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Abstract: Microorganisms such as bacteria, fungi, yeast etc. present in a wide range of
environments have been capable of producing biosurfactants. Thus different biosurfactants
are classified according to the presence of sugar, amine or lipid group and they are
rhamnolipid, lipopeptide, polymeric biosurfactants etc. Their multiple uses as antimicrobial
agent, bioremediation of environmental pollutants, pesticides etc. have increased its
significance for its large production. Total 27 different environmental samples were collected
from VIT University, Vellore and Ottappalam, Palakkad District of India. 27 isolates from
soil, 12 from water and 11 from salt pan samples were isolated and biosurfactant activity of
these isolates was measured by oil displacement. 54%, 30% and 16% of the isolates were
categorized into low, moderate and high biosurfactant producing isolates, respectively. 14
isolates were further selected for 16S rRNA sequencing according to their activities. Using
these  results,  phylogenetic  tree  analysis  was  performed  with  the  strains  submitted  in  NCBI
which have been reported to have biosurfactant activity. From those 14 strains, six strain
sequences were submitted in the GenBank and acquired accession numbers. Biochemical
characterization was also used for the identification of strains. Since these isolated strains
were found to be capable of producing biosurfactants, they can be potential candidates for
environmental application.
Keywords: Biosurfactant, Environment, Oil displacement, 16S rRNA, Phylogenetic tree.

Introduction

Microorganisms present in a wide range of environment have shown capability in utilising the organic
and inorganic chemicals present in environment and transform it into a non harmful or non-toxic by-product
and thus cleaning up the polluted environment which is useful for the man to live in (1). The environments that
serve as reservoirs of such ecofriendly microorganisms can be a potential area for identifying the novel
enzymes and new compounds that would help to clean up the environment. One of the useful compounds from
microorganisms is biosurfactants. Microorganisms such as bacteria, yeast, fungi etc. that have been collected
from different environmental conditions are capable of producing biosurfactants. Biosurfactants have already
been reported to have antimicrobial activity (2), good adhesive agents and also help in the biodegradation of
heavy metals and oil recovery (3, 4). They are also known to solubilize or split-up hydrocarbon that would
make them bioavailable to the microorganisms and can be utilized as carbon energy.

These biosurfactants occur in different names such as rhamnolipid, lipopeptide, surfactin, polymeric
biosurfactants etc. according to the sugar, amine or lipid group present with the compound (5). They are stable
and effective at extreme and harsh temperatures, pH, salinity, and are specific in its action and causing less
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toxicity to the environment led to their popularity. Their application in many industries such as detergent,
cosmetics, food industry, clinics, chemical industry etc. and remediation of oil spills led to their vast
significance in the large production of the biosurfactant (6, 7).  One of the main objectives of the present study
was to isolate and identify oil utilizing microorganisms from different environmental sources.

Materials and methods

Sampling

For isolation of bacteria, environmental samples were collected from two different areas of India.

(a) VIT University, Vellore, Tamil Nadu.
(b) Ottappalam, Palaghat, Kerala.

Soil samples were collected from a petrol station in Vellore, and the campus of VIT University, and
coconut plantations and garden in Ottappalam, Kerala. Water samples were collected from an effluent treatment
plant,  VIT  University,  Vellore.  The  numbers  of  samples  collected  from  VIT  University,  Vellore  and
Ottappalam, Kerala were presented in Table 1.

Table 1 Number of samples and the type of sample collected from different locations.

Sr. No. Location Type of sample Sample numbers (16)
Soil 61. VIT University, Vellore,

Tamil Nadu Water 3
Soil 42. Ottappalam, Kerala

Salt pan 3

The  soil  and  salt  pan  samples  were  collected  in  sterile  polythene  bags  and  were  transported  to
Molecular and Microbiology Research Laboratory, VIT University, Vellore, India and stored at 4°C until
further analysis. Water samples were also collected in a sterile centrifuge tubes of 50ml and stored at 4°C until
further analysis.

Media preparation

To isolate bacteria from the soil sample, nutrient agar medium was used. The composition of nutrient
agar medium was as follows (g per 1000 ml of distilled water); peptone (10); meat extract (10); agar (15). The
composition of nutrient broth medium was as follows (g per 1000 ml of distilled water); peptone (10); meat
extract (10). Medium pH was 7.2 ± 0.2 and the medium was autoclaved at 121 0C for 20 min at 15 lbs pressure.
The composition of the medium used for the research work was added with 2% of sodium chloride, in addition
to the sodium chloride present in the medium for salt pan sample.

