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ABSTRACT: Aeromonas sp. EBB-1 isolated from marine sludge in Angsila, Thailand produced an extracellular
thermophilic lipase. Maximum lipase activity of the culture medium was obtained after 15 h at 25 °C and pH 8.0 with 0.5%
(v/v) olive oil as a carbon source. The enzyme was successfully purified 30-fold to homogeneity by successive ammonium
sulphate precipitation, gel-permeation column chromatography, and ultrafiltration. The purified bacterial lipase possessed a
relative molecular mass of 45 kDa. Highest lipase activity was determined at pH 8.0 and 37 °C with p-nitrophenyl palmitate
as a substrate. The enzyme was stable at pH 6.0–8.0 and at temperatures of 30–80 °C. Enzyme activity decreased slightly
in 50% (v/v) isoamyl alcohol, decane, or heptane. Lipase activity decreased to a half in the presence of butanol and
benzene, and by more than 60% in DMSO, methanol, ethanol, and hexadecane. Lipase activity was inhibited by most
of the salt ions (except Ca2+ ions) as well as by Tween 80, DTT, PMSF, SDS, and EDTA. Although lipase showed variable
specificity/hydrolytic activity towards a number of p-nitrophenyl esters, it was preferentially active towards long-carbon
chain acyl esters (C12–C16). The high temperature stability and ability to hydrolyse long length esters support the potential
of this lipase enzyme as a vigorous biocatalyst for industrial applications.
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INTRODUCTION

Widespread use of lipases or triacylglycerol hydro-
lases (EC 3.1.1.3) as an industrial biocatalyst has no-
ticeably increased in biotechnological applications1.
Most of the lipases used in industrial applications are
derived from plants, animals, or microorganisms1, 2.
Microbial lipases are of major interest because of the
diversity of catalytic activities, high yields, ease of
genetic manipulation, rapid growth, and inexpensive
culture1. Each lipase has a number of unique charac-
teristics such as substrate specificity, regio-specificity,
and chiral selectivity and some enzymes are impor-
tant for the industrial production of free fatty acids,
synthesis of useful esters and peptides1, 3. A major
requirement of a commercial lipase is its thermal
stability and performance at high temperature that
would increase the reaction conversion rates, substrate
solubility, and also prevent contamination by microor-
ganisms4. Recently, there has been a great demand for
thermostable enzymes in industry, and a number of

thermostable lipases from various sources have been
purified and extensively characterized5–7. As lipase
producing microbes are widely distributed in nature,
there is an immense need to explore natural habitats
to isolate thermally stable lipase producing microbes.
The objective of this study was to isolate, identify
and characterize a novel bacterium that produces a
thermostable lipolytic enzyme.

MATERIALS AND METHODS

Isolation of a lipase-producing strain

Ten marine sludge samples were collected close to
a fish market in Angsila, Thailand during low tide.
Ten grams of each of the samples were mixed with
100 ml of sterile water. The heavy particles were
allowed to settle by sedimentation and the upper phase
was directly used for screening. Lipase-producing
strains were preliminary screened by enrichment
in 0.2× Luria-Bertani medium8 supplemented with
0.5% (v/v) of palm oil and 1% (w/v) of gum arabic.
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Cultures were maintained at 25 °C for 24 h with
continuous shaking at 250 rpm. The cultures showing
growth turbidity were used for further isolation by an
enrichment method (7 times) under the same culture
conditions. A pure culture was isolated by spreading
the turbid culture (OD600 ranging from 0.6–1.0) onto a
nutrient agar plate. The colonies were further purified
to form a single colony by repeated streaking under
the same conditions. Then, lipase-producing bacteria
were screened by an orange fluorescence shown un-
der UV exposure on a plate containing 1% (v/v) of
substrate palm oil, 0.4% (w/v) of NaCl, 0.8% (w/v) of
nutrient medium, 1% (w/v) of gum arabic, and 0.001%
(w/v) of rhodamine B9. Subsequently, hydrolytic
activity using p-nitrophenyl palmitate (Sigma) as a
substrate was confirmed according to the method of
Pencreac’h and Baratii10. One unit (U) of enzyme
was defined as the amount of enzyme releasing 1 µmol
of p-nitrophenol per minute under assay conditions.
The amount of p-nitrophenol was calculated from
the p-nitrophenol (Sigma) standard curve. Protein
concentration was determined spectrophotometrically
according to Bradford11 using Bio-Rad assay reagent
(Hercules, USA) and bovine serum albumin as the
standard. The bacterial strain that showed the highest
lipase activity after 24 h cultivation was selected for
further experiments.

