of Percoll (64, 66, 68, 70,
72,74, 76, 78 and 80% for Msm cells and 60, 62, 64, 66, 68, 70, 72, 74 and 76% for Mtb cells)
were prepared by diluting the SIP with 0.15 M NaCl and making a total of 9 percoll fractions
with different density. Subsequently, the gradient was made by carefully layering one ml at a
time from each of the 4 ml Percoll fraction into 50 ml Beckman Coulter polycarbonate capped
bottles (Beckman Coulter, catalogue no. 357002), from the highest percentage to the lowest
percentage Percoll fraction.

Msm/Mtb cells from one/two 200 ml MLP culture in 1 litre flasks were pelleted down at
~7000 x g (Kubota centrifuge, with GSA cups) for 15 min and washed twice with 20 ml of
sterile 0.5% Tween 80. Four ml of 0.5% sterile Tween 80 was added to the cell pellet,
resuspended completely and syringed 15 times using 2 ml syringe to remove clumps, if any,
and layered immediately onto the top of the Percoll gradient. These samples were subjected to
centrifugation in JS 13.1 rotor in Beckman Coulter Avanti J-E centrifuge at ~350 % g for 1 hr
at 20°C. Following the centrifugation, the cells in the 64, 66 and 78% fractions of Msm sample
and 60, 62, 64, and 66% fractions of Mtb sample were pipetted out individually into corex
tubes, diluted each of the fractions with 5 volumes of sterile 1x PBS and pelleted down. The
pellet thus obtained from the SCF1 (64% Percoll fraction), SCF2 (66% Percoll fraction) and
NCF (78% Percoll fraction) samples were resuspended in 500 pl of 1x PBS. Similarly, while
the 60% and 62% were combined to get Mtbh SCF1, 64% and 66% were used as SCF2 and
NCEF, respectively, as described (Vijay et al., 2017). The cell pellet in SCF1 and SCF2 were
either made up individually or together (as SCF) to a final volume of 1 ml with 1x PBS. The
cell pellet obtained from NCF was initially resuspended in 500 pl of 1x PBS and was visually
made to the same cell density as that of the SCF1 and SCF2 individually by taking ~30 pl of
NCF cells (present in 500 pl of 1x PBS) and making up the volume to 1 ml using 1x PBS, as
described (Nair et al., 2019). To obtain higher cell number of SCs, SCF1 and SCF2 were pooled
together (SCF) and NCF cell density was equated to that of SCF by taking ~60 pl of NCF cells
(present in 500 pl of 1x PBS) into a fresh Eppendorf tube and the volume was made up to 1 ml
using 1x PBS. Finally, both SCF and NCF cells were pelleted down at 3900 x g, 200 pl of 1x
PBS was added to the SCF sample and 1 ml of 1x PBS was added to the NCF sample. An
aliquot of 200 pl from this diluted NCF sample would be equivalent to the cell number of the
respective SCF samples (either individually or together). The cell densities of SCF1, SCF2,
SCF (SCF1 and SCF2 combined), and of NCF samples were verified by plating and comparing
the cfu values obtained from 20 independent samples by independent people to ensure
consistency and reproducibility. Following every Percoll gradient fractionation of the cells, the



purity checking of the SCF and NCF samples along with their respective enrichments were
verified. While the purity checking was verified using acid fast staining, enrichments were
ensured by scoring for the proportion of SCs and NCs in the different Percoll fractions using
Carl Zeiss AXIO Imager M1 microscope and AxioVision 4 software, as described (Vijay et al.,
2017).

Flow cytometric determination of the redox status of unexposed SCF and NCF cells using
Mrx1-roGFP2 biosensor

Redox biosensor MrxI-rogfp2 downstream of hsp60 promoter was subcloned from pMV762-
Mrx1-roGFP2 (Bhaskar et al., 2014; kind gift from Amit Singh, Indian Institute of Science)
into pAKMN2 (hyg") (Roy et al., 2012). The recombinant pAKMN2/hsp60-Mrx1-rogfp2
construct was electroporated into electrocompetent Msm cells to obtain single copy of
PAKMN2/hsp60-Mrx1-rogfp2 integrated in the genome at the mycobacteriophage L5 att site
(Nair et al., 2019). The integrant was cultured to MLP multiple times serially in the absence of
hygromycin and then re-cultured in the presence of hygromycin to ensure stability of the
integrant. The stable integrant was cultured to MLP following which the SCF1, SCF2 and NCF
cells were fractionated from 200 ml culture using Percoll density gradient centrifugation, as
described (Vijay et al., 2017). After equating the cell density of NCF with SCF, the samples
were diluted 5 times in Middlebrook 7H9 media (see under “Percoll density gradient
centrifugation for the fractionation of SCs and NCs”) and 200 pul from these samples were
added into 25 ml Middlebrook 7H9 media to obtain a cell density of 10* cells/ml. From these
Mrx1-rogfp2 integrated SCF and NCF samples, 500 ul was taken for flow cytometry analyses.
Data was acquired using Becton Dickinson FACSVerse flow cytometer with 405 nm (V500)
and 488 nm (FITC) solid state laser and 528/45 nm and 527/32 emission filter respectively, at
medium flow rate. A high ratio of V500:FITC fluorescence indicative of increase in V500
fluorescence and decrease in FITC fluorescence shows high oxidative status. For analysis
purpose, at least 10000 cells were gated from each sample. The median fluorescence for V500
and FITC was set to 2-log)o fluorescence units for the wild-type Msm cells for each time point,
which served as the autofluorescence control. The voltage settings for the photomultiplier tube
(PMT) were: 208 (FSC), 333 (SSC). Instrument calibration was performed with FACSuite
cytometer set up and tracking (CS&T, Becton Dickinson) beads. FACSuite software was used
for flow cytometric data processing and analysis. The biosensor response from the
Msm/pAKMN2-hsp60-Mrx1-rogfp2samples was calculated by dividing the median
fluorescence obtained at 405 nm (V500) with that obtained at 488 nm (FITC) and was used for
plotting the graph. First, the median fluorescence for both V-500 and FITC was obtained from
the gated cells. Subsequently, the ratio of V500:FITC median fluorescence was calculated. In
order to analyse the ratio of V500:FITC median fluorescence of different subpopulations from
the gated cells, a scatter plot with four quadrants was generated. The median fluorescence of
both V500 and FITC for the cells in each quadrant was obtained and for each of the quadrant,
the ratio of V500:FITC median fluorescence was calculated. Statistical significance between
the time points was calculated using paired two-tailed #-test of graph pad prism version 5.0
(Motulsky, 2007).

Determination of hydroxyl radical levels using HPF-stained cells

Msm SCF and NCF cells were fractionated from 200 ml MLP culture using Percoll density
gradient centrifugation and added into 25 ml Middlebrook 7H9 medium kept in 100 ml flask,
to obtain a cell density of ~10* cells/ml, as mentioned under ‘Flow cytometric determination
of the redox status of unexposed SCF and NCF cells using Mrx1-roGFP2 biosensor’. An
aliquot of 500 pl cells was taken from these flasks immediately after addition of the cells,
stained with 5 uM HPF (Setsukinai et al., 2003; Mukherjee et al., 2009) and incubated for 30



min at 37°C under shaking conditions in the dark. Unstained cells were used as
autofluorescence control and were also processed similar to the test samples. Data were
acquired from the samples using Becton Dickinson FACS Verse flow cytometer with a 488 nm
solid state laser and a 527/32 nm emission filter (GFP) at medium flow rate. The samples were
processed similarly in the presence of 5 uM thiourea at the concentration that was found to be
non-lethal for 10* cells/ml (Nair et al., 2019). For the analysis purpose, at least 10000 cells were
gated from each sample. The photomultiplier tube (PMT) voltage settings were: 208 (FSC),
333 (SSC). FACSuite cytometer set up and tracking (CS&T, Becton Dickinson) beads were
used for instrument calibration. Flow cytometry data were processed and analysed using
FACSuite software. Statistical significance between the time points was calculated using paired
two-tailed #-test.

Determination of H,O, levels in cell lysate using Amplex Red assay
Msm SCF and NCF cells were fractionated from MLP culture using preparative scale Percoll
density gradient centrifugation. The SCF and NCF cells were made to equal density as
mentioned under “Percoll density gradient centrifugation for the fractionation of SCs and
NCs.” The cells in SCF and NCF were finally resuspended in 200 pl of Middlebrook 7H9
medium and from this resuspension 20 pl was used for cfu determination. Subsequently, the
samples were pelleted down, resuspended in 500 pl of 1x PBS with the cell density of 10’
cells/ml and subjected to sonication (at 30% amplitude, 1 sec pulse on and 1 sec pulse off, for
a total duration of 2 min). Following sonication, an aliquot was taken for cfu determination to
check the lysis efficiency which was found to be 99.9% consistently. The lysed samples were
then filtered through 3 kDa cut off spin-filter (Amicon centrifugal filters) at ~8800 x g for 15
min, 4°C in order to remove high molecular weight proteins. Simultaneously, the standards for
Amplex Red assay using H,O, (Invitrogen; Zhou et al., 1997; Mohanty et al., 1997) were
prepared from 0.1 to 10 pM. H,O, (20 mM) provided in the Amplex Red Hydrogen
Peroxide/Peroxidase assay kit (Invitrogen) was serially diluted to 200 pM and 20 uM in 1x
Reaction Buffer. The concentration of H,O, in the tube was freshly determined every time
before making up the working solution of H,O, before every experiment. The H,O,
concentrations used for standards ranged from 0.1, 0.5, 1, 2, 4, 6, 8, 10 uM and were prepared
in a total volume of 1 ml reaction buffer or 1x PBS. Following the filtration of the lysed
samples, 50 pl of the filtrate was added into three different wells of a black multi-well plate
(SPL Life Sciences), which served as the technical triplicates of the samples. Here, the 50 pl
samples contained 10° cells/ml. Equal volumes of the H,O, standards (50 ul each) were also
added to the black multi-well plate. Subsequently, 50 pl of Amplex Red-HRP working solution
(final concentration: 100 uM Amplex Red and 0.2 U/ml HRP, provided by Invitrogen) was
added as per manufacturer’s protocol into both the standards and the samples, kept for 30 min
in the dark at room temperature. After the incubation, readings were taken at 530/590 nm in
microplate reader (TECAN infinite 200 pro) and analysed using i-control software. Statistical
significance was calculated using paired two-tailed #-test. In the case of DMTU or DPI
exposure, the protocol for determining H,O, concentration was carried out in the same manner,
except that the Msm cells were grown till MLP in the continuous presence of DMTU or DPI.
Similarly, Mtb SCF and NCF cells were fractionated from 200 ml MLP culture and the
cells were lysed by bead beating as mentioned (Kaser et al., 2008). The cells were resuspended
in 500 pl 100 mM sodium acetate buffer and 200 ul of 0.1 mm Zirconia/Silica beads (BioSpec
Products) were added. Subsequently, this mixture was subjected to bead beating in a mini bead
beater (BioSpec Products) for 30 sec. This process was repeated twice, followed by
centrifugation at ~ 3900 x g. Supernatant was collected and the remaining protocol for Amplex
Red assay was followed in the same way as performed for Msm SCF and NCF cells.



