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Abstract

An extracellular alkaline lipase from Pseudomonas aeruginosa mutant has been purified to homoge-

neity using acetone precipitation followed by anion exchange and gel filtration chromatography and

resulted in 27-fold purification with 19.6% final recovery. SDS-PAGE study suggested that the puri-

fied lipase has an apparent molecular mass of 67 kDa. The optimum temperature and pH for the puri-

fied lipase were 45°C and 8.0, respectively. The enzyme showed considerable stability in pH range of

7.0-11.0 and temperature range 35-55 °C. The metal ions Ca2+, Mg2+ and Na+ tend to increase the en-

zyme activity, whereas, Fe2+ and Mn2+ ions resulted in discreet decrease in the activity. Divalent cat-

ions Ca+2 and Mg+2 seemed to protect the enzyme against thermal denaturation at high temperatures

and in presence of Ca+2 (5 mM) the optimum temperature shifted from 45°C to 55°C. The purified

lipase displayed significant stability in the presence of several hydrophilic and hydrophobic organic

solvents (25%, v/v) up to 168 h. The pure enzyme preparation exhibited significant stability and com-

patibility with oxidizing agents and commercial detergents as it retained 40-70% of its original activi-

ties. The values of Km and Vmax for p-nitrophenyl palmitate (p-NPP) under optimal conditions were

determined to be 2.0 mg.mL-1 and 5000 �g.mL-1.min-1, respectively.

Key words: alkaline lipase, detergent stability, mutant, organic-solvent, p-nitrophenyl palmitate

Pseudomonas.

Introduction

According to the current opinion of industry, there

can be a commercial exploitation of hydrolytic enzymes in

the coming years due to their wide range of industrial appli-

cations in various fields including organic synthesis, clini-

cal analysis, pharmaceuticals, detergents and food produc-

tion. Enzymes are progressively swapping the use of harsh

chemicals in diverse industrial processes. The reaction

specificity of the enzymes leads to minimum by-product

formation and thereby application of enzymes offers mini-

mal risk to the environment (Malathu et al., 2008) -.

Lipases (triacylglycerol acylhydrolase, EC 3.1.1.3)

comprise a group of hydrolytic enzymes which catalyze re-

versibly the hydrolysis and synthesis of triacylglycerides in

the oil-water interface (Macrae and Hammond, 1985).

They have potential applications in oleo-chemical, paper

manufacturing, cosmetics, pharmaceuticals and agro-

chemical industries. However, the biggest market of their

use is in the detergent formulation (Jaeger and Reetz, 1998;

Rathi et al., 2008). The functional importance of lipases in

the detergent industry is related to the removal of fatty resi-

dues in laundry, dishwashers as well as for cleaning of

clogged drains (Vulfson, 1994). In addition to detergent ap-

plications, lipases can be used in versatile chemical reac-

tions like transesterification, enantiomeric separation of

alcohols and separate racemic amine mixtures. They have

also been used to form aromatic and aliphatic polymers

(Shrinivas, 2008).

During industrial fermentation, the production of

extracellular enzymes usually yields large volumes of fer-

mentation broth. Therefore, competent downstream pro-

cessing and purification of these fermentation products are

the key factors affecting the capital of the process. Most
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commercial applications do not demand homogeneous

lipase preparations, however, a certain degree of purity fa-

cilitates efficient and successful usage in drug targeting,

identifying the primary amino acid sequence and, more re-

cently, determining the three-dimensional structure (Taipa

et al., 1992; Aires-Barros et al., 1994). Therefore, nowa-

days industries stare for purification strategies that are eco-

nomical, rapid, high yielding and amenable to large-scale

operations (Kumarevel et al., 2005).

As nature provides an amazing diversity of enzymes,

identifying enzyme solutions for a specific problem can be

extremely difficult. So, the biochemical characterization of

any enzyme, obtained from a particular source becomes

crucial to appreciate its maximal catalytic performance,

which in turn is indispensable for the best industrial exploi-

tation of that enzyme (Sangeetha et al., 2011).

