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Abstract Gene for organic solvent stable lipase was

overexpressed from soil metagenomic library. The clone

with maximum activity was selected, and enzyme was

purified by gel-permeation chromatography with a molec-

ular mass of approx. 40 kDa. The deduced aminoacid

sequence indicated that the protein belongs to the lipase

family I.3 and containing a C-terminal secretion signal for

ABC dependent transport together with possible motifs for

Ca2? binding sites. The enzyme expressed maximum

activity at 30 �C and pH 7.0 and found to be stable in pH

and temperature ranging from 6.0–9.0 and 20–60 �C,

respectively. Furthermore, the enzyme was found highly

resistant to many organic solvents, especially isopropanol,

DMSO, methanol, xylene and hexane. The enzyme showed

enhanced activity in the presence of divalent cations

(Mg2?, Mn2?, Ca2?, Hg2?, Cu2?), whereas the presence of

trivalent cation (Fe3?) inhibited the activity.

Keywords Metagenomic library � Lipase �
Enzyme stability

Introduction

Soil harbors enormously diverse microbial communities

and is the major reservoir of genomic and taxonomic

diversity. The microbial diversity in soil exceeds that of

other environments and by far, that of eukaryotic organ-

isms. Soil microorganisms have been the major source for

many enzymes and other biomolecules of industrial

importance (Strohl 2000). However, of late, the discovery

rate of novel biomolecules is decreasing by applying tra-

ditional cultivation techniques, because most of the soil

microorganisms cannot be cultured under standard labo-

ratory conditions and only a small fraction of soil microbial

diversity is assessed in this way (Amann et al. 1995).

Therefore, culture-dependent methods have been comple-

mented by culture-independent approaches, which theo-

retically provide access to the collective nucleic acids of all

indigenous microorganisms present in the studied envi-

ronment. Metagenomics is the field combining molecular

biology and genetics in an attempt to identify, and to

characterize the genetic material from environmental

samples and apply that knowledge for isolation and char-

acterization of biomolecules with unique properties. Many

enzymes such as, esterases (Rhee et al. 2005), amylases

(Handelsman et al. 1998) and chitinase (Cottrell et al.

1999) have been identified and characterized by culture

independent methods.

Lipases are one of the most versatile and multifunctional

enzymes used in various industries. In addition to their

natural function of hydrolyzing carboxylic ester bonds,

lipases can catalyze esterification, interesterification, and

transesterification reactions in nonaqueous media. Several

genes, encoding metagenomic lipases have been identified

in metagenomic libraries over the last decade (Lee et al.

2004; Ranjan et al. 2005; Lee et al. 2006). Kim et al.

(2009) reported a novel cold-adapted alkaline lipase, Lip-

EH166, from an intertidal flat metagenome. LipEH166 and

its homologues showed similarity only in the consensus

region to known lipolytic enzyme and classified as a new

family of lipolytic enzymes. Lipase diversity in glacier soil

was also assessed by metagenomic approach and five

divergent lipase family clusters were reported based on

phylogenetic analysis (Zhang et al. 2009). A new family of
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bacterial lipases has also been reported from a Korean flat

met library, an important feature of this family is an Arg-

Ala sequence that can serve as oxyanion hole, which is

known to be a unique signature sequence for filamentous

fungal lipases (Lee et al. 2006). Glogauer et al. (2011)

constructed a fosmid metagenomic library with the ‘‘pro-

karyotic-enriched’’ DNA from a fat contaminated soil and

identified a novel, organic solvent stable lipase gene.

Lipases catalyze the hydrolysis of a wide range of car-

boxyl esters at the water–lipid interface and reversing the

reaction in non-aqueous media (Jaeger et al. 1999; Ville-

neuve et al. 2000). This versatility makes lipases the

enzymes of choice for potential applications in the food,

dairy, pharmaceutical, detergents, textile, biodiesel, cos-

metic and paper industry, in synthesis of fine chemicals and

new polymeric materials (Hasan et al. 2006). Moreover,

these enzymes can be used as chiral catalysts for stereo-

selective conversion of a variety of amines and primary and

secondary alcohols for production of cosmetics and phar-

maceuticals (Jaeger and Eggert 2002).

