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Mycobacterium  tuberculosis  adapts  itself  to various  environmental  stress  conditions  to thrive  inside  the
phagosome  for  establishing  a chronic  infection.  Serine/threonine  protein  kinases  (STPKs)  play  a major
role  in  the physiology  and  pathogenesis  of  Mycobacterium  tuberculosis.  Some  of these  STPKs  are  involved
in  regulating  the  growth  of  the  mycobacterium  under  nutrient  stress  and starvation  conditions.  In  this
study,  we  have  investigated  the  role  of PknL,  a STPK  in  the adaptive  responses  of  M. tuberculosis  by
conditional  inactivation  of  the  gene  using  antisense  technology.  The  inhibition  of PknL  in the  knockdown
strain  was  validated  by  RT-PCR.  The  in vitro  growth  kinetics  of  M.  tuberculosis  strain  following  inhibition
of  PknL  was found  to  be  bacteriostatic.  The  knock  down  strain  of PknL  exhibited  a better  survival  in  pH 5.5
when  compared  to its growth  in pH  7.0.  Similarly,  it also  exhibited  more  resistance  to  both  SDS(0.01%)
and  Lysozyme  stress  (2.5 mg/ml),  indicating  that loss  of PknL  enhances  the  growth  of  mycobacterium
under  stress  conditions.  SEM  pictographs  also  represent  an  increase  in  the  cell length  of  the  knock  down

strain  compared  to  Wild  type  stressing  its  role  in cellular  integrity.  Lastly,  the  proteome  analysis  of
differentially  expressing  PknL  strains  by  2D  gel  electrophoresis  and  mass  spectrometry  identified  19
differentially  expressed  proteins.  Our findings  have  shown  that PknL  plays  an  important  role  in  sensing
the  host  environment  and  adapting  itself  in  slowing  down  the  growth  of  the pathogen  and  persisting

within  the  host.

. Introduction

Mycobacterium tuberculosis, responsible for causing tuberculo-
is still remains to be one of the deadliest communicable diseases.
n 2013,WHO reported an estimated 9.0 million cases of TB and
.5 million deaths including 3,60,000 people with HIV (World
ealth Organisation, 2014). Almost 30% of the world’s population

s affected with latent M.  tuberculosis infection providing a large
eservoir for the disease to reactivate and 2–10% of latently infected
ndividuals are estimated to reactivate the disease with an increase
f >20 folds in case of HIV co-infection (Getahun et al., 2010). In
rder to survive inside the macrophage of the host, Mycobacteria

enses and responds to the changes in the immediate environment
uch as pH differences and other stress conditions that occur in the
hagosome (Tan et al., 2013) The rigid cell wall of M. tuberculosis
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and changes in cell wall composition in response to various envi-
ronmental stimuli are critical for the adaptation of the pathogen
during infection. (Daffe and Draper, 1998) Elucidating the envi-
ronmental cues and the response of M.  tuberculosis to such signals
is very critical in understanding the pathogenesis and persistence
of the bacilli inside the host environment. The ability to sense
environmental signals and implement adaptive changes is a key
feature of a living cell. These signal transduction networks are
often regulated by reversible protein phosphorylation. The mecha-
nism of Ser/Thr/Tyr protein phosphorylation-based signaling were
extensively studied in eukaryotes, whereas it has only begun in
prokayotes (Deutscher and Saier, 2005).

The whole genome sequence of M. tuberculosis has revealed
the presence of eukaryotic like 11 serine/threonine protein
kinases(STPKs PknA-PknL except C) (Cole et al., 1998). These STPKs
influence a wide range of biological functions through phospho-
rylation, such as adaptation to various environmental conditions,

stress, cell wall synthesis, cell division and pathogenicity (Narayan
et al., 2007). These kinase proteins are mainly localized in the cell
membrane and cell wall of M. tuberculosis, except PknG which is
predominantly found in cytoplasm (Koul et al., 2001). Functional
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Table  1
Primers used for sense and anti-sense cloning.

Primers Description Sequence

PknL-ASF Fwd primer for PknL-AS 5′-ATTCCAACATATG-GTGGTCGAAGCTGGCACGAG-3′

5′-AGGCCTAGGATCC-TAGAGCAGGCCGCTCAGGT-3′

5′ TCCGGATCCTAGG-GTGGTCGAAGCTGGCACGAG-3′

5′ TAAGGTTGTATAC-TTAGAGCAGGCCGCTCAGGT-3′
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Table 2
Primers used for RT-PCR.

Primers Description Sequence Dye
PknL-ASR Rev primer for PknL-AS
PknL-SF Fwd primer for PknL-S 

PknL-SR Rev primer for PknL-S 

haracterization of PknA, PknB and PknF indicated a role in deter-
ining cell shape, morphology and cell division and PknF is also

esponsible for biofilm formation and glucose transport. (Deol et al.,
005; Kang et al., 2005; Dasgupta et al., 2006; Fernandez et al.,
006). PknI and PknK have a potential role in growth regulation of M.
uberculosis (Gopalaswamy et al., 2009; Malhotra et al., 2010). The
ther kinases PknD, PknE and PknG, have been shown to be required
or the survival and persistence of M.  tuberculosis inside the host.
Parida et al., 2005; Jayakumar et al., 2008; Scherr et al., 2009)
knH mutant also induced hypervirulent phenotype in BALB/c mice
n terms of bacterial load in mouse organs. (Papavinasasundaram
t al., 2005). Four out of the 11 kinases in M.  tuberculosis (PknA,
knB, PknG and PknL) which are conserved in M.  leprae are proved
o be essential in M.  tuberculosis except PknL (Sassetti et al., 2003;
reenstein et al., 2005; Fernandez et al., 2006). A study based on

 phospoproteome approach on M.  tuberculosis serine/threonine
hosphorylation have identified 301 proteins involved in a broad
ange of functions. Many of the phosphorylation events were spe-
ific to growth conditions encountered during infection such as low
H, nitric oxide exposure and hypoxia (Prisic et al., 2010). These
eports supports the fact that serine/threonine phosphorylation is
nvolved in signaling mechanism in response to changing environ-

ents. (Prisic et al., 2010) A recent report on PknB serving as a major
egulator of the oxygen-dependent replication switch, where PknB
evels were reduced during hypoxia and restored upon reaeration
ignifying its role in transducing growth and replication signals.
Ortega et al., 2014). In view with the above findings, we wanted
o elucidate the role of PknL in regulating mycobacterial growth,
urvival, cell homeostasis and/or pathogenesis.

Previously characterized substrate/kinase pair in M. tubercu-
osis, PknL/Rv2175c and the association of PknL with the 30-kb
cw(division cell wall) gene cluster, encompassing several genes
nvolved in cell wall synthesis and cell division (Narayan et al.,
007; Canova et al., 2008; Molle and Kremer, 2010), raises the pos-
ibility that PknL might be involved in the cell wall homeostasis
nd survival inside the host. We  have already demonstrated the
ole of PknL in adaptive response during nutrient limitation using
ite directed mutagenesis in M.  Smegmatis.  (Lakshminarayan et al.,
009). We wanted to extend our study on the role of PknL in the
bligate human pathogen M.  tuberculosis, which has to deal with

 more restricted set of host environmental variables such as low
H, surfactant and lysozyme stress. Since the attempts to create a
ene knockout of PknL was unsuccessful, we aimed to generate a
nockdown strain of PknL. Conditional inactivation of the expres-
ion of essential genes by cloning them in an IPTG inducible vector
sing antisense approach and the down regulation of polyphos-
hate kinase (ppk) by a similar approach resulted in bactericidal
ctivity (Kaur et al., 2009; Jagannathan et al., 2010) which prompted
s to use a similar approach to understand the survival kinetics of
. tuberculosis following PknL knockdown. Moreover, a conditional

nockdown strain of PknL generated using a tetR expression system
eported PknL to be a poor target, as the reduction of the naturally
ow level of expression had no effect (Carroll et al., 2011). Owing
o these reports, we decided to use the IPTG inducible antisense

trategy for knocking down the expression of PknL and to study
he changes involved in the adaptive response of M. tuberculosis
ollowing inhibition of PknL.
PknLF Fwd primer CGGTTGCCCGGCTAAATA FAM and TAMRA
PknLR Rev primer GATGAGCTCCATCACCAGAAA
PknLP Taqman probe TCTACGACCAGGGCAAAGACGG

2. Materials and methods

2.1. Bacterial strains, plasmids, media and growth conditions

The Escherichia coli strain DH5� was used for cloning and
was grown in Luria-Bertani (LB) broth or on LB agar (Difco) for
plasmid isolation, transformation and isolation of recombinant
clones. Mycobacterial strains were grown in 7H9 (Middlebrook)
medium supplemented with 10% ADS (Albumin dextrose saline)
and 0.05% Tween80. Antibiotics were used in prescribed concen-
tration (Hygromycin (150 mg/ml) for E. coli and (50 mg/ml) for
M. tuberculosis) when required. All plasmids and constructs are
listed in Table S1. Gene sequences required for primer designing
was retrieved from Tuberculist and primers were procured from
Shrimpex biotec services. The primers used for this cloning are
listed in Table 1 and primers used for quantifying gene expression
by RT-PCR experiments are listed in Table 2.

