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ABSTRACT

Hydrocarbonoclastic microorganisms elaborate a number of hydrocarbons utilising genes that
enable them to use crude oil hydrocarbons as carbon sources. These genes could either be
located on the plasmid or chromosome. The primary aim of this study was, therefore, to isolate
hydrocarbon utilising microbes and profile their plasmid for alkB gene. The physicochemical,
microbiological and plasmid analyses were done using standard methods described previously.
Plasmid profiing for the alkB gene was carried with four selected bacteria isolates
using the universal degenerate primers Rh alkB1-F: ATCTGGGCGCGTTGGGATTTGAGCG,
Rh alkB1-R: CGCATGGTGATCGCTGTGCCGCTGC and Pp alkBP-F: TGGCCGGCT
ACTCCGATGATCGGAATCTGG, Pp alkBP-R: GCGTGGTGATCCGAGTGCCGCTGAAGGTG.
Physicochemical analysis revealed anthropogenic influence on the environment as iron and copper
levels were higher than permissible international levels. Aerobic counts for bacteria were higher
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domiciliation of functional genes.

than those of fungi with values that ranged from 70 to 92 (x10°) CFU/g for bacteria and 14 to 19
(x103) CFU/g for fungi. Microbiological and biochemical characterisation revealed that the
hydrocarbonoclastic bacterial isolates were Enterobacter sp, Bacillus sp, Micrococcus sp,
Pseudomonas sp, Corynebacterium sp and Klebsiella sp while the fungal isolates were Penicillium
sp, Aspergillus flavus, Fusarium sp, Rhizopus sp and Aspergillus sp. Molecular characterisation
revealed that the selected isolates for plasmid profiling were Bacillus thuringiensis, Pseudomonas
stutzeri, Bacillus cereus and Klebsiella pneumoniae. Plasmid profiling revealed that none of the
isolates were positive for the monoxygenase (alk B) genes. The findings in this study support
earlier findings that indicated that the chromosome could indeed a preferred location for

Keywords: Plasmid; alk B1 gene; crude oil; hydrocarbon utilizing isolates; Niger Delta Region of

Nigeria.
1. INTRODUCTION

Crude oil is a complex mixture of organic and
inorganic compounds, and these include aliphatic
and aromatic hydrocarbons [1]. Bacteria are
usually the dominant degraders in aquatic
ecosystems and can utilise the most recalcitrant
petroleum hydrocarbons components [2-3]. This
degradation is possible because of the enzymes
they elaborate with which they degrade these
pollutants or xenobiotics [4,5,6]. One of such
enzymes is the alkane monooxygenase (alk)
genes [7]. The degradation of many xenobiotics
and hydrocarbon compounds such as a
polycyclic aromatic hydrocarbon is known to be
mediated by plasmid-encoded enzymes [7-9].

Plasmids are mobile genetic elements capable of
independent replication from host chromosome.
Furthermore, they play prominent roles in
prokaryote evolution and can be transferred
vertically and horizontally to other prokaryotes [7-
8]. There is a proposition that the development of
the resistant/degradative population in a polluted
site can lead to gene transfers via transposons,
plasmids and possibly spontaneous mutants [10].

Their host cell for its survival does not usually
require plasmids. Instead, they carry genes that
confer a selective/specific advantage on their
host, such as resistance to heavy metals, toxic
substances, antibiotic or resistance to naturally
made antibiotics by other organisms [10-11].
Many bacterial strains have genetic determinants
of resistance/degradative abilities to pollutants.
These determinants are often found on plasmids,
chromosomes and transposons. These
degradative abilities occur in high frequencies
with much greater quantitative prominence after
pollution [12]. Loss of plasmid does not lead to
loss of degradative ability [13]. Furthermore, due
to their stable inheritance, chromosomes are

favoured location for functioning essential genes
[14]. The primary aim of this study was,
therefore, to carry out plasmid analysis of crude
oil degrading isolates for alk B1 from
Rhodococcus species and Pseudomonas putida.

