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Abstract An isolate exhibiting high extracellular lipo-
lytic activity was identified as Pseudomonas gessardii by
16S rDNA gene sequence analysis. The slaughterhouse
waste, goat tallow, was used as a lipid substrate for the
production of acidic lipase by P. gessardii. The maximum
lipase activity of 156 U/ml was observed at an acidic pH of
3.5 and at 0.31 g substrate concentration. The purification
steps resulted in the isolation of acidic lipase with a specific
activity of 1,473 U/mg and a molecular weight of 94 kDa.
One interesting feature of this purified lipase is its stability
at highly acidic pH ranging from 2.0 to 5.5 with a high
molecular weight. The amino acid composition was
determined using HPLC. This acidic lipase has potential
applications in the medicinal field as a substitute for pan-
creatic lipases for enzyme therapy, oleochemical and in
biotechnological industries.
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Introduction

Lipid-rich solid waste is generated in considerable quantity
each year from slaughterhouses, the food processing
industry, edible oil processing industry, dairy products
industry and olive oil mills [1]. These solid wastes have
been used as raw material for the production of low
value products like soap and detergents. Recovery of high
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value-added products from solid wastes has been a largely
neglected field. Enzyme production using lipid solid waste
as the substrate has been demonstrated as a viable tech-
nique for by-product recovery. Lipases are able to catalyze
hydrolysis of long-chain triglycerides at the water-oil
interface system [2]. Microbial lipases from yeast, fungi
and bacteria are the main sources of current commercial
lipases. New sources for the production of lipases are still a
greater scope in applications such as stability towards wide
pH range and high thermal stability. Hence, screening of
extremophiles has become an important criterion for the
production of highly active and stable lipases towards
extreme environmental conditions.

Despite of a number of lipase-producing bacterial strains
reported, the literature available on the acidic lipase-pro-
ducing bacterial strain is nil. Aspergillus niger NCIM 1207
is the only reported fungal strain for the production of
highly acidic lipases using olive oil as a substrate [3-5].
The acidic lipases have been used considerably in food,
flavor industries (where aroma esters such as isoamyl
acetate are formed under an acidic environment), acid
bating of fur and wool, and digestive aids for medical
treatment [6]. The acidic lipases (highly active at less than
pH 4.0) are used as a substitute of pancreatic lipases for
enzyme therapy [7]. Therefore, the production of acidic
lipase appears to command a huge market potential.

In the present investigation, Pseudomonas gessardii was
isolated from tallow acclimatized soil for the production of
acidic lipase by the aerobic fermentation of the slaughter-
house waste, goat tallow. Goat tallow is a fat-rich solid
substance, obtained from slaughterhouses; it was used as
a lipid substrate for the production of acidic lipase.
Papanikolaou et al. [8] have used an industrial derivative of
beef tallow for the production of lipase using Yarrowia
lipolytica with a maximum activity of 2.5 U/ml. However,
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lipases with higher activity are of great interest for use
in industrial and catalytic applications. There are no
reports on the utilization of goat tallow for the production
of acidic lipase. Therefore, considering the applications of
acidic lipase, this study was focused on the production
of acidic lipase from P. gessardii using goat tallow as a
substrate, followed by purification and characterization.

Materials and methods
Goat tallow and its characterization

The goat tallow used in this study is a whitish solid sub-
stance rich in fat with a mild odor; it was obtained from a
slaughterhouse in Chennai. The percentage composition of
carbon, hydrogen and nitrogen content was determined
using a CHNS 1108 Carlo-Erba analyzer. The mineral
composition was determined using a Perkin Elmer 3110
atomic absorption spectrophotometer. Acetylene and air
were used to maintain the temperature at 2300°C to
atomize the samples.

Isolation of P. gessardii

The acidic lipase producing bacterial strain, P. gessardii,
was isolated from the animal tallow acclimatized black soil
with a nutrient broth (NB) composition containing peptone
(5.0 g/l), yeast extract (1.5 g/l), beef extract (1.5 g/1) and
NaCl (0.5 g/l), and was kept for 48 h; this served as the
broth. Further, the isolation process was performed by
serial dilution of tallow-acclimatized culture onto tributyrin
and rhodamine agar plates. The colonies showing clear
zones were picked out from the plate and inoculated into
the basal medium containing the goat tallow for the max-
imum yield of lipase. Among 15 isolated strains, 1 showed
a better lipolytic activity than others, and it was selected for
the production of lipase. The strain was identified by 16S
ribosomal DNA (16S rDNA) sequencing and phylogenet-
ical analysis.

