
Lipases are a class of enzymes which catalyze the hydrolysis of long-chain triglycerides. Microbial li-
pases are currently receiving much attention with the rapid development of enzyme technology. Bacillus
subtilis FH5, isolated from tannery wastes, produced a thermostable alkalophilic lipase and was purified
to homogeneity as judged by SDS-PAGE. The purification steps included acetone fractionation and
sequential column chromatography on DEAE-cellulose, Sephadex G-75 and adsorption chromatography
on Hydroxylapatite. The results of chromatographies showed that two types of lipases were present hav-
ing molecular weights approximately 62 kDa and 24 kDa, respectively. The purified enzyme was found
to be 100% stable at pH 10 and about 80% residual activity was present at 60 °C. The enzyme was found
to be stable in the presence of Mg2+, Mn2+ and Ca2+ ions. Km value was calculated as 5.05 mM and Vmax

as 0.416 μmol/ml/min. Bacillus subtilis FH5 was isolated from tannery waste, therefore, enzyme is envi-
ronmentally compatible for application in leather degreasing process.
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INTRODUCTION

Lipases are one of the most important classes of industrial enzymes in terms of their
versatility. Thermostable and alkalophilic lipases have great potential to be used in
detergent, food flavoring, leather processing, pharmaceutical, cosmetic etc. indus-
tries. Some of the important uses of lipases are given in Table 1. With the rapid devel-
opment of enzyme technology, many new potential biotechnological applications of
lipases have been identified [51]. A diverse variety of lipolytic enzymes are produced
by bacteria. These include, e.g. carboxylesterases (hydrolyzing small partly water

Acta Biologica Hungarica 58 (1), pp. 115–132 (2007)
DOI: 10.1556/ABiol.58.2007.1.11

0236-5383/$ 20.00 © 2007 Akadémiai Kiadó, Budapest

PURIFICATION AND CHARACTERIZATION
OF A MESOPHILIC LIPASE

FROM BACILLUS SUBTILIS FH5 STABLE
AT HIGH TEMPERATURE AND PH

FARIHA HASAN,* A. A. SHAH and A. HAMEED

Microbiology Research Laboratory, Department of Microbiology,
Quaid-i-Azam University, Islamabad, Pakistan

(Received: April 24, 2006; accepted: June 2, 2006)

* Corresponding author; e-mail: farihahasan315@gmail.com



116 FARIHA HASAN et al.

Acta Biologica Hungarica 58, 2007

soluble molecules), true lipases (displaying maximal activity towards water-insolu-
ble long-chain triglycerides) and various types of phospholipases. With this back-
ground, they have attracted great attention, resulting in the isolation of a number of
novel variants, mainly from microbial species. Enzymes of extremophilic origin have
been of special interest in this search due to their extreme properties, allowing func-
tion in a range of conditions other than that is normally the case for enzymes from
mesophiles. Thus far, the main interest has been focused on thermophiles, as their
enzymes show extreme stability at elevated temperatures, and also in organic sol-
vents [3, 19].

Proteins from thermophilic organisms have proved to be more useful for biotech-
nological applications due to their stability [17]. Lipases are used as biological cata-
lysts to manufacture other products or have their application as such. Lipases are
used due to their high specificity, prevention of product and substrate deterioration,
and decreased energy consumption.

The commercial use of lipases is a billion-dollar business that comprises a wide
variety of different applications [19]. According to a report from Business Commu-
nications Company, Inc. the global market for industrial enzymes was estimated at
$2 billion in 2004. Volume growth of industrial enzymes is between 4% and 5%
AAGR 164 (average annual growth rate), which is accompanied by decreasing

