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Abstract Two novel genes (pwtsB and pwtsC) encoding
lipases were isolated by screening the soil metagenomic
library. Sequence analysis revealed that pwtsB encodes a
protein of 301 amino acids with a predicted molecular
weight of 33 kDa, and pwtsC encodes a protein of 323
amino acids with a predicted molecular weight of 35 kDa.
Furthermore, both genes were cloned and expressed in
Escherichia coli BL21 (DE3) using pET expression system.
The expressed recombinant enzymes were puriWed by Ni-
nitrilotriacetic acid aYnity chromatography and character-
ized by spectrophotometric with diVerent p-nitrophenyl
esters. The results showed that PWTSB displayed a high
degree of activity and stability at 20°C with an optimal pH
of around 8.0, and PWTSC at 40°C with an optimal pH of
around 7.0. P-nitrophenyl palmitate (p-NPP) was identiWed
as the best substrate of PWTSB and PWTSC. The speciWc
activities of PWTSB and PWTSC were 150 and 166 U/mg,
respectively toward p-NPP at 30°C, about 20-fold higher
than that toward p-nitrophenyl butyrate (C4) and caprylate
(C8). In conclusion, our results suggest that PWTSB is a
cold adapt lipase and PWTSC is a thermostable lipase to
long-chain p-nitrophenyl esters.

Keywords Lipase · Metagenomic library · PWTSB · 
PWTSC

Introduction

Lipases (EC 3.1.1.3) are ubiquitous enzymes found in
animals, plants, and microorganisms, including fungi and
bacteria (Lee et al. 2006). A ‘true’ lipase is deWned as a
carboxylesterase, which catalyses the hydrolysis and
synthesis of long-chain acylglycerols with trioleoylglyc-
erol being the standard substrate (Jaeger and Eggert
2002). Recently, lipases have emerged as key enzymes in
swiftly growing biotechnology, owing to their novel and
multifold applications in food, oleochemistry, organic
synthesis, detergent formulation and pharmaceutical
industries (Rhee et al. 2005). Most of lipases are pro-
duced by microbes, and speciWcally bacterial lipases
from Bacillus, Psedomonas and Burkholderla play vital
roles in commercial ventures (Gupta et al. 2004). How-
ever, the properties of these enzymes do not always meet
the requirements for a given application and the cultur-
able microorganisms represent only a tiny fraction of the
microbial diversity, which limits the spectrum of searching
for new lipases for the bioprocess industry (Ferrer et al.
2005).

With metagenomic approach, some novel lipases and
esterases have been isolated from soil (Lee et al. 2004;
Elend et al. 2007), water (Kim et al. 2007; Hårdeman and
Sjöling 2007) and thermal environments (Rhee et al. 2005).
In Present study, we constructed a library of environmental
DNA from soil sample collected from Taishan (China).
Based on functional screening, two new genes encoding
lipases were identiWed, overexpressed in E. coli and their
characterization were studied.
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Materials and methods

Sample sites, bacterial strains, and plasmids

Soil samples from diVerent altitudes of Taishan (China)
were collected to construct the environmental DNA librar-
ies. Escherichia coli DH5� was used as host of the cloning
experiments, and pUC18 was employed as vector. E. coli
BL21(DE3) (Stratagene) and plasmid pET-30a (Novagen)
were used for gene expression.

Construction of environmental DNA libraries

DNA extractions were performed using the method
reported by Zhou et al. (1996) with minor modiWcations;
furthermore, DNA was puriWed through direct extraction
from the agarose gels. The puriWed DNA was partially
digested with Sau3AI and size fractionated by sucrose
density centrifugation [10 to 40% (wt/vol)]. Fractions
containing DNA fragments over 2 kb were ligated into
BamHI-digested pUC18, and the products were trans-
formed into E. coli DH5�. White colonies were collected
into 96-well microtitre plates and cultured in Luria–Bertani
(LB) media (Sambrook and Russell 2001) supplemented
with 100 �g/ml ampicillin (Ap) at 37°C for 24 h before
replication and long-term storage at ¡80°C.

