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Abstract

Extreme environments are the main source of industrially suitable biocatalysts. The non-cultivable approach of searching
enzymes is known to provide ample scope to accomplish novelty for their industrial applications. Lip479 clone out of seven
lipase-producing clones obtained from Taptapani hot spring was found to be optimally active at pH 8.0 and temperature 65 °C.
The recombinant Lip479 was highly stable in organic solvents, methanol, DMF, DMSO, acetone, and dichloromethane. Lip479
lipase activity was enhanced in the presence of K*, Mn®*, Na*, Zn>*, and Ca”* except for Fe**. The ability of Lip479 lipase to act
on long carbon chain of 4-nitrophenyl myristate suggests it might be a true lipase. Lip479 clone was found to have ORF of
1251 bp encoding 416 amino acid residues of 42.57 KDa size (theoretically calculated). The presence of conserved motif Ala-
His-Ser-GIn-Gly and Zn>*-binding consensus sequence (GAAHAAKH) of the clone assigns the protein to lipase family 1.5.
Phylogenetic lineage of the protein sequence of Lip479 was traced to family 1.5 as it was clubbed up with those of reported
lipases of the same family. The above biochemical features indicated that Lip479 lipase can be a potential biocatalyst for its use in
various industries.
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Introduction

Lipases (triacylglycerol acyl hydrolases, EC 3.1.1.3) are the
second largest produced industrial enzymes which catalyze
the hydrolysis of a wide range of lipid substrates. Their re-
markable ability to catalyze hydrolysis reactions in aqueous as
well as non-aqueous conditions make them very suitable for
industry (Sharma and Kanwar 2014). Unique biochemical
properties of thermostable lipases, such as broad substrate
specificity, high stability under a wide range of pH, tempera-
ture, salt, detergents, and organic solvents, are advantageous
in their potential application in biotechnology industries
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(Glogauer et al. 2011; Jeon et al. 2011; Biver and Vandenbol
2013).

Conventional pure culture methods have limited scope for
exploration of novel biomolecules from their respective eco-
systems because almost 99% of the microorganisms present in
any ecological niche are not cultivable. To overcome the lim-
itations of declining diversity during in vitro cultivation,
metagenomics has become the choice of approach for explor-
ing microbial community over the last few decades (Duan and
Feng 2010). It is a technique in which direct extraction and
cloning of DNA of the accumulated microorganisms from any
habitat are performed bypassing in vitro culture in an artificial
medium (Glogauer et al.2011; Khan et al. 2013).
Metagenomic approach, lipases have been successfully dis-
covered from metagenomic DNA libraries of different sources
viz, hot spring (Tirawongsaroj et al. 2008; Lopez-Lopez et al.
2015; Yan et al. 2017), marine sediment (Lee et al. 2006;
Hardeman and Sjoling 2007), soil sample (Lee et al. 2004;
Lee et al. 2010), and animal gut (Liu et al. 2009; Bayer et al.
2010). However, industrially desirable biochemical properties
of lipases obtained from thermophilic environments are most-
ly preferred due to their stability in high temperature, alkaline,
acidic, saline, and other harsh environments.
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Taptapani is one among several hot springs of Odisha,
India, which is situated on the eastern slope of eastern ghat
at the crest of the hill within the green forest having a temper-
ature (48 =5 °C), pH (8.63 £ 0.21) and location (Latitude 19°
30" 16.8" N, Longitude 84° 24’ 4.6" E). This tropical sulfur hot
spring so far has not been given much attention to explore and
understand the bacterial diversity, screening, and functional
characterization of isolates/clones/genes responsible for the
production of enzymes with special reference to lipase. In this
study, seven clones were screened from the metagenomic li-
brary prepared from the Taptapani sediment, a tropical hot
spring of Odisha, India, following non-cultivable approach.
Lip479 showed maximum activity out of the seven isolates.
Further, enzymatic characterization of this recombinant lipase
was performed which includes substrate specificity, stability at
high temperature, and pH, as well as effect of salts, solvents,
chelating agents, and detergents so as to find its suitability to
harsh environmental conditions found in industrial fermenta-
tion processes.

Materials and methods
Materials and strains

The substrates 4-nitrophenyl esters were purchased from
Sigma, USA. Microbiological media and chemicals (analyti-
cal grade) were purchased from Himedia, India. Molecular
biology chemicals, vector, and Genelet extraction kit were
purchased from Thermo Scientific, India.

