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Abstract: Isolation of biosurfactant producing bacteria from our local environment was the main focus of our study. 

Disposal of waste of all kinds including oil in automobile workshops is a common observation in Karachi. Considering the 

likelihood of existence of biosurfactant producing organisms at hydrocarbon contaminated areas, we have collected soil 

samples from automobile repair workshop and isolated biosurfactant producing bacterial isolates. Total of eight bacterial 

strains (DGEF01-08) were isolated out of which DGEF03, DGEF05 and DGEF07 showed positive activity through oil 

spreading technique. Hemolytic activity was observed in all the eight isolated strains. DGEF01, DGEF02, DGEF03 and 

DGEF08 showed alpha hemolytic activity whereas the strains DGEF04, DGEF05, DGEF06 and DGEF07 showed beta 

hemolytic activity. All the strains had positive CTAB agar plate activity and tolerance against hydrocarbon m-xylene. 

Analysis of growth curves with and without stress of all the strains showed that hydrocarbon tolerance mechanism is 

inductive in case of DGEF01 and 03 whereas the rest of the strains showed constitutive (non-inducible) mechanism of 

tolerance. Detection of rhlAB gene through PCR also gave positive results for DGEF01, DGEF03, DGEF05, DGEF06 and 

DGEF08, which indicate rhamnolipid producing Pseudomonas species. These isolates are valuable source to investigate 

further for future industrial applications. 
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INTRODUCTION 

Automobile workshops create many different types of 

hazardous wastes during regular services which 

predominantly include used oil and fluids [1]. Such wastes 

are routinely disposed within the vicinity of workshops. Oil 

contaminated regions are reported to be a suitable place for 

the isolation of biosurfactant producing bacterial strains [2].  

Biosurfactants are surface active agents produced by 

certain specialized microorganisms including bacteria, fungi 

and yeast [3]. These microbes produce biosurfactant, either 

secreted extracellularly or attached to parts of the cell 

membrane, predominantly during growth phase [4]. Besides 

being non-toxic and biodegradable, biosurfactants are 

amphiphilic molecules with high specificity [5, 6]. They are 

highly stable at extremities of temperature, pH and salt 

concentrations [7]. These molecules have the ability to 

decrease the surface and interfacial tension [8]. In addition, 

biosurfactants are promising natural surfactants that offer 

several advantages over chemically synthesized surfactants, 

such as lower toxicity, biodegradability and ecological 

acceptability [9, 10]. Biosurfactants are thus used as an 

alternative for chemical surfactants [11]. Biosurfactants 

belong to various classes including glycolipids, lipopeptides, 

fatty acids, phospholipids, neutral lipids and lipopoly- 

saccharides [12]. 

*Address correspondence to this author at the Department of Genetics, 

University of Karachi, Karachi-75270, Pakistan, Tel: +92-21-99261300-

2218, Fax: +92-21-34966045, E-mail: erumsh@uok.edu.pk 

The range of industrial applications of biosurfactants 

includes excellent detergency, emulsification, foaming, 

wetting, penetrating, thickening, metal sequestering and 

resource recovering [13]. Most crucial property of 

biosurfactants, which has captivated the researchers of today, 

is its use in bioremediation of pollutants, health care and 

food processing [14]. 

Since the last decade, increasing attention has been paid 

to the isolation of biosurfactant producing organisms. 

However, the high production costs and low strain 

productivities, limit its wide application [15]. With this 

scope, the present study proposes an effective methodology 

to search for biosurfactant producing bacteria from oil 

contaminates soils.  

MATERIALS AND METHODS 

Sampling Area 

For the isolation of biosurfactant producing bacteria, the 

soil sample was collected from an automobile workshop 

where the soil usually remains soaked with spilled petroleum 

products. 

Enrichment and Isolation of Bacterial Isolates  

5 gram of oil spilled soil sample of automobile repair 

workshop was inoculated in 50 ml LB broth [16] and 
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incubated at 37ºC for 24 hours. 100 l of O/N grown 

cultures were spreaded on R2A medium agar plates [3]. The 

plates were then incubated at 37ºC for 24-48 hrs. 

Morphologically different colonies were selected and 

purified [17]. The selected bacterial isolates were stored in 

LB agar slants and kept under refrigerated conditions for 

further screening. 

Identification Through GSP Agar 

The cultures were streaked on Glutamate Starch Phenol 

Red (GSP) agar plate and incubated at 37 ºC for 24-48 h. 

Screening for Biosurfactant Production 

The isolated strains were tested for biosurfactant 

production through following methods. 

Oil Spreading Technique 

10 μl supernatant (from culture broth) was added to the 

surface of oil as described by Nasr, et al., [18]. Occurrence 

of clear zone was an indication of biosurfactant production. 

10 μl of culture media without any growth was taken as a 

control. 

Hemolytic Activity  

Hemolytic assay was performed in blood agar plates [19]. 

