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[ Abstract

Microbial sources are regularly used as reliable biocatalysts sources which are often used in the process
and production industry. Demands for such organisms with greater capacity of intended enzyme
production are on therise. Lipase is important enzyme used in the biotechnological process of hydrolysis
of fats in almost all the relevant industries We have utilized the local oil-contaminated soil resources
to search for efficacious bacterial strains that have excellent lipase activity. We were successful in
identifying two such bacterial sources, namely, Bacillus subtilis strain RCPS3 and Bacillus fumarioli
strain RCPS4, responsible for lipase production from oil effluent contaminated soil of Telangana. This
is the first report of these two strains from this part of India that are involved in lipase production.
The strains were isolated, optimized, and purified using standard microbiology protocols and were
characterized at the molecular level using the biomarker 16s ribosomal RNA genes of the strains. The
identified and isolated bacterial strains were confirmed as Bacillus subtilis strain RCPS3, and Bacillus
fumarioli strain RCPS4 through molecular and computational characterization.
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INTRODUCTION

Industrial biotechnology has proven its
mettle in accelerating and benefitting multiple
production processes for long'. Search for
novel microorganisms and efficient biocatalysts
remained an important part of the progress?.
This ongoing process and efforts from the global
research community successfully aided in the
tremendous progress and contributed towards
the ever-increasing industrial demand.

Biocatalysts remain the best solution till
now in mediating an industrial process through
accelerating or decelerating a particular reaction.
It is cost-effective, easily producible, and highly
specific in reaction mediation. Therefore, a huge
demand for biocatalysts is present in different
industries such as textiles, paints, food processing,
beverage, and biomedicine. Fulfilling such
requirements and meeting the industry standard
for novel enzymes is an arduous and convoluted
task for global researchers.

A large number of industrial enzymes are
on regular demand for various essential processes.
Lipase is one such unique and industrially
important enzyme that is regularly used for
various industrial processes?. Essentially, a lipase
catalyzes the hydrolysis of the lipids or fats. This
esterase family member is highly active and acts
specifically on the glycerol backbone of lipid
molecules. Industrially, in the baking and detergent
industry, lipase is used abundantly along with
generous use in fuel conversion from vegetable
oil. The major source of lipase in the industry is
fulfilled from the animal sources, but ample use
of microbial sources is also on-demand. Moreover,
there is an ever-growing need for more supply
of microbial lipase in the industry. Lipase is in
great demand due to the gigantic requirement
for dairy product hydrolysis, flavor improvement
in bakery product, improvement in aroma in
beverages, transesterification process, flavor
development in meat and fishes, esterification
in cosmetics, biodegradable stain removal, and
reduction of oil and grease through hydrolysis®.
Several literature sources have documented such
industrial applications of lipase and its origin from
microbial sources*>.

According to the enzyme nomenclature,
recommended lipases are known as triacylglycerol
acyl hydrolase, bearing the Enzyme Commission

number (EC number) of EC 3.1.1.3%. Sustainability,
green production, and application of lipases can
induce the lipase enzyme production further
from the microbial sources®. The global food and
feed industry enzyme market has usage of almost
10% lipase for various purposes’ which is having
almost 8% annual growth’. Thus, lipase sources,
production are the present industry requirement?.
Searching novel enzyme sources will always
aid in the further development of the industry
that extensively uses lipase as a biocatalyst®.
Several other literature sources have extensively
documented the industrial need, applications, and
effectiveness of using lipase®*°.

Urban waste management has become
another challenge for our societies. The ever-
growing population in the urban area, poor
sanitation, lack of planning, and limited resources
are fueling the poor management of urban waste.
In such conditions, utilization of waste resources,
especially for industrial production could serve as
a great solution. Therefore, effluents, specifically
oil contaminated waste, and waste volatile
substances, could be an excellent source that can
be utilized™. Different waste sources and bacterial
origins have been used for better production
of lipases, such as agricultural industrial waste
and Aspergillus niger*?. Scaling-up of the lipase
production to meet the industry requirements
is another important aspect that should be
addressed with different technical and feasible
approaches. Proper media sources may serve
as a solution®®. Solid fermentation technology
and fungal sources have been also utilized for
better lipase enzyme production®®. Therefore,
attention should be given to the isolation process,
purification, and characterization of the enzyme
production®®>!, Presently, scientific research
and investigations in this direction have turned
into interdisciplinary and better outcomes are
being drawn from computational approaches,
chemical engineering, application microbiology
and biotechnology, genetic engineering, and other
disciplines.

