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Abstract:- Microorganisms produced biosurfactants are
promising agents in the bioremediation of pesticide
polluted soils as a result of their biodegradability and
non-toxic nature. This study was aimed at screening
bacteria for biosurfactant production in pesticide
contaminated agricultural soil, and identify them using
molecular technique. Ten bacteria species with potentials
to degrade lambda-cyhalothrin isolated in our previous
study were screened for biosurfactant production via the
drop collapse, oil spreading, emulsification index,
hydrocarbon overlay agar and bacterial adhesion to
hydrocarbon tests. The biosurfactant producers were
identified using the 16S rRNA. Results from the
biosurfactant screening showed that out of the ten
bacteria screened only four of the ten bacteria screened
which were identified as Bacillus strains were strongly
positive for production of biosurfactant. The four
Biosurfactant-Producing Lambda Cyhalothrin-
Degrading Bacteria (LCDB-BP) were identified using 16S
rRNA as Bacillus tequilensis strain LCDB-BP1, Bacillus
subtilis strain LCDB-BP2, Bacillus altitudinis strain
LCDB-BP3, and Bacillus subtilis strain LCDB-BP4 with
the accession numbers OP703607, OP703608, OP703609
and OP703610 respectively. These organisms can be
useful for biosurfactant production and bioremediation of
synthetic pyrethroid contaminated soil.

Keywords:- Biosurfactant, Synthetic Pyrethroids (SP),
Lambda-cyhalothrin (LC), Bacillus species, cultivated soil.

I INTRODUCTION

Microorganisms like bacteria, fungi and yeast secrete
biosurfactants, which are surface active metabolites, which
either adhere to the cell surfaces or are excreted
extracellularly into the growth medium [1]. They are
amphiphilic agent with potentials for reduction of surface and
interfacial tensions [2]. Biosurfactants constitute different
compounds such as fatty acids, glycolipids, phospholipids,
polymeric  structures, neutral lipids, lipopeptidesand
lipopolysaccharides [3-4]. These biomolecules have various
applications as biocontrol agents in agriculture, health,
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cosmetic industries, pharmaceutical and food industries [5-6].
Montero-Rodriguez et al. [7] showed that biosurfactant have
comparative advantages over synthetic surfactants in terms of
reduced toxicity, increased biodegrading ability, specificity
and ability to function at extreme pH, temperature and
salinity conditions. Most of the reported biosurfactant
producers are members of the genera Achromobacter,
Acinetobacter, Aeromonas, Alkaligenes, Arthrobacter,
Bacillus, Corynebacterium, Flavobacterium, Klebsiella,
Micrococcus, Moraxella, Proteobacteria, Pseudomonas and
Streptococcus [8-9].

Bacillus species are an interesting group of bacteria
because of their broad distribution in the environment,
biochemical versatility, and their effectiveness in protein
production in the industries [10]. The most -efficient
producers of biosurfactants ever reported are the genus
Bacillus, which have been isolated from different pesticide
contaminated agricultural soils [11]. Some reports have
shown that biosurfactant-producing bacteria also possess
pesticide degrading abilities. Thus, the aim of the present
study was to screen and identify biosurfactant-producing
bacterial isolates from LC-contaminated agricultural soil.

1. MATERIALS AND METHODS

A. Chemicals

All chemicals and reagents used in this study were of
analytical grade and were bought from the Central Research
and Diagnostic Laboratory, llorin, Kwara State, Nigeria.

B. Subculturing of LC-Degrading Bacteria

Pure cultures of ten LC-Degrading bacterial isolates
from our previous study were subcultured on nutrient agar
and tested for viability [12]. Broth culture of the isolates were
then prepared in nutrient broth and standardized to
McFarland 0.5. For this study the standardized cultures were
used.
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C. Screening for Potential Biosurfactant Producers

D. Preparation of Cell Free Supernatant (CFS)

Each of the isolates was inoculated into 100 ml mineral
salt medium enriched with LC in separate 500 ml Erlenmeyer
flask. The flasks were kept in incubator shaker at 37 °C for 7
days at 160 rpm. After 7 days of incubation, CFS were
prepared from the culture broths. Broths from each flask
were spinned in the centrifuge at 6000 revolution per minute
for 15 minutes, then the supernatants were filtered using a
filter paper of 0.45 um pore size. The CFS was used to carry
out the screening tests, all of which were performed in
triplicates [13].

