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Abstract

A wide variety of biosurfactant-producing microorganisms were isolated from hydrocarbon-
contaminated soil and were screened for biosurfactant production using conventional methods
including oil spreading test, emulsification index, emulsification activity and CTAB agar test. Among
the isolated bacteria, A2 isolate, a Gram negative bacterium was selected for further studies based
on its highest activity and was identified by 16S rDNA sequencing as Pseudomonas aeruginosa. The
presence of specific genes responsible for the biosynthesis of mono-rhamnolipid (rhiB) and
dirhamnolipid (rhIC) were detected. Optimization of different cultural conditions (carbon source,
carbon concentration, nitrogen source, nitrogen concentration, pH, incubation time, and inoculum
concentration) were performed to achieve maximum production of biosurfactant. Production of
biosurfactant was estimated in terms of oil spreading test, emulsification index, emulsification activity
and biomass as 15 cm, 60 %, 1.831 + 0.025 and 2.851 + 0.043 g/l respectively. The obtained results
demonstrated that the maximum rhamnolipid production (5.42 + 0.475 g/l) happened using olive oil
at a concentration of 2% as carbon source, 2 g/l of urea as nitrogen source, inoculum size of 3 %,
pH: 7, and 6 days incubation period at 30°C. The analysis of the extracted biosurfactant by TLC,
FTIR spectra and GC-MS analysis confirmed that the biosurfactant nature was rhamnolipid. The
rhamnolipid could decrease the surface tension of water to 28.49 mN/m and exhibited good stabilities
at high temperatures (up to autoclaving at 121°C), salinities (up to 10 % NacCl), and pH values (up to
pH: 10 except 4 and 2 pH).
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INTRODUCTION

Biosurfactants are surface-active amphipathic
compounds possessing hydrophobic and hydrophilic
parts that have ability to reduce surface and interfacial
tension of different fluids. Hydrophobic part ‘tail’ is a
hydrocarbon chain containing saturated/unsaturated
and hydroxylated fatty alcohols or fatty acids and the
hydrophilic part ‘head’ is a polar group that contains
mono, oligo or polysaccharides and peptides
(Nayarisseri et al. 2019). A wide variety of
microorganisms have been shown to synthesize
biosurfactants with various types of structures (Banat et
al. 2010). Microorganisms that synthesize biosurfactants
inhabit in water (fresh water, groundwater, and sea),
land (soil, sediment and sludge) and extreme
environments (oil reservoirs and hot springs) (Chirwa
and Bezza 2015). The bacteria are considered the main
biosurfactant producers, however, many bacterial
genera such as Bacillus, Pseudomonas, Acinetobacter,

Burkholderia, Stenotrophomonas and Flavobacterium
are reported to produce biosurfactants (Femi-Ola et al.
2015).

The biosurfactants are classified according to origin
and chemical composition into six main groups:
lipopeptides, lipoproteins, glycolipids, phospholipids,
neutral lipids, and polymeric biosurfactants (Zhao et al.
2017). The most abundant of biosurfactants are
glycolipids and lipopeptides of which the most
investigated types are the rhamnolipid (RL) synthesized
by Pseudomonas aeruginosa and surfactin synthesized
by Bacillus subtilis strains (Desai and Banat 1997,
Abdel-Mawgoud et al. 2010, Twigg et al. 2018).
Rhamnolipids biosurfactants are composed of one or
two rhamnose molecules (mono- or di-rhamnolipids,
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respectively), linked in a 1,2-glycosidic linkage to 1, 2 or
3 B-hydroxy fatty acids of varied chain lengths ranging
from 8 to 16 carbons (Abdel-Mawgoud 2011).

Pseudomonas aeruginosa main producer of the
rhamnolipid, is an opportunistic human pathogen and
ubiquitous in the environment and can be found in many
habitats such as water, soil, human hosts and plants,
where it survives due to its remarkable physiological
abilities (Jarvis and Johnson 1949). P. aeruginosa is
able to grow and produce rhamnolipid (RL)
biosurfactants but in order to obtain maximum vyield, the
optimization of fermentation medium is needed.
Different variables have been reported to affect RL yield
including carbon source, nitrogen source, pH, cultivation
time, agitation, and temperature (El-Housseiny et al.
2016, Camara et al. 2019).

Biosurfactants have some unique properties
compared to chemical synthesized surfactants are
having low toxicity, higher biodegradability,
environmental compatibility, stable activity under
extreme temperature, salinity and pH and easy to
synthesize from low cost substrates (Marchant and
Banat 2012). Such properties pay an attention and
interest to biosurfactants and have become an important
product of biotechnology in recent years in numerous
potential applications such as cosmetics,
pharmaceutics, food processing, environmental
management, bioremediation, microbial enhanced oil
recovery industries and agriculture (Li et al. 2016).

The aim of the study was screening, molecular
detection, isolation, enhance production of biosurfactant
by P. aeruginosa isolated from hydrocarbon
contaminated soil in different cultivation conditions
including various carbon sources, nitrogen source, pH,
cultivation time and inoculum size and characterization
of the produced biosurfactant using TLC, FTIR and GC-
MS.

MATERIALS AND METHODS

Sample collection

The soil samples contaminated with hydrocarbon
were collected from the area around the electricity
generators in Al-dair district, Basrah governorate south
of Iraq (30.536242°N 47.815819°E). Soil samples were
collected from five points under depth 5 cm using a
sterile shovel and placed in sterile containers and
transported in cool box to laboratory for the
investigation.

