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Abstract Seven lipolytic genes were isolated and
sequenced from a metagenomic library that was con-
structed following biomass enrichment in a fed-batch bio-
reactor submitted to high temperature (50-70°C) and
alkaline pH (7-8.5). Among those sequences, lipIAFI1-6
was chosen for further study and cloned in Streptomyces
lividans 10-164. The G+C content within the sequence
was 64.3%. The encoded protein, LipIAF1-6, was related
to various putative lipases previously identified in different
genome sequences. Homology of LipIAF-6 with the dif-
ferent lipases did not exceed 31%. The optimum pH (8.5)
and temperature (60°C) of the purified enzyme were in
agreement with the enrichment conditions. Furthermore,
the enzyme was thermostable for as long as 30 min at
70°C. The maximum activity of the purified lipase was
4,287 TU/mg towards p-nitrophenyl (p-NP) butyrate (60°C;
pH 8.5). LipIAF1-6 does not seem to need the presence of
metal ions for its activity. The enzyme was slightly
inhibited by 10 mM CoCl, (14%), HgCl, (12%), and
dithiothreitol (DTT) (15%). The serine protease inhibitor
phenylmethylsulphonyl fluoride (PMSF) reduced activity
by 39% and 71% when incubated at concentrations of 1
and 10 mM, respectively. Finally, LipIAF1-6 was stable in
different organic solvents, and against several surfactants
and oxidative agents commonly found in detergent for-
mulations. These results are quite encouraging for further
use of this enzyme in different industrial processes.
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Introduction

Of all hydrolytic enzymes (EC 3), esterases (EC 3.1.1.1) and
especially lipases (EC 3.1.1.3) are attracting more attention
each year for multiple uses in biotechnology. Numerous
papers have been published describing these enzymes’
general features, covering the different methods of lipase
assays and screening, the regulation of gene expression,
their mechanisms of action, their overall structure, the dif-
ferent methods for their purification, immobilisation tech-
niques and even their classification [2, 3, 13, 14, 21, 23, 37,
43]. The peptidic sequence of lipolytic enzymes is recog-
nized by the presence of the most highly conserved motif,
GxSxG, bearing the active serine residue [23].

It is undeniable that, due to their ability to catalyze
cleavage of triglycerides in diverse conditions, lipolytic
enzymes are of great use for many applications [16, 22,
34]. These biocatalysts can be found in all living organ-
isms, including animals, plants and microorganisms.
However, it appears that microbial lipases are more suit-
able for industrial applications, considering their overall
improved stability [13, 16, 43]. Nowadays, industrial pro-
cesses often take place at temperatures of 45°C and higher,
where many substrates have greater solubility. Reactions
taking place at high temperature also benefit from
decreased risk of contamination, and generally many
reactions are more thermodynamically favoured in these
conditions [16, 33, 38, 49].

Unfortunately, the industry seems to be facing some
difficulties. Consequently, currently employed lipases do
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not always fulfill these criteria of activity and thermosta-
bility [8, 29]. Hence, efforts have been turned towards the
study of extremophiles. Being constantly exposed to harsh
conditions, these microorganisms are the best producers of
thermostable enzymes. These bacteria, often part of the
99% of unculturable microorganisms, can be studied
through metagenomics techniques [15]. Within the last
10 years, many thermostable lipases have been identified
by DNA library screening [1, 6, 25]. Furthermore, the
combination of metagenomics and enrichment has been
shown to decrease the work required by allowing a more
reasonable number of clones to be screened for identifi-
cation of novel enzymes. Also, bioreactor enrichment prior
to construction of the library has proven its efficacy by
targeting genes that display the required characteristics
[1, 4, 10, 27, 46].

Moreover, when it is time to choose the best host for
screening technologies, several strains have been consid-
ered, including Escherichia coli, Pseudomonas putida and
Streptomyces lividans [12, 28, 35, 41]. §. lividans is a
Gram-positive bacteria, naturally living in the soil. This
bacterium is GC rich and represents one of the best alter-
native hosts for expression of thermophilic enzymes,
encoded by genes that also carry high GC content [20, 27].
Therefore, a few publications have demonstrated success-
ful use of this bacterium for expression of heterologous
proteins [9, 28, 50].

The focus of the present work is identification of alkali-
thermostable lipases. The biocatalysts were identified by
screening a metagenomic library constructed following
enrichment of fed-batch reactors submitted to cycles of
temperature and pH variations (50°C/70°C/50°C; 7/8.5/7).
The success of the methodology has been demonstrated by
the characterization of a first lipase, LiplAF5-2, in a pre-
vious publication [32]. The lipase LipIAF1-6 described
herein is thus the second enzyme successfully expressed in
Streptomyces lividans and characterized within the project.
Finally, its high stability at elevated temperatures, in
organic solvents and against tensioactive agents makes this
novel enzyme suitable for many industrial applications.

Materials and methods
Library construction and activity screening

The methodology concerning the library construction,
subcloning and sequence analysis has been described in
detail in our previous publication [32]. E. coli strain
LE392MP (Epicentre) was used as a host for construction
of the metagenomic library. The biomass, enriched with
meat extracts, was grown in the same kind of sequencing
fed-batch reactor (SFBR) and submitted to comparable
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72 h cycles of temperature change (50-70°C) and pH
variation (7-8.5) for a period of 3 months prior to DNA
extraction. Following this enrichment, total DNA was
extracted to obtain high-molecular-weight DNA using
lysozyme, freeze—thaw cycles and phenol/chloroform
extractions. DNA was partially digested with BamH]1 in
order to generate 40-kb fragments. These fragments were
ligated in pIAFS2 shuttle cosmid vector digested with Bg/II
(INRS-Institut Armand-Frappier). Lambda phage packag-
ing extracts were added to the ligation, and transduction
was performed. Approximately 10,000 transductants were
screened for lipolytic activity on 1% tributyrin/2xTY agar
plates supplemented with apramycin (50 pg/ml). Candi-
dates showing hydrolysis of the substrate after overnight
incubation at 37°C were chosen for further study.

