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ABSTRACT: Polycyclic aromatic hydrocarbon is the most prevalent environmental pollutant. In this
study, pyrene degrading fungi, Aspergillus lacticoffeatus, was isolated from crude oil-contaminated soil
from Oil and Natural Gas Corporation (ONGC) Karaikal. A. lacticoffeatus is optimized for pyrene
degradation in the medium amended with different nitrogen and carbon sources. Among the carbon
sources, it was found that pyrene degradation was significant with sucrose compared to glucose, fructose,
maltose, and starch. The ammonium chloride nitrogen source provided better degradation than
ammonium sulfate, ammonium nitrate, calcium nitrate, and sodium nitrate. Maximum pyrene removal
was obtained in the combination of sucrose and ammonium chloride (84.91%), and physical parameters
like pH (6.00) and temperature (35°C) provided a better degradation in a period of 30 days. Overall, the
study identified glucose and sucrose as suitable carbon sources and ammonium chloride as a suitable
nitrogen source for pyrene degradation.

Keywords: Pyrene degradation, Polycyclic aromatic hydrocarbon, Carbon sources, Nitrogen sources, Aspergillus

lacticoffeatus.

INTRODUCTION

The soil, a source of infinitive life, is an essential
determinant  of  agricultural  productivity and
sustainability. Since soil is a sink for pollutants, soil
pollution is a hot issue in research circles worldwide.
Crude oil, a naturally occurring petroleum product,
comprises polycyclic aromatic hydrocarbons (PAHS)
and is considered a global environmental
problem(Imam et al., 2019; Tomas et al., 2019). Crude
oil contamination changes the composition of soil flora
and fauna and the soil structure (Andriani and
Tachibana 2016; Argumedo-Delira et al., 2012; Zafra et
al., 2014). Alterations in soil's biological and
physicochemical properties can be attributed to PAHs’
tenacious and hydrophobic nature. These changes
include variations in the microbial population, soil
enzyme activities, water-holding capacity, and soil
organic matter (Ghosal et al., 2016; Huang et al., 2019).
They can attach to DNA and transform normal cells
into malignant ones (Ghosal et al., 2016; Mallick et al.,
2011). Also, they interfere with enzymes of hormone
metabolism in thyroid glands, causing toxicity to the
reproductive and immune systems (Oostingh et al.,
2015; Kaur et al., 2021). PAHs affect human beings via
the cytochrome P450-mediated mixed-function oxidase
system. Because it is fat soluble, PAHs are easily
absorbed in the digestive tract of mammals (Qiu et al.,
2015).
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Pyrene has been listed as a priority pollutant by USEPA
among the 16 PAHs (Ghosal et al., 2016; Oostingh et
al., 2015). Pyrene, composed of four fused aromatic
rings, is the most abundant compound in polluted PAHs
environments. Many microorganisms, like bacteria,
yeast, fungi, and algae, could metabolize PAHs and
were isolated from petroleum-contaminated sites
(Essabri et al., 2019; Mallick et al., 2011). The PAHs
have a bay region and a K region where microbial
attacks occur. Recentre search has indicated that
indigenous Ascomycetes dominate polluted
environments, and its occurrence controls the
accumulation of toxic compounds in soil. The high
diversity of this fungal species has demonstrated an
influential role in removing a broad range of
xenobiotics due to their oxidation capacity (Latimer and
Zheng 2003). In addition, Ascomycetes use intracellular
enzymes (the cytochrome P450 pathway) to degrade
xenobiotics, unlike the white rot fungus, which uses
extracellular enzymes (Agrawal and Shahi 2017
Bezalel et al., 1996).

The carbon sources used for microbial respiration or
fermentation is also critical for the growth of organisms
(Adnan et al., 2017; Souza et al., 2017). Carbon and
nitrogen sources are essential for their role in amino
acid, protein, nucleic acids, enzymes, ADP, and ATP
synthesis in fungi (Diano et al., 2006; Nehls et al.,
2001). Moreover, studies have yet to be done on the
carbohydrate nutrition of Ascomycetes species.
Aspergillus lacticoffeatus, an Ascomycetes species, was
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investigated for pyrene degradation using different
carbon (glucose, fructose, sucrose, maltose, and starch)
and nitrogen sources (ammonium chloride, ammonium
sulfate, calcium nitrate, ammonium nitrate, and sodium
nitrate) based on previous studies. A carbon source is
required to help metabolize PAHs, while a
macronutrient such as nitrogen is needed for producing
biomass (Dutta and Das 2017). Aspergillus
lacticoffeatus is a novel fungal species with excellent
pyrene degradation potential. In the present study , we
assess the role of different combinations of carbon and
nitrogen sources on the growth of Aspergillus
lacticoffeatus and enha nce its ability to degrade
pyrene.

