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ABSTRACT

Oil bio-degradation mechanism by microorganisms is requested for an effective microbial remediation of soil contamination by oil
spills. The current examination pointed the identification of a biosurfactant producing bacteria for biosurfactant production from oil
contaminated sites from Tamil Nadu. The biosurfactant testing screening methods were used to screen the potent strains and sequencing
studies were used for Pseudomonas species identification. The bacterial isolate BS17 subjected to be the potent enzyme (Protease,
Lipase and Esterase) producer. Among the tested production media, the ground nut oil cake was identified to be the optimum media
for protease (0.47069 Unit/ml), lipase (9 Unit/ml) and esterase activity (3.891 Unit/ml) for bacterial isolate BS17. The bacterial isolate
BS17 showed greatest lipase (15 Unit/mL) protease (0.8067 Unit/mL) and esterase (4.756 Unit/mL) enzyme activity at pH 9.0. At
35 ℃ bacterial isolate BS17 showed greatest enzyme action in protease (1.2772 Unit/mL), lipase (17 Unit/mL) and esterase (5.2972
Unit/mL) enzyme activity. At 48hrs of incubation period bacterial isolate BS17 showed most extreme enzyme activity in protease
(3.361 Unit/mL), lipase (28 Unit/mL) and esterase (8.918 Unit/mL). The sequence of BS17 was deposited in NCBI and Accession
number was received [MT337593.1]. Statistical analysis with the minimum significant difference (LSD) test of ANOVA was carried
out to determine the oil degradation efficiency. This paper demonstrated the isolated P. aeruginosa (BS17) crude oil biodegradation
from oil contaminated land soil sample. Strain BS17 was proved as potent bio-surfactant producer using crude oil by utilizing carbon
and energy source in oil degradation mechanism.
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INTRODUCTION
Soils contaminated by petrol hydrocarbons can influence soil
well-being. Also, increased focuses on the consequences for
human health well-being. They can kill soil microorganisms,
decreasing their number and bio-activity. Soil organisms
help make supplements accessible to plants. 'Reducing
microorganisms' numbers or action additionally influences
plants. Some petrol hydrocarbons can be taken up by plants
and represent a danger to grazing animals, wildlife, and
plant-eating bugs. With a significant level of petroleum
contamination, seeds can't grow. At times, even develop
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plants can't grow any longer. Some oil-based goods can
extremely clog the soil and so it affects the penetration
of water into the soil. Polycyclic aromatic hydrocarbons
(PAHs) are harmful impurities in different conditions since
it has cancer-causing and mutagenic impacts (Silva et al.
2020; Patel et al. 2020).
The biodegradation of PAHs can be considered on one
hand to be a piece of the typical cycles of the carbon cycle,
and then again as the expulsion of man-made poisons
from the climate. The utilization of microorganisms
for biodegradation of PAH-contaminated soil and other
source of petroleum contaminated environments. Among
toxins of hydrocarbons, other petroleum source (alkanes
and aromatic compounds combination) is reported as soil
hydrocarbon substance leakage from ship tanks or re-rented

1613

Chithra & Hemashenpagam
in unintentional leakage accident. Hydrocarbons are for the
most part unmanageable and impervious to microbial attack
because of their low dissolvability and bioavailability. In
this way, these mixtures are profoundly industrious in the
climate and are bio-accumulated in microorganisms (Azadi
et al. 2020).
The accomplishment of bio-degradation is reliant upon
the microbial capacity to degrade the hydrocarbons and
their growth and metabolic growth kinetics. Higher rates
of hydrocarbon degradation are regularly accomplished
with a bacterial enhancement consortium confined from
the climate that necessities bio-restoration. To get efficient
diesel oil-degrading bacterial cultures, information on the
variety of the microbial local area presents in polluted soil
with diesel oil, their metabolic highlights, and their ability to
degrade crude oil. The important properties of hydrocarbondegrading bacterial species are the production of biosurfactants (Habib et al. 2020). These organisms produce
small surfactant atoms that decrease surface tension.
Bacterial consortia often reported as efficient degrader of
hydrocarbons and emulsifying compound production. The
application of bio-surfactants activating and eliminating
the impurities by solubilization and emulsification in waste
treatment (Mujumdar et al. 2019; Lawniczak et al. 2020).
There are various studies reported on bacterial biosurfactants, but the potency of activity is based on their
compound chemical nature. A Pseudomonas species was
known for biosurfactant production. Microorganisms
produce biosurfactants as biofilm which associates with an
interface and modifies the surface properties like wettability
and different properties. A bacterium isolated from sea water
polluted with oil, Pseudomonas aeruginosa has proved
the capacity to breakdown hydrocarbons following 28
days of incubation. The percentage of degradation by the
above species has been studied because of bio-surfactant
production. Bioremediation is the main technique that has
been acknowledged treatment by utilizing native microbial
colonies. Certain bio-surfactant-producing microorganisms
can degrade a few classes of hydrocarbons. Bio-surfactant
characterization is classified based on the microbes’ type,
compounds nature, the polar groups of compounds.
Bio-surfactants are reported as one of the non-toxic
substances, as they are one of the good choices in cosmetic,
food, and pharmaceutical industries (Lawniczak et al.
2020). In this work, we have collected oil spilled soil
samples from various locations and bacteria cultures were
isolated to test the efficiency of bio-surfactant production.
In recent research papers, the bacteria belong to 79
genera are reported as petroleum hydrocarbon degraders
which includes Pseudomonas have been observed for
bio-degradation of crude oil (Ma et al. 2021). Our study
reported that isolated strain is a potent strain to facilitate
enzyme production in a large-scale up process. Moreover,
this strain is proved with higher efficiency in bio-surfactant
production.