Isolation of microorganisms

One gram of soil sample was serially diluted up to 10-5 and 10–6, then plated by spread plate method on
nutrient agar plates and incubated under aerobic conditions at 37°C for 24 hours. The colonies were randomly
selected for further study. The strains isolated were maintained in agar slants at 4°C for future use.

To select only the biosurfactant producing microorganisms, nutrient broth that was supplemented with
1% water soluble fraction (WSF) of diesel as carbon source was used for the enrichment of the bacteria.

Screening for biosurfactant production

Qualitative oil displacement test was performed as explained by Morikawa (8). 25 ml of distilled water
was taken in a petri plate and 20 μl of hydrocarbon source (kerosene) was added making a thin layer of oil on
the surface of water. Then, 10 μl aliquot of supernatant of the particular bacteria was delivered onto the oil.
Distilled water was used for negative control and displacement of oil was considered as positive and that was
measured in cm.
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Identification of bacterial isolates

The different methods for identification of the bacterial isolates were followed as described below:

I. Morphological and biochemical characterization

Bacterial strains isolated from the medium were subjected to Gram staining (9). Spore staining was
done using Schaeffer-Fulton method and capsule staining was done using Indian ink. Biochemical tests were
also carried out by using Himedia kit method. The strain identification was done by using Bergey’s manual of
Determinative Bacteriology (10).

II. 16S rRNA sequencing

The bacterial strains were identified using 16S rRNA sequencing. The different steps involved in 16S
rRNA sequencing are:

1. Extraction of DNA.
2. The quality of extracted DNA was checked by running agarose gel electrophoresis.
3. Extracted DNA was amplified using polymerase chain reaction (PCR).
4. Analysis of the PCR product was done by running gel electrophoresis.
5. The PCR products were purified and sequenced for 16S rRNA.
6. Results were analyzed and deposited to GenBank.

Extraction of DNA was done using cetyl trimethyl ammonium bromide (CTAB) and
phenol:chloroform:isoamylalcohol method using Sambrook and Russell (11). The extracted DNA was checked
by running agarose gel electrophoresis, and then DNA was amplified by following polymerase chain reaction
using universal primers listed in the Table 2. The universal 16S rRNA primers 518F and 800R and 27F and
1492R were used for 16S rRNA sequencing.

Table 2: Universal primer sequences used for the PCR.

Universal primers Sequences (5’- 3’)
518F 5’-CCAGCAGCCGCGGTAATACG-3’
800R 5’-TACCAGGGTATCTAATCC-3’
27F 5’-AGAGTTTGATCMTGGCTCAG-3’

1492R 5’-TACGGYTACCTTGTTACGACTT-3’
After PCR amplification, agarose gel electrophoresis was carried out using 1.2% agarose gel.

BLASTN and phylogenetic tree construct

The 16S rRNA gene sequences were compared with other bacterial sequences having the same
biosurfactant producing capability by using NCBI BLASTN (http://blast.ncbi.nlm.nih.gov/Blast.cgi) for their
pairwise identities. Multiple alignments of these sequences were carried out by Clustal Omega
(http://www.ebi.ac.uk/Tools/msa/clustalo/). Phylogenetic tree was constructed in Jalview software using
neighbour joining with distance calculation.

Results and discussion

Sampling

16 environmental samples were collected from Ottappalam, Palakkad, Kerala and VIT University,
Vellore, Tamil Nadu. There were three different types of environmental samples which were soil, water and salt
pan samples.  Salt  pan samples were also soil  samples in  which salt  was added to the soil  around the roots  of
coconut trees to defend them against insects. The number of samples collected from different environments was
shown in Table 3.

http://www.ebi.ac.uk/Tools/msa/clustalo/
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Table 3: Number of different samples collected from various environmental sources.

Environmental source Number of samples (16)
Soil 10
Water 3
Salt pan 3

Isolation of biosurfactant producing bacterial strains

Isolation of microorganisms was carried out by using two methods i.e. serial dilution and enrichment
method. From 16 different environmental samples, 50 strains were isolated.  The number of isolates from each
environmental source was shown in Table 4. Table 5 shows the list of microorganisms collected from different
sources.