Subcloning and sequencing of the lipase gene

The positive colonies were grown overnight at 37°C in
2xTY media with 50 pg/ml apramycin. Afterwards, the
cosmids were isolated using a standard phenol/chloroform
protocol. The isolated cosmids were partially digested with
Sphl, and the generated inserts, varying in size from 1 to
10 kb, were ligated and transformed in E. coli strain
DH11S. The transformants were de novo screened on 1%
tributyrin/2xTY agar plates in order to identify positive
colonies containing smaller fragments suitable for
sequencing. Once a small fragment containing the gene
conferring lipolytic activity was identified, the latter was
ligated with pTZ19U commercial vector [31] and trans-
formed once again prior to sequencing at Genome Quebec
using universal M13 primers. One lipolytic gene from the
cosmid lipI[AF1-6 was chosen for further study. Subse-
quently, specific forward and reverse primers were syn-
thesized by inserting restriction sites Sphl and Sacl to
amplify the target DNA fragment and clone it in the
appropriate vector and host strain for lipase expression.

Expression and purification

The lipase was expressed in Streptomyces lividans 10-164
strain [19] using pIAFC109 vector, which confers resis-
tance to the antibiotic thiostrepton. Once again, culture
mediums and incubation periods were as described in detail
in a previous publication [32]. In summary, following a
48 h culture in rich TSB medium, the mycelium was
transferred to minimal M14 medium for a 72 h period.
Afterwards, the mycelium was separated from the super-
natant by bulk filtration. A second filtration using a
Whatman 0.2-pm nylon membrane (VWR) was used to
remove smaller particles. Purification of the secreted lipase
was performed using one-step hydrophobic interaction
chromatography (HIC) with HiTrap Butyl Sepharose 4 Fast
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Flow column (Ge Healthcare). The column was equili-
brated with 50 mM potassium phosphate buffer (pH 7)
containing 1 M ammonium sulphate. After passage of the
crude extract equilibrated with the same buffer, elution was
initiated by a descending concentration of ammonium
sulphate. A second gradient was applied, where rising
concentrations of ethylene glycol (0-50%) allowed elution
of more highly bound proteins. Collected fractions were
incubated on an agar plate containing 1% tributyrin, and
the positive fractions were pooled. The purity of the lipase
was then confirmed by sodium dodecyl sulphate (SDS)
polyacrylamide gel electrophoresis (PAGE) analysis, and a
zymogram using 4-methylumbelliferyl (MUF)-butyrate
(Fluka) as a substrate allowed detection of lipase activity
prior to standard silver staining. The zymogram analysis
was performed by incubating the gel for a period of 5 min
with 100 pM substrate in Tris—HCI 50 mM (pH 7). The
purified enzyme concentration was measured by Bradford
method (Bio-Rad) using bovine serum albumin as standard
and was then kept at 4°C until its use for characterization.

Determination of substrate specificity and effect
of pH and temperature on enzyme activity and stability

All enzymatic assays were performed by using a spectro-
photometer (Varian, Cary Win UV 300) connected to a
thermo bath/circulator and a computer running Cary Win
UV software. The following synthetic substrates purchased
from Sigma were used: para-nitrophenyl fatty acyl esters
of butyric acid (C,4), octanoic acid (Cg), decanoic acid
(C10), lauric acid (C;,), myristic acid (C4), palmitic acid
(Ci¢) and stearic acid (C;g). These substrates were dis-
solved in isopropanol and added in concentrations of
0.3 mM within the cuvettes. Once the substrates were
hydrolysed by purified lipase, absorbance of the liberated
yellow compound was followed at 405 nm. All experi-
ments were run in triplicate for 5 min.

The pH optimum of the purified lipase was measured by
using 50 mM Tris—HCI1 buffer (pH 7.2-9) and 50 mM
NaOH-glycine buffer (pH 9-11.3). All buffers contained
0.05% CaCl,. The assays were performed at 21°C against
p-NP decanoate (p-NP C;q). A standard curve of para-
nitrophenol (Sigma) in the same buffers allowed correction
of the data, considering the poor absorption of p-NP at
lower pH. The results were expressed in relative activity,
where a value of 100% was assigned to the highest activity.

In order to determine the optimal temperature of the
lipase, a sample of the latter was used to hydrolyse p-NP
Cyp at different temperatures ranging from 25°C to 70°C in
Tris—HCI 50 mM (pH 8.5) containing 0.05% CaCl,. The
temperature within the cuvettes was monitored and stable
for at least 5 min prior to addition of the enzyme. Likewise,
thermostability was established by adding enzyme to

pre-incubated Na—P buffer (pH 7.6), kept stable at various
temperatures (40-90°C). After a period of incubation of
30 min, an aliquot of the lipase was taken to calculate the
residual activity at the optimum temperature of the lipase
in the same buffer as cited previously. Once again, the
results were expressed in relative activity.

The substrate specificity of the purified lipase was
examined by observing hydrolytic activity towards the
different p-NP fatty acyl esters listed previously. The
assays were performed at the pH and temperature optimum
of the enzyme. The activity, expressed in international
units, corresponds to pmol of p-NP liberated per minute in
the above conditions.

Effect of various compounds on lipase stability
and activity

Various metal ions (CaCl,, CoCl,, CuCl,, MgCl,, MnCl,,
HgCl, and ZnCl,) and three potential inhibitors [ethylene-
diamine tetraacetic acid (EDTA), DTT and PMSF] were
used at concentrations of 1 and/or 10 mM to investigate
their effect on lipase activity. The stability of the lipase was
also evaluated in different organic solvents and against
tensioactive agents commonly used in detergent formula-
tions. Two different concentrations (10% and 30%) of
acetonitrile, dimethyl sulphoxide (DMSO), ethanol, meth-
anol, acetone and isopropanol were incubated with the
enzyme for 1 h at room temperature in 50 mM Tris—HCl
buffer (pH 7) without any more additives. Similarly, 1%
and 5% of various agents found in detergents (sodium
dodecyl sulphate, Triton X-100, Tween 80, peroxide,
sodium borate and sodium carbonate) were incubated with
the lipase in the same buffer. Residual activity was then
calculated in 50 mM Tris—HCI buffer (pH 8.5) containing
0.05% CaCl, at 60°C against p-NP decanoate.

