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Abstract A gene encoding extracellular lipase was

cloned and characterized from metagenomic DNA extrac-

ted from hot spring soil. The recombinant gene was

expressed in E. coli and expressed protein was purified to

homogeneity using hydrophobic interactions chromatog-

raphy. The mature polypeptide consists of 388 amino acids

with apparent molecular weight of 43 kDa. The enzyme

displayed maximum activity at 50�C and pH 9.0. It showed

thermal stability up to 40�C without any loss of enzyme

activity. Nearly 80% enzyme activity was retained at 50�C

even after incubation for 75 min. However above 50�C the

enzyme displayed thermal instability. The half life of the

enzyme was determined to be 5 min at 60�C. Interestingly

the CD spectroscopic study carried out in the temperature

range of 25–95�C revealed distortion in solution structure

above 35�C. However the intrinsic tryptophan fluorescence

spectroscopic study revealed that even with the loss of

secondary structure at 35�C and above the tertiary structure

was retained. With p-nitrophenyl laurate as a substrate, the

enzyme exhibited a Km, Vmax and Kcat of 0.73 ± 0.18 lM,

239 ± 16 lmol/ml/min and 569 s-1 respectively. Enzyme

activity was strongly inhibited by CuCl2, HgCl2 and DEPC

but not by PMSF, eserine and SDS. The protein retained

significant activity (*70%) with Triton X-100. The

enzyme displayed 100% activity in presence of 30%

n-Hexane and acetone.
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Introduction

Enzymes have major appeal as catalysts because of their

high turnover number and refined level of selectivity, par-

ticularly in the synthesis of single-enantiomer compounds.

One such enzyme, lipase exhibit remarkable broad sub-

strate specificity which makes it highly versatile biocata-

lyst. Lipases are triacylglycerol hydrolases (EC 3.1.1.3)

which hydrolyzes and synthesizes long chain acylglycerols

and find immense applications in food, detergent, phar-

maceutical and dairy industries [1]. The lipases showed

heterogeneity both in the catalytic properties and in the

amino acid sequence. The active site of most of the lipases

contains a serine protease like catalytic triad consisting of

three residues—Ser-His-(Asp/Glu) [1]. A variety of

microbial lipases with different substrate specificities and

biochemical properties have been reported [2, 3]. The

structure elucidation had revealed that these are the mem-

bers of a/b hydrolases superfamily [4, 5]. Most of the

industrial processes in which lipases are employed, func-

tion at temperatures exceeding 45�C and in organic sol-

vents. The enzymes thus are required to exhibit an optimum

temperature of around 50�C and above. Fundamental rea-

sons to choose thermostable enzymes in bioprocessing are
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of course the intrinsic thermostability, which implies pos-

sibilities for prolonged storage (at room temperature),

increased tolerance to organic solvents etc. [6]. It is

reported in many studies that thermostable lipases are more

rigid than mesophilic enzyme and this rigidity is important

for providing thermostability. Two types of protein ther-

mostability are of interest that include thermodynamic

stability and long term stability. Thermodynamic stability

is the main issue when an enzyme is used under denaturing

conditions i.e. high temperature and organic solvents [7].

The important factors that presumably contribute thermo-

stability to the proteins include increase in ion-pairs-ion

pairs interactions, disulphide bonds and hydrogen bonding

[8]. The thermostable lipase can be produced from the

thermophiles through either optimized fermentation of the

microorganisms or cloning of fast-growing mesophiles by

recombinant DNA technology. Few lipases and esterases

have been cloned and characterized from various micro-

organism including Bacillus sp., Pseudomonas sp., Staph-

ylococcus, C. cylandracia and Geotrichum candidum and

Geobacillus [9–11]. The culture independent studies of

various microbial communities however have demonstrated

that portion of the viable but non-culturable bacteria in

natural ecosystem is over 99% with only 1% culturable

representatives [12–14]. Concerning biotechnological and

pharmaceutical applications, the genomes of the non-cul-

turable microbes represent an unlimited and very valuable

resource for novel biocatalysts. Many novel genes and gene

products were discovered using metagenomic approach that

include the first bacteriorhodopsin gene from prokaryotic

origin [15], many novel small molecules with anti micro-

bial activity [16] and new members of unknown proteins,

Na?(Li?)/H? antiporter genes [17]. A few lipase and

esterase genes have been cloned and characterized from

uncultured microorganisms [18–26].