E. Drop Collapse Test (DC)

The DC test was done using the methods of [14-15].
Crude oil (10 ul) was used to coat the wells of a micro titer
plate thinly and then left undisturbed for 1 hour at 37 °C to
form uniform thin coats of the oil in the well. Then 10 pl of
the CFS was added to the center of each well. The collapse of
the CFS droplets within 1-2 minutes shows that biosurfactant
is present, while no change in the shape of the droplet shows
absence of biosurfactant. A chemical surfactant (Triton X-
100) was used as the positive control while de-ionized water
was used as the negative control.

F. Hydrocarbon Overlay Agar Test (HOA)

The HOA test was done by coating mineral salt agar
plates with 50 ul of crude oil. The pure bacteria were spotted
on the coated plates and incubated at 30 °C for 7 days.
Colonies surrounded by emulsified halos were considered
positive for biosurfactant production, while colourless
colonies indicate absence of biosurfactant production by the
isolates [16].

G. Qil Displacement Assay (OD)

The OD test was done by adding 40 ml of distilled
water in to a plastic Petri dish. Then 10 ml of crude oil was
added to the surface of the water. Finally, 10 ml of CFS was
gently added to the oil-water surface [17]. The displacement
of oil and the formation of a clear zone indictes biosurfactant
production in the CFS. The diameter of clear zone was
measured using a meter rule. Distilled water without
surfactant was used as the negative control, while Triton X-
100 was used as the positive control [18].

H. Bacterial Adhesion to Hydrocarbons (BATH) Assay

BATH assay was carried to determine the
hydrophobicity of the cell surface. The CFS (2 mL) with 100
WL of crude oil were mixed and vortexed shaken for 3 min in
test tubes (10 x 100 mm). After shaking, the hydrocarbon and
aqueous phase was left to separate for 1 hour. Cell surface
hydrophobicity was expressed as cell adherence to crude oil
and was calculated using:

Bacterial adherence (%) = 1 — (initial OD without shaking
/OD of vortexed suspension) x 100 [19].
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I.  Emulsification Index (EI)

The emulsifying capacity of the four LCDB-BP isolates
were estimated using the EI test. Crude oil (1.5 ml) was
mixed with 1.5 ml of CFS in a test tube. It was then vortexed-
shaken at high speed for 2 min., and left undisturbed for 24
hours. The emulsification index percentage was calculated
using the equation: El = (Height of emulsion formed / Height
of solution) x 100 [14].

J. Molecular Identification of the Biosurfactant-Producers
After the screening tests, the four potential
biosurfactants producers; LCDB1, LCDB2, LCDB3 and
LCDB4 were selected for molecular characterization using
16S rDNA gene sequencing homology. The DNA of the four
isolates were extracted using the procedures of Presto™ Mini
g DNA bacteria kit from the (Geneaid) company. The
amplification (polymerase chain reaction) of the extracted
DNA were done using the universal primers 27F (5-
AGAGTTTGATCCTGGCTCAG3) and  1492R (5
GGTTACCTTGTTACGACTT-3), making a total volume of
50 ul. The initial denaturation step was done at 96 °C for 3
min. This was followed by 27 cycles of 96 °C for 30 seconds.
Then annealing was done at a temperature of 56 °C for 25
seconds, followed by extension at 72 °C for 15 seconds and
then, final extension at 72 °C for 10 minutes [20]. The PCR
products separated based on molecular weight using a 1%
(w/v) agarose gel made with TBE buffer. The DNA was
viewed under UV light using ethidium bromide DNA stain.
Then, the amplified DNA was purified and sequenced. The
nucleotide sequences were determined at Ingaba Biotec,
South Africa. The resulting 16S rRNA gene sequences were
corrected and compared with nucleotide sequences of NCBI
using BLAST tools to estimate the sequence homology and
identify the isolates. The multiple sequence alignment was
carried out using CLUSTAL Omega
“https://www.ebi.ac.uk/Tools/msa/clustalo/“. The MEGA
version 7.0 was used to construct the phylogenetic tree and
the nucleotide sequences were submitted to the NCBI
GenBank database for allocation of accession numbers [20].

