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Abstract
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Aim: Hydrocarbon of crude oil and other oil products such as gasoline comprise aromatic, aliphatic and
alicylic components pollute water bodies are hazardous. Microbial degradation of these oil spills are an
efficient way. Degrading oil contamination by microorganism is the theme of this paper. To study degrading
efficiency of crude oil hydrocarbon by fungi.

R. Gnanasekaran, J. Iyyappan*,
S. Deepeka, R. Mageshwari,
S. Saranraj and
V. Sathayanarayanan

Methodology: Fungal species were isolated from crude oil soaked soil samples and oil contaminated soil
samples from commercial oil industry. Isolated fungal species were cultured on nutrient media such as
potato dextrose agar (PDA) and czapekdox agar at 37 ºC for 7 day. Further, fungal species were identified by
18 S rRNA sequencing. The potential of fungi to degrade hydrocarbon was investigated through laccase and
peroxidase. To examine the ability to degrade oil, the fungal species were screened on Czapekdox agar and
broth medium containing petroleum derivatives. Laccase activity was performed by ABTS (2, 2̍ -azinobis 3ethyl-benzothiazoline-6-sulphonate) and bromophenol. They were used as substrate for screening laccase
activity.
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Results : Among the isolated eight fungal species, isolate FGS -4 showed better biodegradation ability and
subsequent 18 S rRNA revealed that isolate FGS-4 belongs to Aspergillus tubigensis. Production of laccase
enzyme was confirmed. The results of gas chromatography analysis showed that hydrocarbon was
biodegraded by the isolated Aspergillus tubigensis.
Interpretation: Biodegradation of hydrocarbon by Aspergillus species would create an impact on various
waste treatment methods. Eco-friendly degradation of hydrocarbons could be achieved by Aspergillus
species.
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Petroleum and crude oil is an indispensable raw material
that comprise more than 2000 single components. Oil and
petroleum components serve as an important energy source and
many industries are dependent on this energy. The demand for
petroleum energy sources are never ending, and thus their cost
never remains the same. But at the same time, they cause
considerable pollution in oceans and soil (Varjani and Upasani,
2016). Marine environment serves as a reservoir for oil and
petroleum pollutants (Ron and Rosenberg, 2014).
Crude oil and its oil fractions such as gasoline or diesel oil
consist of three main components, aliphatic, aromatic and
alicyclic hydrocarbons, -the latter being mostly cyclohexane
derivatives. Soil contaminated with crude oil effect the soil
properties as it hinders plant growth. Therefore, oil and oil
products are also quantitatively the main environmental
pollutants worldwide. Several attempts have been made to
eliminate or to transform these substances by various methods
(Varjani et al., 2017; Hasan et al., 2014).

Several species of bacteria (Liu et al., 2016;
Hassanshahian et al., 2012) and algae are efficient in degrading
low molecular weight hydrocarbons, but for degradation of high
molecular weight hydrocarbons, fungal species are preferred.
Laccase has broad substrate specificity toward aromatic
compounds containing hydroxyl and amine groups (Passarini et
al., 2011). These enzymes catalyzes the oxidation of a wide range
of phenolic compounds and aromatic amines. Keeping in view the
above, the present study aimed to isolate, identify petroleum
degrading fungal species and their ability to degrade petroleum
hydrocarbons.
Materials and Methods

Sample collection: Fungi samples were collected from oil
contaminated soil sources around Avadi, Chennai, Tamil Nadu,
India (Lotfinasabasl et al., 2012; Elango et al., 2014).

Isolation of fungal species: Serial dilution was performed on
the collected soil samples; One gram of soil sample was
suspended in 10 ml distilled water. The mixture was shaken
vigorously and the soil was allowed for to settle at the bottom of
the test tubes to prepare other dilutions consecutively
(Gopinathan et al., 2012; Iheanacho et al., 2014). The sample
was diluted 105 times. Potato dextrose agar plates were prepared
by dissolving 19 g of PDA in distilled water and a pinch of
amphicillin was added for bacterial inhibition (Vanishree et al.,
2014). From each tube, 1 ml sample was taken and poured into
Potato Dextrose Agar plates by pour plating method. The plates
were allowed to incubate for about 3-4 days at 37ºC. The obtained
fungi on PDA were sub cultured using Sabouraud Dextrose Agar.