In the present investigation a gene encoding extracel-

lular lipase was cloned from metagenomic DNA extracted

from soil samples of hot spring from Himachal Pradesh

(India). The recombinant lipase was expressed and puri-

fied to homogeneity using standard chromatographic

techniques. We characterized the purified lipase bio-

chemically in detail. During course of biochemical char-

acterization it was interesting to note the thermostability

behavior of this lipase compared to earlier reported

identical lipases with which it shared more than 90%

similarity at amino acids level. We probed the structural

conformation of the lipase using sensitive tools like cir-

cular dichroism and intrinsic tryptophan fluorescence to

address this question. Surprisingly we observed the dis-

tortion in its secondary structure above 35–45�C, however

intrinsic fluorescence data showed that it has retained its

tertiary structure. Further the kinetic parameter of the

lipase was also determined.

Materials and methods

Sample collection and DNA isolation

Soil samples were collected in autoclaved oakridge tube

(15 ml) using the sterile forceps from hot springs area of

Manikaran (Average water temperature 60–65�C) in Hi-

machal Pradesh, India (32�1040.3400N, 77�20052.9500E). The

soil was dried in oven where the temperature was main-

tained to 50�C. DNA from soil was extracted using method

described by Zhou et al. [27], Sieved fine soil (0.5 g) was

weighed in four micro-centrifuge tubes and DNA was

extracted with 1.3 ml of extraction buffer (100 mM Tris–

HCl, pH 8.0, 100 mM EDTA, pH 8.0, 1.5 M NaCl,

100 mM sodium phosphate, pH 8.0, 1% hexadecyl-

trimethylammonium bromide). After proper mixing, 13 ll

of proteinase K (10 mg/ml) was added and incubated at

37�C with horizontally shaking for 45 min. After incuba-

tion 160 ll of 20% SDS was added and mixed for 30 s with

further incubation at 60�C for 2 h. The sample in each

micro-centrifuge tube was mixed thoroughly after every

15 min interval. The samples were centrifuged at

50009g for 10 min. The supernatant was transferred into

new micro-centrifuge tube. The remaining soil pellets were

treated three times with 400 ll of extraction buffer, 60 ll

of SDS (20%) and incubated at 60�C for 15 min with

intermittent shaking after every 5 min. The supernatants

collected from all four extractions were extracted three to

four times with equal quantity of chloroform and isoamyl

alcohol (24:1). Aqueous layer was separated and precipi-

tated with 0.6 volume of isopropanol. After centrifugation

at 12,0009g for 15 min, the brown pellet was washed with

70% ethanol, dried at room temperature and was dissolved

in TE (10 mM Tris-Cl, 1 mM EDTA, pH 8.0). DNA was

estimated spectrophotometrically at 230, 260 and 280 nm

respectively to know its purity and concentration. The

metagenomic DNA purification was carried out according

to Sharma et al. [28].

Primer designing and molecular manipulations

Degenerate set of primers were designed using multiple

sequence alignment (Clustal W) (http://www.ebi.ac.uk/

clustalW/) of different lipase gene sequences reported from

thermophilic bacterial species at NCBI site with accession

number AF134840, AY260784, AY786185.1, U78785,

FJ774007.1, DQ009618.1, AF237623, AY0952601,

X95309. The Primers were checked carefully for their

hairpin loop formation, GC contents and for primer dimer

formation using IDT tools for oligo analysis available

online. The purified DNA (0.1 lg) was used as template for

amplification of lipase gene using degenerated primers.

Primer sequences used for PCR amplification were
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50-ATGATGAA (A/G) GGNTG (T/C) AG (A/G) GTNCC-

30 (forward primer) and 50-TTANGGNCGNA (A/G) N(C/

G) (T/A) NGCNA (G/A) (T/C) TGNCC-30 (reverse primer)

and used in final concentration of 1 lM/25 ll reaction for

amplification. The PCR (gradient) reaction was carried out

in a Bio-Rad thermal cycler at 94�C for 4 min followed by

30 cycles at 94�C for 1 min, 55/59.5�C for 50 s, 72�C for

2 min followed by 10 min at 72�C. The amplified product

was purified by gel extraction kit (Sigma) and ligated in the

pGEM-T easy vector (Promega). The recombinant DNA

molecules were transformed into E. coli DH5a cells using

electroporation. The transformants were selected based on

blue/white screening. The plasmid was extracted from

white colonies using alkaline lysis method [29]. The

presence of the insert was confirmed by colony PCR.

