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Abstract A lipase-producing bacterium was isolated and
identified as Pseudomonas monteilii TKU009. A lipase
(F2) and lipase-like materials (F1) were purified from the
culture supernatant of P. monteilii TKU009 with soybean
powder as the sole carbon/nitrogen source. The molecular
mass of F1 and F2 was estimated to be 44 kDa by SDS-
PAGE and gel filtration. The optimum pH, optimum tem-
perature, and pH and thermal stabilities of F2 were 7, 40°C,
8—11, and 50°C; and of F1 were 6, 40°C, 67, and 50°C,
respectively. F2 was completely inhibited by EDTA and
slightly by Mg?*, Fe?*, Mn?*, and SDS. F1 was completely
inhibited by EDTA and Fe’* and strongly by Zn?*, Mn?*,
Ca**, Mg**, and SDS. The activities of both the enzymes
were enhanced by the addition of non-ionic surfactants Tri-
ton X-100 and Tween 40, especially for F1. F2 preferably
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acted on substrates with a long chain (C10-C18) of fatty
acids, while F1 showed a broad spectrum on those with
chain length of C4-C18. The marked activity of F2 in
organic solvents makes it an ideal choice for application in
a water-restricted medium including organic synthesis.

Keywords Pseudomonas monteilii - Alkaline lipase -
Soybeans - Purification

Introduction

The activities of enzymes in mixed water-organic solvents
are of particular importance for the conversion of those
substrates that are moderately soluble or insoluble in water.
Lipases are among the most promising and important bio-
catalysts for carrying out reactions in both aqueous and
non-aqueous media [1]. Lipases are ubiquitously produced
by animals, plants, and microorganisms. Recently, micro-
bial lipase has been widely used as a catalyst for the biosyn-
thesis [2, 3]. Increasing attention has been paid to microbial
lipases due to their wide range of biochemical properties
and relative easiness to produce and isolate in bioreactors
[2, 4]. The catalytic properties of microbial lipases have
rendered many biotechnological applications in the food,
cosmetic, detergent, pharmaceutical, and energy industries
[3, 5-8]. This is primarily due to their ability to utilize a
broad spectrum of substrates in the synthesis or hydrolysis
of lipid compounds, as well as their activity in organic sol-
vents [1, 9].

Lipases have been reported to be from several Pseudo-
monas species, including P. cepacia [6], P. aeruginosa
[9, 10], P. fluorescens [11], and P. mendocina [12].
Among them, those from P. aeruginosa, P. cepacia, and
P. fluorescens have been manufactured and extensively
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used in organic synthesis, which includes manipulation in
non-aqueous solutions [9, 13]. Soybean oil has been used
as an enzymatic substrate for biodiesel fuel production by
immobilized P. cepacia lipase [6]. Enzymatic transesteri-
fication of soybean oil offers an environmentally more
attractive option to the conventional physiochemical pro-
cess. The production scale process of biodiesel using
lipase might be worked out in the future. Taking into
account the feasibility of bioconversion of soybeans to
biodiesel fuel by fermentation, directly with a lipase-
producing strain, the screening of lipase producing strains
from Taiwan soils by the use of soybeans as the sole car-
bon/nitrogen source has been performed. In this paper, we
report the purification and characterization of a lipase and
a lipase-like material from the culture supernatant of the
newly isolated strain P. monteilli TKUOO09 using soybean
as the sole carbon/nitrogen source. We report herein the
isolation and characterization of a unique and useful
enzyme from P. monteilli.

Materials and methods
Materials

Yeast extract and nutrient broth were obtained from Difco
(France) and the substrates p-nitrophenyl (pNP) palmitate
(pPNPP), pNP acetate, pNP butyrate, pNP caprylate, pNP
caprate, pNP myristate, pNP palmitate, and pNP stearate
were from Sigma Chemical Co. (Milwaukee, USA). BSA
and dye reagent concentrate for protein determination, and
reagents of SDS-PAGE were purchased from Bio-Rad Co.
(Richmond, CA, USA) and the gels DEAE-Sepharose
CL-6B, Sephacryl S-200, and Sephacryl S-100 from
Amersham Pharmacia Biotech AB (Uppsala, Sweden). All
other chemicals used were of analytical grade.