MATERIALS AND METHODS

Sample collection. The crude oil-contaminated soil
samples were collected at seven different places from
Oil and National Gas Corporation (ONGC) Karaikal,
Tamil Nadu, India(10.8251918,79.7903966) in-depth
5cm.  Samples were collected in sterile containers,
carefully kept in an ice box, transferred, and maintained
at 4°C in the laboratory.

Isolation of pyrene-degrading fungi. According to
Accensi et al. (1999), pyrene-degrading fungi were
isolated. About 1g of air-dried, sieved (2 mM) soil
sample was mixed with 10 ml of double distilled water
and agitated for three hours at 120rpm. The soil
mixture was then serially diluted and poured on PDA
media enriched with different concentrations of pyrene
(10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70,
75mgL 1) and incubated at 27°C for 7 to 10 days.
Extraction of fungal genomic DNA. Fungal genomic
DNA was extracted according to Accensi et al. (1999).
After 5 days of incubation, the mycelium was separated
and washed thrice with double distilled water and air
dried. 1g of mycelium was crushed with 10mL of
fungal extraction buffer (Tris-HCI (pH- 8.0)- 50 mM,
EDTA -50mM, 3% SDS, and 1% B-mercaptoethanol
and keptfor 45 min in 60°C water bath. The genomic
DNA was obtained using phenol:chloroform: isoamyl
alcohol (25:24:1). The resulting pellet was air-dried
and dissolved in TE Buffer (pH8.0) and stored at 4°C
for further analysis.

PCR Amplification and phylogenetic analysis. The
18S rRNA was amplified and sequenced for molecular
identification according to the manufacturer’s
instructions.  Extracted DNA was amplified with
universal primers ITS1 3
TCCGTAGGTGAACCTGCGG5’) and ITS4 (3
TCCTCCGCTTATTGATATATATGC 5°).The PCR
reaction was carried out in an automated thermal cycler
(Bio-Rad T100TM) with the following cyclic
conditions: initial denaturation at 94°C for 5min
followed by 35 cycles of denaturation at 94°C for 1min,
annealing 55°C for 30sec, extension at 72°C for 1min
and final extension at 72°C for 10min. Amplified PCR
products were detected using agarose gel
electrophoresis, and images were captured under the
Gel documentation system (Bio-Rad Gel Doc™
XR+).The amplified nucleotide sequence was analyzed
in BLAST search to determine the closest related line.
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Sequence alignment was generated with CLUSTAL W
Program. Construction of a phylogenetic tree was done
using phylotree software.

Role of different carbon sources on Aspergillus
lacticoffeatus growth. Aspergillus lacticoffeatus was
grown with different carbon sources growth in plate and
flask culture methods. Aspergillus lacticoffeatus
maintained on PDA media slant at 4°C was recovered
by subculturing in PDA media at 27°C for 7 days.
Experiments were conducted in different conical flasks
containing different carbon sources in MSM. MSM was
prepared according to HAMAD et al. (2014). Carbon
sources were glucose, fructose, sucrose, maltose, and
starch (30gL1).A loop of fungal colonies was
inoculated into the conical flasks and kept in an orbital
shaker at 27°C (120rpm) for 30days.The fungal
biomasses in the conical flasks were carefully filtered
using Whatman No.1 filter paper. The wet weight of the
fungal biomass was measured. Also, experiments were
carried out in the plates which contained different
carbon sources (30gL?) in MSM. A loop of
Aspergillus lacticoffeatus was kept in these plates and
incubated at 27°C for 7 days. The hyphal growth
diameter (mm) was noted every 24h.

Combined effect of glucose and sucrose on different
nitrogen sources in pyrene degradation. The
experiments were conducted using glucose and sucrose
(since these two carbon sources showed good growth of

Aspergillus  lacticoffeatus).  Different  nitrogen
sources(3gL™), namely - ammonium sulfate,
ammonium chloride, ammonium nitrate, calcium

nitrate, and sodium nitrate, were added in a separate
conical flask containing MSM. Also, glucose and
sucrose were amended individually to these flasks to
determine the combined effects of carbon and nitrogen
sources. A loop of Aspergillus lacticoffeatus was added
to the flasks and kept in the shaker(120rpm) at 27°Cfor
30days. After incubation, the contents of the conical
flasks were filtered using Whatmann No. 1 filter paper.
The residual pyrene was extracted by adding an equal
volume of hexane and vortexed for 2min. The aqueous
phase was separated by centrifuging for 10mins, and
the pyrene concentration was measured
spectrophotometrically (Shimadzu UV-1700) at 254
nm.Pyrene quantification was done according to Das
and Mukherjee (2007). The wet weight of the fungal
biomass was also measured. The experiments were
carried out in duplicates.

