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ABSTRACT

Aim: To evaluate the effect of biosurfactant produced by Pseudomonas sp. GBS.5 on degradation
of diesel oil.

Study Design: Shake flask studies were carried out with alkanes and diesel oil.

Place and Duration of Study: Deptt of Biotechnology, Jaypee Institute of Information Technology,
Noida, from June 2014 — 2015.

Methodology: Shake flask studies were carried out to study the degradation of alkanes and diesel
oil. The degradation was studied using Gas Chromatography.

Results: Biosurfactant was extracted by growing Pseudomonas sp. cells on minimal media with oil
after 168 hrs. The production was confirmed by various qualitative and quantitative assays. The
biosurfactant extracted was used to study the degradation of alkanes (n-tetradecane, n-
hexadecane, n-heptadecane, n-docosane) and oil. It was observed that biosurfactant enhanced the
degradation rate of all alkanes except n-docosane. Similar effect was also observed on the
degradation of alkanes in presence of oil.

Conclusion: The results indicated that the bacterial isolate Pseudomonas sp. strain GBS.5 exhibit
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potential for bioremediation of petroleum-contaminated soils. GC analysis led to the identification
and degradation of certain long chain alkanes degraded by Pseudomonas sp. GBS.5 associated
with biosurfactant production. Biosurfactants produced by the oil degrading bacteria facilitate the
uptake of oil hydrocarbons by bacterial cells thereby improving the degradation of the hydrocarbons
which leads to a keen interest on these microbial products as alternatives to chemical surfactants.

Keywords: Alkane; biosurfactant, oil; pseudomonas.

1. INTRODUCTION

The demand of petroleum as an energy source
has been increasing with increasing worldwide
industrialization. Environmental pollution with
petroleum and its products has been recognized
as a significant and a serious problem. They are
one of the most widespread contaminants in the
environment due to their wide distribution,
persistence, complex composition and toxicity
and are therefore considered to be potentially
mutagenic and carcinogenic [1]. Presently, the
technologies commonly used for remediation of
these petroleum hydrocarbons include
evaporation, mechanical burying, dispersion and
washing. These remedial measures are not only
cost intensive and time consuming, but also
laborious, and generally not very effective.
Microbial degradation has been recognized as an
economic, efficient and versatile alternative by
which these contaminants can be removed from
the environment. Many microorganisms like
Bacillus subtilis, Pseudomonas aeruginosa,
Acinetobacter  calcoaceticus, Pseudomonas
fluorescens, Rhodococcus erythropolis, Bacillus
licheniformis etc. have been reported for oil
degradation studies [2]. These oleophilic
microorganisms have the capability to utilize oil
as their carbon source and energy and further
degrade hydrocarbons present in it. However,
due to lack of functional group and low water
solubility these hydrocarbons require
solubilization before being degraded by microbial
cells which can be achieved by the use of
biosurfactants.

Biosurfactants are diverse group of surface-
active molecules. They enhance the oil mobility
by increasing the solubility of the water-insoluble
organic compounds thereby improving the
degradation of the hydrocarbons. Till now it has
been seen that the application of biosurfactant is
used to enhance the biodegradation of pollutants
but there are reports which have demonstrated

decreased degradation in presence of
biosurfactants due to various reasons like
surfactant toxicity, reduce bioavailability of

micelle bound hydrocarbon contaminant and by
surfactant enhanced contaminant toxicity [3,4].

The present study was taken with a view to
elucidate the biosurfactant production and oil
degradation ability of Pseudomonas sp. GBS.5, a
native isolate of our lab reported for the
degradation of carbazole [5].

2. MATERIALS AND METHODS

2.1 Chemicals and Culture Media

Crude Oil was purchased from Indian Oil
Corporation (IOC) Petrol Pump Sector-24 Noida
(U.P., India). Potassium phosphate, disodium
hydrogen phosphate, sodium sulphate,
potassium chloride, magnesium sulphate,
manganese chloride, iron chloride, calcium
chloride, carbazole and aliphatic hydrocarbons
(hexane, n-tetradecane, n-hexadecane,
heptadecane and docosane,), used in
degradation studies, were of high purity (96-99%)
purchased from Sigma-Aldrich (St Louis, MO,
USA). Anthrone reagent, Bradford reagent and
other chemicals used were of analytical grade
from Qualigen and Hi Media Laboratories (India).
Basal salt medium (BSM) was composed of (per
liter of media) 2.44 g of KH,PO, 5.57 g of
Na,HPO,; 2 g of Na,SO,4; 2 g of KCI; 0.2 g of
MgSO,; 0.001 g of FeCl;.6H,0; 0.02 g of
MnCl,.4H20; 0.003 g of CaCl,.2H,0 and NH,CI
(2 g) was added to the BSM as nitrogen source.
The pH of the media was 7.0+0.05.

