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Abstract

One of the major environmental problems, especially in oil-rich countries, is the increase in pollutants
caused by hydrocarbon compounds. Recently the use of white rot fungi for bioremediation of pollutants
has shown valuable results. In this study, the synergistic effect of two native white rot fungi on the
activity of the enzymes laccase and manganese peroxidase and on the degradation of 400 mg/I
anthracene over 28 days was evaluated. The anthracene degradation and enzymatic activity of the fungi
were evaluated by GC-FID gas chromatography and spectrophotometric assay, respectively. The results
of the mixed cultivation were compared with the individual cultivation of each of the two fungi. Based
on the results of gas chromatographic analysis with flame ionization detector (GC-FID), the
percentages of anthracene degradation by Trametes versicolor v21te and T. hirsuta and the mixed
culture of the two fungi were 60, 34 and 70%, respectively. In addition, laccase enzyme activity
increased by 23% and 16% in the mixed culture compared to the pure culture of T. versicolor v21te
and T. hirsuta , respectively. The results show that cultivating this group of fungi together resulted in
enzyme stimulation and has increased their bioremediation capacity. The results of this research can be
a potential step in the removal of pollutants in industries related to petroleum products. In addition,
the importance of ligninolytic enzymes in industries such as textile and paper
bleaching further highlights the importance of such studies.

Keywords: Anthracene, bioremediation, enzymatic stimulation, mixed fungal -culture,
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Contamination of water, air and soil by hydrocarbon pollutants is one of the major environmental
problems. Most of these chemicals are carcinogenic and mutagenic and are considered a serious threat
to ecosystems and humans. Therefore, their safe removal from environmental cycles is an important
global issue. Polycyclic aromatic hydrocarbons (PAHSs) are among the pollutants that have shown high
toxicity and emission capability. The physical and chemical techniques used to remove these pollutants
are relatively costly and time-consuming, and sometimes produce hazardous by-products . As a result,
bioremediation has become an increasingly attractive option for the remediation of contaminated sites
in recent years, and the use of fungi in biodegradation has been shown to be an effective technique.
Meanwhile, the ability of white rot fungi to biodegrade PAHs has produced surprising results. White
rot fungi are a group of basidiomycetes that have attracted particular attention for their unique ability
to degrade recalcitrant chemicals. This process is carried out by a non-specific enzyme complex that
includes laccase, manganese peroxidase (MnP) and lignin peroxidase (LiP). White rot fungi degrade
lignin and convert it to carbon dioxide and water.

Anthracene is a three-ring polycyclic aromatic hydrocarbon pollutant that contaminates water at
significant levels. Anthracene degradation has been studied in a number of basidiomycetes. Several
studies in recent years have shown that fungal interactions can affect their bioremediation ability and
the efficiency of their metabolic pathways. Such a feature has also been identified in white rot fungi.
Extracellular ligninolytic enzymes are secondary metabolites produced by white rot fungi and play the
main role in bioremediation. Since the role of this group of enzymes in the degradation of pollutants
has been demonstrated, t exploiting the symbiosis of white rot fungi may be a turning point in increasing
their potential for bioremediation. This emerging technique, often referred to as 'co-cultivation’, helps
to stimulate the biosynthesis of specific secondary metabolites by forcing microorganisms to compete
for resources, which can provide a competitive advantage. Researchers have shown that co-cultivation
can activate new biosynthetic pathways. As there is limited research in this area, the use of new
biological methods, including fungal consortia, and harnessing their enzymatic potential to remove
contaminants can be an effective step in bioremediation.

Materials & Methods

Two poroid basidiomycetes including Trametes versicolor v21te and T. hirsuta were studied. Both
isolates were deposited in the National Collection of living fungi of Iran with the international acronym
IRAN .The fungul were evaluated for anthracene biodegradability. For this purpose, 100 ml of Tien-
Kirk culture medium containing (g/l): glucose 10 g; KH2PO4, 2 g; MgS0O.-7H,0 0.5 g; CaCl; 0.1 g;
MnSO, 0.03 g; NaCl 0.06 g; FeSO4-7H,0 6 mg; CoCl, 6 mg; ZnSO4-7H,0 6 mg; CuSOs 6 mg;
AIK(S04)2-12H,0 0.6 mg; HsBO3 0.6 mg; NaM004-2H,0 0.6 mg; diammonium tartarate (C2sH12N2Os)
0.2 g; and Tween 80 0.5 g were used. The pH of the culture medium was adjusted to 4.5. After
sterilization of the medium, 400 mg/I of anthracene dissolved in acetone was added.