Determination of superoxide levels in Msm SCF and NCF cells using Dihydroethidium
(DHE) assay

The final pellets of Msm SCF and NCF cells obtained from 200 ml Msm MLP cultures were
resuspended in 1550 pl of 1x PBS each. In order to determine the cfu of the samples, a 50 ul
aliquot was taken from the cell suspensions. Further the samples were divided into two parts:
500 pl of the sample was taken for H,O, determination using Amplex Red assay (as mentioned
under “Determination of H,O; levels in cell lysate using Amplex Red assay”) and the
remaining 1000 pl of the sample was taken for superoxide level detection and quantitation
using dihydroethidium (DHE, Sigma) fluorescence assay (Yeware et al., 2017; Peshavariya et
al., 2007; Nazarewicz et al., 2013). The detection of superoxide levels in the samples was
carried out in the following manner: initially, the cells in 1000 ul were pelleted down at ~3900
x g at RT for 10 min. The cell pellet was further resuspended in 360 pl of Middlebrook 7H9
medium containing 100 pM diethylenetriaminepentaacetic acid (DTPA, Sigma) (Yeware et al.,
2017; Fisher et al., 2004) and 50 uM DHE. This sample was then split into two parts: into one
part, 10 uM TEMPOL (Sigma), a superoxide dismutase mimic (Yeware et al., 2017), was added
while the other part was kept as such. The samples were then incubated at 37°C for 90 min
under shaking condition. Along with the samples, Middlebrook 7H9 medium containing 100
uM DTPA and 50 pM DHE as well as Middlebrook 7H9 medium containing 100 uM DTPA,
50 uM DHE and 10 pM TEMPOL were also incubated which served as blanks. Following the
incubation, the samples were taken into a 96-well black plate (SPL Lifesciences) and readings
were taken from the top at 480/530 nm (Peshavariya et al., 2007; Nazarewicz et al., 2013) in
microplate reader (TECAN infinite 200 pro) and analysed using i-control software. Firstly, the
blank values were subtracted from the sample readings. Subsequently, the values obtained in
the TEMPOL exposed samples were subtracted from the unexposed samples to determine the
relative 2-OH-ethidium levels. This protocol was followed in order to obtain the fluorescence
intensity of 2-OH-ethidium specifically from superoxide radical and not from other non-
specific ROS sources. Statistical significance was calculated using Students’ #-test.

Determination of nontoxic concentrations of DMTU, DPI and TU

In order to determine the concentrations of dimethyl thiourea (DMTU, H,0, scavenger; Parker
et al., 1985), diphenyleneiodonium chloride (DPI, NADH oxidase inhibitor; Li and Trush,
1998; Yeware et al., 2017) and Thiourea (TU, hydroxyl radical scavenger; Tadolini and
Cabrini, 1988) which were non-lethal to the Msm cells, a wide range of concentrations of these
inhibitors was used. For selecting the non-lethal concentration of DMTU, Msm cells (1%) were
initially inoculated into different flasks containing fresh Middlebrook 7H9 medium. DMTU
was added in the concentrations ranging from 0.25 mM -160 mM to different flasks except
one, which served as the control. The cfu of the samples at 0 hr was then determined by plating
the cells on Mycobacteria 7H11 agar. All the samples were then incubated for 12 hrs at 37°C.
Following the incubation, the cfu of the samples were again determined to find out the non-
lethal concentration of DMTU. The concentration of DMTU which showed survival
comparable to the unexposed cells was then selected. In the case of DPI and TU exposure, the
entire protocol was followed in the same manner, except that the concentrations of DPI ranged
from 62.5 nM to 10 uM and that of TU ranged from 0.1 mM to 80 mM.

Exposure of Msm cells to DMTU, DPI and thiourea

Msm cells were grown in Middlebrook 7H9 broth in the continuous presence of different
concentrations of either dimethylthiourea (DMTU, Sigma), diphenyleneiodonium chloride
(DPI, Sigma) or thiourea (TU, Sigma) at 37°C, with shaking at 170 rpm, till the culture reached
MLP. The highest concentration of DMTU, DPI or TU which was not lethal for the cells was
selected. Further, the cells were grown in the continuous presence of the respective nontoxic



concentration of DMTU, DPI or TU, till the culture reached MLP, and was subsequently
exposed to 125 pg/ml rifampicin for 24 hrs. The concentration of DMTU, DPI and TU that was
found to be non-lethal to the cells in the presence of 125 pg/ml rifampicin was further used for
the plating experiments. Thus, the cells were grown in the continuous presence of 1 mM
DMTU, 100 nM DPI or 0.5 mM TU till the cultures reached MLP, following which the SCF
and NCF cells were fractionated as mentioned under “Percoll density gradient centrifugation
for the fractionation of SCs and NCs” and were used as per required protocol of respective
experiment.

Determination of cfu

The Msm SCF and NCF samples were serially diluted as per their cell density and subsequently
plated on Middlebrook 7H10 or Mycobacteria 7H11 agar plates to obtain cfu in countable
ranges. The plates were then incubated at 37°C in bacteriological incubator. This protocol was
followed for all the experiments in order to obtain cfu of the samples to calculate the data per
cell.

Determination of NADH oxidase activity in SCF and NCF cell lysates

NADH oxidase is a membrane-bound enzyme which converts molecular oxygen to superoxide
in the presence of NADH. The NADH in turn gets converted to NAD" and H'. In order to
measure the activity of NADH oxidase enzyme, the rate of NADH utilisation was calculated
by measuring the reduction in the absorbance of NADH over time. Since NADH is also
consumed and produced by many other cellular components, to obtain specificity of the assay,
a parallel reaction containing the inhibitor of NADH oxidase, diphenyleneiodonium (DPI), was
set up. The difference in the absorbance of these two reactions will specifically show the
NADH oxidase activity. The SCF and NCF cells were obtained from 400 ml Msm MLP culture
using a single Percoll density gradient centrifugation. Four such Percoll density gradient
centrifugations were performed simultaneously, following which the SCF and NCF cells
obtained were pooled together and made to equal cell density as described under “Percoll
density gradient centrifugation for the fractionation of SCs and NCs.” The cell pellets
obtained from SCF and NCF were finally resuspended in 200 pl of 50 mM Tris-HCI buffer
(pH 8), and an aliquot of 20 pl was taken for determining cfu. The lysis of cells was carried
out by sonication at 30% amplitude, 1 sec pulse on, 1 sec pulse off for 2 min and repeated
twice. Following sonication, an aliquot was taken for cfu determination to check the lysis
efficiency which was found to be 99.9% consistently. The samples were then pelleted down at
~6800 x g for 10 min at 4°C to remove debris. A fresh tube was taken to collect the supernatant,
from which 20 pl aliquot was used for protein estimation with Bradford assay. The rest of the
sample was divided into four equal parts, where 40 pl of the sample was transferred into each
Eppendorf tube. Into all the samples, 25 pl of 1 mM dithiothreitol (final concentration 100 pM)
and 25 pl of 7.5 mM FAD (final concentration 750 pM) were added. For the autofluorescence
control, the volume was made up to 250 pl by adding 160 pl of 50 mM Tris-HCI buffer (pH
8). To obtain the autofluorescence value for the negative control, 6.25 pl of 400 uM DPI (final
concentration 10 pM; Yeware et al., 2017) and 153.75 pl 50 mM Tris-HCI buffer (pH 8) were
added to make up the final volume to 250 pl. To the test sample, 135 pl of 50 mM Tris-HCl
buffer (pH 8) was added to make up the volume and, just before taking the reading, 25 pl of 5
mM NADH (final concentration 500 uM) (substrate) was added. To the last tube, which also
served as a negative control for the experiment, 128.75 pl of 50 mM Tris-HCI buffer (pH 8)
was added along with 6.25 pl of 400 uM DPI (NADH oxidase inhibitor) and, before taking the
reading, 25 pl of 5 mM NADH (final concentration 500 uM) (substrate) was added.
Subsequently, the samples were transferred to transparent multi-well plate (Nunc), mixed well
and readings were taken at 340 nm. First, the autofluorescence values were subtracted from the



test samples and negative control. Subsequently, the values of the DPI containing samples were
subtracted from the samples which did not contain DPI to obtain the NADH conversion
mediated specifically by NADH oxidase. A decrease in the NADH fluorescence at 340 nm
during an interval of 30 min was calculated to obtain the activity of NADH oxidase in the SCF
and NCF cell lysates. The concentration of NADH was calculated using the 6.22 mM 'cm™ as
the millimolar extinction coefficient of B-NADH at 340 nm (Reusch and Burger, 1974). Similar
protocol was followed with the 100 nM DPI-exposed cultures as well. Data was plotted as
NADH oxidase activity per cell for SCF and NCF samples. Statistical significance was
calculated using Students’ #-test.