Nucleotide sequencing and analysis of gene

and gene product

The nucleotide sequencing was carried out by commercial

available service provided by Bangalore Genei Ltd. (India)

using an automated AB1 3100 genetic analyzer that uses

fluorescent label dye terminator, based on dideoxy chain

termination method [30]. The sequence was analyzed and

aligned using different tools available at European Bioin-

formatics Institute (EBI) and National center for Biotech-

nology Information (NCBI) for protein and nucleotide

analysis. Blast was performed for similarity search of

sequence at GeneBank database (http://www.ncbi.nlm.nih.

gov/BLAST/) and multiple sequence alignment was carried

out using Clustal W (http://www.ebi.ac.uk/clustalW/). The

presence of signal peptide in amino acids sequence was

determined using signalP 3.0 server (http://www.cbs.

dtu.dk/services/SignalP/). The theoretical pI of the mature

polypeptide was predicted using protparam while second-

ary structure predictions were carried out using SOMPA,

both the software available online with expasy tools

(expasy.org).

Cloning of the lipase gene in pQE-30UA vector

The open reading frame (ORF) of lipase gene was cloned

in pQE-30UA expression vector (Qiagen, Germany) and

expressed in E. coli M15 cells containing pREP4 plasmid

as per manufacturer’s instructions. The recombinant colo-

nies were initially screened on LB agar plates containing

ampicillin (100 lg/ml) and Kanamycin 30 lg/ml. Clones

were further screened for lipase production on LB agar

plates containing 1% emulsified tributyrin, ampicillin

(100 lg/ml), kanamycin (30 lg/ml) and IPTG (0.1 mM).

The plates were incubated at 37�C overnight and the

colonies showing zone of clearance on substrate plate were

selected for further studies.

Protein expression and purification

The M I5 E. coli cells harboring pQE-UA-lipase were

grown overnight at 37�C in 5 ml liquid LB media con-

taining ampicillin (100 lg/ml) and kanamycin (30 lg/ml)

overnight. Next day 1% of overnight grown cells were

inoculated in 500 ml LB media and the culture was

grown at 37�C. The lipase expression was induced with a

final concentration of 0.1 mM Isopropyl-beta-thio galac-

topyranoside (IPTG) when A600 *0.5. Cells were har-

vested after 3 h of the induction and the clear supernatant

was collected. All the steps for purification were carried

out at 4�C. The clear supernatant was saturated to 80%

with ammonium sulphate and the precipitated protein was

collected by centrifugation at 10,0009g for 30 min. The

pellet was dissolved in 40 ml of 0.05 M sodium phos-

phate buffer (pH 8.0). The dissolved ammonium sulphate

fraction (33 ml) was layered on a Phenyl Sepharose col-

umn (5.3 9 4.5 cm) pre equilibrated with equilibration

buffer (0.5 M NaCl in 0.05 M phosphate buffer pH 8.0).

The column was first washed with 5 column volumes of

equilibration buffer, followed by 2 volumes each of 0.05

and 0.001 M phosphate buffer (pH 8.0). The bound

enzyme was eluted first with 20 ml of 40% ethylene

glycol followed by 15 ml of 80% ethylene glycol in

0.001 M phosphate buffer (pH 8.0). The fractions (1.5 ml)

were collected and analyzed for lipase activity. The

fractions showing high lipase activity were pooled and

desalted by dialyzing against 0.01 M phosphate buffer

over night in cold room. The dialyzed sample was con-

centrated using 10 kDa cut off membrane filter (Millipore

USA).

Protein concentration was determined using the com-

mercially available BCA (Bicinchoninic acid method) kit

(Banglore Genei, India). Bovine serum albumin was used

as standard. Protein samples were analyzed on SDS-PAGE

(sodium dodecyl sulphate-polyacrylamide gel electropho-

resis) according to Laemmli [31] for purity and molecular

mass determination. Molecular weight of the purified

protein sample was determined by running SDS PAGE

marker reconstituted by mixing the different known protein

samples purchased from Sigma (USA) that corresponds to

mixed protein samples of (Phosphorylase b 97.4 kDa,

Bovine Serum Albumin 66 kDa, Ovalbumin (chicken egg)

