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ABSTRACT4

Lipases have been demonstrated to have a role in virulence in several pathogens. Rv2485c5

gene product of Mycobacterium tuberculosis has been annotated as putative carboxyl esterase6

(LipQ) involved in cellular metabolism and respiration. The gene was expressed only in7

oxidative stress condition in in vitro culture of M. tuberculosis H37Ra as shown by Real8

Time PCR which suggests its role during dormant stage. Thereby, Rv2485c gene was cloned9

and expressed in E. coli. The LipQ enzyme was purified as a His-tagged protein from10

inclusion bodies and refolded with 37% protein yield. The specific activity of purified11

enzyme was calculated to be 93 U/mg with pNP-palmitate as a preferred substrate. It showed12

optimum enzyme activity in the range of 40-500C and pH 8.0. The Ser-249, Asp-344 and His-13

377, predicted as the member of the catalytic triad, were confirmed by site directed14

mutagenesis. The enzyme was inhibited in the presence of PMSF and DEPC suggesting the15

presence of Ser and His residues in catalytic site. The apparent Km and Vmax were calculated16

to be 1.45 mM & 196.08 U/ml respectively. The turnover number (kcat) of the enzyme was17

calculated to be 6.597 min−1. Based on the results it might be suggested that the LipQ is a18

lipase, hydrolyzing long chain esters, while the expression of gene only in oxidative stress19

condition suggested that the enzyme might be playing a role in intracellular survival of20

microorganism in the human macrophages. The manuscript deals with the detail21

characterization of oxidative stress inducible lipase and represents a step towards the22

elucidation of its biological function in vivo.23
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Introduction37

Mycobacterium tuberculosis is an intracellular pathogen infecting primarily mononuclear38

phagocytes. The bacterium has developed intricate strategies to evade killing mechanisms of39

phagocytes [1]. A key to fight this disease is the identification and characterization of all these40

different strategies [2]. Lipolytic enzymes demonstrated several effects on macrophages i.e.41

inhibition of phagocytic functions as well as modulation of the release of inflammatory42

mediators [3].43

Certain virulence factors are necessary for full pathogenicity of microorganism regardless of44

the host. The lipolytic enzymes were demonstrated as one of the known virulence factor in45

many bacteria such as Pseudomonas cepacia, Staphylococcus aureus [4, 5] and in fungal46

species like Alternaria brassicicola, Candida albicans, and Fusarium graminearum [6-8].47

Many different bacterial species produced lipases, which hydrolyzed esters of glycerol,48

preferably a long-chain fatty acids. They acted at the interface generated by a hydrophobic49

lipid substrate in a hydrophilic aqueous medium [9]. Despite lipolytic activities being50

described in mycobacteria many years ago, the associated enzymes, lipases/esterases and51

phospholipases, had only been the focus of intense research for the last few years. Because52

these enzymes were shared by several mycobacterial species, they represented a huge field of53

exploration not only for tuberculosis but also for other mycobacterial diseases [10]. Recently54

reported immunogenicity of mycobacterial lipases prompted its use as biomarkers for active55

tuberculosis [11]. On the other hand these enzymes were reported to be involved in the56

degradation of host lipids to provide fatty acids to pathogens [12].57
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Hence lipolytic enzymes might be considered as potent therapeutic targets for developing58

future anti-tuberculosis drugs. M. tuberculosis expresses a plethora of lipolytic enzymes, of59

which only a limited number had been studied so far and much remained to be explored for60

the diversity of their biological functions. It had been shown that during infection, M.61

tuberculosis accumulates intracellular lipid inclusions (ILI)  that were probably derived from62

lipids of the host cell membrane. LipY has been found to be responsible for the utilization of63

accumulated TG (triglycerides) during dormancy and reactivation of the pathogen [13].64

Deletion mutant of LipY, with compromised ability to mobilize the stored TG, but not the65

complemented mutant, was unable to come out of dormancy upon treatment with anti-TNFα66

mAbs [14]. The overproduction of LipY in mycobacteria resulted in a significant reduction in67

the pool of TAGs (triacylglycerols), consistent with the lipase activity of this enzyme [15].68

The gene product of Rv3487c (LipF) has been cloned and characterized, but no long-chain69