Bacterial identification

Bacterial identification was based on “API Skills Bac-
terial Identification Method” and also by 16S rRNA
sequence analysis12. PCR amplification of 16S rRNA
gene was done with primers designed from the con-
served regions at the base positions 22 to 41 and 1066
to 1085 in 16S rRNA gene of Escherichia coli13.
Chromosomal DNA (100 ng) prepared with a GF-1
Nucleic acid extraction kit (Vivantis, Malaysia) was
used as a DNA template for PCR reaction. PCR was
carried out with a denaturation step at 95 °C for 10 min
followed by 30 cycles at 95 °C for 30 s, 60 °C for 45 s,
and 72 °C for 90 s. Final extension was performed at
72 °C for 7 min. The expected PCR product (about
1.1 kb) was purified with a GF-1 Gel DNA recovery
kit (Vivantis, Malaysia). The obtained 16S rRNA
fragment was then ligated into T/A cloning vector
(RBC, Taiwan) according to manufacturer’s instruc-
tions. After transformation into E. coli DH5α, plas-
mids were extracted with a GF-1 Plasmid DNA extrac-
tion kit (Vivantis, Malaysia) and used as the template
for sequencing. Similarity of nucleotide sequence
was determined using BLAST (National Centre for
Biotechnology Information databases, Bethesda MD,
USA). The phylogenetic analysis was performed

using CLUSTAL W-multiple sequence alignment soft-
ware package at align.genome.jp. These sequence
data have been submitted to the GenBank databases
under accession no. HM 214925.

Growth curve and lipase production

Bacterial growth and lipase production were measured
in nutrient medium (pH 7.0) in a 1 l flask (1%
inocula). Aliquots were withdrawn at 3 h intervals
to measure lipase production, pH of culture medium,
and biomass. Lipase production was determined by
assaying the hydrolytic activity as described above
and biomass was expressed in colony-forming units
per ml (CFU/ml). Statistical analyses were performed
using a two-tailed t-test and P < 0.05 was considered
statistically significant.

Physical parameters affecting the lipase
production

Culture was done over pH 2–12, temperature 15–
45 °C (at 5 °C intervals), and agitation 100–300 rpm
(at 50 rpm intervals). Throughout the study, general
culture procedures were as followed: A 5 ml inoculum
from a 15 h bacterial culture was added to 100 ml of
nutrient medium. The samples were taken from the
culture at the late exponential phase of growth (OD600
∼ 1.5). Culture was centrifuged at 8000g and 4 °C
for 10 min and the supernatant obtained was filtered
through a 0.45 µm nylon membrane filter (Whatman,
England) to collect cell-free supernatant to be used
for enzymatic assay. Growth was monitored at an
OD600 and lipase production was followed by assay of
hydrolytic activity as described above. Experiments
were done in triplicate and the activities of lipase
were expressed as relative activity compared to the
maximum (100% relative activity) observed value.

Effect of carbon sources on lipase production

The effect of carbon sources on the lipase production
was examined in a 0.2× nutrient medium including
different oils or other inducer (0.5% v/v), emulsified
with gum arabic (1% w/v) at 25 °C, 250 rpm for 15 h.
This study used corn, olive, palm, safflower, soybean,
and sunflower oils with Triton X-100, Tween 80,
tributyrin, and hexadecane as inducers. Media without
the addition of oils or inducer was used as control.
Enzymatic activities were determined in triplicate and
reported as averages± standard deviation.

