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Abstract
Biodegradation of polycyclic aromatic hydrocarbons (PAHs) using Pleurotus ostreatus was investigated in the current study
along with the expression levels of laccase genes involved in biodegradation under variable conditions. Biodegradation of PAHs
(naphthalene, anthracene, and 1,10-phenanthroline) was detected spectrophotometrically. Recorded data revealed that biodegra-
dation of the tested PAHswas time dependent. Elevated level of naphthalene biodegradation (86.47%)was observed compared to
anthracene (27.87%) and 1,10-phenanthroline (24.51%) within 3 days post incubation. Naphthalene was completely degraded
within 5 days. Further incubation enhanced the biodegradation of both anthracene and 1,10-phenanthroline until reaches 93.69%
and 92.00% biodegradation of the initial concentration within an incubation period of 11 and 14 days, respectively. Naphthalene
was selected as a PAH model. HPLC and thin layer chromatography of naphthalene biodegradation products at time intervals
proposed that naphthalene was first degraded to α- and β-naphthol which was further metabolized to salicylic and benzoic acid.
The metabolic pathway of naphthalene degradation by this fungus was elucidated based on the detected metabolites. The
expression profile of six laccase isomers was evaluated using real-time PCR. The transcriptome of the fungal laccase isomers
recorded higher levels of transcription under optimized fermentation conditions especially in presence of both naphthalene and
Tween 80. The accumulation of such useful metabolites from the biodegradation of PAH pollutants recommended white rot
fungus as a potential candidate for production of platform chemicals from PAH wastes.
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Introduction

Polycyclic aromatic hydrocarbons (PAHs) are a group of
chemical compounds of low hydrophobicity and low water

solubility consisting of carbon and hydrogen, arranged in the
form of two or more aromatic rings (Jacques et al. 2008).
PAHs are considered ubiquitous environmental contaminants
that are primarily generated during the incomplete combustion
of organic materials in automobile exhaust (Abdel-Shafy and
Mansour 2016), petrochemical industry, or accidentally
spilled during the transportation of petroleum (Sartoros et al.
2005). PAHs are of critical public health concern due to their
carcinogenic, mutagenic, and teratogenic properties as well as
their persistent toxicity and bioaccumulation properties
(Ukiwe et al. 2013).

Microbial degradation of PAHs is still the major potential
degradation pathway, although PAHs may undergo adsorp-
tion, volatilization, photolysis, and chemical degradation
(Ghosal et al. 2016). Biodegradation is one of the most essen-
tial methods of bioremediation that rely on achieving benefit
from the biodegradation efficiency of microorganisms in de-
toxifying environmental pollutants and to treat soils, water, or
sediments contaminated with PAHs (Ukiwe et al. 2013).
Moreover, biodegradation techniques to date are the most
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economic and eco-friendly strategies for removal of organic
and inorganic contaminant due to the wide range of microbial-
mediated catabolic reactions which are clearly associated with
their enzymes (Bisht et al. 2015). It was also reported that
many isolated bacterial and fungal species were capable of
effectively biodegrading petroleum hydrocarbons and even
polynuclear aromatic hydrocarbons (Fathepure 2015).

The biodegradation process of PAHs involves many factors
among which are the existence of microbial strains capable of
degrading the pollutant as well as the bioavailability of the con-
taminant tomicrobial attack. Other environmental factors such as
the type of soil, temperature, pH, oxygen level, the presence of
surfactants, and the nutrient content of soil are also contributing
in biodegradation performance (Gratia et al. 2009). It was also
reported that fungal laccases are useful biocatalysts in a wide
range of biotechnological application, including detoxification
of environmental pollutants and waste water treatment
(Piscitelli et al. 2010). Laccase synthesis and secretion are strictly
influenced by nutrient levels, culture conditions, developmental
stage, as well as by the addition of a wide range of inducers to the
culture media. Most of these factors have been shown to act at
transcriptional level, producing different responses among differ-
ent enzyme isoforms in the same strain and between different
fungal species (Piscitelli et al. 2011).

