
2480      Indian Journal of Forensic Medicine & Toxicology, January-March 2021, Vol. 15, No. 1

Molecular, Biochemical, and Phenotypic Identification of 
Phenol and Cresol Degrading Acinetobacter baumanni Strain 

Selected from Al-Rumaila Oil Well

Noor Mohammad Ali1, Aamal Ghazi Mahdi Al-Saadi1

1M.Sc., Ecology Department/ College of science, University of Al -Qadisiyah, Diwaniyah 58001, Iraq,

Abstract

Background: phenol and cresol are dangerous compounds that have harmful effects on aquatic life, plants 
and, many other organisms. Therefore, it is necessary to effectively eliminate these compounds to protect 
the environment. 

Aim: The aim of this study is to select and characterizebacterial strain(s) from oil contaminated soils and 
testing its ability for biodegrading phenol and cresol. 

Methods: Biochemical tests were performed in addition to morphological and molecular detection through 
16S rRNA analysis to identify the selected strain after growing on Mineral salts medium (MM) containing 
phenol or cresol . The residual concentration of phenol and cresol was analyzed over the time period by 
means of the 4-aminoantipyrine assay . 

Results: the selected strain was identified as Acinetobacter baumannii strain HILLA-1, and it was able to 
remove 100% of the phenol at all the used concentrationsafter 48 h. This strain was also able to degrade 100% 
of cresol at concentrations (25,50,75,100,200 ppm /L) and99.37%,88.69%,and 94.73% at concentrations 
(300,400,500 ppm /L) respectivelyafter 48 h. 

Conclusion: The selected and identified Acinetobacter baumannii strain HILLA-1 can provide a putative 
source for bioremediation of phenol and cresol contaminated environments.
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Introduction

A large number of organic compounds have been 
released to the environment since the beginning of the 
industrial revolution. These compounds are chemically 
manufactured and many of them are discarded as waste 
1. Phenol is one of the most common toxic environmental 
pollutants, and it is classified as a dangerous substance 
to human health and other organisms (EPA, 2003) 
because many of phenolic compounds possess the ability 
to survive and not disintegrate in the environment. 
They also have the ability to move. biotransform, 
and bioaccumule in human and animal tissues as well 
as increasing their concentration in the food chain 

biomagnification 11. Phenol is an aromatic compound 
consisting of a hydroxyl groupbound to a benzene ring, 
and its chemical formula is (C6H6O).It is highly toxic 
and found in various formulations or associated with 
other compounds (EPA, 2003). It is a liquid or solid 
with a low melting point, but it has a high boiling point 
due to the hydrogen present in it. It is soluble in water 
due to its ability to form a hydrogen bond with water. 
It is found in the wastes of many industrial processes, 
such as oil refineries, cooking factories, industrial resins 
manufacturing, petroleum-based processing plants, 
pharmaceuticals, plastic industries, and dye industries 4. 
Its use has a greatly polluted wide range of soil, rivers 
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,and waste. Phenolic compounds have harmful effects 
on aquatic life, plants and many other organisms 27. The 
natural sources of phenol that were formed as a result 
of forest fires and the natural emission of phenol when 
asphalt was used as an adhesive in cities 15. On the other 
hand, cresol is a colorless viscous liquid that is used as 
an intermediate in the production of other chemicals. Its 
chemical formula is C7H8O. Methyl phenol is an aromatic 
organic compound that hasa variable melting point that 
is determined by ambient temperatures. It is involved in 
various fields in the manufacture of pesticides, petroleum 
products, dyes, and also in the pharmaceutical industries 
5. It is very toxic to humans if inhaled or swallowed, even 
in very low concentrations. It often results in problems 
such as eye, mouth, throat and skin irritation, vomiting, 
liver and heart damage, paralysis, coma, and sometimes 
death 30 . Residues of phenol and its derivatives can be 
removed from the environment through a combination 
of physical and chemical treatments such as adsorption, 
osmosis, adsorption, photo catalysis, and electrolyte 
oxidation, but these treatments are impractical due to 
the high cost and formation of other toxic compounds 
31 Therefore, biological methods have received more 
attention than physical and chemical methods because 
many different bacteria are known to use phenolic 
compounds as the only sources of carbon and energy 32. 
The degradation of phenol and its derivatives has been 
studied by bacteria. A large number of different bacterial 
species have been found to have the ability to biodegrade 
phenolic compounds such as Acinetobacter spp. In the 
current study, an Acinetobacter baumannii strain that 
has the ability to biodegrade phenol and cresol at high 
concentrations was selected from oil contaminated 
soil of Al-Rumaila oil well and identified based on 
phenotypic, biochemical, and molecular approaches. 
The Biodegradation rates of phenol and cresol by the 
selected strain were also reported in this study.

