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Abstract In order to improve the optimum temperature of
lipases, the Penicillum expansum lipase (PEL) gene was
mutated by site-directed mutagenesis using overlap exten-
sion PCR technique. The recombinant plasmid containing
mutant E83V pPIC3.5K-lip-E83V was expressed in Pichia
pastoris GS115. Comparison experiments of the mutant
PEL-E83V-GS and the wild-type PEL-GS showed that the
optimum temperature (45°C) of the mutant was 5°C higher
than that of the wild type. The thermostability of the mutant
was similar to that of the wild type. The enzymatic activity
of the mutant was 188 U/ml at 37°C, which was 80% that
of the wild type in the same conditions. Hydrophobic
interaction may be enhanced in the surface region by the
hydrophilic amino acid Glu substituted with the hydro-
phobic amino acid Val, and may be responsible for the
improvement of the optimum temperature.

Keywords Penicillum expansum lipase, site-directed
mutagenesis, optimum temperature

1 Introduction

Penicillum expansum lipase (PEL) can produce a high level
of catalytic activity at alkaline conditions after a good
many generational mutagenesis [1,2]. It was widely used as
an additive in detergents, fat and oil processing, and
pharmaceutics. Recently, people have realized its indus-
trialization in batch production. We have already cloned
cDNA sequences (GenBank accession no. AF284064) [3]

and the whole DNA (GenBank accession no. AF330635)
[4] of PEL, and we have constructed a high-level expres-
sion system for this lipase in Pichia pastoris in order to
establish a considerable means of PEL protein engineering
[5]. However, the optimum temperature of PEL is 37–
40°C, which limits its wide applications in the thermoduric
process industry. In this work, we report a successful
enhancement of the optimum temperature for mutant E83V
by means of site-directed mutagenesis using overlap
extension PCR technique.

2 Materials and methods

2.1 Materials

2.1.1 Strains and plasmids

The host strain Pi. pastoris GS115 was used to express the
lipase gene. Plasmid pBluescript II SK (pSK) and pPIC3.5K,
and Escherichia coli TG1 (presented by Dr. Xiang-Pu Wu
and Dr. Zhong-Yi Yuan, Shanghai Institutes for Biological
Sciences, Chinese Academy of Sciences) and plasmid pSK-
PEL (presented by Dr. Lin Lin) were used as templates in
PCR mutagenesis.

2.1.2 Medium

Recombinant strains were cultured in the following media:
Luria–Bertani, yeast–peptone–dextrose, myoblast differ-
entiation, Mitsuhashi–Maramorosch, buffered minimal
glycerol complex, and buffered minimal methanol com-
plex, which were all confected according to the Pichia
expression kit (Invitrogen), with some modifications. When
necessary, ampicillin or agar was added to the media. An
olive oil plate consisted of 1.0% olive oil emulsion and agar.
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2.1.3 Primers

Primers A–D are as follows:

Primer A: 5′-TTACGTAATGTTGTTCAACTAC
CAATC-3′

Primer B: 5′-CTCAGCT CA GATAGCCAC-3′
Primer C: 5′-CGAGAG CACAGGAGTGATGA-3′
Primer D: 5′-CACTCCTGTGCTCTCGGGC-3′

Primers A and B were upstream and downstream primers
of the template pSK-PEL, while primers C and D were
mutant primers of PEL gene. Mutant sites were underlined.

2.2 Methods

2.2.1 Site-directed mutagenesis

The overlap extension PCR was used for site-directed
mutagenesis of PEL:

1. Amplification of the left and right fragments of the
template: both DNA fragments are PCR-amplified,
with a proofreading thermostable DNA polymerase
Pfu (Takara) in a total reaction volume of 100 μl,
which contains 1×Pfu buffer, 1 μg of template
(plasmid pSK-PEL), 100 pmol of primers (primers A
and C for the left fragment; primers B and D for the
right fragment), 10 mM deoxynucleoside triphosphate
mixture, and 4 U of DNA polymerase. PCR was
carried out with the following: 2 min of initial
denaturation at 95°C, followed by 30 cycles of 94°C
for 50 s, 53°C for 45 s, and 72°C for 90 s. The reaction
was terminated with an extension at 72°C for 10 min
and then cooled to 4°C.