Isolation of metagenomic DNA

The sampling was done from hotspring sediment in triplicate
from Taptapani hot spring. The temperature and pH were
measured to be 50 °C and 8.5 respectively. Metagenomic
DNA was extracted as described by Sahoo (2016). Sediment
sample (5 g) was mixed with 10-ml lysis buffer [100-mM
Tris—HCI (pH 8.0), 10-mM sodium EDTA (pH 8.0), and
100 ul of lysozyme (100 mg/ml)] by horizontal shaking at
200 rpm for overnight at 37 °C. 100 ul of proteinase K (10
mg/ml) was added and incubated at 37 °C for 1 h. After incu-
bation, 1 ml of 10% (w/v) SDS was added and incubated at 37
°C for 1 h with gentle endeavor-end inversions every 15-20
min. Then, the sample was again incubated at 90 °C for 1 h
with gentle endeavor-end inversion every 15 min, and extrac-
tion was done using 25:24:1, v/v/v ratio of phenol: chloro-
form: isoamyl alcohol. The aqueous layer was collected after
centrifugation at 10,000 g for 10 min at 25 °C. The aqueous
layer was precipitated with 0.3 M sodium acetate and two
volumes of chilled ethanol at — 20 °C for 1 h. After centrifu-
gation at 10,000 g for 10 min at 25 °C, the pellet was washed
with cold 70% ethanol and resuspended in sterile deionized
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water. DNA was visualized by 0.7% agarose gel electropho-
resis (Sahoo 2016) .

Construction of metagenomic library and sequence
analysis

High molecular weight metagenomic DNA (5 pg) was par-
tially restricted with Sau 3A1 restriction enzyme. After partial
digestion, GeneJET gel extraction kit was used to recover 3—8
Kb DNA fragments from the agarose gel (Thermo Scientific,
India). The purified digested DNA fragments were incubated
with pUC19/BamH]1 vector and T4 DNA ligase at 16 °C for
overnight. The ligated products were transformed into electro-
competent E.coli DH5« by using Micropulser (BIO-RAD,
USA). Libraries were screened for lipolytic activity, by
spreading the transformants on Luria-Bertani agar (LB) in
plate with ampicillin (50 pg/ml) as well as Rhodamine B
(0.01% (w/v) and olive oil (1% (v/v). After 48-h incubation
at 37 °C, the lipase positive clones were identified by halo
orange zone on exposure with ultraviolet light. The positive
lipolytic clones were sequenced (Xcelris Pvt. Ltd.
Ahmadabad, India) and sequence homology was carried out
with BLASTP program. Open reading frame and signal pep-
tides were predicted employing ORF Finder tool (http://www.
ncbi.nlm.nih.gov/gorf/gorf.html) and SignalP 4.1 programs
respectively. The nucleotide sequence was deposited in the
NCBI database, and the accession number was KR232658.
Phylogenetic tree of the lipase protein was constructed using
by neighbour-joining method with the 1000 bootstrap repli-
cates using Molecular Evolutionary Genetics Analysis
(MEGA 6.0) (Sahoo et al. 2014). Multiple sequence align-
ment was carried out using Geneious prime version 2019.0.4
software (https://www.geneious.com) by aligning of 1ip479
with other lipase of family 1.5.

Lipolytic activity assay

The lipase producing metagenomic clone was incubated over-
night at temperature 37 °C in ampicillin supplemented Luria
broth. Two milliliter of overnight-incubated lipase positive
clone was harvested by centrifugation and pellets were
suspended in nuclease-free water. The cell suspension was
lysed by sonication at 20 KHz (VCX500, Sonics, USA) on
ice in a 1.5-ml centrifuge tube for 5 to 10 min in 10 s interval.
After sonication, the lysate solution was centrifuged for
10 min at 10,000 g at 25 °C. After centrifugation, the cell
extract was used as a crude lipase. The activity of crude lipase
was measured by quantifying the amount of 4-nitrophenol at
405 nm released at 15 min of incubation (Sahoo et al. 2014).
Quantity of lipase which has generated 1 uM of 4-nitrophenol
in 1 min represent one international unit (IU) for its activity.
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Biochemical characterization of lipase clone

