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Abstract Pseudomonas, being the common inhabitant of
colder environments, are suitable for the production of
cold-active enzymes. In the present study, a newly isolated
strain of Pseudomonas from cold desert site in Indian
Himalayan Region, was investigated for the production of
cold-active lipase. The bacteria were identified as Pseu-
domonas proteolytica by 16S rDNA sequencing. Lipase
production by bacteria was confirmed by qualitative assay
using tributyrin and rhodamine-B agar plate method. The
bacterium produced maximum lipase at 25 °C followed by
production at 15 °C while utilizing olive, corn, as well as
soybean oil as substrate in lipase production broth. Enzyme
produced by bacteria was partially purified using ammo-
nium sulphate fractionation. GBPI_Hb61 showed aggre-
gation behaviour which was confirmed using several
techniques including gel filtration chromatography,
dynamic light scattering, and native PAGE. Molecular
weight determined by SDS-PAGE followed by in-gel
activity suggested two lipases of nearly similar molecular
weight of ~50 kDa. The enzyme showed stability in wide
range of pH from 5 to 11 and temperature up to 50 °C. The
enzyme from GBPI_Hb61 exhibited maximum activity
toward p-nitrophenyldecanoate (C10). The stability of
enzyme was not affected with methanol while it retained

< Anita Pandey
anita@gbpihed.nic.in; anitapandey333 @gmail.com

Biotechnological Applications, G B Pant National Institute of
Himalayan Environment and Sustainable Development,
Kosi-Katarmal, Almora, Uttarakhand 263 643, India

Department of Microbiology, CSIR-Central Drug Research
Institute, Lucknow, Uttar Pradesh 226 031, India

Department of Biotechnology, Kumaun University, Bhimtal
Campus, Bhimtal, Uttarakhand 263 136, India

@ Springer

more than 75% activity when incubated with ethanol,
acetone, and hexane. The bacterium is likely to be a
potential source for production of cold-active lipase with
efficient applicability under multiple conditions.

Keywords Pseudomonas - Cold-active lipase -
Aggregation - Indian Himalayan Region

Abbreviations
pNP p-Nitrophenol

CHAPS 3-[(3-Cholamidopropyl)dimethylammonio]-
1-propane sulfonate

NP-40  Nonylphenoxy polyethoxyethanol

Brij-35  Polyethylene glycol dodecyl ether

SDS Sodium dodecyl sulphate

PEG Poly ethylene glycol

Introduction

Lipases (EC 3.1.1.3) are enzymes that catalyse hydrolysis
of lipids and synthesis of esters at lipid water interface and
water-insoluble substrate interface, respectively [1]. Their
wide applications in many industries, including organic
synthesis, paper manufacturing, food, dairy, detergent,
biosensors, pharmaceuticals, and biodiesel production,
make them extremely versatile biocatalyst of biotechnol-
ogy industry [2, 3]. According to J. B. S. Haldane, a bio-
chemist, who wrote in his monograph named as ‘Enzymes’,
“The possible substrates for lipase are to be numbered in
millions” [4]. With increasing trend for microbial lipases
[5], which have the advantages including catalysis of
diverse reactions, high yield, and less production costs over
animal and plant based lipases, search for new source with
novel characteristics is still continued. Cold-adapted
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lipases, with high rate of catalysis in low temperature, find
its application in many areas unlike mesophilic and ther-
mophilic enzymes which remain less active or inactive at
low temperatures [3]. Cold-adapted lipases are mostly
distributed among microbes which grow at low tempera-
tures. Most microbes for exploration of cold-adapted lipase
have been isolated from different cold habitats including
Antarctic/polar region [6], and deep sea sediments/marine
environments [7, 8]. Attempts have been made from time
to time to isolate new microorganisms to produce cold-
active lipases with higher catalytic activity in low-tem-
perature conditions. These include several species of
Acinetobacter [9-11], Achromobacter [12], Pseudoal-
teromonas [7, 13], Psychrobacter [14, 15], Pseudomonas
[16-18], etc.

Himalayan mountains, which are gifted with valued
source of biodiversity, still remain unexplored in several
ways. Microbial diversity of Indian Himalayan region
(IHR) with respect to bio-prospection for beneficial prod-
ucts has been reported in several studies [19-22]. Studies
on microbiota of this region suggest the microorganisms to
possess adaptations to various extremophilic conditions of
temperatures, pH, and salt [20, 23]. These reports provide a
fundamental base to explore novel enzymes which help
microbes in these regions to survive under harsh condi-
tions. Such enzymes can be overproduced in vitro for their
applicability in biotechnological industries and lipase being
one of them. Previous studies from high-altitude soils in
IHR suggest dominance of psychrotolerant species of
Pseudomonas [24]. Pseudomonas being the common
inhabitant of cold environment is an important microor-
ganism suitable for producing cold-active lipase with sta-
bility in wide range of temperature as well as pH.
According to Yabuchi et al. [25], Pseudomonas lipases
were probably the first to be studied; called as true lipases.
Based on a recent study by Daiha et al. [2], use of lipases as
biocatalysts is still a relevant topic to study for industrial
sector. Therefore, present study focuses on production of a
cold-active lipase from a newly isolated strain of Pseu-
domonas proteolytica from cold desert soil with emphasis
on lipase aggregation studies and its characterization.

