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ABSTRACT 
 
 An extracellular laccase from Pleurotus ostreatus ARC280 was characterized in terms of its catalytic 
stability and its effectiveness as a biocatalyst under various reaction conditions when using syringaldazine as a 
model substrate. Results obtained indicated that optimum degree of temperature for activity was found to be 
50°C. Thermal stability studies indicated that Pl. ostreatus ARC280 crude cell-free filtrate retained laccase 
activity after heat exposure to 50, 60 and 70°C for 60 min. by about 85.63, 70.29 and 23.80 % respectively. 
Concerning pH stability, the crude enzyme retained 30.84, 64.86, 77.50, 90.31 and 86.72 % of its initial activity 
after 30 hrs of incubation at pH 3.0, 5.0, 7.0, 9.0 and 10.0, respectively. Optimum laccase activity was recorded 
at pH 6.0, 3.0, 4.5 and for syringaldazine (SGZ), 2,2´-azino-bis-3-ethylbenzthiazoline-6-sulfonic acid (ABTS) 
and 2,6-dimethoxyphenol (DMP), respectively. EDTA (at different concentrations) was found to inhibit laccase 
activity. The enzyme was inhibited by the addition of Hg2+

 or Cu2+ (1x10-1 and 5x10-2M) to the reaction mixture, 
however Mn2+ (2.5x10-3M) caused laccase activation by about 170 %.  
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Introduction 
 
 White-rot fungi are the only microorganisms able to degrade the whole wood components as a result of 
their nonspecific extracellular ligninolytic enzyme system (Halaburgi et al., 2011). The main components of 
their ligninolytic system are lignin peroxidases (LiP, EC 1.11.1.14), manganese peroxidases (MnP, EC 
1.11.1.13) and laccases (EC 1.10.3.2). The latter have been subject of recent research due to the thermostable 
nature of laccases than LiPs and MnPs. These enzymes only require the presence of oxygen from air and in the 
presence of redox mediators laccases can also oxidize non-phenolic compounds (Rodríguez-Couto et al., 2009). 
These make it a promising tool for the biotransformation of many toxic substituted phenols or even non-
phenolic compounds such as polycyclic aromatic hydrocarbons (Cabana et al. 2011). 
 Laccases are N-glycosylated multi copper oxidases belonging to the group of the blue copper proteins 
(Forootanfar et al., 2011). They can catalyze the oxidation of many substances coupled to the reduction of 
molecular oxygen to water (Li et al., 2011, Elshafei et al., 2012). Laccases are widely found in fungi and higher 
plants (Messerschmidt and Huber 1990) and also in a lower proportion in insects and bacteria. Laccase was first 
described by Yoshida in 1883 when he extracted it from the exudates of the Japanese lacquer tree Rhus 
vernicifera, from which the name laccase was derived (Thurston 1994).  
 The biotechnological importance of this enzyme lies in its ability to oxidise both phenolic and non-phenolic 
lignin-related compounds (Kadhim et al., 1999) as well as highly recalcitrant environmental pollutants 
(Pointing, 2001).  
 The oxidation catalyzed by laccases or laccase-mediator systems (LMS) is regarded as a “green” reaction; it 
uses molecular oxygen as the acceptor of electrons that are abstracted from the substrate and generates four 
corresponding reactive radicals and two water molecules as by-products (Baratto et al., 2006). The oxidative 
abilities of laccases have been employed in a broad range of applications and products including the removal of 
pollutants from waste water and contaminated soil (Durante et al., 2004), the degradation of dyes (especially 
substituted phenolic azo dyes) (Zille et al., 2005), pulping processes (Arias et al., 2003), cosmetic products such 
as hair dyes (Lang and Cotteret, 1999), and dermatological preparations (Golz-Berner et al., 2004). A series of 
applications have indicated a promising role for laccase in synthetic chemistry (Ibrahim et al., 2011). However, 
the application of these oxidative enzymes to biotechnological processes requires the production of high 
amounts of enzyme at low cost. Therefore, the research conducted in this paper is mainly directed towards the 
optimization and enhancing laccase activity. 
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Materials and Methods 
 
Microorganism:  
 
 Pleurotus ostreatus ARC280 obtained from Agriculture Research Center, Egypt. Culture growth at 28°C 
was maintained through periodic transfer on potato dextrose agar (PDA) plates.  
 