2.2. Construction of the antisense and sense construct of PknL
(Rv2176) in tuberculosis

The sense and antisense oriented PknL were cloned using the
IPTG inducible mycobacterial shuttle vector pAZI9018b (Kaur et al.,
2009) (received from Dr. Santanu Datta, AstraZeneca). The full
length PknL (Rv2176) gene from M. tuberculosis was amplified
with the respective primers (Table 1). This amplified product was
inserted into the vector at 5’BamH1 and 3’Nde1 sites to obtain PknL
in the sense orientation (PknL-S) and similarly the antisense orien-
tation of PknL (PknL-AS) was obtained by inserting the amplified
product at the 5’NdeI and 3’BamHI sites of the vector. The orienta-
tion of clones were confirmed by DNA sequencing and Restriction
Enzyme Digestion. The inserts released from the plasmid harbor-
ing PknL-S and PknL-AS were around 1.2 kb which correlates with
the length of PknL. The sequence confirmed clones along with
the vector were transformed into M. tuberculosis by electropora-
tion and equal amount of transformants were plated in 7H10 agar
plates containing Hygromycin (50 �g/ml) as a resistant marker.
The transformants obtained were grown in Middlebrook 7H9 broth
supplemented with 0.5% glycerol, 0.05% Tween 80, and 10% albu-
min, dextrose along with 50 �g/ml of Hygromycin. The cultures
were stored in −80 ◦C until further use.

2.3. Regulation of tuberculosis PknL gene expression during
different phases of growth

All the M.  tuberculosis strains Wild type, PknL-S and PknL-AS

were grown in Middlebrook 7H9 broth supplemented with 0.5%
glycerol, 0.05% Tween 80, and 10% albumin, dextrose along with
50 �g/ml of Hygromycin. IPTG was used in the concentration of
0 mM,1  mM and 10 mM to induce the expression of sense and
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ntisense PknL. The cultures were harvested at regular intervals
n 0,2,5,7,10,14&21 days. Trizol reagent (Invitrogen) was  added
o the cell pellet and disrupted with 0.1 mm zirconia beads in a

ini-bead beater. Total RNA was purified using an RNeasy purifi-
ation kit(Qiagen). Contaminated DNA in the RNA sample was
igested with RNase-free DNase I(Qiagen). The purity of the RNA
as determined by measuring the absorbance at 260 and 280 nm.

he first-strand cDNA was synthesized from 1 �g total RNA using
igh capacity cDNA reverse transcriptase kit (Applied biosystems).
eal-time quantitative RT-PCR (qRT-PCR) was performed in an
BI 7500 system (Applied Biosystems) using TaqMan assays. Each
eaction was done in triplicate with independent RNA samples.
egative controls consisting of no reverse transcriptase and no

emplate mixtures were run with all reactions. The threshold cycle
ct) of PknL and 16srRNA was monitored in Wild type, PknL-S and
knL-AS in all concentration of IPTG for all the time points. 16srRNA
as used for normalization. After baseline correction and determi-
ation of threshold settings, relative expression (R) of PknL in the
trains with 1 mM and 10 mM of IPTG was compared with strains
ontaining 0 mM  IPTG and calculated using the 22��Ct method of
ivak and Schmittgen (2001). Results are represented as log10(R),
hich denotes the up regulation or down regulation of PknL in
ifferent strains at different phases of growth.

.4. In-vitro growth determinations

To determine the in vitro growth kinetics, logarithmic phase cul-
ures of the Wild type H37Rv, PknL-S and PknL-AS were washed
hrice and diluted to 0.1 OD600 in enriched Middlebrook 7H9 broth
upplemented with 0.5% glycerol, 0.05% Tween 80, and 10% albu-
in, dextrose along with 50 �g/ml of Hygromycin. IPTG was used

n different concentration of 0 mM,1  mM and 10 mM as inducer.
iluted cultures were then grown in the shaker incubator at
00 rpm and at 37 ◦C. Aliquots of the cultures were withdrawn at
egular intervals on day 0, 2,5, 7, 10, 14 and 21 and the growth
as monitored by measuring the culture OD at 600 nm using Spec-

raMax 250 microplate reader (Molecular Devices). The viability of
ll the strains were checked by plating serially diluted cultures on
he 7H10-ADS plates at every time point. CFU measurements were

ade after incubation of the plates at 37 ◦C for 4–5 weeks.

.5. In vitro survival kinetics of PknL under stress conditions (pH

.5, Lysozyme and SDS Sensitivity Assay)

In order to decipher the adaptive response of PknL under dif-
erent stress conditions, all the log phase bacterial cultures of
knL-S, PknL-AS and Wild type strains, washed and adjusted to
qual density by measuring the OD at 600 nm using SpectraMax
50 microplate reader (Molecular Devices) were subjected to acidic
tress (pH 5.5), surfactant stress (SDS) and cell wall damaging
gent (Lysozyme). For pH sensitivity, the growth of all the strains
ere monitored at pH 5.5 and pH 7.0 in Middlebrook 7H9 broth

upplemented with 0.5% glycerol, 0.05% Tween 80, and 10% albu-
in, dextrose along with 50 �g/ml of Hygromycin. 10 mM IPTG
as used as inducer. Aliquots of the cultures were withdrawn at

egular intervals of 0,2,5,7,10,14 and 21 days and OD600 nm was
onitored using spectrophotometer. Viability was  checked at all

he mentioned time point by measuring CFUs to correlate with the
D600 nm values.

The Lysozyme stress was assessed by incubating the log phase
after day 7) cultures of Wild type, PknL-S and PknL-AS with
.5 mg/ml  of lysozyme at 37 ◦C. The cultures at 0 h, 24 h and 48 h

ere spotted in 7H10 agar plates by 10 fold dilution. The cultures
ere scored for growth after 3 weeks.

As for the surfactant stress, serial dilutions of the logarithmic
hase cultures of Wild type, PknL-S and PknL-AS were plated on
 Research 190 (2016) 1–11 3

7H10-ADS plates supplemented with SDS at different concentra-
tions of 0.1%, 0.01% and 0.001%. The growth was recorded after 3
weeks of incubation.

2.6. Scanning electron microscopy(SEM)

5-ml culture aliquots of M.  tuberculosis strains PknL-AS and Wild
type grown until day 21 in Middlebrook 7H9 broth supplemented
with 0.5% glycerol, 0.05% Tween 80, and 10% albumin, dextrose
along with 50 �g/ml of Hygromycin and 10 mM of IPTG under nor-
mal  conditions were concentrated by centrifugation (5000 g) before
suspending in fresh 7H9 medium. Aliquots of concentrated cells
were spread on glass slides and allowed to dry before fixing it with
O.C.T compound(Sakura Finetek). Samples were saturated at 4 ◦C
overnight before removal from a BSL3 containment facility. Sam-
ples were then treated with 2% OsO4 in 0.1 M cacodylate buffer for
2 h at room temperature. A series of sequential ethanol dehydra-
tions were performed for 10 min  each (50%, 70%, 95%, and 100%)
before drying samples under CO2 using a critical point drier appa-
ratus (Samdri-PVT-3B; Tousimis Research Co.). Samples were gold
sputter coated, and imaged with S-3000N Hitachi scanning electron
microscope. Cell lengths measurements were measured automati-
cally by the in-build software.

2.7. Two-dimensional gel electrophoresis

The strains were grown in Middlebrook 7H9 broth supple-
mented with 0.5% glycerol, 0.05% Tween 80, and 10% albumin,
dextrose along with 50 �g/ml of Hygromycin and induced with
10 mM IPTG under normal conditions until day 21. The cell
extracts of the Wild type, PknL-S and PknL-AS were prepared as
reported earlier (Singhal et al., 2012). The cytoplasmic lysates were
precipitated using SDS and Trichloro acetic acid (TCA)–acetone pre-
cipitation procedure as reported earlier (Bisht et al., 2007). The
pellets were air dried and suspended in appropriate volume of 2D-
rehydration buffer (BIO-RAD, USA). The protein concentration was
estimated using Bradford assay as reported earlier (Singhal et al.,
2012).