The optimum pH of crude lipase was determined using 4-
nitrophenyl laurate as substrate at 50 °C for incubation tem-
perature. The different buffers (0.1 M) used for determination
of optimum pH were acetate buffer (for pH 4.0 and 5.0),
sodium phosphate buffer (for pH 6.0 and 7.0), Tris Buffer
(for pH 8.0 and 9.0), and glycine-NaOH buffer (for pH
10.0). pH stability of the crude lipase was measured after
incubating the lipase for 0—6 h at different pH from 6.0 to
10.0. In order to determine the optimum condition for temper-
ature, the lipase activity was quantified at temperature from 30
to 90 °C keeping the pH at optimum. Incubation was also
carried out for several time interval varying from 0 to 6 h to
find out the stability at different temperatures ranging between
55 and 95 °C.

Influence of metal ions such as, CaCl,, CoCl,, HgCl,,
CuSOy, NaCl, ZnCl,, MgCl,, FeCl,, MnCl,, KCI, AgNOs3,
and Al,(SO4)3 on lipase activity was determined by pre-
incubating the enzyme in presence of metal (each at 10 mM)
for 1 h. Influence of organic solvents; dimethyl sulfoxide,
dimethylformamide, n-hexane, dichloromethane, chloroform,
ethyl ether, ethanol xylene, acetone, glycerol, isoamyl alcohol,
isopropanol, methanol, butanol, ethyl acetate, and benzene at
concentration of 25% (v/v) were tested after pre-incubating
enzyme solution for 1 h. Similarly, the effect of detergents
CTAB, Triton X-100, Tween-20, and SDS (each at 1 % w/v)
and other chemical reagents phenyl methyl sulfonyl fluoride
(PMSF), and ethylene diamine tetra acetic acid (EDTA) at 10-
mM concentration on lipase activity was also determined.

Determination of substrate specificity

The substrate specificity of crude lipase was found out against
4-nitrophenyl esters with variable chain length: C2 (acetate),
C4 (butyrate), C8 (caprylate), C12 (laurate), C14 (myristate),
C16 (palmitate), and C18 (stearate) (each at 1 mM) as sub-
strate. All the measurements were carried out in triplicate at
optimum condition of pH and temperature.

Results and discussion

Functional screening of metagenomic library
for lipase

The extracted metagenomic DNA from Taptapani hot spring
sediment was utilized for metagenomic library construction
employing E.coli DH5a host and pUC19 vector. The library
consisting of ~ 13,000 clones were screened for lipase by
exhibiting fluorescence illumination and zone formation in
rhodamine B and tributyrin supplemented plates respectively
(Fig. S1). Out of ~ 13,000 clones, only seven clones showed

clear zone on tributyrin as well as fluorescence on rhodamine
plates. These lipase producing clones were further analysed in
BHB medium supplemented with olive oil. pUC-lip-479
clone exhibited highest lipase activity out of the 7 analysed
clones which were further processed for characterization.
Previously, Zheng et al. (2013) reported only one functional
lipase clone out of 20,000 transformants, and Khan et al.
(2013) obtained two lipase positive clones out of 2000
transformants and established their novelty. In comparison to
conventional methods used previously, this method is more
advantageous for discovering novel functional genes from
natural resources although their number is small (Ferrer
et al. 2005).

Sequence analysis of the pUC-lip-479 clone insert DNA of
1251 bps length ORF encoding a polypeptide of 416 amino
acid residues with a conserved motif of Ala-His-Ser-GIn-Gly
sequence (Arpigny and Jaeger 1999) and a Zn>*-binding con-
sensus sequence (GAAHAAKH) (Fig.S2). The size of the
protein was found to be 42.57 kDa (theoretically calculated)
and the number of amino acids was 387 (Fig.S2). Based on the
conserved motif and Zn-binding consensus sequence, it could
be assigned to family 1.5 of microbial lipase/esterase classifi-
cation system (Arpigny and Jaeger 1999; Chakravorty et al.
2011). Blast analysis showed that Lip479 shares 95% amino
acid similarity with lipase from uncultured bacterium
(AEL99899). Phylogenetic analysis and multiple sequence
alignment of amino acid sequence of Lip479 and those of
previously reported lipase families showed that Lip479 could
be a member of the family 1.5, as it was found to be clubbed
up with protein sequence of other lipases belonging to family
1.5 (Fig. 1a, b). These lipases belong to alkalo- and thermo-
philic Geobacillus species, and they usually exhibit maximum
activity at 65 °C and pH 9.0. They also have a molecular mass
of about 45 kDa. (Arpigny and Jaeger 1999).