Methods
Bacterial Strain and Culture Conditions

The bacterium was isolated from soil collected from Mana
(Distt. Chamoli) in Uttarakhand state under IHR (altitude
of 3200 masl) following tenfold serial dilution. The pure
bacterial culture was preserved in glycerol stocks at
—20 °C while it was routinely cultured using tryptone
yeast extract (TY) agar at 25 °C for 24 h.

Biochemical and Physiological Characterization
and Identification of the Bacterium

The biochemical tests including oxidase, catalase, urea
hydrolysis, indole production, nitrate reduction, utilization
of carbohydrates, and enzyme production including pro-
tease, amylase, and lipase production were performed fol-
lowing standard methods. Physiological characterization of
bacteria was carried out for temperature, pH, and salt tol-
erance through visual inspection for growth as described in
Jain and Pandey [20].

For identification, DNA was isolated following the
method of Chen and Kuo [26]. PCR amplification of
16StRNA gene by using 27F and 1492R primers was
performed followed by sequencing of amplified product
(Courtesy: NCCS Pune, India). The nucleotide sequence
was identified using EzTaxon database [27]. Phylogenetic
tree was constructed employing maximum likelihood
method using MEGA version 6 [28]. The type culture and
its nucleotide sequence are deposited in Microbial Culture
Collection, National Centre for Cell Science, Pune, India,
and NCBI, respectively.

Lipase Production

Production of extracellular lipase by GBPI_Hb61 was first
assayed qualitatively using tributyrin agar (HiMedia, India)
and rhodamine B-olive oil agar plates [29].

Lipase production medium (LPM) (composition in g/l:
NaNO; 3 g, MgSO,4-7H,O 0.5 g, KCI 0.5 g, K,HPO,
0.1 g, FeSO,4-7H,O 0.01 g, Yeast extract 5 g, pH 7.0)
amended with 1% olive oil [30] was used for quantitative
production of lipase in 250-ml flask containing 50-ml
sterilized media under static condition. 1% bacterial cul-
ture grown in LPM but in absence of olive oil
(ODgpo = 0.5) was used as inoculum. The production was
carried out up to 10 days and the lipase activity was
measured after every 2nd day of incubation. Bacterial
culture was filtered through Whatman filter paper 1 and
then centrifuged at 10,000 rpm for 10 min and the clear
supernatant was used for lipase assay.

Lipase Assay

Lipase activity was measured using p-nitrophenyldode-
canoate (pNPL) (Sigma, US) as substrate by the method
described by Pinsirodom and Parkin [31]. Briefly, reaction
mixture contained 1 ml of tris—ClI buffer (50 mM, pH 9.0),
1 ml substrate solution (420 pum pNPL), and 0.4 ml crude
enzyme. The reaction was allowed to occur for 5 min at
room temperature (20 °C). Release of pNP was recorded at
410 nm using a UV/Vis spectrophotometer (Ultrospec
2100 Pro, Amersham Biosciences). Enzyme activity was
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calculated using standard curve of pNP in tris—Cl buffer
(pH 9.0). Enzyme activity was expressed in terms of
enzyme unit which is defined as the enzyme required to
release 1.0 pum of pNP per min under standard assay
conditions.

Effect of Culture Conditions on Lipase Production

Lipase production was carried out in different culture con-
ditions by altering temperature, pH and media component.
For estimation of lipase production at different temperatures,
the sterilized lipase production broth was inoculated with 1%
inoculum and incubated at four different temperatures (5, 15,
25, and 35 °C). Effect of initial medium pH on lipase pro-
duction was quantified by inoculating bacteria in lipase
production medium of different pH (adjusted using 1 N
NaOH/HCI) and incubation at 25 °C.

In all the experiments for media component optimiza-
tion, original medium with 1% olive oil served as control.
In carbon source, three oil source including soybean oil,
corn oil, and tributyrin were screened for lipase production.
Nitrogen source included organic as well as inorganic
nitrogen source. In case of organic nitrogen, yeast extract
in original medium was replaced with same concentration
of peptone, malt extract, casein, urea, or no organic nitro-
gen source. Similarly, for inorganic N-source, sodium
nitrate in original medium was replaced with ammonium
nitrate, ammonium chloride, ammonium sulphate, or no
inorganic nitrogen source added. Effect of detergents (1%)
including tweens 20, 40, 60, 80, and triton X-100 was also
investigated on lipase production by the bacterial strain.

