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Abstract 
To target degradation related genes from biosurfactant 
producing P. aeruginosa NGB4, which is responsible for 
degradation of hydrocarbons. Methods: Isolation of P. 
aeruginosa, detection by 16S rRNA, potential of 
biosurfactant production were tested by oil spreading and 
emulsification assays as NGB4. Further targeting of two 
degradation related genes known as aromatic ring-
hydroxylating dioxygenase (ARHDO) and Alkane 
Hydroxylase Gene 2 (alkB2) was done in this above 
isolate. Result & discussion: It has been observed that 
carefully designed STS primers resulted in specific 
targeting of ARHDO and alkB2 genes present in NGB4 
isolate which was confirmed firstly by separation of 
amplicons as 500 bp for ARHDO and about 1500 bp for 
alkB2; and confirmed presence of both genes in the 
genome of the hydrocarbon degrading P. aeruginosa 
NGB4 through homology search tool BLASTN & 
Phylogenetic analysis. Conclusion: Potential feature of P. 
aeruginosa NGB4 for hydrocarbon degradation, by 
virtue of biosurfactant production, has been elucidated 
which could be utilized in waste water hydrocarbon 
degradation. 
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1. Introduction  
 

 

The ability of the P. aeruginosa in hydrocarbon 
degradation by biosurfactant production has been 
investigated in great detail by number of scientists 
earlier. The ability of P. aeruginosa to produce 
biosurfactant has been well established in recent 
studies. This feature makes them efficient source 
for biodegradation of hydrocarbon and they can 
utilize different waste sources to produce 
biosurfactant as well as to biotransform them as 
low molecular weight moieties. Olive mill waste 
(OMW) which has been one of the pollutants and 
tough to degrade has been reported to be the 
substrate on which P. aeruginosa can produce 
maximum of biosurfactant. At 2% w/v of OMW in 

the medium, P. aeruginosa produced 8.78 mg/L 
biosurfactant, while it has been increased many 
fold when the OMW percent reaches to 10% and 
found to produce 191.46 mg/L biosurfactant 
(MoyaRamírez et al., 2015).With the ability to 
produce biosurfactant P. aeruginosa also found to 
be capable of degrading 99% of biphenyl within 72 
h when supplied as the sole source of carbon. After 
degradation, several metabolites such as 2-
Hydroxy-6-oxo-6-phenylhexa-2, 4-dienoate has 
been detected.  Based on the molecular targeting 
along with the biosurfactnt producing genes several 
hydrocarbon degrading genes were also identified 
such as bphA gene, rhlAB and others (Chakraborty 
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et al., 2016). 
 
Role of the P. aeruginosa in degradation of the 
hydrocarbon has well documented over the years. 
Now attempts have been made to understand the 
molecular details especially linking pathways and 
their genes expression which could be useful in 
utilizing the gene sets in genetic engineering by 
expressing them in some non-pathogenic species as 
the use of P. aeruginosa in environment always 
remain in doubt. 
 
In P. aeruginosa JP-11 isolated from marine 
coastal sediments of Odisha, India showcased to 
utilize 99% of the biphenyl within 72 h. Based on 
the technologies formed intermediate such as 2-
Hydroxy-6-oxo-6-phenylhexa-2, 4-dienoate has 
been identified. Assimilation of biphenyl was 
initiated by its dioxygenation, forming cis-2, 3-
dihydro-2, 3-dihydroxybiphenyl subsequently 
transformed to 2-hydroxy-6-oxo-6-phenylhexa-2, 
4-dienoate. In lower pathway cis-1,6-dihydroxy-2, 
4-cyclohexadiene-1-carboxylic acid was detected 
which formed catechol before entering into the 
Krebs cycle. To these metabolites formed in the 
process, it was linked with the enzyme catechol-1, 
2-dioxygenase in the cell-free extract of P. 
aeruginosa JP-11. Also genes like, biphenyl 
dioxygenase encoded by bphA gene along with 
biosurfactant rhamnolipid synthesizing gene rhlAB 
was also amplified. The study showcased that 
rhlAB increase in expression upto 258 folds once 
exposed to high biphenyl stress (Chakraborty et al., 
2016).Degradation of flouranthene which is one of 
the highly toxic compounds available in nature has 
been successfully reported to be degraded upto 
97% when consortium of P. aeruginosa PSA5 and 
Rhodococcus sp. NJ2 used in synergistic mode. 
They also found to be active in expressing enzymes 
catechol 1,2 dioxygenase, catechol 2,3 
dioxygenase, protocatechuate 2,3 dioxygenase, 
protocatechuate 3,4 dioxygenase, protocatechuate 
4,5 dioxygenase, salicylate hydroxylase and 2-
carboxybenzaldehyde dehydrogenase at different 
stages of flouranthene degradation. With capability 
of biosurfactant production, both the cultures were 
used individually or in combination for effective 
decontamination of oil and sludge contaminated 
soil (Mishra et al., 2014). 
 