Substrates of the lipase are often insoluble in aqueous

solutions, and organic solvents or organic-aqueous two-

phase media are favorable to some reactions. The use of

organic solvents instead of water promises many advanta-

ges: (a) the relative high solubility of substrates, (b) the

relative ease of recovery of products in organic phase,

(c) the possibility of reducing the degree of undesirable

substrate and/or product inhibition in organic solvent–

water two-phase system and (d) the ability to shift the

reaction equilibrium in the synthetic direction by continu-

ously removing the products with organic solvent water

two-phase systems (Hun et al. 2003). Therefore, organic

solvents as reaction media could greatly expand the rep-

ertoire of enzyme-catalyzed transformations. In recent

years, some organic solvent tolerant lipases have been

characterized (Ogino et al. 1994; Hun et al. 2003; Glogauer

et al. 2011), but only a few enzymes have been demon-

strated to have adequate stability to allow routine use in

organic solvents. Most of these enzymes are stable only in

non-polar solvents. The non polar solvents are often less

harmful to enzyme activity than their hydrophilic coun-

terparts. Hydrophobic solvents could not easily strip

essential water required for enzymatic function, thereby

maintain the active conformation necessary for the reac-

tion. Lipase from Bacillus sphaericus 205y showed

enhanced activity in presence of n-hexane and p-xylene

whereas, activity was completely inhibited in n-hexadecene

(Hun et al. 2003). Eltaweel et al. (2005) reported that lipase

from Bacillus was stable in non-polar solvents like hexane

and hexadecane but enzyme activity was lost in polar

solvents with low log P value such as propanol, ethylace-

tate and propylacetate. In other studies also it was reported

that lipase activity was increased only in the presence of

n-hexane while decreased with the increase in concentra-

tion of acetone, chloroform, ethanol and isopropanol

(Ogino et al. 1994; Ghori et al. 2011). The availability of

lipases that were stable in both polar as well as non-polar

solvents would favour new applications in biotechnological

processes.

In the view of above facts this work was planned to over

express, purify and characterize solvent stable lipase from

soil metagenomic library. The constructed library was

subjected to activity-based screening for genes encoding

lipolytic enzymes. This study demonstrated that function-

driven screening of large soil libraries usually results in

identification of full-length genes (and therefore functional

gene products) with novel properties and this will further

accelerate the speed of discovery and the diversity of the

recovered biomolecules.

Materials and methods

Construction and screening of soil metagenomic library

Big Easy linear cloning kit, Lucigen was used for con-

struction of gene library. Purified soil DNA was partially

digested with Sau3AI. Fractions containing DNA frag-

ments 1–3 kb were end repaired with DNA terminator kit

for blunt cloning, ligated with pJAZZ vector and trans-

formed into E. coli JM109. The positive white clones were

randomly selected from the LB agar plates containing

0.8 mg/ml X-gal, 3 mM IPTG, and 100 lg/ml ampicillin.

For screening two types of indicator plates were employed.

Chromogenic substrate plates were prepared by using

phenol red (0.01 %) along with 1 % olive oil as substrate

as described by Singh et al. (2006). Lipolytic activity was

further confirmed on Luria–Bertani agar containing olive

oil (1 %, v/v) and the fluorescent dye rhodamine B

(0.001 %, wt/vol).

Subcloning and screening of the secondary library

For the overexpression and purification of lipase enzyme,

lipase gene from soil metagenomic library was subcloned

into QIAexpress Cloning Kit from QIAGEN. Plasmid was

isolated by alkaline lysis method and amplified by four

different sets of lipase specific primers (Table 1). The

50-ll reactions included 19 PCR buffer (Hi Media, India),

0.4 mM dNTPs, and 0.25 U Taq polymerase (Hi Media,

India). PCR was carried out under the following condi-

tions: 95 �C for 5 min, followed by 94 �C for 30 s, 55 �C

for 2 min and 72 �C for 30 s. The final extension step was

at 72 �C for 5 min. PCR products were visualized on an

agarose gel and purified using a gel extraction kit, ligated

to QIAexpress vectors. The ligation mixtures were transformed
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into E. coli, and the transformants were spread onto LB plates

supplemented with ampicillin and tributyrin to select subclones

showing clear zones around the colonies.