Isoelectric focusing (IEF) was  carried out using “in-gel rehydra-
tion” method. 7 cm immobilized pH gradient (IPG) strips of pH 4–7
(BIO-RAD, USA) were rehydrated overnight with 140 �g protein at
20 ◦C. The strips were then focused on an IEF unit PROTEAN IEF Cell
(BIO-RAD, USA) at 18 ◦C using the following five-step program: (a)
0–250 V for 1.5 h in linear mode; (b) 250 V constant for 1.5 h in rapid
mode; (c) 250–3000 V for 4 h in linear mode; (d) 3000 V constant
until 15,000 Vh was reached and e) 500 V constant at slow mode
until the IPG strips were taken out form IEF cell. After IEF, strips
were equilibrated at RT in equilibration buffer I and II (BIO-RAD,
USA) for 5 min  each and subjected to SDS-PAGE.

Gel images were acquired and analyzed by Chemidoc using
Quantity One software (BIO-RAD). Differentially expressed proteins
in Wild type, PknL-S and PknL-AS were shortlisted by Student t-test
using PDQuest software (Bio-Rad, Hercules, CA, USA).

2.8. Mass spectrometry analysis

Protein spots of interest were excised from the Coomassie bril-
liant blue R250 stained 2D gels. In gel digestion was performed
for the excised protein spots. The extracted peptides were purified
using C-18 ziptip pipette tips (Millipore) and then spotted with

1:1 �-cyano-4-hydroxycinnamic acid matrix onto an Opti-TOF 96-
well MALDI plates. Peptides was analyzed on a Matrix-assisted laser
desorption ionization time-of-flight (MALDI-TOF/TOF) MS/MS, Dal-
tonics Ultraflex III mass spectrometer (Bruker). The resulting
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Fig. 1. Differential Expression of PknL.
The expression of PknL in the knockdown strain (PknL-AS) along with Wild type (H37RV) and over expressed strain (PknL-S) were quantified on days 0,2,5,7,10,14 & 21 by
RTPCR  with different concentration of IPTG. 16srRNA was used for normalization. The data is representative of three independent experiments. Error bars represent the
standard error of the means. The graph represents the quantification (log10(R)) of PknL at a) 0 mM IPTG and relative quantification of PknL in b) 1 mM IPTG and c) 10 mM
I  and *
P  (*p  < 
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PTG.  There was a significant decrease in the expression of PknL (*p < 0.05 on day14)
knL  further decreased with 10 mM IPTG induction showing a significant reduction
ompared with PknL-S and Wild type.

pectra were analyzed using Mascot server (www.matrixscience.
om) against NCBI database.

.9. Statistical analysis

Two-way ANOVA with repeated measures using Bonferroni
ost-test was done for all the in vitro growth kinetics, CFU
nd RTPCR experiments. Significance of differences between the
utant and Wild-type cells in electron microscopy studies was

ssessed by Student’s t-test. GraphPad Prism 5.0 Software was used
or all the tests. p-value <0.05 were considered significant.

. Results

.1. Inhibition of the expression of M.  tuberculosis PknL using

ntisense strategy

Quantification of PknL by RT-PCR was done to determine
he time period and concentration of the inducer required for
*p < 0.01 on day 21) in PknL-AS at 1 mM IPTG induction. Similarly the expression of
0.05 on day 7 and 10), (**p < 0.01 on day 14) and ***p < 0.001 on day 21) in PknL-AS

inhibiting the expression of PknL with respect to the growth of
the bacilli. For this total RNA was purified separately from cul-
tures of Wild type (H37Rv), Knockdown strain (PknL-AS) and over
expressed strain (PknL-S) at serial time point (0,2,5,7,10,14 and
21 Days) with different concentrations of IPTG (0,1&10 mM)  dur-
ing growth, and quantitative RT–PCR analysis was performed to
measure gene expression. The mRNA levels of 16S RNA, was also
measured in the same RNA samples. Although the transcription
of PknL in PknL-AS was  less compared to PknL-S and Wild type
irrespective of the presence/absence of inducer, but a significant
reduction in the expression of PknL was observed in PknL-AS on Day
10 in the presence of 1 mM IPTG and the expression of PknL further
decreased on Day 7 in the presence of 10 mM  IPTG. The expression
of PknL was  almost 2.3 log in PknL-S, 1.9 log in Wild type and −1.3
log in case of PknL-AS in the presence of 10 mM IPTG (Fig. 1). The

results observed were statistically significant (p < 0.05 to p < 0.001)
suggesting the successful inhibition of PknL by antisense strategy.

http://www.matrixscience.com
http://www.matrixscience.com
http://www.matrixscience.com
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ig. 2. In vitro growth kinetics.
rowth of the strains PknL-AS, PknL-S and Wild type were grown in 7H9 media w
ays.  The data is representative of three independent experiments. Error bars repre
espective time point at a) 0 mM IPTG b) 1 mM IPTG and c) 10 mM IPTG.

.2. Growth and Survival kinetics

To determine whether the antisense inhibition of PknL has any
ffect on the rate of growth and the viability, we compared the
rowth profile of Wild type, PknL-S and PknL- AS by monitoring
he OD600 and the viability of the strains were assessed by compar-
ng the Colony Forming units (CFU) at 0,2,5,7,10,14 and 21 days. The
rowth of all the strains were the same in the absence of the inducer
0 mM  IPTG) but the growth of PknL-AS decreased in the presence
f 1 mM and 10 mM IPTG (Fig. 2). Similarly, the viability of PknL-AS
ecreased comparatively after day 10 and day 7 in the presence of

 mM and 10 mM IPTG respectively (Fig. 3). The OD600 of PknL-AS
id not go beyond 7.5 and almost 1.2 log difference was  observed in
he viability of PknL-AS compared to Wild type and PknL-S, indicat-
ng a growth defect induced by the inhibition of PknL. The decrease
n the viability of PknL-AS was much more significant (p < 0.05) in
he presence of 10 mM of IPTG indicates a dose dependent response
Fig. 3).

.3. Sensitivity to pH 5.5, SDS and Lysozyme

We  studied the growth and survival capacity of Wild type,
knL-S and PknL-AS, in the presence of lysozyme, SDS and during
oderate acidic stress that are encountered within the phagosome

nvironment(Geiman et al., 2006; Rohde et al., 2007). The growth
nd survival kinetics of Wild type remain unaltered in both pH 7.0
nd pH 5.5, whereas PknL-AS survived better in pH 5.5 and PknL-S

howed a reduced growth in pH 5.5 when compared to their growth
n pH 7.0. Similarly, the survival capacity of PknL-S also decreased
fter encountering the acidic stress of pH 5.5 (Fig. 4) indicating that
nhibition of PknL has a growth advantage in acidic pH. There was
ffernet concentrations of IPTG and the OD600 was monitored on 0,2,5,7,10,14 &21
he standard error of the means. The graph represents the OD600 plotted against the

no growth observed in the presence of 0.1% SDS invariably for all
the strains and all the strains were resistant to 0.001% of SDS (data
not shown). Interestingly, PknL-AS was more resistant to SDS at
0.01% compared to PknL-S and Wild type. There was no visible dif-
ference in the colony morphology of all the strains subjected to SDS
stress (Fig. 5). Resistance or sensitivity to lysozyme was assessed
by comparing the colony count obtained following the incubation
of cultures with lysozyme to the log phase cultures of Wild type,
PknL-S and PknL-AS at 0 h, 24 h and 48 h. The viability of PknL-AS
was comparatively higher and exhibited a significant resistance to
lysozyme than PknL-S and Wild type (Fig. 6). No distinct changes
in the colony morphology was observed in all the strains.

3.4. Scanning electron microscopy indicates a role for PknL in cell
wall biogenesis

To investigate the morphological changes associated with
the inhibition of PknL, cells of PknL-AS and Wild type strains
were visualized using scanning electron microscopy. SEM anal-
ysis revealed a significant increase in cell length of PknL-AS
(3.622 ± 0.04215 �m,  N = 100; p < 0.001) compared to the Wild-
type (2.888 ± 0.04103 �m),  N refers to the number of independent
measurements. The average difference in cell length between PknL-
AS and Wild type cells was ∼0.8 �m (Fig. 7).

3.5. Identification of differentially regulated protein by 2-D gel
electrophoresis
To determine the effect of PknL on the expression of other
proteins of M.  tuberculosis genome, cytoplasmic lysates of Wild
type, PknL-S and PknL-AS were separated using 2-D gel elec-
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Table 3
Mass spectrometric identifications of proteins.

