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Abstract The marine strain Pseudomonas otitidis was

isolated to hydrolyze the cooked sunflower oil (CSO) fol-

lowed by the production of lipase. The optimum culture

conditions for the maximum lipase production were

determined using Plackett–Burman design and response

surface methodology. The maximum lipase production,

1,980 U/ml was achieved at the optimum culture condi-

tions. After purification, an 8.4-fold purity of lipase with

specific activity of 5,647 U/mg protein and molecular mass

of 39 kDa was obtained. The purified lipase was stable at

pH 5.0–9.0 and temperature 30–80 �C. Ca2? and Triton

X-100 showed stimulatory effect on the lipase activity. The

purified lipase was highly stable in the non-polar solvents.

The functional groups of the lipase were determined by

Fourier transform-infrared (FT-IR) spectroscopy. The

purified lipase showed higher hydrolytic activity towards

CSO over the other cooked oil wastes. About 92.3 % of the

CSO hydrolysis was observed by the lipase at the optimum

time 3 h, pH 7.5 and temperature 35 �C. The hydrolysis of

CSO obeyed pseudo first order rate kinetic model. The

thermodynamic properties of the lipase hydrolysis were

studied using the classical Van’t Hoff equation. The

hydrolysis of CSO was confirmed by FT-IR studies.
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Introduction

Lipids (characterized as oils, greases and fats) are one of

the most important components of natural foods and many

synthetic compounds and emulsions. Therefore, the lipids

are widely found in municipal and industrial waste waters.

Used edible oils (cooked oil wastes) are also considered as

a problematic waste, contributing to the environmental

pollution. The treatment of lipid-rich wastewater is still a

challenge. Even though lipids are biogenic compounds,

their different structures and solubilities imply that it may

be difficult to induce the enzymes required for their bio-

degradation. Therefore, the use of viable microorganisms is

necessary because they have to subsist in the lipid substrate

and induce the enzyme (lipase) to hydrolyze them to

glycerol and fatty acid, and further biodegrade them to

carbon dioxide and water.

Marine microorganisms could able to provide an inter-

esting alternative for the degradation of lipids, due to their

unique genetic structures and life habitats when compared

to the terrestrial microorganisms [1]. The marine environ-

ment ranges from nutrient-rich regions to nutritionally

sparse locations where only a few organisms can survive.

With the recent advent of biotechnology, there has been a

growing interest and demand for enzymes with novel

properties. The complexity of the marine environment

involving high salinity, high pressure, low temperature and

special lighting conditions, may contribute to the signifi-

cant differences between the enzymes generated by marine

microorganisms and homologous enzymes from terrestrial

microorganisms, leading to the boosted marine microbial

enzyme technology in recent years and the resulting valu-

able products. Because of the novel properties of enzymes

from marine microorganisms, they can able to catalyze

various biochemical reactions (including hydrolysis) [2].
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However, there are very few reports available on their

production, characterization and application of the enzymes

from marine microorganisms [3].

Apart from the biodegradation of lipids using the marine

lipolytic microorganisms, the recovery of high value-added

product (lipase) from the lipid-fermented medium is con-

sidered to be the viable method for using the lipase for the

hydrolysis of lipids in large scale operations. Lipase is one

of the most extensively used enzymes, it can able to

hydrolyse the triglycerides into glycerol and fatty acids at

the lipid–water interface systems [4]. Lipases are widely

used in several areas of medicinal, biotechnological,

detergent, dairy, food, leather, textile, surfactant, pharma-

ceutical and hydrolysis of fats and oil processing owing to

their substrate specificity such as fatty acid, alcohol and

region-stereospecificity [5, 6]. The most important appli-

cation of lipase in oleochemical industry is the production

of fatty acids from oils through hydrolysis [7].

An efficient strategy for enhancing yield of the desired

metabolic product in a microbial system is the optimization

of medium components [8]. In recent years, use of statis-

tical approach involving Plackett–Burman (PB) designing

and response surface methodology (RSM) has gained lot of

impetus for medium optimization and for understanding

the interactions among various physico-chemical parame-

ters using a minimum number of experiments [9–11].

Response surface methodology uses the quantitative data

from appropriate experiments to determine and simulta-

neously solve multivariate equations [12, 13].

In the present study, the cooked sunflower oil was used

as the model substrate for the biodegradation of municipal

waste water containing lipids and industrial lipid wastes

using lipase. To degrade/hydrolyse the CSO, and to pro-

duce the novel lipase, highly efficient marine lipolytic

strain P. otitidis was isolated from the marine sediment.

Amongst the various bacterial lipases that are being

exploited, those from the genera Pseudomonas have unique

properties such as temperature stability, high enantio-

selectivity and activity in broader range of pH [14]. It is for

this reason that an extensive research has been done on

lipase production, using Pseudomonas sp. Therefore, the

strain P. otitidis was used for the fermentation of lipid

substrate followed by the production of lipase. The culture

conditions were optimized using PB designing and RSM.

The produced lipase was purified and characterized. The

purified lipase was applied as a biocatalyst for the hydro-

lysis of different cooked waste oils such as cooked sun-

flower oil (CSO), cooked olive oil (COO), cooked palm oil

(CPO), cooked coconut oil (CCO), cooked groundnut oil

(CGO), and cooked gingelly oil (CGiO). The hydrolytic

rate kinetic constants and thermodynamic properties were

evaluated for the hydrolysis of CSO using the lipase from

P. otitidis using CSO.

Materials and methods

Materials

The cooked sunflower oil prepared from the sunflower

oil was obtained from a local restaurant, Chennai, India.

The composition of the CSO was linoleic acid (66 %),

oleic acid (32 %), palmitic acid (11 %), and stearic acid

(9 %).