Lipase sequence analysis

DNA sequencing was performed using ABI PRISM, DNA

sequencer. Nucleotide and deduced amino acid sequence

analyses, open reading frame search, multiple alignment,

molecular-mass and isoelectric-point calculations were

performed using expasy bioinformatics resource portal

[http://expasy.Org/tools/]. Prediction of transmembrane

regions and signal peptide sequence were performed using

the TMHMM 2.0 (Krogh et al. 2001) and SignalP 3.0

servers (Bendtsen et al. 2004), respectively.

Purification of lipase

The LB broth containing 1.0 % olive oil was inoculated

with lipolytic clone SMlipA and incubated for 24 h at

37 �C. The culture was then supplemented with 1 mM

(final concentration) isopropyl-b-D-thiogalactopyranoside

(IPTG) and incubated for another 4 h at 37 �C for over-

expression of the lipase gene. The supernatant obtained by

centrifugation was used as crude enzyme and then pre-

cipitated with 40 % saturation of ammonium sulphate. The

precipitate was recovered by centrifugation (10,000 rpm 9

10 min at 4 �C), dissolved in phosphate buffer saline (pH

7.6) and the solution was dialyzed against PBS for over-

night. After centrifugation the supernatant was applied into

a Sephadex G-75 column, which was previously equili-

brated with 50 mM PBS, pH 7.0 at 4 �C and the proteins

were eluted from the column with the same buffer. The

fraction containing the lipase activity was pooled and

dialyzed. The dialyzed enzyme solution was used for

further studies. Purified enzyme was analyzed on 12 %

SDS-PAGE. A medium range of protein standard markers

(Bangalore Genei) were used as the molecular weight

markers. The proteins in the gels were stained with

Coomassie brilliant blue and compared with the molecular

weight markers.

Quantitative lipase assay

The lipase activity was estimated using a spectrophoto-

metric assay with p-nitrophenol acetic acid (100 mM) as a

substrate. The activity measurement was carried out at

30 �C; pH 7.5. One unit of lipase activity was defined as

the amount of enzyme releasing 1.0 lmol of p-nitrophenol

per minute under the assay conditions (Jaeger and Eggert

2002). All the assays were performed in triplicate, and the

average values were taken. Relative activity was defined as

the percentage of the maximum enzyme activity value.

Characterization of lipase

Effect of temperature and pH on enzyme stability

and activity

The optimum temperature and temperature range for the

lipase activity were evaluated at pH 7.0, by measuring the

hydrolytic activity at different temperatures ranging from

20 to 60 �C. The stability of the lipase to temperature was

investigated by measuring the residual activity after incu-

bating the purified lipase at 20–60 �C for 1 h.

The optimum pH and pH range for the lipase were

measured by incubating the reaction mixture in 0.1 M

phosphate buffer over a pH range from 5.0 to 9.0 at 30 �C.

The effect of pH on lipase stability was determined by

analyzing the residual activity after incubating the purified

lipase in the buffers with different pH values (pH 4.0–10.0)

at 4 �C for 1 h.

Effect of metal ions on enzyme stability and activity

The effect of metal ions on lipase activity was obtained by

pre-incubation with 1 mM of metal ion at room tempera-

ture for 2.5 h. The metal ions used were CaCl2, MgCl2,

MnSO4, CuSo4, HgCl2 and FeCl3. The lipase activity of

the enzyme solution without any metal was used as control

(100 % of relative activity).

Effect of solvents on enzyme stability and activity

The effect of different solvent on enzyme activity was

determined by adding equal volume organic solvent to the

purified enzyme and incubated at room temperature, with

an agitation at 150 rpm for 12 h to ensure the continuous

mixing of the enzyme and solvent. The enzyme stability

was expressed as the remaining activity assayed relative to

the control value. Phosphate buffer was used instead of

solvent as the control.