Isolation of biosurfactant-producing bacteria

Isolation of biosurfactant-producing bacterial strain
was conducted by enrichment method using modified
mineral salt medium (MSM) adopted from (Deng et al.
2014). The MSM containing ( g/l) NaCl (5), NazHPO:4 (3),
KH2POx (2), NHsNO3 (1), MgS04.7H20 (0.7) and 1 ml /I
trace salt solution with 1% (v/v) olive oil as the sole
carbon source and pH of 7. The trace salt solution
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containing (mg/l) CaCl. (20), FeCls (30), CuSO4 (0.5),
MnS0O4.H20 (0.5), and ZnS04.7H20 (10). The MSM was
sterilized by autoclaving at 121 °C for 20 min. Two grams
of soil sample was enriched with 50 ml of MSM in 250-
ml Erlenmeyer conical flasks incubated at 30 °C and 150
rpm for 7 days. After 7 days, the enrichment culture
products were sequentially diluted, and spread on the
nutrient agar medium (Himedia) for incubation at 30 °C
for 24 hrs. The colonies with different morphologies were
picked out and purified based on their Gram staining
characteristic, cell shape, and colony morphology. The
bacteria were maintained on nutrient agar slants and
stored at 4 °C.

Preparation of the bacterial inoculum

The isolated bacteria were activated in fifty ml of
autoclaved Nutrient broth in 250-ml flask by inoculating
loop full of the isolated bacteria and incubating at 30 °C
for 24 hrs. The uninoculated nutrient broth was used as
a negative control. Then, 5 % of the prepared bacterial
inoculum was transferred to 250-ml Erlenmeyer’s flasks
containing 50 ml MSM.

Screening for biosurfactant production

For screening biosurfactant production by the
isolated bacteria, 50 ml MSM with 1 % of olive oil as
carbon source in 250 ml Erlenmeyer flasks was
inoculated with 5 % bacterial inoculum and incubated in
a rotary shaker at 30 °C and 150 rpm for 7 days. After 7
days of fermentation, bacterial cells were removed by
centrifuging flasks at 5000 rpm with temperature of 4 °C
for 20 min (Xiangsheng et al. 2010). The cell-free
supernatant was subjected to below provide various
screening methods to obtain biosurfactant-producing
strains.

1. Oil spreading test

The oil spreading test was carried out by adding 40
ml of distilled water to a 15 cm diameter petri dish.
Subsequently 20 ul of crude oil was added onto the
surface of the water, which formed a thin layer over
water. 10 ul of culture supernatant was added in center
of the crude oil layer. The area of the clear zone on the
oil surface was measured and compared with 10 pl of
distilled water as negative control (Satpute et al. 2010).

2. Determination of Emulsification Index

A mixture of 2 ml supernatant and 2 ml kerosene was
vertically stirred by vortex for 2 min and the height of the
emulsion layer was measured after 24 h to determine
the emulsification index (Ozdal et al. 2017). The
equation used to determine the emulsification index
(E24 %) is as follows:
E24 (%) = the height of emulsion layer x 100%
the height of total solution

3. Determination of emulsification activity

Cell free supernatant (0.5 ml) of the sample was
added to a screw-capped tube containing 7.5 ml of Tris-
Mg [20mM Tris HCI (pH 7.0) and 10mM MgSOQOs] and 0.1
ml of kerosene. The tubes were vortexed for 2 min and
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Table 1. Primers used for PCR amplification of 16s rRNA and genes involved in rhamnolipids biosynthesis
Genes Primers Sequence Reference
e
ric CR S AGTCCTOGTCGAGCAGCAGCAT (Perfumo etl. 2013

allowed to sit for 1 hour. Absorbance was measured at
540 nm. Emulsification activity (EA) was defined as the
measured optical density (Sifour et al. 2005).

4. Cetyl trimethyl ammonium bromide (CTAB)

agar test

Approximately 50 pl of cell-free culture supernatant
was loaded into pre-cut wells in CTAB-methylene blue
agar plates and incubated at 30 °C for 72 h. The
appearance of a dark blue halo zone around the well
was considered positive for anionic biosurfactant
production (Siegmund and Wagner 1991).

Bacterial Identification by 16S rRNA
Promising biosurfactant producer was identified up to
species level by targeting 16S rRNA gene.
Chromosomal DNA was extracted according to the
procedure of Presto™ Mini g DNA bacteria kit from the
(Geneaid) company. DNA was amplified by the
polymerase chain reaction (PCR) using universal
primers (Table 1). PCR reactions were made in a total
volume of 50 w I. An initial denaturation step of 96 °C for
3 min was followed by 27 cycles of 96 °C for 30 s,
annealing temperature of 56 °C for 25 s and extention at
72 °C for 15 s and final extention at 72 °C for 10 min
(Miyoshi et al. 2005). PCR products were separated
based on molecular weight using a 1% (w/v) agarose gel
made with TBE buffer (Thermo Fisher Scientific). DNA
was visualized under UV light using ethidium bromide
DNA stain (Thermo Fisher Scientific). Amplified DNA
was purified and sequenced by Macrogen Company
(South Korea).

Detection of genes coding for rhamnolipid
biosurfactant

Screening for presence of the rhamnolipid genes
including rhiB gene and rhlC gene was carried out using
specific primers (Table 1). PCR Reactions of rhIB gene
were made in a total volume of 50 wul. An initial
denaturation step of 95 °C for 3 min followed by 30
cycles of 95 °C for 30 s, annealing temperature of 56 °C
for 30 s and extention at 72 °C for 1 min and final
extention at 72 °C for 5 min. while, PCR Reactions of
rhiC gene were also made in a total volume of 50 | with
PCR program including an initial denaturation step of 95
°C for 2 min followed by 29 cycles of 95 °C for 30 s,
annealing temperature of 64 °C for 30 s and extention at
72 °C for 20 s and final extention at 72 °C for 5 min.