45 kDa, Carbonic Anhydrase 29 kDa, Lactoglobulin

18.4 kDa, Lysozyme 14.3 kDa). The exact molecular

weight of the protein was determined by semi-log plot

(distance migrated on X axis and log molecular weight on

Y axis).
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Enzyme assay

The enzyme activity was determined according to the

modified method of Sigurgisladottir et al. [32]. To 0.8 ml

of 0.05 M phosphate buffer (pH 8.0), 0.1 ml enzyme and

0.1 ml of 0.001 M p-nitrophenyl laurate was added. The

reaction was carried out at 50�C for 10 min, after which

0.25 ml, 0.1 M Na2CO3 was added. The mixture was

centrifuged and the activity was determined by measuring

absorbance at 420 nm in UV/Vis spectrophotometer

(JENWAY 6505 UK). One unit of enzyme activity is

defined as the amount of enzyme, which liberates 1 lmol

of p-nitrophenol from pNP-laurate as substrate per min

under standard assay conditions. The total enzyme activity

was expressed in Unit/ml and specific activity was

expressed as Unit/mg of protein.

Effect of temperature and pH on enzyme activity

and stability

The pH optima was determined by assaying the purified

lipase in buffer of different pH at 50�C (sodium acetate—

pH 5.0, sodium phosphate—pH 6.0–8.0, Tris-HCl—pH

9.0, Glycine NaOH—pH 10.0–11.0). The pH stability of

the lipase was determined by incubating the enzyme with

0.05 M buffer of different pH (5.0–11.0) for 1 h at room

temperature.

The temperature optimum of the purified lipase was

determined by assaying the enzyme activity at different

temperature (20–80�C). Enzyme stability assay was car-

ried out at these temperatures by incubating the enzyme

for 30 min followed by cooling on ice for 15 min. The

enzyme assay was carried out at 50�C. Thermostability

assay was carried out at 50 and 55�C by preincubating

the purified enzyme for 15, 30, 45, 60, and 75 min

respectively at given temperature. The samples were

cooled on ice for 15 min followed by enzyme assay at

50�C. The enzyme without incubation was taken as

control (100%). The residual lipase activity after each

incubation was determined. Reaction mix without

enzyme served as blank.

Substrate specificity

The substrate specificity of lipase was carried out using

pNP ester (final concentration of 0.3 mM) of following

chain length: pNP-acetate (C3), pNP-butyrate (C4), pNP-

caprylate (C8), pNP-deconate (C10), pNP-laurate (C12),

pNP-myristate (C14), pNP-palmitate (C16), pNP-stearate

(C18) (Sigma USA), dissolved in absolute alcohol. Assay

was performed according to the standard enzyme assay

method at 50�C and pH 8.0.

Effect of additives and chemical modifiers

on lipase activity

The effect of various additives such as metal ions (0.1 and

1 mM each), detergents (1% w/v) and solvents (10, 20 and

30% v/v) were studied by addition of these additives sep-

arately into the reaction mix. The activity was measured

according to standard assay conditions.

The effect of chemical modifiers such as PMSF (phe-

nylmethylsulphonyl fluoride), eserine, DEPC (Diethyl py-

rocarobnate) and b-ME (0.1 and 1 mM each), on enzyme

activity was studied. The enzyme assay was carried out in

presence and absence of chemical modifiers. The reaction

mix with respective additives/chemical modifiers but

without enzyme served as blank. The sample without any

additive/modifier was taken as control (100%).

Kinetic parameter

Enzyme activity of the lipase as function of substrate

concentration (0.01–5 mM) was carried out using standard

assay method. With pNP laurate as substrate the Michae-

lis–Menten constant (Km) and maximum velocity for the

reaction (Vmax) were calculated by Lineweaver-Burk plot,

kcat and kcat/Km were also calculated.

Biophysical characterization of the purified

recombinant protein

The effect of temperature on enzyme conformation (sec-

ondary and tertiary) was monitored by CD and fluorescence

spectroscopic techniques. The protein was exposed to tem-

peratures ranging from 25 to 95�C. Circular dichroism

measurements were made with a JASCO J-715 spectropo-

larimeter fitted with a Jasco Peltier-type temperature con-

troller (PTC-348WI). The instrument was calibrated with

D-10 camphor sulfonic acid. The temperature of the protein

solution was controlled employing cell holder attached to a

Neslab’s RTE-110 water bath, with an accuracy of ±0.1�C.

Spectra were collected with a scan speed of 20 nm/min and

with a response time of one second. Each spectrum was the

average of 2 scans. Far UV CD spectra were taken in the

wavelength region of 200–250 nm at a protein concentration

of 12 lM with a 2 mm path length cell. The protein con-

centration used was 0.05 mg/ml in 50 mM sodium phos-

phate buffer (pH 8.0) with path length of 1 cm. Temperature

dependent unfolding profiles were obtained by heating pro-

tein from 25 to 95�C and Far-UV CD spectra were recorded

in the 200–250 nm range.