TG hydrolysis was detected [16]. On the basis of structural genomic approach, cloning and70

biochemical characterization of Rv1399c gene product, LipH was carried out [17]. Its71

biochemical behavior univocally classified Rv1399c as a non-lipolytic rather than a lipolytic72

hydrolase. However, at present the physiological roles for many of these lipases had not been73

completely deciphered. As it was already described that in latent state, the lipids are the main74

source of energy to the starving pathogen, therefore, all the lipid hydrolyzing enzymes of M.75

tuberculosis should be characterized to ascertain their role in survival/patogenicity/virulence.76

LipQ enzyme was predicted to be involved in intermediary metabolism and demonstrated77

66% similarity with its counterpart in non-pathogenic strain M. smegmatis, while no change78

in gene sequence was noticed in M. tuberculosis H37Ra strain. The effect of Rv2485c gene79

product on activation of murine macrophages was investigated in lab (unpublished results).80

No cytotoxicity was observed after treatment of cells with LipQ protein (unpublished results).81

The LipQ protein inhibited LPS induced nitric oxide (NO) production by macrophages.82

Decreased NO production could be directly correlated with inhibition of iNOS mRNA83

expression in murine macrophage (unpublished results). These observations suggested the84

probable role of this enzyme in survival of mycobacteria in the mature granulomas during the85

dormant phase. Therefore in the present investigation Rv2485c gene, GenBank number:86

887876 from M. tuberculosis H37Rv was cloned and expressed in E. coli. The detail87

biochemical characterization of LipQ protein was carried out. The expression of Rv2485c88
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gene was checked in normal in vitro culture of M. tuberculosis H37Ra in different phases of89

growth and under various stress conditions.90

91

92

Materials and Methods93

Databases and software94

The DNA sequences of the Rv2485c gene was retrieved from the NCBI GenBank. Online95

BLAST (http://blast.ncbi.nlm.nih.gov) was employed for analyzing the homologous identity96

of the Rv2485c of M. tuberculosis with other mycobacterial species [18]. The identical97

protein sequences of the Rv2485c in different species were aligned with Clustal X1.8398

(http://www.clustal.org/) and all the positions containing gaps were eliminated [19]. By using99

software Phyre [20] (Imperial college, London), secondary structure was predicted. The M.100

tuberculosis H37Rv chromosomal DNA was a kind gift from Dr V. M. Katoch, JALMA,101

Agra, UP, India.102

Cloning of Rv2485c gene in Escherichia coli103

The Rv2485c coding region from M. tuberculosis H37Rv chromosomal DNA was amplified104

using the primers GSF2 and GSR2 (Table 1).105

Table 1: Primer sequence used to clone the Rv2485c gene106

Primer Name Sequence

GSF2 5'-tgcacatcgccagcgtgactt-3’

GSR2 5’-gaacggccaagctcagct -3’

107

The thermocycler (Perkin Elmer Cetus, Foster City, CA, U.S.A.) was programmed for a hot108

start of 940C for 4 min followed by 30 cycles at 940C for 30 sec, 600C for 40 sec and 720C for109

2 min and a final cycle of 7 min at 720C. The amplified and purified DNA was ligated to the110

pQE30-UA vector (Qiagen, MD, USA) to generate construct pQE-LipQ. E. coli M15111

(PREP4) was used for the transformation and expression of Rv2485c. The transferred E. coli112
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strain was grown in Luria-Bertani (LB) medium with kanamycin (30 μg/ml) and ampicillin113

(100 μg/ml). The presence of Rv2485c gene was confirmed by plasmid isolation [21], colony114

PCR and sequencing.115

Expression and Purification of LipQ116

For shake flask growth, 1 liter of Luria broth medium supplemented with kanamycin (30117

μg/ml) and ampicillin (100 μg/ml) was inoculated with 10 ml of an overnight culture and118

incubated at 370C. The culture was grown upto midlog phase (A 600∼0.6), induced with 0.5119

mM isopropyl thio-β-D- galactosidase (IPTG), and further incubated for 3 h at 370C.120

Cells were harvested at 40C by centrifugation at 9,000 g for 15 min and resuspended in cold121

lysis buffer (50 mM TrisCl, pH 8.0, 0.1% (v/v) triton X-100, 150 mM NaCl and 1 mM122