Results

Screening for lipolytic activity and sequencing
of the positive clones

Following construction of the metagenomic library, about
10,000 clones were screened on tributyrin/agar plates in
order to identify colonies exhibiting lipolytic activity. The
primary screening led to the identification of seven clones
presenting a clear halo around the colonies. The isolation of
the corresponding cosmids (~40 kb) and the subsequent
steps of restriction digestion and subcloning led to the
sequencing of small inserts containing seven open reading
frames (ORF) encoding possible lipolytic enzymes (results
not shown). The first observation was that all identified
genes carried high GC content (between 64.3% and 69.9%).
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The molecular weight of the encoded proteins varied from
20 to 57.8 kDa. Moreover, all proteins bore the conserved
pentapeptide GxSxG, typical of lipolytic enzymes. NCBI
BLASTYp search results demonstrated that all the positive
clones identified were novel and presented no more then
49% identity with other lipases. After purification and
characterization of the lipase LipIAF5-2 [32], the ORF
lipIAF1-6 was chosen for expression and characterization
of a second novel lipolytic enzyme.

Amino acid sequence analysis of LipIAF1-6

The amino acid sequence of LipIAF1-6 (GenBank accession
no. HM049169) was recovered from a 2,527-pb contig
(Fig. 1). No other ORF upstream of the lipase gene was
identified. However, the C-terminal sequence of a protein
showing homology with an acyl-CoA thioesterase II was
observed. Although this sequence was incomplete, BLASTx
results demonstrated that part of the encoded protein showed
homology with Plesiocystis pacifica STR-1 (62% identity
out of 129 amino acids). These results do not conclusively
determine the microorganism of origin, demonstrating that
the DNA fragment comes from an uncultured bacterium.
Furthermore, the LipIAF1-6 sequence was analysed in detail
prior to polymerase chain reaction (PCR) and cloning. The
first analysis was conducted using SignalP 3.0 Server in
order to establish whether the sequence contained a signal
peptide. The results concluded, with high probability, that a
27-amino-acid-long signal peptide allowed secretion of the
protein. Following this analysis, the sequence of the mature
protein was compared with other proteins known from

Fig. 1 Schematic
representation of the contig that 1SPh|

Pstl
|

universal databases. Of all homologous sequences identified
after the BLASTp search, five lipase sequences were aligned
with LiplAF1-6 using ClustalW2 software. On comparison
of the complete sequences of the mature proteins, the per-
centage of identical amino acids varied from 21% to 31%
(Table 1). Furthermore, considering actual knowledge on
the position of all three catalytic residues (Ser, Asp, His)
within the lipase from Pseudomonas mendocina (Accession
number 2FX5_A) [44], the sequence alignment was used to
identify the possible positions of those residues in LipIAF1-
6 (Fig. 2). Consequently, the active serine site is thought to
be in position S117 of the mature protein. This serine is
surrounded by other residues that follow the GxSxG con-
served motif. Also, D166 and H195 are the putative posi-
tions for the aspartate and histidine residues of the catalytic
triad (Fig. 2).

Expression and purification of LipIAF1-6

The sequence analysis of LipIAF1-6 presented many clues
to the function of the enzyme, and so the latter was
amplified by PCR and expressed in Streptomyces lividans
10-164 as described previously. Since the enzyme is
thought to be secreted, the proteins in the supernatant
were analysed by SDS-PAGE. Zymogram analysis using
MUF-butyrate as substrate was a simple assay to deter-
mine the presence of a lipolytic enzyme in the crude
extract. Fortunately, in the culture conditions used for the
enzyme expression, no lipases are secreted by the wild-
type strain that does not contain the gene of interest. A
fluorescent band after the zymogram analysis was visible

Pst|
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was sequenced and that carried L
the lipIAF1-6 gene
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Table 1 Results of the BLASTp search comparing amino acid sequences for LipIAF1-6 and its closest homologues

Protein Length (amino Source organism Accession Homology Reference
acids) number (%)
LipIAF1-6 289 Uncultured bacteria - 100 This work
Lipase 281 Uncultured bacteria AAF87662 24 [18]
Lipase 258 Pseudomonas mendocina 2FX5_A 31 [5]
Lipase 282 Pseudomonas stutzeri YP_001174476 29 [51]
A1501
Lipase 309 Geobacillus sp. Y412MC10 ZP_03040339 22 Lucas et al. 2009 (Unpublished)
Triacylglycerol 319 Thermobifida fusca YX YP_288943.1 21 [30]
lipase
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Fig. 2 Amino acid alignment LipIAFl1-6 = —————— - VNPGGGGSGE 10
of LipIAF1-6 lipase with the 2FX5_A APLPDTPGAPF 11
most related lipolytic enzymes YP_001174476 APLPDTEGAPE 11
from P. mendocina (2FX5_A), ARF87662 MCSSVREREGETMQASQSLLSLFTIAACSTALMGCLEAADQGGLDEELELGSAEQEAGTFE 60
. = ZP 03040339 ———mmmmm o m o o o IITHSNIPELADG 13
P. stutzeri A1501 YP 288943.1 —m—mmmmmmmmmmmmmmm ATALVTAVSLAAPAHAANPYERGENP 26
(YP_001174476), an uncultured -
bacterium (AAF87662), LipIAF1-6 ASLYNRAESDGRCSV---TRLNVGSSTF YI PRDPSNPNARFNVLVWGNGTGGNSLTYATL 67
Geobacillus sp. Y412MC10 2FX5_A PAVANF DRSGPY TVS---SQSEGPSCRI YRPRDLGQGGVRHPVI LWGNGTGAGPSTYAGL 68
(ZP_03040339) and T. fusca YP 001174476 PSVSSFDNDGPYAVT---SQSEGPNCRVYRPRTLGQGGVRHPIILWGNGTGTGPTTYSGL 68
YX (YP_288943.1). Identical, ARF87662 PPVSDFAATGPF STT---SGSLGLSC TV YRPSNLGQGGVTHPVI LWGNGTGSSPSTYAGL 117
conserved and semi-conserved ZP 03040339 SIEQRYAQKGSYHVKVEEVKRMSGEALFRIYYPAFQEDESYPIISWGNGTDATPDRYDEL 73
YP_288943.1 TDALLEARSGPFSVSEERASRFGADGFGGGTIYYPRENNTYGAVAISPGYTGTQASVAWL 86

residues are marked by asterisk,

* *
colon and period, respectively.
The conserved residues present LipIAF1-6 LESVASHC IAVAAANTANSGT--GVEMQEAYNSLRSRYGNILG-——————— SKVCTA RS
in the catalytic triad (Ser, Asp, 2FX5 A LSHWASHGFVVAAAET SNAGT--GREMLAC LDYLVRENDT PYGTYSGKLNTGRVGTSE