In the present study, we have isolated,
optimized, and characterized lipase enzymes from
thermophilic Bacillus subtillis and Bacillus fumarioli
that were collected from oil-contaminated soils of
Warangal district.
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MATERIALS AND METHODS
Sample collection

Different oil-contaminated regions
around the Warangal district were surveyed and
various soil samples were collected that were
contaminated with oil effluents.
Isolation of lipase producing bacteria

Isolation of lipase producing bacteria was
done by the spread plate method using the serial
dilution process on the nutrient agar medium.
Bacterial colonies were grown and isolated by
streaking over the Tributyrin and Rhodamine-B
agar medium. Halos formed around the hydrolytic
zones and the bacterial colonies with positive
results were identified and separated. Such
colonies were subcultured again for future
preservation and use. The positive colonies were
subcultured in the TBA (Tributyrin agar medium)
medium in test tubes by preparing slants. These
slants were inoculated with positive colonies
and incubated for 24 hours. After incubation
these slants were preserved at 4°C for further
experiements.
Screening of bacterial strains

Primary screening of the bacterial
strains was done by the method suggested by
Limpon et al. (2006)". Following the screening of
the bacterial strains, the lipolytic activity of the
isolated strains was assessed.
Lipase assay

The lipase activity was measured by the
titrimetric method?*®. The isolated strains that
showed positive results for lipase production, were
further isolated for the production process.

Inoculum medium was prepared using
10 gm peptone, and 10 gm sodium acetate
(CH,COONa). Other component used were
3H,0,10 gm yeast extract, 20 gm glucose, 0.03 gm
manganese sulfate (MnSO,), 0.09 gm magnesium
sulfate (MgSO,), copper sulfate 1.5 gm (CuSO,),
0.5 gm Potassium chloride (KCI), 5 ml Olive oil,
and 1000 ml of distilled water. The pH was set to
10.8. Following the stock preparation, 15 ml of
prepared inoculum was used for the inoculation
of the isolated culture. Later, the inoculated flasks
were incubated in the rotary shaker overnight at
120 rpm and 37°C temperature.

The production medium was prepared
using 0.24 gm MgSO,, 2.5 gm Sodium chloride
(NaCl),1 gm Ammonium dihydrogen phosphate

(NH,H,PO,), 2 gm Peptone,0.24 gm Calcium
dichloride hydrate (CaCl,H,0), Olive oil 12 ml, and
2-3 drops of tween 20 for every 1000 ml of water.
Further, 1 ml of the inoculated culture was added
to the Erlenmeyer flasks containing 100 ml of
production medium and incubated for 24 hours on
a rotary shaker at 120 rpm, and the temperature
was maintained at 37°C (temperature for wild
type)®.

For every 24 hours, the inspection
was done for consecutive 5 days. Every day,
1 ml of culture from the production medium
was centrifuged at 8000 rpm for 60 mins. The
centrifuged supernatant of cell-free culture was
used as the crude enzyme source of lipase. The
lipolytic activity was determined by the titrimetric
method mentioned earlier.

Lipase activity

The lipase activity was measured by the
titrimetric method using olive oil as substrate. To 1
ml of culture supernatant, 1ml of olive oil and 2 ml
of phosphate buffer was added and incubated for
60 mins at 37°C temperature. After completion of
incubation, the reaction was halted by adding 1 ml
of acetone-ethanol solution that was prepared in
1:1 proportion. Later, the amount of acid released
was determined by titration with 0.05M sodium
hydroxide (NaOH) at pH 7.0 and the temperature
was maintained at 30°C.

Assessment of Carbon sources

Different types of sugars were added as
carbon sources and were optimized. Sugars such
as Lactose, Maltose, and Dextrose hindered the
lipase production, while starch enhanced of the
lipase production. The best carbon source was
identified as starch for lipase production in the
present study. In many cases, reduction in the
production of lipase was noted in the presence
of sugars that were used as carbon sources, this
might have happened due to catabolite repression
as the carbon sources were already available in the
medium.

