BSTR, 2021, Vol 9, No 2, 7-12
DOI: https://doi.org/10.54987/bstr.v9i2.619

PUBLISHER

Website: http://journal.hibiscuspublisher.com/index.php/BSTR/index

RESEARCH

i
BSTRVOL9 NO 22021
MDS of Plasmepsin Il

Isolation and Characterization of Biosurfactant-producing Alcaligenes
sp. YLAI11 and its Diesel Degradation Potentials

Abdulrahman Abdulhamid Arabo', Raji Arabi Barnangaz, Mujiburrahman Fadilu’, Musa Abubakar®, Fatima
Abdullahi Shehu®, Hafeez Muhammad Yakasai' and Nasiru Abdullahi'*

"Department of Biochemistry, Bayero University, PMB 3011, Gwarzo Road Kano, Kano, Nigeria.

2Department of Biotechnology, Modibbo Adama University Yola, Nigeria.

3Department of Biochemistry and Forensic Science, Nigeria Police Academy, Wudil, Kano State, Nigeria.
“Department of Biological Sciences, Al-Qalam University Katsina, Katsina State, Nigeria.

*Corresponding author:
Nasiru Abdullahi,
Department of Biochemistry,
Bayero University,

PMB 3011,

Gwarzo Road Kano,

Kano,

Nigeria.

Email: nabdullahi.bch@buk.edu.ng

HISTORY

Received: 234 Oct 2021
Received in revised form: 24t Nov 2021
Accepted: 16t Dec 2021

ABSTRACT

KEYWORDS

Diesel oil
Biosurfactant
Alkanes
Alcaligenes sp.
Biodegradation

This study aimed to isolate and identify biosurfactant producing and diesel alkanes degrading
bacteria. For this reason, bacteria isolated from the diesel contaminated site were screened for
their potential to produce biosurfactants and degrade diesel alkanes. Primary selection of diesel
degraders was carried out by using conventional enrichment culture technique where 12 bacterial
strains were isolated based on their ability to grow on minimal media supplemented with diesel
as sole carbon source, which was followed by qualitative screening methods for potential
biosurfactant production. Isolate B11 was the only candidate that shows positive signs for drop
collapse, foaming, haemolytic test, oil displacement of more than 22 + 0.05 mm, and
emulsification (E24) of 14 + 0.30%. The effect of various culture parameters (incubation time,
diesel concentration, nitrogen source, pH and temperature) on biodegradation of diesel was
evaluated. The optimum incubation time was confirmed to be 120 days for isolates B11, the
optimum PH was confirmed as 8.0 for the isolate, Similarly, the optimum temperature was
confirmed as 35°C. In addition, diesel oil was used as the sole carbon source for the isolates. The
favourable diesel concentration was 12.5 % (v/v) for the isolate. The isolate has shown
degradative ability towards tridecane (C13), dodecane, 2, 6, 10-trimethyl- (C15), tetradecane
(C14), 2,6,10-trimethyltridecane (C16), pentadecane (C15). It degraded between 0.27% - 9.65%
individual diesel oil alkanes. The strain has exhibited the potential of degrading diesel oil n-
alkanes and was identified as Alcaligenes species strain B11 (MZ027604) using the 16S rRNA
sequencing,.

INTRODUCTION

method for hydrocarbon remediation [5]. Biodegradation of
hydrocarbon-contaminated soils, which takes advantage of

Petroleum hydrocarbons are a major environmental contaminant
that harms the surrounding ecosystem [1]. Petroleum compounds
are a common environmental pollutant that can have a negative
impact on human and ecological health [2]. Because of the
toxicity and carcinogenicity of petroleum products, the
accidental release of hydrocarbons into soils due to
transportation, spillage, and storage tanks is a major
environmental concern [3]. Soil pollution caused by petroleum
hydrocarbon contamination is a serious global issue. Given the
amount of oil used and transported around the world, the extent
of hydrocarbon contamination in the environment is unsurprising
[4]. The bioremediation process has been found to be an effective

microorganisms' ability to degrade organic contaminants, has
been established as an efficient, cost-effective, and
environmentally friendly method [6]. The purpose of this
research is to isolate and identify biosurfactant producing
bacteria as well as their diesel oil degradation potential.

MATERALS AND METHOD
Sample Collection

Samples were obtained from two auto-mobile workshops in Yola
Adamawa State, Nigeria. The depth for the soil collection was 0
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to 5 cm beneath the soil surface. Collected samples were kept at
room temperature (25 + 2 °C) prior to analysis.