His) are marked by black dots
ARF87662
ZP_03040339
YP_288943.1

* %

YP_ 001174476 LTHWASHGFVVAARETSNAGT--GREMLACLDYLVQESNRTYGTYVGVLNTGRVGTSE

LTHLASWGFIVIDSYSKTTGT--GKEIVEAIDYLKNENEQANSLFYQKIQMEHIGVAEst=E 131
GERIASHGFVVITIDTNT TLDQPDSRARQLNAALDYMINDASSAVRSRIDSSRLAVMEE]Y 14¢€
. *

* :

LipIAFl-6 8E GGGSFNAA-NRIGANCVIPVQPDTR—————— FTTRIYSPLASHVEVITLWGQITLAP 17C
2FX5 A 8E GGGS IMAG-QDTRVRT TAPTQPYT————— LGLGHDSASQRRQOGPMFLMSGGJRTIAF 18C
YP 001174476 [ME&GGGSIMAG-QDDRVKATAPIQPYT-———- IGLGHDSSSQRNQRGPMFLMSGGARTIAI 18C
ARF87662 [0 GAGT IMAG-RDSRVTATAPLQPYIG-FIPFGGLF LDSSTRQORGPMFLVSGSJETIAV 233
ZP_ 03040339 [EEATGVINAHTNYKSGSLIKTVVSIALPDLKHCDPEDVYDTARITVPFLIMGGTHEFIIS 191
YP_288943.1 € GGGT LRLASQRPDLKAAT PLTPWH-————————— LNKNWSSVRVPTLIIGADIJETIAP 19¢
X Kk s . .. X .
®
LipIAFl-6 ASGNRSNVER-ASTILTQV--ETSGEGRIFAPVSGRGGKIGTMFRMANIAQLSNDPATAQE 227
2FX5 A PYLNAQPVYRRANV PVFWG--ERRYV Si3lFE PVGSGGAYRGPS TAWF RFQLMDDQDARATFE 238

YP_ 001174476 PYLNAQPVFTRANVPIFWG--ERRYVS]
PTINQLPVYNGVNQPVWWA—--TRSGA
PVSTNQLALHNTHAST PVMMGMAKG!
VLTHARPFYNSLPTSISKAYLELDGATSIFAPNIPNKIIGKYSVAWLKRFVDNDTRYTQFL 25€

ARF87662
ZP_03040339
YP_288943.1

EPVGNGGEYRGPSTAWFRYQLMDDQSARSTF 238
EPVGSAAPSAARSPRGSALAS —————————— 281
TATEGNGGNHRGYLTAWMRYRLFDDQEAMKAF 251

*

LipIAFl1-6 FRRAFWGPTTDYTASTSHPDISEVRRNAAAQATTP 262
2FX5 A YGAQCSLCTSLLWSVERRGL-—————————————— 258
YP 001174476 YGRLCRLCTSLLWSVERKGIE--—-————————-— 259
ARF87662  ———————————— e

ZP_03040339 HGDSSEMMHNANWVDVEQANMDDHTEFVNP--——-- 280
YP 288943.1 CPGPRDGLFGEVEEYRSTCPF--—--———-——-——- 2717

around the corresponding molecular weight (27.4 kDa) of
the protein (Fig. 3, lanes 1 and 2). The nature of the
protein hydrolysing the substrate MUF-butyrate was
confirmed to be LipIAF1-6 by mass spectrometry analysis
(results not shown). Purification of LipIAF1-6 was per-
formed in a single step using HIC HiTrap Butyl Sepharose
4 Fast Flow column. The flow-through collected after
the passage of the crude extract was kept to assess the
presence of any lipolytic activity. The results demon-
strated that the total amount of the enzyme was bound to
the column, since no activity was observed in the flow-
through. Elution of LipIAF1-6 started when the concen-
tration of ammonium sulphate in the buffer was zero,
although it seemed that its affinity to the ligand was
high, because a second peak of protein corresponding
to LipIAF1-6 was observed when ethylene glycol was
applied on the column. Overall, the fractions containing
the purified protein were pooled, and the Bradford method
was performed to determine the amount of purified

protein. Afterwards, spectrophotometric assays were per-
formed at room temperature, using Tris—HCl 50 mM
buffer (pH 8.5) containing 0.05% CaCl, and p-NP
decanoate as substrate. Both the crude and purified sam-
ples were assayed to determine the yield of purification.
In total, 31 mg proteins was applied on the column, and
15 mg LipIAF1-6 was collected after purification. This
single step was sufficient to recover 91.7% of the enzyme.
Furthermore, the purification factor was established to be
1.9. Finally, the purity of the enzyme was confirmed by
silver-stained SDS-PAGE before characterization of the
enzyme (Fig. 3, lane 4).

