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Lipases (triacylglcerol acylhydrolases, EC 3.1.1.3),
which exist ubiquitously in living organisms, can catalyze
the hydrolysis of triacylglycerols into diacylglycerols,
monoacylglycerols, free fatty acids and glycerol at the oil�
water interface, as well as the synthesis of lipids, esterifi�
cation, transesterification and aminolysis reaction in or�
ganic solvents [1, 2]. Recently, the enzymes have been
widely applied in food, detergent, pharmaceutical and
cosmetic industries, and also used as biosensors, diagnos�
tic tools and in bioremediation, etc [3]. During the past
decades, lipases have been produced and purified from
mammalian, bacterial, fungal and plant sources [4, 5].
Their physicochemical properties such as molecular
weight, amino acid composition, metal ion�binding ca�
pacity and substrate specificity have also been studied in
detail. A number of lipase genes have been cloned from
yeast, Bacillus subtilis, and Rhizopus species [6–8]. Al�
though there are wide differences in their primary struc�
tures and characteristics, most of the lipases share the
same core topology in the tertiary structure, known as the
α/β hydrolase fold [9]. All lipases studied so far share a
conserved motif Gly�X�Ser�X�Gly in the primary struc�
ture, where the serine residue is considered as the catalyt�
ic residue that is one of catalytic triad Ser�Asp�His, and
the 2 flanking glycine residues are essential for topology
[10]. The catalytic triad locates in the hydrophobic cleft
of the lipase, where the fatty acyl chain inserts and gets
cleaved.

Until now, it has been found that over 60 genera of mi�
croorganisms can produce lipases [11]. In contrast to an�
imal and plant lipases, extracellular microbial lipases can
be produced by fermentation in large quantities and rela�

tively inexpensively [12]. But further commercialization
of the microbial lipases is hindered by their low stability,
activity or specificity. In order to make the use of lipases
more economical and efficient, more attention has been
focused on modifying their structures and improving
their catalytic properties with chemical or physical ap�
proaches and, recently, through genetic engineering
means [1]. Recombinant DNA and genetic engineering
technology not only provided the most powerful tools for
deciphering the relationship between the structure and
function of lipases, but also made it possible for their ra�
tional modification and higher production. Niu et al.
[13]. utilized error�prone PCR to introduce mutations in
the Rhizopus arrhizus lipase. Through screening, one of
the mutant lipases, A9T�E190V�M225I with improved
thermostability was obtained. The optimum temperature
of the mutant lipase was 10°C higher that of the wild�
type. In addition, the half�life of the mutant lipase at
50°C exceeded that of wild�type by 12�fold. Cox et al.
[14] successfully increased the Pseudomonas alcaligenes
lipase production by 15% through introducing a muta�
tion, C�14T, in the promoter region of P. alcaligenes li�
pase gene.

In previous studies, we isolated the strain of Penicilli�
um cyclopium PG37 that is able to secrete an alkaline li�
pase with high activity. Recently, the cDNA sequence en�
coding PG37 LipI was cloned based on the determined
N�terminal amino acid sequence (GenBank accession
AF274320) [15]. However, knowledge of the transcrip�
tional regulation of PG37 lipI is still unclear. The aim of
this work was cloning of the complete DNA gene lipI en�
coding PG37 LipI from the genomic DNA of P. cyclopi�
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um PG37 by two steps of PCR amplification, usual PCR
and ligation�mediated PCR. Furthermore, the DNA se�
quence of PG37 lipI and its deduced amino acid se�
quence were analyzed by bioinformatics. To our knowl�
edge, this is the first report on the cloning and sequence
analysis of a complete lipase gene from P. cyclopium.