Isolation of Bacteria

The isolation was carried out according to [7] with slight
modification. A bacterial strain that synthesizes biosurfactant
was obtained from the soil samples. One gramme of the sample
was incorporated with the mineral medium containing diesel
(2%). The diesel serves as the only source of carbon in the
medium, and the mixtures were incubated at 35 °C for 5 days in
a shaker kept at 150 rpm. Cultures (5 mL) were subsequently
used from the original flasks to inoculate the other flasks and
were maintained at the same conditions. This procedure was
repeated thrice and each time the same number of cultures were
taken from the previous flasks, with subsequent replacement of a
new flask. Cultures from the previous flasks were plated on a
mineral salt medium (MSM) using serial dilution technique.
Morphologically distinct strains were identified from the agar
plates and cultured again on MSM to get pure cultures. Pure
bacteria cultures were prepared in slant vials for subsequent use.

Biosurfactant Assay

Strains were grown in MSM at 37 °C with shaking at 120 rpm for
18-24 hrs. Following the incubation, the bacteria strains were
subjected to biosurfactant assay. This assay includes the
emulsification test, oil displacement, drop collapse test and
haemolytic test. The tests were performed three times and
distilled water was used as control [3].

Drop Collapse Assay

Mineral oil (3 pL) was applied onto a microtiter plate for
equilibration at 37 °C for 1 hr. Five microliters of the supernatant
were applied onto the centre of the wells, just above mineral oil.
The shape of the oil drop was assessed after a minute. A positive
result for biosurfactant production gives a flattened shape, while
the unflatten shape is considered a negative test for biosurfactant
production.

Displacement Test

Diesel (20 puL) was put into a petri dish containing 35 mL of
distilled water. Ten microliters of Suspensions (Pellet and
supernatant) were gently added to the centre of the film. Thirty
seconds later the width of the hollow zone was determined.

Haemolysis Test

Each bacterial isolate was flecked on a blood agar medium,
followed by incubating the medium for 1-2 days at 37° C, then
assayed for haemolysis. The plates were examined visually for
clear regions; clear regions are an indication of biosurfactant
production [8].

Emulsification Assay

Diesel and culture supernatant (4 mL each) were thoroughly
mixed with vortexed for 5 min. The resultant mixture was kept
intact for 24 hrs. Emulsion layers were measured, and emulsion
activity was calculated using the formula below:

Hight of emulsification layer (mm)

E24% = X 100%

Total hight of the liquid column (mm)

Cultural Conditions for Enhanced Biodegradation Potentials
of Diesel

The optimization was carried out as reported by [9]. Effect of
incubation time, carbon source, nitrogen source, pH and
temperature  (cultural ~ conditions) ~ were  examined.
Standardization of the inoculum was done with Mac- Farlane’s
standard for optimization.

Effect of Incubation Time

The time of incubation was varied for days to determine the
optimum time and maximum biosurfactant production for the
chosen strain. The strain was inoculated and cultured, while the
absorbance was taken after a day. The absorbance indicates the
growth of the bacteria.

Effect of pH

The pH and carbon source were varied while the strain was
allowed to grow on MSM with 1% diesel. Following the variation
in pH, the medium was sterilized at 121 °C for 15 min. The
strains were then inoculated and incubated at 37 °C for 5 days in
a shaker at 150 rpm.

Effect of Temperature

For temperature optimization, various temperature values that
range from 25 °C to 45 °C were used. The pH of the medium was
adjusted to 8.0, while the strain was cultured on MSM with diesel
(1%) as the carbon source. The medium was maintained at
various temperatures for five days in a shaker (150 rpm).

Variation in Carbon Source

The source of carbon for the strain was also optimized source
concentration was optimized, by choosing five concentrations
(2.5,5,7.5, 10, 12.5 % v/v diesel). The pH was kept at 8.0, and
the strain was grown on MSM. The medium was maintained at
37° C for five days in a shaker (150 rpm).

Variation in Nitrogen Source

Two nitrogen sources selected were ammonium nitrate
(NH4NO:s) and urea. Preparation of MSM was accomplished with
1% diesel as a carbon source with one gramme per litre of each
nitrogen source. The pH was maintained at 8.0, while the
temperature was 35° The culture was kept for five days in a
shaker (150 rpm).