In the light of above facts, we made an attempt to pu-

rify and characterize the extracellular alkaline lipase pro-

duced by a mutant strain of Pseudomonas aeruginosa

10,055 with respect to optimal pH and temperature as well

as stability, and to evaluate the effect of several metal ions,

inhibitors, organic solvents, surfactants and detergents on

the enzyme activity for its feasible applications.

Materials and Methods

Microorganism and culture conditions for lipase
production

The mutant strain was previously developed in our

laboratory by chemical mutagenesis of P. aeruginosa

MTCC 10,055 (Bisht et al., 2012) and extracellular alkaline

lipase was produced in the fermentation medium optimized

by Bisht et al. (2012). The culture broth was clarified by

centrifugation (10,000 rpm for 10 min at 4 °C) to recover

the supernatant, which was used as enzyme source for fur-

ther studies.

Analytical methods

Lipase activity was determined spectrophotometri-

cally by following the method of Winkler and Stuckman

(1979) with slight modifications. The substrate solution

containing 10 mL of isopropanol with 30 mg of

p-nitrophenyl palmitate (p-NPP) was mixed with 90 mL of

Tris-HCl buffer (50 mM, pH 9.0), containing 0.4% Tri-

ton-X-100 and 100 mg of gum arabic. Freshly prepared

substrate solution (2.4 mL) was incubated at 37 °C with

25 �L of suitably diluted cell-free supernatant for 15 min.

After incubation absorbance was measured at 410 nm by

using a spectrophotometer (UV-1601, Shimadzu) against a

control with heat inactivated enzyme. One unit of enzyme

is defined as the amount of enzyme liberating 1 �g of

p-nitrophenol.mL-1.min-1 under assay conditions.

Purification of alkaline lipase

A three step purification method was used to purify

the lipase produced by the mutant strain. All the purifica-

tion steps were conducted at temperatures between 0-4 °C

unless and otherwise stated.

Acetone precipitation

The crude enzyme obtained after centrifugation, was

precipitated by the addition of different volumes (1:1, 1:2

and 1:3) of enzyme grade chilled acetone (-20 °C) with gen-

tle stirring on ice-bath. The precipitate was stored over-

night, at -20 °C and recovered by centrifugation at 10,000 x

g for 10 min at 4 °C and the pellet obtained was air dried, so

as to remove traces of acetone. The precipitate was then dis-

solved in suitable volume of Tris-HCl buffer (pH 9.0,

50 mM). Additional chilled acetone was added to the

supernatant to bring the saturation to 1:2 and 1:3, the mix-

ture was then left overnight. The corresponding precipitates

were recovered, dissolved individually in fresh buffer and

assayed for both total protein content and lipase activity.

Ion-exchange chromatography

The active fraction obtained after acetone precipita-

tion, showing maximum specific activity, was further puri-

fied by ion exchange chromatography using Q-Sepharose

(Sigma-Aldrich, USA) column equilibrated with sodium

phosphate buffer (50 mM, pH 7.0). The desired enzyme

fraction was allowed to bind with matrix for 2 h at 4 °C. The

unbound fraction was collected and analyzed for enzyme

activity and for protein content. The bound fractions were

eluted with a linear gradient of NaCl (0.1-0.5 M, 10 mL

each) in the same buffer.

Gel-filtration chromatography

The partially purified enzyme was applied to gel-

filtration chromatography for purification up to homogene-

ity. The Sephadex-75 column (Sigma Aldrich Pvt. Ltd.,

USA, 1.5 x 40 cm) was equilibrated with Tris-HCl (pH 8.0,

50 mM) buffer and 1 mL of concentrated sample was ap-

plied to the column. The flow rate was adjusted to

5-6 mL.h-1 and fraction of 2 mL each were collected. Lipase

activity and estimation of protein content were determined

for each individual fraction.

Protein estimation

The protein content of individual fraction obtained af-

ter different steps of chromatography was monitored by

measuring the extinction at 280 nm. Quantitative estima-

tion of protein content was done by the method of Lowry et

al. (1951) using Bovine serum albumin (BSA) as standard

and expressed as mg.mL-1.
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Electrophoretic analysis for molecular weight
determination and homogeneity test

The active fraction, with maximum specific activity,

obtained after gel filtration chromatography along with

crude, acetone precipitate and anion-exchange chromatog-

raphy was electrophorezed by Sodium Dodecyl Sulphate-

Poly Acrylamide Gel Electrophoresis in a 12.5% poly-

acrylamide gel according to the method of Laemmli (1970).