Nitrogen sources

The effect of various organic and inorganic
nitrogen sources was examined for better lipase
production. Organic sources that were used were
tryptone, yeast extract, beef extract, protease, and
peptone. Considered inorganic nitrogen sources
were ammonium nitrate and calcium nitrate.
These nitrogen sources were added to the final
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concentration of 1% (w/v) to the medium and
incubated for 24 hours in a rotary shaker of 150
rpm at 36°C.
Effect of temperature, pH, and agitation on the
lipase production

The effect of temperature, pH, and
agitation was examined for lipase production by
altering the pH of the medium between 05.0 and
10.0. Similarly, the temperature was also altered
between 20°C and 50°C. Moreover, the effect of
agitation was tested by incubating the medium
with culture on the orbital shaker with different
agitation speed adjustments, ranging from 110
rpm to 200 rpm, for 24 hours.
Screening

The oil spilled soils that were collected
from different areas of Warangal oil mills were
used as a source for bacterial samples. These soil
samples were serially diluted and then spread on
the TBA plates by spread plate method. A total of
100 colonies showed hydrolytic zones that were
displaying clear hallows around the colonies.
Among the 100 colonies, we found 20 colonies
having lipase positive bacterial strains. Upon
screening, these 20 isolates were identified with
the highest lipolytic activity. Further, the molecular
characterization was done for these isolates.
Molecular identification of the isolated bacterial
strains

To characterize the isolated strains
further, DNA was isolated from the culture and

the quality of the isolated DNA was evaluated
using 1.0% agarose gel, and a single band of high
molecular weight DNA was observed. Later on,
the fragment of the 16S rDNA gene was used as
a biomarker, hence, amplified by 27F and 1492R
primers. A single discrete PCR amplicon band of
1500 bp was generated. Next, the PCR amplicon
was purified to remove contaminants. Forward and
reverse DNA sequencing reaction of PCR amplicon
was carried out with forward and reverse primers
using the BDT v3.1 Cycle sequencing kit on ABI
3730x| Genetic Analyzer.

The consensus sequence of the 16S rDNA
gene was generated from the forward and the
reverse sequence data using Aligner software.
In the next stage, bioinformatics analysis was
conducted. The 16S rDNA gene sequence was
used to carry out BLAST with the NCBI GenBank
database. Based on the maximum identity
score, the first ten sequences were selected
and were aligned using multiple sequence
alignment program ClustalW. The distance matrix
was generated and the phylogenetic tree was
constructed using MEGA7.

RESULTS AND DISCUSSIONS
Survey and soil sample collection

A detailed survey of oil-contaminated
regions was done before the sample collection.
Possible collection spots were identified and

soil samples were collected from the designated

- -.\ r/ \]

Fig.1. Screening of lipase positive bacteria using the Tributyrin agar (TBA) medium.
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places. The collected samples were used as
potential bacterial sources that may have better
lipase activity. The samples were containing oil and
effluent mixed soil which were dry in nature.
Isolation and screening of bacterial strains

As mentioned inthe methodology section,
the bacterial samples were isolated applying serial
dilution and spread-plate technique. Nutrient agar
was used initially, and the Tributyrin agar medium
was used later. A total of 70 bacterial colonies
were obtained, out of which 30 were positive.
From these 30, further we have chosen 10 positive
colonies. The strains were morphologically circular,
white, smooth, gram negative, cocci, and motile
in appearance.

The obtained colonies are represented in
Fig. 1. Different colony formation is presented in
Fig. 1(A) and Fig. 1(B). The Figs. display the efficient
lipase activity of some of the colonies.