2. METHODOLOGY

2.1 Sampling Location and Collection of
Samples

The site for sampling was Emereoke Il (Ward 5)
community of Eastern Obolo Local Government
Area of Akwa Ibom State, Nigeria, an oil
producing community in the Niger Delta region. It
is located on co-ordinates 4°32'0"N and
7°42'0"E. Sediment samples were collected in
triplicates and made into composite samples as
previously described [15].

2.2 Physicochemical Characterisation

This was carried out as previously described [16-
17]. The parameters examined are as reported in
Table 1.

2.3 Total Heterotrophic Bacteria and
Fungi Counts

These were done as previously described using
pour plate method [2,18-20].

2.4 Screening for Hydrocarbon Utilizing
Bacteria

This was carried out using the pour plate method
[18]. Briefly, 10 g of the homogenised composite
benthic and epipellic sediment sample was
dissolved in sterile 90ml of distilled water. From
this, serial dilution was carried out. Following
serial dilution, freshly prepared mineral salt
medium (MSM) and plate count agar, crude oil



and filter paper were autoclaved at 121°C at psi
for 15 minutes. After autoclaving, the media were
dispensed (15 ml/plate) and in ftriplicates. The
filter paper was then soaked with 1ml of the
sterile crude oil and carefully used to cover the
lid of the plates and sealed with masking tape.
The plates were then incubated inverted for 24 to
96 hours. The growth of fungi was inhibited by
supplementing the MSM  medium  with
cycloheximide 100 mg/ml and benomyl 50 mg/ml
before autoclaving.

2.5 Morphological, Cultural Characterisa-
tion and Molecular Characterisation

Resulting pure bacteria isolates were
characterised using gram staining, microscopy
and biochemical tests. These were done as
previously described [21-24]. The fungal isolates
were identified as previously described [24].
Molecular characterisation was performed on the
isolates. DNA extraction was done using ZR
Fungal/Bacterial DNA MiniPrep™50 Preps kit
Model D6005 (Zymo Research, California, USA)
by following manufacturer's instruction
carefully. PCR reaction was performed on the
extracted isolate DNA using universal
degenerate primers 27F A1 Forward
5AGRGTTTGATCMTGGCTCAG 3 and 1492R
reverse 5'GGTTACCTTGTTACGACTT 3' that
amplifies the entire 16s variable region at an
annealing temperature of 58. This was done
following the method previously described [25].
DNA sequencing was performed by Sanger

(dideoxy) sequencing Technique to determine
the nucleotide sequence of the specific
microorganism  isolated using automated

PCR cycle- Sanger Sequencer™ 3730/3730XL
DNA Analyzers from Applied Biosystems
[26].

2.6 Isolation of Plasmids and Loading of
Gel

Four bacteria isolates were selected and grown
overnight in Luria-Bertani (LB) broth and cells
were pelleted by centrifugation at 5,000 rpm for
15 min at 4°C. Gently, the supernatant was
decanted leaving behind 50-100 ml together with
the cell pellet and vortexed to resuspend the cell
completely. To the resulting mixture, 300ml of
TENS (TENS composition: Tris25mM, EDTA
10mM, NaOHO0.1N and SDS 0.5) and the
vortexed 3-5 times until the mixtures became
sticky. As a matter of caution, the mixtures were
then set on ice to prevent co-precipitation of
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plasmid and chromosomal DNA. During this time,
150 ml of sodium acetate was added and the
mixture vortexed completely and after which the
mixture was micro-centrifuged to pellet the debris
and chromosomal DNA. The supernatant was
then transferred to a fresh tube and mixed well
with 900 ml of absolute ethanol. This was then
spun for 10 minutes to pellet the plasmid DNA
(white pellets). The supernatant were then
discarded and the resulting white pellet rinsed
twice with 1 ml of 70% ethanol and pellet dried.
The dried pellet was then re-suspended in
30 ml of distilled water for further use. These
were done using methods previously described
[27-28].