Spot no Gene name Accession No. Mascot score No. of matched
peptides

Theoretical pl/kDa Observed kDa Expression Functional
Categorya

1 Ppeptidyl-tRNA hydrolase Rv1014c 53 14 10.1/20.45 20.45 Expressed only in PknL-S 1
2  Hypothetical protein Rv2623 Rv2623 362 62 5.5/31.65 31.747 Expressed only in PknL-S 2
4  Alpha-crystallin protein, partial Rv2031c 327 48 4.7/16.2 9.808 Expressed only in PknL-S 2
5  Heat shock protein hspX Rv2031c 325 49 4.7/16.2 11.785 Expressed only in PknL-S 2
6  Membrane protein N/A 115 18 N/A 9.331 Highly expressed in PknL-AS N/A
7  Thiosulfate sulfurtransferase, partial RV3283 80 11 4.8/33.28 5.281 Highly expressed in PknL-AS 1
8  Hypothetical protein[immunogenic protein MPB64] Rv1980c 573 65 4.5/24.82 24.768 Highly expressed in PknL-AS 3
9  Immunogenic protein MPB64 Rv1980c 572 65 4.5/24.82 25.038 Highly expressed in PknL-AS 3
10  ATP-dependent Clp protease proteolytic subunit Rv2460 125 17 4.7/23.5 19.518 Highly expressed in PknL-AS 3
11  Heat shock protein 70 Rv0350 562 85 4.5/66.83 66.776 Highly expressed in PknL-S 2
12  Molecular chaperone GroEL Rv0440 324 47 4.5/56.72 56.722 Highly expressed in PknL-S 2
13  GlnA Rv2220 242 38 4.8/53.53 53.693 Highly expressed in PknL-S 1
14  Universal stress protein Rv1636 243 49 5.6/15.31 13.618 Not expressed in PknL-S 2
15  Phosphatidyl-ethanolamine Binding Protein Rv2140 633 81 5.5/18.63 18.75 Highly expressed in PknL-AS 1
16  Enoyl-CoA hydratase Rv0632c 169 33 5.6/24.35 24.424 Highly expressed in PknL-AS 4
17  Single-stranded DNA-binding protein Rv0054 147 37 4.8/17.32 15.905 Highly expressed in PknL-AS 5
18  Serine protease Rv0125 98 12 4.9/34.92 29.186 Highly expressed in PknL-AS 1
19  Secreted antigen Ag85A Rv3804c 329 41 6.51/35.68 35.847 Not expressed in PknL-S 4

a 1-Intermediary metabolism & respiration; 2-virulence, detoxification & adaptation; 3-cell wall & cell processes; 4-lipid metabolism; 5-information pathways.
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Fig. 3. Survival kinetics.
Viability of the strains PknL-AS, PknL-S and Wild type were monitored by measuring the CFU obtained from serial dilutions on 7H10 agar plates at different concentrations
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f  IPTG. The graph represents the log10(CFU/ml) of the strains at (a) 0 mM IPTG (b)
hree  independent experiments. Error bars represent the standard error of the me

 mM IPTG concentration. Similarly a significant decrease (p < 0.05 to p < 0.001) in t

rophoresis. Comparison of the gels by PDQuest software revealed
ineteen protein spots with increased intensities in PknL-S and
knL-AS compared to Wild type (Fig. 8). Only 18 protein spots
ere identified using MALDI TOF MS/MS  analysis and were

ategorized into five functional categories based on the infor-
ation from Tuberculist (Table. 3). The identified proteins were

v1014c (peptidyl-tRNA hydrolase), Rv2623c (hypothetical pro-
ein), Rv2031c (alpha-crystallin protein, Heat shock protein HsPX),
v3283 (thiosulfate sulfurtransferase), Rv1980c (immunogenic
rotein MPB64), Rv2460 (ATP-dependent Clp protease proteolytic
ubunit), Rv0350 (heat shock protein 70), Rv0440 (molecular
haperone GroEL),Rv2220 (Glutamine synthetase glnA1), Rv1636
universal stress protein), Rv2140 (Phosphatidyl-ethanolamine
inding Protein), Rv0632 (enoyl-CoA hydratase), Rv0054 (single-
tranded DNA-binding protein), Rv0125 (serine protease) and
v3804c (secreted antigen Ag85A).

Among these Rv1014c and Rv2220, involved in intermediary
etabolism and stress response were expressed only in PknL-S.

imilarly, Rv2031c, Rv0350 and Rv0440 responsible for virulence,
etoxification and adaptation showed a higher intensity of expres-
ion in PknL-S. PknL-AS strains showed a higher expression of
roteins such as Rv1980c and Rv2460, which are involved in cell
all and cell processes. The proteins involved in lipid metabolism

nd information pathways like Rv0632, Rv3804c and Rv0054 were
lso highly expressed in PknL-AS (Table 3).

. Discussion
In this study, we report the adaptive role of a serine/threonine
rotein kinase PknL in response to simulating conditions that are

ikely to be encountered inside the host cell. Additionally, we have
 IPTG and (c) 10 mM IPTG on 0,2,5,7,10,14 &21 days. The data is representative of
here was a significant decrease (p < 0.001) in the viability of PknL-AS on day 21 at
bility of PknL-AS from day 10 to day 21 compared to Wild type and PknL-S.

also reported the morphological changes associated with the inhi-
bition of PknL by antisense approach. We  have also described the
proteomic profile of the over expressed and the knockdown con-
struct along with the Wild type.

It is a well known fact that M. tuberculosis survives inside
the host by evolving effective strategies to overcome most of
the macrophage killing mechanisms. M. tuberculosis is subjected
to multiple stresses within the phagosome, which may  act as
important environmental cues for the pathogen (Rohde et al.,
2007). Understanding the cues that the pathogen recognizes dur-
ing infection is critical to completely elucidate the impact of
the environment on M. tuberculosis pathogenesis and persistence
and its interaction with fundamental host cell processes. Kinases
belong to the signal transduction pathways involved in phospho-
rylation/dephosphorylation activity in response to environmental
alterations.

Although PknL, is a non-essential gene in M.  tuberculosis
(Lamichhane et al., 2003; Sassetti et al., 2003; Griffin et al., 2011),
we chose to create a knockdown strain of PknL to elucidate its
role in pathogenesis and stress response, as we  were unable to
generate a knockout strain even after repeated measures. More-
over, the essentiality of PknL is still intriguing since the other three
genes PknA, PknB and PknG belonging to the cluster of genes share
a 75% identity with M. leprae and have been proved to be essential
(Sassetti et al., 2003; Greenstein et al., 2005; Fernandez et al., 2006).
The use of the vector pAZ19018b has been previously validated in
generating knockdown strain by antisense technology (Kaur et al.,

2009). The cloning of the entire length of PknL gene in the antisense
and sense orientation by replacing lacZ in this E.coli − M.  tubercu-
losis shuttle vector has generated a knockdown and overexpressed
strains of PknL respectively in M. tuberculosis.
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Fig. 4. In vitro growth and survival kinetics at variable pH.
Growth and viability of the strains PknL-AS, PknL-S and Wild type were monitored by measuring the OD600 and CFU obtained from serial dilutions on 7H10 agar plates at
different pH with 10 mM of IPTG on 0,2,5,7,10,14 &21 days. The data is representative of three independent experiments. Error bars represent the standard error of the means.
The  graph represents the OD600 plotted against the respective time point at (a) pH 5.5 (b) pH 7.0. and the log10(CFU/ml) of the strains grown at (c) pH 5.5 (d) pH 7.0. There
was  a significant decrease (p < 0.01 to p < 0.001)in the viability of PknL-S compared with PknL-AS and Wild type after day 10.
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ig. 5. Sensitivity to SDS.
he log phase cultures of Wild type, PknL-AS and PknL-S were serially diluted and p
eeks. The data represents the sensitivity of the strains in 0.01% SDS. The resistanc

We  have confirmed the increase and the decrease of the gene
xpression of PknL in PknL-S and PknL-AS respectively in the pres-
nce of 1 mM and 10 mM IPTG induction by RTPCR. Though no

hange in growth was observed in the absence of inducer in the case
f PknL-AS, the expression profile showed a reduced expression of
knL which may  be the reason for the significant drop in the growth
on 7H10 agar plates containing SDS at (0.1%, 0.01% and 0.001%) and incubated for 3
bited by PknL-AS was more compared to PknL-S and Wild type.

and survival rate of PknL-AS after day 7. The in vitro growth and
survival kinetics pattern of PknL-AS based on the Generic survival
kinetics on delineating bactericidal and bacteriostatic targets (Kaur

et al., 2009) PknL can be classified as ‘barely bacteriostatic’ (approx
1.2 log CFU reduction). Though quantifying the level of knockdown
of gene expression following antisense cloning is difficult, the dose
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Fig. 6. Sensitivity to Lysozyme.
The log phase cultures of Wild type, PknL-AS and PknL-S were incubated with
2.5  mg/ml  of Lysozyme and the sensitivity was monitored by plating serial dilutions
on  7H10 agar plates at 0, 24 and 48 h. The data is representative of three indepen-
d
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of aminoglycosides resistant and susceptible strains of M.  tuber-