Positive colonies were detected for
further use through the Rhodamine-B agar

Samplel Sample2

medium as mentioned in the prior section. Fig. 2
presents the results obtained from the assessment
of the colonies using the Rhodamine-B medium.
Detection of the colonies is shown in Fig. 2(A) and
the formation of the halos is shown in Fig. 2(B).
Production medium for growing isolated bacterial
strains

The increased production of the isolated
strains from the colony was important to estimate
the lipase activities of the strains. Hence, they were
systematically grown in the production medium. A
detailed description of the growth of the bacterial
strains in the production medium is shown in Fig.
3. In Fig. 3, it is evident that the sample 1 and
sample 2 have slight growth, whereas sample 3
and sample 4 are showing yellow color due to
lipolysis. Besides, sample 5 is showing the color of
light greenish-yellow due to the slow or reduced
pace of lipolysis. Sample 6 presents no growth
and was white as the fresh production medium. A
total of 6 samples were inoculated in 6 flasks and

SampleS

Fig.3. Enriched production medium and relevant outcomes for growth of extracellular lipase producing bacteria.
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incubated for lipase activity . The flasks 3, 4 and 5
showed lipolytic activity.
Assessment of Lipase activity by the bacterial
strains

The lipase activity was assessed with
extreme care for the selected bacterial strains. The
observed results are presented in Fig. 4. Fig. 4 (A)
presents the lipase activity of the sample where
activities were measured in pl/ml. The maximum
lipase activity value observed was 4.65 pl/ml
whereas the lowest lipase activity recorded was
1.3 pl/ml.
Optimization of Lipase activity

Along with lipase activity assessment,
influencing factors were examined to optimize the
lipase production capacity of the selected bacterial
strains. Therefore, pH (Fig. 4B), temperature (Fig.
4C), and agitation (Fig. 4D) were tested extensively.
The optimum pH was pH 8.0 with 4.6 pl/ml lipase
activity. Similarly, the optimum temperature was
observed at 36°C with 24.5 pl/ml lipase activity.
Agitation was decided through the rpm as shown
in (Fig. 4D), 160 rpm was found optimum with 24
ul/ml lipase activity.
Optimization of nutrient resources

Nutrients resources play a vital role in
bacterial growth. Therefore, optimization of the

nutrient resources, specifically the carbon and
nitrogen sources are important to optimize the
lipase production and activity. Various nitrogen and
carbon sources were considered and comparative
growth of the selected strains was assessed. Fig. 5
presents the comparative estimation of growth in
the presence of different nitrogen sources (Fig. 5A)
and alsoin the presence of various carbon sources
(Fig. 5B). Peptone was the optimum nitrogen
source for both Bacillus subtilis and Bacillus
fumarioli strains. Tryptone was a good source for
Bacillus subtilis and yeast extract was effective
for Bacillus fumarioli strains. Similarly, starch was
found an excellent carbon source for both Bacillus
subtilis and Bacillus fumarioli. Unfortunately, other
carbon sources did not provide better outcomes.
Molecular characterization

Better results in the previous
experimentations inspired us to further
characterize and identify the isolated bacterial
strains through molecular approaches.16SDNA
based marker was used in this experimentation
as mentioned in the method section. The primers
used were, 27F and 1492R primers ((5>3") for
forward strand: “AGAGTTTGATCMTGGCTCAG”, and
(3" >5) for reverse strand: “AAGTCGTAACAAGGT”).
The PCR amplicon band was developed in Agarose

Table 1. Results obtained after the BLAST analysis of sample POSS_8 2

Sequences producing significant Max Total Query E Per. Accession
alignments: Description Score Score Cover value Ident

Bacillus niacini strain IFO15566 16S 2254 2254 98% 0 96.7 NR_024695
ribosomal RNA, partial sequence 0% A
Bacillus drentensis strain IDA1967 2248 2248 98% 0 96.6 NR_029002
16S ribosomal RNA, partial sequence 3% 1
Bacillus novalis strain IDA3307 16S 2246 2246 98% 0 96.56% NR_042168.1
ribosomal RNA, partial sequence

Bacillus bataviensis strain IDA1115 2242 2242 98% 0 96.5 NR_036766
16S ribosomal RNA gene, partial 6% 1
sequence

Bacillus niacini strain NBRC 15566 2231 2231 97% 0 96.8 NR_113777
16S ribosomal RNA, partial sequence 1% 1
Bacillus drentensis strain NBRC 2230 2230 97% 0 96.8 NR_114085
102427 16S ribosomal RNA, partial 1% 1
sequence

Bacillus fumariolis train NBRC 2228 2228 97% 0 96.7 NR_114086
102428 16S ribosomal RNA, partial 3% 1
sequence

Bacillus novalis strain NBRC 102450 2226 2226 97% 0 96.7 NR_114094
16S ribosomal RNA, partial sequence 3% 1
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gel. Two different bacterial strain samples (Bacillus
subtilis (sample SOSS_7_4; Accession Number:
(MN173874), and Bacillus fumarioli (sample
POSS_8_2; Accession Number: MT645092)
that had maximum lipase activity were used
for final molecular characterizations. Fig. 6 and
Fig. 7 presents the results of the molecular
characterizations.