2.7 PCR Amplification of alk B Genes

Polymerase chain reaction was performed on the
extracted plasmid DNA wusing two alkane
monoxygenase gene primers (Rh alk B1-F
ATCTGGGCGCGTTGGGATTTGAGCG, Rh
alkB1-RCGCATGGTGATCGCTGTGCCGCTGC
and Pp alkBP-F TGGCCGGCT
ACTCCGATGATCGGAATCTGG, alkBP-R
GCGTGGTGATCCGAGTGCCGCTGAAGGTG).
Each of the PCR reaction contained 5 ul of 10 x
Taq buffer, 2 mM MgCl,,1.5 USuper-Therm DNA
Polymerase (Southern Cross), 0.25 mM
dNTP’s, 0.1 pM of each primer, 1 yl of
extracted DNA and Nuclease-Free Water
(NFW) up to the final reaction volume of
50 ul. The PCR cycle started with an initial
denaturation step at 95°C for 10 min. This was
followed by 35 cycles of denaturation at
95°C for 1 min, annealing at 58°C for 1 min
and extension at 72°C for 1 min, and a
final extension at 72°C for § min that
was then followed by cooling to 4°C [25,27].

2.8 Gel Electrophoresis

Exactly 10 uL PCR product were loaded in 1.5%
agarose gel in TAE buffer (40mM Tris-acetate, 2
mM EDTA [pH 8.3]) and ran at 90 V for 45min.
Gels were stained with 0.5 pg/ml of ethidium
bromide for 45 min and destained with water for
20 min. Stained gels were examined under ultra-
violet (UV) transilluminator in a photo
documentation system (Clinix, Model 1500). A
suitable DNA ladder (A DNA-Hind IIl Digest from
New England Biolabs) was used as a molecular
weight marker. The electrophoretic profiles were
observed visually for clarity. Only major
amplicons and consistent minor bands were
considered in the analysis [25,27].



2.9 Statistical Analysis

The results of the microbiological and
physicochemical analyses were analysed using
analysis of variance (ANOVA). The results were
presented as mean plus or minus standard
deviation (MeanzSD). Mean values with
probability values (p < 0.05) were considered
significant at 95% level of significance. Analysis
of variance was done as reported [29].

3. RESULTS

The results of the study are as presented in the
tables and figures below. Table 1 shows the
result of the physicochemical analysis of the
various composite sediment samples. Across
the various locations sampled, pH readings were
5.50, 5.60 and 5.30 for the beach marine
sediment, sub soil and top soil, respectively.
Temperature levels were uniform and ranged
from 28.50 to 28.70°C.

The most abundant metal was iron followed by

copper with values ranging from 4.49 to
8.62mg/L. Base saturation was the most
abundant parameter examined with values
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ranging from 50.30 to 77.30 mg/L. This was
followed closely by nitrate levels which was
highest in the sub soil.

Table 2 shows the total aerobic counts for
bacteria and fungi. From the results, it can be
seen that the counts for bacteria were higher
than those of fungi. Aerobic bacteria counts
ranged from 70 to 92 (x106) CFU/g while those of
fungi ranged from 14 to 19 (x10°) CFU/g.
Generally, the soil samples recorded higher
values than the sediment samples.

Table 3 shows the biochemical characterization
of the aerobic and hydrocarbonoclastic bacteria
isolates. The bacteria isolates were Enterobacter
sp, Bacillus sp, Micrococcus, Pseudomonas,
Corynebacterium sp and Klebsiella sp. From
these isolates, four were then subjected to
plasmid profiling for alkB genes. The selected
four isolates were Bacillus species (19),
Pseudomonas species (21), Bacillus species (22)
and Klebsiella species (23). Molecular
identification identified the isolates as Bacillus
thuringiensis, Pseudomonas stutzeri, Bacillus
cereus and Klebsiella pneumoniae, respectively.
See Fig. 1 for gel electrophoresis result.

Table 1. Physicochemical analysis of the composite marine soil and sediment sample