1. RESULTS

Ten (10) bacterial isolates capable of degrading LC that
have been isolated and characterized in our previous study
were screened for production of biosurfactant (Table 1).The
ten isolates named as LCDB1-LCDB10 were analyzed for
biosurfactant production and only four isolates LCDB 1-4
were positive for DC, HOA and OD tests. The biosurfactant-
producing abilities of the four positive isolates were further
confirmed using the BATH and EI tests which ranged from
53-65 % and 62-70 % respectively. While the isolates
LCDB5-LCDB10 were negative for DC, HOA and OD tests
and also have low values for the BATH and EI tests which
ranged from 15-25 % and 17-25 % respectively (Table 1).
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Table 1: Screening of LCDB Isolates for Biosurfactant

Production |
Isolates DC | HOA | OD (cm) | BATH | EI (%)
(%)
LCDB1 + + 12.80 60 68
LCDB?2 + + 08.35 53 62
LCDB3 + + 14.30 65 70
LCDB4 + + 10.12 57 65
LCDB5 - - 00.00 15 20
LCDB6 - - 00.00 20 17
LCDB7 - - 00.00 23 20
LCDBS - - 00.00 21 25
LCDB9 - - 00.00 25 23
LCDB10 - - 00.00 20 21

Key: DC: Drop Collapse; HOA: Hydrocarbon Overlay Agar;
OD: Oil Displacement; BATH: Bacterial Adhesion to
Hydrocarbon; EIl: Emulsification Index + =Positive; - =
Negative

The results obtained from the analysis of the 16S rRNA
gene sequences revealed that the biosurfactant-producing
LC-degrading bacterial isolates (LCDB1, LCDB2, LCDB3
and LCDB4) were Bacillus tequilensis strain LCDB-BP1,
Bacillus subtilis strain LCDB-BP2, Bacillus altitudinis strain
LCDB-BP3 and Bacillus subtilis strain LCDB-BP4
respectively (Fig. 1). The phylogenetic tree of the four
LCDB-BP isolates was constructed (Fig. 1).
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7 Pseudomonas aeruginosa strain HK1-2
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Fig. 1: Phylogenetic tree of the four LCDB-BP isolates
constructed using the Neighbor-Joining method
(http://www.nlm.nih.gov/BLAST).

V. DISCUSSION

The positive collapse test is an indication of the
presence of surface active substance [21] in the CFS from the
isolates, which can be taken as the evidence of production of
biosurfactant by the isolates. Shoeb et al. [16] reported
similar observation with Bacillus species. The capability of
the four isolates (LCDB1, LCDB2, LCDB3 and LCDB4) as
biosurfactant producing is further demonstrated in the HOA

NISRT230CT927

International Journal of Innovative Science and Research Technology

ISSN No:-2456-2165

test by the formation of blue halos around their colonies
while the colonies of other six isolates remain colourless. The
formation of blue halos around colonies is an indication of
biosurfactant production [22]. Nayarisseri et al. [19] reported
blue halos surrounding the colonies of a biosurfactant
producing Bacillus species. Similarly, EI-Gebaly [23]
reported that 40% of the Bacillus species isolated from soil
had blue halos around their colonies. Sohail and Jamil [24]
also reported halos around the colonies of all biosurfactant
producing isolates.

In this study the four strains gave zone diameters
(08.35-14.30 cm) with crude oil. This is in line with the 8.0
cm diameter observed in a Bacillus species reported by
Nawazish et al. [25], and 10.00-14.20 cm reported by Al
Yousif et al. [17]. The isolate LCDB3 can thus be consider a
better producer of biosurfactant than the other because it gave
the highest displacement zone diameter (14.30 cm), followed
by LCDB1 (12.80 cm), LCDB4 (10.12cm), LCDB2
(08.35cm) while no oil displacement was seen in the other six
isolates. According to [26], the zone diameter is directly
proportional to the concentration and activity of
biosurfactant. The OD test is more sensitive than other
methods of identifying biosurfactant producers and more
suitable since it can detect low levels of biosurfactant
production [27]. However, the diameters were smaller than
31.20 cm which Abubakar et al. [28] observed in Bacillus
species, but higher than 4.90 cm obtained for Bacillus subtilis
by Umar et al. [29] and 9.22-9.65 cm obtained for different
Bacillus species by llusanya et al. [30].