Screening of lipase/esterase gene

To screen lipolytic activity, the soil libraries in 96-well
plates were replicated in two Luria-Bertani (LB) agar plates
containing 100 �g/ml ampicillin and 1% tributyrin. After
incubation at 37°C until colonies were observed, the plates
were further incubated at 50°C and 28°C, respectively.
Active clones were identiWed by showing halo around indi-
vidual colonies, and their plasmids were isolated and ana-
lyzed. The nucleotide sequence of soil DNA fragment cloned
in pUC18 was checked using an ABI PRISM 377XL DNA
Sequencer (Applied Biosystems). Lipase and esterase
sequences for comparative study were retrieved from pro-
tein and nucleotide databases on the NCBI Entrez server at
http://www.ncbi.nlm.nih.gov/Entrez/. Sequence similarity
searches were conducted with the BLAST 2.0 program.

Enzyme overexpression and puriWcation

The putative lipase gene pwtsB was ampliWed from the
pTS1 plasmid using the primers: 5�-TTTACATATG
ATGCTCTTAAAACGCCTG-3� (NdeI adaptor restriction
enzyme site underlined) and 5�-CAGACTCGAGCTATT
CATCCAGCGCTTC-3� (XhoI). The putative lipase gene
pwtsC was ampliWed from the pTS2 plasmid using the
primers: 5�-TTTACATATGGTGCCCCAGCACCTCCTC-3�

(NdeI) and 5�-CAGACTCGAGTTAATTCGTATTCTC
CCCGG-3� (XhoI). The PCR product was digested with
NdeI and XhoI, ligated into the NdeI- and XhoI-linearized
expression vector pET-30a (+) (Novagen), and then intro-
duced into E. coli BL21(DE3) (Novagen). The nucleotide
sequence of ampliWed DNA fragment cloned in pET30a
was checked using an ABI PRISM 377XL DNA Sequencer
(Applied Biosystems).

An overnight culture of transformants was diluted to
1:20 with LB broth and subjected to further incubation at
30°C until the absorbance at 600 nm reached »0.6. Isopro-
pyl-�-D-thiogalactoside (IPTG) was added to the culture at
a Wnal concentration of 0.1 mM. After incubation at 30°C
for 8 h, the bacterial cells were harvested by centrifugation
(3,000 rpm, 15 min) and suspended in the binding buVer
(10 mM imidazole, 0.5 M NaCl, 20 mM Tris–Cl pH 8.0).
The cells were sonicated and the supernatant was collected
by centrifugation (12,000£g, 15 min) at 4°C. The sample
was loaded onto a 5.0 ml Ni-NTA His-Bind resin column
(Novagen) pre-equilibrated with binding buVer. The col-
umn was then eluted with 5 ml binding buVer (10 mM
imidazole, 0.5 M NaCI, 20 mM Tris–HCl pH 8.0), 10 ml
washing buVer (60 mM imidazole, 0.5 M NaCI, 20 mM
Tris–HCl pH 8.0) and 5 ml eluting buVer (250 mM imidaz-
ole, 0.5 M NaCI, 20 mM Tris–HCl pH 8.0) successively.
The fractions containing the recombinant protein were
collected and dialyzed with H2O at 4°C. The purity of the
protein was ascertained by SDS-polyacrylamide gel elec-
trophoresis (PAGE).

Analysis of lipase characterization

The lipase activity of the puriWed proteins was quantita-
tively measured using a spectrophotometric method with p-
nitrophenyl butyrate (C4), caprylate (C8) and palmitate
(C16) (p-NPP) as substrates. The reaction mixture con-
sisted of 0.1 M NaCl, 0.1 M NaH2PO4, 15% acetonitrile
and 0.038 mM Triton X-100, pH 7.25 (Choo et al. 1998).
The release of p-nitrophenol from p-nitrophenyl esters was
continuously monitored spectrophotometrically at 400 nm
at 30°C. One unit of enzyme activity was deWned as the
amount of activity required to release 1 �mol of p-nitrophe-
nol/min from p-nitrophenyl ester.

