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Abstract- Extracellular lipase producing psychrotrophic
Pseudomonas ADT3 (NCBI GenBank Acc.no.JX914667)
isolated from soil sample of Ny- Alesund, Svalbard, Arctic
region produced maximal lipase activity of 527.8U/mg after 48
hours at pH 8.5 and temperature 22°C in presence of 1.2mM lead
as cofactor. It was partially purified 2.9 folds by ammonium
sulphate precipitation (80%). Enzymatic performance was
improved by immobilization of enzyme on various carriers viz.
Alginate and polyacrylamide gel. The immobilization yield of
enzyme immobilized in polyacrylamide gel was low (40.0%) in
comparison to that immobilized with alginate (70.0%). Different
concentrations of alginate and calcium chloride were studied to
acquire stable beads. Optimum concentration of alginate and
calcium chloride was 2% and 0.12M respectively. The
immobilized enzyme was found to be stable in alkaline pH. The
maximal activity for immobilized enzyme was found at pH 8.5.
Broader pH tolerance could be achieved by immobilization.
Temperature optima of the enzyme showed no changes before
and after immobilization i.e. 22°C. But the thermal stability was
enhanced after immobilization. Immobilized enzyme remained
active up to 50 °C while the activity of the free enzyme started to
decrease from 40 °C. Even at 70°C immobilized enzyme retained
25% of residual activity but free enzyme totally loses enzyme
activity. The storage stability of entrapped lipase up to 50% was
found after 5 days at 4°C, while at 30°C the enzyme lost 60% of
its activity after 2 days. The enzyme can be reused up to 5 cycles
which is a promising technique for large-scale preparation of
immobilized lipase for industrial applications.
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I. INTRODUCTION

I

n the natural environment, lipases (EC 3.1.1.3) catalyze the
hydrolysis of esters formed from glycerol and long chain fatty
acids [1, 2]. However, under appropriate experimental
conditions, these enzymes are also very active biocatalysts for
the esterification of fatty acids and transesterification reactions
[3, 4]. Many lipases from microbial sources have been
investigated and found to be promising catalysts for the
hydrolysis and synthesis of fats and oils. Versatility of lipase
leads to multiple industrial applications in food and flavour
making, pharmaceuticals, synthesis of carbohydrate esters,