After DNA isolation, purification, and
PCR amplification, the samples were assessed
in the presence of the 100bp ladder marker
(Promega, USA) in an agarose gel (Fig. 6A, Fig.
7A). Further, eluted DNA was sequenced for
species identification. The obtained sequences
are represented in Fig. 6B and Fig. 7B for both the
samples.

Table 2. Results obtained after the BLAST analysis of sample SOSS_7_4

Sequences producing significant Max Total Query E Per. Accession
alignments: Description Score Score Cover value Ident

Bacillus haynesii strain NRRL B- 1317 2548 100% 0 98.78% NR_157609.1
41327 16S ribosomal RNA, partial

sequence

Bacillus licheniformis strain DSM 1312 2543 100% 0 98.65% NR_118996.1
13 16S ribosomal RNA, partial

sequence

Bacillus sonorensis strain NBRC 1312 2530 99% 0 98.65% NR_113993.1
101234 16S ribosomal RNA,

partial sequence

Bacillus licheniformis strain BCRC 1312 2526 99% 0 98.65% NR_116023.1
11702 16S ribosomal RNA, partial

sequence

Bacillus licheniformis strain ATCC 1306 2532 100% 0 98.51% NR_074923.1
14580 16S ribosomal RNA, partial

sequence

Bacillus sonorensis strain NRRL B- 1306 2408 95% 0 98.51% NR_025130.1
23154 16S ribosomal RNA, partial

sequence

Bacillus licheniformis strain NBRC 1304 2524 99% 0 98.38% NR_113588.1
12200 16S ribosomal RNA, partial

sequence

Bacillus subtilis strain IAM 12118 1277 2447 100% 0 97.84% NR_112116.2
16S ribosomal RNA, complete

sequence

Bacillus mojavensis strain NBRC 1277 2439 99% 0 97.84% NR_112725.1
15718 16S ribosomal RNA, partial

sequence

Table 3. Phylogenetic distance estimated using MEGA7? for the sample POSS_8_2

POSS_8 2 0.004 0.003 0.003 0.004 0.004 0.003 0.004 0.003 0.004 0.003
NR_024695.1 0.016 0.002 0.003 0.003 0.000 0.002 0.004 0.003 0.003 0.003
NR_029002.1 0.016 0.007 0.003 0.002 0.002 0.000 0.004 0.003 0.002 0.002
NR_042168.1 0.015 0.013 0.009 0.003 0.003 0.003 0.004 0.001 0.003 0.002
NR_036766.1 0.017 0.010 0.006 0.009 0.003 0.002 0.004 0.003 0.000 0.003
NR_113777.1 0.016 0.000 0.007 0.013 0.010 0.002 0.004 0.003 0.003 0.003
NR_114085.1 0.016 0.007 0.000 0.009 0.006 0.007 0.004 0.003 0.002 0.002
NR_114086.1 0.017 0.018 0.018 0.016 0.018 0.018 0.018 0.004 0.004 0.004
NR_114094.1 0.016 0.014 0.010 0.001 0.010 0.014 0.010 0.017 0.003 0.003
NR_114093.1 0.017 0.010 0.006 0.009 0.000 0.010 0.006 0.018 0.010 0.003
NR_148626.1 0.013 0.011 0.009 0.009 0.010 0.011 0.009 0.020 0.009 0.010
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All these 10 sequences for both the understand their respective phylogenetic distances
qguery sequences were collected and multiple  as presented in Table 3 and Table 4.
sequence alignment was developed for individual Our molecular and bioinformatics analysis
cases, respectively. Next, the phylogenetic confirmed that the isolated, separated, and
tree was developed using the MEGA7 tool to  characterized bacterial strains were Bacillus subtilis
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(sample POSS_8_2), and Bacillus fumarioli(sample
SOSS_7_4). Further, it was confirmed that the
strains were thermophilic and they were Bacillus
subtilis strain RCPS3 and Bacillus fumarioli strain
RCPS4 (Accession Number: MT645092).