EDTA) at 5 ml/g wet weight and stored overnight at -800C. The cell suspension was thawed123

on ice for 1 h and 20 mM MgSO4 (final concentration) was added. Cells were disrupted by124

ultrasonication (10× with a 15 s cycle) using a Pharmacia Biotech Sonifier. Cell debris were125

separated from the cell extract by centrifugation at 14, 000 g for 20 min. The pellet was126

solubilized by stirring at 40C overnight in a 40 ml solution containing 10 mM TrisCl, pH 8.0,127

100 mM sodium dihydrogen phosphate and 8 M urea. The inclusion bodies were separated128

from solubilized protein by centrifugation at 14, 000 g for 20 min at 40C. Recombinant LipQ129

was purified from solubilized inclusion bodies by metal affinity chromatography under130

denaturing conditions using a nickel nitrilotriacetic acid (NiNTA) column as described by the131

manufacturer (Qiagen). Solubilized inclusion bodies were loaded on a nickel nitrilotriacetic132

acid column previously equilibrated with equilibration buffer (10 mM TrisCl, pH 8.0, 100133

mM sodium dihydrogen phosphate and 8 M urea). After that protein loading column was134

washed with equilibration buffer at pH 6.3, and bound protein was eluted using a pH gradient135

(pH 6.3 - 4.3) of equilibration buffer. The fractions of eluted peak containing purified LipQ136

were checked for presence of protein after dilutions by measuring absorption at 280 nm with137

prepared blank. The protein was also analyzed by SDS-PAGE [21] on a 12.5% gel that was138

subsequently stained with Coomassie brilliant blue.139

Refolding LipQ by dialysis140

Refolding was carried out with chaotropic agent for concentration gradient dialysis. The141

solution of denatured protein (1.5 mg/ml) was dialyzed against 2 L of freshly made 6, 4, 2, 1,142

0.5, and 0 M urea, respectively, in 10 mM sodium phosphate buffer (pH 8.0). With each143
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concentration, the protein was dialyzed 6 h at 40C. Protein concentration was determined by144

Protein estimation kit (BCA method) procured from Bangalore GeNei.145

Lipase assay146

The enzyme activity was determined according to the modified method of Sigurgisladottirr et147

al. 1993 [22]. Hundred microliter enzyme (100 mg/ml) and 0.1 ml of 0.002 M pNP-palmitate148

was added in 0.8 ml of 0.05 M phosphate buffer (pH 8.0). The reaction was carried out at149

370C for 15 min, after which 0.25 ml 0.1 M Na2CO3 was added. The mixture was centrifuged150

and the activity was determined by measuring absorbance at 420 nm. One unit of enzyme151

activity is defined as the amount of enzyme, which liberates 1 µmole of p-nitrophenol from152

pNP-ester as substrate per min under standard assay conditions.153

154

Biochemical properties of Rv2485c155

Effect of pH and Temperature on enzyme activity/stability156

Lipase activity was assayed in the buffers of different pH (2.0-10.5) at 370C. The following157

buffers (50 mM) were used: Glycine/Hydrochloric acid, pH 2.0-3.0; acetate buffer, pH 4.0–158

5.5; phosphate buffer, pH 6.0–8.0; Tris/Cl buffer, pH 8.0–9.0 and carbonate bicarbonate159

buffer, pH 10.0–10.5. The pH stability of the lipase was determined by incubating the160

enzyme at different pH for 1 h at room temperature. The residual lipase activity was161

determined by standard assay method at pH 8.0.162

The effect of temperature on enzyme activity was determined by carrying out the enzyme163

assay at different temperatures (20-900C). Thermal stability of LipQ was determined by164

incubating enzyme at different temperatures (20-900C) for 30 min and pH 8.0 followed by165

cooling of enzyme on ice for 15 min. Enzyme activity was measured as per standard assay166

conditions.167

Substrate specificity168

The substrate specificity of the purified recombinant protein was measured using pNP esters169

(Sigma, USA) with carbon chain length ranging from C4 to C18. The released pNP from the170

substrates p-nitrophenyl-butyrate (pNPB; C4), p-nitrophenyl-decanoate (pNPD; C10), p-171

nitrophenyl-laurate (pNPL; C12), p-nitrophenyl-myristate (pNPM; C14), p-nitrophenyl-172



