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Abstract An efficient hydrocarbon-degrading native bacteri-
al strain Bacillus pumilus KS2 (identified by partial 16S
rDNA gene sequencing) was isolated from crude oil-
contaminated soil collected from oil fields of Lakowa,
Sivasagar district of Assam, India. Experiments were conduct-
ed under laboratory conditions to determine the efficiency of
th i s b iosur fac tan t -p roduc ing s t ra in to degrade
polycyclicaromatic hydrocarbons (PAHs). Quantification of
the capacity of the biosurfactant to reduce the surface tension
(ST) of the culture medium was used as a measure of
biosurfactant production. In terms of total petroleum hydro-
carbon (TPH) degradation, strain KS2 was able to degrade
80.44 % of the TPH by 4 weeks of incubation. It also dem-
onstrated efficient degradation of PAHs, completely
degrading nine of the 16 major PAHs present in the crude
oil sample. Strain KS2 also produced biosurfactant which,
based on biochemical and FTIR analyses, was glycolipid in
nature. To our knowledge, this is the first report showing the
potential of a native strain of the North-East region of India for
efficient degradation of TPH and PAHs and, consequently, in
the remediation of hydrocarbons from contaminated sites.
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Introduction

Oil pollution is a serious environmental problem worldwide.
Various activities associated with oil exploration cause envi-
ronmental pollution, including geophysical exploration, dril-
ling of wells, pressure control and management of oil and
natural gas gushing from the well, transportation and refining
of crude oil. Crude oil is a homogeneous but complex mixture
of hundreds of different hydrocarbons which vary widely in
their characteristics. These compounds are toxic, persistent
and have negative influence on living organisms, making it
imperative to develop a technology for cleaning up polluted
sites. Microorganisms capable of degrading hydrocarbons in
various forms (Klug and Markovetz 1971) can be found in
many environments depending on the specific compounds
present in the environment (Atlas 1981). However, the rate
of degradation of hydrocarbonaceous compounds in nature is
limited due to their hydrophobic property which leads to their
limited solubility in ground water and tendency to partition to
the soil matrix. This partitioning can account for as much as
90–95 % or more of the total contaminant mass. As a conse-
quence, hydrocarbon contaminants exhibit moderate to poor
recovery by physicochemical treatments, limited bioavailabil-
ity to microorganisms and limited availability to oxidative and
reductive chemicals when subjected to in situ and/or ex situ
applications (Pacwa-Plociniczak et al. 2011). A promising
method that can improve the effectiveness of bioremediation
of hydrocarbon-contaminated environment is the use of
biosurfactants. Biosurfactants are surface-active amphipathic
molecules produced by certain microorganisms. They have a
wide structural diversity, ranging from glycolipids,
lipopeptides and lipoproteins to fatty acids, neutral lipids,
phospholipids and polymeric and particulate biosurfactants
(Das et al. 2008). Biosurfactants reduce surface tension (ST)
and critical micelle dilution in both aqueous solution and
hydrocarbon mixtures, thereby facilitating the creation of
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micro-emulsions with the formation of micelle in which
hydrocarbons can solubilize in water or water in hydro-
carbons (Banat 1995). Biosurfactants are often less toxic
and more biodegradable than synthetic surfactants and
thus are particularly suited for environmental applica-
tions such as hydrocarbon remediation (Oberbremer
et al. 1990). Most biosurfactants, in comparison to
chemical surfactants, have shorter persistence in the environ-
ment (Georgiou et al. 1992) and are more effective in enhanc-
ing the solubility and biodegradation of petroleum hydrocar-
bons, including polycyclic aromatic hydrocarbons (PAHs)
(Wong et al. 2004; Hickey et al. 2007).