Materials and Methods

Sample collection

(20 samples) collected from soil contaminated 
with petroleum products from various places. Samples 
were collected in sterile glass bottles and transferred to 
thelaboratory for the required tests.

Growth media

Mineral salts medium (MM)was used for selection. 
It consists of the following g / L materials, according to 16 
Mgso 4.7H2o, (0.1g) NH4 (2SO4), (0.01g) NaCl,(0.01g) 
CaCl2, (0.45g) K2HPO4, (0.002g) Fecl3. The materials 
were dissolved in a liter of distilled water and mixed 
well to ensure that all the materials weredissolved and 
sterilized for 20 minutes at 121 ° C and the pH was 
adjusted (7). 

Selection of phenol and cresoltolerantbacterial 
strains

A weigh of 5 g of each soil sample was added 
to 50 ml of liquid mineral salts medium (MM). 
Phenol or cresolwas added at a concentration of 
(25 mg /L) and (25 ppm/L), respectively as the sole source 
of carbon and energy. The flasks then wereincubated for 
5 days at 30 ° C 31. 0.1 ml of the bacterial suspension 
was transferred to MM agar medium containing the 
same concentrations of phenol and cresol and incubated 
for 5 days at 30 ° C . This step was repeated two times 
to obtain pure colonies and to ensure that the isolated 
bacterial species are capable of degrading phenol and 
cresol . 

The ability of the bacterial isolates 
to degrade phenol and cresol compounds 
Standard titration curves were prepared forboth 
compounds by preparing standard solutions for each 
of them. The assay of testing the ability of the isolated 
strain to degrade phenol(25,50,75,100,200,300,400,500 
mg/l) and cresol (25,50,75,100,200,300,400,500 ppm/l) 
was performed as mentioned in (Barwick& Vicki 2003). 
Then using the absorption values on length 460nm 
to builda calibration curve for the two compounds 
using an Excel program to obtain the mathematical 
equation in order to calculate the concentrations of 
the remaining phenol and cresol compounds. After 
the growing of bacteria to assess their efficiency on 
length 600nm in the biodegradation process This 
assay was performed twice to confirm the degradation 
ability of the isolated strain to phenol and cresol 
twice to confirm the degradation of the isolate 
to phenol and cresol by4-aminoantipyrine assay. 
Identification of the Phenol-cresol degrading Bacterium 
The isolated bacterial strains was identified based on 
morphological characteristics on MacConkeyagar,Vitek 
2 compact system biochemical tests(which was 
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used according to the manufacturer’s instructions), 
and sequence analysis of the 16S rRNA gene 
DNA extraction and 16S rRNA sequencing 
Genomic DNA was extracted from the selected 
Acinetobacterbaumanniibacterial isolate using 
the PrepTM Genomic DNA MiniKit provided by 
Macrogen / Korea according to the manufacturer’s 
instructions. DNA amplification was performed by a 
PCR master mix containing 3 μl forward and reverse 
primers, 14 µl nuclease-free water, 5 μlTemplate 
DNA, 25 μl Master Mix. 16S rRNA gene was 
amplified from the DNA genome by PCR using the 
following forward and reverse primers for 16S rRNA 
respectively5 ՛AGAGTTTGATCCTGGCTCA - 3 ՛ 
5 ՛GGTTACCTTGTTACGACTT -3. The polymerase 
chainreaction was carried out under the following 
conditions: Initial denaturation at 95 ° C for 120 seconds 
followed by denaturation at 95 ° C for 30 seconds, 
followed by annealing at 53 ° C for 30 seconds, followed 
by elongation at a temperature of 72 ° C for 150seconds 
and the final elongation score of 72 for 300seconds, 
respectively. 

DNA sequencing analysis

The 16S rRNA PCR product of Acinetobacter 
baumannii strain HILLA-1 was extracted and sent 
to Bioneer (Korea) to perform nitrogenous base 
sequencing. The base sequence of the selected strain 

was registered in the NCBI GenBank records , and 
its accession number is MT032339.1.Using the 
BLASTn tool, Homologous sequences were attained 
from the NCBI database. Homology toAcinetobacter 
baumannii strain HILLA-1were chosen with accession 
numbers:MK027249.1,MN636473.1, MN623687.1, 
MN175924.1, MN175925.1, MN175923.1, 
MN175922.1, MN175921.1, MN175920.1, 
MN173945.1 Sequences alignment and phylogenetic 
tree analysiswere done using Mega X software. The 
phylogenetic tree was drawnbased onneighbor-joining 
method.