The ability to degrade n-hexadecane in MSM was 
reported by P. aeruginosa PSA5, Rhodococcus sp. 
NJ2 and Ochrobactrum intermedium P2 
consortium isolated from petroleum sludge. On 10 
days of treatment, n-hexadecane was degraded to 
highest 99% by P. aeruginosa PSA5, 95% by 
Rhodococcus sp. NJ2 and 92% by O. intermedium 
P2. During treatment, the highest activity was 
recorded in enzyme alkane hydroxylase (185 μmol 

mg (-1) protein) and alcohol dehydrogenase (75.78 

μmol mg (-1) protein (Mishra et al., 2012). Another 
report of consortium containing P. aeruginosa, 
Bacillus cereus, Stenotrophomonas acidaminiphila, 
Bacillus megaterium and Bacillus cibi found to be 
capable of degrading aliphatic and aromatic 
hydrocarbons of petrochemical oily sludge in liquid 
medium within 40 days of incubation. Consortium 
showed excellent reduction upto 91% of aliphatic 
fraction and about 52% of aromatic fraction with 
the capability to produce biosurfactant having 
surface tension reduction capability upto 39% and 
emulsifying activity of 55.1 %. Report once again 
demonstrated the power of consortium in reducing 
the hydrocarbon load by oily sludge degradation 
(Cerqueira et al., 2011). 
 
Based on the overall literature review, it has been 
noted that the ability of the Pseudomonas 
aeruginosa is well annotated with hydrocarbon 
degradation. Taken into the consideration, present 
study dealt with gene targeting of the isolates based 
on the ability to degrade the hydrocarbons available 
in the waste water, potential isolateswere screened 
for the availability of the two degradation related 
genes known as aromatic ring-hydroxylating 
dioxygenase (ARHDO) and Alkane Hydroxylase 
Gene 2 (alkB2) previously recorded to be present 
in the P. aeruginosa and responsible for effective 
hydrocarbon degradation 
 
Objective of Research 
 
Water pollution is increasing day by day through 
industrial waste. Waste effluents are getting 
released in water which is responsible from water 
pollution. In our research we have isolated a 
bacteria name Pseudomonas aeruginosa from 
soybean oil waste which produces secondary 
metabolite name as Biosurfactant, which enhances 
the biodegradation of hydrocarbon presents in 
industrial waste. Our study has focused on 
molecular studies on this bacterium to target the 
gene responsible for degradation. Targeting of two 
genes has been done and we targeted both the 
genes in our bacteria which is responsible for 
degradation of hydrocarbon. 
 