Many studies have been conducted on
novel lipase producing bacteria identification
where oil spilled and petrol spilled soils were
used?®2, Successful isolation of bacterial strains
requires further optimization of lipase production.
Assessment of the enzyme production activity in
the laboratory, followed by pilot-scale evaluation
and industrial-scale quantification is necessary.
The amalgamation of different advanced culture
techniques®*?®, production?”?> and molecular
techniques®®*?, and advanced bioinformatics
analysis®*3¢ can provide the intended results with
maximum accuracy and help in the identification
of exact strains with all necessary information.

In the present study, we have isolated, assessed,
and optimized novel species that are having
excellent lipase production and activities from oil-
contaminated soil sources in Warangal district of
Telangana state, India. As a next step, pilot-scale
and industrial-scale production can be attempted
to use the identified and isolated organisms for
the industry.

CONCLUSION

Identification of novel and cheap
sources of efficient lipase producing bacterial
strains is of pivotal importance considering the
excessive industrial applications. Moreover,
oil effluent sources can also help in managing
environmental aspects. In the present study,
we were successful in identifying, isolating,
optimizing, and characterizing bacterial strains
that are efficacious in lipase production and lipase

Table 4. Phylogenetic distance estimated using MEGA7 for the sample SOSS_7_4

SOSS_7_4 0.004 0.004 0.004 0.004 0.004 0.004 0.004 0.005 0.005 0.005
NR_118996.1 0.014 0.004 0.003 0.000 0.001 0.003 0.000 0.005 0.005 0.005
NR_113993.1 0.014 0.004 0.005 0.003 0.003 0.001 0.003 0.006 0.006 0.006
NR_116023.1 0.014 0.004 0.000 0.005 0.001 0.003 0.000 0.005 0.005 0.005
NR_074923.1 0.015 0.005 0.001 0.007 0.001 0.003 0.001 0.005 0.005 0.005
NR_025130.1 0.015 0.005 0.007 0.001 0.007 0.008 0.003 0.006 0.006 0.006
NR_113588.1 0.014 0.004 0.000 0.005 0.000 0.001 0.007 0.005 0.005 0.005
NR_112116.2 0.021 0.019 0.021 0.023 0.021 0.022 0.025 0.021 0.002 0.000
NR_112725.1 0.021 0.019 0.021 0.023 0.021 0.022 0.025 0.021 0.003 0.002
NR_113265.1 0.021 0.019 0.021 0.023 0.021 0.022 0.025 0.021 0.000 0.003
A EIrIM Sequence details:

POSS 82
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Mueweria o Deta

TACCTES

T
CGLCACFGGTGTTCCFLCACATCTETACGE
ATTT GO TACALGT G AATTCCGE TTICCTETICTGEAL T A TCCCICAGTTTCEAAT GACLCTECACG TS AGLOG TS ACTTTACA
TEAGALTTAAAG GACCGEL TIGCCACCT ACGTATTACLGEBGL TGO GOCALG TAGT
TaaCT TTACTOOGATACTTOTTCTTECE TOACAACAGAGETTTACOACCOBAAGOE
CTOTACCTCCCATAGGATTCTI0ACATATETER
TAGCTAATOCOCCECOBGE0E

TOOGCCEOCOGOaCA
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CAGACTEC CTaA TCaa

ACCTTGACGGTAD et
CTTTAAGTCTGATGTGA

TrATT
AAGEECACTICT CAMEOTOOAGOOTCATTOOAMLTOOCKHMALTT GAGTGEASAMI AT AMAGE GAANTIECACGTGTAGCIGTOAAT
GG TAGAGATG T CACTAGT GG A G G 1T T TG00 10T GT AL T AL T GG GG AAAGE (61 G40 GAGLARAC AGEA
TP A GAT AL TGO T AGTCCAC OO T AAACOA TOAG TOCTAAG TaT T A GGITTTCCGCEC TTTAG TGO TOCAGE TACGEATTAAGCATTE
coe

e T ———

T A T T T T T G AT G A G TT A T T G TG A TT A AGA TSGE OGO AE

i

CAGACTCCTAD TTOCACAAT
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Tao TATT AAGTCTGATGTGA