Screening of cultural conditions for enhanced
biosurfactant production

For the optimum biosurfactant production, the effect
of different cultural conditions (carbon source, nitrogen
source, carbon concentration, nitrogen concentration,
pH, incubation time, and inoculum concentration) on the
growth and the ability of the selected bacterial isolates
to produce biosurfactant was optimized. Seven carbon
sources (corn oil, glucose, glycerol, lactose, mannitol,
olive oil and sunflower oil) were chosen to select
optimum carbon source. Seven different carbon
concentrations were examined (1 %, 1.5 %, 2 %, 2.5 %,
3 %, 3.5 % and 4 %) to choose optimum concentration
keeping NH4NOsz as nitrogen source in production
medium and incubating at 30 °C for 7 days in a shaker
incubator. Eight different nitrogen sources (glutamic
acid, KNOz, NaNOs, NH4Cl2, NHsNO3z, (NH4)2SO4, urea
and yeast extract) were experimented to choose the
optimum nitrogen source. Five increasing
concentrations of nitrogen (0.2 %, 0.4 %, 0.6 %, 0.8 %
and 1 %) were examined to find out the optimum
nitrogen concentration using optimized carbon source in
production medium and incubated at 30 °C for 7 days in
a shaker incubator. The optimum pH for biosurfactant
production was determined by differing the pH (5, 6, 7, 8
and 9) of the production medium. The optimum inoculum
size was determined by differing inoculum sizes (1 %, 2
%, 3 %, 4 % and 5 %) of the production medium.
Subsequently, the optimum incubation time for
biosurfactant production was determined by varying the
incubation time (1, 2, 3, 4, 5, 6 and 7 days) of the culture
medium. The optimum parameters for biosurfactant
production were determined by emulsification activity
and oil spreading test.

Biomass determination

Biomass was determined by centrifuging 10 ml
samples at 5000 rpm for 15 min at 5 °C and the cell pellet
was dried in an oven at 105 °C for 24 h (Santos et al.
2018).

Surface Tension (ST) determination

The surface tension of the optimized cell free
supernatant was measured at 25 °C with a surface
tensiometer (sigma, Germany) working on the principle
of Du Nouy ring method. An un-inoculated MSM was
used as control. The instrument was calibrated by using
MSM as control (72 mN/m) prior to use (Wei et al. 2005).
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Biosurfactant stability determination

The stability of biosurfactant activity was determined
by studying the effect of environmental factors including
temperature, pH, and NaCl concentration on the cell-
free broth obtained by centrifuging the cultures at 5000
rom for 15 min. To determine the stability of the
biosurfactant at different temperatures, four milliliter of
the cell-free broth was maintained at a constant
temperature (4, 30, 70, 100, and 120 °C) for 30 min and
cooled to room temperature, after which emulsification
index (E24 %) was measured. Effect of pH on E24% was
evaluated by adjusting pH of the cell free broth in the
range 2.0-12.0 with HCI (6 N) and NaOH (6 N) and
measuring E24%. The effect of salinity on the
biosurfactant stability was determined by measuring
E24% after adding NaCl concentrations (2-20 % w/v) to
the cell free supernatant (Aparna et al. 2012).

Recovery of the biosurfactant

Extraction of biosurfactant

The optimized parameters were used in setting up
the biosurfactant production media. The production was
carried out in a 250 ml Erlenmeyer flask containing 100
ml of the production media. The crude biosurfactant
compounds produced by inoculating 3 % of fresh culture
of the bacterium into mineral salt medium with optimum
conditions (pH=7, olive oil (2 %) as carbon source, and
urea (0.4 %) as a nitrogen source) and incubated in a
shaker incubator (150 rpm) at temperature 30 °C for 6
days. After incubation period, bacterial cells were
removed from culture broth by centrifugation at 5000
rpm for 15 min to obtain the supernatant. Equal volume
of acetone was added to cell-free culture broth and kept
for 24 hrs at 4 °C. The resulting precipitate was collected
by centrifugation (5000 rpm) for 15 min, at 4 °C and
freeze dried. The extracted brownish semisolid
biosurfactant was weighted as g/l as done in studies by
(Paraszkiewicz et al. 2002).

Thin layer chromatography

The extracted brownish semisolid biosurfactant (10
mg) was dissolved in 1 ml chloroform. Approximately
100 u g biosurfactant solution was loaded on to a TLC
plate (Merck, Germany). The plates were developed in
the solution of chloroform: methanol: water at a ratio of
65:15:2 and visualized with different TLC reagents.
lodine vapor was used for detecting lipids. Ninhydrin
reagent (0.2 % ninhydrin in ethanol) was used to detect
lipopeptide biosurfactant as red-pink spots. Molish agent
(5 % 1-naphthol in alcohol) was used for detecting
carbohydrate. Plates were heated at 110 °C for 10 min
after application of the spraying agents.

Column chromatography

The extracted biosurfactant was purified by
dissolving 1 g in 5ml chloroform and loaded to a column
(1.5 cm X 35 cm) for the separation of biosurfactant by
column chromatography. The column was packed with
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activated silica gel (200-400 mesh, Himedia) in
chloroform slurry. This was followed by washing the
column with chloroform till the neutral lipids eluted
completely. The mobile phases consisted of
chloroform/methanol and were applied in following
sequence: 50:3 v/v (300 ml), 50:5 v/v (200 ml) and 50:50
viv (100 ml) at a flow rate of 1 ml min? followed by
collection of 15 ml fractions. The fractions were checked
using TLC as done in studies by (Saikia et al. 2011).

Characterization of biosurfactant

FTIR measurements

The infrared spectra useful for identification of
chemical bonds and functional groups of partially
purified unknown biosurfactants were performed using
Shimadzu FTIR instrument (chemistry department,
science college, University of Basrah). About 1mg of
dried biosurfactant was ground with 100mg of KBr to
form powder and pressed into a thin pellet which could
be measured by FT-IR in the wave number range of
4000-400 cm™.