Kinetic experiments were carried out in a total volume of
500 ml containing assay buVer and diVerent p-nitrophenyl
esters at 0.1–10 mM. Each reaction was incubated at 30°C
for 30 min before termination by the addition of EDTA.
The kinetic parameters Km were determined by a linear
least-squares Wtting of a Lineweaver–Burke plot of the
Michaelis–Menten equation. To identify the isoelectric
point (PI) of PWTSB and PWTSC, isoelectric focusing was
performed in a Pharmacia Phast gel system using calibrated
pH gels according to the manufacturer’s instructions.
123

http://www.ncbi.nlm.nih.gov/Entrez/


Arch Microbiol (2009) 191:233–240 235
To test the temperature ranges of the enzymes, the
enzyme activities were measured at temperatures between
10 and 90°C under standard assay conditions. Blank reac-
tions were performed with every measurement under diVer-
ent conditions to subtract the appropriate values for
nonenzymatic hydrolysis of substrates from the results.
Thermostabilities were analyzed by measuring the residual
activity after incubating the enzymes at diVerent tempera-
tures for 30 min in Eppendorf tubes with mineral oil on top
to prevent evaporation. Lipase activities were measured for
a pH range from 4.0 to 11 using 50 mM of the appropriate
buVers under standard assay conditions. Acetate buVer was
used for pH 4.0–6.0, citrate/phosphate buVer (Macllvaine
buVer) was used for pH 6.0–7.5, Tris–HCl was used for pH
7.5–9.0, and N-cyclohexyl-3-aminopropanesulfonic acid
(CAPS) was used for pH 9.0–11 (Voget et al. 2006). To test
the enzyme stability for various metal ions, 5 mM CaCl2,
CuCl2, MgCl2, FeSO4, ZnCl2, NiCl2, MnCl2, AgNO3, or
CoCl2 were added into the assay solution, assayed at pH
7.25 and 30°C (Lee et al. 2006).

Nucleotide sequence accession number

The sequences of the 906 bp pwtsB gene and 972 bp
pwtsC gene fragments were deposited in the GenBank data-
base with accession numbers EU305646 and EU305647,
respectively.

Results

Construction and screening of the environmental libraries

Soil samples from Taishan (China) at three diVerent alti-
tudes (400, 800, 1,200 m) were used for the construction of
environmental DNA libraries. Approximately 15 �g DNA

was obtained from one gram soil and 800 clones were
obtained from 1 �g of puriWed ground soil DNA. To deter-
mine the quality of three diVerent environmental libraries,
50 clones per environmental library were randomly
selected and the plasmids were digested. The results
showed that the average insert size was 3 to 7 kb, and the
percentage of plasmids containing inserts was 82% approx-
imately.

Colonies of the library were replicated into Luria-Ber-
tani (LB) agar plates containing tributyrin for screening
lipase activity. As indicated by a transparent halo surround-
ing the colony, in the screening temperature of 28°C, a cold
active lipase-positive clone pTS1 was selected from librar-
ies of soil samples from Taishan in 1,200 m altitude
(Fig. 1). In the screening temperature of 50°C, thermostable
lipase-positive clone pTS2 was selected from libraries of
soil samples from Taishan in 400 m altitude (Fig. 1). No
lipase-positive clone was discovered from libraries of soil
samples from Taishan at 800 m altitude.