F
T
a
W

ent experiment. Error bars represent the standard error of the means.There was
 significant increase (**p < 0.01 to ***p < 0.001)in the growth of PknL-AS compared
ith PknL-S and Wild type.

ependent reduction in CFU observed was in proportion with the
PTG concentration. The significant reduction in the expression of
knL in PknL-AS in the presence of 1 mM and 10 mM IPTG con-
entration after day 7 indicates that the down regulation of PknL
educed the growth of the bacilli in liquid as well as solid enriched
edia. We  observed maximum down regulation of PknL in the pres-

nce of 10 mM IPTG, so further experiments were performed with
nly 10 mM  IPTG as inducer. The morphological changes associated
ith down regulation of PknL as analyzed by scanning electron
icroscopy witnessed an elongated cell structure compared to
ild type. Interestingly pHL8, expressing a kinase inactive mutant

f PknL in M.  smegmatis (Lakshminarayan et al., 2009) also revealed
he same elongated morphology suggesting that phosphorylation

riggered by PknL have led to the changes in the cell morphology.

In the process of adapting and to survive inside the host, M.
uberculosis has to sense the environmental cues of the host and act
pon it. One such cue that has received particular attention is pH. It

ig. 7. SEM pictographs.
he cells of the log phase cultures of Wild type and PknL-AS were fixed and scanned. The p
nd  high (5000×) magnification. A significant difference (p < 0.001) was  observed in the c
ild  type.
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has been reported that the M. tuberculosis phagosome acidifies to an
intermediate pH of 6.4 (Sturgill-Koszycki et al., 1994; Mwandumba
et al., 2004; Pethe et al., 2004) and even in medium, the bacterium
exhibits a profound transcriptional response to acidic pH. (Walters
et al., 2006; Golby et al., 2007; Rohde et al., 2007). Here we iden-
tified that PknL is responsible for slowing down the growth of M.
tuberculosis under acidic conditions since PknL-AS showed a better
survival in acidic pH, which was  also exhibited by mutant strains of
PknE and PknI. (Jayakumar et al., 2008; Gopalaswamy et al., 2009) .
Interrupting or facilitating the binding of M.tuberculosis to surfac-
tant proteins leads to either tubercle bacilli invasion or bacterial
clearance inside the host cell (Hall-Stoodley et al., 2006). Though
all the strains Wild type, PknL-S and PknL-AS were resistant to the
surfactant stress, SDS (0.01%) PknL-AS exhibited more resistance
suggesting that loss of PknL has facilitated the binding aiding the
clearance of the mycobacterium inside the host. Another important
stress encountered by the bacilli is the lytic stress where the bacilli
is encountered with enzymes such as lysozyme which hydrolyze
the polysaccharide portion of the peptidoglycan layer causing a
strong bactericidal effect. (LH, 2001) Here again, all the strains were
able to grow and reactivate after lysozyme stress, but PknL-AS sur-
vived better compared to PknL-S and Wild type suggesting that
PknL plays a role in cell wall homeostasis thereby slowing down
the growth of M.  tuberculosis.

2-Dimensional gel electrophoresis revealed that two of the
stress related proteins Rv2031c and Rv2623 which form a part
of the dormancy regulon (dosR) was  expressed only in PknL-S.
Although most of the genes in this regulon have not been char-
acterized, it has been indentified that dosR plays a significant role
in adaptation of M. tuberculosis to its host environment (Leistikow
et al., 2010). Expression of these stress related proteins in PknL-
S signifies the role of PknL in stress and adaptive response of M.
tuberculosis. Recent study on comparison of proteomic profiling
culosis, the expression of Rv2031 was linked with the resistant
strains of M. tuberculosis (Sharma et al., 2015). Some proteins that
were expressed in all the strains but were highly expressed in

icture represents the cells of Wild type and PknL-AS in low (1000×)  magnification
ell length measurement with an increase of 0.8 �M in case of PknL-AS compared to
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ig. 8. 2-D gel electrophoresis.
he whole cell extracts of Wild type, PknL-S and PknL-AS were seperated by 2D 

oftware. These spots were excised from the gel and analyzed by mass spectrometr

he knockdown strain (PknL-AS) are Rv3283, Rv1980c, Rv2460,
v2140, Rv0632c, Rv0054 and Rv0125. Among these, two  proteins
v2460 and Rv0054 form a part of the relA regulon, responsible for

nitiating stringent response in M.  tuberculosis (Primm et al., 2000).
he mutant strain of relA failed to survive in nutrient deprived con-
itions and was also unable to persist in the host contrast to Wild
ype (Dahl et al., 2003). The expression of these proteins indicates
hat PknL may  also play a role in the nutrient starvation response
f M.  tuberculosis as previously reported. Other proteins that were
ighly expressed in PknL-AS are invovled in various activities like

ormation of thiosulfate (Rv3283), cell wall process (Rv1980c), lipid
etabolism (Rv0632), etc. Rv2220 (GlnA1) is an essential gene

elonging to the cluster of Glutamine synthetases, involved in reg-
lating the glutamine/nitrogen metabolism and GlnA1 is known
o catalyse the synthesis of L-Glutamine in M.  tuberculosis (Harth
t al., 2005). Rv2220 was expressed in all the strains with a higher
ntensity in PknL-S compared to Wild type and PknL-AS suggesting
he involvement of PknL in the glutamine metabolism. Moreover,
he presence of GlnD-Uridylyl transferase motif present in the
inase domain of PknL may  further stress the link between PknL
nd glutamine metabolism (Lakshminarayan et al., 2009). Since
knG, a serine/threonine protein kinase is linked to cellular Glu-
amine/glutamate levels (Cowley et al., 2004), the involvement of
knL in glutamine metabolism needs to be identified which will
elp us to understand its role in metabolic adaptation.

In this study, we have shown that inhibition of PknL has a growth
dvantage under conditions of acidic pH, SDS and Lysozyme stress,
hich probably mimic  the macrophage environment as soon as the

acilli are taken into the host. Our studies also indicate that inter-
al signals used to activate PknL are most likely the host-associated

nternal signals and the ability of PknL to respond to such stresses
s relevant to their survival in vivo. Scanning Electron Microscopy
ndicates that PknL is also responsible for cell wall homeostasis. Pro-
eome profiling studies have also shown the involvement of PknL
n stress and starvation response of M.  tuberculosis. In conclusion,
t is evident that PknL is able to sense the environmental cues and
ct accordingly thereby helping the bacteria in adaptation to stress
onditions inside the host by slowing down the growth of the bacte-

ia leading to dormant state and thereby persisting within the host.
he starvation response of PknL under different nutrient depletion
ctrophoresis. The arrows represents the difference in spots detected by PDQuest

medium and the study relating PknL to glutamine metabolism is
currently being investigated.

Acknowledgements

Ms.  Ahmed Kabir Refaya would like to acknowledge Indian
Council for Medical Research (ICMR) for providing Senior Research
Fellowship. We  thank Dr. Santanu Datta for providing us with the
vector. We also like to thank Ms.  Sofiya, Project trainee for her tech-
nical assistance. The authors have confirmed that there is no conflict
of interest associated with this publication.

Appendix A. Supplementary data

Supplementary data associated with this article can be found, in
the online version, at http://dx.doi.org/10.1016/j.micres.2016.02.
005.

References

Bisht, D., Singhal, N., Sharma, P., Venkatesan, K., 2007. An improved sample
preparation method for analyzing mycobacterial proteins in two-dimensional
gels. Biochem. Biokhimiia 72 (6), 672–674.

Canova, M.J., Veyron-Churlet, R., Zanella-Cleon, I., Cohen-Gonsaud, M.,  Cozzone,
A.J., Becchi, M.,  Kremer, L., Molle, V., 2008. The Mycobacterium tuberculosis
serine/threonine kinase PknL phosphorylates Rv2175c: mass spectrometric
profiling of the activation loop phosphorylation sites and their role in the
recruitment of Rv2175c. Proteomics 8 (3), 521–533.

Carroll, P., Faray-Kele, M.C., Parish, T., 2011. Identifying vulnerable pathways in
Mycobacterium tuberculosis by using a knockdown approach. Appl. Environ.
Microbiol. 77 (14), 5040–5043.