Table 4: Number of isolates from environmental sources.

Table 5 shows the number of strains isolated from soil, water and sludge samples from different
contaminated or uncontaminated sources. According to the collected strains, 50% were Pseudomonas sp. which
was found in contaminated soil, sludge and water samples as observed in many investigations (12, 13, 14, 15,
16, 17, 18, 19, 20, 21). The least number of isolates were found to be Rhodococcus erythropolis, Kocuria
marina and Virgibacillus salarius which were collected from alkaline soil and solar salt respectively.
Rhodococcus sp. Kocuria sp. and Virgibacillus sp. reported to produce trehalose lipids, nonanoic acid and
Lipopeptide (22, 23, 24). In the collected samples of the present study, 35% were Bacillus sp.  mainly  from
uncontaminated and contaminated soil and water. Different biosurfactants produced by the bacterial isolates
from environmental samples have been characterized as rhamnolipid, lipopeptides, polymeric and glycolipid
(Table 5).

Table 5. List of microorganisms isolated from different environmental sources.

Sr. No. Microorganisms Area of sample collection Biosurfactant References
1. Pseudomonas aeruginosa Petroleum contaminated soil Rhamnolipid 17
2. Rhodococcus erythropolis Alkaline soil Trehalose lipids 22
3. Pseudomonas fluorescens Soil near roots of Wheat

plant
Lipopeptides (Iturin
A)

14

4. Pseudomonas syringae Soil Lipopeptides 12
5. Pseudomonas fluorescens Soil Lipopeptides 16
6. Bacillus subtilis Soil Surfactin 25
7. Pseudomonas aeruginosa Hydrocarbon contaminated

soil
HAAs Rhamnolipid 15

8. Bacillus sp. Soil contaminated by diesel
oil

Lipopeptide 26

9. Pseudomonas stutzeri Petrol contaminated soil Polymeric 21
10. Bacillus clausii Soil contaminated from

hydrocarbon
Lipopeptide 28

11. Virgibacillus salaries Oil contaminated soil Lipopeptide 24
12. Bacillus subtilis Oil field from brine area Surfactin 27
13. Kocuria marina Solar salt Nonanoic acid 23

14. Pseudomonas aeruginosa Sludge contaminated with
oil

Rhamnolipid 20

Environmental source Number of isolates (50)
Soil 27
Water 12
Salt pan 11
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15. Pseudomonas aeruginosa Petroleum sludge Rhamnolipid 18

16. Pseudomonas aeruginosa Water from hydrocarbon
contaminated area

Rhamnolipid 13

17. Pseudomonas sp. Oil sea water sediments Glycolipid 19
18. Bacillus subtilis Water from oil field Lipopeptide 32
19. Bacillus sp. Oil well Glycolipid 34
20. Bacillus subtilis Water from oil field Glycolipid 33

According to the area of collection, 55% of microorganisms were from soil (22, 12, 25, 14, 15, 17, 16,
26, 27, 28, 21). These results confirm that soil may be a good source for the isolation of biosurfactant producing
bacteria. In our study, maximum activity was seen in soil isolates collected from uncontaminated soil.
Therefore, soils could be considered as a good source for bacterial isolation when compared to other water
sources used for biosurfactant producing bacteria.

Screening for biosurfactant production

Oil displacement is more sensitive method for biosurfactant detection than any other methods used such
as microplate and drop collapse method (29). All the 50 bacterial strains were screened by using oil
displacement activity for selecting the suitable bacterial strains which could be potential for the production of
biosurfactant. The oil displacement activity of 50 isolates from different environmental sources was shown in
Fig. 1(a) and 1(b). Based on the high and moderate activities of oil displacement, 14 bacterial strains were
further selected for molecular characterization by using 16S rRNA sequencing.

Fig. 1(a): Oil displacement activity of 25 isolated strains from different environmental sources.

Fig. 1(b): Oil displacement activity of 25 isolated strains from different environmental sources.
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The different bacterial strains which were further taken for sequencing were JSO1, JSO2, JSO5, JSO6,
2AH, 6AH, 8AH, JCO3, JS, JB, FC1, FC2, FC5, and FC6.The bacterial strains presented in Fig. 1(a) and 1(b)
were collected from different environmental sources and they were listed in Table 6.

Table 6 Isolated bacterial strains from different environmental sources.