Approximate molecular weight of the lipase was estimated

by SDS-PAGE against the molecular mass markers i.e.

lysozyme (14.3 kDa), �-lactoglobulin (20 kDa), Carbonic

anhydrase (29 kDa), ovalbumin (43 kDa), bovine serum al-

bumin (66 kDa) and phosphorylase B (97.4 kDa) (Sigma-

Aldrich Pvt Ltd., USA) run with the samples.

Characterization of purified enzyme

Effect of pH on enzyme activity and stability

The optimum pH of the lipase was determined by us-

ing buffer solutions (50 mM) of different pH (Sodium

phosphate, 6.0, 7.0; Tris-HCl, 8.0, 9.0; and Carbonate/bi-

carbonate, 10.0, 11.0). For the pH stability the enzyme was

incubated with buffers (in ratio of 1:1) at 37 °C for 1 h and

assayed under standard assay conditions.

Effect of temperature on enzyme activity and stability

The influence of temperature on activity of lipase was

studied by incubating the reaction mixture at different tem-

peratures (30-60 °C). The enzyme was incubated at differ-

ent temperatures 35-55 °C for 1 h to study the stability of

the enzyme. The residual lipase activity was measured by

conducting the reaction at temperature 37 °C and pH 8.0.

The activity of the enzyme was considered as 100% under

standard assay conditions.

Effect of metal ions on activity and stability

The effect of various metal ions (2 mM and 5 mM) on

enzyme activity was investigated using FeSO4, CaCl2, KCl,

NaCl, MgSO4, MnCl2, ZnCl2, CuSO4, HgCl2 and NiCl2. The

enzyme was incubated with different metals at 37 °C for 1 h

to study metal ion stability and assayed under standard as-

say conditions.

Effect of organic solvents on enzyme stability

The effect of different organic solvents (methanol,

iso-propanol, ethanol, acetone, butanol, toluene, iso-

octane, xylene, n-hexane, n-decane and n-dodecane) hav-

ing log P values ranging from -0.76-6.0, on enzyme stabil-

ity was investigated by incubating the enzyme with

solvents at a concentration of 25% (v/v) at 37 °C for 168 h.

The enzyme assay was done after 1 h and thereafter at an in-

terval of 24 h for 7 days. The enzyme activity without incu-

bation with organic solvent was taken as control (100%).

Effect of inhibitors on alkaline lipase activity

The effects of ethylene diamine tetra acetic acid

(EDTA), �-mercaptoethanol, Phenyl methyl sulphonyl

flouride (PMSF) and urea as inhibitors on alkaline lipase

activity were investigated at a concentration of 2 mM and

5 mM in order to characterize enzyme. Purified alkaline

lipase was pre-incubated with the above mentioned rea-

gents for 1 h at 37 °C and residual activity (%) was deter-

mined under standard assay conditions.

Effect of surfactants, commercial detergents and oxidizing
agents on enzyme stability

The lipase sample was incubated with surfactants viz.,

triton-X-100, Tween-40, Tween-60, Tween-80, SDS (0.1

and 1.0%, v/v), commercial detergents viz., surf, aerial,

ghari, henko and fena (0.1 and 1.0%, w/v), and oxidizing

agents viz., H2O2, sodium perborate and sodium hypo-

chlorite (0.1 and 1.0%, v/v) for 1 h at 37 °C and then the re-

sidual activity (%) was tested under standard assay condi-

tions.

Kinetic study of alkaline lipase

The influence of substrate concentration on the reac-

tion velocity of the purified lipase was studied with p-NPP.

The purified lipase was incubated with various concentra-

tion of p-NPP. The final concentration ranged from

0.5-5.5 mg.mL-1. In all cases, the enzymatic activity was as-

sayed under standard conditions. The Michaelis constant

(Km) and maximum velocity (Vmax) was determined from

Lineweaver-Burk plots.