Lipase purification

A single colony of the bacterial strain was grown in
1 l of 0.2× nutrient medium supplements with 0.5%
(v/v) of olive oil at 25 °C, 250 rpm for 24 h. The
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protein/lipase in the cell-free culture (10 000g, 20 min,
4 °C) was ‘salted out’ using ammonium sulphate (30
and 60% saturation at 10% intervals). The cell suspen-
sion was kept on ice for 30 min with gentle stirring.
The precipitate was collected by centrifugation at
10 000g and 4 °C for 30 min and further resuspended
in 50 mM Tris-HCl buffer (pH 8.0). The reconsti-
tuted fraction was dialysed extensively against the
same buffer and then loaded on a Sephadex G-75 gel
permeable chromatography column (1× 65 cm; GE
Healthcare Bio-Sciences AB, Sweden) equilibrated
with 50 mM Tris-HCl buffer (pH 8.0). All fractions
were assayed both for lipase activity and total protein
(A280). Fractions showing lipase activity were pooled
and concentrated with a 10 kDa-cutoff ultrafiltration
membrane (Millipore, Island). The concentrate was
assayed for protein content as described above. The
specific activity of the purified enzyme was compared
with that of crude enzyme and purification factor was
calculated. Finally, the insoluble materials found
in the purified enzyme were discarded by filtration
through 0.2 µm pore size of nylon membrane filter
(Whatman, England) and the filtrate was used for
purification and characterization by chromatography
and electrophoretic analysis.

Determination of molecular mass

Relative molecular mass of lipase was estimated
by discontinuous sodium dodecylsulphate polyacry-
lamide gel electrophoresis (SDS-PAGE) (5% stack-
ing and 12.5% separating gel)14, using High-Range
Rainbow molecular weight markers (GE Healthcare,
England) as the standard protein markers. The relative
molecular mass of the native enzyme was estimated by
gel permeable column chromatography as indicated
before.

Effect of pH on lipase activity and stability

The effects of pH on lipase activity and stability were
determined at 37 °C over a pH range of 3.0–12.0 using
p-nitrophenyl palmitate as substrate. For optimum
pH determination, reaction mixture was incubated at
37 °C for 15 min. The enzyme was incubated in
50 mM buffer at the specific pH for 6 h at 37 °C and
then the residual activity was determined at pH 8.0.
Buffer systems were acetate (pH 3.0–6.0), phosphate
(pH 6.0–8.0), Tris-HCl (pH 7.0–9.0), and carbonate
(pH 9.0–12.0).

Effect of temperature on lipase activity and
stability

Thermal stability of lipase was determined by incubat-
ing the purified lipase at different temperatures (range

20–80 °C) for 6 h in a water bath and then measuring
the residual activity using the activity at 37 °C as
control. The half-life of the enzyme at 60 °C was
monitored periodically up to 72 h.

Effect of organic solvents on the stability of lipase

Lipase solutions were mixed with equal volumes of
each of the selected organic solvent to prepare the 50%
organic solution, and the mixtures were consequently
shaken and incubated at 37 °C for 6 h at 150 rpm.
The solvent contained in the mixture was partially
eliminated by evaporation at 37 °C for 5 min and
the residual lipase activity was measured at 37 °C
and pH 8.0 and compared to that of the control (no
solvent).

Effects of chemicals on lipase activity

Effects of a detergent, metal ions, and inhibitors on
the enzyme were determined by incubating purified
lipase for 1 h at 37 °C in 50 mM Tris-HCl buffer
(pH 8.0) with the selected chemicals. The residual
lipase activity was compared to that of the control (no
chemical added).

Substrate specificity

Substrate specificities of lipase towards p-nitrophenyl
esters (Sigma, Germany), p-nitrophenyl acetate (C2),
butyrate (C4), caprylate (C8), caprate (C10), laurate
(C12), myristate (C14), palmitate (C16), and stearate
(C18) were determined by assaying the hydrolytic
activity of the purified lipase and comparing to the
activity using p-nitrophenyl ester as a substrate.