Table 1
Some important industrial uses of lipases

Microorganism Application Reference

Candida antarctica esterification /transesterification 2
Mucor miehei interesterification of vegetable oils 26
T. lanuginosus lipolase, detergent 14
Pseudomonas alcaligenes lipomax, detergent 14
Chromobacterium detergent 31
Acinetobacter radioresistens 5
C. cylindracea resolving racemic mixture of Baclofen 32
G. candidum chiral inter-mediates for various pharmaceuticals 14
C. antarctica chiral intermediate required for synthesis

of anti-Alzheimer’s drugs
Mucor meihei cheese manufacturing industry
A. niger
A. oryzae
Penicillium roquforti Blue cheese flavour development 9
Rhizopus nodosus degreasing of suede clothing leathers 33
P. aeruginosa LP602 wastewater treatment 6
Pseudomonas cepacia methanolysis and ethanolysis of grease 13
P. putida degradation of polycyclic aromatic hydrocarbons 30
Acinetobacter
Rhodococcus
Mycobacterium
P. cepacia transesterification of soybean oil 35



prices, due to the increase in the number of smaller players competing in the market.
As a result, the market is expected to rise at an AAGR of a little over 3% over the
next 4 years, and the total industrial enzyme market in 2009 is expected to reach
nearly $2.4 billion [41].

Investigations have shown that enzymes have potential in large-scale processing
of lipid material, particularly in the areas of fat splitting, synthesis by reversal of
hydrolysis and interesterification [40]. Lipases, triacylglycerol hydrolases, are an
important group of biotechnologically relevant enzymes and they find immense
applications in food, dairy, detergent and pharmaceutical industries. Lipases are by
and large produced from microbes and specifically bacterial lipases play a vital role
in commercial ventures. Some important lipase-producing bacterial genera include
Bacillus, Pseudomonas and Burkholderia. The enzyme is most commonly purified
by hydrophobic interaction chromatography, in addition to some modern approaches
such as reverse micellar and aqueous two-phase systems. Most lipases can act in a
wide range of pH and temperature, though alkaline bacterial lipases are more com-
mon. Lipases are serine hydrolases and have high stability in organic solvents.
Besides these, some lipases exhibit chemo-, regio- and enantioselectivity [10].

MATERIAL AND METHODS

Microorganism and growth medium

The bacterial strain used in this study was Bacillus subtilis FH5 which was isolated
from tannery waste. The strain was identified morphologically and biochemically on
basis of Bergey’s Manual of Determinative Bacteriology (Table 2).

Three liters of the production medium, prepared according to the optimized ingre-
dients (Na2HPO4; 7.0 g, KH2PO4; 3.0 g, NaCl; 0.5 g, Salicin; 4.0 g, CaCl2; 0.02 g,
Casein; 5.0 g, Tween 80; 20 ml, Yeast extract; 5.0 g, Distilled H2O; 1000 ml), was
poured in the vessel of the Eyela fermentor (M-160), having 6-liter capacity, for the
production of lipase. Temperature, airflow rate, agitation speed and pH were adjust-
ed at 37 °C, 1 vvm, 150 rpm and 8.0, respectively. The total protein in the culture was
measured by the method of Lowry et al. [28] using Bovine serum albumin (BSA).

Enzyme assay

The method of Lesuisse et al. [25] was used for the determination of lipase activity.
Added 20 μl lipase (crude enzyme extract) to 880 μl reaction buffer (0.1M potassi-
um phosphate, pH 8.0; 0.1% gum arabic, 0.2% deoxycholate). After a three-minute
incubation at 37 °C, the reaction was initiated by adding 100 μl of 8 mM substrate
(p-nitrophenyl laurate) solubilized in isopropanol. Adding 0.5 ml of 3M HCl stopped
the reaction. After 10 min centrifugation, 333 μl supernatant was mixed with 1 ml of
2M NaOH and absorbance was recorded at 420 nm. Standard curve was prepared
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with known concentrations of p-nitrophenol. One unit of activity is defined as the
amount of enzyme that hydrolyzes 1 μmol substrate in 1 minute.

Purification of lipase

The 48-hour culture was centrifuged at 10,000 rpm for 30 minutes at 4 °C in a
Kokusan Model H-251 centrifuge. Cell free extract obtained was subjected to ace-
tone precipitation. Organic solvents cause precipitation of proteins largely by chang-
ing the solvation of the protein with water. The optimum amount of acetone to pre-
cipitate a protein is determined by adding varying amounts (10–80%) of solvent.
Precooled acetone was added slowly to prevent the formation of locally high con-
centration of organic solvent. The temperature of the solvent was kept below 0 °C.
When addition of solvent is complete, stirring was discontinued and the mixture was
allowed to stand for at least 15 minutes to allow equilibration. The material was then
sedimented in a centrifuge at 0 °C, 5000 g for 15 minutes. The pellet was dissolved
in minimum amount of 20 mM Tris-HCl buffer, pH 8.0 and kept at –20 °C and used
for various analyses.