Gas chromatography-Mass spectroscopy
(GC-MS) analysis

GC-MS is an analytical method comprising of gas
chromatography coupled with mass spectroscopy for
analyzing the lipid part of biosurfactant into their fatty
acids components that were performed in GC-MS lab at
Nehran Omar field, Basrah Oil Company. GC-MS model
(Agilent Technologies, USA) column type used was HP-
5MS with 5 % phenyl methyl siloxane (30m X 250 um
X 0.25 mm). One pl of sample was injected by split
mode at 75:1 ratio. The carrier gas was Helium, and the
flow rate was set at 1 ml/min with injection temperature
set at 260 °C. The gradient temperature was set as
ranging from 40 °C to 310 °C at a speed of 10 °C min™,
through an isothermal phase of 5 min at the end of the
analysis. The mass spectra were obtained with an m/z
range: 30-600. The identification of fatty acids
components was done in scan mode and the target
mass spectra obtained from sample were compared with
mass spectra obtained from the library.

Statistical analysis

One way ANOVA was performed to evaluate the
differences among the different optimization parameters
using SPSS software (version 20). P < 0.05 were
considered as statistically significant. The average
values presented for emulsification activity and biomass
were estimated using 3 replications and expressed as
mean = standard deviation.

RESULTS

Screening for biosurfactants production

Six bacterial isolates were isolated from soil sample.
The isolates were screened in MSM medium
supplemented with 1 % olive oil as sole carbon source
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Table 2. Screening results of bacterial isolates for the biosurfactant production

Emulsification index  oil spreading/

Isolates Gram staining Emulsification activity/ 540 nm (E24%) cm biomass gm/l
Al - 0.741+0.050* 53.3 12 2.787+0.002*
A2 - 1.678+0.050 56.6 14 2.787 * 0.100
A3 + 0.353+0.055 - - 1.142+0.344
A4 + 0.048+0.006 10 4 3.268+0.583
A5 - 0.038+0.038 - - 0.942+0.363
A6 + 0.050+0.038 - 0.4 1.413+0.163

* Mean + SD, n=3

Fig. 1. Tests of biosurfactant detection A-oil spreading test
B-emulsification index

1500bp
1000bp

500bp

Fig. 2. Agarose gel electrophoresis of PCR product for 16S
rRNA gene. Lane M: 100 bp DNA ladder. Lane R: 16 SRNA
gene

1500bp.
1000bp

500bp
200bp.

Fig. 3. Agarose gel electrophoresis of PCR product for
rhamnolipid genes. Lane M: 100 bp DNA ladder. Lane 1:
rhiB gene. Lane 2: rhIC gene

to assess an ability of isolates to produce biosurfactants.
The results demonstrated (Table 2) efficient bacterial
isolate designated as A2 among the bacterial isolates.
A2 isolate gave positive results to all the screening
methods employed (Fig. 1 A, B, C). It was observed that
A2 isolate was gram negative, rod-shaped and produced
light green colonies when cultured on nutrient agar.

Bacterial isolate identification by 16S rRNA

For precision identification of A2 isolate, 16S
ribosomal DNA gene was amplified (Fig. 2) and
sequenced. The 16S rRNA sequence obtained was
compared and aligned with sequences available in the
NCBI Gen-Bank database using BLAST on the NCBI
website  (http://www.ncbi.nlm.nih.gov). The results
showed 100 % similarity with Pseudomonas aeruginosa
strain  PA2 (accession number: MN636758.1).
Therefore, A2 isolate was identified as P. aeruginosa.

Detection of genes coded for rhamnolipid
biosurfactant

From the results obtained, the molecular detection of
genes that responsible for synthesizing rhamnolipid
biosurfactant demonstrated (Fig. 3) the presence of
amplified partial fragment of rhiB and rhIiC genes in P.
aeruginosa (A2 isolate). These results indicate the ability
of P. aeruginosa (A2 isolate) to produce rhamnoipid
biosurfactant.

Screening of cultural conditions for enhanced
biosurfactant production

In the present study, several variables were
assessed to determine the optimal conditions for
biosurfactant production by P. aeruginosa (A2 isolate).
Different carbon sources were investigated for
biosurfactant production. The results provided in (Table
3) showed that the olive oil was the best carbon source
for biosurfactant production with E24% (56.6 %),
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Table 3. Effect of various carbon sources for rhamnolipid production by P. aeruginosa
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Carbon sources

Emulsification activity/ 540 nm  Emulsification index (E24%)

Qil spreading/ cm

Biomass gm/I

Olive oil 1.678 = 0.050* 56.6 14 2.787 *+ 0.100*
Sunflower oil 1.535 + 0.013 56.6 14 1.453 + 0.060
Corn oil 1.429 + 0.103 56.6 14 1.424 + 0.026
Glycerol 1.091 +0.36 53.3 14 1.918 + 0.024
Lactose 0.054 + 0.011 Nil Nil 0.917 + 0.037
Glucose 1.440 + 0.013 56.6 13 1.177 + 0.006
Mannitol 1.515 + 0.006 56.6 13 1.914 + 0.006

* Mean + SD, n=3

Table 4. Effect of change in olive oil concentration on rhamnolipid production by P. aeruginosa

Emulsification index

Olive oil (%) Emulsification activity/ 540 nm (E24%) Oil spreading/ cm Biomass gm/I
1.0 1.614 + 0.006* 60.0 14.5 2.575 + 0.045*
15 1.640 + 0.007 60.0 14.5 2.883 + 0.045
2.0 1.648 = 0.028 60.0 145 2.836 = 0.037
2.5 1.617+ 0.006 46.6 14.5 2.623 + 0.055
3.0 1.481+ 0.008 46.6 14.5 2.040 + 0.158
35 1.439+ 0.014 36.0 145 1.856 + 0.032
4.0 1.421 + 0.007 36.0 14.5 1.764 + 0.058

* Mean £ SD, n=3

Table 5. Effect of various nitrogen sources on rhamnolipid production by P. aeruginosa