Sequence analysis of the lipolytic active clones

The complete DNA sequences of the PTS1 and PTS2 were
determined. The length of the insert DNA in PTS1 was
3,219 bp, and the length of the insert DNA in PTS2 was
3,918 bp. Based on a BLAST search, two complete lipase
genes pwtsB (906 bp) and pwtsC (972 bp) were identiWed in
PTS1 and PTS2, respectively. The deduced PWTSB
encoded by pwtsB comprises 301 amino acid residues with
a calculated molecular mass of 33 kDa. The PWTSB
showed 64% identity to Triacylglycerol lipase (Q02104)
from Psychrobacter immobilis (Arpigny et al. 1993), 60%
identity to triacylglycerol lipase (CAA37863) from Morax-
ella sp. (Feller et al. 1991) and 57% identity to triacylglyc-
erol lipase (CAJ90853) at uncultured soil bacterium (Zhang
and Zeng. 2006). In addition, the signature sequences Gly–

Fig. 1 Halo-formation around 
the colonies of pTS1 and pTS2
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X–Ser–X–Gly conserved in lipase/esterase could also be
found in the ORF (140–144, Fig. 2a).

The deduced PWTSC encoded by pwtsC comprises 323
amino acid residues with a calculated molecular mass of
35 kDa. Through amino acid sequence alignment, the
PWTSC showed 81% identity (N-termination 121 amino
acids) to triacylglycerol acylhydrolase of Streptomyces sp.
(AAB51445; Pérez et al. 1993), 37% identity to lipase
from Streptomyces coelicolor A3(2) (AAD09315; Valdez
et al. 1999), and 37% identity to Triacylglycerol lipase from
Kineococcus radiotolerans SRS30216 (YP_001363557).
No typical motif of Gly–X–Ser–X–Gly was found in this
lipase (Fig. 2b).

Expression and identiWcation of the recombinant lipase 
PWTSB and PWTSC

To investigate the biochemical properties of the lipases
encoded by pwtsB and pwtsC, these two genes were placed
under the control of the T7 promoter by cloning in the
expression vectors pET30a, respectively. The proteins of
PWTSB and PWTSC were puriWed to homogeneity by the
His-Bind resin aYnity chromatography with a six-histidine
tag at their C terminus. The sizes of PWTSB and PWTSC,
as determined by SDS-PAGE (12%), were about 33 kDa
(Fig. 3a) and 35 kDa (Fig. 3b), respectively, which are
close to mass predicted from their deduced proteins.

Fig. 2 a Protein sequence 
alignment of lipase PWTSB 
and three similar enzymes. 
CAA37863: triacylglycerol 
lipase from Moraxella sp. 
(Feller et al. 1991); CAJ90853: 
triacylglycerol lipase at uncul-
tured soil bacterium; Q02104: 
triacylglycerol lipase from 
Psychrobacter immobilis 
(Arpigny et al. 1993). b Protein 
sequence alignment of lipase 
PWTSC and three similar 
enzymes AAD09315: lipase 
from Streptomyces coelicolor 
A3(2) (Valdez et al. 1999); 
YP_001363557: triacylglycerol 
lipase from K. radiotolerans 
SRS30216; AAB51445: 
triacylglycerol acylhydrolase 
of Streptomyces sp. 
(Pérez et al. 1993)

A
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Fig. 2 continued B

Fig. 3 a SDS-PAGE of 
recombinant PWTSB. M protein 
molecular weight markers, 
1 total lysate of E. coli 
BL21(DE3) containing empty 
vector, 2 uninduced cell lysate, 
3 induced cell lysate, 4 puriWed 
PWTSB protein. b SDS-PAGE 
of recombinant PWTSC. M 
protein molecular weight 
markers, 1 uninduced cell lysate, 
2 induced cell lysate, 3 puriWed 
PWTSC protein
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Subsequently, the activities of puriWed PWTSB and
PWTSC were examined by using p-nitrophenyl esters
with acyl chains of diVerent lengths. Our results showed
that the puriWed enzymes hydrolyzed various p-nitro-
phenyl esters, with the highest activity toward p-nitro-
phenyl palmitate (p-NPP). The puriWed PWTSB and
PWTSC had speciWc activity of 150 and 166 U/mg toward
p-NPP at 30°C, respectively. The catalytic eYciency
toward p-NPP was approximately 20-fold higher than that
toward p-nitrophenyl butyrate (C4) and caprylate (C8).
Lipase activities and Km of these proteins toward diVerent
p-nitrophenyl esters were displayed in Table 1. These
values were veriWed by substitution into the Michaelis–
Menten equation and Wtting of the equation to a plot of
v versus s.