7

palmitate (pNPP; C16) and p-nitrophenyl-stearate (pNPS; C18) were monitored using173

spectrophotometric assay.174

Enzyme Kinetics175

The effect of pNP-palmitate concentration (0.1- 5 mM) on the reaction rate of the enzyme176

was measured by using standard enzyme assay. The Michaelis–Menten constant (Km) and177

maximum velocity for the reaction (Vmax) were determined by Lineweaver–Burk plot and kcat178

(turnover number) & kcat/Km (specific constant) were calculated.179

Site-directed mutagenesis180

To confirm the predicted active site residues of this enzyme, site-directed mutagenesis of Ser-181

249, Asp-289, Asp-344 and His-377 of LipQ was carried out using a pair of complementary182

primers (Table 2) containing the desired mutations by a non-strand-displacing, high-fidelity183

polymerase (New England Biolabs) in a linear amplification. (The amino acids were changed184

as followed: Ser249 - Ala249, Asp289 - Ala289, Asp344 - Ala344, His377 - Pro377)185

186

Table 2: Primer sequence used to clone site directed mutants of the Rv2485c gene187

Primer Name Sequence

t745g 5'-caccggcggggccgccggtgc-3'

t745g_antisense 5'-gcaccggcggccccgccggtg-3'

a866c 5'-tacggcgtctacgccctcaccaacgcc-3'

a866c_antisense 5'-ggcgttggtgagggcgtagacgccgta-3'

a1031c 5'-tgttgcacggtgagaaggctccgatggtgc-3'

a1031c_antisense 5'-gcaccatcggagccttctcaccgtgcaaca-3'

a1130c 5'-ccaacgcccaccccgcgttcgacct-3'

a1130c_antisense 5'-aggtcgaacgcggggtgggcgttgg-3'

188
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The clones were sequenced to confirm the mutation. The mutant enzymes were expressed,189

purified and refolded along with the native protein. The activity of enzyme was determined as190

per standard assay method.191

Effect of various additives on enzyme activity:192

The effect of various lipase /esterase inhibitors phenylmethanesulfonylflouride (PMSF),193

chemical modifier diethylpyrocarbonate (DEPC) and beta mercaptoethanol (β-ME) (0.1 and194

1.0 mM) were studied with reference to enzyme activity of LipQ. The enzyme and additives195

were incubated at room temperature for 5 min prior to assay. The enzyme without any196

additive served as 100%. Additionally in the case of PMSF and DEPC (1 mM concentration),197

the enzyme and PMSF or DEPC was incubated at 500C for 5 min prior to assay. Then198

enzyme assay was performed according to standard assay method.199

200

201

Growth of M. tuberculosis H37Ra202

M. tuberculosis H37Ra culture was grown in middlebrook 7H9 broth base (Himedia)203

supplemented with 1 % glycerol and 0.05 % Tween-20. An additional 1 % (v/v) growth204

supplement OADC (BBL) was added. The cells were grown for 7 days upto mid log phase205

(A600 0.7-0.8) and harvested by centrifugation. The bacterial pellet was resuspended in206

different media for exposure to stress conditions such as oxidative stress (7H9 growth media207

with 5 mM H2O2) [23] acidic stress (7H9 growth media at pH 4.5) [24] and nutrient stress208

(1X phosphate buffer saline) [25]. These three stressed cultures were grown for 6 h, along209

with control culture in middlebrook 7H9 broth base (normal pH, without any additive).210

Samples were also taken out at mid log phase and stationary phase (A600 1.8-2). RNA was211

isolated from all the samples using TRI reagent from Sigma as per company’s manual212

instructions.213

214

Rv2485c expression analysis215

The RNA samples were converted into complementary DNA (cDNA) using RevertAid™216

cDNA kit (Fermentas). This cDNA was used as a template to check the relative expression of217

the Rv2485c gene.  16S RNA was used as an internal control (Table 3). Expression pattern of218
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Rv2485c gene was analyzed in acidic, nutritional, and oxidative stress and mid log and219

stationary phase in in vitro culture of M. tuberculosis H37Ra using short primers, sGSF2 as220

forward and sGSR2 as reverse primer (Table 3). The specificity of the reactions was verified221

by melting curve analysis. Determination of expression level of the gene was carried out by222

using Real-Time Quantitative PCR and the 2 -ΔΔ Ct Method [26]. Ct values for each run were223

used to calculate mean Ct with SD (Standard Deviation). For each sample: ΔCt test= Ct test-224