Media:  
 
 The liquid medium used for laccase production by the fungal culture during its growth in submerged 
fermentation is composed as follows, (g/l): glucose, 10.5; yeast extract, 5; (NH4)2SO4, 2; K2HPO4, 0.5; 
MgSO4.7H2O, 0.5; FeSO4.7H2O, 0.02; CaHPO4, 0.3; ZnSO4, 0.2; MnSO4, 0.2 and CuSO4.5H2O, 0.25 (Tlecuitl-
Beristain et al. 2008). The medium was adjusted to an initial pH value of 5.0, and then sterilized by autoclaving 
at 1.5 atmospheres and 121°C for 20 min.  
 
Chemicals:  
 
 The enzyme substrates were supplied by Sigma-Aldrich, USA, Syringaldazine (SGZ; Aldrich W404901), 2, 
2´-azino-bis-3-ethylbenzthia-zoline-6-sulfonic acid (ABTS; Sigma A1888) and 2, 6-dimethoxyphenol (DMP; 
Sigma D135550). The other chemicals used in this study were of analytical grade and higher purity. 
 
Preparation of cell free filtrates:  
 
 At the end of the incubation period, the cultures were filtrated using Whatman No.1 filter paper. The culture 
filtrate was used directly for enzyme activity determination. 
 
Enzyme activity and protein estimation:  
 
 Laccase activity was measured using 1mM SGZ in 100 mM citrate-phosphate buffer (pH 6.0). Laccase 
activity was assayed by monitoring the product formation rate of enzymatic oxidation of syringaldazine 
spectrophotometrically at 525nm (ε525 = 65,000 M−1 cm−1) (Minussi et al., 2007). The assay mixture (2.0 ml) 
contained syringaldazine, 0.1µmole; citrate-phosphate buffer (pH 6.0), 90 µmoles and appropriate volume of 
diluted enzyme. One unit laccase activity was defined as the change in the absorbance of 0.001 per sec (Aríca et 
al., 2009). For laccase optimum pH determination, enzyme activity was determined using: 1 mM SGZ (Minussi 
et al., 2007), 5mM ABTS (Uthandi et al., 2010) and 5mM DMP (Saparrat et al., 2002). The enzyme activity 
was assayed by the method described by Annuar et al., (2009) as follows: 
 

Laccase activity (U/L) = 
ΔAbs 

× 
Total assay volume 

Δt  l Enzyme sample volume 
 
 Where ΔAbs is the change in absorbance, Δt is the time of incubation (min), ε is the extinction coefficient 
of substrates (525 = 65,000 (SGZ), 436 = 36,000 (ABTS) and 469 = 27,500 (DMP) in units of M-1 cm-1), and l is 
the cuvette diameter (1cm). One unit of enzyme activity (U) was defined as the amount of enzyme that oxidized 
1μmol of substrate per minute. All of the oxidation rates were determined at room temperature (25°C ± 2) in 
triplicate. Protein content was estimated by the modified procedure of Lowry et al., (1951). Citrate-phosphate 
buffer was prepared according to the method presented by Gomori (1955). Moreover, the final pH was 
accurately adjusted by using PH211 Microprocessor pH Meter (HANNA instruments). All the data was 
statistically evaluated according to the method described by Kenney and Keeping (1962) where, the means and 
standard deviations (Mean ± S.D.) were calculated for each experiment.  
 