amines and amides, biodetergents, cosmetics and perfumery. The
use of free lipases is limited by their considerably unstable nature
and the resulting requirement of stringent conditions, such as
particular pH and temperature [5, 6, and 7]. In order to use them
more economically and efficiently in aqueous as well as in nonaqueous solvents, their activity, selectivity and operational
stability can be modified by immobilization [8]. Immobilization
of enzymes is the key to expand the applications of these natural
catalysts by enabling easy separation and purification of products
from reaction mixtures and efficient recovery of enzyme
proteins. The enzyme immobilization is to entrap the enzymes in
a semi-permeable supports, which prevents the enzyme from
leaving while allowing substrates and products to pass through
[9].With immobilized enzymes, improved stability, reuse,
continuous-operation, possibility of better control of reaction,
product yields and hence more enzymatic activity over a broad
range of pH and temperature can be expected[10].
Entrapment of enzyme in calcium alginate is one of the
important methods of immobilization. Alginates are
commercially available as water-soluble sodium alginates and
they have been used for more than 65 years in the food and
pharmaceutical industries as thickening, emulsifying and film
forming agent. Entrapment within insoluble calcium alginate gel
is recognized as a rapid, nontoxic, inexpensive and versatile
method for immobilization of enzymes as well as cells [11].
The present research was based on the entrapment of
extracellular cold active lipase in calcium alginate beads obtained
from a newly isolated strain of psychrotropic Pseudomonas sp
ADT3 from soil samples collected from Ny- Alesund (78°55’N,
11°54’E) Svalbard, Arctic region during the Indian Arctic
Expedition 2009, organized by National Centre for Antarctic and
Ocean Research, Goa. and also the characteristic of immobilized
enzyme. The effect of independent variables such as alginate
concentration, CaCl2 concentration, and effect of pH and
temperature on immobilization yield and activity of immobilized
enzyme were investigated. Repeated use of the immobilized
lipases was also studied with storage stability. The present
communication would enhance the enzyme stability via
immobilization and hence leads to multiple industrial
applications in food and flavour making, pharmaceuticals,
biodetergents, cosmetics and perfumery.
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II. MATERIALS AND METHODS
2.1 Chemicals
All chemicals used were of analytical grade, obtained from
Himedia (India) and Sigma-Aldrich Company.
2.2 Bacterial isolate
Pseudomonas ADT3 was isolated in our laboratory from soil
samples collected from Ny- Alesund (78°55’N, 11°54’E)
Svalbard, Arctic region during the Indian Arctic Expedition
2009, organized by National Centre for Antarctic and Ocean
Research, Goa under the Ministry of Earth Science, Govt of
India. The molecular identification and lipase activity studies of
this isolate were done by 16S rDNA sequencing and titration
assay. The ADT3 isolate could grow on olive oil as the sole
carbon source [12].
2.3 Growth conditions
The ADT3 isolate could grow on minimal medium
containing: 0.3%(w/v) KH2PO4, 0.6%(w/v) Na2HPO4, 0.05%
(w/v) NaCl, 0.1% (w/v) NH4Cl, 2 mM MgSO4, 0.1mM CaCl2
with 1.0% olive oil as the sole carbon source and 2% (w/v) agar
[13] at pH 8.0 by spread plate method and the culture was
incubated with shaking at 22°C for 48 hrs. Pure cultures of the
isolate were maintained on M9 minimal medium agar slants
containing olive oil and were routinely maintained by sub
culturing.
2.4 Production of lipase
ADT3 cells were grown in Erlenmeyer flasks (250 mL) with
50 mL of M9 minimal medium containing 1% olive oil as
substrate and flasks were incubated in shaker incubator with 120
rpm agitation at 22°C for 48 h. Cells were harvested by
centrifugation at 10,000 rpm for 10 minutes at 4°C. The
supernatant obtained was filtered using 0.45 µm cellulose acetate
filter membrane (Sigma-Aldrich). The cell free filtrate was used
as the extracellular crude enzyme which was stored at −20°C for
further studies.
2.5 Partial purification of extracellular lipase by Ammonium
Sulphate Fractionation
The online program ammonium sulphate calculator from
EnCor Biotechnology, Inc, Gainesville, Florida [14] was used for
calculating the amount of solid ammonium sulphate to be added
for getting desired fractions. Precipitation was done at 0-10%,
10-20% and 20-30% saturation for 2-3 hours and at 40-50%, 5060%, 60-80%, and 80-90% saturation of ammonium sulphate for
overnight incubation, with magnetic stirrer at 4∘C. After each
precipitation step, the fraction was centrifuged at 12,000 rpm for
15 minutes at 4∘C. All the precipitates obtained were
resuspended in a minimal amount of buffer (10 mM Tris-HCl,
pH 8.0) and dialyzed against large volume of the same buffer by
successive change in buffer after 2 hours at 4 ∘C. The process was
continued till the last trace of ammonium sulphate was removed.
The obtained precipitates (partial purified enzyme) were
dissolved in Tris-HCl buffer (50 mM, pH 7.5) and used for
entrapment.
2.6 Lipase assay
Extracellular lipase activity in bacterial culture supernatants
after centrifugation (12,000 g for 20 min) was determined by
titrimetric assay using olive oil as substrate. Lipase activity was
examined by titrating free fatty acids liberated from triglycerides
with alkali [15, 16]. The reaction mixture contained 1ml of 0.1
M Tris- HCl buffer pH 8.0, 50mM KCL, 200µl Tween 20, 1 ml
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olive oil, 1ml of culture supernatant at 22°C for 3 hrs. The
reaction mixture was mixed well on a reciprocal shaker at 60
rpm. After incubation, the mixture was shaken vigorously with 3
mL of ethanol to stop the enzyme reaction and break down the
emulsion. The amount of fatty acids liberated during the reaction
was estimated by titrating with 10 mM NaOH using
phenophathalein indicator. Blank contained the same
components except enzyme solution.
One unit of lipase activity was defined as the amount of
enzyme required to liberate 1µMole equivalent of free fatty acid
per minute. Specific activity was defined as units of lipase
activity per milligram protein. The results obtained were means
of triplicates for each experiment.
Specific activity =

ml titrant x molarity of titrant x 1000
........................................................................
.
Amount of protein (mg)