Material and Methods
General microbiological and laboratory techniques for the

readiness of media, bacteria isolation, and stock culture
were maintained. Land oil spilled soil was collected
from distinct districts of Tamil Nadu. The examples
were collected at a profundity of 5cm from the outside
of the dirt. By following serial dilution and streak plate
method, the bacterial colonies were isolated and slanted
cultures was prepared to maintained the stock culture for
further examination. The isolated bacterial colonies were
inoculated in nutrient broth with the addition of 0. 1 gram
of oil (engine oil, petrol, or diesel) and incubated the culture
for 2 days. After incubation, the culture was centrifuged for
12 min at 4500 rpm speed to remove the bacterial cells.
After centrifugation, the cleared layer of supernatant was
carefully transferred into a new tube and used the same
for further characterization studied. A 10 μl of the crude
bio-surfactant was spotted on a thin layer chromatography
plate in mobile phase of chloroform, water, and chloroform
(CHCl3: H2O CH3OH) in the ratio of 70:0. 5:10 (v/v/v) as
a mobile phase. The developing reagent (ninhydrin) was
utilized to visualize lipid-based bio-surfactant (red spot)
and anthrone reagent to visualize glycol-based lipid biosurfactant (yellow spot). Rf values were then calculated
(Rani et al. 2020).
Drop collapse test was examined to screen the biosurfactant-producing strain. It relies upon the rule that a
dropped of fluid containing a bio-surfactant would fall
totally over the oil surface. 4μl of mineral oil was added
to a cleared glass slide and incubated the slide at room
condition and afterward, 6 μl of supernatant was applied to
the glass slide with oil covered, and size of each dropped
was seen. The outcome was viewed as sure when the width
of the dropped was expanded by 1mm from that which
was formed by deionized watered which was taken as the
negative controlled (Rani et al. 2020).
For the emulsification stability test, E24 of bacterial cultures
was dictated by the addition of 3 ml oil to a similar measured
of culture tube, following 3 min shaking in vortexer and kept
undisturbed for 1 day (Rani et al. 2020). The percentage of
emulsification capacity was determined:
Emulsification stability % = (Total Height of the emulsified
layer / height of total liquid column) ×100
For the lipolytic activity, about 1 gm of agar and gelatin
was weighed and dissolved in 100 ml of deionized watered
and autoclaved. About 25 ml of the above mixture was
poured into a sterile petri plate and wells was cut and the
supernatant containing bio-surfactant was added into the
wells with a positive controlled under aseptic conditions
and incubated at room temperature for one day. Following
that the plates was developed with 15% mercuric chloride
prepared in 6M HCL solution and the mean diameter was
noted. Lipase-producing bacterial strains formed a zone of
cleared hollow (hydrolysis) on the tributyrin agar medium.
The color zone was estimated after 24 hours of incubation
at 37°c. The lipolytic activity of each bacterial culture was
determined by estimating the diameter of the zones. The
strain with the highest zone was utilized for additional
examination. The media utilized contained peptone 1 gm,
NaCl 0. 5 gm, CaCl2 2H2O 0. 01 gm, agar 1. 8 gm, pH 7.
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4 for 100 ml media quantity, and sterilized. Tween 80 was
included at a final working concentration of 1% (v/v). Then
the isolates was spread on the plate, incubated for 24 hours,
and the formation of color halos was noted. The strain
with the biggest color halo zone was utilized for additional
investigation (Guan et al. 2020).
For protease activity, 500 μl of casein (1 %), and 450 μl of
0. 2 mol/l phosphate buffer (pH 7. 0) was added to 350 μl
of crude enzyme extract. At 60 °c the reaction content was
incubated for 10 min. The reaction was stopped by the 2
ml of 10 % trichloroacetic acid addition. Then the tube was
centrifuged at 7000 x g for 12 minutes and to the separated
supernatant, 6 ml of 0. 3 mol/l Na2CO3, 2 ml of folin and
ciocalteau's phenol reagent was added. Followed by 30 min
incubation and measured at 660 nm utilizing tyrosine as a
standard, the absorbance of the blue color formed (Habib
et al. 2020).
The free lipase activity was examined by
spectrophotometrically by following the method with some
modifications ((Kumar et al. 2020). The reaction mixture
contains 0.05M phosphate buffer (pH 8. 0) 3 ml, 0.8 mM
p-NPP (0. 1 ml), 0. 2 ml of lipase and incubated at room
temperature. And by adding 1 ml of ethanol, the reaction
was stopped. A controlled was studied without the addition
of enzyme. Absorbance was measured at 410 nm using UV
spectrophotometer. One international unit (IU) of lipase
action was measured when the enzyme catalyzing and the
released of 1 μmol of p-nitrophenol per min from p-NPP
(Abi Habib et al. 2020). For esterase activity, the assay
solution contained 15 ml of 1% (v/v) tributyrin (substrate),
1% solution of gum acacia, 600μl calcium chloride (2%)
and 1. 5 ml of NaCl (1M). The whole reaction mixture was
studied by titration 10mM NaOH (10mM) and the esterase
activity was calculated.