Identification of strain TKU009

The bacterial strain TKU009 was identified on the basis of
morphological, physiological and biochemical parameters
as well as on the basis of 16S rDNA-based sequence analy-
sis after PCR amplification with primers and cloning. The
identification was carried out by Food Industry Research
and Development Institute, Taiwan. Nucleotide bases of the
DNA sequence obtained were compiled and compared with
sequences in the GenBank databases using BLAST pro-
gram. From the morphological observation and from the
physiological and biochemical characteristics, the microor-
ganisms were further identified according to the description
in Bergey’s Manual of Systematic Bacteriology [14]
(identified by Food Industry Research and Development
Institute).
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Microorganism and enzyme production

Pseudomonas monteilii TKUO09 was isolated from the soil
at Taipei in Taiwan and maintained on nutrient agar plates
at 30°C. Growing of this bacterium was carried out in a
basal medium containing 0.1% K,HPO, and 0.05%
MgSO,-7H,0O (pH 7), and supplemented with 1-3% (w/v)
of soybean powder as carbon source. Various volumes and
pH of the resultant medium in a 250-mL Erlenmeyer flask
were aerobically cultured at 25, 30 and 37°C for 1 to 5 days
on a rotary shaker (150rpm). After centrifugation
(12,000g, at 4°C for 20 min), the supernatants were col-
lected for measurement of lipase activity.

Purification of the enzyme
Production of lipase

For the production of lipase, P. monteilii TKUO09 was
grown in 125 mL liquid medium in an Erlenmeyer flask
(250 mL) containing 2% soybean powder, 0.1% K,HPO,,
0.05% MgSO,-7H,0 at pH 10. One milliliter of the seed
culture was transferred into 125 mL of the same medium
and grown in an orbital shaking incubator for 4 days at
25°C and pH 10. After incubation, the culture broth was
centrifuged (12,000g, at 4°C for 20 min), and the superna-
tant collected.

DEAE-Sepharose CL-6B chromatography

To the supernatant (450 mL), ammonium sulfate was added
to 30% saturation. The mixture was kept at 4°C overnight
and the precipitate was collected by centrifugation at 4°C
for 20 min at 12,000g. The precipitate was then dissolved
in a small amount of 50 mM sodium phosphate buffer
(pH7), and dialyzed against the buffer. The dialysate
(25 mL) was loaded onto a DEAE-Sepharose CL-6B col-
umn (3.8 cm x 30 cm) equilibrated with 50 mM sodium
phosphate buffer (pH 7). One lipase (F1) was washed from
the column with the same buffer and another lipase (F2)
was eluted with a linear gradient of 0—1 M NaCl in 50 mM
sodium phosphate buffer (pH 7). The lipase-containing
fractions were combined and concentrated by ammonium
sulfate precipitation. The precipitate was collected by cen-
trifugation and dissolved in 5 mL of 50 mM sodium phos-
phate buffer (pH 7).

Sephacryl S-100 chromatography

The enzyme solution was loaded onto a Sephacryl S-100
gel filtration column (1.5 cm x 70 cm), equilibrated with
50 mM sodium phosphate buffer (pH 7) and eluted with the
same buffer. The fractions of the peak that exhibit lipase
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activity were combined and concentrated by means of
ammonium sulfate precipitation. The precipitate was col-
lected by centrifugation and dissolved in 50 mM sodium
phosphate buffer (pH 7).

Protein determination

Protein content was determined by the method of Bradford
using Bio-Rad dye reagent concentrate and bovine serum
albumin as the standard. After column chromatography, the
protein concentration was estimated by measuring the
absorbance at 280 nm [15].