Determination of superoxide dismutase activity in SCF and NCF cell lysates
The superoxide dismutase activity assay was performed in the SCF and NCF cell lysates using
SOD Assay kit (Sigma-Aldrich), as per manufacturer’s instructions. This kit-based method
utilises a highly water-soluble tetrazolium salt WST-1 (2-(4-lodophenyl)-3-(4-nitrophenyl)-5-
(2,4-disulfophenyl)-2H-tetrazolium, monosodium salt) which, upon reduction with superoxide
anion, generates a water-soluble dye formazan. Xanthine oxidase directly converts O, to
superoxide which will reduce WST-1 and produces the coloured compound formazan.
However, the presence of superoxide dismutase (SOD) will inhibit this reaction by utilising the
superoxide and converting it to H,O;, and O,. This will reduce the formation of formazan and
hence less colour will be developed. Therefore, the reduction in the formazan colour formation
is directly correlated with the SOD activity and is represented as percentage inhibition.

The cell pellets obtained were finally resuspended in 650 pl of buffer solution, an aliquot
of 20 pl was taken for determining cfu. The lysis of cells was carried out by sonication at 30%
amplitude, 1 sec pulse on, 1 sec pulse off for 2 min and repeated twice. The lysed samples were
centrifuged at ~6800 % g for 10 min at 4°C to remove debris and supernatant was collected in
a fresh tube. From each of SCF and NCF samples 210 pl was taken into two wells of
transparent 96 well plate and 10 pl of WST solution with 20 pl enzyme working solution was
added. Blank1 was prepared by adding 190 ul of buffer solution, 20 ul of dd H,0, 10 pl of
WST solution and 20 pl enzyme working solution. Blank2 was prepared with the SCF and
NCF cell lysates where 20 pul of dilution buffer was added instead of enzyme working solution.
Blank3 was prepared as Blank1 without enzyme working solution and 20 pl of dilution buffer
was added. A reaction was set up to be used as a control, where 210 pl of SCF and NCF cell
lysate was added to two different wells and 5 mM sodium azide (Roberts and Hirst, 1996) was
added into both in order to inactivate the superoxide dismutase enzyme. All the samples were
mixed thoroughly using pipette and kept for incubation at 37 °C for 20 min. Absorbance was
read at 450 nm using Tecan plate reader. The activity was calculated as per the given formula:
SOD activity (inhibition rate %) = {[(Ablank 1 - Ablank 3) — (Asample - Ablank 2)]/ (Ablank
1 - Ablank 3)} x 100. The activity was normalized per cell for SCF and NCF samples as well
as for the samples containing the SOD inhibitor sodium azide. Statistical significance was
calculated using Students’ #-test.

Total RNA preparation from unexposed Msm SCF and NCF cells

SCF and NCF cells were fractionated from ~5000 ml of Msm MLP culture using preparative
scale Percoll density gradient centrifugation (from 400 ml culture each time) and following
which the cell pellet was stored at -70°C till further use. Hot phenol method (Wecker, 1959;
Ausubel & Kingston, 1987) with slight modifications for mycobacterial cultures was used for
total RNA isolation from SCs and NCs. Msm SCF1, SCF2 and NCF cell pellets obtained from
individual Percoll density gradient were taken from -70°C and pooled with the remaining
samples to obtain larger cell pellet. The cells from SCF1, SCF2 and NCF pellets were then
lysed using micro pestle for ~30 min with intermittent snap-freezing in liquid nitrogen and



thawing in the Eppendorf tube. In parallel, 1.2 ml lysis buffer, containing the final
concentration of 100 mM sodium acetate, pH 5.2, 10 mM EDTA, 5 mM VRC, 1% SDS, with
the remaining volume made up with DEPC-treated water, was prepared. Following the 30 min
cell lysis with pestle, 1 ml of the lysis buffer was added to the samples to achieve complete
lysis of the cells. Following the addition of the lysis buffer, the samples were mixed gently by
inversion and subsequently divided into two equal halves of 500 pul each, into fresh tubes. Equal
volume (i.e., 500 pul) of hot phenol (60°C) was added into each sample, and the tubes were kept
back at 60°C heating block for 10 min with intermittent mixing at every 2-min interval. After
10 min of heating at 60°C, the samples were kept on ice for 5 min, followed by centrifugation
at ~6800 x g for 10 min at 4°C. Following centrifugation, the aqueous phase from the samples
was collected into a fresh tube and again equal volume of hot phenol was added into, mixed by
inversion and centrifuged again. This step was again repeated, and the final aqueous phase was
collected into fresh tubes. Further, to the final aqueous phase collected in fresh tubes, equal
volume of ice-cold phenol:chloroform mixture (1:1) was added and mixed by inverting the
tubes gently 3-4 times. Subsequently, this mixture was subjected to centrifugation at ~6800 X
g for 10 min at 4°C. The aqueous phase was collected from the sample, followed by addition
of equal volume of ice-cold phenol:chloroform mixture (1:1). The contents of the sample were
mixed 3 to 4 times gently by inversion of the tube and subjected for centrifugation at ~6800 X
g for 10 min at 4°C. The final aqueous phase was then collected into a fresh tube and sodium
acetate (0.3 M final concentration, pH 5.2) was added into it and mixed till a homogenous
mixture was obtained. To this mixture, 2.5 volume of ice-cold 95% ethanol (Merck) was added,
mixed by inversion and then kept for precipitation of total RNA at -70°C overnight.

Following precipitation, the RNA was pelleted by centrifugation at ~6800 x g for 20 min
at 4°C. After the centrifugation, the supernatant was discarded, and the pellet was resuspended
in 200 pl of 80% ethanol (Merck). The samples were then subjected to centrifugation at ~6800
x g for 10 min at 4°C. The supernatant was again discarded, and the 80% ethanol wash was
repeated once more. The pellet thus obtained was air-dried for 15 min at room temperature and
dissolved in 50 pl of DEPC-treated water. The RNA sample was quantitated using
NanoDrop™ 1000 Spectrophotometer (Thermo Fisher Scientific) and stored at -70°C.
Following quantitation, the total RNA sample was run on formaldehyde agarose gel to check
the RNA integrity of the preparation. After confirming the integrity, the RNA samples were
treated with RNase-free DNase I (Thermo Fisher Scientific) to remove the DNA contamination
in the RNA samples, as per the manufacturer’s instructions. Aliquots of the RNA samples (~10
pg of RNA) were treated with 10 units of RNase-free DNase I, mixed by tapping and incubated
at 37 °C for 40 min.

Subsequently, the tubes were transferred to ice, and 200 pl of DEPC-treated water was
added to the DNase I treated samples. To these samples, equal volumes of phenol (100 mM
sodium acetate saturated phenol, pH 5.2): chloroform mixture (1:1) was added and mixed well
by inverting the tubes. The samples were then subjected to centrifugation at ~6800 % g for 10
min at 4°C, the aqueous phase was collected into fresh tube to which sodium acetate (0.3 M
final concentration, pH 5.2) was added and mixed well by tapping gently. To this mixture, 2.5
volumes of ice-cold 95% ethanol (Merck) was added and mixed well by inversion. The RNA
samples were then kept for precipitation at -70°C overnight. Following precipitation, the RNA
samples from SCF1, SCF2 and NCF cells were subjected to centrifugation at ~6800 x g for 20
min at 4°C, after which the supernatant was discarded. Subsequently, the pellet was
resuspended in 200 pl of 80% ethanol solution and again centrifuged at ~6800 x g for 10 min
at 4°C. After the centrifugation, the supernatant was discarded, and the 80% ethanol wash of
the RNA pellet was repeated once again. The final RNA pellet was then air-dried at room
temperature for 15 min and dissolved in 20 pl of DEPC-treated water. The SCF1, SCF2 and



NCF RNA samples were quantitated using NanoDrop™ 1000 Spectrophotometer (Thermo
Fisher Scientific) and stored at -70°C until further use.

Preparation of cDNA for real time PCR

For the preparation of cDNA from each gene, 100 ng of total RNA was used from each of the
three populations, SCF1, SCF2 and NCF. The cDNA synthesis reaction was carried out with
the following constituents: 10 pmoles of gene-specific reverse primer (Sigma), 50 uM dNTP
mix (Thermo Fisher Scientific), 20 units of RiboLock RNase inhibitor (Thermo Fisher
Scientific), 200 units of RevertAid-Premium Reverse Transcriptase (RNaseH minus,
thermostable, Thermo Fisher Scientific), and 1x RT buffer. The final volume of the reaction
was made up to 20 pl by adding double-distilled autoclaved water. The cDNA synthesis was
carried out using the following conditions: denaturation at 65°C for 5 min, followed by
annealing and extension combinedly for 30 min at 56°C and inactivation of enzyme at 85°C for
10 min. The cDNA thus obtained was stored at -20°C till real time PCR was performed. cDNA
for 16S rRNA from the same sample was used as the normalisation control.