Intrinsic tryptophan fluorescence measurements were

carried out on a Shimadzu spectrofluorometer (model RF-

540) equipped with a data recorder DR-3. The fluorescence

spectra were measured at a protein concentration of 9.8 lM
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with a 1-cm path length cuvette. The excitation wavelength

was set at 280 nm and emission spectra were recorded in

the range of 300–400 nm or at a fixed wavelength of

340 nm with 5 and 10 nm slit width for excitation and

emission respectively.

Nucleotide sequence accession number

The complete nucleotide sequence of JkP01 reported in this

study has been assigned GeneBank accession number

FJ392756.

Results

Cloning and sequence analysis of the lipase gene

The degenerate primers set amplified three fragments of

650, 900 and 1260 bp. All three fragments were cloned in

pGEM-T easy vector separately. Out of the three, only the

clone with 1260 bp fragment resulted in expression of

lipase when screened on LB agar tributyrin plate, while no

zone of clearance was observed with clones carrying 650

and 900 bp fragment. The sequencing of the clone (JkP01)

confirmed the fragment having complete open reading

frame of 1254 bp coding for 417 amino acids with a pre-

dicted molecular mass of 43 kDa. The lipase gene dis-

played high identity with the earlier reported thermostable

lipases [33–36]. The active site of the JkP01 lipase was also

predicted based upon the conserved sites observed after

multiple sequence alignment with the other lipases i.e.

TW1, L1 and P1 lipase with accession number AY786185,

U78785, AF237623 respectively, having serine (142),

aspartate (346) and histidine (387) as catalytic member of

this lipase. A conserve pentapeptide AHSQG sequence,

which has been suggested to contain the active-site serine

residue, is fully conserved in JkP01 sequence. Furthermore,

another consensus peptide, His-Gly, present in the N-ter-

minal part of all known lipases except for the fungal

lipases, was also present in JkP01 at position 43 and 44

(Supplementary Material 1). The most probable cleavage

site for the signal peptide of JkP01 lipase would be

between Ala-29 and Ala-30 in the prolipase sequence as

also predicted using the signalP 3.0 server.

Expression of the lipase gene and protein purification

The enzyme expression was achieved by inducing the

lipase expression with 0.1 mM IPTG. The enzyme was

eluted from Phenyl Sepharose column as a single peak with

80% ethylene glycol. The purified enzyme resulted in 61

fold of purification with 6% yield. The specific activity of

purified lipase was calculated to be 2022 ± 31 U/mg of

protein (Table 1). The purified recombinant lipase showed

a single band *43 kDa on SDS-PAGE (Supplementary

Material 2) which is consistent with the predicted molec-

ular weight of the lipase. It was observed that the high

concentration of protein always resulted in aggregation.

Biochemical and biophysical characterization

The temperature optimum for the enzyme was observed at

50�C with pNP-laurate as substrate. Enzyme was stable

from 20 to 50�C for 30 min, however enzyme activity was

reduced drastically at 60�C temperature (Fig. 1a). The

enzyme was almost completely stable at 50�C for 60 min,

while the activity was reduced to 70% after 75 min incu-

bation. At 55�C the enzyme retained 100% activity for

30 min and almost reduced to 50, 44 and 32% after incu-

bation for 45, 60 and 75 min respectively (Fig. 1b).

Figure 2a shows the far UV CD spectra of recombinant

lipase upon its exposure to elevated temperature. Native

structure of the protein displays strong negative bands in

the region of 200–250 nm and the signal intensity is greater

at 208 nm than at 222 nm, which is a characteristic of

a ? b protein [37]. On increasing the temperature from 25

to 35�C and further, there was complete distortion in sec-

ondary structure.

As also revealed by intrinsic fluorescence studies,

exposure of JkP01 lipase to higher temperature brings

about conformational changes in the protein structure.

Increase in temperature from 35 to 45�C resulted in

substantial increase in intrinsic fluorescence with red

shift. Further elevation of temperature caused gradual

increase in fluorescence intensity with red shift presum-

ably because of exposure of tryptophan residues to the

polar solvent that may resulted in quenching of the

tryptophan (Fig. 2b). Increase in temperature from 85�C

onward ensued in abrupt increase in fluorescence intensity

of the protein.