The linear velocity data was plotted as the function of

concentration of the substrate by linear transformation of

the Michaelis-Menten equation and usual non-linear curve

fitting of the Michaelis-Menten equation for the calculation

of Km and Vmax of the reaction.

Results and Discussion

Purification of alkaline lipase

The crude enzyme extract was first concentrated by

acetone precipitation. Maximum activity was observed in

the fraction obtained by the addition of acetone in ratio 1:1

with protein content of 18.05 mg.mL-1. This fraction had

10,314.6 U.mg-1 of specific activity with recovery of 78.6%

and with regard to purification it showed 4.2-fold purifica-

tion.

The active fraction of acetone precipitation method

was used for further purification by using ion exchange

chromatography. Sample (1 mL) was loaded into the Q-Se-

pharose column pre-equilibrated with sodium phosphate

buffer (50 mM, pH 7.0) and allowed to pass through the

column. The unbound fraction was collected and analyzed

for lipase activity and protein content. There was no lipase

activity in the fraction, while 1.9 mg.mL-1 of protein was

estimated. The absence of enzyme in unbound fraction sug-
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gested that total lipase was bound to matrix. The bound en-

zyme was eluted by sodium phosphate buffer (50 mM, pH

7.0) having NaCl with increasing concentration at gradient

of 0.1 M. Ten mL solution of each concentration of NaCl

was used to evade the bound enzyme. The lipase activity

was detected in the fraction released by the addition of

0.5 M NaCl Anion-exchange chromatography of lipase on

column resulted in one prominent peak at the 27th fraction

(Figure 1a).

The active fraction was applied on Sephadex G-75

column. Figure 1b shows the fractionation pattern of lipase

on Sephadex G-75 column. One distinctive protein peak

was appeared that overlapped with the lipase activity. The

purification process resulted in 27-fold purification factor

and a final recovery of 19.6% of the enzyme with specific

activity of 66323.6 U.mg-1 (Table 1). However, Ji et al.

(2010) reported 4.3-fold purified lipase with 41.1% recov-

ery by using ammonium sulphate precipitation and ion-

exchange chromatography for purification of lipase from P.

aeruginosa LX1.

The purity of the enzyme was confirmed by the pres-

ence of a single band on SDS-PAGE and its molecular

weight was approximately 67 kDa (Figure 2), which was

similar to P. aeruginosa lipase (59.4 kDa) (Singh and

Banerjee, 2007) but different from P. aeruginosa ATCC

27853 lipase (30 kDa) (Izrael-Zivkovic et al., 2009).

Characterization of purified enzyme

Effect of pH on enzyme activity and stability

In the present study, the activity profile of the P.

aeruginosa 10,055 lipase at different pH showed that the

enzyme was active over a wide range of pH 7-10. Maxi-

mum activity was obtained at pH 8.0 whereas minimum

was obtained at pH 7.0 (Figure 3). However, activity be-

yond pH 10.0 was not performed because of the difficulties

in rate estimation caused by the spontaneous hydrolysis of

p-NPP at pH above 10.0. Similarly, Sifour et al. (2010) also

reported a higher activity at pH 8.0 by G.

stearothermophilius. On the other hand, lipases from P.

aeruginosa SRT 9 and Burkholderia sp. had shown maxi-

mum lipase activity at pH 6.9 and 8.5 respectively (Park et

al., 2007; Borkar et al., 2009).

The enzyme showed 100% stability in the pH range

7.0-9.0, however, there was slight decrease in stability

at pH 10.0 and 11.0 after 1 h incubation at 37 °C (Figure 3).

Similarly, Rahman et al. (2005) reported that the Pseudo-

monas sp. strain S5 lipase showed great stability at pH

7.0-9.0, however, the activity was reduced drastically at pH

10.0-12.0 after 30 min. The lipase from G. candidum was

stable up to pH 8.5 and lost its activity when the pH was

raised above 11 (Gopinath et al., 2003).