Effect of pH and temperature on enzyme activity
and stability

The effect of pH and temperature on activity was deter-

mined spectrophotometrically by monitoring the activity of
the lipase towards p-NP decanoate. The activity of
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45kDa

Fig. 3 Silver-stained SDS-PAGE of proteins secreted by S. lividans
10-164 expressing LipIAF1-6 (lane I) following zymogram analysis
with MUF-butyrate (lane 2) and the purified lipase (lane 4).
Molecular size markers (lane 3) was Broad Range from Bio-Rad

100
80 '_\/\
60

40 1

Activité relative (%)

20 T T T . :
6 7 8 9 10 11 12
pH

Fig. 4 Effect of pH on enzyme activity. Tris—HCI buffers were used
from pH 7.2 to 9 (filled circles) and NaOH—glycine buffers from pH 9
to 11.3 (filled triangles)

LipIAF1-6 was maximal in Tris—=HCl buffer 50 mM
(pH 8.5) containing 0.05% CaCl,. The lipolytic activity
was still high between pH 8 and 9.5 but started to drop at
more alkaline pH (Fig. 4). When pH was below 8§, the
activity was very low; about 60% of activity was lost when
compared with the activity at pH 8.5 (100% value). The
activity and stability of the enzyme at various temperatures
are shown in Fig. 5. The enzyme preferred high tempera-
tures between 50°C and 70°C. The 100% value was
attributed to a temperature of 60°C. Between temperatures
of 45°C and 70°C, more then 80% of activity was retained.
On the contrary, at temperatures of 40°C and below,
hydrolysis of p-NP decanoate was reduced (Fig. 5).
Furthermore, when the enzyme was incubated for 30 min
at temperatures ranging from 40°C to 70°C before the
spectrophotometric assays, it was observed that its activity
was identical to that of the control kept on ice (Fig. 5).
However, after being incubated for 30 min at 80°C, the
enzyme lost about 70% of activity.
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Fig. 5 Effect of temperature on enzyme activity (filled circles) and
stability (filled squares)
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Fig. 6 Substrate specificity of LipIAF1-6 towards p-nitrophenyl
esters

Substrate specificity

Substrate specificity of the purified enzyme against dif-
ferent fatty acid esters of p-nitrophenyl was assessed at
60°C in Tris—HC1 50 mM (pH 8.5) with CaCl,. The results
demonstrated that LipIAF1-6 can hydrolyse a broad range
of triglycerides (Fig. 6). All chain lengths from 4 to 18
carbons were cleaved, although the preference was for
p-NP C; (4,287 IU/mg) and p-NP Cs (3,548 IU/mg).
Activity towards substrates with longer chain lengths
(p-NP Cy¢ and p-NP C,g) was still significant: 2,422 and
2,145 TU/mg, respectively (Fig. 6).

Effect of various compounds on enzyme stability
and activity

LipIAF1-6 showed no significant increase or decrease of
activity when incubated with 10 mM CaCl, (107%), CuCl,
(96%), MgCl, (96%), MnCl, (105%), ZnCl, (104%) and
EDTA (95%). However, CoCl,, HgCl, and DTT slightly
inhibited the enzyme, reducing activity to 86%, 88% and
85% at 10 mM concentration, respectively. Furthermore,
PMSF, a known inhibitor of serine proteases, inhibited
LipIAF1-6 activity, which only retained 61% and 29% of
activity after incubation with 1 and 10 mM concentrations.
As for the effect of other compounds, the activity of the
lipase was unchanged when the incubation took place with
10% water-miscible solvents. When the concentration
was increased to 30%, acetonitrile, ethanol, methanol and
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Table 2 Stability of LipIAF1-6 in organic solvents

Organic solvents Relative activity (%) after incubation

with a concentration of (%)

10 30
Control 100 100
Acetonitrile 102 121
Dimethyl sulphoxide 100 105
Ethanol 91 116
Methanol 103 121
Acetone 94 112
Isopropanol 113 106

Table 3 Effect of surfactants and oxidative agents commonly found
in detergents on LipIAF1-6 activity and stability

Tensioactive/oxidative agents Relative activity (%) after incubation
with a concentration of (%)

1 5
Control 100 100
Sodium dodecyl sulphate 181 170
Triton X-100 289 13
Tween 80 208 26
H,0, 115 98
Sodium borate 119 106
Sodium carbonate 117 119

acetone seemed to increase the activity towards p-NP Cq
(Table 2). Finally, the effect of tensioactive and oxidative
agents was evaluated. All tested compounds had a stimu-
lating effect on the hydrolytic activity following incubation
at 1% of the agents. The activating effect was still observed
when exposed to 5% of the same agents, except for Tween
80 and Triton X-100, which highly inhibited the enzyme,
leaving only 26% and 13% residual activity (Table 3).

Discussion

In the present study, screening of 10,000 clones on tribu-
tyrin (C4:0) allowed sequencing of seven different ORFs
encoding lipolytic enzymes. The metagenomic library was
constructed following extraction of biomass that had been
submitted to high temperature (50-70°C) and alkaline pH
(7-8.5) in the hope of identifying lipases that would cata-
lyze fatty acids in these conditions. The first observation
was that the seven ORFs all presented high G4-C content,
often found in the genome of thermophilic bacteria
[20, 27]. LipIAF1-6 represents the second enzyme to be
characterized within this project. Its optimum temperature
(60°C) and pH (8.5) of activity are similar to the optimum