On

li
ne

Microorganisms are nature's original recyclers. They
have the ability to utilize hydrocarbons as sole carbon source and
energy for metabolic activities. Oil degradation by fungi is well
established, but the diversity of species and the associated
mechanisms and degradation pathways are yet to be explored
fully. In the environment, fungi may play an important role in the
cycling of organic carbon, nitrogen and phosphorus (Hodge and
Fitter, 2010) as well as in degradation of xenobiotic compounds,
including those derived from oil (Ballesteros et al., 2015) such as
naphthalic acid, naphta diluent and heavy metals (Demeter et al.,
2014). Fungi are capable of degrading the structurally diverse
range of oil-derived compounds by employing a variety of
mechanisms, including intracellular enzymes such as
cytochrome P450 monooxygenases, nitroreductases and
transferases, as well as extracellular enzymes such as laccases
and fungal peroxidases (Harms et al., 2011; Simister et al., 2015).
Biodegradation as one of the safe and inexpensive biological
methods for cleaning environment. It can be described as
effective method for the treatment of oil contamination as majority
of molecules are biodegradable.

Geotrichum, Talaromyces, Cladosprium, Fusarium, Alternaria,
Mucor, Polyporus, Rhizopus and Rhodotolura species.
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In general, petroleum hydrocarbons can be removed by
fungi belonging to genera Aspergillus, Penicillium, Fusarium,
Amorphotheca, Neosartorya, Paecilomyces, Talaromyces and
Graphium. Fungi capable of degrading oil have been identified in
both terrestrial and marine environments (Marco-Urrea et al.,
2015; Mineki et al., 2015; Reyes-César et al., 2014). The major
fungal phyla/subphyla involved in the biodegradation of oil
include Ascomycota, Basidiomycota and Mucoromycotina, with
specific fungal genera including, Aspergillus, Cephalosporium,
Penicillium, Candida, Torulopsis, Saccharomyces,
Paecilomyces, Gliocladium, Yarrowia, Pichia, Pleurotus,

Identification of fungal species: DNA was extracted from the
fungal species to carry out PCR. Polymerase Chain Reaction is a
process that uses primers to amplify specific cloned or genomic
DNA sequences with the help of unique enzymes.
Unincorporated PCR primers and dNTPs from PCR products
were removed by using Montage PCR Clean up kit (Millipore).The
PCR product was sequenced using the primers. Sequencing
reactions were performed using a ABI PRISM® BigDyeTM
Terminator Cycle Sequencing Kits with AmpliTaq® DNA
polymerase (Nasrawi 2012) (Applied Biosystems). The 18SrRNA
sequence was blast using NCBI BLAST similarity search tool.
Phylogeny analysis of query sequence with closely related
sequence of BLAST results was performed followed by multiple
sequence alignment.
Petroleum degradation analysis

Preparation of fungal culture: Fungal species obtained in sub
culture were cultured in broth for pure culture. For this, SucroseCzapekdox broth was prepared in a 500 ml Erylenmeyer flask,
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sterilized and inoculated with the cultured species and the media
was allowed to incubate for 10-12 days to have a perfect culture.
Preparation of degradation medium: In order to determine the
ability of fungi collected from the sample to utilize crude oil as
carbon source, a specially prepared and modified Czapek Dox
Broth was used. The Czapek media composed of 30 g l-1 sucrose
as a carbon source. Instead of using sucrose as carbon source,
4% petroleum was used to prepare petroleum oil-Czapekdox
broth (Reyes-César et al., 2014; Pi et al., 2017)..
The sucrose Czapek -Dox broth medium contained:
sucrose 30 gl - 1 , sodium nitrate 2 gl - 1 , magnesium
glycerophosphate 0.5 gl-1, pottasium chloride 0.5 gl-1, di
pottassium sulphate 0.3 gl-1 and ferrous sulphate 0.1 gl-1.
Otherwise stated sucrose was replaced by 40 ml of crude glycerol
(Hasan et al., 2014; Alwakeel , 2017).