Parameters BMS BSS BTS

pH 5.50+0.01 5.60+0.02 5.30+0.01
Temperature °C 28.50+0.01 28.70+0.10 28.60+0.20
Phosphorus mg/L 23.20+£0.10 28.50+0.10 30.50+0.20
EC (ms/cm) 30.50+0.04 11.804£0.07 25.00+1.41
BS (mg/L) 50.30+1.41 77.30+3.31 65.30+2.41
AI“(mg/L) 0.80+0.01 1.10£0.01 0.90+0.01
Cu (mg/L) 1.01+0.01 0.96+0.00 1.40+0.01
Zn (mg/L) 0.20+0.01 0.12+0.01 0.18+0.00
Fe (mg/L) 8.62+0.10 4.59+1.14 4.49+0.07
Cr (mg/L) 0.010+0.00 0.068+0.01 0.015+0.00
Sulphide(mg/L) 6.00+£0.01 11.00+1.14 2.00+0.14
N-nitrate (mg/L) 41.20%0.01 56.40+2.71 35.80£1.71
N-nitrite (mg/L) 0.040+0.10 0.045+0.01 0.065+0.01
Nickel (mg/L) 0.078+0.01 0.069+0.01 0.077+0.01
Cobalt (mg/L) 0.022+0.01 BDL 0.019+0.10
N-Ammonia (mg/L) 0.13+£0.01 0.08+0.01 0.09+0.10

Key: BMS= beach marine sediment, BSS = beach marine sub soil and BTM = beach marine top soil and BDL =
below detection level

Table 2. Mean total heterotrophic bacteria and fungi counts

BMS BSS BTS
Bacteria (x10°) CFU/g 70 84 92
Fungi (x10%) CFU/g 14 16 19

BMS= Beach marine sediment, Beach Marine sub soil and BTM = Beach matrine top soil
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Table 3. Biochemical characterization of the aerobic and hydrocarbonoclastic bacteria isolates
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1 Rod tve + + + - - + + - - A A A - Bacilli sp.
2 Cocci tve - - + - + - - - + A A A A Micrococcus sp.
3 Rod -ve + - + - - - - - + AG A \ A Pseudomonas sp.
4 Rod tve + + + - - + + - - A A A - Bacillus sp.
5 Rod -ve + + + - - + - - - AIG - A A Enterobacter sp.
6 Bluish cocci in cluster tve NA NA + NA NA NA NA NA + A A A A Corynebacterium sp.
7 Moist colonies -ve + + - - + - A Klebsiella sp.

Keys: - = negative, + = positive reaction, A= acid, AG = Acid and gas, NA = not applicable, V = variable

Table 4. Characteristics of the hydrocarbonoclastic fungi isolates

Isolates Colonial morphology

Nature & colour of
hyphae

Appearance of
sporangiophores

Spores

Probable organism

Penicillium sp

1
2

Small round green colour with smooth
appearance

Yellowish green colonies with smooth
appearance

Pink round colour with smooth
appearance

Wavy white colony with round shape

Green colonies with smooth
appearance with reverse furrow

Septate& green
Septate& light yellow
Non-septate& white
Non septate& white

Septate& light yellow

Single long conidiophores
Elongate conidiophores
ND

Group of long

sporangiophores
Elongate conidiophores

Tiny spherical spores
scattered around
Small round spores
crowded

Small oval spores

Oval scattered around

Small round spores
crowded

Aspergillus flavus
Fusarium sp
Rhizopus sp

Aspergillus sp

Key: ND= Not determined



The isolates overlapped and for both aerobic and
hydrocarbonoclastic isolates. Aerobic isolates
were 1 to 7 while Isolates 1, 3, 4, and 7 were
also hydrocarbonoclastic isolates.

Table 4 shows the various fungal
hydrocarbonoclastic isolates. From the results, it
can be seen that the fungi isolates were
Penicillium species, Aspergillus flavus, Fusarium
species, and Rhizopus species.

Figure one shows the results of the gel
electrophoresis for the plasmid profiling of the alk
B gene following plasmid DNA extraction. As can
be seen from the gel picture, there are five lanes.
Lane M was loaded with the marker of band size
23,130bp while lanes labelled 19, 21, 22 and 23
were loaded with the selected isolates as thus:
as Bacillus thuringiensis (19), Pseudomonas
stutzeri (21), Bacillus cereus (22) and Klebsiella
pneumoniae (23), respectively.