2. Amplification of the full-length fragment of the mutant
gene: after purification by the low-melting agarose on
gel, both left and right fragments served as templates
for each other. PCR for synthesis of the final mutated
product was carried out with the following: 2 min of
initial denaturation at 95°C; followed by five cycles of
94°C for 50 s, 37°C for 45 s, and 72°C for 90 s; and 25
cycles of 94°C for 50 s, 53°C for 45 s, and 72°C for
90 s. The reaction was also terminated with an ex-
tension at 72°C for 10 min and then cooled to 4°C.

3. The mutant of the full-length fragment was also
purified by low-melting agarose on gel and ligated
with the plasmid pSK digested by EcoRV (Takara).
The mixture then was transformed into competent
E. coli TG1.

4. The recombinant plasmid was miniprepared by blue–
white selection and further confirmed by DNA
sequencing.

2.2.2 DNA sequencing

DNA sequencing was performed by the Shanghai Sangon
Biological Engineering Technology and Service Co., Ltd.

2.2.3 Expression of recombinant plasmid

The recombinant plasmid pSK-lip-E83V was cut out by
EcoRI–SnaBI and ligated into plasmid pPIC3.5K, and then
the DNAwas manipulated. The manipulated plasmids were
extracted from the host E. coli TG1 and transformed to Pi.
pastoris GS115 according to the electroporation method.
The culture conditions of transformants were preformed as
in our previous study [5].

2.2.4 Lipase activity

Lipase activity was assayed by free fatty acids liberated
from olive oil [6], with the reaction carried out for 10 min at
40°C. One unit of lipase activity was defined as the amount
of enzyme that could liberate 1 μmol/min acid.

2.2.5 Optimum temperature and thermal stability
of lipase

The optimum temperature for each type of lipase activity
was measured by incubation over a temperature range of
30–55°C in a thermostatically controlled water bath. The

Fig. 1 Electrophoresis of PCR products of lip-E83V. Lane 1: the
right fragment of lip-E83V; lane 2: the left fragment of lip-E83V;
lane 3: the full-length fragment with the mutant site of the second
round of PCR; M DNA marker

Fig. 2 Restriction analysis of
the mutant plasmid pSK-E83V.
Lane 1: digested by SnaBI/
EcoRI; lane 2: digested by XhoI;
lane 3: digested by HindIII;
M DNA marker
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thermal stability of each lipase was measured by incubation
in the range of 30 – 45°C for 30 min, and each lipase was
immediately cooled on ice. Residual activity was assayed
at the optimum temperature.

3 Results

3.1 Identification of the mutant lip-E83V

The first round of overlap extension PCR generated a left
fragment and a right fragment of about 330 and 550 bp,
respectively (Fig. 1a). Both fragments were purified and
used for a second round of PCR templates to generate the
full-length fragment of about 880 bp (Fig. 1b) and then
cloned into the vector pSK. The result of restriction by
XhoI and SnaBI/EcoRI (Fig. 2) and further DNA se-
quencing showed that the desired mutant was successfully
obtained.

3.2 Characterization of the mutant PEL-E83V-GS

3.2.1 Analysis of sodium dodecyl
sulfate–polyacrylamide gel electrophoresis

The expressive recombinant plasmid linearized by Sal I
was transformed into competent Pi. pastoris GS115, and
the strains producing the wild-type and mutated lipases
were cultured in the same conditions. Sodium dodecyl
sulfate–polyacrylamide gel electrophoresis of supernatants
after 72 h of fermentation showed that the molecular
weight of mutant lipase was equal to that of the wild-type
(about 28 kDa), and both types of lipases accumulated up
to 95% of the total proteins of Pi. pastoris GS115 (Fig. 3).
Consequently, both PEL-GS and PEL-E83V-GS were pure
enough for subsequent characterization.