Accordingly, current study aimed to investigate the appli-
cation of white rot fungus in biodegradation of PAHs and to
evaluate the expression level of laccase genes involved in
biodegradation under variable conditions. Elucidation of the
metabolic pathway for naphthalene biodegradation by
Pleurotus ostreatus was also discussed.

Materials and methods

Microorganism and culture

Pleurotus ostreatus (P. ostreatus) was kindly supplied from the
Pharmaceutical Microbiology Laboratory of the National Center
for Radiation Research and Technology (NCRRT - Egypt) (El-
Batal et al. 2015). The strain was periodically sub-cultured on
potato dextrose agar (PDA) and preserved at 4 °C.

Biodegradation of PAHs

Each of the tested PAHs (naphthalene, anthracene, and 1,10-
phenanthroline) (Sigma-Aldrich, USA) was added to two conical
flasks containing 400ml of sterile salt solution (SS) (NH4Cl 0.1 g/
L, MgSO4 H2O 0.2 g/L, KH2PO4 0.2 g/L, K2HPO4 0.38 g/L,
FeCl3 0.05 g/L, and pHwas adjusted to 6.8) at final concentration
of 50 μg/ml. Fresh fungal isolate precultured in potato dextrose
broth (PDB) (5% v/v) was inoculated into one flask containing
each of the tested PAH and SS. Another control flask was inocu-
latedwith an equal volume of PDB but free from the fungal isolate

to assess for physical degradation of the tested PAHs by the effect
of shaking. Flasks were incubated in dark at 28 °C on a rotatory
shaker (RAJ Scientific Industries, India) at 150 rpm (Meckenstock
et al. 2000). Samples were analyzed at 24-h intervals to determine
the residual PAHs’ concentration. Residual PAHs were extracted
bymixing culturemediawith an equal volume of n-hexane (Tedia,
USA) using a shaker at 28 °C for 30min to increase the extraction
efficiency (Yuan et al. 2000).

After separation of two phases, 1 ml of organic phase was
measured spectrophotometrically at λmax 275 nm, 356 nm,
and 264 nm for naphthalene, anthracene, and 1,10-
phenanthroline, respectively. Calibration curve was performed
by plotting different concentrations of each PAH against its
corresponding optical density to assess the concentration of
the tested PAH in presence and in absence of fungi
(Meckenstock et al. 2000).

Detection and characterization of naphthalene
metabolites

High pressure liquid chromatography

P. ostreatus was incubated with naphthalene as a sole carbon
and energy source. Detected metabolites were characterized
using high pressure liquid chromatography (HPLC), where
1 ml of acetonitrile was added to the residue obtained post
an overnight evaporation of 1 ml of n-hexane extract.
Remaining naphthalene concentration was determined by the
aid of HPLC (Shimadzu, Japan) using Alltech C18 (reverse
phase column), acetonitrile/water (70/30) as a mobile phase at
a flow rate of 1 ml/min using UV-Vis detector at 221 nm.
Peaks as well as retention times of naphthalene metabolites
were compared to that of standards. The concentrations of
naphthalene and its metabolites were determined by calculat-
ing the area under the curve (Silva et al. 2009).

Thin layer chromatography

Salt solution sample was acidified to reach a pH value of 2
using 1 N HC1. Aromatic metabolites were extracted four
times using 10 ml ethyl acetate (Sigma-Aldrich, USA). The
organic layer was pooled, allowed to evaporate at 50 °C, then
the residue was dissolved in 1 ml methanol (Sigma-Aldrich,
USA). Methanolic extract as well as standards were spotted on
thin layer chromatographic plates and allowed to develop in
chloroform-methanol (9:1). Plates were visualized using UV
lamp (254 nm) and the Rf values (distance traveled by sample/
distance traveled by solvent) were determined. All thin layer
chromatography (TLC) plates were sprayed with 5% ferric
chloride solution (Mumbai, India) for visualization of α-
naphthol and salicylic acid spots (Bestetti et al. 1994).
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Expression of laccase genes using real-time PCR