Partial Purification of Enzyme

Ammonium sulphate fractionation (0-50% and 50-80%) of
cell free crude supernatant after enzyme production for
10 days was performed using solid ammonium sulphate at
4 °C. Resulting precipitates were collected after centrifu-
gation at 4 °C for 20 min at 15,000 rpm and dissolved in
minimal volume of tris—Cl (50 mM, pH 8.0) buffer. Both
the fractions were dialysed overnight against same buffer at
4 °C with two change of same buffer. Lipase activity was
measured in both the fractions. Active fraction was used for
further studies. Protein was estimated spectrophotometri-
cally by Bradford method [32] using bovine serum albumin
as standard. Specific activity in culture supernatant and
active fraction obtained after ammonium sulphate frac-
tionation was calculated.

Aggregation Studies on Lipase

Lipase produced by the bacterium showed very high degree
of aggregation. Various techniques were used to confirm
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the formation of protein aggregates. All the experiments
related to aggregation studies were conducted using par-
tially purified lipase obtained after ammonium sulphate
precipitation.

Gel Filtration Chromatography

Gel filtration chromatography using Sephadex G-100 was
performed to purify the lipase in initial steps. The column
was equilibrated with 50 mM tris—Cl buffer (pH 8.0).
500 pl of concentrated lipase solution was loaded on to the
column and elution was carried out with same buffer.
Column was run at a flow rate of 0.5 ml/min and a total of
25 fractions of 1 ml each were collected.

Dynamic Light Scattering

Experiment based on dynamic light scattering (DLS) using
Zetasizer Nano (Malvern Instruments) was also performed
[33]. Different treatments including several detergents and
reagents were tested to break aggregate of proteins in the
sample. Protein sample diluted (1:4) in tris—Cl buffer
(50 mM, pH 8.0) was used for DLS measurements at
25 °C. Data were analysed using Zetasizer software (v
7.11) to compare reduction in molecular size (d.nm) of
proteins in the samples after several treatments.

Native PAGE

To study aggregation behaviour of lipase, non-denaturing
polyacrylamide gel electrophoresis was performed. Native
PAGE of ammonium sulphate precipitate was performed
using gel system of Laemmli [34] with resolving gel of
10% and stacking gel of 4%. Sample was treated with
different detergents including CHAPS, Triton-X100, NP-
40, Brij-35, Tween-20, SDS, L-arginine, glycerol, and PEG.
After electrophoretic separation, zymogram was developed
following the method of Prim et al. [35] using 4-methyl
umbelliferyl butyrate (Sigma, US) as substrate. Same gel
was also stained with coomassie brilliantblue R250 (CBB).

Determination of Molecular Weight by SDS-PAGE

SDS-PAGE (12.5%) (non-reducing as well as reducing)
was performed using gel system of Laemmli [34] for
determination of molecular weight of the lipase. After
electrophoresis was complete, gel was washed in 2.5%
triton-X (only in case of non-reducing SDS-PAGE) in tris—
Cl (50 mM, pH 8.0) buffer to remove SDS from gel.
Zymogram was developed as described above and the same
gel after activity staining was also stained with CBB.
Reducing gel was directly stained with CBB after elec-
trophoresis. Molecular weight was determined by
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comparing active bands with standard pre-stained molec-
ular weight markers (Puregene, Genetix Biotech) and
protein bands in CBB stained gels.

Biochemical Characterization of Lipase

Effect of Temperature and pH on Lipase Activity
and Stability

Effect of temperature on lipase activity was determined
after incubating enzyme reaction mixture at different
temperatures from 10 to 70 °C in tris—Cl buffer (50 mM,
pH 8). Thermal stability of partially purified lipase was
determined by incubating the enzyme at different temper-
atures for 1 h. Residual activity was then measured by
assaying the enzyme reaction in tris—Cl buffer (pH 8.0) as
described earlier.

Optimal pH for lipase activity was determined by per-
forming enzyme assay in buffers of different pH values
ranging from 4 to 12 at 20 °C. Similarly, for pH stability,
enzyme was incubated in different pH buffers for 2 h and
residual activity was measured after performing standard
enzyme assay. Buffers used for different pH values include
50 mM citrate phosphate buffer (pH 4, 5), 50 mM sodium
phosphate buffer (6, 7), 50 mM tris—Cl (pH 8, 9), 50 mM
glycine—-NaOH buffer (pH 10, 11), and 50 mM Na,HPO,—
NaOH buffer (pH 12).