Molecular Identification

16S-rRNA amplification and sequencing

The most efficient isolate (B11) was identified using molecular
identification. The standard protocol was for DNA extraction.
Segment of the 16S rDNA from the strains was amplified using
specific primers sets. Forward 5’- AACGCGAAGAACCTTAC-
3’ and Reverse 5° — AAGGAGGTGATCCAGCCGCA- 3’
(White et al., 1990). PCR conditions were optimised, and
amplified copy were sequenced. The results were analysed using
multiple sequence alignment, and the phylogenetic tree was
obtained according to [10].

Gas chromatography results of isolate B11 cultures.

Method of [11] was adopted. The constituents of diesel were
analysed by employing GC-MS technique. For evaluation in the
changes of different molecules, the supernatant was used which
was filtered and injected into the GC analyser. Sample injection
was done in ration 20:1. Determination of the composition was
checked using the peaks from the chromatogram.
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Emulsi- Oil Displa- Haem-
fication cement Drop olytic
Isolate  Foaming (%) (mm) Collapse test
Bl11 + 14+0.30 22 +0.05 + +

Note: + positive; - negative

Out of the 12 bacterial isolates screened, one isolate was selected
as biosurfactant producers based on their ability to give the
positive result to drop collapse, foaming stability, emulsification

and oil displacement (Table 1).
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Fig. 1. The effect of incubation time on growth of isolate B11.
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Fig. 3. Effect of pH on growth of isolate B11.
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Fig. 6. Percentage degradation of some alkanes compound present in
diesel oil by isolate B11.

Identification of strains B11.

Isolate B11 was identified using the 16S rRNA sequencing. The
results of 16S rRNA sequence alignment and phylogenetic tree
analysis revealed that 16S rRNA sequence of Isolate B11 was
similar to Alcaligenes faecalis strain NBRC13111 (Fig 7). The
Evolutionary distance tree is based on 16S rDNA sequences with
their references. Bar, nucleotide difference per sequence position
is shown below.

1) isolate BI1
2) NA 113606.1 Alcaligenes faecalis strain MBRG 13111 16 ribosomal RNA parial sequence

(12} kx3B4022 Alcaligenes sp. strain OPKDS2 165 ribosomal ANA gene partial sequence

(4) MN527032.1 Alcaligenes sp. sirain OF2 165 ribosomal ANA gena partial sequence

6) Ki243659.1 Alcaligenes sp. ASW3 165 ribosomal RNA gene pertial sequence

) KX138517.1 Alcaligenes faecals stiain VITSBSTVO3 165 ribosomal RNA gene partial sequence
14) EU30&116 Alcaligenes sp. F8 185 rbosomal ANA gene partial sequence

13} Kx984035 Alcaligenas sp. strain PKS1 165 rbosomal RINA gene partial sequence

(10) FM996513.1 Uncultured bacterium partial 165 rANA gane Clone 16sps133a10

al {11} KX968294.1 in JLT40 185 ribosomal RNA gene partial sequence

19T KM243661.1 Alcaligenes sp. ASS1 165 ibosomal RNA gene partial sequence
2 KM243661.1 Akcaligenes sp. ASS1 165 ribosomal RNA gene partial sequence(2)
15) AB185161 Alcaligenes defragrans gena for 165 rANA

(5) LG0O1704.1 Alcaligenes aquatilis gene DNA gyrase subunit B partial sequence strain LMG 22936
(16) NR117260 Castellaniella daejeonansis strain MJ0B 165 ibosomal RNA

{9} FJ868759.1 Unoultured bacterium cione BS 165 ibosomal RNA gene partial sequence
(17) NZCP007840.1 Bacillus atrophaus globigi sirain BSS chiomesome
{18) NZCPO51484.1 Bagillus mojavensis strain UCKBS075

Fig. 7. Phylogenetic analysis of the 16 s RNA sequence of isolate B11

DISCUSSION

This study looked at the isolation and identification of
biosurfactant-producing bacteria to see if they might degrade
diesel n-alkanes. Twelve morphologically different bacteria
strains were successfully identified from an automobile repair
business in Yola in this study. Cellular morphology, which
includes shape and gram responses, found that 72.6 % of the
isolates were cocci shaped, while the rest were Rod-shaped
bacteria. In addition, the gram response revealed that 72.6 % of
the isolates were Gram-positive and 27.4 % were Gram-negative.
This result matched the findings of [12] who found that 72.7 %
of 11 strains isolated from the river Rido in Kaduna were Gram-
positive and 27.3 % were Gram-negative. All of the strains could
use diesel as their sole carbon source. Among the 12 strains
isolated, one strain was identified and selected because of its
potential to produce biosurfactants.