Measurement of enzyme activity

Lipase activity was determined by spectrophotometer using
p-nitrophenyl palmitate (p-NPP) as a substrate. One millili-
ter of 99% ethanol containing 50 mg of p-NPP was mixed
with 9 mL of 50 mM sodium phosphate buffer, pH 7, con-
taining gum arabic (0.11%) and triton X-100 (0.44%).
Diluted enzyme solution (0.1 mL) was added to 1 mL
sodium phosphate buffer (50 mM, pH 7) and the reaction
mixture was pre-warmed to 30°C and then mixed with
I mL of freshly prepared substrate solution. The reaction
mixture was incubated at 30°C for 3 min, and subjected to
colorimetric assay at 410 nm. One unit of enzyme activity
was defined as the amount of enzyme that liberated 1 pM
p-nitrophenol per minute under the assay conditions. Under
the conditions described, the extinction coefficient of
p-nitrophenol is 1.46 x 10°cm> M.

Determination of molecular mass

The molecular mass of the purified lipase was determined
by sodium dodecyl sulfate-polyacryamide gel electrophore-
sis (SDS-PAGE) according to the method of Laemmli. The
standard proteins (Geneaid, Taiwan) used for calibration
were phosphorylase b (molecular mass, 97.4 kDa), albumin
(66.2 kDa), ovalbumin (45 kDa), carbonic anhydrase
(29 kDa), trypsin inhibitor (20.1 kDa), and o«-lactabumin
(14.4 kDa). Before electrophoresis, samples were incubated
overnight in 10-mM phosphate buffer (pH 7) containing
f-mercaptoethanol. The gels were stained with Coomassie
Brilliant Blue R-250 in methanol-acetic acid—water (5:1:5,
v/v), and decolorized in 7% acetic acid. The molecular
mass of the TKUOO9 lipase in the native form was deter-
mined by a gel filtration method. The sample and standard
proteins were applied to a Sephacryl S-100 column
(1.5 cm x 70 cm, Amersham Pharmacia), equilibrated with
50 mM phosphate buffer (pH 7). Bovine serum albumin
(molecular mass, 67 kDa), Bacillus sp. «-amylase (50 kDa),
and hen egg white lysozyme (14 kDa) were used as molec-
ular mass markers [15].

Effect of pH on enzyme activity and stability

To investigate the optimal pH, lipase activity was determined
at 30°C at various pH values (4.0-11.0) of buffer. The stabil-
ity of the enzyme in the range of pH 4.0-11.0 was examined
by incubating the enzyme solution for 1 h at 25°C at different
pH, and then the residual activity of lipase was performed
according to the standard assay protocol described above.

Effect of temperature on enzyme activity and stability

The enzyme activity was measured in the range of 25-90°C
using the standard activity assay procedure. As to the effect
of temperature on enzyme stability, the lipase was incu-
bated at different temperatures (25-90°C) for 1 h in 50 mM
sodium phosphate buffer (pH 7.0) and then the residual
activity measured at pH 7 and 30°C, according to the stan-
dard assay protocol described above.

Effect of metal ions, surfactants and lipase inhibitors
on the enzymatic activity

The effects of various metal ions (1 mM) including Mg?*,
Cu?*, Fe**, Ca®*, Zn>*, Mn**, and Ba®* were investigated.
The effects of lipase inhibitors were studied using phenyl-
methylsulfonyl fluoride (PMSF) and ethylenediaminetetra-
acetic acid (EDTA). The effects of the surfactants were
analyzed against 0.1% Tween-40 and Triton X-100, and
I mM SDS. In these experiments, the enzyme was pre-
incubated with metal ions, surfactants, or inhibitors for
60 min at 25°C and then the residual activity was tested by
the use of p-NPP as the substrate.