The effects of different environmental factors, surfactants, and
variable concentrations of malt extract, glucose, CuSO4,
EDTA, and CdSO4 were evaluated in a previous study to
determine the best biodegradation conditions (Elhusseiny
et al. 2017). Expression of laccase genes was assessed under
different biodegradation conditions in order to determine the
relation between the conditions that influence naphthalene
biodegradation and the expression levels of different laccases.

Expression level of six laccase isomers was assessed ac-
cording to the method of Castanera et al. (2012). The fungal
isolate was inoculated into three flasks, one containing salt
solution and naphthalene only, the second contained salt solu-
tion and Tween 80, while the third one contained salt solution
in presence of both naphthalene and Tween 80. Additional
two flasks were also considered, where the fungal isolate
was inoculated into a flask containing salt solution, naphtha-
lene, and high concentration of inducers (malt extract, glu-
cose, and CuSO4) along with low concentration of inhibitors
(EDTA and CdSO4). The other flask contains salt solution,
naphthalene, and low concentration of inducers with high con-
centration of inhibitors. Negative control flask was prepared
by inoculating the fungal isolate in salt solution alone.
Another flask containing PDB was inoculated with the same
volume of the fungal isolate. All flasks were incubated at
28 °C on a rotary shaker at 150 rpm for 5 days.

Post incubation period, RNAwas extracted from all flasks
using High Pure miRNA Isolation Kit (Roche Diagnostics,
Germany) according to the manufacturer’s instructions.
Extracted RNA (4 μl) was mixed with SYBR Green PCR
Master Mix (2 μl), enzyme (0.2 μl), and forward (1 μl) and
reverse primers (1 μl) in presence of resolution buffer (1 μl)
and MgCl2 (0.8 μl). Expression levels of six laccase isomers
and β-actin (internal control) were assessed for each biodeg-
radation condition using the primer sequences that were de-
scribed in the Supplementary Table (1) (Pezzella et al. 2013).

Statistical analysis

For all experiments, results were presented as the mean ±
standard error of three independent experiments. Statistical
significance was determined using unpaired t test and one
way ANOVA. Differences at P values less than 0.05 were
considered significant.

Results

Biodegradation of PAHs

Biodegradation results revealed that P. ostreatus could poten-
tially degrade naphthalene, anthracene, and 1,10-

phenanthroline, where the decrease in the UVabsorption pat-
tern of naphthalene, anthracene, and 1,10-phenanthroline in-
dicates a marked decrease in their concentrations relative to
time (Supplementary Data 1). The fungal isolate resulted in
86.47% biodegradation of the initial concentration of naph-
thalene compared to 20.27% degradation in control uninocu-
lated media within an incubation period of 3 days. In the
meantime, anthracene and 1,10-phenanthroline showed lower
extent of fungal biodegradation during the same incubation
period and recorded 27.87% and 24.51% biodegradation of
the initial concentration compared to 2.52% and 1.55% deg-
radation in control uninoculated media, respectively
(P < 0.01). Further biodegradation occurred for both anthra-
cene and 1,10-phenanthroline until reaches 93.69% and
92.00% biodegradation of the initial concentration compared
to 14.66% and 13.51% degradation in control uninoculated
media within an incubation period of 11 and 14 days, respec-
tively (Fig. 1).

Characterization and detection of naphthalene
metabolites

High pressure liquid chromatography

HPLC analysis of acetonitrile extract of the culture at different
time intervals detected the presence of naphthalene eluted at
5.1 min as well as four metabolites eluted at 2.56 min,
2.72 min, 2.1 min, and 1.86 min confirmed by standard α,
β-naphthol, salicylic and benzoic acid and showed the same
retention time, respectively (Fig. 2).