MATERIALS AND METHODS

Strains, plasmids, and media. Penicillium cyclopium
PG37 strain, isolated from soil in China as reported pre�
viously [15], was used for the alkaline lipase production,
as well as for genomic DNA preparation. The following
liquid medium was used for P. cyclopium PG37 strain
culture (g/ l): soybean phospholipids – 7.5, of corn steep
liquor – 30, soybean meal hydrolyzate – 300 ml,
K2HPO4 – 10.0, MgSO4 – 1.0, trisodium citrate
(pH 7.5) – 0.5. Escherichia coli JM109 strain was used as
host cell for gene cloning and DNA sequencing, and it
was cultured on Luria�Bertani medium [16]. pUCm�T
vector for cloning of PCR products was purchased from
Sangon (China).

Reagents. Restriction enzymes used for gene cloning,
X�gal, IPTG, T4 DNA ligase, Taq DNA polymerase and
DNA marker were purchased from TaKaRa (China).
EZ�10 Spin Column DNA Gel Extraction Kit and EZ�
10 Spin Column Plasmid Mini�Preps Kit were pur�
chased from BBI (Canada). All other chemicals were of
analytical grade.

Primers for PCR amplification. With the information
of the cDNA sequence encoding PG37 LipI (GenBank
accession AF274320), PCR primers F1 (5'�ATGTTGT�
TCAACTACCAATC�3'), R1 (5'�CAAATCAGATG�
TATTTTTAT�3'), R2 (5'�CCTCGACTCCAAAATAG�
GTG�3') and R3 (5'�GATTGGTAGTTGAACAA
CAT�3') were designed. Based on the principle of the li�
gation�mediated PCR, the oligonucleotides LD (5'�
ATCCCTTCACTCTCAAGTGG�3') and 8�N (5'�
AATTC CAC�3') were designed and used as an adaptor
to be ligated to the genomic DNA digested with restric�
tion enzyme EcoR. F1 and R1 were used for PCR ampli�
fication of the downstream fragment of PG37 lipI, while
LD and R2 or R3 were used for PCR amplification of the
promoter region (upstream fragment of PG37 lipI). All
primers were synthesized by Sangon (China).

Genomic DNA extraction. Extraction of genomic
DNA from P. cyclopium PG37 was performed according
to the method [17] with appropriate modification. P. cy�
clopium PG37 was cultivated on above mentioned liquid
medium at 28°C for 24 h on a rotary shaker at 220 rpm.
The mycelia were collected through filtration and washed
three times with SE buffer (0.15 mM NaCl, 0.1 M EDTA,
pH 8.0). The washed mycelia were homogenized in
10 volumes (w/v) of DNA extraction buffer (0.2 M Tris�
HCl, 0.5 M NaCl, 10 mM EDTA, 2% SDS, pH 8.0) for
3–5 min, and then incubated at 65°C for 1 h with shaking
at 100 rpm. The homogenate was cooled at room tem�

perature and mixed with isovolumic phenol/chloro�
form/isoamylalcohol (25 : 24 : 1), followed by vigorous
vortexing for 15 s. The supernatant was collected by cen�
trifugation at 15000 rpm at 4°C for 10 min and re�ex�
tracted with isovolumic chloroform/isoamylalcohol
(24 :1). 2.5 volumes (v/v) of ethanol were added to the re�
sulting supernatant and then allowed to stand at –20°C
for 30 min, followed by centrifugation at 15000 g for
10 min. After washed twice with 75% ethanol and air
dried, the resulting DNA precipitate was dissolved in TE
buffer (10 mM Tris�HCl, 1 mM EDTA, pH 8.0) supple�
mented with 50 μg/ml RNase.

Cloning of the downstream fragment. The down�
stream fragment of PG37 lipI was amplified from genom�
ic DNA of P. cyclopium PG37 using primers F1 and R1,
which were located at the 5'� and 3'�ends of the cDNA
sequence. The aimed band was purified with DNA Gel
Extraction Kit and ligated to pUCm�T vector. The re�
sulting mixture was transformed into E. coli JM109 com�
petent cells, followed by blue�white screening. The re�
combinant plasmid was identified by PCR amplification.