One unit of esterase activity was concluded as the amount of
enzyme that released 1 μmol fatty acid min-1 at 30 ℃ with
pH 7 under the test conditions (Sani et al. 2021). For the
media optimization and to induce the maximum enzymatic
activity of protease, lipase, and esterase, the parameters of
the following factors like media, pH, temperature, incubation
period, carbon source, and nitrogen source was optimized
based on a one-factor at a time method. The bacterial
isolates were cultured on different substrates (4% w/v) such
as coconut oil cake, cottonseed oil cake, groundnut oil cake,
gingelly oil cake, soya bean oil cake, rice bran, wheat bran,
and the studied was compared with nutrient broth medium
at 37 ℃ with pH of 7. 5 and incubated for 48 hours. The
cultured broth was then centrifuged at 12,000 rpm for 15
minutes. The cleared supernatant was collected and used
as a crude enzyme for studying the enzymatic activity and
total protein content. The effect of pH on enzymatic activity
was examined with various pH 4 - 12.
The ideal pH for maximum enzyme activity was noted by
changing the pH of the medium. The effect of temperature
BIOSCIENCE BIOTECHNOLOGY RESEARCH COMMUNICATIONS

on enzymatic activity was examined with different
temperatures such as 25 ℃, 30 ℃, 35ºc, 40 ℃, 45 ℃, and
50 ℃. The ideal temperature for maximum enzyme activity
was chosen by changing the temperature of the medium.
The effect of the incubation period on enzymatic activity
was studied at different time intervals that include 12 hours,
24 hours, 36 hours, 48 hours, 60 hours, and 72 hours. The
ideal incubation period for the highest enzymatic activity
was recorded by changing the incubation period of the
medium (Al-Dhabi et al. 2020).
For morphology study and molecular identification,
the most effective bacterial culture was distinguished
by standard biochemical tests and morphological
examination by microscope. Genetic identification of
strain in which the genomic DNA of the bacteria was
extracted utilizing the standard procedure. Then the 16s
rDNA was amplified used PCR by utilizing universal
primer, 968F (AACGCGAAGAACCTTAC) and 1541R
(AAGGAGGTGATCCAGCCGCA) (Fadeev et al. 2021).
Polymerase chain reaction (PCR) was performed in a 30 μl
volume of master mixed (sigma aldrich, USA) and 10 ng of
genomic DNA. PCR amplicons was further separated on 1
% of agarose gel and PCR amplicons (16s rRNA gene) was
purified used pcr clean-up kit (genelute™). PCR amplicons
was sequenced by a single by-pass sequencing method.
The consensus sequence of 16s rDNA was utilized for
basic local alignment searched tool (BLAST) examination
against the data set in the National Center for Biotechnology
Information (www. ncbi. nlm. nih. gov). Sequence
alignment was done by utilizing Clustal w and by dictated
by the neighbor-joining technique the phylogenetic tree was
constructed used Mega 5 software (Modi et al. 2019). The
curated FASTA sequence was submitted to Genbank and
the accession number was acquired.