Substrate specificity

Substrate specificities toward different pNP esters freshly
prepared as above were determined at 30°C and 50 mM
sodium phosphate buffer (pH 7.0) by means of the spectro-
photometric assay described above. The synthetic pNP
esters with a chain length between C2 and C18 were pNP
acetate (C2), pNP butyrate (C4), pNP caprylate (C8),
pNP caprate (C10), pNP myristate (C14), pNP palmitate
(C16), and pNP stearate (C18), respectively.

HPLC analysis

Purified lipases were used for the hydrolysis and alcoholysis
of soybean oil. The reactions were carried out at a flow-rate
of 1 mL/min using a solvent gradient from 0 to 50% B in
30 min, and 50-0% B in 35 min. Mobile phase A was metha-
nol and mobile phase B consisted of hexane and isopropanol
(4:5, v/v). The UV detection was performed at 295 nm. For
each condition, experiments were repeated three times.
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Results and discussions
Identification of strain TKU009

Strain TKUOO9 is a Gram-negative bacterium, showing cat-
alase and oxidase activities, which grows in both aerobic
and anaerobic environments. The identification of strain
TKUO09 was carried out by the Bioresource Collection and
Research Center (formerly named the Culture Collection
and Research Center), Taiwan. On the basis of 16S rDNA
studies, it was found that strain TKUO09 was closer to
Pseudomonas monteilii, P. plecoglossicida, P. parafulva,
P. mosselii, P. oryzihabitans, P. putida, P. cremoricolo-
rata, P. jessenii, P. asplenii, P. stutzeri, P. fuscovaginae,
P. fulva, P. flavescens, P. graminis, P. lutea, P. pseudoalca-
ligenes, P. umsongensis and P. koreensis. Phylogenetic
relationships could be inferred through the alignment and
cladistic analysis of homologous nucleotide sequences of
known bacteria, and the approximate phylogenetic position
of the strain is shown in Fig. 1. According to the composi-
tion of fatty acid assay, the fatty acids of strain TKU009
were mostly sum in feature 3 (16:1 w7c and/or 15:0 ISO
20H) (31.0%), 18:1 w7c (25.1%) and 16:0 (24.0%), close
to those of P. monteilii, P. putida, P. asplenii, P. lutea,
P. umsongensis, P. koreensis, P. fulva, P. graminis, P. par-
afulva, and P. plecoglossicida. The API identification system
assay showed that strain TKUO09 was closer to P. monte-
ilii, P. umsongensis, P. fulva, P. parafulva, and P. pleco-
glossicida. The Biolog identification system assay indicated
that strain TKUOO9 was closer to P. monteilii. The DNA
G + C content of strain TKU009 was 61.3 mol%, close to
that of P. monteilii. The hybridization analysis indicated
that the hybridization of strain TKUO09 and P. monteilii
was 77.7% and the similarity of DNA was more than 70%.

Flg. 1 The phylogenetic o Psendomonas pufida 165 rRna gene, strein P1
dendrogram for TKU009 and
related strains based on the

16S rDNA sequence
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Taken together, strain TKU009 was identified as a strain of
P. monteilii.