Crude oil contains more than 30 % PAHs. PAHs are im-
portant environmental contaminants because of their hydro-
phobic and recalcitrant nature (Toledo et al. 2006) and addi-
tionally are important health threats to human and animal life
(Samanta et al. 2002). They occur in nature as a result of
incomplete combustion of organic matter, as well as from
many anthropogenic sources, including cigarette smoke and
automobile exhaust (Jacques et al. 2007). A number of studies
on degradation of multiple PAHs by biosurfactant-producing
bacteria have been published. Ganeshalingam et al. (1994)
suggested that applying surfactants as immobilizing agents
might be one approach to enhance the solubility of PAHs.
Biosurfactants are capable of increasing the bioavailability of
poorly soluble PAHs (Gilewicz et al. 1997; Olivera et al.
2003). Nie et al. (2010) studied the biosurfactant-producing
Pseudomonas aeruginosa NY3 as one of the components of
PAH-degrading bacterial consortia tested for their efficacy in
degrading a mixture containing equal amounts of fluorene,
anthracene, phenanthrene, pyrene and fluoranthene. These
authors reported that this bacterium could degrade all
five of these PAHs at different degradation rates. The
ability of members of the genus Bacillus to degrade
PAHs has also been reported. However, experimental
data on hydrocarbon degradation by biosurfactant-
producing Bacillus pumilus are relatively scarce. Several
bacterial strains, including B. pumilus JL, have demon-
strated the capacity to degrade diesel and used engine
oil effectively in liquid media (Mandri and Lin 2007;
Singh and Lin 2008). In a PAH degradation study by
bacterial consortia, Ma et al. (2010) observed that
B. pumilus was one of the members of the consortia,
but these authors did not determine whether the bacte-
rium was responsible for degradation of any specific
PAH. Khanna et al. (2011) reported that B. pumilus
(PK- 12, MTCC 1002) could metabolically take up
64 % of pyrene from its growth medium. Yuliani
et al. (2012) recently showed that B. pumilus C 15
has the capability to degrade the PAHs pyrene and
phenanthrene because the strain possesses the
dioxyrenese nidA and nahAc gene which are responsible
for PAH uptake.

The aim of this study was to isolate an efficient
biosurfactant-producing/hydrocarbon-degrading native bacte-
rial strain that can be used for the decontamination of the sites
contaminated with petroleum hydrocarbons.

Materials and methods

Isolation of microorganism

Soil samples were collected from crude oil-contaminated sites
of the Lakowa oil fields, situated in upper Assam, India, for
isolation of biosurfactant-producing bacterial strains with
hydrocarbon-degrading property. To this end, 1 g of collected
soil sample was added to a 500-mL Erlenmeyer flask contain-
ing 100 mL of sterilized nutrient broth and mineral salt solu-
tion at 1:1 ratio (Francy et al. 1991) to which 2 %v/v crude oil
was added as the sole carbon source. The flasks were incu-
bated at 35 °C in a rotary shaker (model Orbitek LJEIL;
Scigenics Biotech, Bangalore, India) at 150 rpm. After 3 days
of incubation, 5 mL of culture broth was sampled from each
flask and transferred into a second batch of flasks containing
fresh medium; these flasks were then incubated under the
same conditions to decrease the unwanted microbial load.
This process was repeated three times, and each time 5 mL
of culture broth was withdrawn from the “older” flasks and
transfered into new ones. Serial dilutions of the culture broth
from the last batch of flasks were inoculated onto diesel-
containing (2 % v/v) mineral agar plates and the plates incu-
bated at 35 °C for the development of bacterial colo-
nies. The morphologically different bacterial colonies
which developed on the plates were streaked on nutrient
agar plates to obtain pure cultures of the isolates, and
these pure cultures were maintained on nutrient agar
slants and kept at 4 °C in the refrigerator.

Screening for biosurfactant-producing bacteria

The isolated bacterial strains grown in nutrient broth for 24 h
at 35 °C with shaking at 150 rpm were used as mother
inoculum. A 5-mL sample of each mother inoculum of each
isolate was transferred to a 500-mL Erlenmeyer flask contain-
ing 100 mL sterilized mineral medium with 2 %w/v glucose
as the carbon source and incubated at 35 °C with shaking at
150 rpm. The composition of the mineral medium used was
(g/L): NH4NO3 (4.0), KCl (0.1), KH2PO4 (0.5), K2HPO4