Bacterial strain isolation and cultivation

Lipase producing microbial cultures were isolated from the

sediments of about 10–20 m from seashore (Kovalam

beach (7701500N, 800500E), Chennai). Therefore, 1 g of

sediment was serially diluted in the sterile seawater and the

marine isolates were isolated using artificial seawater agar

(Himedia) using the pour plate method. The pure culture

was screened by their lipolytic activity on Tributyrin agar

plates, grown at 37 �C. Based on their zone of hydrolysis,

the lipolytic microorganism was selected and maintained

on double-strength nutrient agar slants and glycerol and

stored at 4 �C.

Lipolytic bacterial strain identification

The strain, which showed maximum lipolytic activity,

was identified by 16S ribosomal DNA (16S rDNA)

sequencing and phylogenetic analysis. The genomic DNA

was isolated according to the procedure of Marmur [15].

To identify the strain UNI16SF (50-GAG AGT TTG ATC

CTG GC-30) and UNI16SR (50-AGG AGG TGA TCC

AGC CG-30) primers were used for amplification of the

variable region of the 16S rDNA gene. Phylogenetic

analysis was performed by subjecting the deduced

sequence to the 16S rDNA database to obtain the similar

sequences and the phylogenetic tree was constructed

using the Phylip package [16].

Lipase production

Optimization experiments

Lipase was produced by growing the culture in a marine

medium containing sunflower oil 10 ml/L. The same

medium with 1 % sunflower oil supplemented culture was

used to optimize lipase production. Lipase production was

optimized by varying the time (0–120 h), pH (5.5–8),

temperature (20–60 �C), external carbon sources (dextrose,

sucrose, maltose, lactose and fructose), and concentration

of substrate (1, 2, 3, 4, 5 and 10 %). The various significant

factors were screened using PB design and then optimized

using response surface design.
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Plackett–Burman design

The preliminary experiments revealed that five factors,

including time, temperature, concentration of substrate, pH

and external carbon source, were supposed to have effect

on lipase production. It was known that the PB design

could evaluate the main effects of factors. The factors

having significant effects on lipase production were iden-

tified using this experimental design. As shown in the

Table 1, the design matrix covered five factors with two

dummy variables to evaluate their effects on lipase pro-

duction and lipase activity was given as response value.

Each factor was investigated at a high (?1) and a low (-1)

level. The factors, which were significant at 95 % of con-

fidence level (P \ 0.05) were considered to have greater

effects on the lipase production and further optimized using

response surface methodology.

The first order model used to fit the results of PB design

was represented as Eq. (1)

Y ¼ b0 þ
X

biXi ð1Þ

where Y was the predicted response, b0 was the intercept, bi

was the linear coefficient and Xi was the coded independent

factor.

Response surface methodology

Response surface methodology was used to optimize the

most significant factors for improving lipase production,

screened by PB design. The four independent factors were

studied at three different levels and a set of 30 experiments

were carried out.

The model equation used for the analysis was given as

Eq. (2)

Y ¼ a0 þ
Xk

i¼1

aixi þ
Xk

i¼1

aix
2
i þ

X

i\j

aijxixj ð2Þ

where Y is the predicted response, k is the number of fac-

tors, a0 is the design factor of interest, ai and aij are

coefficients. The accuracy and general ability of the above

polynomial model could be evaluated by the coefficient of

determination R2. Each experimental design was carried

out in duplicate, and the mean values were given.

Statistical analysis

Design expert, version 8.0.7 (Statease Inc., Minneapolis,

USA) was used for the experimental designs and regression

analysis of the experimental data. Statistical analysis of the

model was performed to evaluate the analysis of variance

(ANOVA). The quality of the polynomial model equation

was judged statistically by the coefficient of determination

R2 and its statistical significance was determined by an F test.

Experimental validation of the optimized condition

In order to validate the optimization of medium composi-

tion, three tests were carried out using the optimized con-

ditions to confirm the result from the analysis of the

response surface.

Optimum culture conditions

Pseudomonas otitidis isolated from marine sediment was

grown in Zobell marine broth (Himedia) with 1 % CSO as

the substrate. The substrate was emulsified in broth, using

an ultrasonicator (BANDELIN, Germany) at 23 kHz.

Culture conditions were 300 ml of medium in one litre

Erlenmeyer flasks, rotation at 100 rpm at 37 �C. Biomass

in the broth was removed by centrifugation and the

supernatant was subjected to lipase activity determination.

Enzyme activity assay

Lipase activity was measured by titrimetric assay, using an

olive oil emulsion [17] with slight modifications. Olive oil

10 % (v/v) was emulsified in distilled water containing

2 % (w/v) of polyvinyl alcohol in an ultrasonicator

(BANDELIN, Germany) at 23 kHz. Lipase assay was

determined by adding 5 ml of olive oil emulsion, 2 ml of

0.03 % Triton X-100, 2 ml of 3 M NaCl, 1 ml of 0.075 %

CaCl2 and 5 ml of phosphate buffer to the 1 ml of enzyme.

The enzyme–substrate mixture was incubated at 37 �C for

15 min. The reaction was terminated by adding ethanol:

acetone (1:1, v/v) to the mixture. The liberated fatty acids

were titrated against 0.02 N NaOH, using phenolphthalein

as indicator. The sample containing the reaction mixture

and ethanol:acetone solution without the addition of

enzyme was titrated against 0.02 N NaOH and was used as

control. One activity unit of lipase was defined as the

amount of enzyme that released 1 lmol of fatty acid per

minute under assay conditions.