The results obtained from the BATH test, also known as
cell hydrophobicity test showed that the four isolates
LCDB1-LCDB4 produced biosurfactant (53-65%), while
isolates LCDB5-LCDB10 (15-25%) did not. The results
obtained in this study agree with the findings of [30] who
reported a BATH value of 50% for a biosurfactant producing
Pseudomonas aeruginosa isolated from marine sediment.
These results also agree with the reports of Nayarisseri et al.
[32] who demonstrated a value BATH of 60% of by
biosurfactant producing Bacillus tequilensis ANSKLABO4
strain isolated from brackish river water. According to [20],
the ability of bacteria to adhere to hydrocarbons is a
characteristic feature of biosurfactant-production  of
microorganisms. Biosurfactant production is an important
survival strategy for microorganisms because it facilitates
their attachment, and adhesion to natural substrates [34]. The
formation of stable emulsions with crude oilby the four
isolates LCDB1, LCDB2, LCDB3 and LCDB4 further
affirms that the isolates were biosurfactant producers. The
isolate LCDB3 (70.0%) can be regarded as the best
biosurfactant producer among the isolated strains, with the
order of performance as: LCDB1 (68.0%)>LCDB
4(65.0%)> LCDB 2 (62.0%).

The results of the emulsification index study in this
study is like the findings of Nawazish et al. [25], who
reported an emulsification index of 66.4 % for Bacillus
species with crude oil. Similar emulsification indices for
crude oil by Bacillus subtilis have been reported 63.0 % by
Shafiei et al. [34], 64.0 % by Parthipan et al. [35], 58.0 % by
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Adamu and Ibrahim [36] and 56.0 % by Wu et al. [37].
Patowary et al. [38] reported a maximum emulsification
activity of 100%. The results of emulsification index revealed
variations in the emulsification potentials of the isolates in
this study and the other studies. The implication this variation
is that these isolates possess different degrees of
biosurfactant activity. According to Aparna et al. [39]
biosurfactants activity are species- specific. Gupte and
Sonawdekar [40] had reported that a strain of Bacillus cereus
showed a high emulsification ability and thus have a valuable
role in the bioremediation of contaminated environments.
The screening parameters used in this study were consistent
with previous reports by [19, 41-42]. According to Kiran et
al. [43], a combination of methods are recommended for the
identification of all types of biosurfactants, since a single
method may not give accurate result.

The four potential biosurfactant producers: LCDB-BP1,
LCDB-BP2, LCDB-BP3, and LCDB-BP4 were identified as
strains of Bacillus species. These are: B.tequilensis strain
LCDB-BP1, B. subtilis strain LCDB-BP2, B. altitudinis
strain LCDB-BP3 and B. subtilis strain LCDB-BP4 with 99,
95, 95 and 99 % sequence relatedness to B.tequilensis strain
SJS, B. subtilis strain ROD110, B. altitudinis strain 2S6 and
B. subtilis strain D respectively (Fig. 1). The obtained
sequences were submitted to the Genbank with the accession
numbers OP703607, OP703608, OP703609 and OP703610.
The phylogenetic tree analysis placed the four Bacillus
isolates into four subgroups. The first sub-group included
Bacillus altitudinis. The second sub-group comprised B.
subtilis strain 256, while the third and fourth sub-groups
consisted of B. tequilensis and B. subtilis strain D
respectively. These results are consistent with the findings of
[36-37, 44-45] who had identified different Bacillus species
as biosurfactant producers. The strains of Bacillus subtilis
and Bacillus tequilensis identified in this study have been
reported as biosurfactant producers in several studies [32, 46,
17, 24, 47, 29]. In the present study, the ability of the isolates
to produce biosurfactant suggests that, they can be used as
emulsifying agents for many industrial applications. This also
allow their direct applications in environmental remediation
of contaminated soil.

V. CONCLUSION

The four Bacillus species with potentials to produce
biosurfactant were identified in this study. Thus, these
isolates have valuable role in the bioremediation of
contaminated environments. They can also be applied for
commercial production of biosurfactants which can be useful
in various environmental applications.
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