The enzyme displayed maximum activity at pH 9.0. It

was completely stable at pH 8.0 and 9.0 when incubated at

room temperature for 1 h, while nearly 50% enzyme

activity was retained at pH 7, 10 and 11 (Fig. 3). Effect of

various solvents in aqueous solution was studied on

enzyme stability. The enzyme retained 100% activity in 10,

20 and 30% of acetone and n-Hexane, while 70–80%

activity was observed each with 10% of dimethyl form-

amide, dimethyl sulphoxide, propanol, methanol, glycerol

and ethylene glycol. Significant loss (*90%) in enzyme

activity was observed when 20 and 30% each of these

solvents were used. The detergents like Tween (20, 40, 60,

80) inhibited the lipase activity significantly, however

enzyme displayed 100% activity each with SDS and

Sodium deoxycholate while 74% activity was observed

with Triton X-100.

Mol Biol Rep (2012) 39:2795–2804 2799

123



The metal ions HgCl2 and CuCl2 at concentration of

0.1 mM strongly inhibited the enzyme activity. However

the enzyme activity was increased in the presence of

ZnCl2, CoCl2, CaCl2 and LiCl2 (162, 124, 163 and 112%

respectively at 0.1 mM concentration), while at 1 mM all

of these inhibited the enzyme activity (Table 2). The

enzyme displayed 100% activity each with PMSF and

eserine at 0.1 and 1 mM concentration respectively. In

contrary to this DEPC strongly inhibited the enzyme

activity at 0.1 mM concentration. b-ME, a reducing agent

Table 1 Purification profile for JkP01 lipase

Steps Protein concentration (mg) Enzyme activity (U) Specific activity (U/mg) % yield Purification fold

Supernatant after induction 860 28890 ± 510 33 ± 0.56 100 1

Ammonium sulphate precipitate 20 13782 ± 432 689 ± 22 48 21

Phenyl sepharose 1.25 1825 ± 180 1460 ± 10 6 44

10 kDa cut off membrane Filter 0.840 1699 ± 130 2022 ± 31 6 61

All the estimations were carried out in triplicates and ±SD were calculated

Fig. 1 a Effect of temperature on enzyme activity and stability.

Activity of the lipase (filled triangle) Stability of the lipase (filled
square) after incubation at respective temperature for 30 min b Effect

of temperature on lipase activity. The enzyme was incubated at 50�C

(filled square) and 55�C (filled triangle). Aliquots of enzyme were

taken out after every 15 min

Fig. 2 a Conformational changes in the lipase secondary structure as

function of temperature probed by Far UV-CD recorded in the

250–200 nm range from 25 to 95�C. b Effect of temperature on

intrinsic tryptophan fluorescence of lipase from 25 to 95�C recorded

at 340 nm
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did not affect the enzyme activity (Table 2). The substrate

specificity of the enzyme towards the pNP ester was

observed in the order C12 [ C14 [ C10 [ C16 [ C18 [ C8.

No activity was observed with lower chain fatty acids i.e.

C3 and C4 (Fig. 4). The Km and Vmax were calculated to be

0.73 ± 0.18 lM and 239 ± 16 lmol/ml/min respectively,

the kcat and kcat/Km values for the purified lipase were

calculated to be 569 s-1 and 779 lM-1 s-1 respectively.

Discussion

A gene encoding a lipase was cloned and expressed from a

metagenomic DNA extracted from hot spring environ-

mental sample from India. After induction of lipase pro-

duction with IPTG, the mature lipase protein was secreted

out of the cell in active form. The enzyme was purified

using Phenyl Sepharose chromatography as a single step

process that yielded a highly active and pure lipase. The

elution of lipase with 80% ethylene glycol suggested that

the enzyme was strongly adsorbed to Phenyl Sepharose

column for a water-soluble protein. Low yield of the lipase

might be attributed to incomplete desorption from the HIC

column. A reasonable explanation for this strong adsorp-

tion might be explained via interfacial activation. [38].

Low yield of purified enzyme can also be attributed to loss

during ammonium sulphate precipitation. Like most of the

Bacillus lipases, this lipase also forms aggregates at high

protein concentration which resulted in further lowering

the yield of the protein. Our observation of low yield of

lipase during protein purification is consistent with the

studies carried out previously [39–42]. The consistency of

the calculated molecular mass of the denatured lipase and

predicted molecular weight from gene sequence suggested

that enzyme existed as a monomer.