GGAMLT GG GGG GRAMTICALGTG T AGIGLTGAAAT

SeaTAGAGATGTE c-\wacnccmw«'wwwrnrnﬂc TALCTGALGS TGABI L GAMCCT ORI GAGCMACAGE
TTAGATACEETGOTAGTOCACGICGTA TGAGTGETAAGTGTT ACSCATTAR
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P AR et

erraarer:
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GCGOATCACAT r.(catccrcuuccn((cumcnc -cn‘x-.cc\ctuoc-cucu..-lurr‘aruc-(ctcnu(m GGG
AL GGT AACCGTAAAGCTTTTTGGTCC0C

Fig.6. Molecular identification of the samples isolated. (A) PCR amplification of isolated sample POSS_8_2. (B) DNA
sequencing results from the amplified samples. (C) Development of a phylogenetic tree for sample characterization.

Journal of Pure and Applied Microbiology

2071

www.microbiologyjournal.org



Chouhan et al. | J Pure Appl Microbiol | 14(3):2063-2074 | September 2020 | https://doi.org/10.22207/JPAM.14.3.47

165 PCR amplicon Ladder specification
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Extracted Sequence details:

*Forwaed Seq deta

GCTAGTGTT, ACTCLGEC ALGETCELAMGACTGAAATTCAAAS
mnmﬁﬁwmlwmrmnnwcccumnucr.mw:"l:mwclncm
CCTAGAGATAGGGCTTCOCETTLGGGGHCAGAGTGACAGGTGET GLAT GGTTAAGTCOCGE
ARDSA G G T GAT T AGTTSLAGCATTCAGTT GG GLACTET C55AGGA

AT TCAT AT LT A TEACC TG AL TACACAL ST L TALAA TG GGLAGAMCARAGSEL GOCTAAGOCAATOO
AT TG TT TG TTOGGATLGLAGTCT GLAM TG AL TG G TEAML THGAATCGCTAGTAATCGLGGA TEAGLATGOIGIGETGAAT
ALGTTGGGCTTGT ACATACL GO G TUACALCALGAGAG TT TG T ARCALCOGARG TOGG TGAGGTAA CTTTTGGAGLLAGIGIIGA
AGGTEEGACAGATGATIGEEGTGRAGTIGT

Reverse Seq Data

ACTTAGCACTCATOGTT TACGGGT G AL TACCAGGGTA TC T AATCCTGTTOGCTOCOCACGCTTTOGCGOCTCAGUGTCAGTTALAGACCAGA
GAGTUGCCTTCGCCACTGG TG T T TOCACATCTCTALGCAT T TCACCGCT ACAC G TGGAATTCCACTCTCCTCTICTGCACTCARG TTOOCCAG
TITCLAATGAL O LG A TT GAGLLG GGG TGLGCGLGCTTTALCLCCAATAATTECGGALAAL
amaﬂmmummtawmmcmmnm've@:mcmcmsnm‘mwucamarcmmr
AT TTC T T L T AACAALAGAGT TTTAL GATLLGAAAALCTTCATCALTCACGLG GG TTGLTCCGTCAGACTTTC GTOCATTGLGGAAGAT
TOCCTALTGLT GLOTONC TGGGLGTGTTCAGTICCAG TG T GLLLGAT CACCCTCTCAGG T CGGITACGLATOGTCGLCTTROT
GAGLOGTTACCTCALCAACT AG L TART OGOl GG GaTOCATCTG TARG TG GT AGCTAAAAGLCACCTTTTATAATTGAACCAGGOGGTTCAT
TCAAGEATOGGTATTAGCCCOGGT T GAAGTTATCCCAG TCTTACAGGAGGTTACICACGTGTTACTCACCCG TOOGOOGLTANCATEA
GGAAGLAAGCTOOCATCTGTCCGCTOGAL