Effect of Organic Solvents on Stability

Nine different organic solvents including methanol, etha-
nol, n-propanol, n-butanol, acetone, dichloromethane,
acetonitrile, toluene, and hexane were used for determining
effect of these solvents on lipase stability. Each solvent
(25% v/v) was incubated with enzyme for 30 min and
residual activity (%) against control without any solvent
was calculated.

Substrate Specificity of Lipase

4-Nitrophenyl esters including pNP-octanoate (C8), pNP-
decanoate (C10), pNP-dodecanoate (C12), pNP-myristate
(C14), and pNP-palmitate (C16) were used for determination
of substrate specificity of partially purified lipase. 10 mM of
each substrate was dissolved in ethanol and 25 pl of substrate
mixed with 475 pl of 1% triton X-100 in water was added to
480 pl of tris—Cl buffer (50 mM, pH 8.0). Enzyme assay was
performed at 20 °C using 20 pl of enzyme.

Statistical Analysis

One-way ANOVA following Duncan’s test was performed
for measuring statistical difference (p < 0.05) in enzyme

production between different treatments. Mean and stan-
dard error of three replicates were calculated using
Microsoft Excel 2013 software.

Results

Biochemical Characteristics and Identification
of the Bacterium

GBPI_Hb61 produced fluorescent light yellow coloured
colonies on TY agar at 25 °C following 24 h of incubation.
The bacterial cells were observed as tiny rods which were
Gram negative and scattered under oil immersion. The
bacterium could only utilize dextrose sugar among all the
tested carbohydrates. = Temperature tolerance by
GBPI_HDb61 was in the range of 5-35 °C suggesting it as a
psychrotolerant bacterium with a wide range of pH toler-
ance (pH 2-14). In extreme acidic (pH 2) and alkaline pH
(12-14), the bacterium showed restricted growth. Salt tol-
erance was recorded up to 10% with no restriction in cell
biomass. All characteristics of GBPI_Hb61 are summa-
rized in Table 1.

Following 16S rRNA sequencing and BLAST analysis
using EzTaxon, the bacterium was identified as P. prote-
olytica (99.54% similarity). A phylogenetic tree to under-
stand the evolutionary relation with closely matched
bacteria was also re-constructed, which is shown in Fig. 1.
The tree indicates its close relation with other psy-
chrophilic Pseudomonas spp. isolated from Antarctic/polar
regions.

Lipase Production by the Bacterium

Bacteria showed lipase production in tributyrin agar indi-
cated by zone of clearance while orange fluorescence was
observed following olive oil utilization in rhodamine-B
agar around the bacterial colony. Prolonged production of
lipase by the bacterium i.e., up to 10 days of incubation (at
25 °C) was investigated during quantitative estimation of
lipase.

Effect of Temperature and pH on Lipase Production

Temperature played a significant role to facilitate enzyme
production by the bacterial isolate (Fig. 2A). Out of the
four temperatures screened, the bacterium showed maxi-
mum lipase production at 25 °C followed by production at
14 °C. Production of lipase enzyme initiated from 2nd day
of incubation at 25 °C which continued till 10th day after
which enzyme production reached a plateau. Production at
35 °C was completely seized while at 4 °C low enzyme
production was recorded. Enzyme production at 14 °C as
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Table 1 Morphological,

biochemical and physiological characteristics of GBPI_Hb61

Characters

Morphology Light yellow fluorescent, flat, colony (2-3 mm) at 25 °C

Microscopy Gram negative, scattered, tiny rods (single and doubles) (size = 0.70 & 0.13 pm)
Biochemical

Carbohydrate utilization

Hydrolytic enzymes

Physiological
characterization

Accession number

Oxidase, catalase, urease (weak) positive; nitrate reduction, indole production negative
Dextrose positive; inositol, sucrose, lactose, inulin and mannitol negative

Protease and lipase positive; amylase negative

Temperature tolerance from 5 to 35 °C (optimum 25 °C), pH tolerance from 2 to 14 (optimum 5-7 pH; pH 2,
12-14 week growth), salt tolerance up to 10%

Nucleotide gene sequence GenBank Acc no.: KY092171

Fig. 1 Phylogenetic tree of gar Pseudomonas costantinii (AF374472)
GBPI_Hb61 reconstructed by

maximum likelihood method Pseudomonas lurida (AJ581999)
with bootstrap replication of 68

1000

Pseudomonas trivialis (AJ492831)
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Fig. 2 Lipase production by GBPI_Hb61 at different temperatures and pH. Different alphabets in a bar group show significant difference
(p < 0.05) calculated by Duncan’s test
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well as 4 °C was found increasing with further incubation.
Maximum enzyme activity on 10th day of incubation at 25,
14 and 4 °C was recorded as 33.29, 21.94, and 6.6 U/ml,
respectively.

