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Abstract: Biosurfactant producing bacteria were isolated from engine oil contaminated soils from auto
mechanic workshops in Pudukkottai, Tamilnadu, South India. Haemolytic activity, emulsification activity,
drop collapsing test as well as oil displacement test were used to determine biosurfactant producing
activity of isolated bacterial strains. Among 25 different strains,5 strains exhibited clear zone on blood
agar plates. Five strains named PDKT1-PDKT5 were identified by 16S rRNA Sequencing  as a Serratia
marcescens (99%homology); a Pseudomonas aerugenosa (99%homology);a  Pseudomonas sp  (98%
homology);a  Bacillus subtilus (99 %homology) and a Bacillus licheniformis (99% homology) strain,
respectively. Strain PDKT-2 showed the highest activity for oil displacement test and emulsification test.
In the present study an attempt on the significant role of bacteria in the production of biosufactant was
made.
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INTRODUCTION

Engine oil is a complex mixture of hydrocarbons
and other organic compounds, including some
organometallic constituents[2] that is used to lubricate
the parts of an automobiles engine, in order to keep
everything running smoothly[6]. Hydrophobic pollutants
present in petroleum hydrocarbons, and soil and water
environment require solubilization before being
degraded by microbial cells. Mineralization is governed
by desorption of hydrocarbons from soil. Surfactants
can increase the surface area of hydrophobic materials,
such as hydrocarbons in soil and water environment,
thereby increasing their water solubility. Hence, the
presence of surfactants may increase microbial
degradation of pollutants. Use of biosurfactants for
degradation of hydrocarbons in soil and water
environment has gained importance only recently.

Biosurfactants are amphiphilic compounds
produced on living surfaces, mostly microbial cell
surfaces, or excreted extracellularly and contain
hydrophobic and hydrophilic moieties that reduce
surface tension and interfacial tensions between
individual molecules at the surface and interface,
respectively[10]. A biosurfactant may have one of the
following structures: mycolic acid, glycolipids,
polysaccharide–lipid complex, lipoprotein or

lipopeptide, phospholipid, or the microbial cell surface
itself. A large variety of microorganisms produce
potent surface-active agents, biosurfactants, which vary
in their chemical properties and molecular size. While
the low molecular weight surfactants are often
glycolipids, the high molecular weight surfactants are
generally either polyanionic heteropolysaccharides
containing covalently-linked hydrophobic side chains or
complexes containing both polysaccharides and
proteins. The yield of the biosurfactant greatly depends
on the nutritional environment of the growing
organism. The enormous diversity of biosurfactants
makes them an interesting group of materials for
application in many areas such as agriculture, public
health, food, health care, waste utilization, and
environmental pollution control such as in degradation
of hydrocarbons present in soil .

MATERIALS AND METHODS

Isolation of Biosurfactant-producing Bacteria: For
the study purpose engine oil contaminated soil samples
were collected from different sampling areas. Then
these samples were serially diluted up to 10-5 dilution
and plated in mineral salt agar medium supplemented
with 1% engine oil. After two days incubation at 370c
different types of colonies were formed on the mineral
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salt agar medium. The isolated colonies were picked
and restreaked on to nutrient agar plates. Colonies
possessing biosurfactant producing activity were then
tested for the presence of surfactant by using
haemolytic activity, the qualitative drop collapsing test,
and quantitative oil displacement test and emulsification
activity.

Biosurfactant activity assays:
Haemolytic Activity: Isolated strains were screened on
blood agar plates containing 5% (v/v) human blood and
incubated at room temperature for 24 h. Haemolytic
activity was detected as the occurrence of a define
clear zone around a colony[3].

Drop Collapsing Test: Two microlitters of mineral oil
was added to each well of a 96-well microtiter plate
lid. The lid was equilibrated for1 hr at room
temperature, and then 5 µl of the cultural supernatant
was added to the surface of oil. The shape of the drop
on the oil surface was inspected after 1 min.
Biosurfactant-producing cultures giving flat drops were
scored as positive'+'. Those cultures that gave rounded
drops were scored as negative '-', indicative of the lack
of biosurfactant production[20].

Emulsification Measurement: Emulsification activity
was measured according to the method of Cooper and
Goldenberg[4] with a slight modification. To 4 ml of
culture supernatant or biosurfactant crude extract
(0.5%,w/v), 4 ml of n-hexadecane were added and
vortexed at high speed for 2 min. The mixture was
allowed to stand for 10 min prior to measurement. The
emulsification activity is defined as the height of the
emulsion layer divided by the total height and
expressed as percentage.

Oil Displacement Test: Fifteen µl of weathered crude
oil were placed on the surface of distilled water (40 µl)
in a petridish (150 mm in diameter). Then, 10 µl of
the culture supernatant were gently put on the center of
the oil film. The diameter and area of clear halo
visualized under visible light were measured and
calculated after 30 second as described by Morikawa
et al.[12].