The separation of a heterogeneous mixture of molecules by gel permeation was
done by using Sephadex G-150. Crude extract (5.0 ml) was applied to column and

Table 2
Identification on the basis of morphological and biochemical tests

Characteristics Results Characteristics Results

Colony characteristics Carbohydrate fermentation
Shape round Glucose A/–
Size large Fructose A/–
Colour white/pale Sucrose A/–
Surface dull, granular,

wrinkled Lactose A/-
Margin irregular Raffinose A/–

Morphology Mannose A/–
Straight rod + Sorbitol A/–
Cocci – Urease –
Gram stain + Nitrate reduction +
Cell arrangement short chains, single Citrate +
Spore C TSI Y/Y
Motility + SIM +
Granulation + Oxidase +

Enzyme production Catalase +
Protease + Identified Bacillus subtilis
Amylase + Microorganisms
Lipase +
Gelatinase +



eluted with 20 mM Tris-HCl buffer (pH 8.0). Fractions (3 ml) collected were assayed
for enzyme activity and amount of protein present by taking the absorbance at 280
nm and total protein estimation by Lowry’s method. Fractions containing greater
enzyme activity were pooled and used for further experiments. Ionexchange chro-
matography was done by using DEAE-cellulose and the fractions were eluted by the
varying concentrations of NaCl. The elution with the hydroxyapatite column is in the
sequence basic > neutral > acidic. The column (1 × 20 cm) was loaded with hydroxy-
apatite (Bio-Rad Laboratories) and equilibrated with buffer, pH 8.0. The sample
(2 ml) was loaded and eluted with the gradient of NaCl (0.01 – 0.5M). NaCl gradient
does not elute most neutral or acidic proteins.

Characterization of lipase

The lipolytic activity of the purified enzyme was characterized.

Thermostability of the purified lipase

Lipolytic activity of the purified enzyme was determined after 1 hour of incubation
at temperatures 15, 37, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90 °C, and then the
remaining activity was measured under the standard conditions. The percentage sta-
bility was also calculated.

Effect of pH enzyme activity

The effect of pH on activity was determined by measuring the enzyme activity at var-
ious pH values in the range of 4 – 11, using p-nitrophenyl laurate as substrate. Buffer
solutions of different pH values were used. The following buffers (20 mM) were
used: acetate buffer (pH 4, 5, 6), phosphate buffer (pH 6, 7), Tris-HCl (pH 8) and
glycine-NaOH buffer (pH 9, 10, 11). The enzyme was incubated in the buffers for 1
hour at 37 °C, and then the remaining activity was measured under the standard con-
ditions.

Effect of organic solvents on enzyme activity

The enzyme was assayed in the presence of different percentages (0, 10–100%) of
acetone, isopropanol and ethanol under the standard conditions.
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Effect of metal ions on enzyme activity

The effects of various metal ions on activity were examined by assaying the remain-
ing activity after incubating the enzyme with 1 mM metal ions for 1 hour at 37 °C.
The metal ions tested were chlorides of the following: Na, Ca2+, Mg2+, Mn2+, K,
Hg2+, Zn2+, Fe3+, Li, Ba2+, Cu2+, Ni(NO3)2 and ZnSO4.

Effect of inhibitors on enzyme activity

To determine the effect of inhibitors such as EDTA, β-mercaptoethanol, sodium
dodecyl sulfate (SDS) and phenylmethyl-sulphonyl fluoride (PMSF) at a concentra-
tion of 1 mM were used. Lipase activity was measured after incubating the enzyme
with these inhibitors for 1 hour at 37 °C.