(1.0), CaCl2 (0.01), MgSO4⋅7H2O (0.5), FeSO4⋅7H2O
(0.01), yeast extract (0.1) and 10 mL of trace element solution
containing (g/L) 0.26 g H3BO3, 0.5 g CuSO4⋅5H2O, 0.5 g
MnSO4⋅7H2O, 0.06 g (NH4)6Mo7O2⋅ 4H2O and 0.7 g ZnSO4⋅
7H2O (Saikia et al. 2012). The pH of themediumwas adjusted
to 7.0±0.2. The production of biosurfactant by the bacterial
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isolates was assayed in terms of drop collapse assay and ST
reduction of the culture medium.

Drop collapse assay

A single drop of crude oil was placed on a glass slide,
following which a single drop of 48-h-grown culture broth
was dropped onto the crude oil drop (Bodour and Miller-
Maier 1998) and drop collapse activity was observed.

ST measurement

Surface tension reduction was measured at 24-h intervals up to
the fifth day using a tensiometer (model K11; Kruss Optronic,
Hamburg, Germany). The values reported are the mean of five
measurements. The isolates which reduced the ST of the
medium to <45 mN/m were selected as efficient isolates for
further experiments.

Screening of the most efficient hydrocarbon-degrading
bacterial isolate

The method of Rahman et al. (2002), with minor modifica-
tions, was used to screen the bacterial isolates for the most
efficient hydrocarbon-degrading bacterium. As a first step,
mother cultures were prepared from all of the biosurfactant-
producing bacterial isolates in nutrient broth as per the proce-
dure mentioned above. For the screening, a 5-mL sample of
the mother culture of each bacterium was inoculated into a
500-mL Erlenmeyer flask containing 100 mL of sterilized
mineral medium with crude oil 2 % (v/v) collected from the
Noonmati refinery, Guwahati, India, and cultured in a shaking
incubator at 35 °C and 150 rpm for 7 days. The bacte-
rial growth in the medium of each flask was measured
by determining the optical density (OD) at 600 nm
using a UV–Vis spectrophotometer (model UV-1800;
Shimadzu, Kyoto, Japan). The bacterial strain showing
the maximum growth in the crude oil-containing medi-
um was selected for further study.

Identification of the bacterial strain

The most efficient hydrocarbon-degrading/biosurfactant-pro-
ducing bacterial isolate was identified by 16S rDNA sequenc-
ing and subsequent alignment of the sequence in the NCBI
GenBank (performed by National Center for Cell Science,
Pune, India). Following standard protocols, we extracted ge-
nomic DNA from a pure culture and amplified a 16S rDNA
fragment of approximately 1.5 kb using Taq DNA polymer-
ase. The fragment was bi-directionally sequenced using uni-
versal bacterial primers UFUL (GCCTAACACATGCAAG
TCGA) and URUL (CGTATTACCGCGGCTGCTG)
(Nilsson and Strom 2002). Sequence data were aligned and

analyzed to identify the closest homolog of the isolated bac-
terial strain. A neighbor-joining phylogenetic tree
(Fig. 1) was constructed with the aligned 16S rDNA
gene sequences using 1,000 bootstrap replication with
MEGA5 software (Tamura et al. 2011).

Study of total petroleum hydrocarbon degradation

Crude oil (2 g) was added to each of twenty 500-mL Erlen-
meyer flasks, following which 100 mL of mineral media was
added and the mixture mixed thoroughly. The mixture was
then sterilized to kill the unwanted microorganisms present in
the crude oil. Microbial growth was initiated in 15 of the 20
flasks by inoculating 5 mL of the strain KS2 mother culture
into each flask (OD600 1.8). The remaining five flasks were
kept as abiotic controls and were not inoculated with the
bacterial culture. The flasks were incubated in a rotary shaker
at 35 °C to study the degradation of crude oil for a period of 1,
2, 3, 4 and 5 weeks (Kumari et al. 2012). Crude oil was
extracted from three flasks containing culture media and from
one from control flask at weekly intervals using a solvent
extraction method with petroleum benzene (boiling range
40–60 °C). The solvent was evaporated in a rotary evaporator,
and the hydrocarbon solution was captured in a clean, previ-
ously weighed beaker and kept for few days to obtain the
constant weight. The amount of crude oil degraded was then
determined gravimetrically (Mittal and Singh 2009).