Identification of P. gessardii by 16S rDNA gene
sequencing and phylogenetical analysis

The genomic DNA was isolated in accordance with the
procedure of Marmur [9]. The small subunit rRNA gene
was amplified using two primers, 16S1 (5-GAT CCT GGC
TCA GGA TGA AC-3) and 16S2 (5-GGA CTA CCA
GGG TAT CTA ATC-3). The purified DNA product of
approximately 1.5 kb was sequenced using five forward
and one reverse and an internal primer as described by
Reddy et al. [10]. The deduced sequence was subjected to
basic local alignment search tool (BLAST) for the closest
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match in the database. Phylogenetic analysis was per-
formed by subjecting the deduced sequence to the 16S
rDNA database to obtain the closely related sequences.

Substrate preparation

The solid goat tallow (10 g) was melted to get the lipid
source alone from the tissues, and this was used as a sub-
strate for the production of lipase. The specific gravity of
the goat tallow was found to be 1.05 g/ml, which was
determined using a specific gravity bottle.

Determination of culture conditions for lipase
production

Lipase production was optimized by varying the time
(0-96 h), pH (1.0-7.5), temperature (10-70°C), substrate
concentration (0.11, 0.21, 0.31, 0.42 and 0.52 g/100 ml of
the basal medium), metal ions (K,HPO,, KH,PO,, MgCl,,
NaCl, CaCl, and FeSO,) and different concentration of
Ca®" ions (0.05, 0.1, 0.15, 0.2 and 0.25 g/100 ml of the
basal medium).

Production and purification of acidic lipase

P. gessardii was grown in the basal medium containing
KH,PO,4 (1.0 g/l); NH4(SOy4), (0.5 g/l); CaCl, (1.0 g/l);
0.31% (w/v) goat tallow and 1% (v/v) gum arabic at pH 3.5.
Biomass in the broth was removed by centrifugation at
6,500x g for 20 min at 4°C, and the supernatant was sub-
jected to lipase activity determination according to the
method followed by Deuerlu and Akpinard [11] using olive
oil emulsion as a substrate. One activity unit of lipase was
defined as the amount of enzyme that released 1 uM of fatty
acid per min under assay conditions. For enzyme purifica-
tion, the crude supernatant was precipitated by 80%
ammonium sulphate precipitation, and proteins recovered
from the ammonium sulphate precipitation were resus-
pended in 100 mM acetate buffer (pH 3.5) and dialyzed. The
dialyzed enzyme was loaded onto a DEAE-cellulose col-
umn. The elution of the adsorbed proteins was performed
with a linear increase of NaCl concentration from Oto 1.0 M
NaCl. The most active fractions were pooled and subjected
to Sephadex G-100 column chromatography. The fractions
containing lipase were pooled and lyophilized, and the
resulting material was used for the determination of homo-
geneity and molecular weight by SDS-PAGE [12].

Amino acid composition of acidic lipase, analysis
by HPLC

The acidic lipase was hydrolyzed at 100°C for 20 hin 6 N
HCI and neutralized with NaOH. The amino acid
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composition was analyzed using Agilent 1100 HPLC
amino acid analyzer.

Effect of pH on purified acidic lipase activity
and stability

The optimal pH of the enzyme was determined by mea-
suring the lipase activity at 37°C at various pH levels in the
following buffers: 100 mM acetate buffer (pH 2.0 to 5.0)
and 100 mM phosphate buffer (6.0 to 7.5). The pH stability
was studied by incubating the purified enzyme in various
buffers with pH ranging from 2.0 to 7.5 for 24 h at 37°C.
The residual activity was then assayed under standard
assay conditions.

Determination of kinetic parameters

Olive oil emulsion substrate at different concentrations and
at pH 3.5 were employed to determine the kinetic param-
eters, maximum reaction rate (V,,,,) and Michaelis-Menten
constant (K,,) for the purified lipase. The kinetic parame-
ters were estimated from the Lineweaver-Burk equation
plot (1).

1 kin 1 1

— = X — +
v Vmax [S] Vmax

(1)

where [S] is the substrate concentration (mM) and V is the
initial reaction rate of the enzyme (mM/min).