Results: 
 
Reaction temperature: 
 
 Identical reaction mixtures, containing syringaldazine as a substrate, were incubated in water baths set at 
different temperatures ranging between 10 and 80°C. The data obtained were graphically illustrated in figure 
(1). Results showed that the extracellular crude laccase activity progressively increased with the increase in 
reaction temperature up to 50°C which is the optimum degree of temperature for enzyme activity with abroad 
range of activity between 40°C and 60°C. By increasing the temperature above 60°C, a notable decrease in 
enzyme activity was observed. 



4527 
J. Appl. Sci. Res., 8(8): 4525-4536, 2012 

 

 
 
Fig. 1: Effect of reaction temperature on Pl. ostreatus ARC280 laccase activity. 
Reaction mixture contained: syringaldazine, 0.1 µmole; crude protein, 2.66 mg/ml; citrate-phosphate buffer pH 
5.0, 90 µmoles; total volume, 2 ml.  
 
Thermal stability behavior: 
 
 Aliquots of the crude enzyme were heated inside thin walled glass tubes (in the absence of substrate) in 
water baths set at different temperatures (30, 40, 50, 60, 70 and 80 °C) for different incubation periods up to 5 
hrs. Identical aliquots of enzyme were removed at different time intervals, cooled and assayed for laccase 
activity using the standard assay procedure. 
 The results obtained in figure (2) indicate that the crude extracellular laccase from Pl. ostreatus ARC280 is 
a heat stable enzyme. By increasing the temperature and prolonging the incubation time, the rate of enzyme 
activity began to decrease. No loss of laccase activity was recorded at 30 and 40 °C after 5 and 1.5 hrs, 
respectively. Thermal stability studies indicated that Pl. ostreatus ARC280 crude cell-free filtrate retained 
laccase activity after heat exposure to 50, 60 and 70°C for 1 hr by about 85.63, 70.29 and 23.80 % respectively. 
Complete loss of enzyme activity was recorded at 80°C after heat exposure for 30 min.  
 

 
 
Fig. 2: Thermal stability behavior of the extracellular crude laccase produced by Pl. ostreatus ARC280  

Reaction mixture contained: syringaldazine, 0.1 µmole; crude protein, 2.66 mg/ml; citrate-phosphate 
buffer pH 5.0, 90 µmoles; total volume, 2 ml.  
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Reaction pH:  
 
 The effect of pH on crude extracellular laccase was examined using three substrates namely SGZ, ABTS 
and DMP and citrate phosphate buffer (pH 2.6 - 7.0). The crude enzyme was incubated with different pH values 
of the previously buffer system (0.1M). Results illustrated in figure (3) showed that, the optimum laccase 
activity of Pl. ostreatus ARC280 was recorded at pH 6.0, 3.0, 4.5 for SGZ, ABTS and DMP, respectively. The 
increase or decrease of pH values above or below these optimal values for each substrate result in a gradual 
decrease in laccase activity. No laccase activity could be detected at pH 3.0 when SGZ was used as substrate. 
On the other hand, Pl. ostreatus ARC280 laccase gave activity with a broad pH range when DMP used as 
substrate.  

 
 
Fig. 3: Effect of the reaction pH on the activity of crude laccase from Pl. ostreatus ARC280. 
Reaction mixture contained: substrate (SGZ, 0.1 µmole; DMP, 0.5 µmole or ABTS, 0.5 µmole); crude protein, 
2.66 mg/ml; citrate-phosphate buffer as indicated 6.0, 90 µmoles; total volume, 2 ml. 
 
pH stability behavior: 
 