Study of degradation of PAHs

The degradation of PAHs was analyzed in the crude oil
samples extracted from the flasks containing mineral media
and crude oil inoculated with B. pumilus strain KS2 mother
culture after 4 weeks of culture. Crude oil from the abiotic
control was also extracted for analysis. Samples were ana-
lyzed by gas chromatography (GC) on a Master GC chro-
matograph (DANI, Cologno Monzese, Italy) equipped with a
flame ionization detector and DN5 capillary column with
Supelco (Sigma-Aldrich, St. Louis, MO) standards. The
flow rate of carrier gas was 25 mL/min, and the fuel
source was supplied at 40 mL/min. Air was supplied as
oxidant at a rate of 280 mL/min. The initial oven
temperature was 160 °C for 2 min.

Extraction of biosurfactant

To extract the biosurfactant from the culture media, we cen-
trifuged 48-h-old culture broth at 10,000 rpm for 20 min at
4 °C to obtain the cell-free supernatant. The clear supernatant
served as the source of crude biosurfactant. The pH was
adjusted to pH 2 by adding 6 N HCl to the collected superna-
tant. The acidified supernatant was kept at 4 °C overnight,
following which the biosurfactant was extracted continuously
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with vigorous shaking in a mixture of supernatant and ethyl
acetate (ratio 1:1) at room temperature and then left static for
phase separation. The organic phase was then transferred to a
rotary evaporator and a viscous solid product was recovered
(i.e. crude biosurfactant) after solvent evaporation at 40 °C
under reduced pressure (George and Jayachandran 2009). The
crude biosurfactant was subsequently dried and determined
gravimetrically.

Characterization of biosurfactant

Biochemical

The presence of different bio-molecules in the extracted crude
biosurfactant was determined by different biochemical assays
according to standard procedures reported by Sawhney and
Singh (2000). The ninhydrin test was carried out to determine
the presence of amino acids and their polymer proteins, the
anthrone test was performed to determine the presence of a
carbohydrate moiety in the biosurfactant sample and the sa-
ponification test was done to estimate lipid content.

In the ninhydrin test, 5 drops of ninhydrin solutionwere added
to 5mL of cell-free supernatant and the mixture kept for 5 min in
a boiling water bath. Color formation indicated the presence of
amino acids and their polymer proteins. In the anthone test, equal

amounts of culture supernatant and anthrone reagent (5mL)were
mixed, and a color change indicated the presence of a carbohy-
drate moiety. The saponification test was carried out by mixing
5 mL of cell-free supernatant with 2 mL of 2 % NaOH solution
followed by vigorous shaking (i.e. saponification).

Spectral analysis

Spectral analyses were carried out to examine the type of
biosurfactant produced by determining the functional groups
present in the biosurfactant. For the analysis of functional
groups, the extracted biosurfactant was analyzed in a Vector-
22 Fourier transform infrared (FTIR) spectrometer (Bruker
Corp., Fremont, CA). The spectral region used was 4,000–
400 cm−1 at a resolution 4 cm−1 using a KBr palate of 0.26-
mm thickness.

Statistical analysis

All of the experiments were carried out three times and studied
in triplicate. Results represent the mean ± standard deviation.
One-way analysis of variance (ANOVA) with the least signif-
icant difference (LSD) test was conducted to determine the
significant differences in hydrocarbon degradation efficacy of
the bacterial strain at different time periods. SPSS ver. 17

Fig. 1 Phylogenetic tree of
Bacillus pumilus strain KS2 based
on 16S rDNA sequencing and its
closest relatives. Bar 0.02
nucleotide substitutions, values in
parenthesis GenBank accession
number
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software (SPSS, Chicago, IL) was used to carry out the
statistical analysis.

Results and discussion

Screening for biosurfactant-producing bacteria

A total of 12morphologically different bacterial colonies were
isolated from the collected soil samples. These 12 isolates
were screened for biosurfactant production.