23130
6557

2332

564

Fig. 1. Gel electrophoresis of the a’k B7
amplified product of the selected isolates..
Molecular identification identified the isolates
as Bacillus thuringiensis (19), Pseudomonas
stutzeri (21), Bacillus cereus (22) and
Klebsiella pneumoniae (23),
respectively
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4. DISCUSSION

The results of the physicochemical analysis show
significant  variation across the sampled
locations. The pH values recorded in our study
indicate that the samples are mildly acidic and
were within range of the maximum permissible
limits of 5.1 to 6.5. Our findings for base
saturation were also within maximum permissible
limits of 60-80% for standard reported previously
[30]. Copper and iron levels were higher than the
0.05 and 0.3-1.0 mg/L set by the World Health
Organization. However, chromium levels and
zinc were less than those of WHO [31]. Nitrate
levels reported here were far higher than those
reported by Bello and Ukut [32] from soil
collected from Cross River Estuary. Nitrate and
phosphate levels were highest and this indicates
anthropogenic sources.

Bacteria counts across the sampled locations in
our study were similar to those reported earlier
by Bello and Ukut [32]. In their study, they
reported a mean count range of 10 - 79 x 10°
(CFU/g). As expected our bacteria counts were
higher than those of fungi. Lower fungi counts
were also reported by these authors and were
also within range of fungi counts of 14 - 19 x 10°
CFU/g.

Hydrocarbonoclastic bacterial isolates were
Klebsiella, Pseudomonas, Bacillus and Bacillus
species. While the aerobic isolates were
Enterobacter, Bacillus, Micrococcus,
Pseudomonas, Corynebacterium and Klebsiella
species. Hydrocarbon degrading isolates were
Aspergillus, Penicillium and Rhizopus species
while the aerobic fungal isolates were Penicillium
sp, Aspergillus flavus, Fusarium, Rhizopus and
Aspergillus species. Bacillus and Aspergillus
species were the most frequent isolates from our
study. Similar isolates were also reported by
Bello and Ukut [32] who also isolated Penicillium
sp, Aspergillus flavus, Fusarium sp and Rhizopus
sp and different bacterial isolates from estuaries
soil.

The results of the molecular characterization via
Sanger sequencing revealed that the selected
hydrocarbonoclastic isolates were Bacillus
thurigiensis  serovar  thuringiensis, Bacillus
cereus, Pseudomonas stutzeri and Klebsiella
pneumoniae. These genera were also isolated by
Isiodu et al. [33] who isolated Shewanella
haliotis, Shewanella sp, Vibrio alginolyticus,
Pseudomonas putida, Bacillus cereus,



B. pumilus and Shewanella sp capable of
degrading crude oil. They were also similar to
species previously reported from oil producing
communities [2,19-20].

Certain plasmids play important role in
adaptation of natural microbial populations to
crude oil and other hydrocarbons pollution [33-
34]. In an earlier study, they showed that
enzymes responsible for the oxidation of n-
octane to octanoic acid or beyond in
Pseudomonas oleovorans are octane inducible
and are coded by genes borne on a plasmid.
They also reported that the chromosome
also carries genes coding octanol oxidation
enzymes that, in contrast, are induced by
octanol, not by octane [33]. Furthermore, the
degradation of many xenobiotic and hydrocarbon
compounds such as polyaromatic hydrocarbon is
known to be mediated by plasmid encoded
enzymes [7].

Amongst the selected isolates for plasmid
profiling, none of the isolates showed the
presence of plasmid borne alk B genes from
Rhodococcus species and Pseudomonas putida
used in this study. However, in an earlier study,
plasmid extraction studies of six selected
hydrocarbon utilizing isolates showed that
isolates had two plasmids each, following
plasmid curing. Furthermore, they observed that
loss of plasmids by Klebsiella pneumoniae and
Serratia marscencens did not lead to complete
loss of their degradative abilities of Chevron
Escravos crude oil but only resulted in reduction
in their degradation potential [13].

In another study, it was concluded that
chromosomes are indeed favoured locations for
functioning essential genes, due to their stable
inheritance. In addition, they stated that for
plasmids to carry such genes depend on the rate
at which these genes degrade by chance events
in each location [14].

5. CONCLUSION

The physicochemical analysis shows
anthropogenic  influence on the studied
ecosystem. Given the absence of alk B1 genes
on the plasmid for the selected hydrocarbon
degraders, it is safe to speculate that alk B gene
is chromosomally favoured. However, we
recommend further studies be carried out on
other catabolite genes of crude oil degrading
isolates.