RESULTS AND DISCUSSION

Isolation and identification of lipase producing
bacterium

Out of the 22 lipase-producing bacteria isolates, one
that showed high lipase production (6.50± 0.03 U/ml)
and ability to grow at up to 55 °C (data not shown)
was selected as a candidate of thermophilic-lipase
producer. The strain was a rod shape gram neg-
ative bacterium and gave negative results in reac-
tions with ornithine decarboxylase, urease, and tryp-
tophane deaminase. Positive results were recorded
for cytochrome-oxidase, β-galactosidase, arginine di-
hydrolase, lysine decarboxylase, and gelatinase. The
strain could use trisodium citrate and produce indol
and Voges Proskauer acetoin but without H2S. Also,
the strain could ferment or oxidize some of the sub-
strates (glucose, manitol, and sucrose) and not the
others (inositol, sorbitol, rhamnose, melibiose, amyg-
dalin, and arabinose). In addition, the strain could pro-
duce gas from glucose and gave a negative result with
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Fig. 1 Phylogenetic tree of Aeromonas sp. homologues to
the isolate. The phylogenetic tree was constructed by the
neighbour-joining method with the CLUSTAL W-multiple
sequence alignment software package. The scale represents
the number of nucleotide substitutions per site.

methyl red. The 16S rRNA gene sequence was 99%
similar to the following Aeromonas sobria strains:
A. sobria JY081016-1 (accession no. GQ232759.1),
A. sobria LD081008A-1 (accession no. GQ205446.1),
A. sobria NHI2 (accession no. AB472983.1), A. so-
bria AOK3 (accession no. AB472971.1), A. sobria
JCM2144 (accession no. AB472945.1), and A. so-
bria TM4 (accession no. AB472941.1). The same
confidence level (99% identity) was also found in
other species including A. veronii strain YA090911
(accession no. GU735964.1), Aeromonas sp. MK2
(2010) (accession no. GU566308.1), Aeromonas sp.
KC14 (accession no. AB472995.1), A. hydrophila
strain SJ-2 (accession no. GU294303.1), A. veronii
strain MRM0908 (accession no. GQ983054.1), A. hy-
drophila strain KAE20 (accession no. AB473040.1),
A. veronii bv. veronii strain 2 T3C84 (accession no.
EF 634213.1) and A. veronii bv. sobria strain AE33
(accession no. EF 631963.1). Although biochemi-
cal characteristics suggested the bacterial isolate as
A. sobria, a phylogenetic tree using neighbour-joining
method (Fig. 1) suggested that the isolate was close
to Aeromonas spp., a common inhabitants of aquatic
environments15. Hence this strain was identified as
Aeromonas sp. EBB-1.
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Fig. 2 Growth curve and lipase production of Aeromonas
sp. EBB-1 in a nutrient medium (pH 7.0) at 25 °C, 250 rpm.
Samples were taken at 3-h intervals for lipase production
(closed diamonds) and pH (closed circles) and biomass
(open squares) determinations. Error bars represent standard
deviations for three measurements.

Growth curve and lipase production

Biomass of the bacterial culture increased rapidly
after inoculation, reached a stationary phase in 15 h
(Fig. 2), was highest at 21 h, and declined slightly
after 72 h. The lipase activity could be detected at
9 h, reached a maximum value at 15 h with a gradual
decrease, followed by a drastic decrease after 21 h
of cultivation. This may be an interesting property
because it could allow the enzyme to be harvested
shortly after cultivation. Incubation periods ranging
from 12 h to 16 h were found to be best suited for max-
imum lipase production by bacteria. An incubation
period of 12 h was optimum for lipase production by
Acinetobacter calcoaceticus and 16 h for B. thermo-
catenulatus and Pseudomonas sp. KB700A16–18. This
can be explained by the quorum sensing theory stating
that once cell densities reach a threshold level the
expression of genes encoding extracellular enzymes
and secretion systems are completely induced19. A
drop in lipase activity after 21 h incubation might be
attributed to a decline in the bacterial cell metabolism.