Real time PCR

Real Time PCR was performed using Real Time PCR EvaGreen Mastermix (G-Biosciences)
and the experiments were analysed according to comparative AACt method (Wang et al., 2006)
followed by normalization (according to Willems et al., 2008). The real time PCR reaction was
performed by addition of 10 ul of EvaGreen qPCR Mastermix-ROX (G-Biosciences), 10
pmoles each of gene-specific forward and reverse primers (Supplementary Table S4), 2 ul of
cDNA and the remaining volume was made up to 20 pl using double-distilled autoclaved water.
Technical triplicates were set up for each of the respective genes and real time PCR was
performed in biological duplicates. For normalisation of each real-time experiment, 16S rRNA
was used in each plate. The real time PCR reaction conditions were set up in the following
manner: initial denaturation at 95°C for 5 min, amplification of 40 cycles with three stage
amplification comprising of 95°C for 10 sec, annealing for 20 sec at 55°C and amplification at
72°C for 20 sec. In order to check the specificity of the primers and formation of specific
product, melt curve was also prepared. The real time PCR experiment was performed using the
Comparative Ct (AACt) method with CFX96 Real Time system from BioRad. The fold-change
in the expression levels of mRNAs from Msm SCF1 and SCF2 cells with respect to that from
the NCF cells was calculated. Statistical significance was calculated using Students’ #-test.

MSMEG_6603 promoter cloning and genome integration to drive reporter gene

The NADH oxidase gene (MSMSEG _6603) sequence was analysed and 275 bp region
upstream of the gene was selected as the promoter sequence. This 275 bp sequence was
amplified using High fidelity Phusion DNA polymerase (Thermo Fisher Scientific) from the
Msm genome with Msm-6603-P1-f and Msm-6603-P1-r specific primers with Xbal and
EcoRV restriction sites, respectively (Supplementary Table S5) under the following
conditions: initial denaturation at 98°C for 3 min; for each cycle of 35 cycles denaturation at
98°C for 30 sec; annealing at 62°C for 20 sec; extension at 72°C for 15 sec; and final extension
at 72°C for 10 min (Sebastian, 2016). The amplified sequence was double-digested, gel purified
and cloned in pBS (KS) using Xbal and EcoRYV sites for sequence verification. Sequencing
was carried out by Chromous Biotech, Bangalore, India, using universal forward and reverse
primers. The recombinant vector was amplified in E. coli IM109 cells, plasmid was prepared
and double-digested with Xbal and EcoRV for subcloning in pAKMN2-ugfp,” vector 5’ to
the reporter gene ugfp,’  (Roy et al., 2012; Sebastian, 2016). The subcloned vector was
purified using plasmid purification kit (GenelJet plasmid miniprep kit) and electroporated into
Msm cells at voltage 1.5 kV, capacitance 25 uF, resistance 200 Q using Gene PulserXcell -



electroporation system, Bio-Rad laboratories, Bio-Rad, CA, USA. The clones were confirmed
by PCR amplification with Taq DNA polymerase (Thermo Fisher Scientific) using mycgfp2-
RT-f and mycgfp2-RT-r primers (Supplementary Table 4) under the following conditions:
initial denaturation at 95°C for 3 min; for each cycle of 35 cycles denaturation at 95°C for 30
sec; annealing at 64°C for 30 sec; extension at 72°C for 15 sec; and final extension at 72°C for
7 min. The pAKMN2-PMSMEG76603-ugﬁ9mz+ integrant was cultured to MLP multiple times
serially in the absence of hygromycin and then re-cultured in the presence of hygromycin to
ensure stability of the integrant. For the purpose of culturing, the positive recombinant clone
was grown in the presence of 50 pug/ml hygromycin.

Imaging of Msm/pAKMNZ-PMSMEg_6603-ugfp,,,Z+

Msm/pAKMN2-PM5MEG76603-ugfp,/+ cells were grown till MLP and 1 ml of the cells were
centrifuged at ~3900 x g for 10 min at room temperature. The pellet obtained was then
resuspended in 200 pl of fresh Middlebrook 7H9 medium. Simultaneously, 1.9% low melting
point agarose was used to make the agarose pad as described (Vijay et al., 2017). The solidified
agarose pad was then used to layer the cells, covered with cover glass and kept for 10 min
incubation at 37°C to adhere the cell on the agarose pad. Following incubation, the
Msm/pAKMNZ-PMSMEGﬂ;og-ugfp,/+ cells were taken under Zeiss AxioVision Imager M1and
observed using DIC as well as fluorescence channel (GFP). The fluorescence intensities of the
SCs and NCs were quantitated using ImagelJ software. The area of the cell was calculated using
Imagel software and the fluorescence intensities were normalised per unit area of the cell.
Statistical significance was calculated using paired two-tailed #-test.

Determination of Fe** levels in Msm SCF and NCF cell lysate using FeRhoNox™-1

The SCF and NCF cells obtained from 400 ml Msm MLP cultures were made to same cell
density as described under “Percoll density gradient centrifugation for the fractionation of
SCs and NCs.” The cell pellets of SCF and NCF were resuspended in 200 pl of 1x PBS and
20 ul was taken to determine cfu. The remaining samples were pelleted down at ~3900 x g for
10 min at room temperature following which each sample was resuspended in 600 pl of 100
mM sodium acetate buffer (pH 5.2), in order to maintain acidic environment (to stabilise the
labile iron in the ferrous form). Here, the cell density of the 600 ul samples was in the range of
107 cells/ml. The cell lysis was carried out by sonication at 30% amplitude, 1 sec pulse on and
1 sec pulse off for 2 min. Following cell lysis, the lysate was divided into two equal halves to
estimate the levels of labile Fe*" and total Fe*". The labile Fe* levels were estimated by passing
the lysate through 3 kDa cut off spin-filter (Amicon centrifugal filters) and centrifugation at
~8800 x g for 15 min at 4°C, to remove proteins with bound iron (Xiao and Kisaalita, 1997).
The other half was used to estimate total Fe** by heating the lysate for 90 min at 90°C (modified
protocol from Morones-Ramirez et al., 2013) and then centrifugation at ~3900 x g for 10 min
at 4°C to remove debris. Finally, into the labile and total Fe*" samples, FeRhoNox™-1 (10 uM
final concentration, Goryo Chemicals; Hirayama et al., 2013; Tsugawa et al., 2015) (from 1
mM stock solution in DMSO) was added. In parallel, the ferrous ammonium sulphate
standards, ranging from 0.25 to 16 uM, were prepared in a final volume of 200 pl using 100
mM sodium acetate (pH 5.2). FeRhoNox™-1 (10 uM final concentration) was added into the
samples and the standards. Subsequently, the samples and the standards were kept for 1 hr
incubation at 37°C. In parallel, another set of labile Fe* samples were exposed to 100 uM 2,2’-
bipyridyl, a Fe" ion chelator (Farhana et al., 2008) in order to confirm the specificity of
FeRhoNox™-1 reaction with Fe*". Finally, the samples and standards were transferred into a
transparent multi-well plate (Nest). FeRhoNox™-1 on interaction with Fe*" generates the
strongly fluorescing Rhodamine B. The readings of the samples were then taken at 540/575 nm



in microplate reader (TECAN infinite 200 pro) and analysed using i-control software.
Statistical significance was calculated using paired two-tailed #-test.

The Msm MLP cells which were grown in the presence of 1 mM DMTU or 100 nM DPI
were also subjected to Percoll density gradient centrifugation. Subsequently, the SCF and NCF
cells were assayed for their labile Fe*' levels using FeRhoNox™-1 assay. Statistical
significance was calculated using Students’ #-test.

Similarly, the Mtb SCF and NCF cells were fractionated from MLP cultures and lysed
by bead beating as mentioned under “Determination of H,O; levels in cell lysate using
Amplex Red assay”. Estimation of labile Fe* levels in the SCF and NCF cells was carried out
using FeRhoNox™:-1 assay and the data was plotted as labile Fe*" levels per cell for the SCF
and NCF cells in the same way as performed for Msm cells. Statistical significance was
calculated using Students’ #-test.

Imaging of FeRhoNox™-1 stained Msm MLP cells

Msm MLP cells were stained with 10 uM FeRhoNox™-1 (final concentration) and kept for
incubation at 37°C for 1 hr under shaking condition. Subsequently, the cells were centrifuged
at ~3900 x g for 10 min at room temperature. The pellet obtained was then washed with fresh
Middlebrook 7H9 medium, centrifuged again at 3900 x g, and resuspended in 200 pl of fresh
medium. In parallel, 1.9% low melting point agarose was used to make the agarose pad, as
described (Vijay et al., 2017). The stained cells were layered on the solidified agarose pad,
covered with cover glass and incubated at 37°C for 10 min to adhere the cells onto the agarose
pad. Following incubation, the stained Msm cells were taken under Zeiss AxioVision Imager
M1 and observed using DIC as well as fluorescence channel (rhodamine). The fluorescence
intensities of the SCs and NCs were quantitated using ImagelJ software. The area of the cell
was calculated using ImageJ software and the fluorescence intensities were normalised per unit
area of the cell. Statistical significance was calculated using paired two-tailed #-test.