2.2 Bacterial Growth in Presence of
Crude Petroleum Oil Hydrocarbons

For growth curve experiment, LB-grown bacterial
isolate Pseudomonas sp. GBS.5 was inoculated
into 100 mL BSM supplemented with 1% oil in
250 mL Erlenmeyer flasks. Culture flask was
then incubated at 37<C and with a shaking speed
of 180 rpm in rotary shaker for seven days. To
measure cell growth, 2 mL culture was aliquoted
at regular time intervals. Uninoculated flask was
served as negative control. Bacterial growth was




assessed by measuring the protein concentration
in the culture media using Bradford assay [6].

2.3 Extraction of Biosurfactant

The bacterial isolate was inoculated into 100 mL
BSM supplemented with 1% oil. Culture flask
was incubated at 37C at 180 rpm in rotary
shaker for seven days. After incubation culture
supernatant was precipitated by acidifying with
conc. HCI (pH 2) overnight. The precipitate was
collected and biosurfactant was extracted using
equal volume of chloroform and methanol (2:1).
The mixture was then evaporated to dryness and
weight of the extract was measured [7]. Pellet
was dissolved in water and was further used for
biodegradation studies.

2.4 Biodegradation Studies

2.4.1 Biodegradation of alkanes and crude oil

Pseudomonas sp. GBS.5 was inoculated into
100 mL BSM supplemented with 1% alkane and
biosurfactant (64 pg/ml) in 250 mL Erlenmeyer
flasks. Degradation of n-alkanes, such as n-
tetradecane (1%), n-hexadecane (1%), n-
heptadecane (1%) and n-docosane in a
concentration of 100 mg/l, was examined
individually. n-tetradecane, n-hexadecane and n-
heptadecane were added directly into the BSM
media and n-docosane was dissolved in acetone
and then added to the BSM media. In case of oil
degradation, 1% oil was added into the media.
Culture flask was incubated at 37<C at 180 rpm
in rotary shaker for seven days. For degradation
studies, 2 mL culture was aliquoted at regular
time intervals, acidified to pH 2 using 2 N HCI.
Equal volume (1:1 v/v) of n-hexane was added.
After 24 h, upper n-hexane layer was separated
from aqueous phase [8]. Dried sample was then
dissolved in n-hexane and used for analysis.

2.5 Analytical Methods

2.5.1 Biosurfactant analysis

Various qualitative and quantitative assays were
used to estimate biosurfactant, produced by
Pseudomonas sp. GBS.5. Samples were
prepared by inoculating overnight LB-grown
bacterial isolate in to the BSM supplemented with
crude oil (1%). Biosurfactant was analyzed using
standard test such as drop collapse assay [9],
microplate assay [10], emulsification test [11] and
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anthrone test [12]. As surfactants are well known
to reduce surface tension of liquids, these
qualitative tests are indicative of surface activity
and wetting properties. Further, to calculate the
emulsification activity, emulsification assay was
performed with n-hexadecane. Emulsification
index (E24) was calculated by measuring the
percentage of height occupied by the emulsion
after 24 h: [%E24 = (hemuision/Ntotar) X100].

2.5.2 Gas chromatography (GC) analysis

Alkane degradation was analyzed using GC
(Thermo Scientific 1100) equipped with a flame
ionization detector fitted with 30 m TR-5 (5%
Phenyl Methylpolysiloxane) capillary column.
Nitrogen was the carrier gas with a constant flow
rate of 1.5 mL/min. Injector and detector
temperatures were 270C and 280C,
respectively. The oven temperature program
started from 60C which further increased to
280 at a rate of 22C/min.