Figure Sample code Collection area
JSO1, JSO2, JSO5, JSO6 Salt pan samples, Ottappalam, Kerala.
EFTW1, EFTW2, EFTW3, EFTW4,
EFTW5, EFTW6, EFTW7, EFTW8,
EFTW9, EFTW10, EFTW11, EFTW12

Effluent treatment plant water, VIT
University, Vellore.

VBS1, VBS2, VBS3, VBS4 Vellore petrol station soil, VIT University,
Vellore.

BFC Soil from the campus, VIT University,
Vellore.

Fig 1(a)

NG1, NG2, NG3, NG4 Soil from garden, Ottappalam, Kerala.

NG5 Petrol station soil, Ottappalam, Kerala.
1AH, 2AH, 3AH, 4AH, 5AH, 6AH, 7AH,
8AH

Garden soil, Ottappalam, Kerala.

JS, JB Nursery soil, VIT University, Vellore.
JCO1, JCO2, JCO3 Salt pan samples, Ottappalam, Kerala.
FC1, FC2, FC3, FC4, FC5, FC6 Soil from food court, VIT University, Vellore.

Fig 1(b)

JSY1, JSY2, JSY3, JSY4, JSY5 Salt pan samples, Ottappalam, Kerala.

The results of oil displacement shown by 50 strains have been categorized according to their activity
(Fig. 1a and 1b). The isolated bacterial strains were shown in Table 7 according to their biosurfactant activities.
Based on their biosurfactant activity, category I, II and III were grouped into low, moderate and high
respectively. 54% of the isolated strains came under category I, in which EFTW3, EFTW8, EFTW10,
EFTW11, and EFTW12 showed activity below 1cm and VBS2 and NG3 showed no activity (Fig. 1a).

The rest of the 20 strains had activity above 1 cm (Fig. 1a and b). Moderate activity was shown by 30%
of the strains.  High activity was exhibited by 16% of the isolated strains. Of which, 3AH, 5AH, FC1 and JSY5
showed values between 3 and 4 cm as shown in Fig. 1(a) and (b). The minimum activity was shown by EFTW3
and EFTW12 both having 0.5 cm and maximum activity was seen in JB with 5 cm and JS with 4.2 cm.

The low and moderate activities exhibited by the isolated strains might be due to the insufficient
amount of biosurfactant produced. This could mainly be due to a number of reasons i.e. less carbon to nitrogen
ratio, exhaustion of carbon source or nitrogen source, stress conditions, change in the environmental conditions
from the collected area to the laboratory conditions, which usually makes them unable to express the genes fully
in the organism or give specific responses and signals (30, 31). The distribution of bacterial isolates by their oil
displacement activity was shown in Fig. 2. The bacterial isolates were categorized into three by their oil
displacement activity as shown in Table 7.
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Table: 7. Isolated strains categorized according to their biosurfactant activity.

Fig. 2: Percentage distribution of bacterial isolates by their oil displacement activity.
Note: I = low, II = Moderate, III = High.

Biochemical characterization

These 6 bacterial strains which were selected based on their high and moderate biosurfactant activities
were further identified and confirmed by biochemical characterization by using Bergey’s manual of
Determinative Bacteriology, 1974. Biochemical characterization of the six strains was presented in Table 8.

Identification of isolates by 16S rRNA sequencing

The identified 14 strains by 16S rRNA sequencing were shown in Table 9. The bacterial strains which
have been identified were mainly Pseudomonas sp., Micrococcus sp., Bacillus sp. and Serratia sp.  Other
species were Proteus sp., Acinetobacter sp., Brevibacterium sp. and Bordetella sp. Of these strains, one species
could not be identified based on the sequence data.

Category Oil displacement activity
(in cm) Isolates

I 0 - 2

JSO1, JSO2, JSO6, EFTW1, EFTW2, EFTW3,
EFTW4, EFTW5, EFTW6, EFTW7, EFTW8, EFTW9,
EFTW10, EFTW11, EFTW12, VBS1, VBS2, VBS3,
VBS4, BFC, NG1, NG2, NG3, 1AH, 6AH, FC3, JSY3

II 2 – 3 JSO5, NG4, NG5, 2AH, 4AH, 7AH, 8AH, JCO3, FC2,
FC5, JSY1, JSY2, JSY4, JCO1, JCO2

III 3 - 5 3AH, 5AH, JS, JB, FC1, FC4, FC6, JSY5
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Table 8 Biochemical characterization of GenBank submitted bacterial strains.