Optimization of lipase production

To study the effect of carbon/nitrogen sources on the pro-
duction of lipases by TKUO009, soybean powder was used
as sole carbon/nitrogen source because it contained mostly
protein and oil. Besides, soybean is a very common and
cheap material in Taiwan. Soybean oil has also been used
as an enzymatic substrate for biodiesel fuel production by
immobilized Pseudomons cepacia lipase [6]. Taking into
account the feasibility of bioconversion of soybean to bio-
diesel fuel by fermentation with a lipase-producing strain,
soybean was thus an ideal choice as the sole carbon/nitro-
gen source and as an oil substitute in this study. Growth
was carried out in basal medium containing additional
carbon/nitrogen sources of 1-3% (w/v) soybean powder. The
result showed that 2% soybean powder (1.36 U/mL, the
third day) was an optimal concentration for lipase produc-
tion. Investigating the effect of cultivation volume on the
production of lipase, we found that 125 mL of medium was
suitable for lipase production. Therefore, 125 mL of basal
medium containing 2% soybean powder was used for fur-
ther investigation. The results showed that higher lipase
activity exhibited at incubation time of 4 days (Fig.2)
decreased after 5 days. Of the three different temperatures
(25, 30, and 37°C) and initial pH used for incubation, the
optimal conditions were found to be 25°C and pH 9.5.
During the process of incubation, lipase activity, cell growth,
and pH in the broth were measured. The time courses of
cell growth and lipase activity are shown in Fig. 2. The
lipase activity increased along with the cell growth as
judged by ODg¢, and reached a maximum (1.81 unit/mL)

o Psewdomonis monteilii DA for 165 rRNA, strain CIP 1048837

Psendomonas sp. BJS-Z-1 165

ribosomal RNA gene, partial sequence

@ Bacterium RHA=3-4 165 ribosomal

RNA gene, partial sequence

+ Strain TKU009

<
Bacterium RBA=1-12 165 ribosomal

RNA gene, partial sequence
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Fig. 2 Time courses of growth and lipase production of P. monteilii
TKUO09 in a soybean-containing medium: lipase activity (U/mL)
(filled circle); pH (filled square); and growth (filled triangle). For the
production of lipase, P. monteilii TKUO09 was grown in 125 mL liquid
medium in an Erlenmeyer flask (250 mL) containing 2% soybean
powder, 0.1% K,HPO,, and 0.05% MgSO,-7H,0 (pH 9.5)

when the cell growth reached a peak on the fourth day of
incubation. Bacillus coagulans BTS-3 [16] and B. thermo-
leovorans CCR11 [17] were reported as lipase producing
strains. The former produced lipase by the use of yeast
extract, peptone, NaCl, CaCl,, and olive oil as a cultivation
medium at 55°C for 48 h while the latter by the use of nutri-
ent broth, gum arabic, CaCl,, and olive oil as a cultivation
medium at 55°C, pH 6.5 for 48 h. In comparison, TKU009
lipase was produced by the use of cheaper medium under
milder conditions.

Isolation and purification of lipases F1 and F2

In the presence of soybean powder as a carbon/nitrogen
source, P. monteilii TKUOQ9 released enzymes into the cul-
ture broth, some displayed lipase activity as shown in
Table 1. The purification of lipases from the culture super-
natant (450 mL) was as described in “Materials and meth-
ods”. By the application of ion exchange chromatography
with DEAE-Sepharose CL-6B, two protein peaks (F1 and
F2) exhibiting lipase activities were resolved in the frac-
tions eluted by buffer containing 0—1 M NaCl. Each protein
peak was pooled separately. The purification procedures are
summarized in Table 1. Since lipase F1 contained insoluble
compound, it is difficult to continue recovering the enzyme
in an emulsion system. According to HPLC assay (Fig. 3),
the composition of F1 contained triglycerides that were
supposed to be from soybeans and not from TKUO009.
Therefore, F1 is herein called as lipase-like material. For
F2, the purification steps were very effective and combined
to give overall purifications of 31-fold. The overall activity
yield of the purified lipase (F2) was 1.1%, with specific
lipase activity of 12.2 unit/mg and a final amount of
0.9 mg. The purified enzyme F2 was also confirmed to be
homogeneous by the use of SDS-PAGE and its molecular
weight was estimated to be 44 kDa by the use of a standard
curve established with proteins of known molecular weight
(Fig. 4). Gel filtration on a Sephacryl S-100 column gave a
molecular weight of 40 kDa for lipase F2. These results
indicate that the enzyme is monomeric.