Edet et al.; SAJRM, 1(3): 1-9, 2018; Article no.SAJRM.41896

COMPETING INTERESTS

Authors have declared that no competing
interests exist.

REFERENCES

1. Noyo-Edema. Effects of Crude Oil

Contaminated Water on the Environment,
Crude Oil Emulsions-Composition Stability
and Characterization, Prof. Manar El-
Sayed Abdul-Raouf (Ed.), InTech; 2012.
Available:http://www.intechopen.com/book
s/crude-oil-emulsions- composition-
stability- andcharacterization/biological-
effects-of-water- soluble- fraction-of-crude-
oil-on-aquatic-environment

ISBN: 978-953-51-0220-5.

2. Antai SP. Biodegradation of Bonny Light
crude oil by Bacillus sp and Pseudomonas
sp. Waste Management. 1990;10:61-64.

3. Manndri T, Lin J. |Isolation and
characterization of engine oil degrading
indigenous microorganisms in Kwazulu-
Natal, South Africa. Africa Journal of
Biotechnology. 2007;6(1):23-27.

4. Edet UO, Antai SP, Brooks AA, Asitok AD,
Enya O, Japhet FH. An overview of

cultural, molecular and metagenomic
techniques in description of microbial
diversity. Journal of Advances in

Microbiology. 2017;7(2):1-19.

5. Udofia UU, Edet UO, Antai SP. Potential
Benefits of Applying “Omics” Technology in
Delta Region of Nigeria. Advances in
Research. 2018;15(2):1-8.

6. Edet UO, Antai SP. Correlation and
distribution of xenobiotics genes and
metabolic activities with level of total
petroleum hydrocarbon in soil, sediment
and estuary water in the Niger Delta
Region of Nigeria. Asian Journal of
Biotechnology and Genetic Engineering.
2018;1(1):1-11.

7. Obayori OS, Salam LB. Degradation of
polycyclic aromatic hydrocarbons: Role of
plasmids. Scientific Research and Essays.
2010;5(25):4093-4106.

8. Koonin EV, Wolf YI. Genomics of bacteria
and archaea: The emerging dynamic view
of the prokaryotic world. Nucleic Acids
Res. 2008;36(21):6688-6719.

9. Tazzyman SJ, Bonhoeffer S. Plasmids and
evolutionary rescue by drug resistance.
Evolution. 2014;68(7):2066—2078.

10. Actis LA, Tolmasky ME, Crosa JH.
Bacterial plasmids: Replication of



11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

elements
antimicrobial
1999;1(4):43-

extrachromosomal genetic
encoding resistance to
compounds. Front Biosci.
62.

Anna R, Eamonn C, Stefan R. Removal of
Antibiotic Resistance Gene-Carrying
Plasmids from Lactobacillus reuteri ATCC
55730 and Characterization of the
Resulting Daughter Strain, L. reuteri DSM
17938. Application of Environmental
Microbiology. 2008;74(19):6032-6040.
Shukla SR, Harad AM, Mahato D.
Depolymerization of nylon 6 waste fibers.
J.  Appl. Polym. Sci. 2006;100(1):186-
190.

Akpe AR, Ekundayo AO, Esumeh FI.
Degradation of crude oil by bacteria: A role
for plasmid-borne genes. Global Journal of
Science Frontier Research Biological
Science. 2013;13(6):21-25.

Tazzyman SJ, Bonhoeffer S. Why There
Are No Essential Genes on Plasmids. Mol.
Biol. Evol. 2014;32(12):3079-3088.

DOI: 10.1093/molbev/msu293.

Udotong IR, Uko MP, Udotong JIRMicro.
bial Diversity of a Remote Aviation Fuel

Contaminated Sediment of a Lentic
Ecosystem in Ibeno, Nigeria. Journal
Environmental Anal Toxicol. 2015;5:6.

Available:http://dx.doi.org/10.4172/2161-
0525.1000320

American  Public Health  Association
(APHA). Standard Methods for the
Examination of Water and Waste
Water, 19th edn. APHA-AWWA-WPCF,
Washington, DC; 1995.