Cloning of the promoter region. Ligation�mediated
PCR amplification of the promoter region was per�
formed by four steps, as shown in Fig. 1. The genomic
DNA of P. cyclopium PG37 was digested with restriction
enzyme EcoRI. The derived DNA was ligated with an
adapter, which was an equimolar mixture of two oligonu�
cleotides, 8�N and LD. The ligated DNA sample was
amplified with primers LD and R2, and then subjected to
a second round of PCR amplification with primers LD
and R3 for confirmation. The purified PCR product was
ligated to pUCm�T vector for sequencing.

DNA sequence analysis. By aligning the nucleotide
sequences of the 2 cloned DNA fragments, the complete
gene encoding PG37 LipI was obtained. The sequence of
PG37 lipI was analyzed by bioinformatics. The predic�
tion of promoter region and its characterization was car�
ried out using the TFSEARCH (http://www.cbrc.jp/re�
search/db/TFSEARCH.html), along with the PLACE
(http://www.dna.affrc.go.jp /PLACE/signalscan.html).
For the exact localization of the exon/intron boundaries,
the GeneMark (http://opal.biology.gatech.edu/Gene�
Mark/eukhmm.cgi) was used. The ORF was determined
by the program of NCBI ORF Finder (http://www.nc�
bi.nlm.nih. gov/gorf/gorf.html).

Amino acid sequence analysis. The deduced amino
acid sequence of PG37 LipI was analyzed by the Expert
Protein Analysis System (http://www.expasy.org/). The
ProtScale (http://au.expasy.org/tools/protscale.html)
and the TMHMM (http://www.cbs. dtu.dk/servic�
es/TMHMM�2.0/) were used for predicting the hydro�
phobic regions and the transmembrane domains, respec�
tively. The SignalP 3.0 (http://www.cbs.dtu.dk/ servic�
es/SignalP/) was used to identify the signal peptide of
PG37 LipI. The physicochemical properties of PG37 Li�
pI were analyzed by Protparam (http://au.expasy.
org/tools/protparam.html). Motifs of PG37 LipI were
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predicted by the InterProScan (http://www.ebi.ac.uk/
Tools/InterProScan/). Protfun (http://www.cbs.dtu.dk/
services/ProtFun/) was used for the function prediction.
Secondary and tertiary structures were predicted by
SOPMA (http://npsa�pbil.ibcp.fr/cgi�bin/npsa_automat.
pl?page=npsa_sopma.html) and ESyPred3D (http://
www.fundp.ac.be/sciences/biologie/urbm/bioinfo/
esypred/), respectively.

RESULTS AND DISSCUSSION

Cloning of the downstream fragment of PG37 lipl. Ac�
cording to the cDNA sequence of PG37 LipI, a forward
primer F1 located at ATG start codon region and a re�
verse primer R1 complementary to transcription termi�
nal region were used to amplify the downstream fragment
of PG37 lipI from the genomic DNA of P. cyclopium
PG37. A 1.3 kb DNA fragment was amplified (Fig. 2a,
lane 1), and then purified and cloned for sequencing. Re�
sult showed that the cloned downstream fragment of
PG37 lipI is 1.316 bp in length and contains the complete
nucleotide sequence of the cDNA with 5 short interven�
ing introns ranging from 50 to 70 bp as indicated in Fig. 3.

Cloning of the promoter region of PG37 lipl. Amplifi�
cation of the unknown 5' flanking promoter region of
PG37 lipl was based on a ligation�mediated PCR ap�
proach [15]. The extracted genomic DNA of P. cyclopi�
um PG37 and the digested DNA to which an adapter was
ligated were indicated in Fig. 2b. Using the ligated DNA
sample as template, a 750 bp DNA fragment was ampli�

fied with primers LD and R2 (Fig. 2a, lane 2) and then
cloned on pUCm�T vector. To verify the result, the re�
combinant vector was subjected to a second round of
PCR amplification with primers LD and R3 (Fig. 2a,
lane 3), followed by sequencing. Result showed that the
cloned promoter region of PG37 lipI is 740 bp in length,
harboring putative TATA box, CAAT box and several
transcription factor binding sites.