conditions (60°C and 10.5) observed for LiplAF5-2 in our
previous study [32]. Both lipases were novel, presenting
only slight similarity with other known lipolytic enzymes.
Furthermore, the two lipases presented characteristics
corresponding to the enrichment conditions. These results
demonstrate, as in other publications, that enrichment
technologies are useful to favour the growth of adapted
microorganisms encoding biocatalysts with target charac-
teristics [7, 11, 17, 41]. The analysis of the biochemical
properties of the enzyme also demonstrated that LiplAF1-6
was stable for at least 1 h at 60°C (results not shown) and
for 30 min at 70°C, a characteristic that is important for
many commercial applications [33, 38, 49]. The hydrolytic
activity of the novel lipase extended to all experimented
substrates, although there was a marked preference for the
soluble substrate p-NP butyrate. The hydrolytic activity
towards this substrate was evaluated to be 4,287 IU/mg,
which is quite high compared with the activity of some
other thermophilic lipases; for example, the lipase char-
acterized by Elend et al. [10] presented 513 IU/mg at 45°C
and pH 7.2. Another isolated lipase, LipG, showed
458.8 IU/mg using p-NP palmitate as a substrate at 37°C
[26]. Finally, thermostable lipase LipA from Geobacillus
presented 3,586 IU/mg when assayed at 55°C and pH 7
[46]. Several indications tend to classify LipIAF1-6 with
lipases rather than esterases. First of all, the sequence of the
conserved pentapeptide GHSQG is more common in lipa-
ses than in esterases [14]. Moreover, esterases are usually
unable to hydrolyse insoluble substrates (>C;j). Other
experiments have shown that the newly isolated lipase does
not depend on the presence of metal ions for its activity,
since most of the cations tested did not significantly affect
the hydrolytic activity. This hypothesis is also confirmed
by the fact that LipIAF1-6 was not affected by the chelator
EDTA, unlike known lipases which need various cations to
enhance their activity [27, 36, 45]. The lipase was only
slightly inhibited by 10 mM HgCl, (12%) and DTT (15%),
which suggests that disulphide bridges are not essential for
lipase activity. The only compound that altered LipIAF1-6
activity was the serine protease inhibitor, PMSF. The
residual activities after 1 h of incubation with 1 and
10 mM were 61% and 29%, respectively. PMSF usually
binds covalently to the serine residue of the catalytic triad.
However, many lipases contain a mobile structure called
the lid, which covers the active site in aqueous solution,
preventing, in some cases, PMSF inhibition [23, 27].
LipIAF1-6 is not totally inhibited by PMSF, as an esterase
would be [24, 39, 48]. Also, some lipases have shown a
preference for fatty acids having long carbon chains and
were also affected by the inhibitor [40]. The interaction
between the inhibitor and the lipase must depend on several
factors, including their three-dimensional (3D) conforma-
tion at the time of inactivation. Finally, the overall stability
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of thermophile enzymes should also be accompanied by
high stability in solvents and also against surfactants [33].
These features are of critical importance when using lipase
for biotransformation in non-aqueous media or, in the case
of surfactants, for the detergent industry [13, 16, 22, 26,
44]. The experiments conducted on LipIAF1-6 have dem-
onstrated its high stability in all organic solvents tested at
concentrations of 10% and 30%. Other thermostable lipa-
ses have shown similar stability in organic solvents [42,
47]. Finally, detergent formulations often contain different
tensioactive and oxidative agents. The lipase LipIAF1-6
was activated by SDS, Tween 80 and Triton X-100 (1%)
after 1 h incubation at room temperature. Similarly, other
compounds commonly found in detergents, such as H,O,,
sodium borate and sodium carbonate, also enhanced the
enzyme activity. Unfortunately, higher concentrations of
Tween 80 and Triton X-100 (5%) almost completely
inhibited (26% and 13% residual activity, respectively) the
enzyme after 1 h incubation. Detergents have similar
properties to the natural substrates of the lipases, and the
surfactant-enzyme interaction could displace the lid and
activate the enzyme activity, or modify the 3D structure of
the enzyme, thus inhibiting its activity. All these interac-
tions depend on many factors, including the critical micelle
concentrations of the surfactants [18, 35]. Ultimately, this
study has allowed the rapid identification of novel
enzymes, and the high stability of LipIAF1-6 in various
conditions justifies the potential interest of this lipase for
many industrial applications.

Acknowledgments This work was funded by a Strategic Grant from
the Natural Sciences and Engineering Research Council of Canada.
A. Coté is a recipient of a scholarship from Fondation Armand-
Frappier. We are grateful to Raymonde Jetté, Guillaume Brault and
Frangois-Xavier Lussier for helpful discussions.

References

1. Abdel-Fattah YR, Gaballa AA (2008) Identification and
over-expression of a thermostable lipase from Geobacillus ther-
moleovorans Toshki in Escherichia coli. Microbiol Res 163(1):
13-20. doi:10.1016/j.micres.2006.02.004

2. Alloue WA, Aguedo M, Destain J, Ghalfi H, Blecker C et al
(2008) Les lipases immobilisées et leurs applications. Biotechnol
Agron Soc Environ 12(1):57-68

3. Arpigny JL, Jaeger KE (1999) Bacterial lipolytic enzymes:
classification and properties. Biochem J 343:177-183

4. Bora L, Kalita MC (2007). Production and optimization of
thermostable lipase from a thermophilic Bacillus sp. LBN 4. Int J
Microbiol 4(1)

5. Boston M, Requadt C, Danko S, Jarnagin A, Ashizawa E et al
(1997) Structure and function engineered Pseudomonas mendo-
cina lipase. Methods Enzymol 284:298-317

6. Choo DW, Kurihara T, Suzuki T, Soda K, Esaki N (1998) A cold-
adapted lipase of an Alaskan psychrotroph, Pseudomonas sp.
strain B11-1: gene cloning and enzyme purification and charac-
terization. Appl Environ Microbiol 64(2):486-491

@ Springer

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

. Cowan D, Meyer Q, Stafford W, Muyanga S, Cameron R,

Wittwer P (2005) Metagenomic gene discovery: past, present and
future. Trends Biotechnol 23(6):321-329. doi:10.1016/j.tibtech.
2005.04.001

. Demirjian DC, Moris-Varas F, Cassidy CS (2001) Enzymes from

extremophiles. Curr Opin Chem Biol 5(2):144-151

. Diaz M, Ferreras E, Moreno R, Yepes A, Berenguer J,

Santamaria R (2008) High-level overproduction of Thermus
enzymes in Streptomyces lividans. Appl Microbiol Biotechnol
79(6):1001-1008. doi:10.1007/s00253-008-1495-1

Elend C, Schmeisser C, Leggewie C, Babiak P, Carballeira JD
et al (2006) Isolation and biochemical characterization of two
novel metagenome-derived esterases. Appl Environ Microbiol
72(5):3637-3645. doi:10.1128/Aem.72.5.3637-3645.2006
Entcheva P, Liebl W, Johann A, Hartsch T, Streit WR (2001) Direct
cloning from enrichment cultures, a reliable strategy for isolation of
complete operons and genes from microbial consortia. Appl Environ
Microbiol 67 (1):89-99. doi:10.1128/AEM.67.1.89-99.2001