Results and Discussion
All the dirt soil samples were gathered at a profundity of
5cm from the land surface. The gathered soil samples had
an identification of dark tone because of consistent oil
spillage. The gathered oil spilled soil samples in sterile
polythene sacks were stored at 4°C aseptically and utilized
for additional exploration studied. Most of the strains was
belongs to Pseudomonas genus, especially P. aeruginosa
species, which widely reported for crude oil degradation
(Shweta et al. 2021).
Figure 1: Thin Layer Chromatography: TLC analysis
of purified bs produced two spots in the TLC plate with
an Rf value of 0.89. The bio-surfactant fraction after
centrifugation showed a positive result with Molish reagent
and vapor of iodine, representing the lipid moieties presence
and carbohydrate moieties. The TLC analysis determined
the presence of the glycolipid nature of extracted biosurfactant.
Oil spreading and Drop collapse test: Among the other
selected bacterial isolates, the broth culture of bacterial
isolate BS17 was noted as the highest oil spreading
efficiency (38 mm) followed by bacterial isolate 45 (36
mm). The bacterial isolates 40 (7 mm), 41 (9 mm), 70
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(4 mm), 62 (8 mm) were observed as the lowest zone
formation. The remaining bacterial isolates observed have
no zone of displacement which is recorded as an absence of
bio-surfactant production. The bacterial isolate BS17 was
observed as the highest bio-surfactant activity in the drop
collapse test (Rani et al. 2020).
Figure 1

Figure 2: Among the tested production media, the
groundnut oil cake was found have been the optimum media
for protease (0. 47069 u/ml), lipase (9 u/ml), and esterase
activity (3. 891 u/ml) for bacterial isolate BS17.

Emulsification stability test: The effectiveness of
biosurfactants in supplying oil to bacterial cells was
investigated by measured the emulsifying activity (E24
index) of the biosurfactant. The screening was studied by
adding 2 ml of gasoline to 1 ml of the supernatant and stirring
vigorously and keeping overnight. The emulsification
activity was calculated as a percentage. Among the fifty
bacterial isolates screened, the emulsifying activity was
found have been maximal in bacterial isolate BS17 (55
%), followed by bacterial isolate BS56 (48 %). The lowest
leveled of emulsion activity (0. 3 %) was observed in
bacterial BS38, BS32, and BS45 (Rani et al. 2020).

Figure 3: The investigation of the impact of various pH
uncovers that enzyme production was extraordinarily
affected by fluctuating pH of the production media. The
bacterial isolate BS17 showed greatest lipase (15 U/ml)
protease (0. 8067 U/ml) and esterase (4. 756 U/ml) enzyme
activity at pH 9. 0. At pH 4. 0, 5. 0 and 12. 0 the bacterial
isolate 17 recorded total shortfall of protease activity and
low lipase activity (2 U/ml, 3 U/ml and 3 u/ml) individually
and esterase action (3. 676 U/ml, 3. 837/U/ml and 4. 162 u/
ml). As there was an increment in the pH esteem from pH 4.
0 to 9. 0 there was a significant increase in lipase, protease,
and esterase production in bacterial isolate BS17. The
protein content was also recorded high up to pH 9. 0 after
which there was a rapid decrease in the protein content
of bacterial isolate BS17 which relates to the decrease in
enzyme production (Hou et al. 2021).

Figure 4: Optimization of temperature for promoting the
enzyme activity. At 35 ℃ bacterial isolate BS17 showed the
greatest enzyme action in protease (1. 2772 U/ml), lipase (17
U/ml), and esterase (5. 2972 U/ml) enzyme activity. There
was an increase in chemical creation in protease, lipase, and
esterase action when the temperature increments from 25 ℃
to 35 ℃. Continuously there was a decline in a compound
movement when the temperature ascends from 40 ℃ to 50
℃. The protein content additionally showed a significant
increase up to temperature 35 ℃ after which there was a
decrease in the protein content of bacterial isolate BS17
(Benabda et al. 2019).