Determination of Aconitase activity in SCF and NCF cell lysates

Aconitase drives an enzymatic reaction where conversion of isocitrate to aconitate takes place,
which is a part of citric acid cycle. The activity of the enzyme can be calculated by measuring
the absorbance of aconitate at 240 nm. The increase in the absorbance represents the activity
of the enzyme and decrease in the absorbance will show the inactivity/inefficiency of the
enzyme aconitase. The cell lysate showing higher rate of aconitate production reflects the
higher activity of aconitase enzyme. The concentration of aconitate was calculated using its
millimolar extinction coefficient 3.6 mM™ cm™ (Kennedy et al., 1983). The SCF and NCF cells
were obtained from 400 ml Msm MLP culture using a single Percoll density gradient
centrifugation. Two such Percoll density gradient centrifugations were performed in parallel,
following which the SCF and NCF cells obtained were pooled together and made to equal cell
density as described under “Percoll density gradient centrifugation for the fractionation of
SCs and NCs.” The SCF and NCF cell pellets were finally resuspended in 360 ul of 50 mM
Tris-HCI buffer (pH 8) containing a final concentration of 3 mg/ml lysozyme (chicken egg
white, Fluka) and 1 mg/ml lipase (Candida cylindracea, Sigma). Sonication was not used for
the cell lysis in order to avoid the inactivation of aconitase in the samples (Pechter et al.,
2013). An aliquot of 20 pul was taken for determining cfu before lysozyme-lipase digestion.
The samples were then incubated at 37°C for 1 hr and following the lysozyme-lipase digestion,
an aliquot of 20 pul was taken for cfu determination to check lysis efficiency. Following the
digestion, the samples were pelleted down at ~6800 x g for 10 min at 4°C and the lysate was
transferred into a fresh tube. The volume of the samples was made upto 800 pl using 50 mM
Tris-HCI buffer (pH 8) after the addition of the substrate, DL-isocitric acid trisodium salt
hydrate (20 mM final concentration). The absorbance of the samples was taken at 240 nm every



1 min for 5 min and the concentration of aconitate was calculated using its millimolar extinction
coefficient 3.6 mM™' cm™ (Kennedy et al., 1983). Subsequently, the aconitase activity of the
samples was represented as units per cell (Pechter et al., 2013). Further, for the samples which
served as the negative control, the entire protocol was followed in the same manner, except
that 300 uM EDTA (Varghese et al., 2003) was added to the cell suspension (to inactivate
aconitase) before the lysozyme-lipase digestion. Likewise, for the positive control samples, the
cells were grown in the presence of | mM DMTU or 100 nM DPI after which the entire protocol
was followed in the same manner. Statistical significance was calculated using paired two-
tailed #-test.

Resister generation frequency determination of SCF and NCF against rifampicin and
moxifloxacin

The final pellet of SCF and NCF cells (made to equal density as described under “Percoll
density gradient centrifugation for the fractionation of SCs and NCs”) from 400 ml Msm
MLP culture following Percoll density gradient centrifugation was resuspended in 200 pl of
Middlebrook 7H9 media and 20 pl was taken from the cell suspension to determine the cfu.
The rest of the cells (10° cells/ml) were entirely plated on 125 pg/ml of rifampicin or 0.5 pg/ml
of moxifloxacin. The number of resistant mutants on the antibiotic containing plate was divided
by the total number of bacterial cells, determined from the antibiotic-free agar plates, to obtain
the resister generation frequency for each sample against the respective antibiotic. The resister
generation frequency of the samples was also calculated in the same manner for the cells grown
in the presence of 1 mM DMTU, 100 nM DPI and 0.5 mM thiourea. Statistical significance
was calculated using paired two-tailed #-test.

The differential antibiotic susceptibility of SCs and NCs in our earlier studies was
observed at a cell density of 10° cells/ml (Vijay et al., 2017). However, in the present study,
we tried to understand the inherent propensity of SCs and NCs to generate resisters. Therefore,
the study was conducted at a higher cell density of 10° cells/ml where the presence of pre-
existing resister is also highly probable. This cell density was chosen with an understanding
that the cells would have been predisposed to the mutations due to the differential ROS
generation during their growth in MLP.

Culture conditions for rifampicin or moxifloxacin resisters in liquid media

The resistant colonies were obtained from the 125 pg/ml rifampicin plates or 0.5 pg/ml
moxifloxacin plates and inoculated individually into fresh Middlebrook 7H9 broth. These cells
were grown till MLP at 37°C with shaking at 170 rpm.

CFU determination and cfu-based v/v/v mixing of Msm SCF1, SCF2 and NCF to obtain
different proportionate mixtures

The Msm SCF1, SCF2 and NCF cells obtained from Percoll density gradient centrifugation
were made to visually similar cell density as described under “Percoll density gradient
centrifugation for the fractionation of SCs and NCs”. Based on cfu analysis, a v/v/v ratio of
1:1:5 mixture of SCF1:SCF2:NCF cells was found to give their proportion similar to that exists
in MLP, which was called Natural-Like Proportion (NLP). For the preparation of NLP mixture
(10* cells/ml), 20 pl each of SCF1 and SCF2 (out of the 500 pl) individually obtained from the
preparative scale Percoll gradient centrifugation was initially diluted 50 times with
Middlebrook 7H9 broth. In order to obtain 1:1:5 v/v/v mixing to make NLP, 100 pul of SCF1
and 100 pl of SCF2 (which were already diluted 50 times with Middlebrook 7H9 broth as
mentioned above) were mixed with 500 pl of NCF (the density of which was visually made up
to that of the undiluted SCF1 or SCF2, as both were of comparable density, as mentioned
earlier).



For the preparation of Un-natural Proportion 1, UNP1 mixture, where the SCF1, SCF2
and NCF were mixed back at the 1:1:1 v/v/v proportion at which they do not exist, the 50 times
diluted SCF1 and SCF2 were initially prepared. To obtain 1:1:1 v/v/v mixing to make UNPI,
100 pl of SCF1 and 100 pl of SCF2 was mixed with 100 pl of NCF (the density of which was
visually made up to that of the undiluted SCF1 or SCF2, as both were of comparable density,
as mentioned earlier). For the preparation of UNP2 (1:1:2 v/v/v) and UNP3 (2:2:1 v/v/v)
mixtures, 20 pl of NCF (the density of which was visually made up to that of undiluted SCF)
was diluted 50 times with Middlebrook 7H9 broth. Subsequently, UNP2 mixture was prepared
by mixing 100 pl of SCF1 and 100 ul of SCF2 (which were already diluted 50 times with
Middlebrook 7H9 broth) with 200 pl of the 50 times diluted NCF. The UNP3 mixture was
prepared by mixing 200 pl of SCF1 and 200 pl of SCF2 (which were already diluted 50 times
with Middlebrook 7H9 broth) with 100 pl of the 50 times diluted NCF. The Total Reconstituted
Population (TRP) was prepared by mixing equal volumes (100 pl each) of the cells from all
the nine (64, 66, 68, 70, 72, 74, 76, 78, and 80%) Percoll fractions. To obtain a cell density of
10° cells/ml, 200 pl was taken from UNP2 and UNP3 each and added into 25 ml Middlebrook
7H9 broth kept in 100 ml flask. To obtain a cell density of 10* cells/ml, 100 pl was taken from
UNPI1, NLP and TRP each and added into 25 ml Middlebrook 7H9 broth kept in 100 ml flask.
The cfu of each of the samples was determined by plating (n = 10; SupplementaryTable 2).

Equal cell density (103 or 10* cells/ml) of the respective Msm SCF1, SCF2, NCF, UNP2,
UNP3 cells, and/or NLP, UNP1, TRP, and MLP cells were exposed to 25 pg/ml rifampicin for
4 hrs (Vijay et al., 2017) individually or combinedly (SCF1 and SCF2), as the case may be.
The percentage survival of the different samples, in terms of cfu, against antibiotic was
determined by plating the respective antibiotic-stressed cells and the unstressed cells on
antibiotic-free plates.

Determination of the percentage survival of the cells against antibiotic

The percentage survival of the cells in the different samples against antibiotics stress was
determined by plating the cells on antibiotic-free plates before the exposure to stress (i.e. at 0
hr) and after the exposure to stress (for specific duration) followed by incubating the plates at
37°C in bacteriological incubator. Each of the experiments was repeated using independent
biological replicates. Statistical significance was calculated using paired two-tailed #-test.

Resister generation frequency determination of SCF, NCF and NLP against rifampicin

Following Percoll density gradient centrifugation, the final pellet of SCF and NCF cells from
400 ml Msm MLP culture was resuspended in 200 pl of Middlebrook 7H9 media and 20 pl
was taken for cfu determination from the cell suspension. The remaining cells were entirely
plated on 125 pg/ml of rifampicin. The resister generation frequency was calculated for each
sample by dividing the number of resistant mutants on the antibiotic containing plate with the
total number of bacterial cells, determined from the antibiotic-free agar plates. Similarly, the
NLP cells were also prepared from the same SCF and NCF samples as mentioned under “CFU
determination and cfu-based v/v/v mixing of Msm SCF1, SCF2 and NCF to obtain
different proportionate mixtures”. After taking an aliquot for determining cfu (20 pl), the
remaining cells were entirely plated on 125 pg/ml (3x MBC) of rifampicin. The resister
generation frequency of MLP cells was also determined in the similar manner. In the case of
DMTU exposure, the resister generation frequency of the samples was also calculated in the
same manner, except that the Msm cells were grown in the presence of 1 mM DMTU till MLP
and further subjected to Percoll density gradient centrifugation. The NLP cells were then
prepared using SCF cells obtained from DMTU exposed culture and NCF cells from unexposed
culture which were mixed as mentioned under “CFU determination and cfu-based v/v/v



mixing of Msm SCF1, SCF2 and NCF to obtain different proportionate mixtures.”
Statistical significance was calculated using paired two-tailed #-test.