Ct 16S rRNA, ΔCt control= Ct control- Ct 16S rRNA. ΔΔCt values relative to control were225

calculated by following formula: ΔΔCt = ΔCt test – ΔCt control. The fold change in test gene226

expression was determined by taking 2 to the power of ΔΔCt values i.e 2 - Δ ΔCt.227

228

Table 3: Short Rv2485c gene primer sequence and 16s RNA primer sequence used in the229

expression analysis.230

Primer Name Sequence

sGSF2 5’- acctccgacatcccgtac-3’

sGSR2 5’- ttgtaccgccgtgtcggc- 3’

16sRNA fwd 5’-gaggaaggtggggatgacgt-3’

16sRNA rev 5’-aggcccgggaacgtattcac-3’

231

232

Results233

Rv2485c expression analysis:234

The expression of Rv2485c gene of M. tuberculosis H37Ra was analyzed in mid log and235

stationary phase samples and also in acidic stress, oxidative stress and nutrient depletion by236

real-time PCR. No expression of Rv2485c was observed in log phase, stationary phase or237

stress conditions of bacterial growth by semi quantitative RT-PCR (data not shown).238

Therefore the expression was further checked by real time PCR. RNA of the control culture239

was used as a positive calibrator for real-time quantitative PCR. The specificity of the240

reactions was verified by melting curve analysis. Out of all the three stress condition, there241
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was upregulation of expression of Rv2485c in oxidative stress only. The expression of242

Rv2485c was increased about 3.14 fold during oxidative stress and it was slightly down243

regulated in acidic sample in comparison to control samples. In case of nutrient sample there244

was not much difference than the control samples (Table 4, Fig 1).245

246

247

248

Table 4: The expression analysis of Rv2485c using Real Time- PCR249

Type Ct Value

(test)

Ct Value

(16S RNA)

Δ Ct

( test – 16 S)

ΔΔ Ct

(Δ Ct test – Δ Ct
control)

Fold
Change

(2 - ΔΔ Ct )

Control 14.00 11.34 2.66 0 1

Acidic 16.00 11.34 4.66 2.00 0.25

Oxidative 13.50 12.50 1.00 -1.66 3.14

Nutrient 12.50 10.30 2.19 -0.47 1.386

250

Figure 1: Relative gene expression analysis for Rv 2485c. Values are the average results from251

3 independent assays in triplicates, with error bars indicating standard deviations252

253

All the values represented are mean ± SD of three independent experiments carried out in254

triplicate.255
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The DNA sequences of the Rv2485c gene was compared with homologous sequences of256

other species of mycobacteria. It showed least identity with β-lactamase of non-virulent257

strain, M. smegmatis (Table 5).258

Table 5. Percentage identity of Rv2485c nucleotide sequence with other species of259

Mycobacterium by using BLAST.260

Gene

Product

M. smegmatis M. marinum M. bovis

Rv2485c

(LipQ)

66% with peptidase 76% with LipQ 100% with putative

carboxylesterase

261

Cloning of Rv2485c262

Rv2485c gene of M. tuberculosis H37Rv, with its original start codon, was amplified using263

chromosomal DNA as template. The amplified product corresponded with the expected size264

(1266 bp) of Rv2485c gene of M. tuberculosis H37Rv. The amplified fragments were265

purified and ligated into pQE30-UA vector and transformed into competent E. coli M15 cells266

carrying lacI plasmid pREP4. Transformants were confirmed for the presence of Rv2485c267

insert by colony PCR. The sequencing results showed 100% homology with Rv2485c268

nucleotide sequence present in the complete genome sequence of M. tuberculosis H37Rv269

[27].270

Purification of LipQ271

The enzyme could not be expressed as soluble protein by varying the induction conditions.272

Purification of the urea solubilized enzyme, using affinity chromatography on Ni-NTA273

column as major method, yielded purified enzyme with 37% protein yield. Approximately 6274

mg of pure and active recombinant enzyme was recovered from 1 liter of culture. The protein275

migrated as a single band on SDS-PAGE with an approximate molecular mass of 47.35 kDa276