The pH did not affect enzyme production in initial
stages of incubation while in later stages acidic pH (pH 5)
aided higher enzyme production. Maximum production
(39.81 U/ml) was achieved at pH 5 after 10 days of incu-
bation. Alkaline pH (pH 11) inhibited the enzyme pro-
duction by GBPI_Hb61 (Fig. 2B).

Effect of Oil and Nitrogen Source and Surfactant
on Enzyme Production

The bacterium was able to equally utilize all tested oils as
substrate for lipase production, except tributyrin oil. No
significant difference (p < 0.05) between enzyme activities
was observed when corn, soybean, and olive oil were used
as sole source of carbon for lipase induction on day 10 of
incubation (Fig. 3A). When screening various organic
nitrogen and inorganic nitrogen sources, yeast extract as
organic nitrogen source was found to be necessary for
lipase production, while other tested N-source inhibited the
production of enzyme. A significant difference (p < 0.05)

(A) @Olive @Soybean B Corn O Tributyrin

40 ) 2
35 4

30 A
25
20 A
15 A
10 A
54 ¥
0 L&

Enzyme Unit/ml

10
Incubation time (days)

(0] = Control BPep BEME ®Cas @U ONO
4

Enzyme Unit/ml

2 4 6 8 10
Incubation time (days)

Fig. 3 Effect of A oil source, B inorganic nitrogen, C organic
nitrogen source, and D non-ionic detergent on lipase production. AN
ammonium nitrogen, AC ammonium chloride, AS ammonium
sulphate, Pep peptone, ME malt extract, Cas casein, U urea, Ny no

in enzyme production was observed when control was
compared with different treatments. Sodium nitrate did not
affect the enzyme production in initial incubation stages in
comparison to when no inorganic nitrogen source was
added in the production media (Fig. 3B). Yeast extract
(34.94 U/ml) as organic nitrogen source followed by casein
(28.19 U/ml) and peptone (27.32 U/ml) were found to be
the best supplement for lipase production (Fig. 3C).

In another experiment, where effect of different non-
ionic detergents was tested, no detergent was able to
enhance lipase production in comparison to control.
Although triton X-100 showed no significant difference
(p < 0.05) in lipase production in comparison to control,
tweens significantly (p < 0.05) inhibited lipase production
(Fig. 3D).

Partial Purification of Lipase

Among the two fractions (0-50% and 50-80%), obtained
after ammonium sulphate fractionation, 0-50% fraction
contained active lipase which was confirmed by perform-
ing activity assay for both the fractions. No activity was
observed in 50-80% fraction. Therefore, active fraction
containing lipase was utilized for further studies. Specific

(B) @mControl BAN BAC EAS ONO

Enzyme Unit/ml

8
Incubation time (days)

(D)  ©@Control MTX-100 BT-20 BT-40 MT-60 OT-80
35 1
30 A
25 A

Enzyme Unit/ml
(3]
S

Incubation time (days)

nitrogen source (inorganic/organic, respectively), 7X-100 triton
X-100, T tween. Different alphabets in a bar group indicate significant
difference (p < 0.05) calculated by Duncan’s test
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activity of active fraction was calculated to be 262.93 U/mg
of protein in comparison to 79.08 U/mg of protein in case of
crude supernatant.

Aggregation Studies
Gel Filtration Chromatography

During gel filtration of ammonium sulphate precipitate,
active lipase fraction was collected in void volume due to
high molecular weight aggregates of lipase or formation of
oligomers. Elution profile of gel filtration performed using
Sephadex G-100 is shown in Fig. 4, which suggest size of
native protein to be more than 250 kDa.

Dynamic Light Scattering

DLS in the presence of different compounds showed no
effect on lipase aggregation except NP-40. NP-40 was able
to disaggregate lipase but only to a little extent reflected by
shifting of curve towards lower size (Z-average decreased
to 26.17 d.nm in comparison to 80.70 d.nm for control).
DLS profile of protein samples for molecular size distri-
bution obtained in the presence of various detergents and
compounds is shown in Fig. 5.

Native PAGE

On the basis of native PAGE followed by in-gel enzyme
activity analysis, high molecular weight aggregates of
>250 kDa were observed. When same gel was stained
with CBB, dark protein bands of large molecular weight
were visible near interface of stacking and resolving gel.
NP-40, as suggested by DLS analysis also, was able to
break the large aggregates to some extent and therefore
active bands were visible near 200 kDa. Also, SDS to some
scope was able to break the large aggregates of lipase
indicated by the absence of dark band near gel interface but
activity could not be detected in gel may be due to

_ b ~e-0D410nm [ 06
£
E 0.14 —4-0D280mm | /& 2
3 012 E
g r04 2
& 008 03 8
= e
o =
g 00 Loz §
% 0.04 . E
£ o

0 Py /.\' ........ PPN 0

0 5 10 15 20 25

Elution volume (ml)

Fig. 4 Gel filtration elution profile of lipase eluted from Sephadex
G-100 column
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denaturation of lipase in the presence of SDS (Fig. 6). Rest
of the treatments were ineffective in breaking the protein
aggregates.