Results 

Characterization of the selected phenol/Cresol 
strain

An Acinetobacterbaumanni strain, obtained in the 
current study, was isolated from oil contaminated soil of 
Al-Rumaila oil well. The strain was selected using a MM 
medium containing phenol or cresol then characterized 
after culturing on MacConkey agar plates. The colonies 
appeared small, round, convex and mucous, with a light 
cream color as shown in Figure 1. The colonies were 
purified and identified using Gram’s stain which showed 
Gram-negative bacterium in a form of semi-spherical 
bacilli. The selected strain was further subjected to 
biochemical identification using Vitek 2 compact system 
as shown in table 1. 

Figure(1). Phenotypic characteristics of the isolated bacterial strain growing on solid mineral salts medium 
(A) and MacConkeyagar medium (B). 
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Table 1: biochemical properties of the isolated strain using Vitek 2 compact system. 

+ADONITOL3-AlaPhe-Pro-ARYLAMIDASE2

+L-ARABITOL5+L-PYrrolydonyl-ARYLAMIDASE4

+BETA-GALACTOSIDASE9+D-CELLOBIOSE7

-BETA-N-ACETYL-
GLUCOSAMINIDASE11-H2S PRODUCTION10

+D-GLUCOSE13-GlutaylArylamidasepNA12

+FERMENTATION/GLUCOSE15+GAMMA-GLUTAMYL-
TRANSFERASE14

+D-MALTOSE18+BETA-GLUCOSIDASE17

+D-MANNITOL20+D-MANNITOL19

-BETA-Alanine arylarnidasepNA22+BETA-XYLOSIDASE21

-LIPASE26-L-Proline ARYLAMIDASE23

+Tyrosine ARYLAMIDASE29+PALATINOSE27

+D-SORBITOL32+UREASE31

+D-TAGATOSE34+SACCHAROSE/SUCROSE33

+CITRATE(SODIUM)36+D-TREHALOSE35

-5-KETO-D-GLUCONATE39+MALONATE37

-ALPHA-GLUCOSIDASE41+L-LACTATE alkalinisation40

-Beta-N-ACETYL-
GALACTOSAMINIDASE43+SUCCINATE alkalinisation42

+PHOSPHATASE45+ALPHA-GALACTOSIDASE44

+ORNITHINE DECARBOXYLASE47-Glycine ARYLAMIDASE46

+L-HISTIDINE assimilation53+LYSINE DECARBOXYLASE48

-BETA-GLUCORONIDASE57+COUMARATE56

-Glu-Gly-Arg-ARYLAMIDASE59+O/129 RESISTANCE(comp.vibrio.)58

-ELLMAN62+L-MALATE assimilation61

-L-LACTATE assimilation64
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Analysis of 16S rRNA gene sequence 

16S rRNA fragment was amplified from the 
gDNA of the Acinetobacter baumanni isolate and 
detected with about 1498bp as shown in Figure 2. 
The sequence of 16S rRNA gene of the isolated strain 
of the current study can be found under the accession 
number MT032339.1 at NCBI–GenBank with the 
name of Acinetobacter baumannii strain HILLA-1. The 
BLAST results showed that the base sequence of the 
16S rRNA of Acinetobacter baumannii strain HILLA-1 
was 98.94% identical  to  Acinetobacter baumannii 
strain B18(Accession number MK027249.1) and 
98.82% identical to Acinetobacter baumannii strains 
with Accession numbers: MN636473.1, MN623687.1, 
MN175924.1, MN175925.1, MN175923.1, 
MN175922.1, MN175921.1, MN175920.1, 
MN173945.1 ( Table 2). 

Figure 2: 16S rRNA PCR fragment obtained from 
the characterized Acinetobacter baumannii strain 
HILLA-1 . M: 2000 bp marker of DNA , Lane 1: 
The target amplification of 16S rRNA gene (size 

1498bp). 

Table 2 : Homology sequence identity for 16S rRNAgene ofAcinetobacterbaumannii strain HILLA-1