Table 1 Coded and real values of the factors tested in the Plackett–

Burman experimental design

Factors Levels of factors

-1 ?1

X1 Concentration of substrate (ml/L) 30 50

X2 pH 6.5 8.5

X3 Temperature (�C) 30 40

X4 Time 48 96

X5 External carbon source (dextrose) (g/L) 0.5 2

X6 Dummy variable 1 (g/L) 1 2

X7 Dummy variable 2 (g/L) 1 2
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Purification of lipase

The enzyme from the cell free supernatant was precipitated

by ammonium sulphate at 80 % saturation at 4 �C. The

precipitate was collected by centrifugation at 8,000g for

15 min at 4 �C and dissolved in 0.1 M phosphate buffer of

pH 7.5. This aliquot was dialyzed against the same buffer

overnight under refrigerated conditions. The quantitative

activity of the lipase was determined as previously

described. The dialyzed enzyme was loaded onto the

DEAE-cellulose column (1.0 9 15 cm) previously equili-

brated with the 0.1 M phosphate buffer (pH 7.5). After

washing in the two bed volumes of the initial buffer, elu-

tion was performed with a negative linear gradient of

0–1.0 M NaCl at a flow rate of 30 ml/h. Fractions showing

lipase activity were collected and lyophilized for further

analysis.

Determination of protein and molecular weight

Protein concentration was determined by Lowry method

[18] employing bovine serum albumin as the standard. The

molecular mass of the lipase was determined by using

sodium dodecyl sulphate polyacrylamide gel electropho-

resis (SDS-PAGE) according to the method followed by

Laemmli [19], on a 5 % stacking gel and 12 % resolving

gel. The protein marker ranging from 14.3 to 94.7 KDa

was used as a standard marker for determination of

molecular weight. Protein bands were visualized by silver

staining.

Determination of optimum reaction conditions

Effect of pH and temperature on activity and stability

of purified lipases

The optimum pH for the purified lipase was determined

by incubating the enzyme substrate at various pH ranging

from 5 to 9 at room temperature in the following buffers:

0.1 M acetate buffer (5.0, 5.5, 6.0 and 6.5), 0.1 M

phosphate buffer (7.0, 7.5 and 8.0) and 0.1 M Tris buffer

(8.5 and 9). The residual enzyme activity was determined,

using the standard assay as described previously. The pH

stability was studied by incubating the lipase at each

desired pH for 4 h and then the lipase activity was

measured.

The optimum temperature for the purified lipase was

determined by incubating the reaction mixture at temper-

atures ranging from 20 to 80 �C at optimized pH value.

The thermal stability was studied by incubating lipase

mixture at each temperature for 4 h and lipase activity

under same assay conditions was measured.

Effect of metal ions, detergents, inhibitors and organic

solvents

One millimole of KCl, CaCl2, ZnCl2, MgCl2, FeSO4,

CuSO4, MnCl2, and EDTA was added to 0.1 M phosphate

buffered (pH 7.5) enzyme solution at 35 �C for 1 h to

determine the stimulatory or inhibitory effects of metal

ions. Similarly, different detergents such as 0.1 % (v/v) of

Triton X-100, Tween 20, Tween 80 and 1 mM of SDS and

inhibitor such as b-mercaptoethanol were incubated with

the buffered enzyme (pH 7.5) at 35 �C for 1 h. The effect

of various organic solvents on the enzyme was carried out

by the addition of 10 and 20 % of polar solvents such as

acetone, ethanol, methanol, isopropanol, dimethyl form-

amide (DMFA), dimethyl sulphoxide (DMSO), and ace-

tonitrile and non-polar solvents such as benzene, hexane,

pentane, octane, and toluene for 1 h at 35 �C. After the

incubation period, the lipase activity was measured using

the titrimetric assay.

Determination of kinetic parameters

The olive oil and cooked sunflower oil emulsions at dif-

ferent concentrations (1–10 %), at a constant temperature

(35 �C) and pH (7.5) were employed to determine the

kinetic parameters such as maximum reaction rate (Vmax)

and Michaelis–Menton constant (Km) for the purified

lipase. One unit of lipase activity (U) is defined as the

amount of enzyme that hydrolyzed the substrates to release

1 lmol of fatty acid per minute. The kinetic parameters

were obtained from Lineweaver–Burk equation plot Eq. 3

1

v
¼ Km

Vmax

1

½S�

� �
þ 1

Vmax

� �
ð3Þ

where [S] is the substrate concentration (mM) and V is the

initial reaction rate of the enzyme (mM/min).

Fourier transform-infrared spectroscopy (FT-IR)

of purified lipase

The functional groups present in the purified lipase were

identified using a Perkin Elmer FT-IR spectrophotometer.

For this purpose the samples were made in the form of

pellet with the thickness of 1 mm and diameter of 13 mm,

using spectroscopic grade KBr. The spectrum was analyzed

in the spectral range of 400–4,000 cm-1.

Kinetic studies on the hydrolysis of CSO using

the purified lipase from P. otitidis using CSO

The kinetic studies were evaluated to determine the effi-

ciency of lipase produced from CSO on the hydrolysis of

CSO. The optimum conditions for the hydrolysis of CSO
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were carried out by varying the time (15–180 min), pH

(3.0–9.0) and temperature (20–50 �C) in the batch experi-

ment. The experiment was carried out in a 100 ml conical

flask containing the 15 ml of substrate (CSO) emulsion

which was prepared as follows: one ml of CSO was added

with the 15 ml of 0.1 M phosphate buffer at pH 7.5 and

it was emulsified using ultrasonicator (BANDELIN,

Germany) at 23 kHz. The enzyme (5,647 U or 1 mg) was

added with the substrate emulsion. The enzyme substrate

mixture was incubated for the hydrolysis reaction at 35 �C.

The samples were withdrawn and analyzed the residual

lipid content according to the method followed by Joseph

et al. [20]. The % conversion of CSO was calculated as

follows.