DNA sequence characterization of PG37 lipl. There
was 36 bp in common between 3'�end of 740 bp promoter
region and 5'�end of 1.316 bp downstream fragment. By
aligning, the complete gene PG37 lipI is 2.020 bp in
length as shown in Fig. 3. Compared with cDNA se�
quence, 632 bp of the promoter region and 1.388 bp of
the downstream fragment originating from the start point
of transcription (+1, G) in PG37 lipI were identified.

By computer�assisted analysis, it was revealed that
2 TTATTT sequences located at –576 bp and –40 bp up�
stream the transcription start site and 3 CAAT boxes ex�
isted in the promoter region of PG37 lipI. It was demon�
strated that several gene promoters miss the classical TA�
TA box. In this case, other consensus sequences such as
TTATTT could act as substitutes for TATA box [18, 19].
A putative TATA box (–40 bp position) was in agreement
with the consensus distances generally found in promot�
ers. In eukaryote, functional CAAT box is typically found
about –75 bp upstream the transcriptional start site.
However, some CAAT boxes might locate further from
the transcriptional start site [20]. PG37 lipI contains no

Step 1: Genomic DNA of P. cyclopium PG37
digested with EcoR I

Step 2: Annealing of LD and 8�N as adapter

Step 3: Digested DNA ligated with adapter

annealing

ligation

EcoR I

aattc.... atgttgttcaactaccaatc....
g.... tacaacaagttgatggttag....

5'�atcccttcactctcaagtggaattc........ atgttgttcaactaccaatc..........
3'�caccttaag ........ tacaacaagttgatggttag..........

+(LD)5'�atcccttcactctcaagtgg�3'

Step 4: Nested PCR amplification

(8�N) 3'�caccttaa�5'

LD R3 R2

5'�atcccttcactctcaagtgg�3' +
LD

5'�aattccac�3'
8�N

Fig. 1. Diagramatic representation of the ligation�mediated PCR amplification.
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CAAT box at about –75 bp position, although it does
contain 3 CAAT boxes at –13, –384 and –590 bp, re�
spectively. The CAAT at –384 or –590 bp of PG37 lipI
was identified as putative CAAT box.

Bioinformatics analysis indicated that the pro�
moter region possesses several putative transcription
factor binding sites. 5 HSF (heat shock factor) bind�
ing sites (–5, –46, –242, –433 and –584 bp); four
ADR1 (alcohol dehydrogenase gene regulator 1)
binding sites (–16, –56, –272 and –437 bp); and
several other cis�elements (data not shown) were
found in PG37 lipI promoter region in response to
various stresses. The fact that many cis�elements
present in promoter region suggests that PG37 lipI is
controlled by a complicated regulatory mechanism.

Amino acid sequence characterization of PG37 Lipl.
SignalP predicted an unambiguous signal peptide cleav�
age site between Ser20 and Ala21, indicating PG37 LipI as
a secretory protein. The preprolipase of 285 amino acid
residues was predicted to contain a 20�aa signal peptide,
a 7�aa propeptide and a 258�aa mature peptide [15].
Propeptide also exists in Rhizopus oryzae [21], Fusarium
heterosporum [22] and many other microbial lipases. In
fungal lipases, it has been shown that the propeptide that
is normally removed from the lipase during its maturation
eliminates the phospholipolytic activity of the proen�
zyme while increasing the lipolytic activity [1]. It was
predicted by TMHMM that there is no obvious trans�
membrane domain in PG37 LipI. The hydrophobicity of
PG37 LipI was analyzed using ProtScale. As shown in
Fig. 4, the minimum and maximum hydrophobic values

were – 2.389 and 2.478, respectively; and four major hy�
drophobic regions are MLFNYQSLLVGVSLISQALS
(1–20 aa), VHRPWSAV (126–133 aa), AHVALA (168–
173 aa) and AVTPGHIA (263–270 aa).