Table 1 Primers used in study

Primer Sequence (50 ? 30)

LucF1 AGCAAAGACTCGACGGTGAT

Luc R1 CTTCACCGCCGGAAATAATA

Lip PsF GCCGTTGAACAGGAACGTAT

Lip PsR AAGGTCGGCAATAACGTCAC

Lis F TGAATCAGGTCGTTGCTGTC

LisR CCGTTCTCCATCCTCAACAT

Lip UB1 ATTATCGTCGCCAACCTGTC

Lip UB2 ATAGCCGATAATCCGGTCCT
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Result and discussion

Cloning and nucleotide sequence of SMlipA lipase

gene

The lipase gene was successfully cloned and expressed in

QIAexpress pQE, an expression vector carrying a powerful

T5 phage promoter, using E. coli JM109 as the host. To

screen the lipolytic clones from the soil metagenomic

libraries, a function-driven approach was chosen. This

strategy bears the potential to discover novel genes without

any sequence information. In addition it is selective for full-

length genes and functional gene products. The screening for

genes exhibiting lipolytic activity was done by the ability of

clones to form halos when grown on agar medium containing

tributyrine. Halo formation is caused by the hydrolysis of

tributyrine. The lipase activity was further confirmed on

Rhodamine B agar Plates. Lipase production was monitored

by irradiating plates with UV light at 350 nm. After 16 h of

incubation positive clones began to show an orange fluo-

rescence around the discs, with continuing incubation time

orange fluorescent halos were formed around the colonies of

Lipase producing strains. Fifteen lipase positive clones were

obtained after screening, and the clone SMlipA that showed

maximum activity was selected for further studies. The

function-based screen has been used to identify the lipolytic

activity of individual microorganisms (Hantsis-Zacharov

and Halpern 2007), and recombinant E. coli strains that

harbor gene libraries from single microorganisms (Hotta

et al. 2002) or metagenomic libraries (Hu et al. 2010). In case

of metagenomic libraries, genes conferring lipolytic activity

have also been recovered earlier from diverse environments

such as mangrove sediment (Couto et al. 2010), marine

sediment (Hårdeman and Sjöling 2007), water samples (Wu

and Sun 2009).

The entire 1,295 bp containing lipase gene was

sequenced and gene sequence was submitted to Gene bank

(Accession No. AEW90242.1). The open reading frame

(ORFs) was identified with the ORF Finder tool. SMlipA

sequence contained an ORF comprising 1,119 bp exten-

ding from 169 to 1,290, which encoded 373 amino acids.

The ProtParam tool was used to calculate the theoretical

parameters of the protein and the deduced molecular mass

based on ORF was calculated to be 39.8 kDa. The domain

analysis carried out using Pfam showed that the enzyme

probably has a type I a/b-hydrolase fold between residues

103 and 201. The amino acid sequences were compared

with the non-redundant sequence database deposited at the

NCBI using BLAST. SMlipA showed 70, 82 and 70 % of

identity with LipA gene from uncultured bacterium [Gene

Bank: ACT99860.1], LipB from uncultured Pseudomonas

[Gene Bank: AAU13930.1] and cold-active lipase from

uncultured bacterium [Gene Bank: ABI94371.1], respectively.

Among the lipase with known 3D structure it possess 58 and

51 % of identity with extracellular lipase of Pseudomonas

[PDB: 2Z8X] and Serretia marcescens [PDB: 2QUA],

respectively (Fig. 1).