Fan Z, Yue C, Tang Y, Zhang Y (2009) Cloning, sequence
analysis and expression of bacterial lipase-coding DNA frag-
ments from environment in Escherichia coli. Mol Biol Rep
36(6):1515-1519. doi:10.1007/s11033-008-9344-y

Fickers P, Destain J, Thonart P (2008) Les lipases sont des
hydrolases atypiques: principales caractéristiques et applications.
Biotechnol Agron Soc Environ 12(2):119-130

Fojan P, Jonson PH, Petersen MTN, Petersen SB (2000) What
distinguishes an esterase from a lipase: a novel structural
approach. Biochimie 82(11):1033-1041

Handelsman J (2004) Metagenomics: application of genomics to
uncultured microorganisms. Microbiol Mol Biol Rev 68(4):669.
doi:10.1128/Mbr.68.4.669-685.2004

Hasan F, Shah AA, Hameed A (2006) Industrial applications of
microbial lipases. Enzyme Microbiol Technol 39(2):235-251.
doi:10.1016/j.enzmictec.2005.10.016

Healy FG, Ray RM, Aldrich HC, Wilkie AC, Ingram LO,
Shanmugam KT (1995) Direct isolation of functional genes
encoding cellulases from the microbial consortia in a thermo-
philic, anaerobic digester maintained on lignocellulose. Appl
Microbiol Biotechnol 43(4):667-674

Henne A, Schmitz RA, Bomeke M, Gottschalk G, Daniel R
(2000) Screening of environmental DNA libraries for the pres-
ence of genes conferring lipolytic activity on Escherichia coli.
Appl Environ Microbiol 66(7):3113-3116

Hurtubise Y, Shareck F, Kluepfel D, Morosoli R (1995) A cel-
lulase/xylanase-negative mutant of Streptomyces lividans 1326
defective in cellobiose and xylobiose uptake is mutated in a gene
encoding a protein homologous to ATP-binding proteins. Mol
Microbiol 17(2):367-377

Ishida M, Yoshida M, Oshima T (1997) Highly efficient
production of enzymes of an extreme thermophile, Thermus
thermophilus: a practical method to overexpress GC-rich genes in
Escherichia coli. Extremophiles 1(3):157-162

Jaeger KE, Dijkstra BW, Reetz MT (1999) Bacterial biocatalysts:
molecular biology, three-dimensional structures, and biotechno-
logical applications of lipases. Ann Rev Microbiol 53:315-351
Jaeger KE, Eggert T (2002) Lipases for biotechnology. Curr Opin
Biotechnol 13(4):390-397

Jaeger KE, Ransac S, Dijkstra BW, Colson C, van Heuvel M,
Misset O (1994) Bacterial lipases. FEMS Microbiol Rev
15(1):29-63

Kademi A, Ait-Abdelkader N, Fakhreddine L, Baratti J (2000)
Purification and characterization of a thermostable esterase from
the moderate thermophile Bacillus circulans. Appl Microbiol
Biotechnol 54(2):173-179

Kim YJ, Choi GS, Kim SB, Yoon GS, Kim YS, Ryu YW (2006)
Screening and characterization of a novel esterase from a


http://dx.doi.org/10.1016/j.micres.2006.02.004
http://dx.doi.org/10.1016/j.tibtech.2005.04.001
http://dx.doi.org/10.1016/j.tibtech.2005.04.001
http://dx.doi.org/10.1007/s00253-008-1495-1
http://dx.doi.org/10.1128/Aem.72.5.3637-3645.2006
http://dx.doi.org/10.1128/AEM.67.1.89-99.2001
http://dx.doi.org/10.1007/s11033-008-9344-y
http://dx.doi.org/10.1128/Mbr.68.4.669-685.2004
http://dx.doi.org/10.1016/j.enzmictec.2005.10.016

J Ind Microbiol Biotechnol (2010) 37:883-891

891

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

metagenomic library. Protein Expr Purif 45(2):315-323. doi:
10.1016/j.pep.2005.06.008

Lee MH, Lee CH, Oh TK, Song JK, Yoon JH (2006) Isolation
and characterization of a novel lipase from a metagenomic library
of tidal flat sediments: evidence for a new family of bacterial
lipases. Appl Environ Microbiol 72(11):7406-7409. doi:
10.1128/Aem.01157-06

Li H, Zhang X (2005) Characterization of thermostable lipase
from thermophilic Geobacillus sp. TWI1. Protein Expr Purif
42(1):153-159. doi:10.1016/j.pep.2005.03.011

Li X, Qin L (2005) Metagenomics-based drug discovery and
marine microbial diversity. Trends Biotechnol 23(11):539-543.
doi:10.1016/j.tibtech.2005.08.006

Lorenz P, Eck J (2005) Metagenomics and industrial applications.
Nat Rev Microbiol 3(6):510-516. doi:10.1038/nrmicrol1161
Lykidis A, Mavromatis K, Ivanova N, Anderson I, Land M et al
(2007) Genome sequence and analysis of the soil cellulolytic
actinomycete Thermobifida fusca YX. J Bacteriol 189(6):2477—
2486. doi:10.1128/JB.01899-06

Mead DA, Szczesna-Skorupa E, Kemper B (1986) Single-stran-
ded DNA ‘blue’ T7 promoter plasmids: a versatile tandem pro-
moter system for cloning and protein engineering. Protein Eng
1(1):67-74

Meilleur C, Hupe JF, Juteau P, Shareck F (2009) Isolation and
characterization of a new alkali-thermostable lipase cloned from a
metagenomic library. J Ind Microbiol Biotechnol 36(6):853-861
Niehaus F, Bertoldo C, Kahler M, Antranikian G (1999)
Extremophiles as a source of novel enzymes for industrial
application. Appl Microbiol Biotechnol 51(6):711-729

Pandey A, Benjamin S, Soccol CR, Nigam P, Krieger N, Soccol
VT (1999) The realm of microbial lipases in biotechnology.
Biotechnol Appl Biochem 29:119-131