Molecular Weight Determination by SDS-PAGE

SDS-PAGE was first performed in non-reducing condition
followed by removal of SDS from gel and development of
zymogram. Two active bands very close to each other, with
minor difference in their molecular weight, were visible.
This was further confirmed by staining same gel with CBB.
Two protein bands which could not be resolved from each
other in gel showed molecular weight of approximately
50 kDa. Similar protein bands were visible when SDS-
PAGE was performed under reducing condition (Fig. 7).

Characterization Studies on Lipase

Effect of Temperature and pH on Lipase Activity
and Stability

GBPI_Hb61 lipase showed maximum activity at 40 °C
(relative activity of 136.22%) while it retained 88.85%
activity at low temperature (10 °C) in comparison to the
activity recorded at 20 °C. Similarly, lipase produced by
bacterial isolate was almost equally stable from 10 to
50 °C, while sharp decrease in stability was recorded at
60 °C (Fig. 8A). Optimum pH for lipase activity was
observed to be pH 8 with no significant variation at pH 9 as
well as pH 10. In contrast, lipase was equally stable in pH
ranging from 6 to 11 even after 24 h. This indicates wide
pH stability of lipase for its use in acid as well as alkaline
conditions (Fig. 8B).

Effect of Organic Solvents

Stability of lipase produced by GBPI_Hb61 decreased
when incubated with solvents of various polarities except
methanol where small increase (103.45% residual activity)
in activity was recorded. Decrease in stability along with
decrease in solvent polarity was observed. Residual activity
of lipase, when incubated with different organic solvents, is
given in Table 2. More than 75% residual activity was
observed only in the presence of hexane, methanol, and
acetone.

Substrate Specificity of Lipase

Lipase caused maximum hydrolysis (relative activity of
227.65%) of pNPdecanoate (C10) while pNPoctanoate and
pNPdodecanoate were equally utilized as substrates. This
showed substrate specificity if GBPI_Hb61 lipase towards
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Fig. 5 Dynamic light scattering
analysis of GBPI_Hb61 lipase
for determining molecular size
after several treatments

Intensity (Percent)

Il cControl

I Tween-20 (0.05 %)
[ | Isopropanol (5 %)

i

Fig. 6 Native PAGE analysis followed by in-gel enzyme activity
after sample treatment with various detergents and reagents showing
large molecular weight aggregates of lipase (indicated by arrows).
Lane 1 0.5% NP-40; 2 0.1% Brij-35; 3 50 mM imidazole; 4 0.5%
SDS; 5 10 mM CHAPS; 6 5% PEG; 7 0.5 M arginine; 8 10%
glycerol; 9 control

medium chain esters. Specificity for higher carbon chain
(C14 and C16) ester was recorded very less (Fig. 9).

Discussion

The present study explains isolation of lipase from a newly
isolated strain of P. proteolytica which has been isolated
from high altitude in IHR. The bacterium itself was found to
possess several extremophilic traits including tolerance to
low temperature (psychrotolerant), wide range of pH as well
as salt concentration equivalent to 1.7 M (halotolerant).
Soil in Himalayan region are reported to inhabit microbes
with several extremophilic characteristics [20, 36]. These
studies explain the richness of Himalayan soil with novel
microbiota which still remains unmapped. Answer to their
adaptation capabilities in harsh condition might be explored
after digging into their genome and finding out their evo-
lutionary relation with their ancestors. In the present study,
phylogenetic tree explains closeness of GBPI_Hb61 with
that of several psychrophilic microorganisms including P.
antarctica, P. extremaustralis, and P. yamanorum, which

Size Distribution by Intensity

10 100 1000 10000
Size (d.nm)
B Acetonitrile (5 %) B Sucrose (0.5M)
B NP-40 (0.5 %) B Brij-35 (0.05 %)
I Tauocholic acid (1 %)
1 M 2 3
FE—
135kDa —
100 kDa —— et
75 kDa — —
\ -
63 kDa —— -—
kD — -
35 kDa — R
25kDa —

wk

Fig. 7 SDS-PAGE showing molecular weight of GBPI_Hb61 lipase.
Lane 1 zymogram showing active lipase bands; 2 SDS-PAGE in non-
reducing condition; 3 SDS-PAGE in reducing condition; M molecular
weight marker

has been originally isolated from extreme colder environ-
ments [37, 38].