Effect of carbon sources and physical parameters
on lipase production

Bacterial lipases are typically extracellular and are in-
fluenced greatly by nutritional and physico-chemical
factors, such as temperature, pH, and dissolved oxy-
gen concentration20. Since lipases are inducible en-
zymes that are normally produced in the presence
of a lipid source21, 22, the major requirement for the
expression of lipase activity has always been for
the production of carbon. This is also explained in
the production of lipase from Aeromonas sp.23–25 In
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the present study, different carbon sources signifi-
cant reduced the lipase production. The best carbon
source was olive oil (440± 13 U/ml), giving a 68-
fold increase in lipase production compared to control
(medium without any supplements; 6.0± 0.7 U/ml).
Addition of Tween 80 (141± 12 U/ml), soybean
(103± 2 U/ml), sunflower (51.5± 3.5 U/ml), and corn
oils (39± 3 U/ml) caused increased lipase activity by
as much as 22, 16, 8, and 6-fold, respectively. On the
other hand, Triton X-100 reduced lipase production
by 19% (5± 1 U/ml). Therefore, organic nitrogen
medium (nutrient medium) alone was not sufficient
to stimulate the bacterial lipase production. Supple-
menting the medium was essential for optimum lipase
production of this strain.

Lipase activity in oil-supplemented medium is
limited by the exposure of the lipid substrate to attack
by the bacterium which increases dispersion of the
substrate and enhances growth and enzyme produc-
tion26. Among natural oils, olive oil dominantly en-
hanced lipase production. This might due to high con-
tent of unsaturated long-chain fatty acid (80.3% con-
tent of C18:1) compared to soybean and sunflower oils
(67.5% and 53.7% content of C18:2, respectively)27.
The Tween 80 also significantly promoted lipase pro-
duction by the tested bacterial strain. This might
be due to the involvement of a fatty acyl ester bond
that functions as an inducer of the lipase operon28.
Although hexadecane enhances lipase production in
some bacteria28, 29, while it complete inhibits it in
others30. This is in agreement with the conclusion
of Kok et al31 that some alkanes could repress lipase
expression. Moreover, a similar observation about
short-chain fatty acid repression was also reported in
the regulation of lipase production16, 32.

The strain grew and efficiently produced lipase at
pH 5.0 to 10.0 with a maximum activity at pH 8.0
(Fig. 3a). Above pH 10.0, the lipase production was
suppressed and ceased at pH 12.0. Most microorgan-
isms can survive within a pH range 5 to 8.5 and exhibit
maximum growth rates at close to neutrality33. In the
case of Aeromonas sp., growth and lipase secretion
were highest at neutral to alkaline pH34. Thus it is
of interest to note here that production of lipase at
pH 5.0 seems to be an attractive characteristic of this
bacterium that needs further investigation.

The bacterium that grew and produced lipase
between 20 and 40 °C, exhibited maximum activity
at 25 °C, and ceased at 45 °C (Fig. 3b). Low tem-
peratures decrease lipase export to the supernatant
phase and high temperatures result in enzyme de-
naturation35. Optimum growth temperature in this
study is in agreement with the findings of others on
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Fig. 3 Effects of (a) initial pH, (b) incubation temperature,
and (c) aeration on lipase production by Aeromonas sp.
EBB-1. The strain was cultivated in nutrient medium with
optimum conditions. Percentages shown are relative to
maximum activity and expressed as the average of three
determinations with the standard deviations.

the production of lipase by a bacterium of the same
genus19, 20.

Optimum production of lipase by Aeromonas
sp. EBB-1 was facilitated by continuous shaking at
250 rpm and was lower at lower and higher speeds
(Fig. 3c). The lower cell growth and lipase production
at 100–200 rpm suggested limitation of dissolved
oxygen. In addition, the decrease in lipase production
at 300 rpm might have been related to cell removal
from the culture and the formation of foam resulting
from mechanical and/or oxidative stress36.
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Table 1 Summary of lipase purification from Aeromonas
sp. EBB-1.