 Aliquots of the extracellular crude laccase were incubated with buffering solutions at different pH values 
ranging from pH 3.0 to 10.0 (citrate phosphate buffer (pH 3.0 - 7.0), phosphate buffer (pH 8.0) and bi-carbonate 
buffer (pH 9.0 - 10.0)) for different incubation periods up to 30 hrs. Identical aliquots of enzyme were removed 
at different time intervals, re-adjusted to pH 6.0 (optimum pH value for laccase activity with syringaldazine) and 
assayed for residual laccase activity using the standard procedure. 
 The results obtained were cited in figure (4) which indicated that, the crude laccase from Pl. ostreatus 
ARC280 was highly stable in the alkaline range of pH values (pH 8.0, 9.0 and 10.0). pH stability studies 
indicated that Pl. ostreatus ARC280 crude cell-free filtrate retained laccase activity after exposure to pH 3.0, 
4.0, 5.0, 6.0, 7.0, 8.0, 9.0 and 10.0 for 30 hrs by about 30.84, 45.29, 64.86, 72.97, 77.50, 77.65, 90.31 and 86.72 
% of the initial activity at each pH value, respectively.  
 
Buffering system type:  
 
 In this experiment, six reaction mixtures containing the same amount of substrate (syringaldazine), enzyme 
protein and buffer at the same pH value (pH 6.0, 0.1M) but differed in the type of the buffer, were used. These 
buffer systems were citrate, succinate, phthalate-NaOH, maleate, phosphate, and citrate-phosphate. Aliquots of 
the reaction mixtures were then analyzed for laccase activity (Table 1). The obtained results indicated that 
optimum laccase activity of Pl. ostreatus ARC280 was recorded with citrate-phosphate followed by phosphate 
buffer system, when compared to the analogous activity obtained in the reaction mixtures containing the other 
buffer systems. 
 
Effect of buffering system molarity:  
 
 This experiment was made to test the effect of various citrate-phosphate buffer molarities on the activity of 
Pl. ostreatus ARC280 crude laccase in the range between 0.01 and 0.5M of citrate-phosphate buffer (pH 6.0). 
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The laccase activity was determined and the obtained results are illustrated in figure (5) which reveals that, by 
increasing the buffer molarities the rate of enzyme activity increased until 0.1M. Increasing buffer system 
molarity above this value reflects a slight increase in the extracellular laccase activity.  
 
Table 1: Effect of the nature of the buffer system on the activity of Pl. ostreatus ARC280 laccase. 

Laccase activity 
(U/ml) 

Buffer system 
(pH 6.0, 0.1M) 

422.67 ± 2.31 Citrate 
364.67 ± 0.28 Succinate 
374.67 ± 1.68 Phthalate-NaOH 
354.00 ± 4.63 Maleate 
439.33 ± 0.81 Phosphate 
454.67 ± 2.69 Citrate - phosphate 

Reaction mixture contained: syringaldazine, 0.1 µmole; crude protein, 2.66 mg/ml; buffer pH 6.0, 90 µmoles; total volume, 2 ml. 

 

 
 
Fig. 4: pH stability of the Pl. ostreatus ARC280 crude laccase.  
Reaction mixture contained: syringaldazine, 0.1 µmole; crude protein, 2.66 mg/ml; buffer [citrate phosphate 
buffer (pH 3.0 - 7.0), phosphate buffer (pH 8.0) and bi-carbonate buffer (pH 9.0 - 10.0)], 90 µmoles; total 
volume, 2 ml.  

 
 
Fig. 5: Effect of different molarities of citrate-phosphate buffer on the activity of Pl. ostreatus ARC280 crude 

laccase. 
Reaction mixture contained: syringaldazine, 0.1 µmole; crude protein, 2.66 mg/ml; citrate-phosphate buffer pH 
6.0, as indicated; total volume, 2 ml.  
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Effect of dialysis: 
 
 The aim of the present experiment was to find out whether or not the crude laccase required a metal ion(s) 
in the process of catalysis. A known volume of crude enzyme was dialyzed against 200 volumes of 0.05M 
citrate phosphate buffer pH 6.0 for 24hrs under agitation. Data presented in table (2) showed that, the specific 
activity of the dialyzed laccase (377.53 U/mg protein) was significantly higher than those of the non-dialyzed 
enzyme (174.69 U/mg protein) with notable decrease in both laccase activity and protein concentration resulting 
from the dialysis process. Considerable increase in laccase activity after dialysis can be interpreted by dialyzing 
out of certain low molecular weight proteinaceus compounds and/or inhibitors that interfere with enzyme 
activity. It may also indicate the requirement of certain metal or co-factor for enzyme activity. 
 