Time course of naphthalene biodegradation showed a drop
in the initial naphthalene concentration from 50 to 40 μg/ml
due to experimental conditions such as autoclaving and ex-
traction conditions that affects the initial concentration. The
first day revealed an obvious decrease in naphthalene

Fig. 1 Biodegradation of PAHs by P. ostreatus in SS media (
test naphthalene, control naphthalene, test
anthracene , cont ro l anthracene , tes t 1 ,10-
phenanthroline, and control 1,10-phenanthroline)
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concentration by 0.5-fold and the appearance of nearly equal
concentrations of both α, β-naphthol recording 5.41 and
5.39 μg/ml, respectively. The second day showed a further
decrease in naphthalene concentration by a value of 50%

compared to the first day, with a simultaneous increase in
the concentrations of α- and β-naphthol (13.66 and
12.41 μg/ml, respectively) as well as the detection of salicylic
acid (4.6 μg/ml). In the third day, the recorded concentrations
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Fig. 2 HPLC elution profile of samples eluted at 24 h interval of a
naphthalene; b naphthalene, α-naphthol, and β-naphthol; c naphthalene,
α-naphthol,β-naphthol, and salicylic acid; d naphthalene,α-naphthol,β-
naphthol, and salicylic acid; e Salicylic acid and benzoic acid; and f

salicylic acid and benzoic acid as metabolites resulting from biodegrada-
tion of naphthalene by P. ostreatus. Metabolite 1 (α-Naphthol),
Metabolite 2 (β-Naphthol), Metabolite 3 (salicylic acid), and Metabolite
4 (benzoic acid)
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of naphthalene, α-naphthol, and β-naphthol decreased, while
the concentration of salicylic acid was elevated by more than
1-fold. Naphthalene, α-naphthol, and β-naphthol disappeared
in the fourth day, with an increase in the concentration of
salicylic acid in addition to the appearance of benzoic acid.
The fifth day recorded a decrease in salicylic acid concentra-
tion by 1.6-fold and an increase in benzoic acid concentration
by about 2.9-fold (Fig. 3).

Thin layer chromatography

Detection of naphthalene metabolites using thin layer chroma-
tography revealed the presence of two spots ofα-naphthol and
β-naphthol with Rf values of 0.77 and 0.76, respectively.
Salicylic acid and benzoic acid were detected as another two
spots with Rf values of 0.13 and 0.34, respectively. Post
spraying with ferric chloride solution, α-naphthol, and
salicylic acid spots appeared as blue and violet spots, respec-
tively (Fig. 4).

Recorded results indicated that P. ostreatus-induced bio-
degradation of naphthalene is accompanied by the formation
of four metabolites (α-naphthol, β-naphthol, salicylic acid,
and benzoic acid) as indicated by HPLC and TLC
(Supplementary Table 2).

Expression of laccase genes using real-time PCR

Data revealed that salt solution medium supplemented with
Tween 80 could induce the expression of the six laccase iso-
mers (laccase 1, 2, 3, 4, 10, and12) in the order of 2.5-, 1.3-,
2.9-, 3.4-, 4.4-, and 3.5-fold. Also, supplementation of the salt
solution medium with naphthalene only showed greater in-
crease in the expression of laccase genes compared to that in
presence of Tween 80 only, where it recorded an increase by
4.9-, 2.0-, 5.6-, 5.8-, 7.7-, and 6.0-fold. On the other hand, the

Discussion

Polycyclic aromatic hydrocarbons are environmental pollut-
ants that became a remarkable universal issue due to their
potential bioaccumulation ability and their resistance to envi-
ronmental degradation (Hadibarata et al. 2013). Fungal bio-
degradation is one of the approaches that was studied in the
recent years, where various fungal species were reported to
metabolize different PAHs (Ghosal et al. 2016). Fungal bio-
degradation is hindered by many obstacles such as PAH mol-
ecule stability and hydrophobicity, pH, temperature, and the
presence of sufficient nutrients (Antízar-Ladislao et al. 2006).