50 l broth cultures were spot-inoculated on to blood agar 

plates and incubated for 48 h at 37ºC. The plates were 

visually inspected for zone of clearance (hemolysis) around 

the colony. Complete and incomplete hemolysis was 

designated as  (alpha) and  (beta) hemolytic activity [20].  

CTAB Agar Plate 

Blue agar plates containing cetyltrimethylammonium 

bromide (CTAB) (0.2 mg ml
-1

) and methylene blue (5 mg 

ml
-1

) were used to detect extracellular glycolipid production 

[21]. Biosurfactants were observed by the formation of dark 

blue halos around the colonies. 

Tolerance Against Hydrocarbon (m-xylene) 

In order to analyze ability of isolates to grow in presence 

of hydrocarbon m-xylene, fresh overnight cultures were 

spreaded on solidified LB agar plates and 2 ml. m-xylene 

was poured over the spreaded plates followed by incubation 

at 37ºC for 24 hrs. Plates were sealed using parafilm-M to 

avoid evaporation of m-xylene from petri dishes. 

Bacterial Growth Curves 

The growth curves of biosurfactant producing strains 

were constructed for the determination of log phase and also 

to determine induction of tolerance mechanism against 

hydrocarbon m-xylene. Cell growth was monitored with DU 

730 spectrophotometer of Beckman Coulter which was used 

to measure the optical density at 600 nm (OD600). For log 

phase determination first three readings were taken at 15 min 

intervals and later at 30 min intervals till the culture enter the 

stationary phase indicated through the graphs plotted for 

time vs OD. For induction, overnight cultures were grown 

with and without stress of 1 ml. m-xylene. Overnight cultures 

were used to inoculate cultures with m-xylene (Test) and 

without m-xylene (Control), resulting into three 

combinations: control  control, control  test and test  

test growth curves [17]. OD1 was taken as control (O/N) to 

control growth curve; OD2 was taken as control (O/N) to 

stress growth curve; and OD3 was taken as stress (O/N) to 

stress growth curve. 

Detection of rhlAB gene 

For detection of rhlAB gene through PCR, genomic DNA 

was isolated through phenol/chloroform method [16]. 

Primers used for rhlAB and PCR conditions provided were 

as reported byKumar et al. [22].  

RESULTS  

Isolation of Bacterial isolates  

Total of eight aerobic bacterial strains were isolated, 

purified and screened for the biosurfactant production. The 

strains were coded as DGEF01-08.  

Identification Through GSP Agar 

All the isolated strains DGEF01-08 were found to be 

surrounded by red-violet zone on GSP medium, accordingly, 

isolates were identified as Pseudomonas spp.  

Screening for Biosurfactant Production 

Following results are obtained after screening tests. 

Oil Spreading Technique 

Overnight cultures of eight isolated strains were 

centrifuged and added to oil containing plates. The strain 

DGEF03, 05, 07 showed the clear zone by being able to 

displace the oil around the colony indicating biosurfactant 

production (Fig. 1). No clear zone was observed with 

control. 

Hemolytic Activity  

The hemolytic activity was observed in all the eight 

isolated strains, results showed  (alpha) hemolytic activity 

of strain DGEF01, 02, 03 and 08 and the  (beta) hemolytic 

activity of strain DGEF04, 05, 06 and 07 (Fig. 2).  

CTAB Agar Plate 

CTAB Agar Plates results showed the dark blue halos in 

all the isolates as shown in Fig. (3) showing positive activity 

of Biosurfactant production.  
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Fig. (1). Results of oil spreading technique showing oil displace- 

ment around the colonies. 

 

 

 

 

 

 

 

 

 

 

 

Fig. (2). Results of hemolytic activity; Left side of plate showing  

(alpha) hemolytic activity and right side showing  (beta) hemolytic 

activity. 

Tolerance Against Hydrocarbon (m-xylene) 

Heavy growth was observed after 24 hrs. of incubation in 

all the eight strains which showed tolerance against 

hydrocarbon m-xylene (Fig. 4).  

Growth Curves for Biosurfactant Production 

Different strains exemplified a varying patterns of growth 

which are shown through graphs (Fig. 5). To find out 

whether m-xylene tolerance mechanism is inducible or 

conserved, overnight cultures grown with and without stress 

were inoculated in stress and plotted graphs were compared 

for their initial response against m-xylene. Parallel growth 

curve was plotted for control without stress. It has been 

observed that response against m-xylene of strains DGEF01 

and 03 was inducible, while that of strains DGEF02, 04, 05, 

06, 07 and 08 was non inducible/ constitutive in nature. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (3). Results of CTAB Agar Plates showing dark blue halos. 

 

 

 

 

 

 

 

 

 

 

Fig. (4). Culture growing in presence of m-xylene. 