Table 2: Effect of dialysis on laccase activity of Pl. ostreatus ARC280. 

Type of enzyme 
Protein 
(mg/ml) 

Activity 
(U/ml/sec) 

Specific activity 
(U/mg protein) 

Non-dialyzed 2.66 ± 0.17 464.67 ± 8.50 174.69 ± 3.19 
Dialyzed (24 hrs) 0.92 ± 0.11 347.33 ± 6.23 377.53 ± 6.77 

Reaction mixture contained: syringaldazine, 0.1 µmole; crude protein, 2.66 mg/ml; citrate-phosphate buffer pH 6.0, 90 µmoles; total 
volume, 2 ml. 

 
Effect of ethylene diamine tetra acetate (EDTA): 
 
 Results obtained in table (3) indicated that the addition of EDTA at three different concentrations namely 
1x10-1, 5x10-2 and 1x10-2M to each of the reaction mixture containing Pl. ostreatus ARC280 crude laccase 
inhibited laccase activity according to the strength of EDTA concentrations used to give residual activities of 
72.27, 80.59 and 89.77 %, respectively after 1hr of incubation. By prolonging the incubation period with the 
three previously mentioned EDTA concentrations for 24hrs, laccase activity was slightly reduced to give 
residual activities of 70.02, 77.24 and 86.38 %, respectively. These results may indicate the requirement of 
certain metal or co-factor for enzyme activity. 
 
Table 3: Effect of ethylene diamine tetra acetate (EDTA) on laccase activity of Pl. ostreatus ARC280. 

Time 
(hr) 

Residual activity (%) 
EDTA Concentration (M) 

0 1x10-2 5x10-2 1x10-1 
After 1hr 100.00 ± 0.13 89.77 ± 0.18 80.59 ± 1.87 72.27 ± 0.09 

After 24hrs 100.00 ± 0.07 86.38 ± 1.96 77.24 ± 5.04 70.02 ± 0.96 
Reaction mixture contained: syringaldazine, 0.1 µmole; crude protein, 2.66 mg/ml; citrate-phosphate buffer pH 6.0, 90 µmoles; EDTA, as 
indicated; total volume, 2 ml. 

  
Effect of the addition metal salts: 
 
 The present experiment was designed to emphasize the previous results and the effect of metal ions on the 
crude laccase activity. Different mineral salts of various cations (Na+, K+, Mn2+, Hg2+, Ca2+ , Mg2+, Co2+, Cu2+ 