% conversion¼ 1� final lipidcontent=initial lipidcontentð Þð Þ
�100 ð4Þ

Nonlinear kinetic model for the hydrolysis of CSO using

the purified lipase.

In order to investigate the kinetic rate constants for the

hydrolysis of CSO using the purified lipase from P. otitidis,

the non-linear kinetic models were performed. The pseudo

first order [21] and pseudo second order [22] were

employed with following equations (Eqs. 5 and 6),

respectively.

rt ¼ reð1� exp�K1tÞ ð5Þ

rt ¼
K2r2

e t

1þ K2ret
ð6Þ

where re and rt are the amount of CSO hydrolyzed (mg/mg

of lipase) at equilibrium and at time (t), K1 and K2 are the

first and second order rate constants.

Thermodynamic studies on the hydrolysis of CSO

using purified lipase from P. otitidis using CSO

The classical Van’t Hoff equation was used to determine

the thermodynamic properties such as Gibbs free energy

change, entropy and enthalpy of hydrolysis of CSO using

purified lipase. A change in temperature would mean that

only the Eq. (7) could be used.

DG ¼ DH � TDS ð7Þ

Hydrolysis of different cooked waste oils by purified lipase

from P. otitidis using CSO.

The cooked waste oils (CWO) such as cooked olive oil

(COO), cooked palm oil (CPO), cooked coconut oil (CCO),

cooked groundnut oil (CGO), cooked sunflower oil (CSO),

and cooked gingelly oil (CGiO) were obtained from dif-

ferent restaurants and used as a substrate for the purified

lipase. One ml of each CWOs were added with the 15 ml

of 0.1 M phosphate buffer at pH 7.5 and it was emulsified

using ultrasonicator (BANDELIN, Germany) at 23 kHz.

The enzyme (5,647 U or 1 mg) was added with the sub-

strate emulsion. The enzyme substrate mixture was incu-

bated for 3 h at 35 �C. After the incubation period, the

samples were withdrawn and analyzed the residual lipid

content [20]. The % conversion of CWO was calculated

using the Eq. (4).

FT-IR studies for the functional group determination

of hydrolyzed products of CSO

The functional groups of the unhydrolyzed and hydrolyzed

CSO using purified lipase from P. otitidis using CSO as the

substrate were identified using a Perkin Elmer FT-IR

spectrophotometer. For this purpose the samples were

lyophilized and made in the form of pellet with the

thickness of 1 mm and diameter of 13 mm, using spec-

troscopic grade KBr. The spectrum was analyzed in the

spectral range of 400–4,000 cm-1.

Results and discussion

Isolation and identification of lipolytic microorganism

Among 25 strains isolated from the marine sediments,

only one strain showed the maximum lipolytic activity

(144 U/ml) and a clear zone formation on tributyrin agar

plates indicating the production of an extracellular lipase

and thus, the strain was selected for the production of

lipase. The 16S rDNA sequencing data indicated that the

isolate was P. otitidis (Fig. 1). The nucleotide sequence

reported here has been assigned from NCBI Gene bank

database. The assigned accession number is JQ638704

The BLAST result showed 98 % similarities to other

P. otitidis strain MCC10330 (accession number: NR

043289.1). Pseudomonas otitidis is an aerobic, gram

negative bacterium which grows at pH 7.5 and tempera-

ture 35 �C.

Plackett–Burman design

Plackett–Burman design offered an effective screening

procedure and evaluated the significance of a large

number of factors in one experiment, which was time-

saving. Table 1 shows the coded values of high and low

level of factors chosen for the trials in PB design.

Table 2 represents the five independent factors and two

dummy variables with their concentrations at different

coded levels and the experimental responses for eight

runs.

Statistical analysis of the data showed that time, tem-

perature, pH and external carbon source had a significant
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effect on lipase activity (Table 2). The F test confirms the

significance of factors and the factors having values greater

than 0.5 could be considered as significant.

Response surface methodology (RSM)

Following screening, RSM using central composite design

was employed to determine the optimal levels of the four

selected factors that significantly affected lipase activity.

The high and low levels with the coded levels for the

factors are as same as in PB design. Based on the regres-

sion analysis of the data from the Table 3, the effects of

four factors on lipase activity were predicted by the second

order polynomial function as

Lipase activity U/mlð Þ ¼ þ352:33þ 19:33� Aþ 15:50

� B� 1:67� Cþ 4:33� Dþ 14:38� A� B

þ 12:38� A � C� 33:50� A � D� 11:37� B

� Cþ 7:50� B � Dþ 6:50� C � D� 80:71

� A2� 46:21� B2� 10:71� C2� 29:58� D2 ð8Þ

where A, B, C, D are time, pH, temperature and dextrose,

respectively.

Analysis of variance (ANOVA) for response surface

quadratic model

ANOVA (partial sum of squares—type III)

The statistical significance of equation was checked by F

test and ANOVA for the second order polynomial model as

shown in Table 3. The analysis of factor (F test) showed

that, the second order polynomial model was well adjusted

to the experimental data and the coefficient of variation

(CV), indicated the degree of precision of the experiment.

In general, higher the value of CV, lower the reliability of

the experiment. Here a lower value of CV (10.14) indicated

a better precision and reliability of experiments [23]. The

precision of a model can be checked by the regression

coefficient (R2). The regression coefficient was calculated

to be 0.9726, indicating that the 97.26 % of the variability

in the response could be explained by this model. Linear

and quadratic terms were both significant at the 1 % level.

Therefore, the quadratic model was selected in this opti-

mization study.

The regression coefficients and corresponding P values

are given in Table 3. The P values were used as the tool to

check the significance of each coefficient, which was

necessary to understand the pattern of the mutual interac-

tions between the best factors. Smaller the P value, bigger

the significance of the corresponding coefficients [24–26].