The enzyme activities of laccase and manganese peroxidase (MnP) were measured by
spectrophotometric analysis at 420 and 469 nm, respectively. The assay were performed using the
supernatant obtained from the fungal culture medium filtered through a 0.22 um membrane. Laccase
activity was measured using 100 mM sodium acetate (pH 4.5) and 0.5 mM ABTS. MnP activity was
measured using 50 mM sodium malonate (pH 4.5), 0.5 mM MnSO4, 1 mM 2, 6-dimethoxylphenol and
0.1 mM H,0.. All assays were performed in triplicate at room temperature. Enzyme activity was
expressed as units per liter (U L), where one enzyme unit is the amount of enzyme capable of oxidizing
one micromole of substrate per minute.

All cultures were extracted with 100 ml of dichloromethane to detect anthracene degradation. To
completely dissolve the anthracene in the solvent, the treatments were shaken for 12 hours. The solvent
phase was then separated with a decanter. One microliter of the solution obtained from the extraction
was injected into gas chromatography (GC-FID Shimadzu model GC-15A, Kyoto, Japan) using a
capillary column (length 30 meters, diameter 0.25 mm and film thickness 0.25 micrometer). The
temperature of the column was set at 80°C and reached 280°C at a rate of 15°C per minute and then
held at this temperature for 5 minutes. The flow rate was 1.5 ml/min, the injection volume was 1
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microliter, and the nitrogen pressure was 100 kPa. The difference in anthracene between the control
and treated samples showed the efficiency of the different modes of the fungus.

Discussion of Results & Conclusions

Enzyme activity was measured and compared in three conditions: T. versicolor v21te, T. hirsuta and a
co-culture of the two fungi. The results showed that the combination of strains stimulated the enzymatic
activity of laccase. In this case, the laccase activity reached 220 UL, while the highest laccase enzyme
activity in the fungi T. versicolor v21te and T. hirsuta was 180 and 190 UL, respectively. Furthermore,
the enzyme activity remained at a high level until day 28. When the fungi were cultivated individually,
the enzyme activity decreased from day 14 onwards. The maximum MnP activity was found in the
mixture of two fungi, reaching 120 UL on day 14, which was a significant increase compared to T.
versicolor v21te and T. hirsuta (114 and 105 UL, respectively). At the end of the 28 days, the enzyme
activity of the individual cultures had decreased by amost 50%, whereas in the fungal co-culture only
about 20% of the activity had decreased. This result indicates the synergistic effect of fungal co-culture
on enzyme activity.

The gas chromatography results showed that the mixture of the two fungi enhanced the
bioremediation of anthracene. T. versicolor v21te and T. hirsuta degraded 60 and 34% of the pollutant,
respectively, while the degradation by the mixture of the two fungi was 70%. Most of the degradation
occurred in the mixture of two fungi, where the concentration of anthracene decreased from 400 mg/I
to 80 mg/I. The degradation process started in the first week and reached its maximum in 28 days.

Due to the presence of non-specific ligninolytic enzymes such as laccase and MnP, white rot fungi
are not only able to degrade lignin, but also to metabolize a diverse group of pollutants, in particular
PAHSs. Anthracene is one of the persistent and carcinogenic PAHSs found in abundance around industrial
sites such as gas and oil fields. The bioremediation capacity of white rot fungi is directly related to their
enzymatic activity. In addition, studies have shown that co-cultivation of these fungi stimulates the
production of their ligninolytic enzymes and is one of the most effective methods for improving
bioremediation efficiency. In the present study, native fungi with the ability to produce enzymes were
used for biological purification. The activity of ligninolytic enzymes in the mixed culture of T.
versicolor v21te and T. hirsuta and in the single culture of each strain was investigated. To the best of
our knowledge, the interaction between these two fungi has not been reported before.

The laccase activity in the mixed culture did not decrease on day 14 but increased until day 21,
demonstrating the synergistic effect of these fungi on each other's enzyme production. Laccase activity
in the mixed culture increased by 22% and 15%, compared to T. versicolor v21te and T. hirsuta ,
respectively. Other researchers have previously demonstrated the positive effect of mixed culture of
white rot fungi in stimulating enzyme production. On the other hand, MnP activity increased by 5% and
11% in the mixed culture compared to T. versicolor v21te and T. hirsute alone. Laccase activity
increased more than MnP, suggesting that the fungi had a greater effect on each other's laccase
production. A significant difference was observed between the peak activity of MnP and laccase, which
can be considered as an advantage for their cooperation in bioremediation. The highest percentage of
pollutant degradation occurred at the same time as the peak of enzymatic activity of the fungi. It is
therefore suggested that there is a significant correlation between enzyme activity and pollutant
degradation.
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Fig 4- Comparison of the degradation of 400 mg/L anthracene by T. versicolor v21te, T. hirsuta and the combination of T. versicolor v21te and T. hirsuta
during 28 days. The error bar indicates the standard deviation calculated from the mean of the data.
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