Table 1 Purification of lipases

Step Total protein Total activity Specific activity Purification Yield
F1 and. 1i2 from Pseudomonas (mg) U) (U/mg) fold (%)
monteilii TKU0O09
Culture supernatant 2,540 1,017 04 1 100
(NH,),SO, ppt 1,030 518 0.5 1.26 51
DEAE-Sepharose
Fl1 1,41 102 0.7 1.81 10
P. monteilii TKUO09 was grown F2 1,08 194 1.8 45 19
in 125 mL liquid medium in an
Erlenmeyer flask (250 mL) (NH,),S0, ppt
containing 2% soybean powder, F2 27 45 1.7 4.2 4.4
0.1% K,HPO,, and 0.05% Sephacryl S-100
MgS0,-7H,0 in a shaking F2 0.9 11 12.2 31 1.1
incubator for 4 days at 25°C
Fig. 3 HPLC chromatogram '
of protein F1: triacylglycerol, .
o " AMJ E
. S W
0 5 0 B 20 % 1
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Fig. 4 SDS-PAGE of the protein bands from the various purification
steps. Lane 1 The purified TKU009 lipase F2. Lane 2 Purified by ion
exchange chromatography with DEAE-Sepharose CL-6B. Lane 3
Concentrated culture supernatant. Lane M Molecular weight markers
(97.4,66.2,45.0, 29.0, 20.1, 14.4 kDa)

The molecular mass of TKUOO09 lipase F2 was obviously
different from most of the other microbial lipases, such as
those from Pseudomonas aeruginosa (59.4 kDa) [10], Asper-
gillus carneus (27 kDa) [18], Penicillium camembertii Thom
PG-3 (28.18 kDa) [19], Pseudomonas sp. strain S5 (60 kDa)
[20], B. coagulans BTS-3 (31 kDa) [16], B. thermoleovorans
CCRI11 (11 kDa) [17], and Acinetobacter sp. ES-1 (32 kDa)
[21]. Only B. cereus C71 (42kDa) [22] has a molecular
weight similar to lipase F2 of P. monteilii TKUOQ09.

Effect of pH and temperature

The effect of pH on the catalytic activity was studied by the
use of p-NPP as a substrate under the standard assay condi-
tions. The pH activity profile of the lipases F1 and F2 show
maximum around pH 6 and pH 7, respectively. The optimal
pH range of most microbial lipases falls in the alkaline
region [22]. The optimal pH of TKUOOQ9 lipases is thus
quite different from those of A. carneus (pH9) [18],
P. aurantiogriseum lipase (pH 8) [23], B. coagulans BTS-3
lipase (pH 8.5) [16], B. thermoleovorans CCRI11 lipase

@ Springer

(pH 9-10) [17], B. cereus C71 lipase (pH 9) [22], Yarrowia
lipolytica lipase (pH 8) [24], P. aeruginosa lipase (pH 11)
[9], and Pseudomonas sp. strain S5 lipase (pH 9) [20]. The
pH stability profiles of the lipases F1 and F2 were deter-
mined by the measurement of the residual activity at pH 7
after incubation at various pH values at 25°C for 1 h. The
lipases F1 and F2 were stable in the range pH 6-7 and
pH 7-11, respectively.

The effect of temperature on the activity of lipase F1 and
F2 was studied with p-NPP as the substrate. The optimal
temperature for both F1 and F2 was 40°C. To examine the
heat stability of F1 and F2, the enzyme in 50 mM phos-
phate buffer (pH 7) was allowed to stand for 1 h at various
temperatures, and then the residual activity was measured.
F1 and F2 retained their activities from 25 to 50°C and
showed 70% residual activities at 50°C for F1 and at 60°C
for F2, but became completely inactive at 60°C for F1 and
90°C for F2. The loss of activity increased with increasing
temperature, indicating that the lipases from TKU009 were
not stable at high temperature when compared to other
lipases from microorganisms [25, 26]. Moreover, it was
found that the thermostability of TKUOQ9 lipases was
related to the purity of the enzymes, with the crude
enzymes displaying higher thermal stability than the puri-
fied enzymes (data not shown).