Biochemical characterization
of metagenomic-derived lipase

Effect of pH and stability study

The enzyme assay using different parameters like pH,
temperature, organic solvent, and metal ions was per-
formed to understand their effect on lipase activity.
Highest lipase activity by Lip479 clone was observed at
pH 8.0 in 0.1 M Tris-ClI buffer with 4-nitrophenol laurate
as substrate (Fig. 2a) which was found to be matching
with lipase activity reported earlier from other
metagenomes (Couto et al. 2010; Fan et al. 2011; Zheng
et al. 2013). Lipase from metagenomic library of Galicia
hot spring showed optimum activity at pH 7.5 (Lopez-
Lopez et al. 2015). The clone retained 100% relative ac-
tivity at incubation period of 30 min, pH 8.0, and 50 °C
temperature. At pH 7.0, 9.0, 10.0, and 11.0, activity was
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Fig. 1 a Phylogenetic analysis of Lip479, its homologues and other
lipases. Phylogenetic relationship of Lip479 and lipase proteins of six
different sub family of family 1 was performed using the program
MEGA 5.1. Except for Lip479, the other protein sequences for
previously identified families of bacterial lipolytic and esterolytic

found to be 99, 99, 95, and 84% respectively which got
declined with the incubation period up to 6 h (Fig. S3).
With the increase in pH from pH 7.0-11.0, lipase activity
was found to be reduced from 87 to 1.4%. A similar trend
of stability at a wide range of alkaline pH was also ob-
served with lipase from soil metagenome (Khan et al.
2013).

Effect of temperature

Lip479 showed highest activity at temperature 65 °C which
continuously decreased at 75 °C and 85 °C (Fig. 2b). In con-
trast to Lip479 lipase, lipase of SMlipD and SMlipB were
reported to be active only at 50 °C and 30 °C (Khan et al.
2013). Similarly, Biver and Vandenbol (2013) isolated lipase
clones SBlip5.1 and SBLip2 from forest metagenome having
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enzymes were retrieved from gene bank. The numbers at node indicate
the bootstrap percentages of 1000 resampling(Source: Sahoo 2016). b
Multiple sequence alignment of Lip479 with other lipases. Zinc-binding
site and conserved motif were marked in blue and red colour outline
respectively

optimum activity at 50 °C and 45 °C respectively. As com-
pared with lipase from other hot spring metagenome, lip479
showed optimum activity at higher temperature (Lopez-Lopez
etal. 2015; Yan et al. 2017). Thermal stability analysis showed
that Lip479 lipase was stable at 65 °C, and it retained
101.46%, 95.12%, and 92.49% relative enzyme activity up
to 30 min, 3 h, and 6 h respectively at this temperature (Fig.
S4). On the other hand, at 75, 85, and 95 °C, it showed 98, 97,
and 91% activity only up to 30 min of incubation which
sharply decreased to 60, 30, and 1.3% after 6 h incubation.
The stability exhibited by present lipase clone Lip479 was
found to be higher than the previous ones published from
different metagenomic libraries (Fan et al. 2011; Khan et al.
2013). This feature of exhibiting stability at higher tempera-
ture (65 °C) for longer incubation period proves its prospec-
tive industrial utility.
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Fig. 2 a Effect of pH on lipase activity, b Effect of temperature on lipase activity
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Substrate specificity and activity

To find the substrate utilization potential of lipase, fatty acids
of different chain lengths (C2-C18) were used as the substrate.
Lip479 lipase hydrolyzed a broad range of substrates prefer-
entially between chain lengths varying from C2 to CI18 at-
tached with 4-nitrophenyl ester. The maximum activity of li-
pase was achieved with 4-nitrophenyl myristate (C14) follow-
ed by 4-nitrophenyl palmitate (C16), 4-nitrophenyl laurate
(C12), and 4-nitrophenyl stearate (C18) (Fig. 3). Least lipase
activity was displayed with 4-nitrophenyl butyrate (C4).
Ability to hydrolyse long chain carbon 4-nitrophenyl esters
indicated that Lip479 clone was producing lipase which is
closely similar to true lipases (Jacger et al. 1999; Glogauer
etal. 2011).