Results and discussion
Characterization of goat tallow

The physicochemical characteristics and mineral compo-
sition of the melted goat tallow are as follows: free fatty
acid 57 & 0.15%, carbon, hydrogen and nitrogen content
10.44 + 0.1, 2.33 £ 0.13 and 0%, respectively. Among
the various elements studied, Ca®" ions were in relatively
higher concentration (10.16 £ 0.32 ppm) than the other
elements determined. Goat tallow has 2% water solubility.
The water-soluble compound of the goat tallow was free
fatty acid content 12%. The elemental composition of
water-soluble goat tallow is as follows: carbon 1.26%,
hydrogen 0.42%, Zn 0.08 ppm, Ca 3.6 ppm, Mg 0.08 ppm,
Fe 0.11 ppm, Mn 0.03 ppm, Na 0.25 ppm and K 0.12 ppm.

Isolation and identification of microorganisms

Of the 15 strains tried, 1 showed higher lipolytic activity in
the presence of tallow (52 U/ml) and clear zone formation
in the tributyrin and rhodamine agar plates, indicating the
production of an extracellular lipase. The control sample

(without tallow) also was kept to determine the lipolytic
activity in the absence of tallow, in which the lipase
activity was found to be 6 U/ml. Based on nucleotide
homology (16S rDNA sequencing) and phylogenetical
analysis, the organism was identified as Pseudomonas
gessardii. The 1,466-bp sequence was submitted to Gen-
Bank (NCBI) and obtained the accession number
“FJ943496.” The BLAST algorithm was used to search for
homologous sequences in GenBank. The strain Pseudo-
monas gessardii had 99% homology with the strain Pseu-
domonas fluorescens FLMO05-2 (accession no. DQ084460).

Evaluation of culture conditions for the production
of lipase

P. gessardii showed maximum acidic lipase production
(52 U/ml) at the stationary growth phase (48 h) with final
cell density of 4.52 (ODgqg)-

The pH of the culture is one of the most important
environmental parameters affecting microbial cell growth
and enzyme production. The effect of initial pH on the
lipase production from P. gessardii was investigated in the
pH values from 1.0 to 7.5 as shown in Fig. la. The values
presented in Fig la were compared with the basic statisti-
cal analysis, namely Duncan’s multiple range test applied
as one-way ANOVA revealed, significant differences
(P < 0.05). All statistical analyses were performed with
SPSS 10.0 version (SPSS Inc., Chicago, IL). Although
lipase production was favored between pH 1.0 to 6.0, the
maximum lipase activity was obtained at initial pH of the
growth medium, i.e., pH 3.5. However, lipase production
declined sharply between pH 6.0 to 7.5. Hence, the lipase
produced by the strain P. gessardii was acidic lipase. The
acidic lipases (less than pH 4.0) are used in the medicinal
field as a substitute of pancreatic lipases for enzyme ther-
apy [7]. The temperature dependence profile showed that
the acidic lipase produced in the goat tallow fermentation
is a mesophilic enzyme, and it displayed high-hydrolytic
efficiency at a temperature of 37°C.

Lipase production is a constitutive aspect of microbes
using lipid as a carbon source. Some substrates, typically
carbohydrates and acids not related to fats, support good
growth, but very low lipase production was obtained. Lipid
substrates induced lipase production, the fatty acids being
the most effective inducers. The lipase activity gradually
increased from 137 U/ml to 156 U/ml for the goat tallow
concentration of 0.11 to 0.31 g/100 ml of the basal med-
ium, and it decreased with increase in the concentration of
goat tallow beyond 0.31 g. Thus, the optimum concentra-
tion of substrate was 0.31 g/100 ml (w/v) of the basal
medium.