Enzyme kinetics

Km is the characteristic constant of an enzyme catalyzed reaction and is defined as the
concentration of substrate at which the enzyme has half of its maximum velocity
(Vmax). Km and Vmax was calculated by Lineweaver and Burk [27] plot. A fixed quan-
tity of the purified lipase was incubated for 15 minutes with varying amount of the
substrate solution (ranging from 0 to 20 mM). The temperature and pH values were

Fig. 1. Purification of lipase in crude extract by gel filtration on Sephadex G-75. V0 = 10 ml; Vt = 40 ml;
Flow rate = 15 ml/h, Fraction volume = 3 ml; Eluent = 20 mM Tris-HCl (pH 8.0)



kept at their optima. The enzyme activity (V) was calculated and reciprocal of it was
plotted against the reciprocal of substrate (S) concentration. Km was calculated from
the graph by using the following equation:

Km=Y /X×V

where Y = 1/V
X = 1/[S]
V = Vmax (maximum velocity)

SDS-PAGE

The protein analysis and molecular weight determination was done through SDS-
PAGE according to the method of Laemmli [23].

RESULTS

Bacillus subtilis strain FH5 isolated from tannery waste was identified on the basis
of morphological and biochemical tests (Table 2). B. subtilis FH5 produced clear
zone of hydrolysis on medium [43] containing Tween 80 as lipid substrate.

Purification of lipase

Cell-free supernatant was obtained after 48 hours in culturing. Different concentra-
tions of acetone were applied to the cell-free supernatant, which significantly affect-
ed the precipitation of lipases. Percentage of the enzyme enhanced till 40% acetone
concentration. Any further addition of acetone decreased the enzyme concentration.
Whereas, minimum concentration was achieved at 10, 20 and 30%. Hence 40% ace-
tone was found suitable for the extraction of lipase.

After treatment of the sample with acetone, the active precipitated preparation was
then fractionated on Sephadex G-75 and about 30 fractions each of 3 ml were col-
lected. One prominent and one minimal peak of enzyme activity was observed
(Fig. 1). These results indicated that Bacillus subtilis FH5 produced two types of lipases.

Fractions collected by DEAE-cellulose anion exchange chromatography eluted by
the varying concentrations of NaCl showed that two similar peaks (as obtained in
Sephadex G-75) were present, one larger and the other smaller, thus confirms the
presence of two types of lipases (Fig. 2). The separation of protein on the hydroxy-
lapatite is on the basis of the basic or acidic nature of proteins. The basic proteins are
eluted first. Their results showed that the peak was obtained in the first few fractions
and thus confirms the basic nature of the enzyme. Varying concentrations of NaCl
were used as eluent.
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Fig. 2. Purification of lipase by Ion-Exchange Chromatography on DEAE-Cellulose. V0= 10 ml; Vt = 10
ml; Eluent = NaCl (0.05–0.5M), Flow rate = 10 ml/h. All NaCl solutions contained Tris-HCl buffer

(pH 8.0); Fraction volume = 2 ml

Fig. 3. Effect of temperature on the activity of purified lipase



Characterization of purified lipase

For characterization of enzyme, the fractions showing the predominant peaks were
selected.

Effect of temperature on the lipolytic activity of purified enzyme

The residual activity of the purified enzyme was measured by incubating the enzyme
at different temperatures for 1 h. The results showed that the lipase retained 98.6, 93,
92, 85, 76, 56, 38, 25, 9.23, 9.7 and only 6.9% of its activity when incubated for 1 h
at 40, 45, 50, 55, 60, 65, 70, 75, 80, 85 and 90 °C (Fig. 3).

Effect of pH on the activity of purified lipase

The effect of different pH values on the lipolytic activity of the purified enzyme was
studied by incubating the enzyme in various buffers with pH ranges from 4–11 and
measuring its residual activity after 1 hour. It is evident from the results that the max-
imum lipolytic activity (34 U/ml) was observed in the reaction mixture of pH 10. As
the pH level is increased from 10 to 11, the lipolytic activity decreases to 30.5 U/ml
and the percentage stability was 90.6%. At pH 9 the enzyme is 74% stable with the
activity of 25.1 U/ml. This was followed by decrease in the lipolytic activities as
23.1, 18, 15, 8.1 and 4.9 U/ml, with percentage stabilities as 68, 52, 44, 24 and 14%
at pH values 8, 7, 6, 5 and 4, respectively (Fig. 4).
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Effect of metal ions on lipolytic activity

The residual activities were determined after incubating the purified lipase with
1 mM metal ions. The results showed that K+ had no effect on the activity of lipase,
whereas Ba2+, Fe2+, Mn2+, Ca2+, Mg2+ and Hg2+ stimulated the activity to varying
extents with the stimulation percentages as 7.32, 34.5, 34.5, 36.67, 41 and 5%,
respectively (Fig. 5). While the other metal ions such as Cu2+, Co2+, Na+ and Zn2+

Fig. 5. Effect of metal ions on the activity of purified lipase

Fig. 6. Effect of inhibitors on the activity of purified lipase



had inhibitory effect on the activity of lipase with inhibition percentages as 4.22,
15.79, 8.95 and 13.16%, respectively.