Perkin Elmer Mass Spectrometer with a HP-5MS column
was used for analysis following the method of Wu et al. (2010)
with minor modification. For analysis, a 30 mm – 0.25 mm
(internaldia.) – 0.25 lm (particle size) fuse-silica capillary column
(5MS – HP Inc.) was employed. The column temperature
program was set as follows: 100°C hold for 1 min, 15°C min-1 to
160°C at 5°C min-1 to 300°C hold for 7 min (Wu et al., 2010;
Pecoraro et al., 2015). The GC injector was held at 280°C
isothermally and the split less period and solvent delay time was
set at 3 min and 5 min. Heluim was used as a carrier gas with a
flow rate of 1 ml min-1. The GC/MS interface temperature was
maintained at 280°C. The MS was operated in electron impact
(EI) ionization mode with electron energy of 70 eV, and scan
ranging from 50 to 500 amu (atom to mass unit) to determine
appropriate masses for selected ion monitoring (Shumin et al.,
2012; Gopinath et al., 2012). The MS ion source and mass filter
(quad) temperatures were held at 230°C and 150°C,
respectively. To minimize the baseline shifting once a derivatizing
chemical agent peak, the signal was turned off as shortly because
the derivatizing chemical agent appeared and turned on once
more once the derivatizing chemical agent was eluted to extend
sensitivity, hand-picked particle observance (SIM) mode was
accustomed to quantitatively analyze the height. The molecular
particle was detected and quantified with particle loss of alkyl
(mass 190 for lactone), the dwell time was 0.1 sec, and therefore
the scan cycle was 4.26 per second. All samples in the present
study were analyzed in triplicate.
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Fungal inoculation and petroleum degradation: A small layer
of fungal mycelia, approximately 1cm diameter of mycelial layer,
was inoculated in the petroleum-czapek dox broth. The media
was incubated at 34-37°C for 35-40 days in shaker incubator
rotating at 68 rpm (Hasan et al., 2014; Alwakeel, 2017). The
inoculation was examined once a day without disturbing the
culture media. Since crude oil hydrocarbon served as a sole
carbon source, the fungus attained their growth by utilizing the
hydrocarbon.

ml extract, the aqueous layer was re-extracted twice and then the
combined extract was passed through funnel containing
anhydrous sodium sulfate and dried. The dried extract was
concentrated with a stream of nitrogen gas.
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Biomass determination: To determine fungal biomass during
the process of crude oil degradation a20 ml of culture broth was
centrifuged at 1000 rpm for 45 min, and then filtered using
Whatman No. 1 filter paper, washed with 10 ml of distilled water,
dried at 40 ºC for 5 hr, and placed in a desiccator until a fixed
weight was achieved. The biomass of fungi was defined in mg l-1.
The liquid cultures were centrifuged at 10,000 rpm for 15 min at
room temperature and the cells were rapidly washed three times
with 50 mmol l-1 phosphate buffer (pH 7).

On

ABTS plate screen assay: Isolates showing bromophenol blue
degradation were further screened for lignolytic enzyme laccase,
on Czapek-Dox agar. The substrate ABTS (1 mM) was amended
with the basal medium in order to screen the presence of laccase
(Bidoia et al., 2010; Kumar et al., 2016).. Plates containing
lignolytic enzyme substrates were inoculated with a mycelial disk
and incubated at 27°C for five days. Bluegreen oxidation zone
around the mycelial colony indicated the presence of laccase
(Bidoia et al., 2010; Sivakumar et al., 2010)..
Analysis of crude oil degradation: For sample preparation, a 5
ml of sample was transferred into a 50 ml separating funnel, and 5
ml of diethyl ether was added to it (Gopinathan et al., 2012;
Sanyaolu et al., 2012; Balachandran et al., 2012). The sample
was shaken vigorously for about 2 min with periodic venting to
release vapor pressure. The organic layer was allowed to
separate for 10 min and was recovered into 50 ml beaker. With 2

Results and Discussion

In total, eight fungal isolates were recovered from the
sample. These isolates were identified on the basis of
morphology and phylogenetic analyses based on internal
transcribed spacer (ITS) regions. Fungal strains such as FGS-2,
FGS-4 and FGS-7 were identified as Aspergillus sp. and
Penicillium sp. Fungal species isolated from soil contaminated
with crude oil had the ability to degrade polycyclic aromatic
hydrocarbon (Zafra et al., 2017). Similarly, fungal species were
isolated from oil contaminated soil sources (Lotfinasabasl et al.,
2012; Elango et al., 2014; Vanishree et al., 2014).

While examining degradation media after 7 days of
inoculation, it was observed that FGS-4 species were suspend
beneath the crude oil layer and expanded their mycelial surface.
On the other hand, remaining species did not show any result.
After 25 days, FGS-4 isolate had started degrading crude oil and
was left over with color change in the broth medium. Previously,
both fungal and bacteria species were found to degrade crude oil.
Alwakeel (2017) reported that Aspergillus flavus and Aspergillus
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Fig. 1 : Phylogenetic tree showing the sequencing results.