Nitrogen sources Emulsification activity/ 540

Emulsification index

Oil spreading/ cm

Biomass gm/I

nm (E24%)
Glutamic acid 1.374 + 0.024* 50.0 14.2 2.316 + 0.096*
KNOs3 0.862 + 0.043 53.3 13.0 1.342 +0.101
NaNO3 1.542 + 0.039 53.3 13.5 2.122 £ 0.109
NH4Cl2 0.628 + 0.031 40.0 13.5 1.324 + 0.206
NHsNOs 1.638 + 0.038 60.0 14.5 2.495 + 0.074
(NH4)2SO4 1.350 + 0.022 40.0 12.5 1.875 + 0.046
Urea 1.744 = 0.059 60.0 14.5 2.390 *= 0.072
Yeast extract 1.453 + 0.043 50.0 14.0 2.205 + 0.076

* Mean + SD, n=3

emulsification activity (1.678 = 0.050), oil spreading 14
cm and biomass 2.787 %= 0.100. Lactose proved to be
the poorest carbon source for biosurfactant production
with no values recorded for E24 % and oil spreading,
emulsification activity (0.054 + 0.011), and biomass
0.917 £ 0.037.

The effect of different concentrations of olive oil as a
sole carbon source on biosurfactant production was
determined and the results were provided (Table 4). The
optimum olive oil concentration to maximize production
of biosurfactant was determined by gradually increasing
the concentration of olive oil in the present study. Olive
oil concentration of 2 % seemed to provide the best
results with E24% (60 %), Emulsification activity (1.648
+ 0.028), oil spreading 14.5 cm and biomass 2.836 £
0.037 with significant differences with all other olive olil
concentration (P < 0.05).

Nitrogen sources affected the biosurfactant
production in current study. Eight nitrogen sources
(glutamic acid, KNOsz, NaNOs, NH4Cl2, NHiNOs3,
(NH4)2S04, Urea and Yeast extract) were evaluated. The
results (Table 5) show that urea was the best nitrogen
source for biosurfactant production with E24 % (60 %),
Emulsification activity (1.744 =+ 0.059), oil spreading
14.5 cm and biomass 2.390 * 0.072 with significant
differences in evaluated parameters (P < 0.05). The
lowest emulsification activity was obtained by using
NH4CI as nitrogen source (Table 5).
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Since urea provided the best biosurfactant
production, different concentrations of urea were further
examined for their effect on biosurfactant production
(Table 6). The optimum nitrogen concentration was
determined by gradually increasing urea concentrations
till the optimum concentration was reached at 0.2 % with
values of E 24% (60 %), emulsification activity (1.834 =
0.048), oil spreading 15 cm and biomass (2.898 =
0.202) with significant differences with all values (P <
0.05).

MSM was adjusted to different pH values (5, 6, 7, 8
and 9) to see effect of different pH values on
biosurfactant production. The obtained results (Table 7)
demonstrated that the optimum pH for biosurfactant
production was 7 with values of E24% (60 %),
emulsification activity (1.846 = 0.023) and oil spreading
15 cm and biomass (3.186 = 0.059) with significant
differences recorded with all values (P < 0.05).

The effect of incubation period on biosurfactant
production was examined and presented (Table 8).
Maximum biosurfactant activity was observed at
incubation period of 6 days with values of E24% (60 %),
emulsification activity (1.856 £ 0.015), oil spreading 15
cm and biomass (2.876 =0.087) along with significant
differences recorded with all values (P < 0.05).
Emulsification activity, oil spreading, and biomass
increased with increasing number of incubation days
until 6. While biomass kept on increasing with days of
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Table 6. Effect of urea concentration on rhamnolipid production by P. aeruginosa

Urea concentration (%) Emulsification activity/ 540 nm

Emulsification index

Oil spreading/ cm Biomass gm/I

(E24%)

0.1 1.621 % 0.023* 60.0 14.5 2.317 £ 0.172*
0.2 1.834 + 0.048 60.0 15.0 2.898 +0.202
0.4 1.727 £ 0.049 60.0 15.0 2.303 £ 0.194
0.6 1.642 £ 0.016 60.0 14.0 2.343 £ 0.073
0.8 1.630 £ 0.008 53.3 13.0 2.148 £ 0.111

* Mean + SD, n=3

Table 7. Effect of adjusting pH values on rhamnolipid production by P. aeruginosa

pH Emulsification activity/ 540 nm Emulsification index (E24%) Qil spreading/ cm Biomass gm/I
5 0.419 + 0.016* 30.0 8 2.262 + 0.053*
6 1.576 + 0.135 40.0 13 2.605 + 0.042
7 1.846 + 0.023 60.0 15 3.186 + 0.059
8 1.631 + 0.011 40.0 13 3.821 + 0.029
9 0.367 + 0.004 33 9 1.706 + 0.022

Table 8. Effect of incubation period on rhamnolipid production by P. aeruginosa

Incub}ation Emulsification activity/ 540 Emulsification index Oil spreading/ cm Biomass gm/l
period nm (E24%)
1 0.257 + 0.013* 3.3 10 0.572 + 0.051*
2 0.381 + 0.017 30.0 13 0.923 + 0.013
3 1.389 + 0.028 53.3 14 1.494 + 0.039
4 1.485 + 0.040 60.0 14.5 1.832 + 0.100
5 1.679 + 0.057 60.0 14.5 2.393 + 0.156
6 1.856 + 0.015 60.0 15 2.876 * 0.087
7 1.723 + 0.032 60.0 15 3.345 + 0.116

* Mean £ SD, n=3

Table 9. Effect of inoculum size on rhamnolipid production by P. aeruginosa

Inoculum size (%) Emulsification activity/ 540

Emulsification index

Qil spreading/ cm Biomass gm/I

nm (E24%)
1 1.638 + 0.021* 53.3 11 2.047 £ 0.072*
2 1.663 + 0.034 60.0 14.5 2.440+0.170
3 1.831 = 0.025 60 15 2.851 = 0.043
4 1.825 + 0.019 53.3 15 3.518 + 0.083
5 1.748 + 0.030 53.3 14 3.778 £ 0.038
* Mean £ SD, n=3

incubation until 7, meanwhile E24%, emulsification
activity and oil spreading decreased at seven days of
incubation.