2.7 Immobilization of partially purified lipase
2.7.1 Calcium alginate beads
The partially purified enzyme solution was mixed with
sodium alginate solution (2%) in 1:1 ratio. The lipase-alginate
mixture was added dropwise into calcium chloride (0.12 M)
solution with continuous stirring with magnetic stirrer at 4°C. As
soon as the drop of lipase-alginate solution mixed with CaCl2
solution, Na ions of Na-alginate were replaced by the Ca +2 ions
of CaCl2 solution, which finally formed Ca-alginate beads. The
lipase immobilized in beads of calcium alginate was stirred in the
calcium chloride solution for another hour at 20ͦC [17]. The
beads thus formed were washed 3-4 times with deionized water
to remove any traces of chloride and finally suspended in 50 ml
solution of 0.05 mM Tris of pH 7.5. These beads were dried and
weighed for further studies.
2.7.2 Polyacrylamide gel entrapment method
Potassium phosphate buffer (pH 7.0, 0.2 M) was used to
dissolve acrylamide 2.85 g, bisacrylamide 0.15 g, ammonium
persulphate 10 mg and 0.1 mL TEMED. Equal ratio of chilled
partially purified lipase solution and chilled potassium phosphate
buffer were mixed well and poured into sterile flat bottom 4 inch
diameter Petri plates. After polymerization the acrylamide gel
was cut into equal size cubes. The acrylamide cubes were placed
in sodium phosphate buffer (pH 7.0, 0.2 M) for 1 h in the
refrigerator. These cubes were washed thoroughly two to three
times with sterile water [18].
2.8. Protein Assay
The amount of protein content before and after
immobilization was determined by the method of Bradford using
BSA as the standard [19].

III. RESULT AND DISCUSSION
3.1 Characterization and Identification of psychrotrophic
lipase producing bacteria
The strain was identified as Pseudomonas sp.ADT3 based
on biochemical tests satisfying the Bergey’s manual of
Determinative Bacteriology and 16S rDNA Gene Amplification
and Sequencing. The NCBI GenBank Accession number of the
isolate was JX914667. SEM micrograph reveals that the cells
www.ijsrp.org
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were rod shaped of length 4.5 μm and diameter 0.9 μm. The
results of experiments on Antibiotic sensitivity assay showed that
ADT3 strain is resistant to Oxycillin and ampicillin [12].The
organism is capable of growth on lipid as the sole carbon source
which was confirmed by Rhodamine B plate assay where orange
fluorescence under UV illumination indicates the presence of
lipolytic activity.
3.2 Partial purification of Pseudomonas sp. ADT3 lipase

3

The purification procedure of the cold-active lipase
produced by Pseudomonas ADT3 was summarized in Table
1.The lipase was partially purified about 2.9 fold over the crude
extract with 64.4%recovery using 60-80% ammonium sulphate
for precipitation. The specific enzyme activity of the partially
purified lipase increased to 1433.8 U/mg proteins Table1.

Table 1 Purification process of lipase from the psychrotrophic bacterium
Pseudomonas sp. ADT3
Purification steps

Total enzyme (U/L)

Total protein (mg)

Specific activity (U/mg)

Purification

Enzyme Yield

Fold

(%)