Extremophiles are the source for several enzymes for
their multiple functionality in several industrial sectors.
Pseudomonas, being an ecologically successful microor-
ganism [39], has been a choice for the production of sev-
eral active metabolites including cold-active lipases. This
study also explains the production and properties of a cold-
active lipase from a psychrotolerant Pseudomonas species.
It was interesting to find that the bacterium produced lipase
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Fig. 8 Effect of A temperature and B pH on activity and stability of GBPI_Hb61 lipase. Relative activity at 20 °C and pH 8 was considered as

100%

Table 2 Effect of organic solvent on activity of GBPI_Hb61 lipase

Solvent Residual activity (%)
Control 100
Methanol 103.45 + 1.90
Ethanol 93.53 £+ 0.69
n-Propanol 68.88 £ 0.28
n-Butanol 5524 + 1.82
Acetone 84.55 + 4.07
Dichloromethane 23.01 £+ 4.48
Acetonitrile 66.77 £ 0.78
Hexane 75.07 £ 2.53
Toluene 3546 £ 0.15
pNPP
pNPM
St
2
]
o pNPL
Z
=3
pNPD
pNPO
0 50 100 150 200 250

Relative activity (%)

Fig. 9 Substrate specificity of GBPI_Hb61 lipase against different
chain length pNP esters. Activity of pNP dodecanoate (pNPL) was
considered as 100%. pNPO, pNP octanoate; pNPD, pNP decanoate;
pNPM, pNP myristate; pNPP, pNP palmitate

in the production medium only when incubated at or below
25 °C. Production was recorded maximum at 25 °C with
slow but continuous enhancement in lipase production at
low temperatures. Rashid et al. [40] reported production of
a cold-active lipase from Pseudomonas sp. strain KB700A
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when grown below 25 °C, while no activity in culture
supernatant was observed at 30 °C. Maharana and Ray [18]
also reported minimum lipase (CALip5) production by a
psychrotolerant Pseudomonas sp. AKM-L5 at 35 °C. The
production of lipase at higher pH (9 and above) was sig-
nificantly inhibited while at pH 5 and 7 not much variation
in lipase production was observed. The pH of culture
supernatant checked (data not included) after lipase pro-
duction lied between pH 7.5 and 8.0 and is suggested to be
the ideal medium pH for lipase production by GBPI_Hb61.
In a similar study, optimum production of a lipase from
Aeromonas caviae AU0O4 has been observed between pH 7
and 8 [41].

The bacterium, in the present study, utilized all tested oil
sources as sole carbon source for the production of lipase.
As lipase is an inducible enzyme and require lipid source
for its production, oil in medium is necessary to achieve
lipase production. While tributyrin being a short chain fatty
acid ester could not facilitate lipase production at par to
other oil source indicating production of lipolytic enzyme
in the production medium as true lipase. In a recent study
on Botryococcus sudeticus, Yong et al. [42] observed
maximum lipase production while using olive oil as an
inducer. In contrast, Bisht et al. [43] and Kulkarni and
Garde [44] found castor oil as suitable oil source for the
production of lipase by P. aeruginosa and P. fluorescens,
respectively. Difference in fatty acid composition of dif-
ferent oils might account for the variation in lipase
production.

Apart from the oil source as lipase inducer, nitrogen
source in the medium played a critical role in lipase pro-
duction by GBPI_Hb61. Through this study, it was con-
ferred that organic nitrogen source was a limiting nutrient
for lipase production by GBPI_Hb61 as no lipase produc-
tion was observed in its absence while it was not true for
inorganic nitrogen. It has been observed that, in general,
microorganisms give high yield of lipase when organic
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nitrogen is used in the production media [43, 45]. Contrary
to this, Kiran et al. [46] indicated that the supply of
nitrogen is not an absolute requirement for lipase produc-
tion from Pseudomonas MS1057. While examining the
effect of detergents on lipase production, no significant
enhancement was observed using triton X-100. The results
are in contrast to the study by Lin et al. [47], where they
observed increased lipase from P. pseudoalcaligenes by
50-fold on addition of triton X-100 in the medium but in
support where they observed inhibitory effect of tween.