Drop collapse assay

The culture broths of five of the 12 bacterial isolates were able
to collapse the drop of crude oil, indicating the presence of
biosurfactant in the respective culture broth medium. Drop
collapse, when observed, occurred almost immediately but
always within 1 min of the addition of culture broth. The
remaining bacterial culture broths were unable to collapse
the drop of crude oil even after 1 min.

ST measurement

All five bacterial isolates able to collapse the drop of crude oil
(positive drop collapse assay result) were able to reduce the
ST to <45 mN/m (Table 1). According to Viramontes-Ramos
et al. (2010), , isolates able to reduce the ST of the medium to
≤45 mN/M can be considered to be biosurfactant-producing
microbes. Based on these results, we studied these five bacte-
rial isolates for degradation of hydrocarbon.

Screening for the most efficient hydrocarbon-degrading
bacterial strain

Among the five biosurfactant-producing bacterial isolates,
bacterial strain KS2 showed the highest growth (OD600)
after 1 week of incubation in mineral media containing
2 % (w/v) crude oil (Fig. 2). In contrast, of all five
biosurfactant-producing bacterial isolates, strain KS2 pro-
duced the lowest amount of biosurfactant when cultured in
medium containing 2 % (w/v) glucose (Fig. 3). Strain KS2
showed maximum growth on culture day 7. This result
indicates that the petroleum hydrocarbon was best utilized
by the KS2 strain through degradation and establishes that
not all efficient biosurfactant producers are good degraders

Table 1 Surface tension measurementsa of the bacterial isolate on glucose-containing mineral medium at different time intervals

Bacterial isolates ST at 0 h ST at 24 h of culture ST at 48 h of culture ST at 72 h of culture ST at 96 h of culture ST at 120 h of culture

Cb 71.1±0.30 71.0±0.24 71.0±0.40 69.9±0.30 69.9±0.23 69.8±0.27

KS1 67.9±0.40 69.4±0.44 66.5±0.43 65.0±0.31 65.0±0.33 65.2±0.23

KS2c 59.1±0.30 48.5±0.0.25 38.5±0.30 40.2±0.25 41.7±0.15 43.7±0.25

KS3c 60.8±0.30 45.8±0.44 31.4±0.22 34.5±0.23 36.9±0.24 41.8±0.28

KS4 69.8±0.12 68.5±0.17 60.1±0.24 60.0±0.43 62.7±0.41 62.8±0.31

KS5 60.8±0.15 57.7±0.21 54.4±0.16 57.8±0.23 57.0±0.16 57.3±0.26

KS6 69.4±0.16 59.2±0.24 58.6±0.22 57.1±0.35 56.2±0.40 56.1±0.30

KS7c 62.9±0.40 47.4±0.21 33.4±0.41 37.3±0.12 41.2±0.31 44.3±0.22

KS8 68.8±0.12 60.5±0.17 54.1±0.24 57.8±0.43 60.7±0.41 62.8±0.31

KS9c 59.4±0.30 44.5±0.25 32.5±0.30 38.3±0.25 42.8±0.15 44.3±0.25

KS10 63.8±0.15 58.4±0.21 50.2±0.16 52.7±0.23 56.1±0.16 57.3±0.26

KS11 68.3±0.14 62.2±0.24 58.6±0.22 57.1±0.35 59.2±0.40 61.7±0.30

KS12c 60.9±0.41 45.4±0.23 3.3±0.27 38.4±0.32 42.4±0.41 47.1±0.12

a Surface tension (ST) measurements (in mN/m) are given as the mean ± standard deviation (SD) of five measurements
b Abiotic control
c Denotes the biosurfactant-producing strains
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of petroleum hydrocarbons—i.e. biosurfactant production/
hydrocarbon degradation is dependent upon the nature and
properties of the respective strain. At 48 h of culture, bacte-
rial strain KS3 produced the highest amount of biosurfactant
(2.37 g/L), but bacterial growth in crude oil-containing
media on culture day 7 was 0.474 (OD600). In comparison,
bacterial strain KS2 produced the lowest amount of
biosurfactant (0.3 g/L) at 48 h of incubation, but showed
its maximum growth in crude oil-containing media at culture
day 7 was 0.720 (OD600) (Figs. 2, 3). Based on these results,
we selected strain KS2 for further degradation studies.