The results showed that, among independent factors,

Fig. 1 Rooted phylogenetic

tree showing the relationship of

marine isolate P. otitidis
(JQ638704) to other

Pseudomonas sp. values shown

in the parenthesis are accession

number

Table 2 Experimental design and results of the N = 8 experiments

and data analysis of Plackett–Burman experiments

Runs X1 X2 X3 X4 X5 X6 X7 Lipase

activity

(U/ml)

1 ?1 ?1 ?1 -1 ?1 -1 -1 348

2 ?1 ?1 -1 ?1 -1 -1 ?1 40

3 ?1 -1 ?1 -1 -1 ?1 ?1 80

4 -1 ?1 -1 -1 ?1 ?1 ?1 158

5 ?1 -1 -1 ?1 ?1 ?1 -1 102

6 -1 -1 ?1 ?1 ?1 -1 ?1 148

7 -1 ?1 ?1 ?1 -1 ?1 -1 138

8 -1 -1 -1 -1 -1 -1 -1 146

Variables Effect Mean square F test

X1 -5 3.125 0.005

X2 52 338 0.633

X3 67 561.13 1.052

X4 -76 722 1.354

X5 88 968 1.815
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A (time) and B (pH) had more significant effects on lipase

activity.

Values of ‘‘Prob [ F’’ less than 0.0500 indicate model

terms are significant. In this case A, B, AB, AC, AD,

A2, B2, C2, D2 are significant model terms. Values

greater than 0.1000 indicate the model terms are not

significant.

Comparison of observed and predicted lipase activity

A regression model could be used to predict the future

observations on the response (lipase activity) correspond-

ing to particular values of the regressor variables. In pre-

dicting new observations and in estimating the mean

response at a given point, one must be careful about

extrapolating beyond the region containing the original

observations. It was very possible that a model that fitted

well in the region of the original data would no longer fit

well outside the region. In this experiment, the predicted

data of the response from the empirical model Eq. (8) was

in good agreement with the observed ones in the range of

the operating variables.

Localization of the optimum condition

The 3D response surface plots described by the regression

model were drawn to illustrate the effects of the indepen-

dent factors and interactive effects of each independent

factor on the response factors. And also it showed the

optimum conditions required for the maximum production

of lipase was time 75 h, temperature 35 �C, pH 7.5, and

dextrose concentration 1.25 g/L (Fig. 2). Each figure pre-

sented the effect of two factors while the other factor was

held at the zero level.

At the optimized condition (time 75 h, temperature

35 �C, pH 7.5, and dextrose concentration 1.25 g/L), and at

the 4 % substrate concentration, the maximum lipase

activity was found to be 1,980 U/ml. The production of

lipase depends on the optimum culture conditions of the

respective microorganisms. The same explanation was

given by Ghosh et al. [27]. They reported that the best

temperature for the lipase production and the growth in the

case of R. nigricans was 30 �C while for T. emersonii, it

was around 45 �C.

Purification of lipase

The culture supernatant was used as a starting material for the

purification of lipase. The lipase was purified by ammonium

sulphate precipitation and DEAE-cellulose column chro-

matography. The lipase was recovered as a single peak in

void volume. Table 4 summarizes the results of lipase

purification. About 8.4-fold purification with 19.4 %

recovery was achieved. Gaur et al. [28] reported that the

purification fold and recovery of other Pseudomonas sp.

lipases were in the range of 13.9–34.7-fold and 2.9–16.4 %,

respectively. The specific activity of the purified lipase was

found to be 5,647 U/mg protein. The molecular mass of the

protein was found to be 39 kDa based on SDS-PAGE

(Fig. 3). The position of single band in non-denaturing

PAGE (Fig. 3; lane 2) indicates possible formation of

aggregates [29]. Most of the known Pseudomonas sp. lipases

have been reported to have molecular mass in the range of

29–33 kDa with a few reports on higher molecular mass in

the range of 45–94 kDa [28, 30–32].

Characterization of purified lipase

Effect of pH and temperature on lipase activity

and stability

The purified lipase from P. otitidis was able to tolerate a

broad range of pH 6.0–9.5 (Fig. 4a). The maximum rela-

tive lipase activity was observed at pH 7.5. However,

beyond pH 9.5 (at pH 10), the relative lipase activity was

reduced to 22 %. The purified lipase was incubated for 1 h

Table 3 ANOVA for the second order polynomial model and

regression coefficients and corresponding P values

Source Degree of

freedom

Mean

square

F value P value prob [ F

Model 14 18,684.97 38.04 \0.0001(significant)

Residual 15 491.19

Lack

of fit

10 557.45 1.55 0.3272 (not significant)

Pure

error

5 358.67

Total 29

R2 0.9726

Model Degree of

freedom

Estimate P value

A-time 1 18.26 0.0007

B-pH 1 11.74 0.0038

C-temperature 1 0.14 0.7177

D-dextrose 1 0.92 0.3533

AB 1 6.73 0.0203

AC 1 4.99 0.0412

AD 1 36.56 \0.0001

BC 1 4.21 0.0579

BD 1 1.83 0.1959

CD 1 1.38 0.2590

A2 1 363.74 \0.0001

B2 1 119.23 \0.0001

C2 1 6.40 0.0231

D2 1 48.87 \0.0001
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in different pH to determine the stability of the purified

lipase over the acidic, neutral and alkaline pHs. The study

showed the lipase possessed good stability over wide range

of pHs. About 72–83 % of the relative lipase activity was

stable in the acidic pH range 5.0–6.0 and 90 % of the

relative lipase activity was observed at neutral pH (pH 7.5).