The effect of incubation time (24, 48, 72, 96, 120, 144, and
168 h) on test isolate development in media containing diesel oil
as a carbon source was studied. For isolate B11, the optimal
incubation time was determined to be 120 h (5 days) (Fig. 1).
This finding is comparable to that of [13] who found that 120 h
was the optimal time for isolated and biosurfactant generation.
Isolate B11 optimal temperature was proven to be 35 °C (Fig. 2).

The organisms are mesophilic, meaning they work best at a
moderate temperature (30-35°C). Several writers have reported
similar optimum conditions [15, 13, 16]. Temperature ranges are
variable for different bacteria species. However, most of these
bacteria grow and produce at a normal body temperature [17].
Strain B11 obtained maximum growth at pH 8 (Fig. 3). Also, the
bacteria tend to do well at pH 6 (Fig. 3). The pH optimization
result for the growth of isolates in the medium is consistent with
that obtained by [18] in his report of biosurfactant production by
Pseudomonas aeruginosa UKMP14T. According to [13] at pH 7
Pseudomonas sp. strain F4 showed efficient diesel degradation
potential. According to [20] the optimum pH for crude oil
degradation by individual bacterial strains and a mixed bacterial
consortium is 7. As a result, pH adjustment is critical for bacterial
growth as well as the selection of an efficient bioremediation
technique.

The influence of diesel as a carbon source on determining
which volume bacteria isolates used the most. 12.5% (v/v) was
shown to be more favourable for isolates B11 in this study (Fig.
4). According to [21] a range of carbon sources such as Glucose,
Sucrose, Maltose, and Starch (1%) were introduced to an MSM
medium containing 1% diesel oil as nutritional addition for diesel
breakdown. Sucrose is one of them, and it accelerates the
breakdown of diesel oil. Bacteria like to use various types of
hydrocarbons as carbon sources.
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The synthesis of surface-active chemicals by
microorganisms relies heavily on nitrogen. It was investigated
how different test isolates grew on different nitrogen sources
(NH4NOs and Urea). The results revealed that the isolate B11
grew better on mineral salt medium supplemented with Urea than
on NH4NO; (Fig. 5). This contradicts the findings of [18] who
found that (NH4)2SOs was the best nitrogen source for
Pseudomonas aeruginosa UKMP14T production and growth.
The difference between the test isolate B11 and others could be
attributable to the test isolate B11's preferential demand for a
specific nitrogen source for growth and secondary metabolite
production.

The degradation of n-alkanes in a diesel by isolate B11 was
measured using GC-MS in this investigation. With maximal
degradation percentages of 9.65% dodecane (C12). Strain B11
had limited degradation potentials (Fig. 6). Hexadecane, 2, 6, 10,
14, (C20), tetramethyl-, Nonadecane (C19), Eicosane (C20) were
not degraded by Strain B11 (Fig 4.6). These findings contradict
those of [22], who found that Alcaligenes species ALK-14
degraded docosanel1-decyl, hexatriacontane, and eicosane by
100%, 60%, and 48.8%, respectively. Alcaligenes sp. CT10 was
able to degrade diesel alkanes up to 12.5 % in 36 days, according
to [11] CT10 was found to degrade a number of hydrocarbons,
including C9, C10, Cl11, and C28. Alcaligenes sp. strain 3k
obtained from Ilorin, Nigeria, was also able to degrade decane,
dodecane, hexadecane, eicosane, tetracosane, and
hexatriacontane, according to [23].

Other investigations have identified Alcaligenes sp. as
possible petroleum hydrocarbon degraders [24, 25]. The majority
of these Alcaligense are identified as part of degrading consortia.
Some diesel n-alkanes did not degrade to expected levels, which
could be owing to their bioavailability and solubility in bacterium
cell membranes. While [26] suggested that substrate toxicity may
be the cause of restricted biodegradation of long-chain alkanes.

CONCLUSION

The breakdown of diesel alkanes by bacterium species isolated
from diesel contaminated soil was the subject of this study. Oil
bioremediation success is contingent on the ability to control a
variety of physical, chemical and biological factors in the
polluted environment. At pH 8, 35°C, and a diesel concentration
of 12.5% (v/v), isolate B11 was able to degrade diesel alkanes
(C12-C20) to a percentage range of 0.27% - 9.65% in 5 days.
Alcaligenes sp. was identified using the 16S rRNA isolate A3
(MZ027604) Further research is needed into the determination
and characterisation of the biosurfactant produced.
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