Effect of inhibitors on lipolytic activity
The lipase activity was strongly inhibited when the enzyme was incubated with the
serine reagent PMSF (phenylmethylsulfonyl fluoride). The activity was inhibited by
90.25% in case of PMSF, while 83.79% and 81.7% in the presence of SDS and
EDTA, respectively (Fig. 6).

Effect of organic solvents on lipolytic activity

Different percentages of the organic solvents were used starting from 10% up to
100%. The orgainc solvents used were ethanol, isopropanol and acetone. It is evident
from the results that maximum lipolytic residual activity (21 U/ml) was observed in
the presence of 20% ethanol and showed maximum stability. The same residual
activity (21 U/ml) was also found in the presence of 30% isopropanol. In case of 20%
acetone the residual activity was maximum (20.3 U/ml). When ethanol was used to
study the effect of organic solvents on the residual activity of the purified lipase the
percentage stability decreases after 20% solvent is used. Same is the case with ace-
tone, whereas, in case of isopropanol, the percentage stability decreases after 10%
solvent used in the reaction mixture. These results showed that the organic solvents
are not good stimulators of lipolytic activity. As the percentage of the organic solvent
increases there is a decrease in the residual lipolytic activity (Fig. 7).
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Fig. 8. Determination of Km value of lipase by Line weaver Burk plot

Fig. 9. SDS-PAGE of the purified lipase from Bacillus subtilis FH5. Lane A, Sephadex G-75, B,
Standard protein markers; 97 kDa phosphorylase b, 66 kDa BSA, 45 kDa ovalbumin, 31 kDa carbonic

anhydrase, 14 kDa lysozyme



Kinetics of lipase activity

The Km and Vmax values of the purified lipase were calculated by Lineweaver and
Burk [27] plot. Purified lipase was incubated with different concentrations of sub-
strate and activity was measured after one hour. It was observed that the lipase has
the Km value as 5.05 mM and Vmax as 0.416 μmol/ml/min (Fig. 8).

SDS-PAGE

The protein analysis through SDS-PAGE revealed two bands, a larger band with mol-
ecular weight approximately 63 kDa and a smaller band of 24 kDa approximately
(Fig. 9).

DISCUSSION

Biocatalysts are chosen in the industry as a good alternative for inorganic catalysts
where specific products are obtained [4, 17]. Thermostable lipases from various
sources have been purified and characterized [22, 46]. Proteins from thermophilic
organisms have proved to be more useful for biotechnological applications than sim-
ilar proteins from mesophiles due to their stability [17].

The three liter culture of Bacillus subtilis FH5, grown for 48 hours was removed
from the biofermenter and cell free supernatant was obtained by centrifugation
(10,000 rpm, 15 min) and filtered. The cell-free solution obtained was then subject-
ed to acetone precipitation. As microbial lipases are cultivated in a lipid-abundant
medium, normally the first isolation step is an extraction or a precipitation with
organic solvents, such as ethanol, acetone or butanol. Such treatment to dissociate
bound lipids is very important to the overall purification. Therefore in the present
study cold acetone in varying concentrations was used for the precipitation of lipoly-
tic enzyme. In the present study the maximum lipase level was found in precipitates
obtained after treatment with 40% acetone. About 82% procedures of enzyme purifi-
cation used a precipitation step, with 60% of these using ammonium sulfate and 35%
using ethanol, acetone or an acid (usually HCl) [48]. Cold acetone extraction was
also done by Okeke and Gugnani [37] for the recovery of lipase from the pathogen-
ic fungi Fonsecaea pedrosi and Phialophora verrucosa. The acetone added to the
assay mixture in the range of 0–60% (v/v) stimulated the lipolytic activity in case
of enzyme from Bacillus sp. remarkably, whereas n-hexane had an inhibitory effect
[45].