2. Experimental 
 
2.1. Isolation and Identification of P. aeruginosa  
The sample of waste water collected from the 
Kosmi industrial area identified for the bacterial 
isolate with biosurfactant production and then 
identity as P. aeruginosa NGB4 strain confirmed 
by the oil spreading technique (Anandraj et al., 
2010);Emulsification Activity Measurement (Ilori 
et al., 2005)and by involving 16S rRNA gene 
sequencing with assigned accession number 
LC176072.  
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2.2 Gene Targeting for Active Hydrocarbon 
Degradation 
In an order to locate the marker genes ARHDO, 
previously sequenced P. aeruginosa PAO1 
chromosome with the accession number 
gi|110645304 was used with the sequence region 
ranging from 2295013-2295522 base pairs 
representing the ARHDO gene and sequence was 
retrieved to design the STS primer spanning within 
the gene by using the Primer 3 plus software 
available at http://simgene.com/Primer3. Similarly 
reviewed alkB2 gene of P. aeruginosa with the 
accession number AJ633611.1 of P. aeruginosa 

strain SG31 alkB2 gene was used as a standard to 
design the STS primers for the analysis in Primer 3 
plus software. The parameters set in the primer 3 
plus software were given as: Primer size ranged 
between 18-27, primer melting temperature ranged 
between 57 to 63oC, primer GC % 20, product size 
100-1000 and all other parameters as default.  
 
Based on the input sequences and parameters, 
following gene specific primers were designed 
along with their conditions to function as follows: 
 

 
Gene ARHDO specific primers along with their conditions to function. 

 
Gene 
alkB2 

Sequence (5'        3') Length Tm GC% Annealing Temp 

Forward primer GCGCGTTTTCCGGGGGTATATGG 23 66.10 60.87 
62 

Reverse primer CGAAAACGGCACCCGAAGGTGCCG 24 70.76 66.67 

 Gene alkB2 specific primers along with their conditions to function. 
The PCR conditions set as follows for both the genes: 

The PCR conditions for ARHDO gene. 
 

alkB2 
Initial De-naturation De-naturation Annealing Elongation Final Elongation 

94o for 3 min 94o for 45 sec 62o for 45 sec 72o for 60 sec 72o for 10 min 35 cycles 
The PCR conditions for alkB2 gene. 
 
Genomic DNA was isolated using CTAB method 
from NGB4 isolate samples. Briefly, a loop full of 
the bacterial culture was lysed in N-cetyl-N, N, N-
trimethyl-ammonium bromide (CTAB) buffer 
(Tris-Cl, 100mM; EDTA, 100mM; Na2HPO4, 
100mM; NaCl, 1.5 M; CTAB, 1%; proteinase K) 
incubated at 37⁰C for 30min. Further lysis and 
protein separation was done by incubating at 65⁰C 
for about 2 hours in the presence of 20% sodium 
dodecyl sulphate. The lysate was clarified by 
phenol chloroform separation and the DNA was 
obtained by alcohol precipitation. The isolated 
DNA was dissolved in sterile distilled water, its 
purity checked, quantified and concentration was 
adjusted to get 100ng of DNA per µl of sterile 
distilled water. 
 
After PCR reaction, positive amplicons were 
detected by resolving them on the 1.2% agarose gel 
along with the 100 base pair marker. The expected 

band size was 500bp (ARHDO gene) and 1400bp 
(alkB2 gene) and the same was eluted from the gel 
using the QIAquick Gel Extraction Kit following 
the manufacturer’s instruction. The eluted band 

was sequenced by Sanger’s sequencing method. 

Samples further send for the sequencing to M/S Sai 
Biosystems private limited Nagpur to carry out 
Sanger sequencing. Obtained sequences from 
chromatogram were converted into FASTA format 
and checked for the homology using the BLASTN 
program by selecting non redundant database as a 
default having Pseudomonas aeruginosa specific 
search selected as only database type. Obtained 
homology assisted us to confirm the presence and 
right targeting of specific gene through PCR and it 
also confirmed the degradation specific gene/s 
presence in the NGB4 genome. Obtained homology 
with the public databank sequences was further 
utilized to build the phylogram of the homologous 
sequences in MEGA5 software showing close 

Gene 
ARHDO 

Sequence (5'        3') Length Tm GC% Annealing temp 

Forward primer ATGAGCCTTGCCTTGTCCCGT 21 64.42 57.14 
58 

Reverse primer TCACAGGATGATGCTGATGCGCCGC 25 69.72 60.00 

ARHDO gene 
Initial De-naturation De-naturation Annealing Elongation Final Elongation 

94o for 3 min 94o for 45 sec 58o for 45 sec 72o for 45 sec 72o for 10 min 35 cycles 
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relationship with the sequenced genes, again 
confirmed the gene identity. 
 