RESULTS AND DISCUSSION

Isolation and identification of pyrene-degrading
fungi. The isolated strain effectively grew on PDA
media by utilizing pyrene (60mgL?), and it was
identified as Aspergillus species using lactophenol
cotton blue staining.  Further, using 18S rRNA
nucleotide sequencing, the organism was identified as
Aspergillus lacticoffeatus, and it was submitted to Gen
Bank in the accession number KTSMBNL-84 (Fig. 1).
Pyrene  tolerance capacity of  Aspergillus
lacticoffeatus. The pyrene tolerance capacity for
Aspergillus lacticoffeatus was studied at different
concentrations (10 to 75mgL ™) at an incubation period
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of seven days. At 10mgL? of pyrene, the number of
fungal colonies was high, and the growth was observed
on the 5th day itself. With the increase in pyrene
concentration, the number of fungal colonies decreased.
Beyond 60mgL, fungal growth was not observed for
seven days of incubation.  This indicates that
Aspergillus lacticoffeatus could tolerate 60mgL™? of
pyrene (Fig. 2). Similar results, where a high
concentration of pyrene inhibited the growth of fungi
have been reported by (Souza et al., 2017; Zafra et al.,
2014). Pyrene tolerance capacity of Aspergillus
lacticoffeatus is influenced by many factors such as
solubility, adsorption, etc. (Argumedo-Delira et al.,
2012; Latimer and Zheng 2003).

Role of different carbon sources on Aspergillus
lacticoffeatus growth. Usually, fungi need suitable
carbon sources, nitrogen sources, pH, temperature, etc.
Among these, carbon sources are significant for the
development and metabolism of fungi. Right carbon
usually enhances the growth of fungi (Reddy and
Mohan, 2012). The role of carbon sources on
Aspergillus lacticoffeatus growth was done in a plate
and batch culture methods. To find a suitable carbon
source for the development of Aspergillus,
lacticoffeatus was grown on media augmented with
different carbon sources like glucose, fructose, sucrose,
maltose, and starch. The length and density of fungi
cultured with and without carbon source were recorded.
The plate experiments showed that the thickness of the
fungal mycelia was higher in the presence of sucrose,
followed by glucose. In the case of fructose, maltose,
and starch, the density was insignificant (Fig. 3).
Results showed that the growth diameter for
Aspergillus lacticoffeatus was 0.1mM for 24 h of
incubation for all the carbon sources tested. At 48 h, the
growth diameter was 0.3mM for glucose, 0.2mm for
fructose, maltose, and sucrose, and 0.1mM for starch.
The growth diameter increased with an increase in time
for all the carbon sources (Table. 1). It was noted that in
the plate augmented with glucose, there was a rapid
growth in the diameter of mycelium, but density was
less compared to the plate supplemented with sucrose in
3 to 4 days. Maximum density was seen at 168 h for
glucose and sucrose compared to fructose, maltose, and
starch. Carbon sources have been found to modify
fungal hyphal morphology, thickness, and rate of
metabolite release. Reports show that without a carbon
source, fungi could not grow due to nutritive stress
(Costa and Nahas 2012).

The wet weight of the fungal mycelia in the presence of
different carbon sources for observed after 30 days. The
damp weight was 11.8g, 11.4g, 12.5g, 11.3g, and 9.6g
in the presence of glucose, fructose, sucrose, maltose,
and starch, respectively. Withouta carbon source, i.e.,
only MSM, the wet weight was 2.5g. Sucrose showed
higher biomass growth than flasks containing other
carbon sources (Costa and Nahas 2012). Based on
these results, glucose and sucrose were used in further
experiments.