About 85–55 % of the relative lipase activity was main-

tained after 1 h incubation in the pH range of 8–9.5. The

data on pH optimum and pH stability proves the P. otitidis

lipase was found to be alkaline in nature. Almost the

similar trend was observed for the other Pseudomonas sp.

lipases reported by researchers [33, 34].

The purified lipase was active in the studied range of

temperature from 20 to 60 �C with a higher activity at

35 �C (Fig. 4b). The decline in relative lipase activity was

observed at the temperatures of 70 and 80 �C, respectively

with the relative lipase activity of 45 and 30 %. This could

be attributed due to the loss of catalytic activity taking

place at these temperatures. The lipases derived from other

Pseudomonas sp. such as P. fluorescens 2D, P. fluorescens

HU380, P. fragi and P. mendoncina were also found to be

optimally active within 35 to 45 �C [33, 34]. While

studying the thermal stability profile, the purified lipase

was highly stable (100 %) at 35 �C. The purified enzyme

maintained 58 and 78 % of its relative lipase activity at 20

Fig. 2 Response surface curve for lipase activity (U/ml) by P. otitidis as the function of a time (h) and pH, b time (h) and temperature (�C), and

c time (h) and dextrose (g/L)

Table 4 Summary of purification procedure of lipase from

P. otitidis

Purification

steps

Total

activity

(U)

Total

Protein

content

(mg)

Specific

activity

(U/mg)

Yield

(%)

Purification

fold

Crude lipase 1,980,000 2,950 671 100 1

Ammonium

sulphate

precipitation

560,000 400 1,400 28 2.1

Dialysis 436,000 290 1,504 22 2.2

DEAE-

cellulose

384,000 68 5,647 19 8.4
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and 80 �C, respectively. The results showed that the lipase

was stable in the broad range of temperature. Due to this

potential property, the lipase could be applied in wide

industrial applications.

Effect of metal ions and reducing agent

Nearly one-third of all known enzymes require the pres-

ence of metal ions for catalytic activity [35]. This group of

enzymes includes the metal enzymes, which contain tightly

bound metal ion cofactors, most commonly transition metal

ions such as Fe2?, Cu2?, Mn2?, and Zn2?. Metal-activated

enzymes, in contrast, loosely bind metal ion from solution,

usually the alkali and alkaline earth metal ions K?, Mg2?,

and Ca2?. Among the metal ions tested, lipase activity was

strongly enhanced by Ca2? ion (relative lipase activity:

112 %) (Table 5). The other metal ions such as Mg2? and

K? showed slight inhibiting effect on the relative lipase

activity about 83 and 45 %, respectively. The rest of the

metal ions were acted as a strong inhibitor for the lipase

activity. The stimulatory effect on the lipase activity by

Ca2? suggests that the enzyme needed calcium ion as a

catalytic activator. Moreover, the results suggest that the

lipase activity was enhanced by the addition of alkali and

alkaline earth metal ions than the transition metal ions.

Hence, the P. otitidis lipase is found to be a metal-activated

enzyme. In this group of enzymes, the ions often play a

structural role rather than a catalytic one. The ions bind to

the enzyme and change the conformation of the protein to

counter greater stability to the enzyme. But transition metal

ions change the confirmation of the protein to less stable

due to ion toxicity. The addition of chelating agent, EDTA

showed inhibitory effect (there was only 27 % of the rel-

ative lipase activity is remaining) suggesting that the lipase

purified from P. otitidis is a metallo enzyme.

Effect of detergents and reducing agent on lipase activity

The stability of lipase in surfactant is desirable for lipases

to remain active in detergent formulations [36]. Surfactants

facilitate the access of substrate to the lipase by stabilizing

the interfacial area where catalytic reaction of lipase takes

place [37]. The addition of non-ionic/anionic surfactant can

increase both the activity and the stability of surface active

enzymes. The effect of non-ionic and anionic surfactants

on lipase activity was studied for 1 h duration at 35 �C and

pH 7.5 by choosing the surfactants with hydrophilic–lipo-

philic balance (HLB) varying in an interval of 13–16.7.

Fig. 3 SDS-PAGE showing the molecular weight of purified lipase.

Lane 1 molecular weight marker, lane 2 purified lipase

Fig. 4 Relative lipase activity and stability of purified lipase at

different a pH and b temperatures
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The HLB value indicates that the polarity of the molecule

in arbitrary units with its value increases with the increase

in hydrophilicity [38]. The addition of Triton X-100

increased the relative lipase activity (118 %) (Table 5),

which had a HLB value of 13.0. It was interesting to note

that the relative lipase activity decreased to 52 and 32 %

for Tween 80 (HLB-15.0) and Tween 20 (HLB-16.7),

respectively, when increasing the HLB values. The

decrease in relative lipase activity with increasing HLB

values of Tween series may be due to the fact that the

excessive adsorption of the surfactants on the enzyme

surface results in diffusional limitation on the reaction. On

contrary, the anionic surfactant sodium dodecyl sulphate

(SDS) owing to its negative charge showed an inhibitory

effect towards the relative lipase activity (12 %) as it

possessed a HLB value 40.

Results in Table 5 also show the role of disulphide

linkages in lipase catalysis. The disulphide bond has an

important role in stabilizing the protein structure. The

Pseudomonas lipase has two cysteine residues, which form

a disulphide bond [39]. Exposure of P. otitidis lipase to

S–S reducing agent b-mercaptoethanol reduced the relative

enzyme activity to 92 % indicating importance of disul-

phide bridges [37].

Stability towards organic solvents

Employing lipases for the bioconversions in organic sol-

vents is advantageous from biotechnological point of view.

Hence, stability in solvents is considered as novel attribute

in a lipase. Generally, enzymes, being proteins, lose their

activity at organic solvent concentrations higher than

10–20 % [40]. Therefore, the stability of lipase on various

organic solvents was tested at 10 and 20 % solvent con-

centrations (Table 5).