The precipitates obtained by acetone precipitation were dissolved in Tris-HCl
buffer, 20 mM, pH 8.0 and passed through the column for further purification of the
lipase. Gel filtration chromatography was done on Sephadex G-75. Two peaks hav-
ing lipolytic activity were observed one with a very low molecular weight (24 kDa
approx.) and the other having the higher molecular weight (63 kDa approx.) as
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judged by elution of known molecular weight proteins through gel permeation and
DEAE-cellulose and also by SDS-PAGE (Fig. 9), performed according to the method
of [23]. El-Shafei et al. [8] purified lipase of Bacillus cereus with 46.2% overall
recovery through two steps, an acetone precipitation of the whole supernatant and
purification by gel filtration on Sephadex G-100.

Adsorption chromatography using hydroxyapatite columns was performed to clas-
sify the isolated enzyme according to its alkalinity. It was confirmed that the lipase
eluted in the beginning thus confirming its alkaline nature. The adsorption chro-
matography have been applied in 16% of the purification schemes, and the adsorbant
hydroxyapatite was used in most of the cases [48].

Ion-exchange chromatography was performed on DEAE- cellulose (anion
exchanger) and it is evident from the results (Figs 1 and 2) that two distinct peaks
were observed that confirmed the results of gel filtration. A lipolytic enzyme (Lipase
III) from Penicillium cyclopium M1 was purified and the molecular weight of the
enzyme was about 110 kDa by gel filtration. The enzyme consists of two subunits
identical in molecular weight (54 kDa) estimated by SDS-PAGE [18]. From the point
of view of molecular weight, bacterial lipases do not show common features. An
enzyme of molecular weight of 45 kDa was recovered from thermophilic Bacillus sp.
J33 by ammonium sulfate precipitation and phenyl sepharose column chromatogra-
phy [34]. Serratia marcescens isolated from raw milk was found to produce extra-
cellular lipase and was estimated by SDS-PAGE assay to be 52 kDa [1]. 

In the present study, kinetics of the purified lipase showed Km value of 5.05 mM
and Vmax as 0.416 μmol/min/ml. The Km and Vmax for Bacillus sp. J33 lipase with
p-nitrophenyl laurate as substrate was calculated to be 2.5 mM and 0.4 μM/min/ml,
respectively. The immobilized enzyme was stable for 12 hours at 60 °C [34]. Km of
lipase from Brazilian strain of Fusarium solani FSI using pNPP (p-nitrophenyl-
palmitate) as substrate, was 1.8 mM with a Vmax of 1.7 μmol/ min/mg protein [29].
Whereas, Km and Vmax value for purified lipase from Corynebacterium were 111.1
micromol/min and 14.7%, respectively [42].

Microbial lipases possessing either high alkalophilic or thermophilic properties
have been reported from organisms like Alcaligenes sp. [21], Humicola [38],
Pseudomonas [16] and Bacillus strains that produced lipase at 60 °C and pH 9.0 [12].
Lipase from Corynebacterium showed that optimum temperature for purified
enzyme activity was 65 degrees and optimum pH was 8.0 [42]. The extracellular
lipase produced, when the lipase gene of Bacillus stearothermophilus L1 was
expressed in Escherichia coli, was also found to be active at 60–65 °C and in alka-
line conditions around pH 9–10 [22]. The enzyme was stable up to 50 °C in the pres-
ence of Ca2+ and over the pH range 5–11 [36]. The purified enzyme of Bacillus sub-
tilis 168, showed maximum stability at pH 12 and maximum activity at pH 10 [25].
Wang et al. [52] isolated a novel thermostable alkaline lipase from Bacillus sp.
A30-1. This strain grew at 45–75 °C in the pH range of 5.7–9.0. The enzyme was not
only thermo-active but also catalytically thermo-stable at an alkaline pH. Lipase
from Bacillus strain A30-1 retained 100% of the original activity after being heated
at 75 °C for 30 minutes in the absence of substrate.