Influence of glucose on different nitrogen sources in
pyrene degradation. The removal of pyrene in the
presence of glucose increased for the nitrogen sources
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studied. In the absence of glucose, there was
insignificant removal of pyrene. The combination of
glucose with different nitrogen sources was 22.09%,
31.65%, 31.95%, 69.62%, and 79.68% for calcium
nitrate, ammonium sulfate, ammonium nitrate, sodium
nitrate, and ammonium chloride, respectively (Fig. 4a).
The results show that the combination of glucose and
ammonium chloride was adequate for the removal of
pyrene. Glucose has been identified as a suitable carbon
source for the degradation of 4-tert-butylphenol and
decane by CHY-2 strain (Govarthanan et al., 2017).
Ron and Rosenberg (2014) reported that glucose
amended to the medium increased the rate of n-
eicosane degradation (Ron and Rosenberg 2014).
Reports show that fungal PAH degradation occurs only
in the presence of an additional carbon source (Ravelet
et al, 2000; Sack et al., 1997). Studies using
Cunninghamellae legends illustrated that they could not
utilize PAHs as the sole carbon and energy source
(Cerniglia et al., 1989; Cerniglia, 1997). White rot
fungi, the deuteromycete Penicillium species, could co-
metabolize pyrene (Boonchan et al., 2000; Ravelet et
al., 2000).Similarly, the pyreneoxidation was increased
by P. janthinellum by optimizing the co-substrate
(glucose, nitrate) concentration and bioconversion time
(Saraswathy and Hallberg 2002). Eibes et al. (2005)
reported the role of extracellular enzymes, namely,
manganese peroxidase and lignin peroxidize, in PAH
biodegradation (Eibes et al., 2005). Reports also show
that A. fumigatus produced the above two enzymes,
effectively degrading anthracene (Lahkar and Deka
2017; Ye et al., 2011). Metabolites formed from the
anthracene are phthalic anhydride, anthrone, and
anthraquinone (Cajthaml et al., 2002), and (Wu et al.,
2009) identified similar metabolites with L.lacteus and
F.solani on anthracene. Studies show that
benzo[a]pyrene was effectively degraded in the medium
supplemented with glucose (Hadibarata and Kristanti
2012; Mao et al., 2016).

Influence of sucrose on different nitrogen sources in
pyrene degradation. The removal of pyrene for the
combination of sucrose and different nitrogen sources is
20.51%, 22.38%, 43.09%, 60.74%, and 84.91% for
ammonium sulfate, calcium nitrate, ammonium nitrate,
sodium nitrate, and ammonium chloride, respectively
(Fig. 4b). Results show that Aspergillus lacticoffeatus
effectively removed pyrene in the presence of sucrose
and ammonium chloride. Usually, PAH degradation
occurs through mineralization or co-metabolism
(Cerniglia, 1993). Studies indicate that microbes can
use and degrade LMW-PAHSs as sole carbon and energy
sources for growth. In the case of HMW-PAHS,
microbes cannot utilize them as LMW-PAHs (Nam et
al., 2001). Mostly fungal degradation of HMW-PAHSs
occurs with alternate carbons sources (Hwang et al.,
2007; Tekere et al., 2005) and very few HMW-PAHSs as
sole carbon and energy sources (Wu et al., 2009). Co-
substrates induce the secretion of catabolic enzymes,
which enhances the degradation of HMW-PAHSs
(Acevedo et al., 2011).

All these studies and present results show that fungi
evolved in the natural selection process can be
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effectively used to remediate pyrene-contaminated  species can be further investigated for developing
sites. Fungi are best chosen because of their wide range ~ wastewater treatment methods for pyrene degradation.
of PAHs hydroxylation. Thus, the isolated fungal

Table 1: Fungal growth diameter.

Glucose Fructose Sucrose Maltose Starch
1 Day 0.1mm 0.1mm 0.1mm 0.1mm 0.1mm
2 Day 0.3mm 0.2mm 0.2mm 0.2mm 0.1mm
3 Day 0.8mm 0.7mm 0.5mm 0.6mm 0.3mm
4 Day 1.5mm 1.2mm 0.9mm 1.2mm 1.2mm
5 Day 2.8mm 2.0mm 1.7mm 1.9mm 2.1mm
6 Day 3.8mm 3.2mm 3.0mm 3.0mm 3.4mm
7 Day 5.2mm 4.8mm 5.1mm 4.5mm 4.2mm
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Fig. 1 Phylogenetic relationship showing ascomycetes fungal communities isolated from crude oil contaminated
soil based on 18S rRNA sequence.
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Fig. 2. Tolerance of Aspergillus lacticoffeatus on pyrene.
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Fig. 3. Growth of Aspergillus lacticoffeatus in the presence of different carbon sources.
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CONCLUSIONS

This study dealt with isolating a novel strain of
Aspergillus lacticoffeatus isolated from a crude oil-
contaminated site for effective pyrene degradation.
Results showed significant variance in the growth and
pyrene removal pattern for Aspergillus lacticoffeatus
for different carbon and nitrogen sources. High
myecelial biomass and pyrene degradation in glucose
and sucrose-containing medium was seen in the
presence of ammonium chloride as a nitrogen source.
Among glucose and sucrose, sucrose was seen to be
more effective for removing pyrene with ammonium
chloride by Aspergillus lacticoffeatus. Hence this
fungal strain showed promising properties for the
effective degradation of pyrene.

FUTURE SCOPE

This study is designed to enhance the degradation of
pyrene. We can conclude that Aspergillus lacticoffeatus
effectively degraded pyrene, which can be used for
cleaning hydrocarbon contamination.
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