Calculation of expected rifampicin resisters from SCF and NCF individually in NLP
mixture and from NLP cells per se

Since the proportion of SCF and NCF cells in the NLP mixture is known, using the individual
resister generation frequency of the SCF and NCF cells, the expected resister generation
frequency of NLP was calculated. For example: in Set 1 of the cross-mixture experiment, the
NLP was constituted of SCF WT and NCF/pAKMN2-ugfp,,’ -hyg". The cfu of the NLP
mixture was determined and found to be 5.25 x 10° cells. Since the NLP mixture was
constituted of known proportions of SCF and NCF, the contribution of these cells in the NLP
mixture in terms of cfu was found out. Thus, the NLP mixture (5.25 x 10° cells) comprised of
9.37 x 10° cells of SCF and 5.16 x 10° cells of NCF. The resister generation frequency of the
SCF and NCF cells was determined individually and was found to be 8 x 10 and 1.21 x 107,
respectively. Thus, the expected number of SCF resisters in the NLP would be 0.075 ([9.37 x
10° cells] x [8 x 10™°]) and that of NCF resisters in the NLP would be 6.25 ([5.16 x 10° cells] x
[1.21 x 10™*]). Therefore, the expected number of resisters in NLP would be 0.075 + 6.25 =
6.325. The observed number of resisters from the samples was obtained from the experiment
and was then compared with the expected number of resisters.

Genomic DNA isolation from Msm SCF, NCF and NLP resisters

Msm SCF, NCF and NLP resisters were cultured, as mentioned under Materials and methods
“Culture conditions for rifampicin or moxifloxacin resisters in liquid media”, in parallel
with the Msm wild-type (WT) cells to prepare genomic DNA. Initially, cells were harvested
from 20 ml culture by centrifugation at 5400 x g, for 10 min, at room temperature. The cell
pellet was then resuspended in 1 ml of Tris-HCI-EDTA buffer (10 mM Tris-HCI and 1 mM
EDTA, pH 8.0), containing lysozyme (chicken egg white, Fluka) and lipase (Candida
cylindracea, Sigma) at a final concentration of 3 mg/ml and 1 mg/ml, respectively followed by
incubation at 37°C for 3 hr. The cell lysis was further carried out by adding 2% SDS (final
concentration) into the digested resuspension, incubated at 55°C for 15 min and centrifuged at
8000 x g for 10 min at 4°C. The supernatant was collected into a fresh tube and equal volume
of 100 mM Tris-HCI1 (pH 7.8)-saturated phenol:chloroform was added. The samples were
mixed well by gently inverting the tubes and centrifuged at 8000 x g, for 10 min at 4°C. After
centrifugation, the aqueous phase was collected into a fresh Eppendorf tube and equal volume
of 100 mM Tris-HCI (pH 7.8)-saturated phenol was added. The samples were mixed well by
gently inverting the tubes and centrifuged at 8000 % g for 10 min at 4°C. This step was repeated
once more, and the aqueous phase was collected into a fresh tube. To this aqueous phase, an
equal volume of 100 mM Tris-HCI (pH 7.8)-saturated phenol:chloroform (1:1) was added and
then centrifuged at 8000 % g, for 10 min at 4°C. Following the centrifugation, the aqueous layer
was transferred into a fresh tube and an equal volume of chloroform was added. The sample
was again centrifuged at 8000 x g, for 10 min at 4°C and the aqueous layer was transferred into
a fresh tube. The precipitation of genomic DNA from the aqueous phase was carried out with
0.3 M sodium acetate (final concentration, pH 7.4), mixed well and subsequently 2.5 volumes
of ice-cold ethanol (Merck) was added. For complete precipitation, the samples were stored at
4°C overnight. Following incubation, the precipitate was pelleted down at 8000 x g, for 10 min
at 4°C, resuspended in 70% ethanol (Merck) and centrifuged at 8000 x g, for 10 min at 4°C.
The genomic DNA pellet was air-dried at room temperature for 5 min and dissolved in 50 pl
of Tris-HCI-EDTA buffer (10 mM Tris-HCl and 1 mM EDTA, pH 8.0). In order to remove
RNA contamination from the final pellet, DNase-free RNase A (1 pl of 10 mg/ml stock
solution, bovine pancreatic RNase DNase-free, Sigma) was added to the genomic DNA and



incubated for 30 min at 55°C. Following the incubation, the genomic DNA was re-extracted
using the above-mentioned protocol. The final genomic DNA pellet was dissolved in 20 pl
Tris-HCI-EDTA buffer (10 mM Tris-HCl and 1 mM EDTA, pH 8.0) and stored at 4°C.

Analysis of mutations in the Msm SCF, NCF and NLP resisters against rifampicin and
moxifloxacin

The RRDR locus of the rpoB gene was amplified using the genomic DNA samples of
rifampicin-resistant mutants from SCF, NCF and NLP. The amplification was carried out with
RRDR-specific primers: Msm-rpoB-RRDR-f and Msm-rpoB-RRDR-r (Supplementary
Table 3). Likewise, the QRDR locus of the gyr4 gene was amplified using QRDR-specific
primers: Msm-gyrA-QRDR-f and Msm-gyrA-QRDR-r (Supplementary Table 3) with the
genomic DNA samples of MXF-resistant mutants as template from SCF and NCF. High
fidelity Phusion DNA polymerase (Thermo Fisher Scientific) was used for the PCR
amplifications carried out in the following manner: initial denaturation at 98°C for 3 min; for
each cycle of 35 cycles denaturation at 98°C for 30 sec; annealing at 67°C for 20 sec (for RRDR
primers) and at 64°C for 20 sec (for QRDR primers); extension at 72°C for 15 sec (for RRDR
primers), 72°C for 20 sec (for QRDR primers); and final extension at 72°C for 10 min. GeneJet
Gel Extraction Kit (Thermo Fischer Scientific) was used to purify PCR products of RRDR
locus (413 bp) and QRDR locus (500 bp) followed by sequence verification. The sequencing
reactions of the rifampicin and moxifloxacin resistant mutants were performed by Medauxin,
Bangalore, or Chromous Biotech, Bangalore, India, using both forward and reverse primers
specific for RRDR and QRDR, respectively. An authentic mutation was considered when a
mutation appeared at the same nucleotide position in both the forward and reverse sequencing
reactions of the mutants. The positions of the nucleotide change and the corresponding amino
acid change were analysed.

Determination of H,O; levels secreted from cells using Amplex Red assay

Preparative scale Percoll density gradient centrifugation was used to fractionate Msm SCF and
NCF cells from MLP culture and the cells from both the samples were made to equal density
as mentioned under “Percoll density gradient centrifugation for the fractionation of SCs
and NCs”. The cells in the SCF and NCF were finally resuspended in 200 ul of Middlebrook
7H9 medium and from this resuspension 20 pl was used for cfu determination. The remaining
samples were pelleted down, resuspended in 1500 pl of 1x PBS and from this 50 pl of the cell
suspension was added into three different wells of a black multi-well plate (SPL Life Sciences),
which served as the technical triplicates of the samples.

In parallel, the standards for amplex red assay using H>O, (Zhou et al., 1997; Mohanty
et al., 1997) were prepared from 0.1 to 10 uM. Using the 1x reaction buffer (diluted from 5x
reaction buffer, Invitrogen), H,O, (20 mM) provided in the Amplex Red Hydrogen
Peroxide/Peroxidase assay kit (Invitrogen) was serially diluted to 200 uM and 20 uM. The total
volume of the H,O, standards, which ranged from 0.1, 0.5, 1, 2, 4, 6, 8, 10 uM, was made up
to 1 mlusing 1x reaction buffer or 1x PBS. The H,O, standards (50 pul each) were also added
into the black multi-well plate. Subsequently to both the samples and H,O, standards, 50 pl of
amplex red-HRP working solution (final concentration: 100 uM amplex red and 0.2 U/ml HRP,
provided by Invitrogen) was added as per manufacturer’s protocol followed by incubation in
the dark at room temperature for 30 min. The readings were then taken at 530/590 nm in
microplate reader (TECAN infinite 200 pro) and analysed using i-control software. In the case
of DMTU exposure, the entire protocol was performed similarly, except that the Msm cells
were initially grown till MLP in the presence of | mM DMTU followed by their fractionation
using Percoll density gradient centrifugation. Statistical significance was calculated using
paired two-tailed #-test.
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Supplementary Figure S1. Percentage survival of Msm MLP cells when exposed to
different concentrations of dimethylthiourea (DMTU), diphenyleneiodonium (DPI),
and thiourea (TU) for 12 hrs. Percentage survival of the exposed cells, with respect to the
unexposed cells, upon exposure to: dimethylthiourea (DMTU), (A) 5 - 160 mM, (B) 0.25 - 4
mM and (C) 1 mM for 12 hrs. n = 1 for (A) & (B), n = 3 for (C); diphenyleneiodonium (DPI),
(D) 2 - 10 uM, (E) 62.5 - 1000 nM, (F) 80 and 100 nM for 12 hrs, n = 3; thiourea, (G) 5 - 80
mM and (H) 0.1 - 1.5 mM for 12 hrs; (I, J) Percentage survival of Msm MLP cells when
exposed to 125 pg/ml rifampicin (RIF) in the presence of (I) 1 mM DMTU and 100 nM DPI
and (J) 0.5 mM and 1 mM thiourea for 24 hrs, n = 3. Statistical significance was calculated
using paired t-test where ** indicates p < 0.01. Presence of the nontoxic concentrations
of the respective inhibitors along with RIF did not cause additional lethality.
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Supplementary Figure S2. The qPCR data for the respiratory & ETC component

genes and antioxidant genes of Msm cells. The gPCR data and the list of the genes

analysed for: (A, B) respiratory & ETC component genes; (C, D) antioxidant genes; and (E,

F) another set of antioxidant genes.