Rajendhran J, Gunasekaran P (2008) Strategies for accessing soil
metagenome for desired applications. Biotechnol Adv 26(6):576—
590. doi:10.1016/j.biotechadv.2008.08.002

Rashid N, Shimada Y, Ezaki S, Atomi H, Imanaka T (2001) Low-
temperature lipase from psychrotrophic Pseudomonas sp. strain
KB700A. Appl Environ Microbiol 67(9):4064-4069

Rosenau F, Jaeger KE (2000) Bacterial lipases from Pseudomo-
nas: regulation of gene expression and mechanisms of secretion.
Biochimie 82(11):1023-1032

Rossi M, Ciaramella M, Cannio R, Pisani FM, Moracci M,
Bartolucci S (2003) Extremophiles 2002. J Bacteriol
185(13):3683-3689. doi:10.1128/Jb.185.13.3683-3689.2003
Ruiz C, Javier Pastor FI, Diaz P (2003) Isolation and character-
ization of Bacillus sp. BP-6 LipA, a ubiquitous lipase among
mesophilic Bacillus species. Lett Appl Microbiol 37(4):354-359

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51

Salameh MA, Wiegel J (2007) Purification and characterization
of two highly thermophilic alkaline lipases from Thermosyntro-
pha lipolytica. Appl Environ Microbiol 73(23):7725-7731. doi:
10.1128/AEM.01509-07

Schmeisser C, Steele H, Streit WR (2007) Metagenomics,
biotechnology with non-culturable microbes. Appl Microbiol
Biotechnol 75(5):955-962. doi:10.1007/s00253-007-0945-5
Sharma AK, Tiwari RP, Hoondal GS (2001) Properties of a
thermostable and solvent stable extracellular lipase from a
Pseudomonas sp. AG-8. J Basic Microbiol 41 (6):363-366. doi:
10.1002/1521-4028(200112)41:6<363::AID-JOBM363>3.0.CO;
2-C

Sharma R, Chisti Y, Banerjee UC (2001) Production, purification,
characterization, and applications of lipases. Biotechnol Adv 19
(8):627-662

Sibille N, Favier A, Azuaga Al, Ganshaw G, Bott R et al (2006)
Comparative NMR study on the impact of point mutations on
protein stability of Pseudomonas mendocina lipase. Protein Sci
15(8):1915-1927. doi:10.1110/Ps.062213706

Snellman EA, Sullivan ER, Colwell RR (2002) Purification and
properties of the extracellular lipase, LipA, of Acinetobacter sp.
RAG-1. Eur J Biochem 269(23):5771-5779

Soliman NA, Knoll M, Abdel-Fattah YR, Schmid RD, Lange S
(2007) Molecular cloning and characterization of thermostable
esterase and lipase from Geobacillus thermoleovorans YN iso-
lated from desert soil in Egypt. Process Biochem 42(7):1090—
1100. doi:10.1016/j.procbio.2007.05.005

Sugihara A, Ueshima M, Shimada Y, Tsunasawa S, Tominaga Y
(1992) Purification and characterization of a novel thermostable
lipase from Pseudomonas cepacia. J Biochem 112(5):598-603
Tesch C, Nikoleit K, Gnau V, Gotz F, Bormann C (1996) Bio-
chemical and molecular characterization of the extracellular
esterase from Streptomyces diastatochromogenes. J Bacteriol
178(7):1858-1865

van den Burg B (2003) Extremophiles as a source for novel
enzymes. Curr Opin Microbiol 6(3):213-218. doi:10.1016/S
1369-5274(03)00060-2

Wang GYS, Graziani E, Waters B, Pan WB, Li X et al (2000)
Novel natural products from soil DNA libraries in a streptomy-
cete host. Organic Lett 2(16):2401-2404. doi:10.1021/01005860z
Yan YL, Yang J, Dou YT, Chen M, Ping SZ et al (2008) Nitrogen
fixation island and rhizosphere competence traits in the genome
of root-associated Pseudomonas stutzeri A1501. Proc Natl Acad
Sci USA 105(21):7564-7569. doi:10.1073/pnas.0801093105

@ Springer


http://dx.doi.org/10.1016/j.pep.2005.06.008
http://dx.doi.org/10.1128/Aem.01157-06
http://dx.doi.org/10.1016/j.pep.2005.03.011
http://dx.doi.org/10.1016/j.tibtech.2005.08.006
http://dx.doi.org/10.1038/nrmicro1161
http://dx.doi.org/10.1128/JB.01899-06
http://dx.doi.org/10.1016/j.biotechadv.2008.08.002
http://dx.doi.org/10.1128/Jb.185.13.3683-3689.2003
http://dx.doi.org/10.1128/AEM.01509-07
http://dx.doi.org/10.1007/s00253-007-0945-5
http://dx.doi.org/10.1002/1521-4028(200112)41:6%3c363::AID-JOBM363%3e3.0.CO;2-C
http://dx.doi.org/10.1002/1521-4028(200112)41:6%3c363::AID-JOBM363%3e3.0.CO;2-C
http://dx.doi.org/10.1110/Ps.062213706
http://dx.doi.org/10.1016/j.procbio.2007.05.005
http://dx.doi.org/10.1016/S1369-5274(03)00060-2
http://dx.doi.org/10.1016/S1369-5274(03)00060-2
http://dx.doi.org/10.1021/Ol005860z
http://dx.doi.org/10.1073/pnas.0801093105

	Expression and characterization of a novel heterologous moderately thermostable lipase derived from metagenomics in Streptomyces lividans
	Abstract
	Introduction
	Materials and methods
	Library construction and activity screening
	Subcloning and sequencing of the lipase gene
	Expression and purification
	Determination of substrate specificity and effect of pH and temperature on enzyme activity and stability
	Effect of various compounds on lipase stability and activity

	Results
	Screening for lipolytic activity and sequencing of the positive clones
	Amino acid sequence analysis of LipIAF1-6
	Expression and purification of LipIAF1-6
	Effect of pH and temperature on enzyme activity and stability
	Substrate specificity
	Effect of various compounds on enzyme stability and activity

	Discussion
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