and Zn+2) were added at a final concentration of 2.5x10-3, 1x10-2, and 5x10-2M (0.0025, 0.01 and 0.05M, 
respectively) to each of the reaction mixtures containing (24hr) dialyzed cell-free filtrate. A control reaction 
mixture without the addition of the tested metal salts was made. Results obtained revealed that, the addition of 
HgCl2 and CuSO4.5H2O at a concentration of 5x10-2 M caused complete inhibition of laccase activity. 
MnCl2.4H2O and ZnSO4.7H2O when added to the reaction mixture at 5x10-2M caused partial and complete 
laccase inhibition; however when MnCl2.4H2O was added at a concentration of 2.5x10-3 M caused laccase 
activation by 170 % increase. While no remarkable change in presence of all other tested metal ions on crude 
laccase activity, but at higher concentration laccase inhibition was observed almost with all tested metal ions 
(Figure 6).  
 To determine the effect of prolonged exposure of dialyzed enzyme to metal salts, aliquots of the enzyme 
were incubated with the previously tested metal ions at different concentrations (2.5x10-3, 1x10-2 and 5x10-2M) 
at 4°C for 24 hrs, then the residual laccase activity were determined. Results cited at figure (7) indicated that, 
the Pl. ostreatus ARC280 dialyzed laccase was stable at the lowest metal ions concentration (2.5x10-3 M) and 
give 18 and 167 % activation when incubated with Na+1 and Mn+2, respectively. On the other hand, incubation 
with Hg+2 cause more inhibition at all tested concentrations. Co+2 and Zn+2 at concentration of 2.5x10-3 M 
causing significant laccase activity inhibition than that value tested previously without prolonged exposure to 
metal salts. 
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Fig. 6: Effect of addition metal salts on Pl. ostreatus ARC280 crude laccase activity.  
Reaction mixture contained: syringaldazine, 0.1 µmole; dialyzed crude protein, 0.92 mg/ml; citrate-phosphate 
buffer pH 6.0, 90 µmoles; metal salt, as indicated; total volume, 2 ml. 
 

 
 
Fig. 7: Metal ions stability of Pl. ostreatus ARC280 crude laccase. 
Reaction mixture contained: syringaldazine, 0.1 µmole; dialyzed crude protein, 0.92 mg/ml; citrate-phosphate 
buffer pH 6.0, 90 µmoles; metal salt, as indicated; total volume, 2 ml. 
 
Effect of different Mn2+concentrations:  
 
 From the previous experiment, it was clear that laccase activity was affected by addition of manganese 
chloride (MnCl2.4H2O) indicating that, Mn+2 had an activation effect on Pl. ostreatus ARC280 laccase. A series 
of Mn2+concentrations ranged from 0.025 x 10-3M to 5.0 x 10-3M were tested for determination the optimum 
Mn2+concentration which cause laccase activation. Results presented in figure 8 indicated that within all the 
tested concentrations range, Mn2+ caused laccase activation. Laccase activation was increased by increasing 
Mn2+ concentration up to 1.0 x 10-3M which gave 188 % activity increase, then decreased by increasing Mn2+ 

concentration above this value.  
 
Effect of Storage: 
  
 The effect of storage on laccase stability of Pl. ostreatus ARC280 was studied at 4ºC and -20ºC. Freezing 
and thawing effect was also studied. The results obtained showed that Pl. ostreatus ARC280 laccase is a stable 
enzyme and laccase activity was slowly decreased with increasing the storage time depending on the storage 
conditions. The enzyme lost only about 6.20 % of its activity after incubation for 15 days at 4ºC (data not 
shown).  
 It is worthy to mention that, Pl. ostreatus ARC280 laccase retained full catalytic activity after storage at -20 
ºC for one year. Concerning the freezing and thawing studies, results obtained indicate that during the first 13 
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cycles of treatment over the first three months of storage, no loss of laccase activity was recorded. Afterwards, a 
slow decrease in laccase activity was observed, where in spite of the enzyme was subjected to freeze and thaw 
for 16 and 18 times, it retained about 95 and 60% of its activity at -20 ºC after six months and one year, 
respectively (Figure 9).  
 

 
 
Fig. 8: Effect of different concentrations of Mn2+ on Pl. ostreatus ARC280 crude laccase activity. 
Reaction mixture contained: syringaldazine, 0.1 µmole; dialyzed crude protein, 0.92 mg/ml; citrate-phosphate 
buffer pH 6.0, 90 µmoles; Mn2+, as indicated; total volume, 2 ml. 
 

 
 
Fig. 9: Storage stability of Pl. ostreatus ARC280 laccase in liquid form at - 20 ºC [(freezing) and (freezing and 

thawing)]. 
Reaction mixture contained: syringaldazine, 0.1 µmole; crude protein, 2.81 mg/ml; citrate-phosphate buffer pH 
6.0, 90 µmoles; total volume, 2 ml. 
 