Extraction of protease, lipase & esterase enzymes from
supernatant containing bio-surfactant: From the past
outcomes concerning the fundamental screening of potent
bacterial isolates for the production of biosurfactants by
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oil spread test, drop collapse method, and emulsification
activity test. Based on the result we got, 31 bacterial
isolates was separated to assess the lipolytic, proteolytic,
and esterolytic activities by estimating the hydrolysis
of tributyrin, gelatin, and tween 80 around the bacterial
colonies. Out of the 31 bacterial isolates BS27 bacterial
isolates was observed for lipolytic activity and isolate BS17
was identified have been the best lipase producer. While
24 bacterial isolates showed esterolytic activity and 25
bacterial isolates showed proteolytic action with bacterial
isolate BS17 was showed have been the best esterolytic
and proteolytic production. The bacterial isolates BS17,
BS34, and BS47 showed the best lipolytic activity with
no response of protease and esterase activity. Despite
the reports that these enzymes were highly demanded
for various applications in biotechnology industries (AlGhanayem et al. 2020).
Figure 5: At 48hrs of the incubation period, bacterial isolate
BS17 showed the most extreme enzyme activity in protease
(3. 361 U/ml), lipase (28 U/ml), and esterase (8. 918 U/ml).
There was an increment in enzyme catalysis in protease,
lipase, and esterase activity when the incubation time frame
increases from 12 hrs to 48 hrs. There was a critical lessening
in enzyme production of protease, lipase, and esterase when
the incubation time frame ascends from 60 hrs to 72 hrs.
Least protein content in protease (0. 4033 U/ml), lipase (9
u/ml) and esterase (2. 972 U/ml) action was recorded as 12
hrs incubation period. The protein content likewise showed
a huge increase up to 48 hrs incubation period after which
there was a significant reduction in the protein content of
isolate BS17 (Chimbekujwo et al. 2020).

Figure 6: The potent isolate BS17 has shown maximum
response in all screening tests. The sequenced 16s rRNA
was curated and the phylogenetic tree was constructed used
Mega5 software to align the closely related species. From
the analysis, the BS17 was closely related to Pseudomonas
aeruginosa. The 16s rRNA sequence of BS17 was submitted
and the NCBI Genbank accession number was received
[MT337593.1].

Optimization of media for promoting the enzyme
activity: Production media plays a crucial role in the
production of microbial enzymes. Different media such
as coconut oil, cottonseed oil cake, groundnut oil cake,
gingelly oil, soyabean oil cake, rice bran, nutrient broth,
wheat bran was tested to studied the effect of media on
maximum enzyme production for protease, lipase, and
esterase activity. From the previous data we got, the
bacterial isolate BS17 and isolates was selected for their
ability to produced lipase, protease, and esterase in higher
production. The bacterial isolates BS17 and was subjected
have been the potent producer and was chosen for further
optimization studied (Al-Dhabi et al. 2020).
Optimization of pH for promoting the enzyme activity:
The role of pH was one of the significant variable parameters
for microbial growth in the production medium. As the pH
assumes a significant part in all the organic cycles, so the
enzyme production was tested at various pH liked 4 - 12.
Optimization of incubation period on enzyme activity:
Incubation time assumes a significant part in enzyme
production. To examine the impact of the incubation period
on protease, lipase, and esterase production, different
incubation periods, such as 12 hrs, 24 hrs, 36 hrs, 48 hrs,
60 hrs, and 72 hrs was utilized.

Oil Degradation by extracted bio-surfactant: The
measured of oil in contaminated soil samples before
microbial treatment and after treatment with the particular
bio-surfactants was assessed utilizing the gravimetric
technique. In the supernatant of bacterial isolate BS56, the
leveled of oil degradation percentage was 88. 75 %. This
was supposed have been the highest degradation percentage
among the screened 17 bacterial isolates. Followed that, the
bacterial isolate BS17 showed an oil degradation percentage
of 87. 4 1%. In the supernatant of bacterial isolate BS39,
the degradation of oil percentage was 79. 30 %. This was
recorded as the least oil degradation percentage (Christova
et al. 2019).
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Molecular identification of potent bio-surfactant
producing bacterial isolates by Phylogenetic tree
construction:
Statistical analysis: Results and all the experiments were
represented as standard deviation (SD) and ± mean. ANOVA
table was used to determine the significant differences
statistically (p < 0. 05) by used SPSS 16. 0 (IBM Corp,
USA) (Mishra et al. 2019).

Conclusion
The findings of the present study suggests that the
biodegradation of crude petroleum by P. aeruginosa BS17
isolates from hydrocarbon-contaminated soil. Strain BS17
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was identifies to be an effective raw petroleum degrader
and could potent biosurfactant utilizing raw petroleum as
the sole carbon and fuel source throughout degradation.
The biosurfactant produces by BS17 has high surface
action and displays superb emulsification action against
various hydrocarbon substrates. Every one of these positive
properties works with the strain as a proficient bacterial
biosurfactant in different ecological applications, especially
in the remediation of unrefines petroleum pollutes areas.
Conflict of Interests: Authors have no conflict of interests
to disclose.
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