Cole, S.T., Brosch, R., Parkhill, J., Garnier, T., Churcher, C., Harris, D., Gordon, S.V.,
Eiglmeier, K., Gas, S., Barry 3rd, C.E., Tekaia, F., Badcock, K., Basham, D., Brown,
D.,  Chillingworth, T., Connor, R., Davies, R., Devlin, K., Feltwell, T., Gentles, S.,
Hamlin, N., Holroyd, S., Hornsby, T., Jagels, K., Krogh, A., McLean, J., Moule, S.,
Murphy, L., Oliver, K., Osborne, J., Quail, M.A., Rajandream, M.A., Rogers, J.,
Rutter, S., Seeger, K., Skelton, J., Squares, R., Squares, S., Sulston, J.E., Taylor, K.,
Whitehead, S., Barrell, B.G., 1998. Deciphering the biology of Mycobacterium
tuberculosis from the complete genome sequence. Nature 393 (6685), 537–544.

Cowley, S., Ko, M.,  Pick, N., Chow, R., Downing, K.J., Gordhan, B.G., Betts, J.C.,
Mizrahi, V., Smith, D.A., Stokes, R.W., Av-Gay, Y., 2004. The Mycobacterium
tuberculosis protein serine/threonine kinase PknG is linked to cellular
glutamate/glutamine levels and is important for growth in vivo. Mol.

Microbiol. 52 (6), 1691–1702.

Daffe, M.,  Draper, P., 1998. The envelope layers of mycobacteria with reference to
their pathogenicity. Adv. Microb. Physiol. 39, 131–203.

Dahl, J.L., Kraus, C.N., Boshoff, H.I., Doan, B., Foley, K., Avarbock, D., Kaplan, G.,
Mizrahi, V., Rubin, H., Barry, C.E., 2003. The role of RelMtb-mediated

http://dx.doi.org/10.1016/j.micres.2016.02.005
http://dx.doi.org/10.1016/j.micres.2016.02.005
http://dx.doi.org/10.1016/j.micres.2016.02.005
http://dx.doi.org/10.1016/j.micres.2016.02.005
http://dx.doi.org/10.1016/j.micres.2016.02.005
http://dx.doi.org/10.1016/j.micres.2016.02.005
http://dx.doi.org/10.1016/j.micres.2016.02.005
http://dx.doi.org/10.1016/j.micres.2016.02.005
http://dx.doi.org/10.1016/j.micres.2016.02.005
http://dx.doi.org/10.1016/j.micres.2016.02.005
http://dx.doi.org/10.1016/j.micres.2016.02.005
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0005
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0005
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0005
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0005
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0005
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0005
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0005
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0005
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0005
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0005
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0005
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0005
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0005
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0005
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0005
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0005
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0005
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0005
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0005
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0010
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0010
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0010
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0010
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0010
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0010
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0010
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0010
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0010
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0010
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0010
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0010
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0010
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0010
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0010
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0010
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0010
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0010
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0010
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0010
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0010
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0010
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0010
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0010
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0010
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0010
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0010
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0010
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0010
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0010
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0010
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0015
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0015
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0015
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0015
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0015
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0015
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0015
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0015
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0015
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0015
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0015
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0015
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0015
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0015
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0015
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0015
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0015
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0015
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0015
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0020
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0020
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0020
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0020
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0020
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0020
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0020
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0020
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0020
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0020
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0020
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0020
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0020
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0020
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0020
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0020
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0020
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0025
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0025
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0025
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0025
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0025
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0025
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0025
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0025
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0025
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0025
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0025
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0025
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0025
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0025
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0025
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0025
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0025
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0025
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0025
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0025
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0025
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0025
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0025
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0025
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0025
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0025
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0025
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0030
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0030
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0030
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0030
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0030
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0030
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0030
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0030
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0030
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0030
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0030
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0030
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0030
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0030
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0030
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0030
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0030
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0035
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0035
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0035
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0035


logical

D

D

D

F

G

G

G

G

G

G

H

L

H

J

J

K

K

K

L

Walters, S.B., Dubnau, E., Kolesnikova, I., Laval, F., Daffe, M.,  Smith, I., 2006. The
Mycobacterium tuberculosis PhoPR two-component system regulates genes
essential for virulence and complex lipid biosynthesis. Mol. Microbiol. 60 (2),
A.K. Refaya et al. / Microbio

adaptation to stationary phase in long-term persistence of Mycobacterium
tuberculosis in mice. Proc. Natl. Acad. Sci. U. S. A. 100 (17), 10026–10031.

asgupta, A., Datta, P., Kundu, M.,  Basu, J., 2006. The serine/threonine kinase PknB
of  Mycobacterium tuberculosis phosphorylates PBPA, a penicillin-binding
protein required for cell division. Microbiology 152 (Pt. 2), 493–504.

eol, P., Vohra, R., Saini, A.K., Singh, A., Chandra, H., Chopra, P., Das, T.K., Tyagi, A.K.,
Singh, Y., 2005. Role of Mycobacterium tuberculosis Ser/Thr kinase PknF:
implications in glucose transport and cell division. J. Bacteriol. 187 (10),
3415–3420.

eutscher, J., Saier Jr., M.H., 2005. Ser/Thr/Tyr protein phosphorylation in
bacteria—for long time neglected, now well established. J. Mol. Microbiol.
Biotechnol. 9 (3–4), 125–131.

ernandez, P., Saint-Joanis, B., Barilone, N., Jackson, M.,  Gicquel, B., Cole, S.T., Alzari,
P.M., 2006. The Ser/Thr protein kinase PknB is essential for sustaining
mycobacterial growth. J. Bacteriol. 188 (22), 7778–7784.

eiman, D.E., Raghunand, T.R., Agarwal, N., Bishai, W.R., 2006. Differential gene
expression in response to exposure to antimycobacterial agents and other
stress conditions among seven Mycobacterium tuberculosis whiB-like genes.
Antimicrob. Agents Chemother. 50 (8), 2836–2841.

etahun, H., Gunneberg, C., Granich, R., Nunn, P., 2010. HIV infection-associated
tuberculosis: the epidemiology and the response. Clin. Infect. Dis. 50 (Suppl. 3),
S201–S207.

olby, P., Hatch, K.A., Bacon, J., Cooney, R., Riley, P., Allnutt, J., Hinds, J., Nunez, J.,
Marsh, P.D., Hewinson, R.G., Gordon, S.V., 2007. Comparative transcriptomics
reveals key gene expression differences between the human and bovine
pathogens of the Mycobacterium tuberculosis complex. Microbiology 153 (Pt.
10), 3323–3336.

opalaswamy, R., Narayanan, S., Chen, B., Jacobs, W.R., Av-Gay, Y., 2009. The
serine/threonine protein kinase PknI controls the growth of Mycobacterium
tuberculosis upon infection. FEMS Microbiol. Lett. 295 (1), 23–29.

reenstein, A.E., Grundner, C., Echols, N., Gay, L.M., Lombana, T.N., Miecskowski,
C.A., Pullen, K.E., Sung, P.Y., Alber, T., 2005. Structure/function studies of
Ser/Thr and Tyr protein phosphorylation in Mycobacterium tuberculosis. J. Mol.
Microbiol. Biotechnol. 9 (3–4), 167–181.

riffin, J.E., Gawronski, J.D., Dejesus, M.A., Ioerger, T.R., Akerley, B.J., Sassetti, C.M.,
2011. High-resolution phenotypic profiling defines genes essential for
mycobacterial growth and cholesterol catabolism. PLoS Pathog. 7 (9),
e1002251.

all-Stoodley, L., Watts, G., Crowther, J.E., Balagopal, A., Torrelles, J.B., Robison-Cox,
J.,  Bargatze, R.F., Harmsen, A.G., Crouch, E.C., Schlesinger, L.S., 2006.
Mycobacterium tuberculosis binding to human surfactant proteins A and D,
fibronectin, and small airway epithelial cells under shear conditions. Infect.
Immun. 74 (6), 3587–3596.

akshminarayan, Harini, Rajaram, A., Narayanan, Sujatha, 2009. Involvement of
serine threonine protein kinase, PknL, from Mycobacterium Tuberculosis H37Rv
in  starvation response of Mycobacteria. J. Microb. Biochem. Technol. 1, 1.

arth, G., Maslesa-Galic, S., Tullius, M.V., Horwitz, M.A., 2005. All four
Mycobacterium tuberculosis glnA genes encode glutamine synthetase activities
but  only GlnA1 is abundantly expressed and essential for bacterial
homeostasis. Mol. Microbiol. 58 (4), 1157–1172.

agannathan, V., Kaur, P., Datta, S., 2010. Polyphosphate kinase from M.
tuberculosis:  an interconnect between the genetic and biochemical role. PLoS
One 5 (12), e14336.