The GXSXG motif, which includes the active-site serine

residue, was found from residues 125 to 129. The amino

acid sequence analysis revealed that the SMlipA lipase

lacked a typical N-terminal signal peptide for its secretion,

transmembrane domains, and cys residues. Similar findings

were reported in case of the lipase from P. fluorescens

KB700A, for which it has been shown that secretion is

dependent on the C-terminal region of the protein. Interpro

Scan tool (Zdobnov and Apweiler 2001) for the signature-

recognition of protein indicated that C-terminal region of

SMlipA contained hemolysin-type calcium-binding region

and Serralysin-like metalloprotease belongs to peptidase

M10 family, from amino acid residues 355–390 and

348–408, respectively. It has been shown that family I.3

lipases are involved in the binding of calcium ions in a

parallel beta roll structure. The peptidase unit is found at

the C terminus forms a corkscrew. It is thought to be

important for secretion of the protein through the bacterial

cell wall. The secretion of these proteins occurs in one step

through a three-component ATP-binding-cassette trans-

porter system (Angkawidjaja et al. 2007). The C-terminal

domain of SMlipA was highly similar to that of P. fluo-

rescens KB700A, suggesting similar mechanisms for

secretion of SMlipA (Rashid et al. 2001). In addition, the

GXXGXD motifs, which are supposed to be involved in

Ca2? binding in proteases and lipases, an extreme C-ter-

minal motif consisting of a negatively charged amino acid

followed by four hydrophobic residues (Baumann 1994),

proven necessary for the secretion of metalloprotease was

also found in SMlipA. Thus it is possible to conclude that

SMlipA belongs to lipase Subfamily I.3.

Purification and characterization of lipase

Hydrolysis of p-nitrophenyl ester of acetic acid was used to

determine the lipolytic and 23.4 U/ml enzyme activity was

measured in crude enzyme.

The enzyme from the culture supernatant was partially

purified using ammonium sulphate precipitation and the

maximum lipase activity was recorded in the fraction

precipitated, by 40 % saturation. The partially purified

lipase after centrifugation, ammonium sulfate precipitation

and dialysis was chromatographed through the Sephadex

G-75 with the phosphate buffer saline; in the preceding

gradient, the active fraction was appeared. After the three-

step procedure, the purified lipase was purified was ana-

lyzed on SDS-PAGE for homogeneity and showed a single

band of approx. 40.0 kDa on SDS-PAGE (Fig. 2). The

specific activity of purified lipase measure was 513 U/mg.
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Fig. 1 Aminoacid sequence

alignment of SMlipA

(AEW90242.1) lipase with

other lipase from unculturable

bacterium. Active site (as),

which is important for lipase

activity, is highlighted in yellow
colour, calcium binding domain

(cs) green in colour and C

terminal signal sequence pink in

colour (colour figure online)
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Effect of pH and temperature on enzyme activity

The enzyme exhibited the highest activity at pH 7.0. The

enzyme activity increased gradually from pH 4.0 to 6.0 and

reached to the maximum at pH 7.0. It was also found that

enzyme retained its activity significantly in all the pH

range from 5 to 8 and showed 85, 91, 90 and 82 % relative

activity at pH 5, 6, 8 and 9 respectively (Fig. 3). Therefore

from the results it can be concluded that lipase was active

in broad range of pH.

The optimal temperature of the lipase enzyme was found

to be 30 �C. Notably the enzyme retained 62 % of the

maximal activity at 20 �C, 84 and 70 % at 40 and 50 �C

respectively (Fig. 4). The results showed that the optimal

temperature of SMlipA was lower than those of the other

members of lipase subfamily I.3 and SMlipA retained the

stability throughout the temperature range of 20–60 �C.

Most of the lipases that belongs to subfamily I.3 showed

temperature optima only at narrow temperature range.

Lipase from Pseudomonas strain SIK W1, and strain

MIS38 had an optimal temperature in the range of

45–55 �C (Lee et al. 1993; Amada et al. 2000) and

KB700A another strain of Pseudomonas sp. showed tem-

perature optima at 35 �C but found to be highly heat labile

and lost over 70 % of its activity after only 5 min of

incubation at 60 �C (Rashid et al. 2001). It is quite inter-

esting that although SMlipA showed high similarity (80 %)

with other lipases of subfamily I.3 but there are consider-

able differences in optimal temperatures and thermosta-

bility characteristics of these proteins from SMlipA lipase.

This property of SMLipA may be helpful in elucidation of

mechanism of cold and thermostability of lipases from

unculturable bacterium.

Effect of metal ions

All the divalent anions such as Mg2?, Mn2?, and Ca2?,

Cu2? and Hg2? were found to enhance the enzyme activity,

while trivalent anion Fe3? reduced the enzyme activity.

The maximum activity was achieved in presence of Mg2?

salts and showed a relative activity of about 176 %.