This study aimed to investigate the application of white rot
fungus P. ostreatus in biodegradation of naphthalene as a
model for PAHs, to elucidate the pathway for degradation‚
and to evaluate the expression level of laccases participating
in the degradation process under different fermentation
conditions.

P. ostreatus potentially degraded naphthalene, anthracene,
and 1,10-phenanthroline (Fig. 1). A higher level of naphtha-
lene degradation was observed compared to anthracene and
1,10-phenanthroline where they showed lower extent of fun-
gal biodegradation. That was in agreement with other studies
which reported that highmolecular weight PAHswere degrad-
ed after the low molecular weight PAHs due to the lower
solubility of high molecular weight PAHs (Haritash and
Kaushik 2009), which in turn reduces their bioavailability
(Ghosal et al. 2016). It was also reported that phenanthrene
is not generally degradable by lignin-modifying enzymes,
such as those of white rot fungi, because of its high ionization
potential (Gasecka et al. 2012). Similar observations were also
demonstrated by Pozdnyakova et al. (2006) and Bhattacharya
et al. (2014).

Fig. 3 Time course for naphthalene biodegradation by P. ostreatus (
naphthalene, α-naphthol, β-naphthol,

salicylic acid, and benzoic acid)
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combination between Tween 80 and naphthalene resulted in
maximum increase in the expression of laccase genes by
37.4-, 10.1-, 30-, 56.7-, 70.6-, and 67.8-fold in case of laccase
1, 2, 3, 4, 10, and 12, respectively (P ˂ 0.05) (Fig. 5).

Higher concentration of inducers (malt extract, glucose,
and CuSO4) and lower concentration of inhibitors (EDTA
and CdSO4) stimulated the expression of the tested laccase
genes by 13.6-, 6-, 18.2-, 20.6-, 26.3-, and 29.9-fold. While,
lower induction in the expression of laccase genes was record-
ed in presence of low concentration of inducers and high con-
centration of inhibitors by 1.6-, 1.2-, 1.9-, 1.9-, 1.6-, and 1.6-
fold in case of laccase 1, 2, 3, 4, 10, and12, respectively.
Moreover, the presence of potato dextrose broth resulted in a
marked elevation in the expression level of laccase 2 by 17-
fold compared to a minor increase in the expression level of
laccase 4 and 12 by a value of 2.1- and 1.8-fold, respectively.
However, the expression of other laccase wasn’t significantly
influenced in presence of PDB (Fig. 5).



The elevated extent of fungal biodegradation of naphtha-
lene could be explained by the fact that fungal mycelium had a
high surface area, which could maximize both mechanical and
enzymatic contact with naphthalene and invade a larger area
of media (Furuno et al. 2010). In addition, the extracellular
nature of the fungal degradative enzymes enables the fungi to
attack high concentrations of toxic chemicals, although these
compounds cannot pass through the fungal cell membrane
(Bisht et al. 2015).

The decrease in naphthalene concentration along with the
detection of newly formed metabolites (Fig. 3) ensures the
occurrence of fungal biodegradation of naphthalene rather
than its physical degradation. Fungal biodegradation may
have occurred by the effect of ligninolytic enzymes, where it
was reported that ligninolytic enzyme system played a key
role in PAH degradation by white rot- and litter-
decomposing fungi (Pozdnyakova 2012). Participation of

additional enzymes such as laccase, manganese peroxidase,
lignin peroxidase, and 1,2-dioxygenase was also demonstrat-
ed in the degradation of PAHs (Hwang et al. 2008).
Degradation of naphthalene by the aid of P. ostreatus is a
complicated enzymatic process, which is accompanied by
consumption and production of intermediate products
(Hadibarata et al. 2012). It is also worth to point out that
identifying the resulting biodegradation metabolites could po-
tentially aid in elucidating the metabolic pathway of this bio-
degradation process (Balachandran et al. 2012). Thus, detect-
ing naphthalene metabolites in the current study in addition to
determination of the time course of naphthalene biodegrada-
tion was carried out to aid in proposing a metabolic pathway
for fungal biodegradation of naphthalene using P. ostreatus.