Sequence analysis of cloned lipase depicted that this

gene was closely identical to the lipases of the Bacillus

species especially the Geobacillus. A comparison of the

nucleotides and its deduced amino acid sequence of JkP01

lipase with other lipase and esterase sequences in the EMBL

and SwissProt database showed significant sequence iden-

tity to the Bacillus stearothermophilus L1 (96%), Geoba-

cillus thermocatenulatus (94%) and Geobacillus species

Fig. 3 Effect of pH on enzyme activity and stability Activity of the

lipase (filled triangle) Stability of the lipase (filled square) after

incubation of enzyme for 1 h at given pH values

Table 2 Effect of different additives/chemical modifiers on activity

of lipase

Additives/chemical modifiers Residual activity (%)

(0.1 mM) (1 mM)

Control 100 ± 1 100 ± 5

MnCl2 102 ± 0 92 ± 1

LiCl2 112 ± 3 88 ± 1

ZnCl2 162 ± 3 58 ± 1

HgCl2 0 0

CoCl2 124 ± 3 23 ± 2

CaCl2 163 ± 2 49

MgCl2 97 ± 3 53 ± 1

KCl 62 ± 6 66 ± 1

CuCl2 0 0

PMSF 101 ± 5 102 ± 5

Eserine 101 ± 5 99 ± 2

DEPC 0 0

b-Mercaptoethanol 100.2 ± 9 102 ± 5

Fig. 4 Substrate specificity of lipase assayed using pNP esters of

different carbon chain length (C3–C18)
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SF1(93%). They all belonged to lipolytic enzymes of

Family 1.5.

Bioinformatics analysis of the cloned lipase gene

revealed the presence of terminal signal sequence of 29

amino acids present at the N terminus site of the poly-

peptide. Like many of a/b hydrolase family members, in

addition to conserved penta-peptide AXSXG, a conserved

HG-dipeptide was also observed in the N-terminus region

of the JkP01 protein. This dipeptide flanked the catalytic

pocket playing a role in stabilizing the oxyanion interme-

diate of the hydrolysis reaction. Since the lipase belongs to

family 1.5 of the lipases, the active site residues are

reported to be protected by lid helix region which is a

unique domain in this family [43]. Although this lipase

demonstrated optimum enzyme activity at 50�C, Far-UV

CD spectra indicated significant distortion in its secondary

structure at 35�C and above. This observation was inter-

esting if the protein shows optimum temperature at 50�C.

The intrinsic fluorescence data also showed conformational

changes in lipase solution structure above 35�C. The data

indicates that at lower temperature (25�C) native structure

is maintained and the lipase protein either has solvent

exposed tryptophan or these are quenched (by aromatic

amino acids or histidine, Asp or Glu). However as the

temperature was increased there is increase in the trypto-

phan fluorescence intensity which indicates that tryptophan

residues are buried in hydrophobic pockets that gave

characteristically increased fluorescence. Though CD

spectra showed change in the secondary structure, intrinsic

fluorescence spectroscopy demonstrated that it has retained

its tertiary structure. Unfortunately no such biophysical

study is available for comparison of our data to the earlier

reported identical lipases (L1, TW1, P1). Therefore at the

moment, it can not be pointed out if this structural pattern

is a common phenomenon for all thermostable lipases used

for comparision in this study or it is because of the changes

in few amino acids observed in JkP01 lipase. The amino

acids of JkP01 lipase were compared with other lipases

showing high identity at amino acid level (Supplementary

Material 3). The comparison demonstrated that an amino

acid at position 310 for the lipase showing highest ther-

mostability ([5 h at 60�C) was completely different when

compared with other similar lipases (including JkP01

lipase) demonstrating low thermostability (\30 min at

60�C). While 6 other amino acids at C-terminus end were

completely different in JkP01 lipase when compared with

other similar lipases showing higher thermostability than

JkP01. If the changes observed in biochemical and bio-

physical properties of JkP01 were because of the changed

amino acid composition, it will be interesting to study the

role of these different amino acids for maintenance of

secondary structure at higher temperature. To further

compare the secondary structure contents among all the

four lipases compared in (Supplementary Material 1) we

predicted the secondary structure of the mature polypeptide

using SOMPA [44]. Secondary structure prediction has

shown major difference at the random coil and b turn in all

four lipases. The least b turns 8.76% were observed in

JkP01 lipase while TW1, L1 and P1 has b turn % age of

9.02, 9.79 and 9.28% respectively. The highest random coil

i.e. 46.91% was observed in case of P1 lipase however the

JkP01and L1 has 45.88% each, while TW1 has 45.76% of

random coil.