Identification of Strains:  Genomic DNA extraction,
16S r RNA gene amplification and Sequencing. The
bacterial strains exhibiting positive results for the above
test were grown in Luria broth for 24 hrs at 37°C for
extraction of genomic DNA through enzymatic lysis
[15]. The integrity and concentration of purified DNA
was determined by agarose gel electrophoresis. The
total genomic DNA extracted was dissolved in water
(protease, nuclease free) and stored at 4°C. PCR

amplification was done by using 16S universal primer
pA (5’- AGAGTTTGATCCTGGCTCAG-3’) and  pH
(5’-AAGGAGGTGATCCAGCCGCA-3’). The PCR
(Peltier Thermal Cycler, BIO-RAD) reaction was
performed in 100 μl volume (10 μl of 10x PCR buffer,
2.5 μl of dNTPs mix, 2.5 μl of each primer, 1 μl of
Taq DNA polymerase) with 3 μl of DNA template.

The amplification was performed with following
programme: 5 minutes initial denaturation at 95°C,
followed by 30 cycles of 1 minute denaturation at
95°C, 1 minute annealing at 55°C, 1 minute extension
at 72°C, and a final extension step of 5 minutes at
72°C. The amplified product was resolved in 1.2%
agrose gel and visualized on gel documentation system
(BIO-RAD, USA). The purified 16S r RNA gene was
performed using as a template in cycle sequencing
reaction with fluorescent dye-labeled terminators (Big
Dye, Applied Biosystems) of representative isolates of
each cluster with same primer and run in 3130 XL
ABI prism automated DNA  sequences. The sequences
were compared with 16S r RNA gene sequence
available in the NCBI GeneBank database using
BLASTn program. 

RESULT AND DISCUSSION

Microorganisms utilize a variety of organic
compounds as the source of carbon and energy for
their growth. When the carbon source is an insoluble
substrate like a hydrocarbon (CxHy), microorganisms
facilitate their diffusion into the cell by producing a
variety of substances, the biosurfactants. Some bacteria
and yeasts excrete ionic surfactants which emulsify the
CxHy substrate in the growth medium. Release of 
biosurfactants is one of the strategies used by
microorganisms to influence the uptake of PAHs and
hydrophobic compounds in general[9,11]. Many
hydrocarbon utilising  bacteria  possess emulsifying
activities, due to whole cell or to extracellular surface
active compounds[7]. 

Among all 25 isolated strains from engine oil
contaminated soils, 5 strains exhibited the clear haloes
on blood agar plates. Only strains exhibiting haemolytic
activity showed the positive result with drop collapsing
test, emulsification activity test and oil displacement
test. Strain PDKT-2 showed the highest activity for oil
displacement test and emulsification test (Table 1).
Biosurfactant producing capacity in liquid medium was
found to be associated with haemolytic activity[3,5].

Haemolytic activity therefore appears to be a good
screening criterion for surfactant-producing strains[3]. 

When the 16S r RNA gene sequence of the
isolates PDKT-I, PDKT-2, PDKT-3, PDKT-4 and
PDKT-5 were compared to previously published
sequences on the NCBI database, the high homology
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was found with a  Serratia marcescens
(99%homology);  Pseudomonas aerugenosa
(99%homology);a Pseudomonas sp  (98% homology);a 
Bacillus subtilus (99 %homology) and a Bacillus
licheniformis (99% homology) strain, respectively. This
report is similar to  previous findings of Rosenberg and
Ron,[16] reported that microorganisms synthesise a wide 
variety of high and low molecular mass bio-emulsifiers.

The commonest genera include Corynebacterium,
Rhodococcus, Pseudomonas, Serratia and Bacillus. The
present study results was in accordance with Atlas, [1];
Okoh and Trejo Hernandez,[14] who  reported that most
of the bacteria frequently isolated from hydrocarbon-
polluted sites belong to the genera Pseudomonas,
Sphingomonas,  Acinetobacter ,  Alcaligenes,
Micrococcus, Bacilus, Flavobacterium, Arthrobacter,
Alcanivorax ,Mycobacterium, Rhodococcus and
Actinobacter . Typically, individual organisms degrade
only a limited range of hydrocarbons. Pseudomonas sp.
represents one of the most versatile groups of
organisms involved in the degradation of
hydrocarbons[19]. O.S.Obayori et al.[13]  reported  

Pseudomonas sp. LP1, an organism having 
biosurfactant  activity isolated from contaminated
Nigerian soil on the basis of its ability to grow on
pyrene also has degradative potential for crude oil and
its cuts such as diesel and engine oil.  Jenneman et
al.,[8] reported that Bacillus lichenifornis JF-2, isolated
from oil-field injection brine has been shown to be able
to grow and produce a very effective biosurfactant
under both aerobic and anaerobic conditions .

The biosurfactant activity in Bacillus sp was
documented by Singh C and Lin J,[17],Tabatabaee A,[18]

also supports  the present study results.
In the present study 5 biosurfactant producing

organism has been isolated from used engine oil
contaminated sites.  

Biosurfactants  have  been  proven  as the
promising agents  for  bioremediation  of
hydrocarbons, particularly oil polluted environment.

Therefore,  novel  microorganisms  should  be 
intensively   screened  for  bioremediation  and
potential  resource  for  surface-active   molecules   of
industrial  importance.

Table 1: Oil displacement test, Emulsification activity and Drop collaspsing test of culture supernatant from strains PDKT-I-PDKT-5
Strains Oil displacement test (cm2) Emulsification activity (%) Drop collapsing test
PDKT-1 2.1 60 +
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
PDKT-2 2.5 65 +
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
PDKT-3 1.5 55 +
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
PDKT-4 1.1 40 +
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
PDKT-5 1.3 45 +
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