ayakumar, D., Jacobs Jr., W.R., Narayanan, S., 2008. Protein kinase E of
Mycobacterium tuberculosis has a role in the nitric oxide stress response and
apoptosis in a human macrophage model of infection. Cell Microbiol. 10 (2),
365–374.

ang, J.L., Lee, H.W., Kim, H.J., Lee, H.S., Castranova, V., Lim, C.M., Koh, Y., 2005.
Inhibition of SRC tyrosine kinases suppresses activation of nuclear
factor-kappaB, and serine and tyrosine phosphorylation of IkappaB-alpha in
lipopolysaccharide-stimulated raw 264.7 macrophages. J. Toxicol. Environ.
Health A 68 (19), 1643–1662.

aur, P., Agarwal, S., Datta, S., 2009. Delineating bacteriostatic and bactericidal
targets in mycobacteria using IPTG inducible antisense expression. PLoS One 4
(6),  e5923.

oul, A., Choidas, A., Tyagi, A.K., Drlica, K., Singh, Y., Ullrich, A., 2001.
Serine/threonine protein kinases PknF and PknG of Mycobacterium tuberculosis:

characterization and localization. Microbiology 147 (Pt. 8), 2307–2314.

amichhane, G., Zignol, M.,  Blades, N.J., Geiman, D.E., Dougherty, A., Grosset, J.,
Broman, K.W., Bishai, W.R., 2003. A postgenomic method for predicting
essential genes at subsaturation levels of mutagenesis: application to
Mycobacterium tuberculosis. Proc. Natl. Acad. Sci. U. S. A. 100 (12), 7213–7218.
 Research 190 (2016) 1–11 11

Leistikow, R.L., Morton, R.A., Bartek, I.L., Frimpong, I., Wagner, K., Voskuil, M.I.,
2010. The Mycobacterium tuberculosis DosR regulon assists in metabolic
homeostasis and enables rapid recovery from nonrespiring dormancy. J.
Bacteriol. 192 (6), 1662–1670.

LH, M.,  2001. Cell wall deficient forms. In: Stealth Pathogens 3rd edition., pp.
189–197.

Livak, K.J., Schmittgen, T.D., 2001. Analysis of relative gene expression data using
real-time quantitative PCR and the 2(-Delta Delta C(T)) method. Methods 25
(4),  402–408.

Malhotra, V., Arteaga-Cortes, L.T., Clay, G., Clark-Curtiss, J.E., 2010. Mycobacterium
tuberculosis protein kinase K confers survival advantage during early infection
in  mice and regulates growth in culture and during persistent infection:
implications for immune modulation. Microbiology 156 (Pt. 9), 2829–2841.

Molle, V., Kremer, L., 2010. Division and cell envelope regulation by Ser/Thr
phosphorylation: Mycobacterium shows the way. Mol. Microbiol. 75 (5),
1064–1077.

Mwandumba, H.C., Russell, D.G., Nyirenda, M.H., Anderson, J., White, S.A., et al.,
2004. Mycobacterium tuberculosis resides in nonacidified vacuoles in
endocytically competent alveolar macrophages from patients with
tuberculosis and HIV infection. J. Immunol. 172 (7), 4592–4598.

Narayan, A., Sachdeva, P., Sharma, K., Saini, A.K., Tyagi, A.K., Singh, Y., 2007. Serine
threonine protein kinases of mycobacterial genus: phylogeny to function.
Physiol. Genom. 29 (1), 66–75.

Ortega, C., Liao, R., Anderson, L.N., Rustad, T., Ollodart, A.R., Wright, A.T., Sherman,
D.R., Grundner, C., 2014. Mycobacterium tuberculosis Ser/Thr protein kinase B
mediates an oxygen-dependent replication switch. PLoS Biol. 12 (1), e1001746.

Papavinasasundaram, K.G., Chan, B., Chung, J.H., Colston, M.J., Davis, E.O., Av-Gay,
Y.,  2005. Deletion of the Mycobacterium tuberculosis pknH gene confers a
higher bacillary load during the chronic phase of infection in BALB/c mice. J.
Bacteriol. 187 (16), 5751–5760.

Parida, B.K., Douglas, T., Nino, C., Dhandayuthapani, S., 2005. Interactions of
anti-sigma factor antagonists of Mycobacterium tuberculosis in the yeast
two-hybrid system. Tuberculosis (Edinb) 85 (5–6), 347–355.

Pethe, K.S.D., Alonso, S., Anderson, J., Wang, C., et al., 2004. Isolation of
Mycobacterium tuberculosis mutants defective in the arrest of phagosome
maturation. Proc. Natl. Acad. Sci. U. S. A. 101 (37), 13642–13647.

Primm,  T.P., Andersen, S.J., Mizrahi, V., Avarbock, D., Rubin, H., Barry, C.E., 2000.
The stringent response of Mycobacterium tuberculosis is required for long-term
survival. J. Bacteriol. 182 (17), 4889–4898.

Prisic, S., Dankwa, S., Schwartz, D., Chou, M.F., Locasale, J.W., Kang, C.M., Bemis, G.,
Church, G.M., Steen, H., Husson, R.N., 2010. Extensive phosphorylation with
overlapping specificity by Mycobacterium tuberculosis serine/threonine protein
kinases. Proc. Natl. Acad. Sci. U. S. A. 107 (16), 7521–7526.

Rohde, K.H., Abramovitch, R.B., Russell, D.G., 2007. Mycobacterium tuberculosis
invasion of macrophages: linking bacterial gene expression to environmental
cues. Cell Host Microb. 2 (5), 352–364.

Sassetti, C.M., Boyd, D.H., Rubin, E.J., 2003. Genes required for mycobacterial
growth defined by high density mutagenesis. Mol. Microbiol. 48 (1), 77–84.

Scherr, N., Muller, P., Perisa, D., Combaluzier, B., Jeno, P., Pieters, J., 2009. Survival of
pathogenic mycobacteria in macrophages is mediated through
autophosphorylation of protein kinase G. J. Bacteriol. 191 (14), 4546–4554.

Sharma, D., Kumar, B., Lata, M., Joshi, B., Venkatesan, K., Shukla, S., Bisht, D., 2015.
Comparative proteomic analysis of aminoglycosides resistant and susceptible
mycobacterium tuberculosis clinical isolates for exploring potential drug
targets. PLoS One 10 (10), e0139414.

Singhal, N., Sharma, P., Kumar, M.,  Joshi, B., Bisht, D., 2012. Analysis of intracellular
expressed proteins of Mycobacterium tuberculosis clinical isolates. Proteome
Sci.  10 (1), 14.

Sturgill-Koszycki, S., Schlesinger, P.H., Chakraborty, P., Haddix, P.L., Collins, H.L.,
et al., 1994. Lack of acidification in Mycobacterium phagosomes produced by
exclusion of the vesicular proton-ATPase. Science 262 (5152), 678–681.

Tan, S., Sukumar, N., Abramovitch, R.B., Parish, T., Russell, D.G., 2013.
Mycobacterium tuberculosis responds to chloride and pH as synergistic cues to
the immune status of its host cell. PLoS Pathog. 9 (4), e1003282.
312–330.
World Health Organisation Global tuberculosis report 2014. 2014.