Effect of temperature on enzyme activity and stability

It is revealed from Figure 4 that enzyme was active in

the temperature range of 35-45 °C. The maximum activity

of the enzyme was achieved at temperature 45 °C. The en-
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Figure 1 - (a): Chromatographic purification profile of extracellular alka-

line lipase from Pseudomonas aeruginosa MTCC 10,055 on anion-

exchange column (Q-Sepharose) equilibrated with sodium phosphate

buffer (50 mM, pH 7.0). The lipase was eluted with a gradient of sodium

chloride (0.1 M-0.5 M) in sodium phosphate buffer (50 mM, pH 7.0).

A-0.1 M, B- 0.2 M, C- 0.3 M, D- 0.4 M, E- 0.5 M. (b): Chromatographic

purification profile of extracellular alkaline lipase on Sephadex G-75 gel

filtration chromatography. Column was equilibrated with Tris-HCl buffer

(50 mM, pH 8.0). The sample was loaded and eluted with the same buffer.

Table 1 - Summary of purification of lipase from mutant of P. aeruginosa.

Purification Steps Total activity (U) Total protein (mg) Specific activity (U/mg) Yield (%) Purification fold

Crude 2,36,870 96.5 2,454.6 100 1.0

Acetone 1,86,179.8 18.05 10,314.6 78.6 4.2

Q-Sepharose 1,36151.1 5.66 24,054.9 57.4 9.8

Sephadex G-75 46,426.5 0.70 66,323.6 19.6 27.0

Each value presented here is an average of triplicates of three independent trials. The mean standard deviation for each value is < � 5.0%.



zyme retained 85.5% activity when the temperature in-

creased from 45 to 50 °C, but further increase in tempera-

ture, enzyme activity considerably decreased. The enzyme

showed 100 and 83.7% stability at 40 and 45 °C, respec-

tively, whereas about 50 and 25% of the activity was re-

tained at 55 °C and 60 °C, respectively.

It can be inferred from the results that lipase from P.

aeruginosa MTCC 10,055 showed better activity and sta-

bility over the others lipase from P. monteilii TKU009 ex-

hibiting optimum temperature 40 °C and exhibited only

70% of initial activity at temperature 50 °C after 1 h of incu-

bation (Wang et al., 2009a).

Effect of metal ions on activity and stability

Among the metal ions tested, enhancement in the

lipase activity was observed in presence of Ca+2 Mg+2, Na+

and K+ with 166.1, 135.9, 127.8 and 124.2% residual activ-

ity respectively at 2 mM concentration whereas moderate

increase in activity was observed at 5 mM. However, no

lipase activity was detected in the presence of Zn+2 and

Hg+2 at both the concentration (Table 2). The lipase was

significantly stable in the presence of Ca+2, Fe+2, Mg+2,

Mn+2, K+ and Na+ at concentration of 2 mM, whereas, con-

siderable decrease in enzyme stability was observed at

5 mM concentration except Na+ and K+. This suggested that

this lipase is activated by metal ions which binds to the en-

zyme and change the conformation of the protein to provide

greater stability to the enzyme. But transition metal ions

change the conformation of the protein to less stable due to

ion toxicity (Rahman et al., 2005).

Owing to these results, the effects of calcium and

magnesium ions (2 mM and 5 mM) on lipase activity at var-

ious temperatures (45-65 °C) were studied. Increase in

lipase activity was observed with the increase in tempera-

ture and maximum activity was recorded at 55 °C which

was 6.2 and 5.8-fold over the control in the presence 2 mM

and 5 mM CaCl2, respectively (Figure 5). However, with

Mg+2 ions the residual activities were 215.2% (2 mM) and

194.9% (5 mM), respectively at 55 °C. Further increase in

reaction temperature resulted in decrease in enzyme activ-

ity with both the ions but it was still higher than their re-

spective control. Alvarez and Stella (1989) suggested that

the presence of calcium ions facilitated the binding of the
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Figure 2 - Photographic representation of the SDS-PAGE of different

fractions of alkaline lipase of mutant strain of P. aeruginosa 10,055 ob-

tained during purification steps. Lane 1: Marker proteins; lane 2: Crude

supernatant; lane 3: Concentrated enzyme after acetone precipitation; lane

4: Purified enzyme obtained after anion-exchange chromatography; lane

5: Purified enzyme obtained after gel-filtration chromatography. Molecu-

lar weights were presented in the form of kDa.