Molecular weight of 27291.8 Da and isoelectric point
(pI) of 6.16 are calculated from the mature PG37 LipI,
and its formula is C1215H1887N323O374S9. The total num�
ber of negatively charged residues (Asp, Glu) is 22, while
for the positively charged residues (Arg, Lys) it is 19. The
hydrophobic residues (Ala, Ile, Phe, Leu, Met, Pro, Val
and Trp) and uncharged residues (Asn, Cys, Gln, Gly,
Ser, Thr and Tyr) occupy 44.9% and 35.1% of the total
number, respectively. According to extremely low average
of hydrophilicity (0.057), PG37 LipI is identified as a hy�
drophobic protein. Estimated instability index of 17.03
that is less than 40 and half�life of 4.4 h both suggest that
PG37 LipI is a stable protein. Molecular weight of the
native PG37 LipI was estimated to be about 29 kD by gel
filtration using Sephadex G�150 and that of the dena�
tured PG37 LipI was determined to be about 27.5 kD by
its mobility on SDS�PAGE, which were almost in agree�
ment with the calculated molecular weight. Nevertheless,
the calculated pI is different from the pI (5.4) of native
LipI determined by isoelectric focusing gels [15]. Post�
translational modifications and higher structures of pro�
tein may account for the different pIs [23].

The result of motifs predicted by InterProScan
showed that PG37 LipI contains a Lipase_3 motif and
belongs to α/β hydrolase superfamily. Analyzed by Prot�
fun, PG37 LipI was supposed to possess the function of
fatty acid metabolism and amino acid biosynthesis.

23130 bp

9416 bp

4316 bp

6557 bp

2322 bp

4500 bp

3000 bp
2250 bp

1500 bp

1000 bp

750 bp

500 bp

250 bp

(а) (b)
М 1 23М 1 2

Fig. 2. Cloning of PG37 lipI from P. cyclopium PG37. (a) Amplification of the downstream fragment and promoter region of lipI
from P. cyclopium PG37 by usual PCR and ligation�mediated PCR: M – 250 bp DNA marker; lane 1 – the usual PCR amplifi�
cation of the downstream fragment of PG37 lipI; lane 2 – the first round of ligation�mediated PCR amplification of the promoter
region of PG37 lipI; lane 3 – the second round of PCR amplification of the promoter region of PG37 lipI. (b) The genomic DNA
of P. cyclopium PG37 and the DNA digested with restriction enzyme EcoRI: M, λ�HindIII digest DNA marker; lane 1 – PG37
genomic DNA; lane 2 – PG37 genomic DNA digested with restriction enzyme EcoRI.



646

ПРИКЛАДНАЯ БИОХИМИЯ И МИКРОБИОЛОГИЯ  том 47  № 6  2011

ZHANG и др.

–632

–572

–512

–452

–272

–212

–152

TATA box

CAAT box

CAAT box

TATA box

CAAT box

–392

–92

–32

–332

+29

+89

+209

+269

+329

+389

+449

+149

+509

+509

+689

+989

+629

+929

+869

+749

+569

+1049

+1109

+1169

+1229

+1289

+1349

+1



ПРИКЛАДНАЯ БИОХИМИЯ И МИКРОБИОЛОГИЯ  том 47  № 6  2011

CLONING AND SEQUENCE ANALYSIS OF COMPLETE GENE ENCODING 647

2.5

2.0

1.5

1.0

0

–1.0

–1.5

–2.0

–2.5
20015010050

S
co

re

250

–0.5

0.5

Position

Fig. 4. Prediction of hydrophobicity by ProtScale.