The lipase was stable in the presence of polar solvents

(log P \ -1.378) like DMSO, methanol, ethanol and

acetone as well as non-polar hydrophobic solvents ranging

from log P (2.13–4.783). The non-polar solvent octane

showed better stimulatory effect (248 % of relative lipase

activity) than the other non-polar and polar solvents. In the

overall study, the lipase is very stable in non-polar solvents

Table 5 Effect of detergents and reducing agents, metal ions and organic solvents on purified lipase activity

Detergents and

reducing agent

Concentration Relative

activity (%)

Diverse metal

ions (1 mM)

Relative

activity (%)

Organic

solvents

Log P
values

Concentration

(%)

Relative

activity (%)

Control 100 Control 100 Control 100

Tween 20 0.1 % 38 Ca2? 112 DMSO -1.378 10 153

20 97.5

Tween 80 0.1 % 52 Mg2? 83 DMFA -1.038 10 82

20 0

SDS 1 mM 12 Mn2? 0 Methanol -0.764 10 70

20 0

Triton X-100 0.1 % 118 Zn2? 33 Ethanol -0.235 10 64

20 8

B-Mercaptoethanol 1 mM 92 Fe2? 0 Acetone -0.208 10 62

20 0

EDTA 27 Isopropanol 0.074 10 28

20 0

K? 45 Acetonitrile -0.394 10 0

20 0

Cu2? 0 Hexane 3.764 10 132

20 95

Toluene 2.46 10 140

20 87

Octane 4.783 10 248

20 126

Benzene 2.13 10 32

20 0

Pentane 3.255 10 174

20 96
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than the polar solvents. It is reported that polar solvents

strip off the essential water molecules from the active site

of enzymes. For this reason, use of polar solvents is

avoided and hydrophobic solvents are more often

employed in non-aqueous enzymology. The non-polar

solvent tolerant lipases therefore appear promising for

catalysis. The stability of the lipase in aqueous–organic

mixtures suggested the ability of this enzyme to resist

denaturation by organic solvents and to form multiple

hydrogen bonds with water for structural flexibility and

conformational mobility for optimal catalysis [41]. There-

fore, the marine P. otitidis lipase is naturally stable in

organic solvent and holds the potential for use in organic

synthesis and related applications [42].

Enzyme kinetic parameters

Kinetic parameters, Km and vmax for P. otitidis lipase were

determined by Lineweaver–Burk plot (Fig. 5). The Km and

vmax values of purified lipase were carried out using olive

oil and CSO substrates. The results showed that the Km and

vmax values for olive oil substrate were found to be 20.715

and 1.034 mM/min, respectively. The Km and vmax values

for CSO substrate were found to be 7.324 and 2.309 mM/

min, respectively. The Km value represents higher affinity

between enzymes and substrates while vmax represents the

higher catalytic efficiency of lipase [43]. Our results were

corroborated with the other Pseudomonas lipases [31, 44].

Functional groups of purified lipase analyzed by FT-IR

The FT-IR spectra in Fig. 6 show major protein bands

owing to the peptide group vibration that occurred in the

spectral region 1,200–1,700 cm-1. The band at

1,652.38 cm-1 is due to the C=O stretching vibrations of

amide I. The band at 1,233.33 and 1,461.52 cm-1 can be

attributed to NH bending and C–N stretching vibrations

[45]. The other Pseudomonas lipase reported also showed

the band at 1,652 cm-1 is due to the C=O stretching

vibrations of amide I. The band at 1,238 and 1,406 cm-1

can be attributed to NH bending and C–N stretching

vibrations [30].

Kinetic studies on the hydrolysis of CSO

using the purified lipase

Many different bacterial species produce lipases to

hydrolyze esters of glycerol, preferably with long-chain

fatty acids. These lipases act at the interface generated by a

hydrophobic lipid substrate in a hydrophilic aqueous

medium. In the present study, the hydrolysis of CSO was

studied using the lipase derived from P. otitidis using CSO

as the substrate. The reaction is as follows.

Effect of time, pH and temperature on the hydrolysis

of CSO using purified lipase

The lipase was reacted with the CSO substrate in the

presence of phosphate buffer (pH 7.0). The batch hydro-

lysis of CSO with respect to time is shown in Fig. 7a. The

maximum percentage conversion of CSO (58.4 %) was

achieved at 3.0 h, thereafter the hydrolysis reaction

attained saturation. Thus, the optimum time was considered

to be 3.0 h in the present investigation.

The pH on the hydrolysis of CSO using lipase at 30 �C

was carried out for 3 h as shown in Fig. 7b. Various pH

buffer solutions from 3.0 to 9.0 were prepared, using ace-

tate, phosphate and tris buffers. The results revealed that

the maximum conversion of CSO (65.4 %) was obtained at

pH 7.5. The percentage conversion of CWO was decreased

Fig. 5 Lineweaver–Burk plot of purified P. otitidis lipase using olive

oil and CSO substrates Fig. 6 FT-IR spectrum of purified lipase from P. otitidis
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when the pH value was below or above 7.5. This was

correlated with the optimum pH for the purified lipase

activity, which was observed a pH 7.5. At this pH, the

lipase was highly active and thus the maximum hydrolysis

of CSO also attained at the same pH (7.5).

The hydrolysis reaction rates of lipase at different

temperatures (20–50 �C) are shown in Fig. 7c. The opti-

mum temperature for the hydrolysis of CSO using lipase

was 35 �C with 92.3 % of the hydrolysis.

Nonlinear kinetic model for the hydrolysis of CSO

using the purified lipase

The first order rate constant k1 and the second order rate

constant k2 are summarized in Table 6. Moreover, the

results confirmed that the hydrolysis of CSO by the lipase

purified from P. otitidis obeyed the first order rate kinetic

model as observed greater R2 values.