Figure 3 - Effect of pH on enzyme activity and stability. For enzyme ac-

tivity the reaction was assayed at respective pH and for stability enzyme

was pre-incubated with buffers (50 mM, in ratio 1:1) of different pH (7-11)

at 37 °C for 1 h and assayed by standard assay method.

Figure 4 - Effect of temperature on enzyme activity and stability. For en-

zyme activity reaction mixture was incubated at different temperatures

(30-60 °C) and for stability enzyme was pre-incubated at respective tem-

peratures for 1 h and reaction was conducted as standard assay method.



enzyme to interface under physico-chemical conditions, re-

sulting in the stimulation of enzyme activity. Our findings

are in contrary to Karadzic et al. (2006) where inhibitory ef-

fect of calcium ion was reported on the san-ai lipase from P.

aeruginosa. However, the present study is in agreement

with Sharma et al. (2001), who also reported that Ca+2 ions

activated the enzyme, whereas, Fe+3 and Zn+2 strongly in-

hibited its activity.

Effect of organic solvents on enzyme stability

It is well known fact that organic solvents (10-20%)

pose adverse effect on lipase activity (Karadzic et al.,

2006), however, their effect differ from lipase to lipase

(Hun et al., 2003). As shown in Table 3 the enzyme activity

was enhanced in all the organic solvents, except iso-pro-

panol, ethanol and xylene after 1 h and retained more than

100% of its activity up to 96 h of incubation. However, the

enzyme activity decreased after prolonged incubation, ex-

cept hexane, butanol, iso-octane, toluene and n-decane. The

hydrophilic organic solvents pose more inhibitory effect on

lipase activity as compared to hydrophobic solvents. How-

ever, interestingly the enzyme was able to hold consider-

able activity (83-109%) with both the types of organic

solvents even after incubation of 168 h.

The activation and stability effects of the organic sol-

vent-tolerant lipase in aqueous-organic mixtures suggested

the capability of this enzyme to resist denaturation by or-

ganic solvent and to form multiple hydrogen bonds with

water for structural flexibility and conformational mobility

for optimal catalysis (Klibnov, 2001). Eltaweel et al.

(2005) also reported slight enhancement in lipase activity

by hydrophobic solvents (Benzene, n-hexane) and reduc-

tion by hydrophilic solvents (1-propanol and ethylacetate).

Generally the enzymes showed considerable stability

in only one type of solvent, either hydrophobic or hydro-

philic. Therefore, stability of our lipase with respect to vari-

ous organic solvents may be different and interesting to

other organic solvent tolerant lipase with regard to its appli-

cation in organic synthesis.

Effect of inhibitors on alkaline lipase stability

Inhibition studies primarily give an insight into the

nature of an enzyme, its cofactor requirements, and the na-

ture of the active center (Sigma and Mooser, 1975). The

chelating agent (EDTA) slightly inhibited the lipase activ-

ity with 95.8% residual activity at a concentration of 2 mM,

indicating that this lipase is not dependent on a metal cofac-

tor. Our results are in agreement with Saeed et al. (2005)

and Lin and Ko (2005) who also showed that activity of li-

pases produced from Bacillus sp. and Pseudomonas sp.

were not affected by EDTA. However reducing agent,

�-mercaptoethanol (0.1%) enhanced the lipase activity by

19.6% (Table 4). This can be explained as lipases contain

very few sulfhydryl groups, which are essential for lipase

activity (Gupta et al., 2004).
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Table 2 - Effect of metal ions on enzyme activity and stability.