Table 1 : Accumulation of dry weight by fungal isolates during cultivation with crude oil
Fungal isolates

Biomass (dry weight) comparison after 25 days
-1

Treatments (g l-1)

Control (g l )

FGS-2
FGS-4
FGS-7

0.585 ± 0.036
0.625 ± 0.012
0.638 ± 0.010

0.839 ± 0.035
0.831 ± 0.048
0.822 ± 0.056

+ TIC Scan 201802_CO3_MISC_196.d

x106

1.5
1
0.5

8.050

4

6

8

10

12

14

x106

2.5
2
1.5

0.248
0.207
0.179

40%
33%
26%

27.679
36.075
33.474

21.611

16
18
20
22
24
26
Counts vs. Acquisition time (min)
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+ TIC Scan 201802_CO3_MISC_197.d

(%)

(A)

13.504

0

Weight (g l-1)
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2

Gained via biodegradation

28

30

32

34

36

40

(B)

27.646

1

37.984

20.906

10.008

0.5

38

13.235

33.466
25.408

0
4
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Counts vs. Acquisition time (min)
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Fig. 2 : (A) Petroleum crude oil without fungal treatment (control) and (B) Fungal treated petroleum crude oil.
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sydowii and Yarrowia had the ability to degrade hydrocarbon.
Similarly, Pseudomonas sp. and Bacillus sp. have been reported
to degrade hydrocarbons (Gopinathan et al., 2012; Iheanacho et
al., 2014; Mineki et al., 2015). Fungal species were reported to
have the ability to degrade hydrocarbons (Hasan et al., 2014; Wu
et al., 2010; Sanyaolu et al., 2012; Balachandran et al., 2012).
Out of eight isolates, FGS-4 was selected for further
assessment of biodegradation potential on the basis of superior
growth and biomass accumulation during co-cultivation with
crude oil. The sequences of partial 18S rDNA gene fragments
amplified from these strains were compared with the sequence
data in the GenBank by an online alignment search. The results
indicated that the partial 18 S rDNA sequence of isolate FGS-4
was 99% identical with Aspergillus tubigensis and received NCBI
Accession no. KX958024.1. The phylogenetic tree based on the
comparison of sequences showed overall relatedness of
identified isolates with other fungal genotypes (Fig. 1). Molecular
analysis of fungal rDNA at the sequence level provides a powerful
technique for assessing fungal diversity at genus level; and PCR
primers play a crucial role in the molecular assessment of
environmental microbes. The specificity of primer pairs is vital in
this context to allow selective or enriching amplification of fungal
rDNA genes from environmental DNA (Lescot et al., 2008).

The results of GC-MS analysis, showed that the
untreated petroleum crude oil (control) did not undergo
degradation contained about 38 compounds where as petroleum
crude oil after degradation with fungi for nearly 45-50 days
contained only 20 compounds. Among 38 compounds in the
control, only few were non-toxic and the rest were toxic
compounds such as naphthalene, indene 2- phenyl and benzene
components etc. However, toxic compounds samples treated
with fungi were converted into non-toxic and useful compounds
such as oxime, methoxy- phenyl, methanol, hexestrol,
benzothiazole, benzothiazole etc. One of the compounds formed
by degradation was hexestrol which is used as anti-tumor agent in
medical science. Through GC-MS it was clear that the fungi can
convert toxic compounds into ketone and alcoholic groups. A
similar study was reported by Pham et al. (2014) in which oil
degrading ability by isolated bacterial was confirmed.

In conclusion, the present study revealed that Aspergillus
species are effective bio degraders of hydrocarbons. Also, the
activity of laccase enzyme in the degradation of hydrocarbon was
confirmed.

li
ne

During fungal degradation of crude oil, the FGS-4fungal
strain grew within 15–25 days to form colonies of variable size
and appearance. The FGS-4 isolate showed greater
accumulation of biomass as compared to their corresponding
control. Aspergillus tubingensis (FGS-4) gained maximum weight
of 40% followed by FGS-2 (33%) and FGS-7(26%) as shown in
Table 1. Thus, Aspergillus tubingensis was found with larger
diameter on the medium with 18% crude oil.

analyze biodegradation of crude oil by filamentous fungi and
found that Aspergillus strongly degraded crude oil showed Fig. 2
A, B.
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The collected fungi isolates when examined for laccase
enzyme production using ABTS plate screen, the fungal isolates
turned blue color of bromophenol colorless (Bidoia et al.,
2010).The fungi are thus conformed for the laccase enzyme
production. The result for the assay confirmed (Kumar et al.,
2016). That ABTS is a substrate only for laccase.
The gas chromatogram of crude oil substrate was
retrieved from the inoculated medium at 0 and 30 days. It was
found that the fungal strains were efficient oil degraders. They
completely degraded the main hydrocarbons in crude oil leading
to production of short chain compounds. Treated crude oil
substrate showed a decrease in the area of major peaks
indicating breakdown of main compounds, while new peaks
appearing in these samples represented breakdown products or
presumed metabolites. This phenomenon demonstrated the
ability of the tested fungi to biodegrade multiple hydrocarbon
compounds, which was not recorded in the control samples. This
can be attributed to utilization of high mass fractions in crude oil by
the fungi for metabolic processes. Also GC-data was used to
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