Identification of the most efficient isolate

The sequence of bacterial strain KS2 was submitted to the
NCBI GenBank database under accession no. gb|KF021245|

and a BLASTsearch was conducted to compare this sequence
with existing sequences. The results revealed that strain KS2
has a maximum similarity with Bacillus pumilus strain
NBGD45 (accession no. gb|HQ003450|) and Bacillus pumilus
strain DSX6 (accession no. gb| JN037409|).

Degradation of total petroleum hydrocarbons

The degradation of total petroleum hydrocarbon (TPH) by
bacterial strain KS2 at different time intervals is presented
graphically in Fig. 4. There was a trend towards increasing
TPH degradation with increasing length of culture up to the
fourth week of culture, with maximum TPH degradation
(80.45 %) at the fourth week of incubation and minimum
TPH degradation (51.95 %) at first week of incubation. The
differences in TPH degradation values at different time period
was found to be statistically significant, although there was no
significant increase in the value after fourth week of incuba-
tion (ANOVA LSD test, p<0.05).

Biosurfactants can enhance the degradation of hydrocar-
bons by two mechanisms, namely by increasing substrate
bioavailability for the microorganisms and by interacting with
the surface of the bacterial cell to increase the hydrophobicity
of the surface, thereby allowing hydrophobic substrates to
associate more easily with bacterial cells (Mulligan and
Gibbs 2004). By reducing surface and interfacial tensions,
biosurfactants increase the surface areas of insoluble com-
pounds, leading to an increased mobility and bioavailability
of hydrocarbons. Taken together, biosurfactants ultimately
enhance the biodegradation and removal of hydrocarbons.
Therefore, the addition of biosurfactant-producing bacteria
to a culture system can be expected to enhance hydrocarbon
biodegradation by mobilization, solubilization or emulsifica-
tion (Nguyen et al. 2008; Déziel et al. 1996; Nievas et al.
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2008). Kumari et al. (2012) reported that under their respec-
tive optimal culture conditions biosurfactant-producing strains
Pseudomonas sp. BP10 and Rhodococcus sp. NJ2 degraded
60.6 and 49.5 % of TPH, respectively, after 30 days of
incubation in minimal salt media containing 2 % of crude
oil. Based on the results of their comparative study on the
biosurfactant activity of crude oil-degrading bacteria and its
correlation to TPH degradation, Phan et al. (2013) reported
that Rhodococcus sp. UKMP-7T, Rhodococcus sp. UKMP-
5T, Pseudomonas aeruginosa UKMP-14T and Acinetobacter
baumanii UKMP-12T degraded 93.3±1.0, 62.4±2.6, 75.2±
0.6 and 62.8±0.5 % of TPH, respectively.

Degradation of PAHs

All 16 PAHs tested were detected in the chromatogram of the
contol crude oil sample (Fig. 5) which was compared with the
chromatogram of the bacterial treated experimental sample.
Following treatment with the KS2 strain, nine of the PAHs
present in the control had been degraded, including naphtha-
lene, acenaphthene, acenaphthylene, 2-bromonaphthalene,
fluorene, benzo[a]pyrene, indeno[1, 2, 3-c, d]pyrene,
dibenz[a, h]anthracene and benzo[g, h, i]perylene (Fig. 6).