2.3 Sequence Submission 
The nucleotide sequences obtained from 16S rRNA 
gene and degradation specific ARHDO and alkB2 
gene sequencing were successfully submitted to 
three public databases by involving the sequin 
program available at NCBI site and assigned 
accession number were reported for each entry.  
 
3. Results & Discussion 
 
3.1 Gene Targeting for Active Hydrocarbon 
Degradation 
It has been observed that the ability to degrade the 
hydrocarbons of the waste water was recorded at 
maxima with the P. aeruginosaNGB4 and in 
decision gene targeting of aromatic-ring-
hydroxylating dioxygenase (ARHDO) and alkane 
hydroxylase gene 2 (alkB2) was carried out. It has 
been observed that carefully designed STS primers 
resulted in specific targeting of ARHDO and alkB2 
genes present in NGB4 isolate which was 
confirmed firstly by separation of amplicons as 500 
bp for ARHDO and about 1500 bp for alkB2 
(Figure 1&2, respectively). 
 
Figure 1: ARHDO gene amplicon resolved on the 
1.2% agarose gel as prominent band in lane 
ARHDO of about 500 base pairs along with several 
bands of 100 base pair molecular marker in lane M. 

 
 

Figure 2: alkB2 gene amplicon resolved on the 
1.2% agarose gel as prominent band in lane alkB2 
of about 1500 base pairs along with several bands 
of 100 base pair molecular marker in lane M. 

 
 
Obtained amplicon of ARHDO when sequenced, 
complete information of 510 base pairs was 
retrieved from the chromatogram when forward 
and reverse sequences were aligning to obtain the 
consensus sequence. The chromatogram of forward 
and reverse primers of 509 and 510 base pairs 
respectively has been shown in Figure 3 & 4. 
Similarly, Figure 5 & 6 also representing the 
chromatogram of the alkB2 gene of forward and 
reverse primers have 769 and 632 base pairs 
respectively. 
 

 
 
 
 
 
 
 
 
 
 
 

1000bp 
1500bp 

M     alkB2 
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Figure 3: Chromatogram of ARDHO gene sequenced for the 509 base pairs by Sanger sequencing by forward 
primer 

 
 
Figure 4: Chromatogram of ARDHO gene sequenced for 510 base pairs by Sanger sequencing by reverse 
primer 

 
 
Figure 5: Chromatogram of alkB2 gene sequenced for the 769 base pairs by Sanger sequencing by forward 
primer 
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Figure 6: Chromatogram of alkB2 gene sequenced for the 632 base pairs by Sanger sequencing by reverse 
primer 

 
 
As the consensus sequence obtained for alkB2 and ARHDO gene of NGB4; it has been further analyzed for the 
homology to confirm presence of both genes in the genome of the hydrocarbon degrading P. aeruginosa NGB4. 
BLASTN confirmed the close homologs of ARHDO gene sequence with Pseudomonas aeruginosa strain F9670 
complete genome (gb|CP008873.1|) region of 4749381 to 4749890 base pairs allocated to code aromatic-ring-
hydroxylating dioxygenase which confirmed the presence of ARHDO gene in the NGB4 also (Figure 7).   
 
Figure 7: Sequence of 510 base pairs of NGB4 of ARHDO gene showing homology with P. aeruginosa 
(gb|CP008873.1|) genomic region of 4749381 to 4749890 base pairs confirms positive amplification. 

 
 
Similarly, gene alkB2 showed homology with Pseudomonas aeruginosa strain N17-1 complete genome 
(gb|CP014948.1) region of 3871602 to 3872938 base pairs encoding alkane 1 monoxygenase 2 (alkB2) further 
confirmed the presence of the alkB2 gene in NGB4 actively involved in hydrocarbon degradation (Figure 8). 
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Figure 8:  Sequence of 1335 base pairs of NGB4 of alkB2 gene showing homology with P. aeruginosa 
(gb|CP014948.1|) genomic region of 3871602 to 3872938 base pairs confirms positive amplification. 