Phylogenetic tree analysis

The 14 bacterial strains which have been identified by 16S rRNA sequencing were confirmed again
using BLASTN for their pairwise identities. Clustal Omega and Jalview software were used for Phylogenetic
tree analysis. The phylogenetic tree of those 14 bacterial strains with other bacteria collected from NCBI which
were already been reported to have biosurfactant producing capability was shown (Fig. 3). The phylogenetic
tree construct was done to know the neighbouring distance between the isolated strains and already reported
strains obtained from NCBI as listed in Table 10 with their accession numbers. The blue highlighted ones were
the strains isolated in the present study and the other strains collected from NCBI (Fig. 3).

Table 9 Identified bacterial strains by 16S rRNA sequencing.

Table: 10 Biosurfactant producing bacterial strains and their accession numbers collected from NCBI.

Bacterial strain Accession number
Alcaligenes faecalis SOL-B JX534504
Bacillus pumilus SS-1 JX534508
Bacillus cereus strain SNW3-3 JX534506
Bacillus subtilis SNW3 JX534509
Pseudomonas putida SOL-10 JX534510
Serratia marcescens strain MUD - MaC2 JX534512
Serratia sp. MUD-MaC1 JX534511

Sr.no. Isolates Sequenced
1 JB Bacillus thuringiensis
2 2AH Proteus vulgaris
3 JS Bordetella petrii
4 6AH Acinetobacter pitti
5 8AH Pseudomonas stutzeri
6 JCO3 Serratia marcescens
7 FC1 Pseudomonas aeruginosa
8 FC2 Serratia marcescens
9 FC5 Uncultured organism
10 FC6 Pseudomonas stutzeri
11 JSO1 Micrococcus lylae
12 JSO2 Micrococcus luteus
13 JSO5 Brevibacterium lutescens
14 JSO6 Bacillus sp.
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GenBank submission

16S rRNA sequences of six bacterial strains have been submitted in GenBank, NCBI and received the
accession numbers which were listed in Table 11. The sequences of other strains are being in the process of
submission to the GenBank through BankIt.

Table 11 Bacterial strains with their GenBank accession numbers.

Fig. 3: Phylogenetic tree analysis of the identified strains with the bacterial strains collected from NCBI.

Conclusion

16 different environmental samples were collected from VIT University, Vellore, Tamil Nadu and
Ottappalam, Palakkad, Kerala. From these16 samples, 50 strains were isolated by using serial dilution and
enrichment method with the addition of 1% of water soluble fraction of diesel oil. Of these 50 strains, 27
isolates were from soil, 12 from water and 11 from salt pan. Oil displacement activity was used as a screening
method for selection of bacteria producing biosurfactant. According to the biosurfactant activity, the isolated
strains were grouped into three categories in which 54% strains were under category I having low activity, 30%
strains were having moderate activity category II and 16% strains were in category III with high activity. The
minimum activity was shown by EFTW3 and EFTW12 both having 0.5cm and maximum activity was noticed
in JB with 5 cm and JS with 4.2 cm.

Based on the results of screening by oil displacement activity, 14 isolates having high and moderate
activities were further selected for molecular characterization by 16S rRNA sequencing. Using the partial 16S
rRNA sequences of these 14 isolates, BLASTN was performed to confirm and identify the organisms.
Phylogenetic tree analysis was done using CLUSTAL Omega software to know the neighbouring distance
between  the  present  14  isolates  and  the  isolates  from  NCBI  that  have  already  been  reported  to  have  the
biosurfactant producing capability. Six sequences of the 14 strains were submitted in NCBI GenBank and
obtained accession numbers. The remaining rRNA sequences are being in the process of submission.

           Isolate   Accession number
Bacillus thuringiensis (JB) KJ372208
Proteus vulgaris (2AH) KP289283
Micrococcus lylae (JSO1) KC351486
Micrococcus luteus (JSO2) KC351487
Brevibacterium lutescens (JSO5) KC351488
Bacillus sp. (JSO6) KC351489



Rajam C et al /Int.J. ChemTech Res. 2015,8(7),pp 260-270. 269

Biochemical characterization was also used for the identification of these six bacterial strains. These bacterial
strains could be tested further to understand their potential for future applications.
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