2.5.3 Gas chromatography-
spectrometry (GC-MS) analysis

mass

Identification of oil hydrocarbons, formed during
oil degradation, was carried out using GC-MS
(Shimadzu model GC-MS QP2010, Japan)
equipped with quadrupole mass analyzer. Helium
was the carrier gas /with a constant flow rate of
1.21 mL/min. A 2 pL of derivatized or
underivatized sample was injected in splitless
mode. For oil metabolite identification, 30 m DB-
5 MS capillary column (J&W Scientific, Folsom,
CA) was used. The oven temperature program
started from 80C (3 min isothermal hold) and
then was ramped to 280%C held for 17 min. For
the identification of oil hydrocarbons a 60 m
Rtx®-5Sil  MS capillary column (Restek,
Bellefonte, PA) was used. The oven was heated
to 280C at a rate of 5C/min, followed by a
10C/min increment to 320C and held for 30
min. Detector and Injector temperatures were
270C and 250<C respectively. Biodegradation of
oil was analyzed using GC (Thermo Scientific)
equipped with a flame ionization detector fitted
with 30 m TR-5 (5% Phenyl Methylpolysiloxane)
capillary column. 0.1 yL sample was injected in
split less mode. Nitrogen was the carrier gas with
a constant flow rate of 1.5 mL/min. Injector and
detector temperatures were 270C and 280<C,
respectively. The oven temperature program
started from 60T which further increased to
280C at a rate of 22C/min.



3. RESULTS AND DISCUSSION

3.1 Screening of Biosurfactant

Production

The production of biosurfactant, in the presence
of crude oil, by Pseudomonas sp. GBS.5 was
primarily screened by drop collapse and
microplate assay (Fig. 1). Emulsification index
was calculated after 24 hours, by measuring the
height of the stable emulsion layer. (Fig. 2).
Emulsification index of 51.61 was obtained after
24 hrs of incubation. Higher the emulsification
index, higher will be the emulsification activity of
a surfactant. These tests indicate that GBS.5 has
the capability of producing biosurfactant in the

presence of crude oil. The maximum
concentration  of  biosurfactant  produced
was 6 ug/ml.

SDS OIL() OILz) CARBAZOLE WATER

(A)

OILx OIL¢ CARBAZOLE WATER

(B)

Fig. 1. Preliminary screening of biosurfactant
from 24 h grown culture of Pseudomonas sp.
GBS.5; (A) Drop-collapse test (B) Microplate
analysis; sodium dodecylsulphate (1%, w/v)
and culture supernatant of strain GBS.5
growing in carbazole containing BSM
medium. were used as positive controls and
Milli-Q water was used as a negative control.
Qil (1) and oil (2) represent two different
samples. All experiments were performed in
triplicates
3.2 Growth Characteristics and
Biosurfactant Production

To analyze the relationship between the growth
and production of biosurfactant, Pseudomonas
sp. GBS.5 was inoculated into BSM
supplemented media with 1% oil and incubated
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for 7 days. Fig. 3. shows profile of growth along
with biosurfactant production by Pseudomonas
sp. GBS.5. Biosurfactant production was found to
be associated with the growth. Increase in
biosurfactant production was seen with increase
in growth. No growth and production was
observed when bacterial strain reached
stationary phase. Maximum growth and
production was observed after 140 hrs showing
proportional relationship between the growth and
biosurfactant production. Pseudomonas sp.
GBS.5 utilized oil hydrocarbons as their source
of carbon and energy which was evident from its
protein content after 140 hrs of incubation.

Fig. 2. Emulsification activity from 24 hr
grown culture of Pseudomonas sp. GBS.5in
oil containing BSM; sodium dodecyl sulfate

(1%, w/v) was used as positive control

Assay was performed with n-hexadecane.
Emulsification index (E24) was calculated by
measuring the percentage of height occupied by the
emulsion after 24 h: [%E24 = (hemuision/Ntota) X100]. E24

for SDS and Biosurfactant were 54.8 and 51.6

respectively

3.3 Degradation Studies

3.3.1 Degradation of n-alkanes

Effect of biosurfactant on the degradation of n-
alkanes viz. tetradecane (Ci4Hsp), hexadecane
(C16Hz4), heptadecane (Ci7Hszs) and docosane
(CxoHye) was examined in aqueous media. The
biodegradation capability of Pseudomonas sp.
GBS.5 in the presence of these alkanes as a
sole of carbon and energy sources was studied
using Gas chromatography. Cell-free controls
served as negative controls.