Thermodynamic studies on the hydrolysis of CSO

using purified lipase from P. otitidis using CSO

The thermodynamic parameters were calculated using the

Eq. (7). The negative change in entropy value (DS =

-45.208 J/molK) indicates that the hydrolysis of CSO

using purified lipase has become more ordered. Moreover,

the positive value of enthalpy (DH = 14.913 kJ/mol) of

the system indicates the hydrolysis of CSO using purified

lipase is an endothermic process. The positive free energy

(DG = 28.611 kJ/mol) value indicate the process of

hydrolysis of CSO using purified lipase is not spontaneous.

Hydrolysis of different cooked waste oils by purified

lipase from P. otitidis using CSO

It has been reported that the hydrolytic activity is the basic

characteristic of lipase. However, the same lipase has

different hydrolytic activity towards different kinds of

lipids from different sources. It is required that lipase is

non-specific with high specific activity, hydrolyzing dif-

ferent kinds of lipids from different sources when it is

applied to lipase biosensor, detergent industry and diges-

tion of lipids in the food and medicine [46]. In order to

determine the specificity of the lipase from P. otitidis using

CSO, the lipase was used for the hydrolysis of different

lipid substrates such as CSO, palm oil, gingelly oil,

groundnut oil, and coconut oil. Interestingly, the study

showed the higher hydrolytic efficiency (92 %) towards

CSO (Fig. 8). This may be explained due to the substrate

specificity of the lipase. Apart from CSO, the lipase

showed better hydrolytic efficiency towards cooked palm

oil (85 %), groundnut oil (82 %), coconut oil (73 %), and

gingelly oil (68 %). The results suggested that lipase used

in the present study had good hydrolytic efficiency towards

non-specific substrate with more specificity towards their

own substrate. Therefore, the lipase with high hydrolytic

activity towards different CWOs may have high potential

applications in degradation of lipids from different

industries.

Identification of hydrolyzed products by FT-IR

The FT-IR spectrum of unhydrolyzed CSO (Fig. 9a) shows

O–H stretching vibrations at 3,368.55 cm-1. The C=O

stretching of ester peak was observed at 1,739.25 cm-1.

The –CH2 scissoring vibrations was observed at

1,456.06 cm-1 and the C–O stretching vibration was found

in the region 1,088.21 cm-1.

The FT-IR spectrum of hydrolyzed CSO (Fig. 9b) by

lipases shows that there was a shifting of C=O stretching of

esters peak from lower region to higher, i.e., from 1,739.25

to 1,746.26 cm-1, which is due to the cleavage of tri-

glycerides in the CSO into glycerol and fatty acids.

Moreover, the spectrum clearly confirms the formation of

312 Bioprocess Biosyst Eng (2013) 36:301–315

123



glycerol and fatty acids from the triglyceride form of CSO.

This could be explained in detail as follows. The band

observed at 1,361.90 and 1,152.38 cm-1 is due to the

–C–O stretching vibration of carboxylic acid overlapped

with –OH bending vibrations of glycerol and –CH2 wag-

ging, respectively.

Conclusions

The main objective of the study was to produce the high

yield of lipase from marine bacterial strain P. otitidis by

utilizing CSO as the substrate. The strain was identified by

using 16S rDNA sequencing and phylogenetic analysis.

The strain P. otitidis produced 1,980 U of lipase activity

per milliliter of the fermented medium at the optimum

conditions, which was comparatively higher than the other

lipases produced from all other microorganisms. The

optimum culture conditions were determined by using PB

design and response surface methodology. The purified

lipase was active in broad pH range 5.0–9.0 and tempera-

ture range 30–80 �C. Ca2? ions and non-ionic surfactant

Triton X-100 showed stimulatory effect on the purified

lipase activity. The non-polar solvent octane showed better

stimulatory effect than the other non-polar and polar

Table 6 Kinetic rate constants for the hydrolysis of CSO using the

lipase produced from P. otitidis using CSO as the substrate

Temperature (�C) Pseudo first order Pseudo second order

k1 R2 k2 R2

20 0.026 0.986 1.9 9 10-4 0.988

30 0.029 0.983 1.5 9 10-4 0.953

40 0.028 0.999 5.2 9 10-5 0.767

50 0.019 0.991 2.5 9 10-4 0.995

Fig. 7 Effect of a time (conditions: concentration of CSO 33.3 ml/L,

pH 7.0 and temperature 30 �C). b pH (conditions: concentration of

CSO 33.3 ml/L, time 3 h and temperature 30 �C) and c temperature

(conditions: concentration of CSO 33.3 ml/L, time 3 h and pH 7.5) on

the hydrolysis of CSO by lipase produced from CSO

Bioprocess Biosyst Eng (2013) 36:301–315 313

123



solvents studied. The amide groups of purified lipase were

identified by FT-IR spectroscopy. The purified lipase

showed better hydrolytic activity towards CSO than the

other substrates used. This shows the substrate specificity

of the lipase which was produced using CSO as the sub-

strate. About 92.3 % of the CSO hydrolysis was observed

at the optimum conditions. The hydrolysis of CSO fol-

lowed the pseudo first order rate kinetic model. The ther-

modynamic study indicated the process of hydrolysis of

CSO using purified lipase is not spontaneous. The FT-IR

studies confirmed the fragmentation of triglyceride form of

CSO into glycerol and fatty acid. The attractive charac-

teristics of lipase from marine strain P. otitidis using CSOs

and their higher hydrolytic efficiency towards the lipid

substrates will be very useful for the wide variety of

industrial applications including the hydrolysis of oils and

fats.
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