The relative activity of enzyme in presence of various

metal ions is summarized in Table 2. The presence of

Ca2?-binding motifs, GXXGXD, in the C terminus of the

enzyme also confirmed that the SMlipA activity was

Fig. 2 SDS-PAGE analysis of purified lipase. Lane 1 crude protein,

Lane 2 lipase fraction from ammonium sulphate precipitation, Lane 3
pooled fraction from Sephadex G-75 column chromatography

Fig. 3 Effect of pH on lipase activity

Fig. 4 Effect of temperature on lipase activity

Table 2 Effect of metal ions on

lipase activity

a The purified enzyme was

incubated at 37 �C with shaking

at 150 rpm in the presence of

chemicals for 2.5 h. The

remaining lipolytic activity was

measured and expressed as the

mean of three determinations

comparing to control

Metals used

(1 mM)

Relative lipase

activity (%)a

Control 100.00

Mg?? 176.01

Ca?? 133.44

Mn?? 163.17

Hg?? 120.91

Cu?? 131.72

Fe??? 69.59
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dependent on divalent cations. Sharma et al. (2009),

reported that the increase in catalytic activity in the pres-

ence of Mg2?, Mn2?, and Ca2? was due to the formation of

insoluble salts of fatty acids released in the hydrolysis, thus

avoiding product inhibition.

Makhzoum et al. (1995), observed approximately a

360 % increase in the enzyme activity in presence of Ca2?

ions to an extracellular lipase of P. fluorescens 2D but

Hg2? and Co2? strongly inhibited the enzyme activity.

Sharon et al. (1998) reported a lipase from P. aeruginosa

KKA-5 retained its activity in presence of Ca2? and Mg2?

whereas salts of heavy metals (Fe2?, Zn2?, Hg2?, Fe3?)

strongly inhibited the lipase, suggesting that they were able

to alter the enzyme conformation.

Stability of SMlipA lipase in various organic solvents

Lipases catalyzed reactions involved triglyceride hydroly-

sis, ester synthesis, transesterification of fats etc. Since

substrates of such reactions are often insoluble in aqueous

solution, organic solvents or organic aqueous two-phase

media are required. But most of enzymes are not stable in

the presence of organic solvents and are susceptible to

denaturation (Ogino et al. 1994).

In this study, activity and stability of SMlipA in various

organic solvents with different polarities Log P values

from -0.76 to 3.6 was determined. Here, Log P was used

as the quantitative measure of the solvent polarity. From

the results it was observed that, interestingly the purified

lipase activity was greatly activated by 50 % (v/v) polar

solvents including isopropanol, DMSO, methanol and non-

polar solvent such as xylene and hexane more than *50 %

increment. The relative activity of enzyme in presence of

different solvents is shown as Table 3. This is the unique

property of the lipase isolated from the metagenomic

library. Purified recombinant lipase from Staphylococcus

epidermis AT2 was also reported to be activated in pres-

ence of 30 % (v/v) DMSO (Rahman et al. 2010). Solvents

having a Log P \ 2 are not suitable in biocatalytic sys-

tems, since they strongly distort the essential water-bio-

catalyst interaction, thereby inactivating the biocatalyst

(Laane et al. 1987). In the present study, results showed

that, SMlipA lipase had the maximum activity in the sol-

vent Xylene which is having a Log P value of 3.1. The

enzyme activity is enhanced in presence of organic sol-

vents, due to the interaction of hydrophobic solvent and

hydrophobic amino acid residues present in the lid of the

enzyme that maintain the lid in its open confirmation

(Doukyu and Ogino 2010).

Conclusion

SMlipA lipase, over expressed and characterized from soil

metagenomic library however, belongs to lipase subfamily

1.3, but it showed considerable difference in biochemical

characteristics from other members of the family. The

unique feature of SMlipA is its high stability in organic

solvents. Since this enzyme function well in broad tem-

perature and stable in presence of organic solvents, it is a

novel lipase and promising candidate for biotechnological

applications. It can be used for most of the industrial

applications especially in the reverse mode, i.e. for ester

synthesis, inter-esterification and resolution of racemic

mixture to produce optically active compounds.
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