Effects of various chemicals

To further characterize F1 and F2, the effects of some
known enzyme inhibitors and various metal ions on their
activities were examined by pre-incubating the enzymes
with chemicals in 50 mM phosphate buffer (pH 7) for
60 min at 25°C and then residual lipase activity was deter-
mined with p-NPP as the substrate. As shown in Table 2,

Table 2 Effects of various chemicals on lipase activities of F1 and F2

Chemicals Relative activity (%)
F1 F2

None 100 100
EDTA 0 8
Mg** 48 73
Cu** 110 86
Fe?* 0 76
Ca” 30 131
Zn** 23 122
Mn* 28 75
Ba” 38 78

A purified enzyme was pre-incubated with the various reagents
(1 mM) at 25°C for 60 min and the residual lipase activity was deter-
mined as described in the text. One hundred percent was assigned to
the activity in the absence of the reagents
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lipase activity of F2 was enhanced by Ca’* and Zn**, but
strongly inhibited by EDTA; while F1 was completely
inhibited by EDTA and Fe’" and strongly influenced by
Zn>*, Mn>*, Ca®*, and Mg?*. The Ca®*-binding site and the
activation mechanism by Ca®* of the bacterial lipase have
been clarified [27]. The metal-chelating agent EDTA was a
strong inhibitor, indicating that the TKUOO09 lipases F1 and
F2 were metalloenzymes. The catalytic activity of lipase F2
from P. monteilii TKUO09 was enhanced by Ca*, indicat-
ing this enzyme is calcium-dependent. Similar result was
reported by Lee et al. [21] for the lipase from Acinetobacter
sp. ES-1.

Effect of various surfactants

Many enzymes are inactivated by the addition of surfac-
tants to the reaction solution, such as the common surfac-
tant SDS. The effects of different surfactants on stability of
the lipases F1 and F2 were thus studied. These lipases were
incubated with various surfactants at 25°C for 60 min and
the remaining enzymatic activity was determined under the
assaying conditions described in the “Materials and meth-
ods”. The enzyme activity without any surfactants (control)
was taken as 100%. The results are summarized in Table 3.
In the presence of 0.1% Tween 40 and Triton X-100 (non-
ionic surfactant), the activity of F1 was determined to be
132 and 354%, respectively, of its original activity; while
F2 retained 107 and 113% activity, respectively. In the
presence of the anionic surfactant of SDS (1 mM), the
activity of F1 and F2 showed 35 and 68% activity, respec-
tively. In accordance to our results, loss of activity in the
presence of SDS but an enhanced activity in the presence of
Triton X-100 and Tween 40 [9, 22, 24] was also found.
Surfactants are known to increase the lipid water interfacial
area, which in turn enhances the observed rate of lipase-
catalyzed reactions [22]. Thus, addition of surfactants pro-
vides a simple method to improve the reaction efficiency of
lipases. Since the catalytic reactions of lipases take place at
the lipid-water interface, it is reasonable to assume that

Table 3 Effect of surfactants on the lipases F1 and F2

Surfactants Concentration Relative activity (%)
F1 F2
Control 0 100 100
Triton X-100 0.1%, wiv 354 113
Tween 40 0.1%, wiv 132 107
SDS 1 mM 35 68

some surface-activating substances can facilitate access of
the substrate to the enzyme and enhance the catalytic rates.