Effect of metal ions, chelating agents, and detergents

Metal ions are known for enhancing the lipases activity as
well as its stability (Ahmed et al. 2010). To find out the effect
of metal ions on lipase produced by Lip479, the influence of
following metal ions Na*, AI’,* Co®*, Cu®*, Mg”**, Mn**, K*,
Zn**, Fe**, and Ca®* (each at 10 mM) were tested and sum-
marized in Table 1. Lip479 lipase activity was enhanced in the
presence of K* (127.13%) and Mn** (115.85%), followed by
Na* (105.39%), Zn>* (102.27%), and Ca>* (101.82%). The
activity of crude lipase in presence of all metal ions were
found to be statistically significant (p < 0.05) with respect to
activity in absence of metal ions (control). Many of the lipases
were active when Ca®* and Mg ** were supplemented (Jinwal
et al. 2003; Khan and Jithesh 2012; Zheng et al. 2013; Bose
and Keharia 2013). Rahman et al. (2005) advocated the bind-
ing of Ca®* to the active site of the lipases which results in
conformational change in the protein. Bose and Keharia
(2013) also reported that the stability of the enzyme could be
due to formation of cross-linked bridge amongst Ca**/Mg**
and carboxylate side chain group of enzyme polypeptides.
More than 65.11% of lipase activity was retained when
Mg®* was present but the enzyme activity was decreased to

Fig. 3 Substrate specificity of 120 +
Lip479 100 A

80 -

Relative activity (%)

(C2)
Acetate

Table 1  Effect of various metal ions, inhibitors, and detergents on

activity of Lip479

Reagents Relative activity (%)
Control 100

10 mM NaCl 105.39 +5.33
10 mM KCl 127.13 £ 1.79
10 mM CaCl, 101.82 +0.49
10 mM CoCl, 4534+£3.19
10 mM CuSOy4 4124 £1.79
10 mM MgCl, 65.11 £2.18
10 mM MnCl, 115.85 +8.84
10 mM ZnCl, 102.27 £5.99
10 mM FeCl, 18.95 £ 3.09
10 mM Al (SOy)3 16.9 £4.29
10 mM EDTA 60.09 +1.71
10 mM PMSF 36.75 £ 3.05
1% (w/v) CTAB 0.179 £0.046
1% (w/v) SDS 0.273 £0.019
1% (w/v) TritonX-100 2.487 +0.323
1% (w/v) Tween-20 1.631 £0.52

45.34, 21.24, 18.95, and 16.9% in presence of Co>*, Cu**,
Fe®*, and AI** respectively. The inhibitory effect of metal ions
may be due to conformational changes in the protein (Rahman
et al. 2005). Similarly, stable lipase activity in the presence
Zn** may be accredited to the presence of metal-binding site
responsible for protein thermostability (Chakravorty et al.
2011). In a response similar to lipase derived from
Pseudomonas aeruginosa AAU2 (Bose and Keharia 2013),
EDTA, metal chelating agent reduce the relative activity of the
enzyme 60.09% (at 10 mM) (Table 1). Only 36.75% lipase
activity could be retained (Table 1) at 10-mM concentration of
PMSEF. This is probably due to the inhibitory effect of PMSF
which blocks the accession of the serine residue of lipase
active site. In presence of non-ionic surfactants such as
Triton X-100 and Tween 20, Lip479 lipase showed 2.48 and
1.63% relative activity, but it was reduced to 0.17%, in pres-
ence of ionic surfactants CTAB (cationic) and SDS (anionic)

60 -
40 A
-
:

(c4) (C8) (C12) (C14) (C16) (C18)
Butyrate Caprylate Laurate Myristate Palmitate Stearate

4-nitrophenyl esters
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(each at 1% w/v) (Table 1). The expansion of the lipid-water
interfacial area is boosted by both non-ionic and ionic surfac-
tants which in turn enhances the rate of reaction of lipase
(Chen et al. 2007). Non-ionic surfactant having low
hydrophilic/lipophilic balance (HLB) values have a magnify-
ing effect on the activity of lipase in comparison to ionic
surfactant (SDS) with high HLB (Bose and Keharia 2013).