3.2.2 Enzymatic activity

The supernatants of PEL-GS and PEL-E83V-GS were
identified by an olive oil plate after centrifugation at
10,000×g for 5 min. The formative halo (Fig. 4) of the
wide-type and mutant lipases showed that the enzymatic
activity of the mutant PEL-E83V-GS decreased. Further
assay by NaOH titration also displayed that the enzymatic
activity of PEL-E83V-GS at 37°C was 188 U/ml, 80% of
that for the wild-type lipase (about 236 U/ml).

3.2.3 Optimum temperature and thermostability

The optimum temperature for the lipase activity of PEL-
E83V-GS and PEL-GS was 45 and 40°C, respectively
(Fig. 5). It was obvious that the optimum temperature of the
mutant lipase was 5°C higher than that of the wide-type.
The residual activity of PEL-E83V-GS and PEL-GS did not
change after 30 min of incubation at 30–35°C, while both
the mutant and the wide-type lipase had lost almost any
activity after 30 min of incubation at 45°C. The residual
activity of PEL-E83V-GS was 41.8 and 2.1% after 30 min
of incubation at 37 and 40°C, respectively, a little lower
than that of PEL-GS at 52.3°C, and 3% at the same

Fig. 3 Sodium dodecyl sulfate–
polyacrylamide gel electropho-
resis of the mutant and the
wild-type lipase. Lane 1:
negative control; lane 2: the
supernatant of PEL-GS; lane
3: the supernatant of PEL-E83V-
GS; M protein marker

Fig. 4 Assay of extracellular
lipase activity by olive emulsion
plate. Lane 1: the supernatant
of PEL-E83V-GS; lane 2: the
supernatant of PEL-GS

Fig. 5 Optimum temperature of PEL-GS and PEL-E83V-GS

Fig. 6 Thermostability of PEL-GS and PEL-E83V-GS
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conditions (Fig. 6). This indicated that the thermal stability
of PEL-E83V-GS did not change evidently.

4 Discussion

The rational design of proteins is one of the most important
methods of protein engineering, which usually requires
both the availability of protein structure and the knowledge
about the relationships between sequence, structure, and
function. We have already mimicked the three-dimensional
structure of PEL assisted by RasMol and SwissModel. PEL
has a typical α/β-hydrolase fold containing the so-called
nucleophilic elbow and a lid or flap covering the elongated
pocket suitable for substitutes to fit into. In this study, the
position (Glu83) at which the mutation took place for
enhancing the optimum temperature was located in the
surface of ruleless and coiled turns. The substitution of the
hydrophilic amino acid Glu with the hydrophobic amino
acid Pro would most likely strengthen hydrophobic in-
teractions on the surface of PEL, and the protein would
be better packed hydrophobically [7,8]. Moreover, the
mutant site is far from the active center (Ser132–Asp188–
His241) in its tertiary structure, which may not interfere
with the binding interaction between the substrate and the
active center. The results also showed that the enzymatic
activity of the mutant lipase was 80% that of the wide-type.
The thermal stability of the mutant lipase was almost un-
changed, and the optimum temperature was 5°C higher than
that of the wide-type. There has been a meaningful im-
provement in the optimum temperature of enzymes for
industry applications. For example, less expensive plant
oils can be improved to produce high-value oils by trans-
esterification reaction; the key step of this reaction must be
performed at a temperature higher than the melting point of
the oil, so that lipase is required to react at a high tem-
perature. In other words, the property required for this
purpose is not high residual activity after incubation at high
temperature, but high optimum temperature for lipase
activity [7].

In this study, the thermostability of the mutant lipase was
not enhanced obviously. Protein thermostability is an in-
tegrative interaction of all kinds of factors. Several re-
searches have suggested that the factors contributing to
thermostability enhancement include improved hydrogen
bonding, better hydrophobic packing, enhanced secondary
structure propensity, helix dipole stabilization, removal of
residues sensitive to oxidation or deamination, and im-

proved electrostatic interaction [9,10]. Generally speaking,
it is unpractical that only one or two amino acid sub-
stitutions could cause drastic improvement in thermo-
stability while preserving most protein functions [10].
Sincerely, directed evolution, including either random
mutagenesis or DNA shuffling, has been applied to bio-
physical and biotechnological researches to sharply im-
prove thermostability. Libraries thus created are then
usually assayed using high-throughput technologies to
identify improved variants.
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