 
Phylogenetic analysis also confirmed the NGB4 sequences possess the defined homology with the ARHDO and 
alkB2 gene as showed in phylogram developed by MEGA5 software (Figure 9 & 10).  
 
Figure 9: ARHDO gene of NGB4 showed best scored homology with P. aeruginosa genome encoding 
ARHDO protein as evidenced from the phylogram where regions of the genome showcased having ARHDO 
gene allocated. 

 
 
Figure 10: alkB2 gene of NGB4 showed best scored homology with P. aeruginosa genome encoding alkB2 
protein as evidenced from the phylogram where regions of the genome showcased having alkB2 gene allocated. 

 
 
3.2 Sequence Submission 
Based on the partial sequencing of alkB2 and 
ARHDO gene of NGB4 isolate, ability to code for 
given proteins has been confirmed and sequences 
were submitted to the nucleotide database of 
NCBI/DDBJ and EMBL with accession number as 
alkB2 with Ac. No. LC176073 and for ARHDO 
gene Ac. No. LC176074 which summarizes detail 

of coding and non-coding regions along with 
feature of the strain in public database. 
 
Conclusion 
 
In the present study, it has been understood that 
one of our Pseudomonas bacteria identified as P. 
aeruginosa NGB4 capable of degrading 
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hydrocarbon along with the capability to produce 
biosurfactants. To link this relation, genetic marker 
study was carried out for the presence of 
hydrocarbon degrading marker genes alkane 
hydroxylase gene (alkB2) and aromatic-ring-
hydroxylating dioxygenase (ARHDO) on the 
genome of NGB4. By using the PCR based primer 
targeting (STS markers), presence of these genes 
were confirmed which has directed that NGB4 
strain not only produces biosurfactant but also 
possess the stable genetic framework which make 
this strain a potent isolate, carrying ability to 
degrade hydrocarbon and also a better candidate for 
ultimate producer of biosurfactant. In a similar kind 
of study, ability of other three P. aeruginosa strains 
grown in a minimal medium having oil as a sole 
carbon source were PCR identified for the gene 
alkB2 in the genome and those were also capable 
of utilizing 20 different saturated alkanes (Belhaj et 
al., 2002; Asmae et al., 2014), which is in 
agreement to our study, where NGB4 strain also 
showed better growth in soybean oil and degraded 
hydrocarbons at better rate. 
 
Research Highlights 
 
In the present study focus has been made to 
investigate potential of the microbial community 
that controls day by day increasing pollution level 
of water and soil. In the present study ability of 
microorganisms producing bioactive compounds 
and its use in the waste water treatment has been 
proposed in terms of compounds known as 
Biosurfactants. Many of the living organisms’ 

produces biosurfactants which are amphiphilic 
compounds expresses external to cell surface or 
may also be release as secretory compound. 
 
By involving biosurfactants, surface area of 
hydrophobic residues could be raised such as of 
pesticides in water and soil surroundings and make 
them available for increased water solubility. For 
this reason, the presence of surfactants might 
increase microbial degradation capability of 
pollutants. The involvement of technology 
pertaining to biosurfactant gained a real attention 
this time, as they are capable of degradation of 
hydrocarbon present in soil and water 
environments. 
 
Limitations 
 
Apart from the biotechnological potential available 
in the species P. aeruginosa their known virulence 
is one of the limiting factors restricted its use for 
many instances. 
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Recommendations 
 
Limitations is there with Pseudomonas aeruginosa 
because of its virulence. So antibiotic sensitivity 
test should be done or biosurfactant production 
should be done in bulk and release it in water. 
 
Funding and Policy Aspects 
 
I seek to the government if they can bring measure 
concern on water pollution specially to the 
industrial waste pollution. Biosurfactant is very 
effective product for biodegradation, so it can be 
produce in bulk amount. 
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