BLAST analysis of PG37 LipI showed 32, 30, 28 and
26% identity with lipases of A. parasiticus (GenBank:
AAO17920), P. camembertii (PDB: 1TIA), T. lanugino�
sus (Swiss�Prot: O59952) and R. miehei (Swiss�Prot:
P19515), respectively. The result of alignment showed
that the pentapeptide sequence, G�H�S�L�G, in 5 lipas�
es mentioned above is identical, with the consensus se�
quence in PG37 LipI locating at from 157 to 161 residue
(Fig. 5). A catalytic triad, Ser132�Asp188�His241 which ex�
ists in almost all lipases, was also found in PG37 LipI.

Structure analysis of PG37 LipI. The secondary
structure was analyzed by SOPMA and the result showed
that the PG37 LipI contains 31.78% α�helix, 19.77% ex�
tended strand, 5.81% β�turn, and 42.64% random coil.
The α�helix and random coil constitutes the main part of
the secondary structure. P. camemberti lipase crystal
structure (PDB: 1TIA) was selected as a suitable template
by a BLAST search. The tertiary structure of PG37 LipI
was predicted in EsyPred3D Protein Modelling Server
(Fig. 6). The core structure of PG37 LipI, where β�sheets
are surrounded by α�helices, is in accordance with α/β
hydrolase fold.

Although the overall homology between lipases is low,
all known lipases share a comparable tertiary structure
which is common to the α/β hydrolase family [21]. In

most lipase structures, the active center, Ser�Asp�His, is
inaccessible due to coverage by a flexible alpha helical lid
(residues Thr66 to Val72). The lid would most likely be in�
volved in a conformational change that allows the sub�
strate access to the active site [24]. These studies provided
a structural basis for the well�known phenomenon of in�
terfacial activation. On the contrary, Karkhane et al. [25]
used site�directed mutagenesis to introduce mutation
that Phe181 was substituted with alanine in the lid domain
of Bacillus thermocatenulatus lipase. F181A mutation in�
creased the distance between Phe181 and catalytic Ser114,
which led to a decrease in steric hindrance. F181A muta�
tion increased overall lipase activity by up to 2.6�fold
(4670 U/mg) toward C8 substrate. It also resulted in op�
timal lipase activity at 65°C rather than 55°C.

In this study, we reported the cloning of the complete
DNA gene encoding an alkaline lipase of P. cyclopium
and bioinformatics analysis of the DNA sequence of
PG37 lipI and its deduced amino acid sequence. The elu�
cidation of the primary structure of the lipase of P. cyclo�
pium with bioinformatics approaches provided us with a
solid basis not only for the regulation and expression of
PG37 lipI, but also for PG37 LipI rational modification.

Fig. 3. Nucleotide sequence of PG37 lipI. DNA sequences of introns are shown in gray shadows. The letters in boxes, TTATTT
and CAAT, indicate the putative TATA box and CAAT box, respectively; the letter G marked with “+1” indicates the starting
point of transcription; the start codon and stop codons are shown in italic; the polyadenylation signal, AATAAA, is shown as un�
derlined letters.
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Lid structure

ASp 188

His 241

Ser 132

Fig. 6. Prediction of the tertiary structure of PG37 LipI. Ser132�Asp188�His241, three amino acid residues compose the active cen�
ter in the tertiary structure. The alpha helical lid structure was marked.

APAL
PCAL
PCYL

TLAL
RMIL

Consensus

APAL
PCAL
PCYL

TLAL
RMIL

Consensus

APAL
PCAL
PCYL

TLAL
RMIL

Consensus

APAL
PCAL
PCYL

TLAL
RMIL

Consensghslg

APAL
PCAL
PCYL

TLAL
RMIL

Consensusey

a a d hvpl

v h f

rgs yg v

d

15

80

95

89
160

170
142
156
235
165

76
67

0
0

9

241
214
231
312
238

306
278
285
363
291

Fig. 5. Alignment of lipases from A. parasiticus (APAL), P. camembertii (PCAL), P. cyclopium (PCYL), R. miehei (RMIL) and
T. lanuginosus (TLAL). The identical amino acid residues are highlighted in shadow.
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