Crude extract

4,45,000

900

494.4

1.0

100

Ammonium

2,86,760

200

1433.8

2.9

64.4

sulphate
precipitation (6080%) saturation

3.3 Production of extracellular lipase from Pseudomonas sp.
ADT3
Pseudomonas produced an extracellular lipase during
growth on a medium containing olive oil as the sole carbon
source. The results recorded in Figure 1 indicated that the
production of lipase increased steadily with the cultivation time
and the best enzyme production, about 88.0 U/mg was reached
after 48 days of cultivation. Maximum lipase production was
observed during the stationary phase of growth and then the
activity declined. In our study, the secretion of lipase was

induced by 1% olive oil, as no other organic nutrient or carbon
substrate other than olive oil was supplemented in the growth
medium for the production of lipase. However, the enzyme
production decreased on increasing the incubation period
showing lipase activity of 64.11 U/mg after 3 days of incubation.
This may be attributed to the fact that lipase production has been
frequently inhibited by the end products namely, glycerol and
fatty acids [20, 21] Figure 1

Fig 1: Effect of different incubation period on lipase activity and growth by Pseudomonas ADT3 Lipase production was observed
during the stationary phase of growth. Maximum enzyme production (88.0 U/mg) was observed after 48 hours of cultivation and then the
activity declined. The bar denotes standard deviation (SD). When the error bar cannot be seen, the deviation is <5%.

3.4 Immobilization of Pseudomonas ADT3 lipase using different carriers
The experimental results of immobilized Pseudomonas ADT3 lipase using different entrapment techniques are shown in Table 2
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Table 2: Immobilization of Pseudomonas ADT3 lipase using
Carriers

Immobilization yield (%) =

different carriers

Enzyme added

Bound Enzyme

(U/mg) P

(U/mg) R

Immobilization yield (%)

Ca-alginate

350

245

70.0

Polyacrylamide

350

140

40.0

R
............. X 100
P

The immobilization yield of lipase entrapped in calcium
alginate (70.0%) was higher than that of enzyme entrapped in
polyacrylamide (40.0%). The low yield with polyacrylamide
blocks may be due to the diffusional resistance of nutrients and

oxygen into the matrices. These results are in accordance with
studies on A. niger [22, 18] and Candida rugosa [23].
Therefore, alginate was considered to be the best matrix for the
production of lipase and the partially purified enzyme entrapped
by sodium alginate was used for further investigation Figure 2.

Fig 2 a. Calcium alginate beads containing immobilised lipase of Pseudomonas ADT3. b. Polyacrylamide cubes containing
immobilised lipase of Pseudomonas ADT3

3.5 Effect of Sodium Alginate Concentration:
Due to the cross-linking between alginate and Ca2+ leads to
gelation, alginate concentration is a major parameter for enzyme
gel entrapment. Therefore effect of alginate concentration on
immobilization yield was investigated. For the determination of
suitable concentration of sodium alginate different percentage of
sodium alginate (1%-5%) were used to acquire beads with
greater stability maintaining the CaCl2 concentration (0.12 M).
The percent entrapped activity was found maximal at 2% (w/v)
sodium alginate concentration. The percentage immobilization

yield was 55.7%. Maximum leakage of enzyme from beads
occurred at 1% (w/v) sodium alginate concentration owing to the
larger pore sizes of the less tightly crossed linked fragile Caalginate beads. Immobilization yield decreased on increasing
alginate concentration. At 4% and 5% (w/v) sodium alginate
concentration the entrapped activity of the enzyme was found
very low which might be due to the high viscosity of enzyme
entrapped beads, which decreased the pores size and thus
hindered the substrate transfer from the bulk phase into the
alginate beads [24] Figure 3
Fig 3: Effect

of sodium alginate concentration on percent

immobilization of lipase from Pseudomonas ADT3

The Percentage

immobilization yield peak shows maxima at 2% sodium alginate
concentration. Immobilization yield decreases on increasing alginate
concentration. The bar denotes standard deviation (SD). When the error
bar cannot be seen, the deviation is <5%.
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3.6 Effect of calcium chloride
Concentration of calcium chloride (0.05-0.3 M) was also
varied keeping alginate concentration constant (2%) in order to
acquire stable beads capable of securing maximum enzyme and it
was found that CaCl2 (0.12 M) retained highest activity of
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entrapped enzyme and as calcium chloride concentration
increased beyond 0.12 M the activity decreased. It was also
reported a decrease in the relative enzyme activity of alkaline
protease when they increased the concentration