Reverse complement
TTCCTGATGTTAGE! GTGGETAMCTGCITETAAGACTGGGATARLT

T(OGGM(GGGO(THIK(GCAYGZTTGMYWTGG'WHITMGGTGG.'IT"IG{TMMGO\ GRALLIG
CGGOGCATTAGLTAG! GLTCACCAAGGCGAD GOOCACACTGGGALTGAG
ACACGGOCCAGAL TAL T TOOGCAATGGALGAAAGTCTGACGGRAGCAAL GCOGOGTGAGTGATGAAG
hl"icﬁu'{ﬁ BARACTCTGTTG! CARGTACCGTTOGAR TAL GGTALCT CGETACCTAACCAGAAA GOCACGED
TAACTACG TGCAGAGLL G CGT AR TACG AT COOANGLGT TG TG GATTATTCUS LT AR S0GCGCAGHGETTTCTTAAGY.
TGATGTGAAMGOOICCGGE TCAMUBGEGABEGTCATTGEAMM TG GEAMCTT GAG T GCAGAAGAGGAGAGTGRAATTCCACG T GTAGE
GG GACTCTCTGATCTGTAALTGACG LT BAGBIGLGARAGIGTEEGAGE
GAACAGGATTAGATACCCTGETAGTCCACGCOBTARACGATGAGTGITARGT
#5065_7_& ronsensus 36y
GTCGAGLGGACAGATG GG TG TT (LT GAT ST TAGC BRCGGACGEGTGAGTAACAC GT UG GTAMCTGLC T TAAGACTG GBATARLT
CGGGGITAATACCGGATGITTG CTGGTTCAATTATAARAGGTGGCTTT TAGCTACCACTT ACAGATGGALCIG
CGGCGCATTAGETAGT TCACCAAGGOGAC CACACTGGEATGAG
ACRLGGOUCAGAC T TALGGEAGGLAG T AT -mmw@cmmacsmwmwm
FI'IT!'CWTCG'WU.TT@TWMTMEWWTMGEMCWWﬁmﬂimmm
TAACTACG TGO AGCAGL GG GTAATAL G TAGGTGGCAA G GT TG TEL GG AR TTATIGOGCGT AAAGLGLGOGTAGGLGGTTTCTTAA
TRATGTGAAAGICLICGGCTCARLD CA mmmmma—&ssmmn«usmtm
GGTGAAATGOGT CACC
GAACAGGATTAGAGGTTTCCGOCTTTAG T TECAGCAARLGLATTARGLACTOCGL
GGALTTGAD TIARTT
ALCCTAGAGATAGGGCTTONE

CTIGATETTAGTTGNA

GEOCTTTAGTGLTGLAGLAML

GAGGLAGE

GACTCTCTGGTETGT AN TGALGC T GAGGIGUGAAAGOGTEEGGAGE
CTGARACTCAR
TTGACATCCTCTGALA
TGETTGTCG TCAGLTCGTGTC TAAGTCLL
TG TT GG GLACT T AMG G TGAL TEOIGET G ALAMAL DG BASEAMGET GG CEATS
ACGTCARATCATCATGOOCL TTAT GALIT GRGIT ACALALGTGLTACAR TG GOCAGAACAAAGGGCAGLGAAGIOGLGAGGITAAGITAAT
ooc-lwmcmnncm-lccc.u\:wsmt.mnc;mocc1:uwm1:mmwww1wmw~
AATACGTTOOCGGGICT

TTACCAGGET

TTGTAACACCOGRAAG T CTTTTGEAGIIAGOOGE

i

Fig.7. (A) PCR amplification of isolated sample SOSS_7_4. (B) Sequencing result of the DNA of the sample. (C)
Development of a phylogenetic tree for sample identification. The consensus sequence was used for species
identification and BLAST analysis was done for both the sequences generated. The results of the top 10 BLAST hits
are presented in Table 1 and Table 2 (sample POSS_8_2 and SOSS_7_4).

activity from oil-contaminated soil samples in our
region.

This work would help in further using the
novel bacterial species that were found efficacious
in lipase production for the industry. Necessary
action should be taken for further optimization
and advanced molecular techniques can be used
to scale-up the activities of the strains.
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