Using DNASTAR software, the predicted PI of PWTSB
was 6.87 and that of PWTSC was 9.75. We used calibrated
pH 5.5–8.0 gels to determine the PI of PWTSB and cali-
brated pH 8.5–10.0 gels to determine the PI of PWTSC. As
expected, lipases PWTSB and PWTSC have PI of 6.9 and
9.4, respectively.

EVects of temperature, pH and metal ions on enzyme 
activity and stability

The optimal temperatures of the recombinant PWTSB and
PWTSC were 20°C (Fig. 4a) and 40°C (Fig. 4b), respec-
tively. Notably, the PWTSB exhibited 40% of the maximal
activity at 30°C and rapidly lost at 40°C then. The relative
activity of PWTSC, respectively decreased to 70 and 50%
at 50 and 60°C, and 10% of the maximal activity was
detected at 20°C. The PWTSB showed the highest activity
toward p-NPP at pH 7.0–9.0, and its optimal pH for the
activity of lipase was 8.0 (Fig. 4c). The PWTSC showed
the highest activity toward p-NPP at pH 6.0–8.0, with its
optimal pH 7.0 (Fig. 4d).

Thermostability analysis showed that PWTSB was sta-
ble at 0–20°C, however, it lost approximately 40% of its
activity at 30°C. PWTSB was unstable at 40°C and rapidly
inactivated at 50°C with t1/2 of less than 15 min (Fig. 5a).
PWTSC was stable at 0–50°C, and retained more than 80%
of the activity even after 1 h treatment at 60°C. However, its
stability decreased at 80°C, with half-lives of approximately

Table 1 Activity and Km for puriWed PWTSB and PWTSC using p-nitrophenyl esters

One unit of enzyme activity was deWned as the amount of activity required to release 1 �mol of p-nitrophenol/min from p-nitrophenyl ester

p-Nitrophenyl 
esters

Butyrate (C4) Caprylate (C8) Palmitate (C16)

Activity (U/mg) Km (mM) Activity (U/mg) Km (mM) Activity (U/mg) Km (mM)

PWTSB 5.2 1.3 6.6 0.8 150 0.15

PWTSC 6.9 1.6 8.1 0.4 166 0.09

Fig. 4 EVects of temperature 
and pH on the activity of 
PWTSB and PWTSC. 
a, b Temperature-dependent 
activity of PWTSB and PWTSC 
toward p-NPP. Enzyme activity 
was measured at each tempera-
ture under standard assay condi-
tions. c, d pH-dependent activity 
of PWTSB and PWTSC. 
Enzyme activity was measured 
at 30°C, Tests were done using 
four diVerent buVer systems. 
Open circle Acetate buVer, pH 
4.0–6.0; Wlled square citrate/
phosphate buVer, pH 6.0–7.5; 
open triangle Tris–HCl, 
pH 7.5–9.0; Wlled diamond, 
N-cyclohexyl-3-aminopropane-
sulfonic acid (CAPS), 
pH 9.0–11
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15 min (Fig. 5b). PWTSB showed remarkable stability
across a wide range of pH 6.0–10.0 (retaining >50% of the
initial activity after a 24 h incubation at 20°C) (Fig. 5c).
The PWTSC displayed remarkable stability under broad pH
ranging from 5.0 to 9.0 (Fig. 5d).