(Fig.2). The molecular mass was little higher than the calculated mass from amino acid277
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sequence which agreed with the calculated molecular mass obtained from the sequence data278

plus the mass of the amino terminus-appended (His)6 tag (2.1 kDa).279

280

Fig. 2. SDS-PAGE analysis of purified LipQ. Protein samples were loaded on 12% SDS281

polyacrylamide gel under reducing conditions. Lane 1 - Lysate, Lane 2- purified LipQ and282

Lane 3- Protein Molecular Weight Marker.283

284

Bioinformatics analysis285

The theoretical pI of the LipQ protein was calculated to be 8.98 by using online tool ScanSite286

pI/Mw. The molecular weight of the protein was predicted to be 47.35 kDa. The protein was287

rich in hydrophobic amino acids (31%). It had 49.69% negatively charge amino acids and288

31.15% positive charged amino acids and net charge at pH 7.0 was calculated to be 6.29. The289

secondary structure (SOPMA) predicted revealed that the protein consisted of 47.51% α-290

Helix, 10.45% extended strand, 4.51% β-turn and 37.53% random coils. Multiple sequence291

alignment of LipQ from M. tuberculosis and five other bacteria including Bacillus showed all292

these three active site amino acid residues are conserved (Supplementary Fig 1).293
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Supplementary Figure 1. The amino acid sequence alignment of Rv2485c (LipQ) of M.295

tuberculosis H37Rv, esterase/lipase (Streptomyces sp. AA4), alpha/beta hydrolase296

(Rhodococcus equi 103S), alpha/beta hydrolase (M. smegmatis), alpha/beta hydrolase fold297

protein (C. carboxidivorans) and lipase (Bacillus cereus). Identical amino acids are indicated298

by asterisks and similar by dots. Active site residues are presented in a box. Serine is part of299

pentapeptide.300

301

302

Biochemical characterization of Rv2485c303

Substrate specificity304

The enzyme was active on broad range of substrates (C10-C18). The maximum enzyme305

activity (100%) was observed with pNP-palmitate. The specific activity of enzyme was306

calculated to be 93 U/mg with pNP-palmitate as a preferred substrate. The result307

demonstrated the substrate choice for the recombinant lipase was in the order308

C16>C18>C14>C12>C10>C4 (Fig. 3).309

310

Figure 3.  Substrate specificity of recombinant LipQ.  The reaction mix without enzyme311

served as blank. Values are the average results from 3 independent assays in triplicates, with312

error bars indicating standard deviations.313
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314

Effect of temperature and pH on enzyme activity315

The enzyme was active over wide range of temperature i.e. 30-500C having temperature316

optimum at 400C with pNP-palmitate as substrate. Nearly 45% activity was observed at 200C317

and 600C. The enzyme was stable from 200C to 300C for 30 min; however it could retain318

nearly 70 & 60% activity at 40 & 500C respectively (Fig. 4A). The enzyme was completely319

stable at 500C for 15 minutes; however the activity was reduced to 50% after 45 min320

incubation. The enzyme displayed maximum activity at pH 8.0 and was completely stable at321

pH 7.0 and nearly 90% stable at pH 6.0 & 8.0 at room temperature for 1h (Fig. 4B).322

323

Figure 4.Temperature (A) and pH (B) dependence activity and stability of LipQ.  Values are324

the average results from 3 independent assays in triplicates, with error bars indicating325

standard deviations.326

Effect of different additives on Rv2485c activity327

PMSF and DEPC (1.0 mM v/v) inhibited the enzyme activity to nearly 60% and 80% loss in328

enzyme activity respectively. However the enzyme did not show any activity with 1.0 mM of329

PMSF and DEPC after pre-incubation at 500C for 5 min (data not shown). Eserine did not330

affect the enzyme activity. The decline in enzyme activity was observed on treatment with β-331

ME (Fig. 5).332
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333

Figure 5. Effect of various additives/chemical modifiers on Rv2485c activity. The experiment334

was repeated three times in triplicate with error bars indicating standard deviations.335