Fig 4: Effect of calcium chloride concentration on percent immobilization of lipase from Pseudomonas ADT3 The Percentage
immobilization yield peak shows maxima at 1.2mM calcium chloride concentration. Immobilization yield decreases on increasing calcium
chloride salt concentration. The bar denotes standard deviation (SD). When the error bar cannot be seen, the deviation is <5%.

of CaCl2 used to form capsule [25]. They observed that the
pH of the CaCl2 solution changes with its concentration which
might be a factor to affects the activity of entrapped enzyme
Figure 4
3.7 Effect of pH on activity of the free and immobilized
Pseudomonas ADT3 lipase
Effect of pH on the specific enzyme activity of both free
and immobilized lipase of Pseudomonas ADT3 was studied by
varying the pH of the reaction medium from 2.0–9.0 with1.2 mM

Pb as cofactor at 22°C and the pH profile is shown in Figure 5.
The lipase was found to be nearly alkaline which showed higher
specific enzyme activities for both free and immobilized enzyme
at pH 8.5. In free lipase first, there is a sharp increase in enzyme
activity at pH 3.5 which drops around neutral pH followed by a
peak at pH 8.5 that gradually falls into a plateau. The two peaks
for free enzyme were due to presence of two isoforms of the
enzyme. The maximum activity of enzyme was found around pH
8.5 (alkaline) for free and immobilized lipase.

Fig 5 Effect of pH on the specific enzyme activity of free and immobilized lipase with 1.2 mM Pb at 22°C. Optimum activity could be
detected for both free and immobilized lipase at pH 8.5.

Error bars with 5% SEM are displayed.

It was reported that the surface of the beads in which the
enzyme is localized has a cationic or anionic nature. This
charged surface of beads and entrapped enzyme produces a
charged microenvironment, which ultimately affects the nature of
the active enzyme protein and alters the pH of the entrapped
enzyme [26]. So, in the present case the surface of beads at acidic

pH might produce some effect on the active lipase, thus the
activity of enzyme is lowered than free enzyme. The surface of
beads at neutral pH had produced no effect on the active lipase,
thus the activity of free and immobilized enzyme remained
almost the same. Residual activity was measured and found that
immobilized enzyme was stable over a broad range of pH. This
www.ijsrp.org
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indicated that immobilization appreciably improved the stability
of lipase in alkaline region. Similar results were obtained on
using immobilized Candida rugosa lipase on chitosan [27]
3.8 Effect of temperature on activity and stability of the free
and immobilized Pseudomonas ADT3 lipase
The temperature dependence of the hydrolytic activity of
free and immobilized lipase is shown in Figure 6. The optimum
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reaction temperature (22°C) of the lipase was not altered by
immobilization at pH 8.5. The immobilized lipase showed higher
specific enzyme activities above 22 °C as compared to the free
lipase. However enzyme activity starts decreasing at 40 °C for
immobilized lipase and at 30 °C for the free enzyme. These
results indicate that lipase is more stable when immobilized in a
matrix with higher hydrophobicity [28].

Fig 6 Effect of reaction temperature on lipase activity of immobilized and free
lipase from Pseudomonas ADT3 The lipase activity peaks shows maxima at 22°C for
both free and immobilized lipase. With increase in temperature the activity decreases.

Heat stability of the lipase entrapped in alginate matrices is
much better than that of the corresponding free enzyme Figure 7.
Immobilized enzyme remained active up to 50 °C while the
activity of the free enzyme started to decrease from 40 °C. At 60

°C the residual activity of the immobilized lipase was 46%
compared to 10% for free enzyme. Even at 70°C immobilized
enzyme retained 25% of residual activity but free enzyme totally
loses enzyme activity.

Fig 7 Thermal stability of free and immobilized lipase Residual activity of the lipase was measured at different temperature at pH 8.5. The activity of the
free enzyme started to decrease from 40 °C but immobilized enzyme remained active up to 50 °. At 60 °C the residual activity of the free enzyme was only
10% compared to 46% for immobilized enzyme. Free enzyme totally loses enzyme activity at 70°C but immobilized enzyme retained 25% of residual activity.
The bar denotes standard deviation (SD). When the error bar cannot be seen, the deviation is <5%.