One of the fundamental properties of enzymes, other than the limitations to an
optimal temperature and pH of the medium, which limits their action, is their great
sensitivity to inhibitors and activators. Bacterial lipases are also inhibited by metal
ions. Metal ions generally form complexes with ionized fatty acids, changing their
solubility and behavior at interfaces. In the lipase-catalyzed hydrolysis of glycerides,
the release of fatty acids to the medium is frequently rate determining and could be
affected by metal ions. However, the effects of metal ion depend on the particular
lipase. Thus, the inhibition probably involves the catalytic site directly, although
alteration of the properties of the interface must also be considered. Pb2+ has ben
reported to have highest inhibitory effect (50% inhibition). Hg2+ at 1 mM did not
inhibit the enzyme activity, suggesting that cysteine residues do not participate in the
activity expression in case of Pichia burtonii lipase [44]. The mechanism of these
ion-specific effects remains to be determined, but Van Oort et al. [50] suggested that
they modify the lipase structure in case of S. hyicus rather than act specifically at the
catalytic center of the protein.

The effect of different metals on the activity of lipase from Bacillus sp. H1 showed
that the metal ions Ca2+, Na+, K+, Mg2+, Co2+ and Ni2+ had a small stimulating effect
on activity; Ba2+ stimulated activity by 32%, while Hg2+, Al3+ and Fe2+ inhibited the
activity [11]. Roy et al. [42] have also found Ca2+ (5 mM) to be stimulator for the
activity of lipase from Corynebacterium.

In the present study the residual activity of the purified lipase incubated with 1
mM solutions of the inhibitors like EDTA, PMSF and SDS was observed. It was
found that PMSF and SDS have inhibitory effect on the lipase activity (Fig. 6).
EDTA inhibited the activity of lipase from Staphylococcus warneri and with PMSF,
a serine protease inhibitor, residual activity was around 70% after 1-hour incubation,
and 40% after 2-hour incubation [49]. PMSF at 1 mM caused no inhibition of Pichia
burtonii lipase [44]. Sodium dodecyl sulfate (SDS) at a concentration lower than 10
mM completely inhibited the activity of thermophilic lipase from Bacillus ther-
moleovorans ID-1 [24].

The lipase isolated from Aspergillus terreus was unaffected by the metal chelator
EDTA or by 2-mercaptoethanol and potassium ferrocyanide [53]. EDTA also did not
affect lipolytic activity of the enzyme, Trichosporon asteroides strain LP005, it was
not a metalloenzyme [7]. Whereas, the presence of EDTA stimulated the activity of
Bacillus sp. H1 lipase by 42%, suggesting that no metal ions are needed for the reac-
tion and that EDTA probably chelates an inhibitory metal ion [11].

The hydrolysis by lipases is inhibited by the addition of emulsified organic sol-
vents [47]. This inhibition is competitive and is observed with any emulsified organ-
ic solvent. It is independent of the chemical structure of the solvent or that of the
emulsifiers and the proteins are not chemically modified. Therefore, it appears to
result from the competitive absorption of the lipases to non-substrate containing sur-
faces. Pereira-Meirelles et al. [39] reported that the maximum level of lipase activi-
ty was maintained by adding a serine protease inhibitor (PMSF) to the culture medi-
um. The protease activity of the isolate ID-1 was also observed by a protease activi-
ty assay using azocasein as substrate [24].

Lipase characterization in Bacillus subtilis FH5 129

Acta Biologica Hungarica 58, 2007



130 FARIHA HASAN et al.

Acta Biologica Hungarica 58, 2007

Thermostable lipases from microbial sources can be produced at low cost and
exhibit improved stability. In recent years there has been a great demand for ther-
mostable enzymes in industrial fields especially in tanning of leather or hides.
Lipases are a type of enzyme that specifically degrades fat and so cannot damage the
leather itself. The main advantages of using lipases are a more uniform colour and a
cleaner appearance. The use of an alkaline lipase at a pH of 9.0 to 9.3 in the degreas-
ing of pig skin resulted in short degreasing time and high degreasing efficiency [15].
As the lipase purified and characterized in the present study was produced from
Bacillus strain which was isolated from tannery waste, the enzyme is environmen-
tally compatible for application in leather degreasing process, which will reduce use
of chemicals, solving pollution problem caused by tanneries, especially in develop-
ing countries like Pakistan. 
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