Metal ions Concentration

(mM)

Residual activity (%)

Activity Stability

Control 100.0 100.0

CaCl2 2 166.5 108.2

5 136.4 70.3

NiCl2 2 124.5 82.2

5 41.3 68.5

FeSO4 2 81.9 103.8

5 57.2 28.7

MgCl2 2 135.9 110.6

5 125.1 62.3

CuSO4 2 89.5 84.7

5 0 0

HgCl2 2 0 46.4

5 0 0

MnCl2 2 78.6 113.9

5 62.1 51.7

KCl 2 124.2 106.4

5 121.1 92.1

NaCl 2 127.8 101.4

5 121.4 100.3

ZnSO4 2 0 4.9

5 0 0

Enzyme activity was determined at 45 °C in the presence of metal ions in

the reaction mixture directly and for stability enzyme was pre-incubated

with different metal ions at 37 °C for 1 h and assayed as standard assay

method. The enzyme activity without incubation with metal ions was

taken as 100%. Each value presented here is an average of triplicates of

three independent trials. Mean standard deviation for all the values

is < � 5.0%.

Figure 5 - Effect of CaCl2 and MgCl2 on lipase activity at different tem-

perature. Enzyme activity was determined at various temperatures (45-

65 °C) in the presence of CaCl2 (2 mM and 5 mM) and MgCl2 (2 mM and

5 mM). The enzyme activity assayed at respective temperatures without

metal ions was taken as control.



All known lipases have serine in their active centre;

nonetheless, some lipases show resistance to inactivation

by serine reactive agents (Abramic et al., 1999). The effect

of PMSF at 2 mM concentration gave only a 15% reduction

in the lipase activity possibly suggesting the presence of a

hydrophobic lid hindering access to the catalytic site (Cote

and Shareck, 2008). In accordance with our result, Choo et

al. (1998) reported that lipase from Pseudomonas sp. strain

B11-1 was not affected by PMSF.

The urea can reduce the enzyme activity and stability

by impairing the enzyme structure by direct interaction

with the enzyme or by indirect action through changing the

properties of surrounding solvents (Enea and Jolicoeur,

1982). However, the enzyme exhibited noteworthy residual

activity (99.3%) in the presence of 2 mM urea. In accor-

dance to present study B. licheniformis and B. cepacia li-

pases were reported to be stable with a significant residual

activity with urea (Chakraborty and Paulraj, 2008; Yu et

al., 2009).

Effect of surfactants, commercial detergents and oxidizing
agents on enzyme stability

As shown in Table 5 the purified enzyme was appre-

ciably stable in the presence of non-ionic surfactants like

Tween-40, Tween-60 and Tween-80. However, triton-X-

100 slightly inhibited the lipase activity with 84.2% of re-

sidual activity at concentration 0.1% (v/v) which further

decreased at concentration 1.0%. SDS was found to be a

strong inhibitor causing almost complete inhibition of

lipase activity at concentration 0.1% (w/v). SDS is known

to acts upon the di-sulphide linkages and cause inactiva-

tion/denaturation of proteins (Liebeton et al., 2001) which

could be the reason of complete inactivation of enzyme.

Our results coincide with the results of Park et al. (2007)

where complete loss of Burkholderia sp. HY-10 lipase ac-

tivity was observed in the presence of SDS. Similarly, an

extracellular lipase from Yarrowia lipolytica also lost its

complete activity in the presence of SDS, however, activity

was enhanced in the presence of 0.1% Tween-80 (Yu et al.,

2007).

The purified alkaline lipase was substantially stable

with commercial detergents at lower concentration (0.1%,

w/v). However, higher concentration (1.0%, w/v) led to de-

crease the enzyme activity. Rathi et al. (2001) also reported

57-80% residual activity with lipase from B. cepacia in the

presence of commercial detergents. In another study,

Bancerz et al. (2007) reported that lipase from Bjerkandera

adusta R59 showed sufficient compatibility with commer-

cial detergents.

Among the oxidizing agents tested the lipase activity

enhanced in presence of sodium hypochlorite and H2O2
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Table 4 - Effect of different inhibitors on enzyme stability.

Reagents Concentration Residual activity (%)

Control 100.0

�-mercaptoethanol 0.1 (%) 119.6

0.5 (%) 98.6

EDTA 2 mM 95.8

5 mM 86.7

Urea 2 mM 99.3

5 mM 90.4

PMSF 2 mM 85.4

5 mM 72.5

Enzyme was pre-incubated with different oxidizing agents/inhibitors at

37 °C for 1 h and assayed as standard assay method. The enzyme activity

without incubation with inhibitors was taken as 100%. Each value pre-

sented here is an average of triplicates of three independent trials. Mean

standard deviation for all the values is < � 5.0%.