336

337

Kinetic Properties338

The reaction catalyzed by LipQ (100 µl of 190 U/ml enzyme stock) was studied by339

monitoring the increase in released pNP absorbance at 420 nm. From the kinetic analysis, it340

was determined that the enzyme displayed maximum velocity of reaction at 1.0 mM341

concentration after which no further increase in velocity of the enzyme reaction was342

observed. The double-reciprocal plot (Lineweaver-Burk plot) of reaction rate was used to343

evaluate the Michaelis-Menten constant, K
m

and maximum velocity, V
max

. The apparent Km344

and Vmax values for substrate, pNP-palmitate was 1.45 mM & 196.08 U/ml. The turnover345

number (kcat) of the enzyme was calculated to be 6.597 min−1.346

347

Structure Prediction and identification of active site residues348

The Ser-249, Asp-344 and His-377 were predicted as the member of the catalytic triad. There349

were two Asp (one at 289 and another at 344 positions) residues found to be conserved in350

multiple sequence alignment (Supplementary Fig 1). The protein structure of LipQ was351

predicted by homology modeling by using online software, Phyre with template, esterase352

EstE1 cloned by metagenomics [28] and image was produced and labeled by PyMol [29]353

(Supplementary Fig 2). Serine residue was found to be buried in the hydrophobic core. It354

suggested the chances of Asp 344 to be the active site residue. The active site residues of355
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LipQ were confirmed by site-directed mutagenesis. For each of the altered proteins of Serine356

and Histidine residues, the enzyme activity was lost (~95%) with pNP-palmitate as substrate.357

Nearly 75% loss of enzyme activity was observed for Asp-344 mutant. More than 85%358

enzyme activity was retained with Asp-289 mutant.359

360

Supplementary Figure 2. Cartoon diagram of LipQ model showing position of probable361

active site residues Ser249, Asp344 and His377.  α-helices are shown in blue color, β turns362

are shown in green color and random loops are shown in orange color. Probability of Asp344363

to be an active site residue than Asp-289 was predicted.364

365

Discussion366

Pathogenic bacteria utilize a number of mechanisms to cause disease in human hosts.367

Bacterial pathogens express a wide range of molecules that bind host cell targets to facilitate368

a variety of different host responses. The development of novel drugs against M. tuberculosis369

has numerous hurdles like identification of therapeutically relevant metabolic targets and370

introduction of favorable physiochemical characteristics.371

The previous studies demonstrated that bacteria grown in vitro had a preference for372

carbohydrates, whereas bacteria grown in vivo preferred fatty acids as their carbon source373

giving due importance to lipolytic enzymes [30]. The bioinformatics study revealed the374

presence of lip family genes i.e. 24 putative lipases in M. tuberculosis H37Rv [31]. Present375

knowledge about the structure, biochemical properties, regulation and physiological role of376
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all lipase enzymes of mycobacterium is still low.  In some recent studies, few lipolytic377

enzymes of M. tuberculosis were characterized both biochemically and enzymatically [32]378

allowing us to propose that these enzymes, are very likely to participate in lipid metabolism379

during dormancy and/or during reactivation [33]. This view is supported by a recent study380

conducted by Low et al. in 2009 demonstrating extensive accumulation and degradation of381

TAGs in the bacilli during entry into and exit from hypoxia-induced dormancy, respectively382

[34]. A lip family gene, LipF has already been shown its role in pathogenesis [16]. Still lots383

of putative lipases/esterases remained to be studied in detail. Therefore, this study aims to384

characterize LipQ that was predicted to play some role in metabolism and respiration. Till385

date no reports were available on biochemical properties of LipQ as catalyst and their effects386

on host cells.387

After purification and refolding only 37% of protein could be recovered as active protein due388

to aggregation problem. It was observed that LipQ exhibited more activity towards the long389

carbon chain substrates in comparison to short carbon chain substrates. It displayed390

maximum activity towards pNP-palmitate (C16), at pH 8.0. It might be hypothesized that this391

enzyme might hydrolyze the palmitate present in mammalian cells to provide energy and392

might allow mycobacteria to survive for a long period of time. However in present393

investigation LipQ did not trigger membrane lysis when incubated with macrophage cells,394

thus displaying no cytotoxic effects on RAW 264.7 cells (data not shown). In contrast,395