Rifampicin Resistance Determining Region (RRDR)

Gly Thr Ser GIn Leu Ser GIn Phe Met Asp GIn Asn Asn Pro Leu Ser Gly Leu Thr
His Lys Arg Arg Leu Ser Ala Leu

WT GGCACCAGCCAGCTGTCGCAGTTCATGGACCAGAACAACCCGCTGTCGGGTCTGACC
CACAAGCGTCGTCTTTCGGCGCTG

SCF-R1 GGCACCAGCCAGCTGTCGCAGTTCATGGACCAGAACAACCCGCTGTCGGGTCTGACC
CACAAGCGTCGTCTTTTGGCGCTG

SCF-R2 GGCACCAGCCAGCTGTCGCAGTTCATGGACCAGAACAACCCGCTGTCGGGTCTGACC
CGCAAGCGTCGTCTTTCGGCGCTG

SCF-R3 GGCACCAGCCAGCTGTCGCAGTTCATGGACCAGAACAACCCGCTGTCGGGTCTGACC
CGCAAGCGTCGTCTTTCGGCGCTG

NCF-R1 GGCACCAGCCAGCTGTCGCAGTTCATGGACCAGAACAACCCGCTGTCGGGTCTGACC
AACAAGCGTCGTCTTTCGGCGCTG

NCF-R2 GGCACCAGCCAGCTGTCGCAGTTCATGGACCAGAACAACCCGCTGTCGGGTCTGACC
CACAAGCGTCGTCTTTCGGCGCCG

NCF-R3 GGCACCAGCCAGCTGTCGCAGTTCATGGACCAGAACAACCCGCTGTCGGGTCTGACC
CACAAGCGTCGTCTTTCGGCGCCG

B
RRDR mutation analysis
. Mutation Nucleotide | Amino acid | Amino acid Type of
Resister name o " .
(codon) (Position) change position mutation
SCF-R1 TCG-TTG 1340 S-L 447 C-T
SCF-R2 & R3 | CAC-CGC 1325 H-R 442 A-G
NCF-R1 CAC-AAC 1324 H-N 442 C-A
NCF-R2 & R3 | CTG-CCG 1346 L-P 449 T-C

Supplementary Figure S3. RRDR mutation analysis in Msm SCF and NCF RIF
resisters. (A) Representative images of rpoB gene harboring RRDR along with wild type
amino acid as well as nucleotide sequence, and nucleotide sequence of SCF and NCF
resisters against 125 pug/ml (3x MBC) RIF. (B) Table showing the positions of mutations
found in the RRDR of SCF and NCF RIF resisters. Single letter underlined denotes the

mutation in the sequence and triple letter underlined shows the mutated codon.



Quinolone Resistance Determining Region (QRDR)

Ala Arg Ser Val Ala Glu Thr Met Gly Asn Tyr His Pro His Gly Asp Ala Ser Ile Tyr Asp
Thr Leu Val Arg Met Ala Gln Pro Trp Ser Leu Arg Tyr Pro Leu Val Asp Gly Gln

WT GCGCGCTCCGTTGCCGAGACGATGGGTAACTACCATCCGCACGGCGACGCCTCGATCTACGAC
ACCCTGGTCCGCATGGCCCAGCCGTGGTCGTTGCGCTACCCGCTGGTGGACGGCCAG

SCF-M1 GCGCGCTCCGTTGCCGAGACGATGGGTAACTACCATCCGCACGGCGACGCCTCGATCTACTACL

ACCCTGGTCCGCATGGCCCAGCCGTGGTCGTTGCGCTACCCGCTGGTGGACGGCCAG

NCF-M1GCGCGCTCCGTTGCCGAGACGATGGGTAACTACCATCCGCACGGCGACGCCTCGATCTACGGC

ACCCTGGTCCGCATGGCCCAGCCGTGGTCGTTGCGCTACCCGCTGGTGGACGGCCAG

B QRDR mutation analysis
Resister Mutation Nucleotide | Amino acid | Amino acid Type of
name (codon) (Position) change position mutation
SCF-M1 GAC-TAC 283 D-Y 95 G-T
NCF-M1 GAC-GGC 284 D-G 95 A-G

Supplementary Figure S4. QRDR mutation analysis in Msm SCF and NCF MXF

resisters. (A) Representative images of gyrA gene harboring QRDR along with wild type

amino acid as well as nucleotide sequence, and nucleotide sequence of SCF and NCF

resisters against 0.5 ug/ml MXF. (B) Table showing the positions of mutations found in
QRDR of SCF and NCF MXF resisters. Single letter underlined denotes the mutation in

the sequence and triple letter underlined shows the mutated codon.




Resister generation frequency Resister generation frequency
against RIF against MXF
S. No. SCF NCF . No. SCF NCF
1 9.41 X 10° 6.15 X 10-° 1 0 0
2 1.84 X 108 1.04 X 108 2 3.00 X 10-° 2.85 X107
3 0 5.95 X 10° 3 3.27 X 10° 3.04 X 10-°
4 5.65 X 10-° 3.83 X 10-° 4 1.79 X 10° 0
5 3.58 X 10-° 0 5 1.22 X 108 5.42 X 10°
6 412 X 107 0 6 1.08 X 107 1.13 X 108
7 7.99 X 10° 3.26 X 10-° 7 1.73 X 10”7 3.17 X 108
8 6.29 X 10-° 0 8 2.34 X107 1.83 X 108
9 2.21 X108 1.15 X 108 © 1.36 X 10”7 2.92 X 107
Resister generation frequency against RIF + DMTU
SCF NCF
S. No. 1 mM DMTU 1 mM DMTU
UNEXPOSED EXPOSED UNEXPOSED EXPOSED
1 0 0 3.29 X 10° 0
2 5.65 X 10 0 3.83 X 10° 0
3 3.58 X 10 0 0 0
4 412 X 10° 0 0 0
5 7.99 X 10 0 3.26 X 10° 0
6 6.29 X 10° 0 0 0
7 2.21 X108 0 1.15 X 108 0
Resister generation frequency against RIF + DPI
SCF NCF
S. No. 100 nM DPI 100 nM DPI
UNEXPOSED EXPOSED UNEXPOSED EXPOSED
1 1.45 X 108 0 1.36 X 108 0
2 4.26 X 10”7 3.13 X 10° 498 X 108 5.05 X 10°
3 7.29 X 10° 0 4.73 X107 0
Resister generation frequency against RIF + TU
SCF NCF
S. No. 0.5mM TU 0.5mM TU
UNEXPOSED EXPOSED UNEXPOSED EXPOSED
1 6.53 X 10 2.13 X 10° 6.17 X 10° 3.83 X 10°
2 1.17 X 108 0 0.74 X 108 0
3 2.92 X 10 0 2.64 X 10 0

Supplementary Figure S5. Resister generation frequency of SCF and NCF
cells. Resister generation frequencies of SCF and NCF cells when exposed to: (A)
125 pg/ml RIF, (B) 0.5 pg/ml MXF, (C) RIF and 1 mM DMTU, (D) RIF and 100 nM
DPI, and (E) RIF and 0.5 mM TU. The data is from the SCF and NCF cells from:
nine biological replicates for (A & B), seven biological replicates for (C) and

biological triplicates for (D) and (E).




WT

NLP1, NLP3

NLP2

N1, N2, N3

S1, 82, S3

rpoB

Rifampicin Resistance Determining Region (RRDR)

Gly Thr Ser GIn Leu Ser GIn Phe Met Asp GIn Asn Asn Pro Leu Ser Gly Leu Thr
His Lys Arg Arg Leu Ser Ala Leu

GGCACCAGCCAGCTGTCGCAGTTCATGGACCAGAACAACCCGCTGTCGGGTCTGACC
CACAAGCGTCGTCTTTCGGCGCTG

GGCACCAGCCAGCTGTCGCAGTTCATGGACCAGAACAACCCGCTGTCGGGTCTGACC
CACAAGCGTCGTCTTTTGGCGCTG

GGCACCAGCCAGCTGTCGCAGTTCATGGACCAGAACAACCCGCTGTCGGGTCTGACC
CGCAAGCGTCGTCTTTCGGCGCTG

GGCACCAGCCAGCTGTCGCAGTTCATGGACCAGAACAACCCGCTGTCGGGTCTGACC
TACAAGCGTCGTCTTTCGGCGCTG

GGCACCAGCCAGCTGTCGCAGTTCATGGACCAGAACAACCCGCTGTCGGGTCTGACC
TACAAGCGTCGTCTTTCGGCGCTG

B RRDR mutation analysis
Mutation Nucleotid Aml_no Aml_no Type of
Samples (codon) e acid acid mutation
(Position) change position

NLP-R1 & R3 TCG-TTG 1340 S-L 447 C-T

NLP-R2 CAC-CGC 1325 H-R 442 A-G

NCF-R1,R2 & R3 | CAC-TAC 1324 H-Y 442 C-T

SCF-R1,R2 & R3 | CAC-TAC 1324 H-Y 442 C-T

Figure S6. RRDR mutation analysis in Msm SCF (S), NCF (N) and NLP RIF resisters. (A)

Representative images of rpoB gene harboring RRDR segment along with wild type amino acid

as well as nucleotide sequence, and nucleotide sequence of SCF, NCF and NLP resisters

against 125 pg/ml RIF. (B) Table showing the positions of mutations found in RRDR sequence

of SCF and NCF RIF resisters. Single letter underlined denotes the mutation in the sequence

and triple letter underlined shows the mutated codon.