3.9 Reusability of Immobilized lipases
One of the important characteristics of an immobilized
enzyme is its stability and reusability over an extended period of
time. The residual activity of the immobilized enzyme for the

repeated use is shown in Figure 8. The enzyme showed 83%
activity during the second reuse, 75% activity on its third use and
62% activity of entrapped enzyme were
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Fig 8 Effect of repeated use of immobilized Pseudomonas ADT3 lipase on residual activity at pH 8.5 and 22°C The immobilized enzyme can be
reused up to 5cycles with residual activity of 32%. The enzyme showed 83% activity during the second reuse, 75% activity on its third use and 62%
activity of entrapped enzyme were observed during the fourth cycle. The bar denotes standard deviation (SD). When the error bar cannot be seen, the
deviation is <5%.

observed during the fourth cycle. This decrease in activity
was due to the leakage of enzyme from the beads, occurred due
to the washing of beads at the end of each cycle [17, 27].
3.10 Storage stability of enzyme
Immobilized enzyme was stored at two temperatures, viz.
4ºC and 30ºC. The activity was noted up to 10 days Figure 9. It
was found that beads which were stored at 4ºC showed 30% loss
of activity after 48 hours, 50% activity loss after 5 days and 95%
loss of activity after 10 days. On the contrary beads which are
stored at 30ºC showed 60% loss of activity after 48 hours, 95%

loss of activity after 4 days and complete loss of activity after 5
days. These results clearly revealed the fact that the enzyme
remained considerably stable at refrigeration temperature of 4ºC.
It was reported 36% loss in the activity of immobilized
dextransucrase at 30°C after 3 hours and 86% loss in activity at
40°C within two hours [29], also reported 96% loss of activity of
dextransucrase at 40°C within two hours [30]. It was also
reported the stability of alkaline proteases up to nine days after
entrapment of cells of Bacillus subtilis PE-11 [31].

Fig 9 Effect of temperature on storage stability of immobilized lipase from Pseudomonas ADT3 At 4°C 70% of residual activity was found after 2 days and
50 % activity after 5 days. On contrary beads stored at 30ºC showed 40% of residual activity after 2 days and 5% activity after 4 days and complete loss of activity
after 5 days. The bar denotes standard deviation (SD). When the error bar cannot be seen, the deviation is <5%.

IV. CONCLUSION
The main objective of the present study was to increase the
efficiency of the newly isolated strain of Pseudomonas sp ADT3
from Arctic region via immobilization to produce lipase. The
enzyme was partially purified approx.2.9-fold with an overall
yield of 64.4 % and specific activity of 1433.8 U/mg with 80%
ammonium sulphate precipitation. The immobilization yield of
lipase entrapped in calcium alginate was found 70.0%. In order
to acquire stable beads capable of securing maximum enzyme
2% sodium alginate and 0.12 M CaCl2 was found optimum

retaining highest activity of entrapped enzyme. The immobilized
enzyme was found to be stable in alkaline pH. The maximal
activity for immobilized enzyme was found at pH 8.5.The
temperature optima for both free and immobilized remained
same i.e. 22°C. But the immobilized enzyme remained active up
to 50 °C while the activity of the free enzyme started to decrease
from 40 °C. Even at 70°C immobilized enzyme retained 25% of
residual activity but free enzyme totally loses enzyme activity.
The enzyme can be reused up to 5 cycles which is a promising
technique for large-scale preparation of immobilized lipase for
industrial applications. Enhancement of stability of lipase from a
www.ijsrp.org
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psychrotrophic Pseudomonas via immobilization leads to
multiple industrial applications in food and flavour making,
pharmaceuticals, biodetergents, cosmetics and perfumery.
Further work needs to elucidate the immobilization of enzymes
in combination with protein engineering techniques to improve
enzymes of industrial significance.
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