Purification step Total Total Specific Yield Purifi-
activity protein activity (%) cation

(U) (mg) (U/mg) factor

Crude lipase 6500 579 11.2 100 1.0
40–50%

(NH4)2SO4

precipitation 5349 23.6 226.7 82.3 20.2
Sephadex G-75 4323 14.8 292.1 66.5 26.1
Ultrafiltration 2132 6.4 333.1 32.8 29.7
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Fig. 4 SDS-PAGE analysis of the purified Aeromonas sp.
EBB-1 lipase. Lane M: protein marker; lane 1: cell-free
supernatant; lane 2: pooled lipase fraction from 40–50%
ammonium sulphate precipitation; lane 3: pooled lipase
fraction from Sephadex G75-column chromatography; lane
4: pooled lipase fraction from ultrafiltration.

Enzyme purification

An extracellular lipase from Aeromonas sp. EBB-1
was purified to homogeneity by ammonium sulphate
precipitation, Sephadex G-75 column chromatogra-
phy and ultrafiltration with a total yield of 32.8%
and 29.7-fold purification (Table 1). The pool of the
lipase fractions collected from the last purification
step produced a single protein band in the SDS-PAGE
with a relative molecular mass of 45 kDa (Fig. 4).
The molecular mass of the enzyme was smaller than
that determined for other lipases in the same genus:
97 kDa for A. sobria LP00437, 67 kDa for A. hy-
drophila38 and 50 kDa for Aeromonas sp. LPB425.
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Fig. 5 Effect of pH on (a) lipase activity and (b) stability.
The activity was determined by incubating the reaction
mixture in 50 mM buffer of a specific pH at 37 °C using
p-nitrophenyl palmitate as the substrate. Buffer systems
used were acetate (pH 3.0–6.0; closed diamonds), phosphate
(pH 6.0–8.0; open circles), Tris-HCl (pH 7.0–9.0; closed
triangles) and carbonate (pH 9.0–12.0; open squares). The
pH stability was studied by measuring the residual activities
after 6 h incubation compares with control (100% relative
activity) at pH 8.0.

Effect of pH and temperature on lipase activity
and stability

Lipase secreted from this strain exhibited maximum
hydrolytic activity towards p-nitrophenyl palmitate at
pH 8.0 (Fig. 5a). More than 80% residual activity
remained after 6 h incubation between 5.0 and 8.0 pH,
while at pH > 8.0 it was drastically reduced (Fig. 5b).
At an optimum pH 8.0 and stability under weak acidic
conditions, the enzyme revealed an acidophilic char-
acteristic different from other bacterial lipases35, 39.
The lack of lipase activity at a strongly acidic pH
might be due to Ca2+ loss and its coordinating role
at the active site of the enzyme40.

The optimum temperature of the secreted lipase
was 37 °C (Fig. 6a), retaining more than 90% of initial
activity after 6 h incubation at 30–80 °C (Fig. 6b).
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Lipase retained 100% activity at 60 °C for 3 h and
the half-life was 36 h (Fig. 6c). Previously, lipase
from Aeromonas sp. was found to be stable below
40 °C23, 25 and bacterial lipases generally have tem-
perature optima in the range 30–60 °C41, 42. Thus this
enzyme seems to have considerably higher thermosta-
bility and is therefore appropriate for industrial use4.

Effect of organic solvents on the stability of lipase

The enzyme retained more than half of its original ac-
tivity in the presence of isoamyl alcohol (logPo/w =
1.3; 90% relative activity), benzene (logPo/w = 2.0;
58%), hexane (logPo/w = 3.5; 72%), heptanes
(logPo/w = 4.0; 78%), and decane (logPo/w =
5.6; 85%) while in hexadecane (logPo/w = 8.8)
residual activity was only 28%. Perhaps hydrophobic
solvents hinder efficient interaction between enzymes
and substrates43. Also, it has been reported that alka-
nes/solvents such as decane and hexadecane repress
lipase activity31. In contrast, hydrophilic solvents like
DMSO (logPo/w = −1.22) and short-chain alcohols
severely decreased lipase activity: DMSO (38% rela-
tive activity), ethanol (19%), methanol (39%), butanol
(50%). It is possible that hydrophilic solvents are able
to dissolve enzyme more efficiently thus resulting in
high degree of inactivation44 and short-chain alcohols
have low solubility in oils forming a new liquid phase
at moderate concentrations thus leading to enzyme in-
activation45. Recently, lipases are increasingly being
used in reactions containing water-immiscible organic
solvents and small amounts of water31, 44, 46. Thus the
stability of the bacterial lipase in hydrophobic solvents
as well at elevated temperatures makes the enzyme
suitable for applications in organic synthesis as well
as detergents.