The effect of inoculum size on biosurfactant
production was examined and presented (Table 9).
Increasing inoculum size above 3 % didn’'t have any
significant effect on the biosurfactant production, but
increase in biomass was observed with increase in
inoculum upto 3 %, therefore 3 % was chosen as the
optimum inoculum size with value of E24% (60 %),
emulsification activity (1.831 £ 0.025), oil spreading 15
cm and biomass (2.851 =+ 0.043) with significant
differences recorded in all values (P < 0.05).

Surface tension

The surface tension of the cell free supernatant
produced under optimum condition by P. aeruginosa
was 28.49 mN/m as compared to MSM (72 mN/m).

Biosurfactant stability

The results showed that biosurfactant was well
stabilized when subjected to different temperatures (20,
40, 60, 80, 100 and 121 °C) with emulsification index
E24% at 60 % (Fig. 4A) revealing heat stability of this
biosurfactant. The results of pH effect on emulsification
index E24% of biosurfactants activity are presented in

(Fig. 4B). The emulsification index E24% remained
stable (60%) at pH values 6, 8 and 10, followed by lower
emulsification index E24% at acidic pH values of 4 (40
%) and 2 (6.66 %). Fig. (4C) shows the effect of NaCl
concentrations (2 %, 6 %, 10 %, 14 % and 20 %) on the
emulsification index E24%. The results showed that the
emulsification index E24% was stable at concentration 2
%, 6 % and 10 %. The emulsification index E24%
decreased at concentration of 14 % and 20 % recording
50 % and 20 % respectively.

Recovery and detection of the biosurfactant

P. aeruginosa produced 5.42 =+ 0.475 g/l of
biosurfactant when grown under optimum condition in
the biosurfactant production media. The biosurfactant
was extracted using acetone precipitation method. The
analysis of extracted biosurfactant by TLC was
confirmed as glycolipid by observing two spots on TLC
plate when sprayed with « -naphthol reagent (Fig. 5A).
Lower spot with a Rf value of 0.34 (Fig. 5B) and upper
spot with an Rf value of 0.63 (Fig. 5C). The Lower spot
was the more polar one that appeared as the less mobile
spot. While, upper spot was the less polar one that
appeared as the more mobile spot on TLC plates.

The rhamnolipid biosurfactant was purified by
column chromatography using Silica gel 60. The
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Fig. 4. A. Effect of temperature on biosurfactant stability B. Effect of pH on biosurfactant stability C. Effect of NaCl
concentration on biosurfactant stability.

fractions were collected from the column and tested efficiency of silica gel column chromatography to purify
using TLC in order to monitor the separation of the rhamnolipid biosurfactant.

components. The fractions showed TLC spots at Rf 0.34

and 0.63 combined. Several studies indicated the
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Fig. 5. TLC plates of A-Mixed rhamnolipid, B-Dirhamnolipid, C-Monorhamnolipid
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Fig. 6. FTIR spectrum of biosurfactant produced by P. aeruginosa

Characterization of biosurfactant

FTIR measurements

The infrared spectra of partial purified biosurfactant
produced by P. aeruginosa (Fig. 6) showed structural
features of biosurfactant. The band at 3298.38 cm™' is
attributed to free -OH stretching groups. The peaks
observed at 3005.20 cm™', 2920.32 cm™' and 2850.88
cm-1 are characteristics of several C-H stretching bands
of CH, CH2 and CH3 groups. Absorption bands around
1705.13 cm-1 and 1639.55 cm-1 represent ester and

carbonyl groups (C=0). Absorption bands around
1238.34 cm-1, 1068.60 cm-1 and 991.44 cm-1 are
attributed to (C—O-C) stretching of polysaccharides. The
results of the infrared spectra taken together prove that
this biosurfactant is a rhamnolipid.

GC-MS analysis

GC-MS chromatogram of the biosurfactant showed
major peaks indicating the presence of different
compounds (Table 10). The major peaks of compounds
at different retention time of 13.996, 16.678, 17.894
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Table 10. Peak report of lipid part of rhamnolipid using GC-MS
Retention time/min Compound name MFG Formula

13.996 2-Octenoic acid C8H1402

16.678 trans-2-Decenoic acid C10H1802

17.894 3-Hydroxydecanoic acid C10H2003

18.763 trans-2-Dodecenoic acid C12H2202

22.167 Palmitoleic acid C16H3002

22.605 n-Hexadecanoic acid C16H3202

23.307 n-Hexadecanoic acid C16H3202

18.763, 22.167, 22.605 and 23.307 minutes were
identified from the standard library compound as 2-
Octenoic acid, trans-2-Decenoic acid, 3-
Hydroxydecanoic acid, trans-2-Dodecenoic acid,
Palmitoleic acid, n-Hexadecanoic acid. Therefore, the
results of GC-MS analysis indicate the presence and
structure of the major rhamnolipid components.

DISCUSSION

The current study is aimed to screen, detect, isolate
and characterize the biosurfactant by bacteria isolated
from hydrocarbon contaminated soil sample. The
biosurfactant producing bacteria are widely distributed in
hydrocarbon contaminated soil (Zou et al. 2014).
Biosurfactants were used by microorganisms to
increase the bioavailabilty of the hydrophobic
substrates and facilitate the attachment of microbial cells
to the surfaces (Cameotra and Makkar 2004).