The biochemical properties, displayed by the purified

JkP01 lipase were also quite different when correlated to

the earlier reported lipases (Table 3). In addition to the

properties discussed in Table 3 the JkP01 lipase has also

shown different substrate specificity when compared to the

identical lipases. This enzyme displayed maximum lipase

activity towards the pNP-laurate when compared to the

lipase from Bacillus stearothermophilus L1 that displayed

maximum activity with pNP-caprylate. Similarly the lipase

from TW1 a thermophillic Bacillus sp. displays maximum

activity with pNP-deconate [9, 34]. To further study the

effect of detergents on the enzyme activity we tested the

enzyme activity in the presence of the different detergents.

Interestingly it was observed that this enzyme displays

100% activity each with SDS, sodium deoxychoalate and

Table 3 Comparison of biochemical properties of JkP01 lipase to its closely identical lipases

Properties of lipases JkP01 lipase

(Metagenomic)

L1 lipase

(B. stearothermophilus)

TW1 lipase

(Geobacillus sp.)

P1 lipase

(B. stearothermophilus)

M.W (kDa) 43.0 43.0 43.0 43.0

Optimum (Temperature) 50�C 60�C 40�C 55�C

Optimum (pH) 9.0 9.5 8.0 8.5

Half life at (60�C) 5 min [30 min \15 min 5 h

pH stability 8–9 5–11 6–9 NS

Substrate specificity C12 NS C8 C10

Reference – [34] [9] [35]

NS data not shown, – data for reported lipase in the study
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b-Mercaptoethanol, while 74% activity with Triton X-100.

In contrast the lipase from Bacillus stearothermophilus L1

displayed only 2% activity with SDS and 80–90% activity

each with sodium deoxycholate, b-Mercaptoethanol and

Triton X-100 [34]. The thermophilic TW1 lipase however

showed similar observation with SDS, Triton X-100 and b-

Mercaptoethanol respectively when compared with JkP01

lipase [9]. The thermostable lipase from Bacillus staero-

thermophillus P1 showed 50% reduction in enzyme activity

with SDS and 80–95% activity each with sodium deoxy-

cholate, b-Mercaptoethanol and Triton X-100 respectively

[36]. These studies implied that lipase activity in these

detergents might be due to the change in the interfacial

properties or because of change in the conformation of the

enzyme. We further tested the effect of different inhibitors

molecules on lipase enzyme activity that included PMSF

and DEPC. According to our observation the PMSF which

is a well known serine inhibitor does not inhibit the JkP01

lipase activity. This observation was consistent with other

studies where lipases reported to be remained active in

presence of PMSF [34, 45, 46]. It might be hypothesized

that the serine residue was buried in the hydrophobic core

and could not be accessed by the PMSF easily. On contrary

to this DEPC, a histidine modifier loss in enzyme activity

was observed at very low concentration suggesting the easy

accessibility of the catalytic histidine residue to DEPC. The

eserine, an esterase’s inhibitor did not affected the enzyme

activity which suggested that the JkP01 is a true lipase.

Generally lipase activity is not affected by the presence of

metal ions, however the metal ion Hg 2? and Cu2? com-

pletely inhibited the enzyme activity of this lipase which

indicated binding of these ions to the active center. In

contrast to this Ca2? and Zn2? has stimulated the enzyme

activity. The Ca2? ion generally also found to stimulate the

lipase activity by facilitating the removal of free fatty acids

formed in the reaction at the water–oil interface which may

be another reason for enhanced activity in the presence of

this ion [47, 48]. Generally lipase catalyzed transesterifi-

cation reactions and synthesis of esters is being carried out

in water immiscible organic solvents and small amount of

water [49]. Since, the lipase displayed 100% activity even

in presence of 30% n-Hexane the enzyme might be useful

for transesterification and ester synthesis.

Conclusion

In conclusion this study reported cloning of a lipase gene

which is closely related with the lipases of other thermo-

philic Bacillus sp., It displayed different biochemical

properties when compared with other reported thermosta-

ble lipases. Attempt was made to probe the structural

behavior of this lipase at higher temperature. Though the

CD spectrum was quite distorted at 35�C and above, the

tertiary structure of lipase was retained as demonstrated by

fluorescence spectroscopy as well as enzyme activity.

Further the stability of lipase in detergents and solvents

especially in n-Hexane supports its candidature for indus-

trial application where the reactions are carried out in

presence of the solvent.
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