Effects of chemicals on lipase activity

Lipase from Aeromonas sp. EBB-1 was very sensitive
to Zn2+ (39% relative activity), SDS (28%), and EDTA
(19%) but the activity was 29% enhanced by Ca2+.
The effect of EDTA on enzyme activity demonstrated
that lipase is a metalloenzyme that is inconsistent
with the requirement of Ca2+ located in a substrate
binding pocket47. An increase of lipase activity was
caused by the complex action of calcium ions on the
liberated fatty acids and enzyme structure. Calcium
ions bound to the protein rather than having a cat-
alytic role can stabilize the structure preventing heat
denaturation and protease attack47. Surfactants like
SDS do not inhibit the enzyme production directly but
inhibit lipase activity by changing the conformation
of lipase or the interfacial properties48. Addition of
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Fig. 6 Effect of temperature on (a) lipase activity and
(b) stability, and (c) stability profile of the enzyme at
60 °C. The activity was measured by incubating the purified
enzyme in the temperature range of 20–80 °C in a ther-
mostatically controlled water bath. The thermal stability
of lipase was measured by pre-incubating lipase solution
at different temperature for 6 h, after which the residual
activity was calculated comparing with control (100% of
relative activity) at 37 °C.

Triton X-100 and Na+ had little effect on activity
(98% and 99% relative activity, respectively) but a
little antagonistic effect on lipase activity was found
by the action of Ba2+ (90%), Mn2+ (95%), Ni2+ (84%),
Tween80 (89%), DTT (92%), and PMSF (80%). The
presence of K+, Li+, Ag+, and Mg2+ ions significantly
reduced the lipase activity to 70%, 79%, 72%, 65%,
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Fig. 7 Substrate specificity towards esters of p-nitrophenyl.
Percentages shown are relative to maximum activity (C16).
Results reported as averages± standard deviation.

respectively. Consistent with previous reports48–50,
the enzyme retained half of its original activity in
the presence of Fe2+ (52%) or Hg2+ (54%). The
20% inactivation of lipase activity in the presence
of PMSF revealed that the bacterial lipase had an
active serine residue in its catalytic site thus giving
it a property of serine protease47. The small effect
of DTT on lipase activity indicated that the active
site may lack a disulphide bond which is important
for catalytic function34, 47. The inhibition of lipase
activity by Zn2+, Hg2+, and Ag+ may indicate the
presence of thiol-containing amino acid residues in
the enzyme catalytic centre47, while other ions may
affect the ability of the salts to react with free fatty
acids adhering to the oil droplets and decreasing their
surface area to react with the enzyme48.

Substrate specificity

The purified EBB-1 lipase showed a variable specifici-
ty/hydrolytic activity towards p-NP esters of different
carbon chain length (Fig. 7). Among the substrates,
the highest activity was found with p-NP palmitate
(C16). Long-chain (C12 and C14) esters were more
efficiently hydrolysed than other esters. Such a
preferential specificity towards longer carbon chain
length substrates has been reported for a lipase from
Aeromonas sp.25, 38

The few reports on lipases from Aeromonas sp. in-
dicate stability at moderate temperature. For example,
lipase from A. sobria LP004 showed thermostability
< 40 °C under alkaline conditions37. Lipase from
psychrotrophic Aeromonas sp. LPB 4 is stable at
temperatures < 50 °C25. Thus, to the best of our
knowledge, this is the first report on the production
of thermostable lipase by Aeromonas sp. This unique
property makes the enzyme attractive for various
biotechnological applications.
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