As shown in Fig. 4, the degradation rate of
tetradecane (C1a, hexadecane (C1e),
heptadecane (C;7), docosane (C,,) after seven
days of incubation were 64, 82, 63 and 81%
respectively and when biosurfactant was added



to the media the rate of degradation increased to
80, 92, 76 and 57% respectively.

During oil spill degradation the short chain
alkanes are easily volatilized, however, as the
chain length increase the rate of degradation
decreases. Metagenomic studies have revealed
that the area is inhabited by oil degrading
microorganisms  but due to decreased
bioavailability, no degradation is observed [13].
n-Alkanes are immiscible in water and form a
layer at the top of the aqueous medium. The low
solubility of alkanes in water potentially
undermines the capacity of microorganism to
degrade them. Biosurfactants are reported to aid
in degradation by increasing the bioavailibity of
these compounds. However, there are reports
which suggest that biosurfactants can have
negative impact on the degradation. Some of the
mechanisms for the inhibition of microbial
degradation at critical micelle concentration
levels include surfactant toxicity due to lysis of
cell membrane, reduce bioavailability of micelle
bound hydrophobic contaminants and surfactant-
enhanced contaminant toxicity due to high
concentration of biosurfactant.

Biosurfactant produced by Pseudomonas sp.
showed a positive impact on degradation by
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increasing the degradation rate of the long chain
hydrocarbons.  Pseudomonas sp. GBS.5
completely utilized n-tetradecane, n-hexadecane
and n-heptadecane as its sole source of carbon
and energy and degradation increased in the
presence of biosurfactant (Fig. 4a, b, c).
However it was observed that degradation of n-
docosane was slightly slower in presence of
biosurfactant (Fig. 4d) than that of which might
be due to its higher molecular weight and
hydrophobicity. Variation in degradation of n-
alkanes is linearly correlated with inverse of
carbon chain length [14].

3.3.2 Biodegradation of oil

Crude oil is a complex hydrocarbon mixture of
hydrocarbons and alkanes are the major fraction
representing 70-80% of it. To examine the oil
degradation potential, cells of Pseudomonas sp.
GBS.5 was grown on BSM media supplemented
with 1% oil as sole source of carbon and energy.
Effect of biosurfactant on oil hydrocarbon
degradation was examined. The rate and extent
of biodegradation was interpreted based on the
GC chromatograms of the test sample (with and
without biosurfactant) for the residual oil
extracted with n-hexane. Uninoculated flask

served as negative control.
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Fig. 3. Time course of increase in protein concentration and biosurfactant production by
Pseudomonas sp. GBS. 5. The values are means of three independent replicates. SD was
within the acceptable ranges
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Fig. 4. GC chromatogram of different alkanes: Tetradecane, hexadecane, heptadecane and
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The resolved n-alkane peaks in the oil
chromatograms were found to be in the carbon
number range C;3—C,, (above Fig. 5a) various
fractions of oil were efficiently degraded. The
rate and extent of degradation of individual n-
alkanes in the oil was also confirmed in oil
based on variation in their peak area observed
in GC chromatograms. C;5 was one of the most
abundant component in the residual oil. It was
observed that degradation at the faster rate
commenced immediately for compounds with
carbon number less than C,e. This might have
occurred because the bacteria consumed the
lighter alkanes first or may be due to a decrease
in solubility with an increase in molecular weight.
The consumption of crude oil and its
components was increased substantially in the
culture on addition of biosurfactant (Fig. 5c). Its
production contributed to the good dispersion
and efficient degradation of oil by increasing the

bioavailability thereby improving the rate of
microbial utilization. Therefore, the solubilization
of contaminants was markedly increased which
further  enhanced degradation  of  oil
hydrocarbons.

4. CONCLUSION

Oil  contamination  with  petroleum and
petrochemical products has led to innumerable
environmental and health problems.
Biosurfactants help in the degradation of these
compounds by promoting the bioavailability. In
this study, the effect of biosurfactant produced
by Pseudomonas sp. GBS.5 in bioremediation of
crude oil hydrocarbons was evaluated.
Incorporation of biosurfactant in minimal media
with each alkane and oil independently,
enhanced the degradation of all alkanes except
n-docosane. Similar effect was also observed on



the degradation of alkanes in presence of oil.
The enhanced degradation of various alkanes
independently and in the presence of oil make
this biosurfactant a promising candidate in
bioremediation of oil spills or other hydrophobic
pollutants.
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