Pozdnyakova et al. (2006) reported the inability of
P. ostreatus degradation towards naphthalene although the
fungus was effective in degrading the soluble derivatives such

a b c d e

Fig. 4 a Thin layer chromatogram showing standard α- and β-naphthol
and naphthalene metabolites (α- and β-naphthol) with Rf values of 0.77
and 0.76. b Ferric chloride solution was used as a spraying reagent for
visualization α-naphthol spot (blue color). c Standard salicylic acid and

naphthalene metabolite (salicylic acid) with Rf value of 0.13. d
Visualization of salicylic acid spot (violet color) post ferric chloride
spraying. e Appearance of benzoic acid standard and benzoic acid as a
naphthalene metabolite with an Rf value of 0.34

Fig. 5 Expression levels of
laccase genes (Laccase 1, Laccase
2, Laccase 3, Laccase 4, Laccase
10, and Laccase 12) in different
conditions. Asterisk indicates
statistically significant difference
compared to control group at

Tukey-Kramer multiple compari-
sons test) (SS salt solution, N
naphthalene, T80 Tween 80, and
PDB potato dextrose broth) (
SS, SS + T80, SS + N,
SS + N + T80, PDB, SS +
N+(inducers ↑, inhibitors ↓), and

SS +N+(inducers ↓, inhibitors
↑)
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as α- and β-naphthols and α-naphthylamine. Another study
showed the presence of naphthalene metabolites such as 1,4-
naphthoquinone, 2-hydroxybenzaldehyde, salicylic acid, and
benzoic acid after incubation with white rot fungus Armillaria
sp. F022 (Hadibarata et al. 2012). The detection of 1,4-
naphthoquinone, benzoic acid, and catechol derivatives was
also reported using white rot fungus Pleurotus eryngii
(Hadibarata et al. 2013). Our results presented an evidence
for the first time for the proposed metabolic pathway of naph-
thalene degradation by white rot fungus P. ostreatus. As
shown in Fig. 6, the formed α- and β-naphthols were subse-
quently metabolized to salicylaldehyde which was further ox-
idized to salicylic acid. Finally, salicylic acid was
dehydroxylated into benzoic acid.

Fungi generally produce several laccase isoenzymes
encoded by complex multi-gene families (Giardina et al.
2010). Laccase isoenzymes are characterized by slightly dif-
ferent catalytic properties and regulatory mechanisms
(Piscitelli et al. 2011). An obvious relationship was also re-
ported between the inducers of biodegradation process and the
release of laccase enzymes (Yao and Ji 2014). Thus, the pres-
ent study investigated the expression profiles of six laccase
genes in different conditions relative to the expression of a
reference gene. Results revealed that Tween 80 alone could
act as an inducer for the expression of laccase enzymes even in
absence of naphthalene. In the same context, naphthalene
alone could induce the expression of laccase enzymes.
Combination of both Tween 80 and naphthalene resulted in
maximum increase in the expression of laccase enzymes.
Similar results were demonstrated in other studies, where the
addition of Tween 80 positively impacted the marine-derived
fungal activity of laccase enzyme to around 1300 U L−1

(D’Souza-Ticlo et al. 2009). Another study demonstrated that
Tween 80 stimulated higher laccase production (3952 U g−1 of
dry substrate) when it was added to the medium (Patel et al.
2009). It was also reported that the addition of Tween 80
resulted in higher yields of ligninolytic enzymes in fungi as

there is evidence that this surfactant resulted in higher perme-
ability of oxygen and extracellular enzyme transport through
the cell membranes of fungi and also increased the bioavail-
ability of the PAHs which consequently facilitate its consump-
tion by P. ostreatus (El-Batal et al. 2015).