Similar to several earlier studies [11, 41, 48-50] on
lipases, lipase aggregation in the production medium as
well as while purifying lipase making it difficult to purify
to homogeneity was also noticed in the present study.
Various attempts to purify lipase using chromatographic
techniques including gel filtration, anion exchange, and
hydrophobic interaction chromatography (data not shown)
were unsuccessful. It was considered that the aggregation
of lipase is responsible for this failure; hence, the aggre-
gation behaviour of lipase was studied and confirmed using
several techniques including DLS (Fig. 5) and native
PAGE (Fig. 6). Aggregated lipase in native PAGE was not
able to move beyond the gel interface even in 7.5% poly-
acrylamide gel (data not shown) due to its high molecular
weight. Native PAGE followed by in-gel activity con-
firmed formation of these aggregates. Data based on DLS
analysis and native PAGE in the presence of several
detergents and reagents indicate their inability to disag-
gregate lipase to full extent. Further work is needed to
disaggregate the lipase from GBPI_Hb61.

Non-reducing SDS-PAGE showed the presence of two
lipase bands in gel having minor difference in their
molecular weight. The one with high molecular weight as
well as with higher activity was not visible in CBB stained
gel due to smear formation in the gel (Fig. 7). This could
be due to the formation of micelle structure by interaction
with SDS in gel. Molecular weight of both the lipases was
detected to be approximately 50 kDa after SDS-PAGE
while native PAGE as well as gel filtration chromatography
showed the molecular weight of lipase aggregates to be
>250 kDa. Rashid et al. [40] and Chung et al. [51]
reported molecular weight of lipases from Pseudomonas
(KB700A) and P. fluorescens (SIK W1) to be 49.9 and
50 kDa, respectively. Maharana and Ray [18] recently
reported a lipase of 57 kDa from psychrotolerant Pseu-
domonas sp. AKM-L5. The lipA gene, a structural gene
encoding for lipase of molecular mass 48 kDa from P.
aeruginosa B2264, has been expressed by Madan and
Mishra [52]. On the other side, large molecular weight of
aggregates of lipase has been described by various
researchers. Ugras and Uzmez [11] reported that lipase
from Acinetobacter sp. (SU15) forms very large, active
aggregates (>250 kDa) during native-PAGE. Similarly,

thermophilic alkaline lipases from Thermosyntropha
lipolytica also form high molecular mass aggregates
(>280 kDa) on a gradient native-PAGE [53].

Interestingly, the lipase produced by GBPI_Hb61 was
found to be stable in wide range of temperature as well as
pH. While the enzyme showed maximum activity at 40 °C
in pH 8, it was active as well as stable in low temperature
allowing use of GBPI_Hb61 lipase for low temperature
catalysis such as cold washing, bioremediation in cold
environments, etc. In the present study, a decline in
enzyme activity and stability above 50 °C was recorded.
According to Joseph et al. [3], most of the cold-active
lipases are unstable above 65 °C. Unlike other cold-active
lipases which easily get deactivated when subjected to
extreme pH range [11, 54, 55], stability of GBPI_Hb61
lipase over wide pH was observed. More than 80% activity
was retained between pH 5.0 and 12.0. A cold-active lipase
from Pseudomonas sp. also showed stability at wide range
of pH from pH 2 to 11 [18]. In the present study, cold-
active lipase produced by GBPI_Hb61 utilized substrate
with mid acyl chain esters (C8 to C12). Maximum activity
was recorded against pNP ester with C10, which was more
than twofold higher in comparison to C8 and C12 acyl
esters (Fig. 9). Similar results were reported by Rashid
et al. [40], who showed maximum activity of KB-Lip
towards pNPcaprate (C10). Lee et al. [12] and Velu et al.
[41] also reported that for lipase of Aeromonas sp. (LPB 4)
and A. caviae (AUO4), medium chain acyl group pNP
esters appear to be good substrates. While several lipases
have been reported to be active in the presence of organic
solvents [56, 57], residual activity of GBPI_Hb61 was
found to be decreased in the presence of solvents of dif-
ferent polarities. Overall, GBPI_HDb61 is a potential isolate
for cold-active lipase production for use in detergent
industry for formulating detergents active in low temper-
atures. The production cost of enzyme can be reduced by
using low-cost oil source as GBPI_Hb61 is able to use
several oils for lipase production. The lipase produced by
GBPI_Hb61 was found to be functional and stable under
various conditions of temperature and pH making it useful
for several biotechnological applications. Further investi-
gations on enzyme purification are needed to unleash its
full potential.

Conclusion

Research on microorganisms from low-temperature envi-
ronments extent opportunity to harness their potential in
biotechnological applications. To the best of our knowl-
edge, this appears to be the first report on the lipolytic
potential of a psychrotolerant strain of P. proteolytica. The
bacterium can be utilized for lipase production using low-
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cost substrates to reduce the cost of production. Cold and
pH activity as well as stability may be useful for harnessing
the enzyme in wide range of industrial as well as envi-
ronmental uses including cold washing, bioremediation in
cold environments, etc. Further, advance studies, including,
genomics and proteomics, will be important in under-
standing the adaptation strategies associated with these
organisms.
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