A large number of microorganisms are reported to use
two- and three-ringed PAHs as the source of carbon and

Fig. 5 Gas chromatograph of abiotic control at culture week 4

Fig. 6 Gas chromatograph of crude oil treated with strain KS2 at culture week 4
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energy (Bamforth and Singleton 2005). Only limited num-
bers of microorganisms are capable of degrading PAHs
with four or more fused aromatic rings (Harayama 1997).
Kelley and Cernigilia (1995) reported the degradation of
benzo[a]pyrene in a mixture of PAHs by Mycobacterium
sp., and Ye et al. (1996) reported that a Sphingomonas
paucimobilis strain can degrade the five-ring PAH
dibenz[a,h]anthracene and benzo[b]fluoranthene. In our
study, the experimental strain Bacillus pumilus KS2
showed a wide range of PAH degrading ability, ranging
from two-ringed structures to six-ringed fused structures,
i.e., it was able to degrade four PAHs with a two-ringed
structure (naphthalene, acenaphthene, acenaphthylene, 2-
bromonaphthalene), one PAH with a three-ringed structure
(fluorine), two PAHs with a five-ringed structure
(benzo[a]pyrene and dibenz[a,h]anthracene) and two PAHs
with a six-ringed structure (indeno[1,2,3-c,d]pyrene and
benzo[g,h,i]perylene).

Extraction of crude biosurfactant

The yield of biosurfactant from strain KS2 was 0.3 g/L. The
color of the crude biosurfactant was light honey.

Characterization of biosurfactant

Biochemical

Ruhemann’s purple complex formation was absent in the
ninhydrin test, indicating the absence of amino acids or pro-
teins in the biosurfactant. In the anthrone test for carbohy-
drates, however, the formation of a blue-green color
was observed, indicating the presence of carbohydrates

in the sample. In the saponification test, NaOH sapon-
ified the lipids present in the biosurfactants, indicating
the presence of lipids. These results indicate that the
crude biosurfactant produced by bacterial strain KS2
contains sugar and lipid molecules but not protein
molecules.

FTIR analysis

In the spectrum for crude biosurfactant from strain KS2
(Fig. 7), strong absorption band was observed at
3,386 cm−1 and at 2,926 cm−1. Carbonyl stretching band
was found at 1,735 cm−1. Absorption bands at 1,645 cm−1

and 1,036 cm−1 were also observed in the spectrum. Com-
parison of FTIR spectrum with Bordoloi and Konwar (2009)
and Thenmozhi et al. (2011) revealed the presence of differ-
ent functional groups in the biosurfactant sample. Strong and
broad band of the hydroxyl group (−OH) free stretch was
observed at 3,386 cm−1 which was due to the presence of
hydrogen bonding. The absorption band observed at
2,926 cm−1 confirmed the presence of C-H stretching vibra-
tions of hydrocarbon chain of alkyl (CH2– CH3) groups.
Carbonyl stretching band found at 1,735 cm−1 was charac-
teristic for ester compounds. The absorption at 1,645 cm−1

was because of stretching of COO− group. The spectrum
also showed absorption band at 1,036 cm−1 which
corresponded to stretching vibration of –C-O–. The pattern
of absorption bands observed in FTIR analysis indicates that
some polysaccharide or polysaccharide-like substances are
present in the biosurfactant. So, from the above discussion it
can be concluded that the biosurfactant is of glycolipid in
nature.

Fig. 7 Fourier transform infrared
spectroscopy spectra of the crude
biosurfactant obtained from strain
KS2
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Conclusion

We report here the isolation of a new biosurfactant-producing/
hydrocarbon-degrading bacterial strain (Bacillus pumilus
KS2) from crude oil-contaminated soil of the Lakowa oil field,
Upper Assam, India. The biosurfactant produced was glyco-
lipid in nature. Although the KS2 strain produced relatively
less biosurfactant than the other biosurfactant-producing iso-
lates, it showed maximum growth on crude oil, indicating
maximum degradation of crude oil and PAHs. Therefore, we
conclude that the degradation capacity of this bacterium is
strain specific but does not depend on the biosurfactant pro-
duction. Strain KS2 showed excellent degradability against a
number of very complex PAHs present in crude oil, which has
not been reported previously. Therefore, this strain could be
used for the decontamination of the sites contaminated with
toxic pollutants of PAHs. Further studies are underway to
scale up growth conditions for better degradation. However,
field trials are necessary to ascertain the laboratory-scale find-
ings which indicate that this bacterial strain has a potential use
in cleaning up hydrocarbon-contaminated sites.
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