Effect of organic solvents

The stable nature of lipase enzyme in presence of organic
solvents is considered to be a desirable trait for industrial
production of cosmetics, chemical, pharmaceuticals, and
biodiesel. (Salihu and Alam 2015). Hence, the stability of
RK-Lip-479 in the presence of various organic solvents
was studied. Synthesis of pharmaceuticals, chemicals,
cosmetics, and biodiesel production requires lipases
which are tolerant to methanol, ethanol, acetone, DMF,
DMSO, and dichloromethane (Salihu and Alam 2015).
Moreover stability of lipase in the presence methanol is
critical to biodiesel production (Korman et al. 2013).
Varying degrees of stability of the enzyme in different
organic solvents were studied. For acetone, the activity
was relatively highest (126.3 = 5.5%) followed by DMF
(122.34 + 2.39%), DMSO (114.73 + 3.08%), dichloro-
methane, and methanol (100.59 + 3.74%) (each at 25%
v/v) as shown in Table 2. Selvin et al. (2012) reported that
lipase from marine sponge metagenome was stable in
presence of acetone, DMSO, and methanol. Lipase from
Pseudomonas aeruginosa LX1(Ji et al. 2010) showed sta-
bility in the presence of glycerol, DMF, and DMSO which
was similar to our finding. Lip479 lipase was more than
60% stable in the presence of ethanol, glycerol, and
isopropanol (each at 25% v/v) (Table 2). However, chlo-
roform at 25% (v/v) was found to suppress the activity of
the clone Lip479. The ability of lipase to catalyze reac-
tions in non-aqueous environments has gained a lot of
attention because of its numerous advantages like easy

Table 2 Effect of various organic solvent on activity of Lip479
Solvent 25% (v/v) Log P Relative activity (%)
Control 0 100

Glycerol - 1.76 62.88 +3.28
DMSO -135 114.73 +£3.08
DMF -1.04 122.34+£2.39
Methanol -0.77 100.59 + 3.74
Ethanol -0.32 77.61 +3.51
Acetone -0.24 1263 £5.51
Isopropanol 0.29 63.24 +£2.7
Dichloromethane 1.88 109.17 £ 1.58
Chloroform 2.24 18.34 £ 2.68

@ Springer

enzyme recovery and reusability without immobilization,
elimination of the risk of microbial contamination, inhibi-
tion of side reactions dependent on water (Castilho et al.
2000). Logarithm of partition co-efficient of an organic
solvent (log p) is usually considered an ideal parameter
to co-relate enzyme activity with the organic solvent used
(Aldercreutz and Mattiasson 1987). Higher log p values
have been associated with better enzyme activity in non-
aqueous environments (Aldercreutz and Mattiasson 1987).
However, as our study shows (Table 2), we could find a
clear linear relationship between log p values of organic
solvents and enzyme activity only for the first three or-
ganic solvents glycerol, DMSO, and DMF which had log
p values of — 1.76, — 1.35, and — 1.04 and enzyme activ-
ity 62.88 + 3.28, 114.73 + 3.08, and 122.34 + 2.39 re-
spectively. We did not find any clear relationship between
the log p values and the enzyme activity for the remaining
organic solvents. It has been suggested that other major
determinants like hydrophobicity (Torres and Otero
1996), polarity index (Gupta et al. 2004), polarity of the
solvent, and denaturation capacity (Khmelnitsky et al.
1988) determine the catalytic potential and stability of a
biocatalyst in an organic medium. Many findings also
state the inability to find a genuine correlation between
lipase catalysis in organic solvents even after taking the
abovementioned determinants into account (Castro and
Knubovets 2003). Understanding how lipase catalyzes re-
actions in a non-aqueous environment a fascinating phe-
nomenon which shall be a part of our future study.

Conclusion

The Lip479 lipase isolated from hot spring metagenome
showed a remarkable difference in biochemical characteristics
from other reported lipases isolated from various
metagenomic libraries. This lipase was observed to be closely
similar to a true lipase belonging to family 1.5. The unique
features of Lip479 are its thermostability, alkali stability, and
stability in the broad range of organic solvents and metal ions.
Therefore, it can be successfully used in most of the industries
after further characterization preferably where high-
temperature industrial operations are performed.
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