The screening methods employed were oil spreading
test, emulsification index method, emulsification activity
and CTAB-methylene blue agar method. These
methods have constituted a quick and easy methods to
screen and predict biosurfactant production by bacteria.
The principle of oil spreading test, emulsification index
and emulsification activity methods depend on the
reduction of interfacial tension of the liquids and
emulsifying capacity of biosurfactants regardless of
biosurfactant structure (Chandran and Das 2011). The
dark blue halo formed around the well indicates the
ability of isolate for producing glycolipid biosurfactant
using CTAB-methylene blue agar method. Anionic
surfactants like glycolipids form dark blue-purple,
insoluble ion pair with CTAB and methylene blue
(Siegmund and Wagner 1991).

The A2 isolate was selected as a potential producer
of biosurfactant based on the positive results to all the
screening methods and identified as P. aeruginosa
based on rRNA gene sequence. P. aeruginosa is a
Gram-negative, motile with polar flagellum and
nonspore forming bacterium that can be isolated from
many environmental habitats. It is well-known as potent
biosurfactant producer, with rhamnolipid as most
common among the biosurfactants are produced (Saikia
et al. 2011, El-Housseiny et al. 2016).

The results reported the presence of amplified partial
fragment of rhIB and rhiC genes in P. aeruginosa (A2
isolate). These two genes responsible for synthesizing
rhamnolipid biosurfactant and therefore, indicated the
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ability of P. aeruginosa (A2 isolate) to synthesize
rhamnoipid biosurfactant. The rhiIB and rhiC genes
carried on two separate operons, code for the enzymes
responsible for synthesis of rhamnolipid (Abdel-
Mawgoud et al. 2010). Ochsner et al. (1994) mentioned
that the rhiB gene expresses rhamnosyltransferase 1
enzyme which conjugates HAA with dTDP-L-rhamnose
to form mono-rhamnolipid, both rhlA and rhiB genes
located on one operon alongside an AHL-mediated
quorum sensing system (rhIRI). The rhIC gene of P.
aeruginosa expresses rhamnosyltransferase 2 enzyme
which conjugates mono-rhamnolipid to a second dTDP-
Lrhamnose to form di-rhamnolipid. The rhIC gene is
located on separate operon approx. 2.5 Mb downstream
of the rhl operon (Ochsner et al. 1994, Rahim et al.
2011).

The effect of various cultural conditions (carbon
source, carbon concentration, nitrogen source,nitrogen
concentration, pH, incubation time, inoculum size) on
biosurfactant production by P.aeroginosa (A2 isolate)
were determined. The effect of various carbon sources
(olive oil, sunflower oil, corn oil glycerol, lactose glucose
and mannitol) on biosurfactant production by
P.aeroginosa (A2 isolate) were investigated and
revealed that the olive oil was the best carbon source
with concentration 2 % to provide the best results for
biosurfactant production. The tendency of P. aeruginosa
for using olive oil as carbon source for biosurfactant
production than other carbon sources may be due to
three reasons, first being ability of P. aeruginosa to
produce lipase enzyme which facilitates assimilation of
fatty acids contained in olive oil, second being olive oil
as water insoluble material that stimulates bacteria to
produce biosurfactant to emulsify these water insoluble
material for utilization and third reason being growth of
bacteria on carbohydrate substrates like glucose,
lactose and manittol causing reduction in pH of the
medium and leading to inhibition of biosurfactant
production (Abouseoud et al. 2008, Rashedi et al.
2006). The increasing olive oil concentration above 2 %
was accompanied by an inhibitory effect on microbial
growth and activity. This effect was due to the solubility
of olive oil and the difficulty of P. aeruginosa to gain
access to the nutrients in the culture medium (Eraqgi et
al. 2016). Similar results were reported by Abouseoud et
al. (2008) that olive oil was the best carbon source for
biosurfactant production by Pseudomonas fluorescens
which decreased the surface tension to 38 dyne/cm, and
the emulsifying activity as 49 %. Khopade et al. (2012)
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reported enhanced biosurfactant production by
Nocardiopsis sp. B4 using olive oil as the carbon source
with 2 % concentration. El-Housseiny et al. (2016) found
the optimum carbon source for maximum rhamnolipid
production was 2 % glycerol. The optimum glycerol
concentration enhanced the rhamnolipid production
threefold with maximum rhamnolipid concentration
reaching 7.54 g/l. Ozdal et al. (2017) reported use of
waste frying oil as carbon source on rhamnolipid
production by P. aeruginosa OGl as a low-cost
substrate. The optimized medium containing 5.2 %
frying oil enhanced the rhamnolipid production twofold
compared to preliminary cultivations up to 13.31 g/I.

The effect of various nitrogen sources (glutamic acid,
KNOs, NaNOs, NH4CL2, NH4sNO3, (NH4)2SO4, urea and
yeast extract) on the biosurfactant production by
P.aeroginosa (A2 isolate) were investigated and
revealed that the urea was the best nitrogen source with
concentration 0.2 % to provide the best results for
biosurfactant production. The nitrogen source is
essential for the synthesis of bacterial enzymes that
required for microbial growth and completing its
metabolic pathways (Okoliegbe and Agarry 2012). The
difference reported in the biosurfactants production
when by P.aeroginosa (A2 isolate) was grown in the
presence of different nitrogen sources may be due to the
preferential demand for a particular nitrogen source for
growth and the synthesis of enzymes by the bacterium.
Subasioglu and Cansunar (2008) demonstrated that the
production of rhamnolipid by P. aeruginosa when
growing on 6 different nitrogen sources such as
(NH4)2S04, NH4H2PO4, NH4NOs, KNOs, NaNOs and
peptone, but the maximum production was 589.3 mg/I,
achieved with 0.2 % NaNOs as the nitrogen source.
While Fazli and Hertadi (2018) demonstrated the
rhamnolipid was optimally produced by Pseudomonas
stutzeri BK-AB12 in urea 0.175 % as nitrogen source.