No. Accession number Name of species sequence Identity%

1 MK027249.1 Acinetobacterbaumannii strain B18 16S ribosomal RNA gene, partial 
sequence 98.94

2 MN636473.1 Acinetobacterbaumannii strain Charmo6 16S ribosomal RNA gene, 
partial sequence 98.82

3 MN623687.1 Acinetobacterbaumannii strain VGM2 16S ribosomal RNA gene, 
partial sequence 98.82

4 MN175924.1 Acinetobacterbaumannii strain DSM 1762 16S ribosomal RNA gene, 
partial sequence 98.82

5 MN175925.1 Acinetobacterbaumannii strain DSM 1924 16S ribosomal RNA gene, 
partial sequence 98.82

6 MN175923.1 Acinetobacterbaumannii strain DSM 1918 16S ribosomal RNA gene, 
partial sequence 98.82

7 MN175922.1 Acinetobacterbaumannii strain DSM 1923 16S ribosomal RNA gene, 
partial sequence 98.82

8 MN175921.1 Acinetobacterbaumannii strain DSM 1676 16S ribosomal RNA gene, 
partial sequence 98.82

9 MN175920.1 Acinetobacterbaumannii strain DSM 1675 16S ribosomal RNA gene, 
partial sequence 98.82

10 MN173945.1 Acinetobacterbaumannii strain rY32 16S ribosomal RNA gene, partial 
sequence 98.82
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Phylogenetic tree analysis

Figure 3 shows the phylogenetic relationship analysis using the sequenced 16S rRNA gene from Acinetobacter 
baumannii strain HILLA-1with all sequences listed in Table 2. The results revealed that Acinetobacterbaumannii 
strain HILLA-1is closely related to Acinetobacterbaumannii strain rY32.

Figure 3: Phylogenetic relationship of the sequenced 16S rRNA gene from Acinetobacterbaumannii strain 
HILLA-1, accession number (MT032339.1). Analysis was done by neighbor –joining method.

The ability of Acinetobacter baumannii strain 
HILLA-1to degrade phenol and cresol in different 
concentrations

Results showed that Acinetobacterbaumannii strain 
HILLA was capable of degrading phenol completely by 
100% for all concentrations (25,50,75,100,200,300,400, 
500 mg / L)after 48 hours of incubation, as shown in 
Table (3),withan increase in the rate of bacterial growth 

during the incubation period, as shown in Figure 4. 
Furthermore, the results revealed that the biodegradation 
ability of Acinetobacterbaumannii strain HILLA to 
cresol for concentrations (25,50,75,100,200 ppm /L) 
was100% while the concentrations (300,400,500 
ppm /L) are 99.37%,88.69%,and 94.73% respectively 
after48hrs as shown in Table (4) with an increase in the 
vital growth rate of isolate as in Figure 5 
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Table 3: Biodegradation rates of Acinetobacter baumanniistrain HILLA-1for Phenol

Acinetobacterbaumannii

Mean Degradation% 
/hr% of Degradation after The remaining of phenol after 

degradation 

3.65

48hrs. 24hrs.4 hrs.48hrs. 24hrs.4 hrs.
Start 

concentration of 
phenol mg/l

10075.66824.7780121.66376.11500

10077.91759.3075088.33362.77400

10085.7433326.11333042.77221.66300

10082.534.17035131.66200

1001001.120098.88100

1001006.3733330070.2275

10010030003550

10010031.120017.2225

 Table 4:Biodegradation rates of Acinetobacterbaumanniistrain HILLA-1 for Cresol 

Acinetobacterbaumannii

Mean 
Degradation% /hr% of Degradation after The remaining of cresol after 

degradation 

2.19

48hrs. 24hrs.4 hrs.48hrs. 24hrs.4 hrs.Start concentration of 
cresol ppm/l

94.73485.1784.06826.3374.11479.66500

88.69588.6952.0345.2245.22391.88400

99.37333899.3733331.8833271.88300

10080.7258.5038.55183200

10052.563.67047.4496.33100

10060.453332.666667029.667375

10067.340016.335050

10010038.240015.4425
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Figure 4:Growth curve of Acinetobacterbaumanniistrain HILLA-1 in presence of different phenol concentrations 

 
Figure 5: Growth curve of Acinetobacter baumannii strain HILLA-1in presence of different Cresol 

concentrations

Discussion

Petroleum compounds and its derivatives polluting 
the environment threaten human health and many other 
living organisms present in land and marine systems, so 
getting rid of pollution by oil vehicles is very important 

at various levels . Biological treatment is one of the most 
important techniques available in removing pollution as 
it is less dangerous than other types of treatments. It is 
a physical and chemical purification of the environment 
from pollutants by using microorganisms naturally 
present in such environments because of their ability 
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to break down dangerous compounds into less toxic 
compounds.

Conclusion

We have selected and identified a local 
Acinitobacterbaumannii strain, which degrades phenol 
and cresol as the only carbon sources. Our strain 
showed a high efficiency in breaking down even high 
concentrations of phenol (500 mg/L),and cresol (500 
ppm/L ). Therefore, Acinetobacterbaumannii strain 
HILLA-1may be taken into consideration as a helpful 
biotechnological means for the treatment of diverse 
environments contaminated with phenol or cresol. 
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