Detection of rhl gene 

For detection of rhlAB gene through PCR, when the 

primers rhlABf and rhlABr were used, a single PCR 

fragment of the expected size (~777 bp) was amplified as 

shown in Fig. (6), in strains DGEF01, 03, 05, 06, 08 

indicating the occurrence of rhlAB gene. 

DISCUSSION 

Research in the area of biosurfactants has expanded quite 

a lot in recent years due to its potential use in different 

industries. The focus of the present study is to isolate and 
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Fig. (5). Growth Curves of isolated strains. OD1 was taken as control (O/N) to control growth curve; OD2 was taken as control (O/N) to 

stress growth curve; and OD3 was taken as stress (O/N) to stress growth curve. DGEF01 (a), DGEF02 (b), DGEF03 (c), DGEF04 (d), 

DGEF05 (e), DGEF06 (f), DGEF07 (g), DGEF08 (h). Inductive tolerance mechanism in observed in DGEF01 (a) and DGEF03 (c) while rest 

of the strains showed non-inducible mechanism of tolerance. 
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Fig. (6). Gel Photograph showing the results of PCR for the detection of rh1ab gene. Lane 1 & 2=DGEF01, Lane 3=DGEF03, Lane 

4=DGEF02, Lane 5=DGEF05, Lane 6=DGEF04, Lane 7=Ladder (100bp: Biotools Cat#31.006), Lane 8=DGEF06, Lane 9=DGEF08. 

DGEF01 (Lane 1&2), DGEF03 (Lane 3), DGEF05 (Lane 5), DGEF06 (Lane 8) and DGEF08 (Lane 9) showing band of ~777 bp. 
 

characterize indigenous biosurfactant producing bacterial 

isolates so as to select suitable biosurfactant producers. 

Automobile service and repair shops are the largest small 

quantity generators of hazardous waste. Auto repair shops 

create many different types of extremely dangerous wastes 

during their daily operations [23, 24, 25].  

Biosurfactant producing microorganisms are naturally 

present in the oil and hydrocarbon contaminated soils [26]. 

We have been able to isolate bacteria with the ability to 

produce biosurfactants from the soil samples collected from 

automobile workshop. Biosurfactant production was 

confirmed by the conventional screening methods including 

oil spreading technique, hemolytic activity and blue agar 

plate method.  

Oil spreading technique was used as reported by Urum 

and Pekdemir [27] and three of the isolates could 

successfully displace the oil hence indicating production of 

biosurfactant. Displacement of oil clearly is a sign of extra- 

cellular surfactants present in the supernatant of cultures. 

Strains were tested for haemolytic activity, which is 

regarded by some authors as indicative for biosurfactant 

production and used as a preliminary method for bacterial 

screening [19, 11, 28]. Hemolytic activity observed in all the 

eight isolated strains, DGEF01, 02, 03 and 08 gave alpha 

(incomplete) hemolytic activity while the strains DGEF04, 

05, 06 and 07 had beta (complete) hemolytic activity.  

Blue agar plate method is a semi quantitative agar plate 

method that is based on the formation of an insoluble ion 

pair of anionic surfactants with the cationic surfactant CTAB 

and the basic dye methylene blue [29]. All the isolated 

strains showed positive CTAB agar plate activity.  

All the isolates were further assessed for tolerance 

against hydrocarbon m-xylene. Through growth curves 

analysis with and without stress of all the strains it was 

found that hydrocarbon tolerance mechanism is inductive in 

case of DGEF01 and 03 while rest of the strains showed 

constitutive (non-inducible) mechanism of tolerance. Isolates 

with the inductive tolerance mechanisms grow slowly at the 

initial exposure of the stress as compare to the already 

exposed cultures to the stress.  

Detection of rhlAB gene through PCR also gave positive 

results for the isolates DGEF01, 03, 05, 06, 08 indicating the 

occurrence of rhlAB gene. Detection of this gene in DNA 

extracts of the isolates has established the ability of the 

microbe to produce rhamolipid type of biosurfactant. Five 

out of eight isolates gave a single band of expected size with 

the primers designed based on the rhlAb sequences in 

database. rh1ab gene is reported to be involved in production 

of Rhamnolipids, which are naturally occurring biosur- 

factants exhibit several promising industrial applications 

[30]. Biosurfactant activity of rhamnolipids makes them 

excellent candidates for support in the breakdown and 

removal of oil spills. Rhamnolipids also demonstrate anti- 

bacterial and antifungal activities, suggesting possible roles 

in the medical and agricultural industries [4]. Furthermore, it 

might be expected that isolates DGEF02, 04 and 07 produce 

some other type of commercially important biosurfactants. 

As biosurfactants are derived from a natural sources, each of 

these typees are an attractive alternative to synthetic 

compounds [31].  

As a result of screening tests it can obviously be noticed 

that all the isolates are promising and showed potential to be 

utilized for upcoming molecular and chemical investigations. 
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