Odu CTI, Esurosu OF, Nwaboshi IC,
Ogunwale JA. Environmental study (soil
and vegetation) of Nigeria Agip Oil
Company Operation Area. A report
submitted to Nigeria Agip Oil Company
Limited, Lagos, Nigeria; 1985.

Antai SP, Asitok AD, Ekpenyong M.
Principle of petroleum microbiology: A
practical approach. Nature Printers
Calabar; 2015.

Antai SP, Mgbomo E. Distribution of
hydrocarbon utilizing bacteria in the
Ahoada Oil-spilled areas. Microbios
Letters. 1989;40:137-143.

Antai SP. Biodegradation of Bonny
Light crude oil by Bacillus sp and
Pseudomonas sp. Waste Management.
1990;10:61-64.

Cruickshank R, Duguid JP, Mamion RP,
Swain RHA. Medical microbiology.
Churchill, Livngstone London; 1975.

Edet et al.; SAJRM, 1(3): 1-9, 2018; Article no.SAJRM.41896

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Holt JG, Krieg NP, Sneath, PHA, Staley J,
Wiliams ST. Bergey's manual of
determination  bacteriology. 9th  Edn.
Williams and Wilkins Publishers, Baltimore;
1994.

Holt JG, Krieg NP, Sneath PHA, Staley J,
Williams ST. Bergey's manual of
determination  bacteriology. 9th  Edn.
Williams and Wilkins Publishers Baltimore;
1994.

Domsch KH, Gams H, Anderson TH.
Compendium of Soil Fungi Academy Press
London; 1980.

De Santis TZ, Brodie EL, Moberg JP,
Zubietta IX, Piceno YM, Andersen GL.
High- density universal 16S rRNA
microarray analysis reveals broader
diversity than typical clone library when
sampling the environment. Microbiol. Ecol.
2007;53:371-383.
Metzenberg S.
Dideooxynucleotide
2003.
Available:http://www.csun.edu./hcbio027/bi
otechnology/lec3/sanger.html

Maniatis T, Fritsch ET, Sambrook J.
Molecular cloning: A laboratory manual.
Cold Spring Harbor Laboratory, Cold
Spring Harbor, NY; 1982.

Lech K, Brent R. Mini-preps of plasmid
DNA. In F.M. Ausubel, R. Brent, R.E.
Kingston, D.D. Moore, J.G. Seidman, J.A.
Smith and Struhl (Eds). Current protocols
in Molecular Biology, John Wiley and
Sons, NY; 1987.

Nelson PR. A comparism of samples sizes
for the analysis of means and analysis of
variance. Journal of Quality Technology.
1983;15:33-39.

Offiong R, Iwara Al, Essoka PA, Atu JE.
Preliminary Assessment of Heavy Metal
Concentration in Soil of the Calabar Port
Authority, Cross River State, Nigeria.
Journal of Applied Sciences Research.
2013;9(5):3293-3300.

World Health Organization. Guideline for
drinking-water quality (electronic resource)
incorporating first addendum. 3" Edition;
2006;1.

Bello OS, Ukut EG. The physico-
chemical properties and microbial isolates
of Cross River State Estuary Soils.
Mayfair Journal of Soil Science. 2015;1(1):
15-27.

Isiodu GG, Stanley HO, Ezebuiro V,
Okerentugba PO. Role of Plasmid- Borne
Genes in the Biodegradation of Polycyclic

method—
termination;

Sanger
chain




Edet et al.; SAJRM, 1(3): 1-9, 2018; Article no.SAJRM.41896

Aromatic  Hydrocarbons (PAHs) by 34. Chakrabarty AM, Chou G, Gunsalus IC.

Consortium of Aerobic Heterotrophic Genetic regulation of octane dissimilation
Bacteria. Journal of Petreoluem and plasmid in Pseudomonas (incompatibility).
Environmental Biotechnology. 2016;7:264. Proc. Nat. Acad. Sci. USA. 1973;70
DOI: 10.4172/2157- 7463.1000264. (4):1137-1140.

© 2018 Edet et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
http://www.sciencedomain.org/review-history/25284