Table 3 - Stability of purified lipase in presence of various organic solvents

Organic solvents (25%) log P Residual activity (%)

1 h 24 h 48 h 72 h 96 h 120 h 144 h 168 h

Methanol -0.76 101.4 130.1 132.2 125.3 118.6 111.4 106.3 98.3

Iso-propanol -0.28 90.2 101.3 99.3 92.4 91.5 90.4 85.3 83.4

Ethanol -0.24 97 107.6 106.5 101.6 98.5 95.4 90.2 87.3

Acetone -0.23 104.1 110.2 107.6 101.1 100.3 97.3 95.4 89.9

Butanol -0.80 120.7 160.3 148.2 135.4 126.6 118.3 110 103

Toluene 2.5 111.9 190.2 150.1 128.1 120.8 112.4 105.6 104.3

Iso-octane 2.9 123.2 170.1 135.5 130.5 123.4 120.3 115.7 109.2

Xylene 3.1 90.2 115.8 120.4 115.2 109.7 102.3 98.4 92.4

Hexane 3.6 132.4 151.7 140.3 137.4 121.4 120.1 112.4 103.3

n-decane 5.6 156.3 161.3 150.8 148.3 126.2 111.7 108.9 105.6

n-dodecane 6.0 151.3 153.2 146.3 141.1 112.9 108.2 102.1 98.8

Enzyme was pre-incubated with different organic solvents at a concentration of 25% (v/v) at 37 °C for different time period and assayed as standard assay

method. The enzyme activity without incubation with organic solvent was taken as 100%. Mean standard deviation for all the values is < � 5.0%.



with residual activities 111.9 and 104.5% at concentration

0.1%, whereas, higher concentrations (0.5 and 1.0%) de-

creased the stability except sodium hypochlorite (103.2%

residual activity at concentration 0.5%, w/v). Likewise,

Wang et al. (2009b) also reported that lipase from B.

cepacia was highly stable in the presence of hydrogen per-

oxide, sodium hypochlorite and sodium perborate after 1 h

at 25 °C.

The stability profile of the lipase in the presence of

detergents and oxidizing agents prove its potential applica-

tion in the detergent formulations as these agents are the ac-

tive components of house hold detergents (Hajji et al.,

2007).

Kinetic study

The Lineweaver-Burk plots were linear and indicated

that hydrolysis of p-nitrophenyl palmitate by the lipase fol-

lowed Michaelis-Menten kinetics. Results revealed that in-

crease in substrate concentration from 0.5 to 2.5 mg.mL-1

showed exponential increase in lipase activity; beyond that

it was constant which may be attributed to saturation of ac-

tive sites of lipase enzyme. The Michaelis constant (Km,

2.0 mg.mL-1) and maximum velocity (Vmax,

5000 �g.mL-1.min-1) were determined from Lineweaver-

Burk plots, for p-NPP as substrate (Figure 6). The lower ap-

parent Km indicates that the purified lipase has high affinity

for p-NPP.

For a P. cepacia lipase, Pencreac’h and Baratti,

(1996) reported Km and Vmax values of 12 mM and

30 mmol.min-1, respectively, when the substrate was p-

NPP. For a lipase of R. glutinis, the Km values were 2.7 and

0.7 mM when the substrates were p-nitrophenyl butyrate

and p-nitrophenyl laurate, respectively (Hatzinikolaou et

al., 1999).

Conclusion

Conclusively, the extracellular alkaline lipase from

mutant strain of P. aeruginosa has several properties of

prominent industrial importance, in particular, pH and tem-

perature stability. The features of this lipase viz., activity in

alkaline pH, high temperature, resistance to many surfac-

tants, and significant stability and compatibility with most

of the tested commercial laundry detergents, demonstrating

its feasibility for its inclusion in laundry detergent formula-

tion and in food and pharmaceutical industries. It is antici-

pated that the organic solvent tolerant enzyme secreted by

this species will also be applicable as catalysts for reaction

in the presence of organic solvents.
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