Effect of organic solvents

Enzymes are frequently found to be inactivated by organic
solvents. The effects of a few organic solvents (25%, v/v)
on the activities of F1 and F2 are depicted in Table 4. The
enzymes were incubated with solvents (25%, v/v) at 37°C
for 30 min and the remaining enzymatic activity was deter-
mined under normal assay conditions. The lipase activity of
the sample without any organic solvent was taken as the
control (100%). The activity of lipase F1 was activated by
25% n-hexane, while the activity of lipase F2 was activated
by 25% ethanol and 25% n-hexane. Lipase F1 showed
~50-75% remaining activity in isopropanol, acetone, and
ethanol and 80% in methanol, while F2 had ~45% remain-
ing activity in isopropanol and methanol and ~60% in iso-
pentanol and acetone. Generally, enzymes lose their
activity in organic co-solvent with concentrations higher
than 10-20% [9]. A thin layer of water molecules remain
bound to the enzyme molecules in organic solutions, allow-
ing retention of the native conformation of the enzymes.
When water miscible organic solvents are added, they can
deprive the bound water from the enzyme and inactivate it.
In fact, lipases are diverse in their sensitivity to miscible
organic solvents [9, 24], e.g., the lipases from P. aerugin-
osa B11-1 [28], Bacillus sp. [29], B. thermoleovorans
CCRI11 [17], and Yarrowia lipolytica [24] showed a high
stability in the presence of water miscible organic solvents.

Substrate specificity
The substrate specificity of F1 and F2 was examined by the
use of p-nitrophenyl esters with various chain lengths of the

acid moiety. The results (Table 5) showed that F1 has a

Table 4 Effect of organic solvents on the activity of the lipase F1 and
F2

Organic solvents Relative activity (%)

F1 F2
Control 100 100
Isopentanol 51 64
Isopropanol 74 46
Acetone 69 60
Methanol 81 45
Ethanol 64 128
n-Hexane 127 107

A purified enzyme was pre-incubated with the various reagents at 25°C
for 60 min and the residual lipase activity was determined as described
in the text. One hundred percent was assigned to the activity in the
absence of the surfactants

The enzymes were incubated with solvents (25%, v/v) at 37°C for
30 min and the remaining enzymatic activity was determined under
normal assay conditions. The lipase activity of the sample without any
organic solvent was taken as the control (100%)
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Table 5 Substrate specificity of the lipases F1 and F2 against p-nitro-
phenyl esters of different acyl chain lengths

Substrates C-length Relative activity (%)
F1 F2
4-Nitrophenyl acetate C, 0 0
4-Nitrophenyl butyrate C, 8 0
4-Nitrophenyl caprylate Cq 100 0
4-Nitrophenyl caprate Cio 53 27
2-Nitrophenyl myristate Cy 72 100
4-Nitrophenyl palmitate Cie 51 40
2-Nitrophenyl stearate Cig 26 17

The maximum activity of the enzyme was taken as 100%

broad spectrum toward substrates with a chain length from
C4 to C18, showing the highest activity toward pNP capry-
late (C8). F2 also has a wide range of substrate specificity
(C10-C18) with the highest activity toward pNP myristate
(C14). Although the activity decreased greatly on substrates
of longer carbon chains (>14 carbon atoms), it still had 26
and 17% activity on pNP stearate (C18) for F1 and F2,
respectively. Lipases are defined as the enzymes hydrolyz-
ing long-chain acyglycerols (=10 carbon atoms); however,
it is known that most of lipases are also active on short-
chain fatty acid esters [22]. In this study, the specificity of
the two lipolytic enzymes from P. monteilii TKU0O9
toward p-nitrophenyl esters of long fatty acids indicated
that they are true lipases.

In this study, we successfully purified two lipases F1 and
F2 from the culture supernatant of the newly isolated strain
P. monteilii TKU009. To avoid potential influences in
lipase purification from the addition of external oil to the
growth medium, soybean powder was chosen as the sole
carbon/nitrogen source in this study. The use of soybean in
the medium for the production of lipases herein is also
remarkably simpler and cheaper than other reported lipase
producing strains. Moreover, this study suggests that
P. monteilli TKUO09 may potentially be used as a biocatalyst
alternative to immobilized lipase for biodiesel fuel produc-
tion from soybean oil.
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