The current study showing highest biosurfactant
production at pH 7, with decreasing activity of rhamolipid
in acidic (pH of 5 or 6) or basic (pH of 8 or 9) conditions.
The pH affects production of biosurfactant by bacteria
through its effect on activity and growth of bacterial cells.
Literature shows that most bacteria produce maximum
biosurfactant at neutral pH. Saikia et al. (2011) reported
maximum production of biosurfactant with pH range of
7-8. In studies documented by (Khopade et al. 2012),
highest yield of rhamnolipid was obtained at pH of 6
(1977 mgl/l), followed by pH 7 and pH 8 (1406 mg/l and
818 mg/l respectively) with undetectable rhamnolipid
production at pH 4 and 10.

The effect of incubation period (1, 2, 3,4, 5,6 and 7
days) on the ability of P.aeroginosa (A2 isolate) to
produce biosurfactant was investigated. The current
study showing highest biosurfactant production was
observed at incubation period of 6 days. The effect of
the long incubation period may be due to the
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interference between secondary metabolites and
biosurfactant which led to drop in biosurfactant activity.
Eragi et al. (2016) reported rhamnolipid yield produced
by P. aeruginosa increasing with incubation time and
reaching maximum after 54 hrs of incubation period.
Fazli and Hertadi (2018) showed optimally produced
rhamnolipid by P. stutzeri BKAB12 at 90 hrs of
incubation period.

The effect of Inoculum size (1%, 2%, 3%, 4% and
5%) on the ability of P.aeroginosa (A2 isolate) to
produce biosurfactant was investigated. The current
study showing highest biosurfactant production was
observed at 3% inoculum size. Al-Waely (2013) found
the optimum inoculum size for maximum yield of
rhamnolipid to be 1%. Sarachat et al. (2010) reported
the best inoculum size at 3%. Neto et al. (2009) found
the optimum inoculum size for maximum yield of
rhamnolipid at 4-5 %.

The surface tension of cell free supernatant is
decreased as the biosurfactant concentration increased
in the production medium. Biosurfactants absorb at the
air-water interface due to their amphiphilic nature and
break interactions between the water molecules and the
intermolecular forces between water molecule and
biosurfactant are much lower than between two water
molecules and therefore, surface tension will
decrease. El-Housseiny et al. (2016) reported the ability
of rhamnolipid to reduce water surface tension from
72.02 to 35.26 mN m-1. Tiwary and Dubey (2018)
reported that the rhamolipid produced by Pseudomonas
aeruginosa ADMT1 reduced surface tension of water 72
to 28.4 mN/m.

The results showed that biosurfactant was well
stabilized when subjected to different temperatures, pH
and NaCl concentrations. These results were supported
by Saikia et al. (2011) and Anyanwu (2010) where they
showed rhamnolipid produced by P. aeruginosa as
thermostable even at an autoclaving temperature. Yin et
al. (2009) and Techaoei et al. (2011) reported
rhamnolipid activity remained stable at neutral and basic
pH due to the structural nature of rhamnolipid. In similar
studies by Lan et al. (2015), rhamnolipid activity
remained relatively stable at NaCl concentration up to
8% then the change in rhamnolipid activity occurred with
rising NaCl concentration. Helvaci et al. (2004) reported
that the carboxylic groups of rhamnolipid perform the
functional control of their amphipathic properties by
giving the molecule its anionic character that are
strongly affected by the pH and the presence of NaCl.

The obtained results demonstrated that the
maximum biosurfactant production was (5.42 + 0.475
g/l) happened using olive oil at a concentration of 2% as
carbon source, 2 g/l of urea as a nitrogen source,
inoculum size of 3 %, pH: 7, and 6 days incubation
period at 30°C. The produced biosurfactant was purified
using silica gel column chromatography. The results of
TLC, FTIR and GC-MS analysis indicate the presence
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and structure of the major rhamnolipid components
(Abbasi et al. 2012, Abdel-Mawgoud et al. 2009, Rath et
al. 2016 ), as result the biosurfactant produced by
P.aeroginosa (A2 isolate) was characterized as both
mono-rhamnolipids and di-rhamnolipids. Rhamnolipids
are produced by various Pseudomonas species such as
P. aeruginosa, P. cepacia, P. chlororaphis, P. putida and
P. fluorescens (Twigg et al. 2018) and Burkholderia
species such as B. pseudomallei, B. thailandensis, B.
plantarii and B. glumae (Costa et al. 2011, Irorere et al.
2017). Nalini and Parthasarathi (2013) reported the
production of rhamnolipoid by Serratia rubidaea
SNAUO2. Rhamnolipids are important biosurfactants,
with a variety of industrial and environmental
applications due to their unique properties such as
emulsification, detergency, wetting, dispersing or
solubilization, foaming, antimicrobial and antiadhesive
activities in  various industries including food,
pharmaceutical, cosmetic, paper, agricultural, enhanced
oil recovery and bioremediation of pollutants (Banat et
al. 2000, Randhawa and Rahman 2014). The application
of rhamnolipid biosurfactant holds great promise, but the
commercial production of rhamnolipid is associated with
economically challenging. Rhamnolipid biosurfactant
can be produced in large amounts when optimized
cultural conditions, an inexpensive substrates and
effective bacteria used in fermentation processes. The
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results provided from the current study demonstrate the
ability of P. aeruginosa isolated from hydrocarbon
contaminated soil to produce significant amounts of
rhamnolipid biosurfactant that can be applied in medical
applications as antimicrobial and anticancer agents in
further studies.

CONCLUSIONS

The current study demonstrated that bacterium P.
pneumonia isolated from hydrocarbon contaminated soil
was efficient biosurfactant producing bacterium and that
the biosurfactant it produced was a rhamnolipid based
on the result obtained from TLC, FTR and GC-MS
analyses. The Biosurfactant produced by this isolate
under optimum conditions has effective surface tension
in addition to their strong stability over wide range of
temperature, pH and NaCl. The bacterium produced
(5.42 + 0.475 g/l) crude rhamnolipid biosurfactant under
optimum conditions that can be applied in medical
applications as antimicrobial and anticancer agents in
further studies.
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