The addition of 0.1% (w/v) metal ions such as K,
Mg?", Na* and Fe*" displayed a slight inhibition with

@ Springer



J Ind Microbiol Biotechnol (2010) 37:531-535

Lipase activity (U/ml)

(b)

100 - - 100

T
x

80 A

T
2
Stability (%)

60

40

Relative lipase activity (%)

—#— Relative lipase activity
—@— Stability

20 A

pH

Fig. 1 a Effect of pH conditions: fermentation time, 48 h; temper-
ature 37°C) on lipase production by P. gessardii. b Relative lipase
activity and stability of purified extremely acidic lipase at different
pHs (100% relative activity and stability represent an enzyme activity
of 286 U/0.2 mg/min). Note: *“Means within a column followed by the
same letter are not significantly different at P < 0.05 using Duncan’s
multiple range test

lipase productivity of 159, 82, 59 and 68 U/ml, respec-
tively, except for Ca”* with a stimulatory effect on lipase
productivity of 162 U/ml. We also investigated the effect
of lipase activity at varying concentration of Ca*" ions
(0.05. 0.1, 0.15 and 0.2%). The data show that lipase
activities were 158, 162, 166 and 166 U/ml at Ca’" ion
concentrations of 0.05, 0.1, 0.15 and 0.2%, respectively.
Thus, the optimum concentration of Ca®* was 0.15%. The
results confirmed that the acidic lipase activity was induced
by the presence of calcium.

Purification and characterization of acidic lipase
P. gessardii acidic lipase was purified to homogeneity by a

three-step purification process that included ammonium
sulphate precipitation, ion exchange and gel filtration
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Fig. 2 SDS-PAGE of purified acidic lipase from P. gessardii. Lane I:
Molecular mass standards (14.3 kDa to 94.7 kDa). Lane 2: Lipase
(10 pg), purified by ammonium sulfate precipitation in combination
with ion exchange chromatography and gel filtration chromatography

column chromatography. A final yield of 16.2%, i.e.,
8.1-fold purified acidic lipase, was obtained after the
purification steps. The specific activity of the purified
acidic lipase was found to be 1,473 U/mg protein. The
molecular mass of the protein was found to be 94 kDa
based on SDS-PAGE (Fig. 2), suggesting that the enzyme
is a monomer. The purified acidic lipase from a fungal
source (Aspergillus niger) was found to have only a lower
molecular weight, 32.2 kDa [3], compared to P. gessardii
acidic lipase. Moreover, the acidic lipase produced from
P. gessardii in the presence of goat tallow as a substrate is
found to be a high molecular weight acidic lipase.

The amino acid composition analysis by HPLC showed
that the purified acidic lipase contained 94.27 and 9.41% of
polar and apolar amino acids, respectively. It may be
illustrated that aspartic acid and glutamic acid, the polar
acidic amino acids in acidic lipase, are 10.82% and
15.42%, which is much higher than in other Pseudomonas
lipases (5.8%) reported in the literature [13]. The ratio of
polar/apolar amino acid of acidic lipase is 10.02, while the
other Pseudomonas lipase reported the same as 1.59.

Effect of pH on purified acidic lipase activity
and stability

The produced purified P. gessardii acidic lipase could
tolerate a broad range of pHs from 1.0 to 7.5 (Fig. 1b). The
values presented in Fig. 1b were compared with the basic
statistical analysis; namely Duncan’s multiple range test,
applied as one-way ANOVA, revealed significant differ-
ences (P < 0.05). All statistical analyses were performed
with SPSS 10.0 version (SPSS Inc., Chicago, IL). Although
there were no remarkable differences observed at pH range
1.0 to 6.0, the maximal lipase activity was observed at pH
3.5. However, beyond pH 6.5, the activity rapidly dropped
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down, reaching a value of about 32% at pH 7.0. The
stability of the enzyme remained relatively stable within
the pH, ranging from 1.0 to 5.5 with comparatively lower
values of stability, i.e., 56 and 54% at pH 1.0 and 5.5,
respectively. On the other hand, Rahman et al. [14]
reported that the Pseudomonas sp. strain S5 had the max-
imal lipase activity at pH 9.0 and lost its lipase activity
below 6.0. Other Pseudomonas lipase LST-03 [15] has the
maximal activity at pH values ranging from 6.0 to 10.0.

Enzyme kinetic parameters

The Michaelis-Menten enzyme kinetic parameters, K, and
Vimax» for the purified acidic lipase were calculated from the
Lineweaver-Burk plot (figure not shown). The purified
acidic lipase showed a lower K,, value (0.66 mM) and
higher V.« value (0.29 mM/min) than the other Pseudo-
monas sp. lipase reported in the literature. The compara-
tively lower value of K,, represents higher affinity between
enzymes and substrates, whereas V., represents the higher
catalytic efficiency of lipase [16].
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