Rv3452, a phospholipase A2, was reported to induce macrophage lysis [35].396

The Lip Q was demonstrated to show very low activity with long chain TG hydrolase [13].397

In similar studies with other putative lipases, no long-chain TG hydrolysis was detected with398

LipF [16]. On the other hand LipH, previously annotated as a putative lipase, efficiently399

hydrolyzed soluble triacylglycerols and vinyl esters but was inactive against emulsified400

substrate [17].401

The possible catalytic triad of the lipase was predicted by multiple sequence alignment402

(Supplementary Fig 1). LipQ showed presence of conserved pentapeptide, G-X-S-X-G motif403

(GGSAG) at positions 247-251, a conserved His at position 377 and two conserved aspartic404

acids at position 289 and 344.To further shed lights on the active site residues of this lipase,405

the enzyme was treated with PMSF and DEPC. The partial inhibition of enzyme with PMSF406

and DEPC at room temperature suggested that the active site residues appeared to be buried.407

Although the optimum temperature of the protein is 400C but it was preincubated at 500C408

with  PMSF and DEPC to make the active site accessible to inhibitors because in many cases409
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the proteins active site may be buried inside a hydrophobic core . The protein itself did not410

loose much activity after incubation at 500C for 5 min (more than 95% activity retained, data411

not shown)412

The inhibition of enzyme activity with PMSF and DEPC suggested the involvement of Ser413

and His residues in catalytic site. LipQ had five cysteine residues and predicted to have two414

disulphide bonds. Inhibition of LipQ enzyme activity with β-ME suggested the importance of415

S-S bonds in maintaining the proper conformation of enzyme.416

417

It was reported earlier that the M. tuberculosis resides in macrophage compartment which has418

pH range from 6.2 to 4.5. This depends on the activation state of the macrophage [36]. In419

vitro assays carried out for the purified lipases showed significant activity in acidic pH range420

as well as enzyme could retain approximately 50% of enzyme activity at pH 5.0. However no421

noticeable up-regulation of Rv2485c transcription was observed during in vitro culture of M.422

tuberculosis H37Ra during acidic stress. It suggested that the promoter of this gene was not423

induced by acidic pH and therefore the protein was not specifically synthesized during acidic424

stress. On the other hand irrespective of the mode of synthesis, the enzyme might work425

during acidic stress condition as it was stable (retaining 90% enzyme activity) at pH 6.0.426

While the mechanisms by which M. tuberculosis responds to pH are poorly characterized, the427

global transcriptional response of M. tuberculosis to acid stress points to several regulators.428

In our study the enzyme was specifically induced during oxidative stress conditions only429

suggesting its role in dormant stage.430

During initial infection the internal temperature of the host will be slightly higher than431

healthy patients. It is due to the defense mechanism of the host against the pathogen [37].432

During this condition, the proteins, active at high temperature were predicted to play433

important role for the survival of pathogens [38]. During initial infection, temperature of the434

host is unlikely to soar beyond 450C, activity of LipQ at 500C might help not only to prevents435

its inactivation but ensures its functionality at this temperature. It was reported that the436

thermostability associated with Rv2416c protein play significant role in intracellular survival437

within human macrophages [39].438

The idea that lipases and phospholipases could be involved in pathogenesis has been439

suggested by the results of several studies [40-41]. The purified lipases/phospholipases from440

these organisms demonstrated various response in eukaryotic cells in vitro. They inhibited the441
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phagocytic function of alveolar macrophages and modulate the release of inflammatory442

mediators by various kinds of cells in the immune system [41-42].443

444

Conclusion445

In the present study LipQ, a putative lipase, was demonstrated to be a lipase hydrolyzing long446

chain esters while eserine, an esterase inhibitor, did not show any effect on enzyme activity.447

Biochemical parameters provide a clue about the environment where it may work efficiently.448

Rv2485c gene was expressed only in oxidative stress conditions and might help in fighting449

the oxidative damage caused by reactive oxidative species (ROS) during the dormant stage450

and also during the reactivation of the disease. Although the nature of LipQ substrate in in-451

vivo conditions and the role of this enzyme in the life cycle of M. tuberculosis remain to be452

investigated, this study represents some important clues towards the elucidation of the453

biological function of LipQ.454
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