In the present study, higher concentrations of inducers such
as malt extract (nitrogen source), glucose (carbon source), and
CuSO4, and lower concentrations of inhibitors (EDTA and
CdSO4) resulted in elevation in the expression level of
laccases. On the other hand, lower induction in laccase expres-
sion was recorded in presence of low concentration of malt
extract, glucose, and CuSO4 as well as high concentration of
EDTA and CdSO4 (Fig. 5). In the same context, laccase ac-
tivity was elevated by 6-fold due to the synergistic effect be-
tween copper and lignin especially when malt extract medium
was supplemented with carbon and nitrogen sources (Tinoco
et al. 2011). Another study reported that the addition of yeast
extract, copper sulfate, and ferulic acid resulted in the highest
enzymatic activity (Karp et al. 2012). Moreover, glucose, am-
monium nitrate, and CuSO4 demonstrated stimulatory effect
on laccase production (Pratheebaa et al. 2013). It is important
to point out that fungal laccases are multi-copper oxidoreduc-
tase enzymes that catalyze the oxidation of a great variety of
phenolic compounds and aromatic amines through simulta-
neous reduction of molecular oxygen to water (Giardina
et al. 2010). Thus, the recorded elevated biodegradation and
the increased laccase expression in presence of CuSO4 could
be correlated to the activation and stabilization of
P. ostreatus-produced laccase in case of copper availability
(Bhattacharya et al. 2014). Regarding inhibitors, it was report-
ed Cd and Pb induced an inhibitory effect on the fungal
laccases (García-Delgado et al. 2013). In addition, chelating
agents such as EDTAwere found to exert an inhibitory poten-
tial on the enzyme activity and Benzo [a] pyrene degradation
by P. ostreatus (Bhattacharya et al. 2014). Current observa-
tions also revealed that the presence of PDB resulted in
marked elevation in the expression level of laccase 2 by 17-

Fig. 6 Elucidation of the
proposed metabolic pathway for
fungal biodegradation of
naphthalene by P. ostreatus.
Naphthalene dioxygenase and
ligninolytic enzymes, attack on
the aromatic ring to form α- and
β-naphthol (Metabolites 1 and 2).
1,2-Dihydroxynaphthalene is me-
tabolized to salicylaldehyde
which is oxidized to salicylic acid
(Metabolite 3). Salicylic acid is
further dehydroxylated into
benzoic acid (Metabolite 4)
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fold compared to a minor increase or non-significant effect on
the expression level of other tested laccases (Fig. 5). The ele-
vated expression level of laccase 2 in PDB could be justified
by the reported induction of laccase 2 transcription in presence
of high concentration of carbon (Pezzella et al. 2013) which is
available in presence of PDB.

Current study also recorded the highest expression level in
case of laccase 10 and 12 in different conditions. While an-
other study reported that, among the produced laccases,
laccase 2 and laccase 10 genes are the main sources of laccase
activity in the induced P. ostreatus submerged fermentation
containing different nutrients and high amount of glucose as a
carbon source. The difference between this study and current
findings may be justified by that the enzymatic activities of
different laccases and the laccase gene family transcription
profiles greatly differ among different culture conditions and
closely related strains (Castanera et al. 2012). These findings
could also greatly highlight the significance of investigating
the expression profile of laccase enzymes in different fermen-
tation conditions and their related influence on naphthalene
biodegradation potential.

Conclusion

Results presented herein provided enough evidence for the
biodegradative pathway of naphthalene by white rot fungus
P. ostreatus, as a model for PAHs. Moreover, it sheds light on
how the process stimulation or inhibition might proceed via
modulating the expression of laccase isozymes.
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