Resister generation frequency against RIF
NLP
S. No. SCF NCF S+N
1 9.41 X 10° 6.15 X 10° 1.87 X108
2 8.89 X 109 5.71 X 10 1.60 X 108
3 6.96 X 109 8.18 X 109 7.44 X10°
4 2.29 X108 6.67 X 109 1.38 X 108
5 1.14 X108 1.20 X 108 1.48 X 108
6 7.27 X109 5.71 X109 1.28 X 108
7 8.89 X 10° 8.00 X 109 2.13 X108
8 1.71 X108 1.29 X 108 2.23 X108
9 1.00 X 108 1.63 X 108 2.61 X108
10 8.00 X 109 3.75 X 10° 9.33 X 109
11 1.60 X 108 7.69 X109 1.09 X 108
12 1.60 X 108 1.41 X108 5.71 X109
13 8.42 X 109 6.49 X 10° 1.27 X108
14 2.50 X 108 1.54 X 10 1.68 X 108
15 1.85 X 108 1.04 X 108 2.0X108
16 4.00 X 108 2.35 X 10° 1.33 X 108
17 1.00 X 108 1.43 X108 4.29 X108
Resister Generation Frequency against RIF
NLP (S+N) : MLP
. [ .
Total No. of Resstgr | Total No. of Reslstgr
. Generation . Generation
Cell No. resisters £ | Cell No. resisters
requency frequency
2.00 x 108 9 4.5x 108 ! 5.1 x10° 154 3.01 x 108
5.50 x 108 11 2.0x 108 | 7.1x10° 135 1.90 x 108
2.88 x 108 5 1.74 x 108 i 6.2 x 10° 168 2.71 x 108
Resister Generation Frequency against RIF
SCF : NCF
. [ .
Total No. of Re5|st¢.ar | Total No. of RGSISt.eI"
. Generation . Generation
Cell No. Resisters £ | Cell No. resisters
requency | frequency
1.75x 108 4 2.29 x 108 ! 2.50 x 108 1 0.4x108
5.50 x 108 6 1.09 x 108 I 6.25 x 108 5 0.8x108
1.88 x 108 3 1.60 x 108 i 4.38 x 108 5 1.14 x 108

Supplementary Figure S7. Resister generation frequency of Msm SCF, NCF and NLP
cells against RIF. (A) Table showing the resister generation frequency of SCF, NCF and
NLP cells against RIF (n = 17 independent samples in each case). (B) Comparison of the
resister generation frequency of NLP and MLP cells against RIF. (C) Comparison of the
resister generation frequency of SCF and NCF cells against RIF. These data pertains to
Figure 5F, G.
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Supplementary Figure S8. Survival of NCF, TRP, NLP, MLP and un-natural
proportionate (UNP) mixtures when exposed to 25 ug/ml RIF. (A) Exposure of NCF,
TRP (Total Reconstituted Population), NLP (Natural-Like Proportion) and MLP (Mid-Log
phase Population) to 25 pg/ml RIF. * indicates p < 0.05, statistical significance was
calculated using paired t-test (n = 3). (B) Table representing the average proportion of
SCF1, SCF2 and NCF in the different unnatural proportionate mixtures. (C, D) Percentage
survival of UNPs in comparison to NCF on exposure to RIF for 4 hrs: (C) UNP1, (D) UNP2
and UNP3 (n = 10 independent samples in each case). (E) Correlation of the decrease in
the percentage survival of the UNP mixtures with the increase in the SCF proportion.
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Supplementary Figure S9. Survival of NCF and NLP when exposed to different
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indicates p <

0.05, p =0.01, p = 0.001. Statistical significance was calculated using paired t-test (n = 10).



Supplementary Table 1. Bacterial strains and plasmids

Bacterial strains or plasmid

Purpose

Reference

Bacterial strains

Mycobacterium smegmatis mc*155

Experimental system

Snapper et al., 1990

Mycobacterium tuberculosis H37R,,

Experimental system

Obtained from Central
JALMA Institute for Leprosy
and Other Mycobacterial
Diseases, Agra, India

Escherichia coli JM109 Cloning host Yanisch-Perron et al., 1985
Plasmids
pAKMN2 Cloning vector Roy et al., 2012

pMV762-Mrx1-roGFP2

Redox sensor

Bhaskar et al., 2014

pAKMN2-Mrx1-roGFP2

Redox sensor

Nair et al., 2019

pBS-KS

Sequencing vector

Alting-Mees & Short, 1989

pBS-KS-Mrx1-roGFP2

Sequencing vector

Nair et al., 2019

pBS'KS' Pmsmeg76603

Sequencing vector

This study

pAKMN2-ugfp,,>"

Cloning vector

Sebastian, 2016

PAKMN2-Ppnsmeg 6603-Ug D"

Expression vector

This study




Supplementary Table 2. Mixtures of different proportions of Msm SCF1, SCF2, and
NCEF cells

SCF1:SCF2:NCF
Name of the .
. . Average Proportion (+ SD)
Proportionate Mixture
by cfu by volume
NLP 2(£1) s 2(x1) : 96(%3) 1:1:5
UNPI 6(£4) : 9(£5) : 85(+9) 1:1:1
UNP2 21(%5) : 36(29) : 43(£12) 1:1:2
UNP3 29(£6) : 59(£8) : 12(+5) 2:2:1
TRP Equal volumes from all the percoll fractions
MLP Mid-log phase culture (Unfractionated)

NLP, natural-like proportion; UNP, wun-natural proportion; TRP, total reconstituted
population; MLP, mid-log phase population.

Supplementary Table 3. Oligonucleotide primers used for mutation analysis

Name Sequence

Msm-RRDR-f 5’- GTCGTCTGCGCACCGTC -3’
Msm-RRDR-r 5’- CTCGATGAAGCCGAACGG -3’
Msm-QRDR-f 5’- ATGACTGATACGACGCTGCC -3’
Msm-QRDR-r 5’- AGAACCGTGGGCTCCTG -3’




Supplementary Table 4. Oligonucleotide primers used for Real Time PCR

Name

Sequence

Msm-nuoH-RT-f

5’-CGATCGGTGTCTACGGCATC-3’

Msm-nuoH-RT-r

5’-GACATCGTTCCCGCGTAGAG-3’

Msm-2059-RT-f

5’-TCTACGACAACCAGACACCG-3’

Msm-2059-RT-r

5’-GTGCGTTCGGATCGGTGAG-3’

Msm-sdhA-RT-f

5’-GTACCCGACGTGCCACTAC-3’

Msm-sdhA-RT-r

5’-TTGATGTCCAGCAGCGAGTT-3’

Msm-4263-RT-f

5’-ATCTTCTTCACCGGTGCGTT-3’

Msm-4263-RT-r

5’-CCATCGTGATACCGGAGAGC-3’

Msm-4262-RT-f

5’-TCGCAAAGCCCATATTCGGT-3’

Msm-4262-RT-r

5’-GATTTGCGCTCCCAGAATGC-3’

Msm-3233-RT-f

5’-CTCTGGACTTATCGCGGTGG-3’

Msm-3233-RT-r

5’-AAGAAACGAGTGAGGCGGTA-3’

Msm-6603-RT-f

5’-GTCGCGTACAAGCCCTATCC-3’

Msm-6603-RT-r

5’-GTCGTCGGTGTGGATGAAGT-3’

Msm-1645-RT-f

5’-TGGTCAACCCGATGTACCTG-3’

Msm-1645-RT-r

5’-CTCGCGGTAGGGGTATTCG-3’

Msm-2889-RT-f

5’-AAGCCGATGTACCTGTTCCG-3’

Msm-2889-RT-r

5’-CAGGATCAGCTTGGTGTTGC-3’

Msm-2969-RT-f

5’-CTGCCAACGGGTATCTGCT-3’

Msm-2969-RT-r

5’-CTCGAAGTCGTTGACCTTGG-3’

Msm-sodA -RT-f2

5’-CTGACCTTCCAGCTCTACGAC-3’

Msm-sodA -RT-r2

5’-TTGACGACGTTCCAGAAGGC-3’

Msm-sodB -RT-f

5’-TCGGCTCGTTCGACAACTTT-3’

Msm-sodB -RT-r

5’-CCAGTGGGACATTTGCTTGC-3’

Msm-sodC-RT-f

5’-CCACCACCGATGCGTTCA-3’

Msm-sodC-RT-r

5’-CATCGTCGTCTGATCCGGG-3’

Msm-furA-RT-f

5’-TACGAATCTCGCGTCGGC-3°




Msm-furA-RT-r

5’-ATGTGCCCCAGTAGATGACC-3’

Msm-katG-RT-f

5’-AACCCGGACGTCATCAATCC-3’

Msm-katG-RT-r

5’-ATGAACAGCGGTCCGTAGTG-3’

Msm-AhpC -RT-f

5’-TCGTGTACTTCTACCCGGCG-3’

Msm-AhpC -RT-r

5’-CCTCCTTGTCGCGGAACTTG-3’

mycgfp2-RT-f

5’-ATGTCGAAGGGCGAGGAGCTGTTCACCGGC-3’

mycgfp2-RT-r

5’-GAAGCACTGGACGCCGTAGGTCAGGGTGGTG-3’

Msm-16SrRNA-RT-f

5’-CTGAGATACGGCCCAGACTC-3’

Msm-16SrRNA-RT-r

5’-CATACCGTCACTTGCGCTTC-3’

Msm-mrx1-RT-F

5’-CTGAAGACCGCTCTCAAGGC-3’

Msm-mrx1-RT-R

5’-CTTGATGGTCGGGTTGGTCA-3’

Msm-gpx-RT-F 5-CCAGGATCAGAACACCGACG-3’
Msm-gpx-RT-R 5°-TGTTCTTCTCGACACCGTTGAA-3’
Msm-tpx-RT-F 5-AACCCCATCAACACCGTCGG-3’
Msm-tpx-RT-R 5°-CCGACGGGAAGATGTTCAGC-3’

Msm-egtA-RT-F

5’-TGATGCTGGTGAACTCTCCG-3’

Msm-egtA-RT-R

5’-GCGTCGTCAGGTGATAGTCC-3’

Supplementary Table 5. Oligonucleotide primers used for Cloning

Name

Sequence

Msm-6603-P1-f

5’-GCTCTAGACGAGTTCGCGGTACAGC-3’

Msm-6603-P1-r

5’- AGGATATCCCCGACCCCCTGAGTAG-3’
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