The eVect of divalent metal ions on the activities of
PWTSB and PWTSC was illuminated in Table 2. Our data
revealed that 5 mM CaCl2 and 5 mM MgCl2 increased the
PWTSB activity markedly to 145 and 136%, respectively.
Moreover, compared with the control, the activity of
PWTSB was decreased to 25% in the presence of 5 mM
AgNO3. No apparent eVects of other metal ions on PWTSB
were observed. Similarly, PWTSC is not sensitive to most
metal ions except Zn ion.

Discussion

Metagenomics has been used eVectively to isolate novel
biocatalysts from the environment as well as to acquire eco-
logical data. Its scale and scope have been expanded since
its concept was Wrst introduced (Handelsman et al. 1998).
In present study, metagenomic libraries were constructed
by using the vector pUC18, and two lipase genes (pwtsB
and pwtsC) were identiWed from soil environmental sam-
ples of Tanshan by functional screening. Analysis of
homology revealed that pwtsB and pwtsC are totally novel
genes. Like most genes screened from metagenome librar-
ies, no information about a source microorganism could be
obtained. pwtsB and pwtsC were expressed in E. coli to a
high level in a soluble form.

Analysis of amino acid sequence showed similar size
and approximately 64% identity between PWTSB and
Triacylglycerol lipase from the P. immobilis. In addition,
the sequence around Ser142 was Gly140–Asn141–
Ser142–Met143–Gly144, which matches the characteris-
tic Gly–X–Ser–X–Gly motif found in lipolytic enzymes
(Fig. 2). The puriWed PWTSB showed maximal activity
toward water insoluble long-chain triglycerides, optimal
activity at 20°C and instability at 40°C. Under optimal
assay conditions (20°C, pH 8.0), the catalytic activity of
PWTSB can reach to 245 U/mg toward p-NPP. Above
results indicated that PWTSB probably belongs to the
family V (Arpigny and Jaeger 1999). The activity of PWTSB
depends on the presence of calcium and magnesium,
which is well known for lipases (Jaeger et al. 1999). It was a
low-temperature-active lipase with low thermostability and
probably derived from a low-temperature-active organism.

Fig. 5 EVects of temperature 
and pH on the stability of 
PWTSB and PWTSC. 
a, b Thermal stability of the 
recombinant PWTSB and 
PWTSC. Activity was measured 
under optimal condition. 
c d pH stability of PWTSB and 
PWTSC. Enzyme activity was 
measured at diVerent pH values 
by a standard assay. Open circle 
acetate buVer, pH 4.0–6.0; Wlled 
square citrate/phosphate buVer, 
pH 6.0–7.5; open triangle 
Tris–HCl, pH 7.5–9.0; Wlled 
diamond N-cyclohexyl-3-
aminopropanesulfonic acid 
(CAPS), pH 9.0–11
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Table 2 EVect of metal ions on enzyme stability. The lipase activity
in the presence of a metal ion was compared with the control including
no metal ion whose activity was taken as 100%

PWTSB (Relative 
activity %)

PWTSC (Relative 
activity %)

None 100 100

CaCl2 145 98

CuCl2 110 112

MgCl2 136 99

FeSO4 88 125

ZnCl2 92 56

NiCl2 97 100

MnCl2 96 96

AgNO3 25 88

CoCl2 66 82
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According to our knowledge, there is only one report
describing a cold-active lipase of soil metagenomic origin
to date (Elend et al. 2007). The potential applications for
PWTSB with a relatively high activity at low tempera-
tures could be detergent additives, or in the processing of
volatile substances. Together, PWTSB makes it possible
to reduce temperature and further bring energy costs down.

PWTSC was a thermostable lipase despite the low
homology with some known lipases. It showed the highest
activity toward p-NPP and the lower sensitivity to metal
ions. Data in this study indicated that metagenome-derived
lipase (PWTSC) might have the potential to be used as a
biocatalyst.
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