http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0035
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0035
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0035
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0035
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0035
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0035
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0035
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0035
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0035
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0035
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0035
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0035
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0035
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0035
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0035
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0035
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0035
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0035
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0035
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0035
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0035
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0035
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0035
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0035
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0040
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0040
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0040
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0040
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0040
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0040
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0040
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0040
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0040
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0040
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0040
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0040
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0040
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0040
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0040
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0040
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0040
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0040
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0040
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0040
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0040
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0040
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0040
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0045
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0045
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0045
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0045
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0045
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0045
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0045
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0045
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0045
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0045
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0045
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0045
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0045
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0045
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0045
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0045
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0045
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0045
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0045
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0045
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0045
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0050
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0050
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0050
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0050
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0050
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0050
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0050
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0050
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0050
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0050
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0050
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0050
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0050
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0050
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0050
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0050
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0050
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0050
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0050
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0050
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0050
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0050
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0050
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0050
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0055
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0055
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0055
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0055
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0055
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0055
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0055
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0055
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0055
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0055
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0055
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0055
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0055
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0055
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0055
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0055
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0055
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0055
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0060
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0060
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0060
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0060
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0060
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0060
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0060
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0060
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0060
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0060
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0060
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0060
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0060
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0060
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0060
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0060
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0060
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0060
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0060
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0060
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0060
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0060
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0060
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0060
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0060
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0060
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0060
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0060
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0060
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0065
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0065
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0065
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0065
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0065
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0065
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0065
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0065
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0065
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0065
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0065
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0065
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0065
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0065
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0065
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0065
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0065
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0070
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0070
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0070
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0070
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0070
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0070
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0070
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0070
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0070
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0070
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0070
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0070
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0070
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0070
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0070
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0070
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0070
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0070
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0070
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0070
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0070
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0070
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0070
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0070
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0070
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0075
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0075
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0075
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0075
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0075
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0075
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0075
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0075
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0075
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0075
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0075
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0075
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0075
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0075
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0075
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0075
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0075
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0075
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0075
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0075
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0075
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0080
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0080
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0080
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0080
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0080
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0080
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0080
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0080
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0080
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0080
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0080
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0080
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0080
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0080
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0080
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0080
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0080
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0080
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0080
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0080
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0080
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0080
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0080
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0085
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0085
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0085
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0085
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0085
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0085
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0085
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0085
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0085
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0085
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0085
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0085
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0085
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0085
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0085
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0085
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0085
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0090
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0090
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0090
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0090
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0090
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0090
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0090
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0090
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0090
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0090
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0090
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0090
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0090
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0090
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0090
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0090
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0090
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0090
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0090
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0090
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0090
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0090
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0090
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0090
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0090
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0090
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0095
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0095
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0095
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0095
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0095
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0095
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0095
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0095
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0095
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0095
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0095
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0095
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0095
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0095
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0095
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0095
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0095
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0095
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0095
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0095
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0095
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0095
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0100
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0100
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0100
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0100
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0100
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0100
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0100
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0100
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0100
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0100
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0100
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0100
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0100
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0100
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0100
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0100
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0100
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0100
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0100
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0100
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0100
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0100
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0100
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0100
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0100
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0100
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0100
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0100
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0105
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0105
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0105
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0105
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0105
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0105
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0105
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0105
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0105
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0105
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0105
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0105
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0105
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0105
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0105
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0105
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0105
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0105
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0105
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0110
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0110
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0110
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0110
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0110
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0110
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0110
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0110
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0110
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0110
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0110
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0110
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0110
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0110
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0110
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0110
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0110
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0110
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0110
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0110
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0110
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0110
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0110
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0110
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0110
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0110
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0110
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0110
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0110
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0110
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0110
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0115
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0115
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0115
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0115
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0115
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0115
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0115
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0115
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0115
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0115
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0115
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0115
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0115
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0115
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0115
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0115
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0115
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0115
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0115
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0115
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0115
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0115
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0115
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0115
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0115
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0115
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0115
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0115
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0115
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0115
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0115
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0115
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0120
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0120
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0120
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0120
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0120
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0120
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0120
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0120
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0120
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0120
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0120
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0120
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0120
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0120
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0120
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0120
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0120
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0125
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0125
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0125
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0125
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0125
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0125
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0125
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0125
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0125
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0125
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0125
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0125
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0125
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0125
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0125
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0125
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0125
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0125
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0125
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0125
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0130
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0130
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0130
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0130
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0130
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0130
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0130
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0130
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0130
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0130
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0130
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0130
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0130
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0130
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0130
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0130
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0130
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0130
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0130
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0130
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0130
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0130
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0130
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0130
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0130
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0130
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0130
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0130
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0130
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0135
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0135
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0135
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0135
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0135
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0135
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0135
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0135
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0135
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0135
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0135
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0135
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0135
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0135
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0135
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0135
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0135
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0135
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0135
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0135
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0135
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0135
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0135
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0140
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0140
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0140
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0140
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0140
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0140
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0140
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0140
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0140
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0140
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0140
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0140
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0140
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0145
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0145
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0145
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0145
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0145
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0145
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0145
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0145
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0145
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0145
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0145
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0145
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0145
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0145
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0145
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0145
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0145
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0145
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0145
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0145
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0145
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0145
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0150
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0150
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0150
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0150
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0150
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0150
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0150
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0150
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0150
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0150
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0150
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0150
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0150
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0150
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0150
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0150
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0150
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0150
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0150
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0150
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0150
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0150
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0150
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0150
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0150
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0150
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0150
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0150
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0150
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0150
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0150
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0150
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0150
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0155
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0155
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0155
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0155
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0155
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0155
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0155
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0155
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0155
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0155
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0155
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0155
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0155
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0155
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0155
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0155
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0155
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0155
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0155
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0160
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0160
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0160
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0160
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0160
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0160
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0160
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0160
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0160
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0160
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0160
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0160
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0160
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0160
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0160
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0160
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0160
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0160
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0160
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0160
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0160
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0160
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0160
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0160
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0160
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0165
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0165
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0165
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0165
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0165
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0165
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0165
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0165
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0165
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0165
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0165
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0165
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0165
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0165
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0165
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0165
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0165
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0170
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0170
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0170
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0170
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0170
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0170
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0170
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0170
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0170
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0170
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0170
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0170
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0170
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0170
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0170
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0170
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0175
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0175
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0175
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0175
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0175
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0175
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0175
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0175
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0175
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0175
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0175
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0175
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0175
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0175
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0175
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0175
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0175
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0175
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0175
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0175
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0175
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0175
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0175
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0175
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0175
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0175
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0175
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0175
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0175
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0180
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0180
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0180
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0180
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0180
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0180
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0180
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0180
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0180
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0180
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0180
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0180
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0180
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0180
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0180
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0180
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0180
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0180
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0180
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0180
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0180
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0180
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0185
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0185
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0185
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0185
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0185
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0185
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0185
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0185
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0185
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0185
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0185
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0185
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0185
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0185
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0185
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0185
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0185
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0185
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0185
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0185
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0185
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0185
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0185
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0185
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0190
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0190
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0190
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0190
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0190
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0190
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0190
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0190
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0190
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0190
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0190
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0190
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0190
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0190
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0190
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0190
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0190
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0190
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0195
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0195
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0195
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0195
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0195
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0195
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0195
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0195
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0195
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0195
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0195
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0195
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0195
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0195
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0195
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0195
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0195
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0195
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0195
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0195
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0195
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0195
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0195
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0200
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0200
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0200
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0200
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0200
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0200
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0200
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0200
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0200
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0200
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0200
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0200
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0200
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0200
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0200
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0200
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0200
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0200
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0200
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0200
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0205
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0205
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0205
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0205
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0205
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0205
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0205
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0205
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0205
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0205
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0205
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0205
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0205
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0205
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0205
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0205
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0205
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0210
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0210
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0210
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0210
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0210
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0210
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0210
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0210
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0210
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0210
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0210
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0210
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0210
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0210
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0210
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0210
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0210
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0210
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0210
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0210
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0210
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0215
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0215
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0215
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0215
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0215
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0215
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0215
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0215
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0215
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0215
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0215
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0215
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0215
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0215
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0215
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0215
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0215
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0215
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0215
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0215
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0215
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0215
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0220
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0220
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0220
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0220
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0220
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0220
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0220
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0220
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0220
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0220
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0220
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0220
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0220
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0220
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0220
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0225
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0225
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0225
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0225
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0225
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0225
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0225
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0225
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0225
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0225
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0225
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0225
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0225
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0225
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0225
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0225
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0225
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0225
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0225
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0230
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0230
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0230
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0230
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0230
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0230
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0230
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0230
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0230
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0230
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0230
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0230
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0230
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0230
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0230
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0230
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0230
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0230
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0230
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0230
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0230
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0230
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0230
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0235
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0235
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0235
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0235
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0235
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0235
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0235
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0235
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0235
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0235
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0235
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0235
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0235
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0235
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0235
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0235
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0235
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0235
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0235
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0235
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0235
http://refhub.elsevier.com/S0944-5013(16)30010-6/sbref0235

	A Serine/threonine kinase PknL, is involved in the adaptive response of Mycobacterium tuberculosis
	1 Introduction
	2 Materials and methods
	2.1 Bacterial strains, plasmids, media and growth conditions
	2.2 Construction of the antisense and sense construct of PknL (Rv2176) in tuberculosis
	2.3 Regulation of tuberculosis PknL gene expression during different phases of growth
	2.4 In-vitro growth determinations
	2.5 In vitro survival kinetics of PknL under stress conditions (pH 5.5, Lysozyme and SDS Sensitivity Assay)
	2.6 Scanning electron microscopy(SEM)
	2.7 Two-dimensional gel electrophoresis
	2.8 Mass spectrometry analysis
	2.9 Statistical analysis

	3 Results
	3.1 Inhibition of the expression of M. tuberculosis PknL using antisense strategy
	3.2 Growth and Survival kinetics
	3.3 Sensitivity to pH 5.5, SDS and Lysozyme
	3.4 Scanning electron microscopy indicates a role for PknL in cell wall biogenesis
	3.5 Identification of differentially regulated protein by 2-D gel electrophoresis

	4 Discussion
	Acknowledgements
	Appendix A Supplementary data
	References