Discussion: 
 
 Results obtained in this study indicate that the crude laccase from Pl. ostreatus ARC280 belongs to the 
enzymes of thermophilic nature. Compared with other laccases, it was found that optimal temperature is similar 
to that of the laccase from Pl. sapidus (Linke et al., 2005), Lentinus polychrous Lev. (Phetsom et al., 2009) 
which had an optimal activity at 50°C. Laccase from both Lepista sordida (Cavallazzi et al., 2004) and 
Trametes versicolor (Stoilova et al. 2010) had a maximum activity at 45ºC. While the laccases from other white 
rot fungi showed thermophilic properties with optimum activity at 55-70ºC such as Coriolopsis byrsina SXS16 
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(60ºC), Lentinus strigellus SXS355 (55-60ºC) and Lentinus sp. SXS48 (65ºC), Picnoporus sanguineus SXS43 
(60-70ºC) and Phellinus rimosus SXS47 (60ºC) (Gomes et al. 2009).   
 The results also demonstrate high thermal stability behaviour of the crude enzyme obtained. Pl. ostreatus 
ARC280 crude laccase retained activity after heat exposure to 50, 60 and 70°C for 1 hr by about 85.63, 70.29 
and 23.80 % respectively. Gomes et al. (2009) reported that the laccases from Coriolopsis byrsina, Lentinus 
strigellus, Lentinus sp., Picnoporus sanguineus and Phellinus rimosus showed thermophilic properties and 
preserving 70-100% of initial activity between temperature range of (10-60ºC) for 1 hr at pH 5.0, similar to 
thermostable laccases from basidiomycetes strains (POXA1) (Jordaan et al., 2004). The thermal stability of the 
Trametes versicolor crude laccase was followed within the temperature interval 30-60oC (Stoilova et al. 2010). 
 It is common for basidiomycetes laccases pH optima in the acidic range, although they are more stable at 
neutral to alkaline pH values (Périé et al., 1998). In the present study, the crude laccase of Pl. ostreatus ARC280 
showed laccase activity within a broad acidic range of pH values between 3.0 and 6.0 depending on the used 
substrate and the optimum laccase activity was recorded at pH 6.0, 3.0, 4.5 and for SGZ, ABTS and DMP, 
respectively. This variation may be due to changes in the reaction caused by the substrate, oxygen or the enzyme 
itself. The difference in redox potential between the phenolic substrate and the T1 copper could increase 
oxidation of the substrate at high pH values, but the hydroxide anion (OH-) binding to the T2/T3 coppers results 
in an inhibition of the laccase activity due to a disruption of the internal electron transfer between the T1 and 
T2/T3 centres. These two opposing effects can play an important role in determining the optimal pH of the bi-
phasic laccase enzymes (Xu, 1997). The results obtained are in agreement with those obtained from laccases 
from Lentinus sp. and Picnoporus sanguineus (pH, 3.0) and related to that obtained with Coriolopsis byrsina, 
Lentinus strigellus, and Phellinus rimosus (pH, 3.5) (Gomes et al. 2009), Lepista sordida (Cavallazzi et al., 
2004) and Pl. sapidus (Linke et al., 2005) when ABTS was used as substrate. On the other hand, Trametes 
versicolor was found to express maximal laccase activity at pH 4.5 when using SGZ as substrate (Stoilova et al. 
2010). The results obtained also indicated that, the crude laccase from Pl. ostreatus ARC280 was stable in the 
alkaline range of pH values (pH 8.0, 9.0 and 10.0) and retained activity after exposure to pH 3.0, 4.0, 5.0, 6.0, 
7.0, 8.0, 9.0 and 10.0 for 30 hrs by about 30.84, 45.29, 64.86, 72.97, 77.50, 77.65, 90.31 and 86.72 % of the 
initial activity at each pH value respectively, that permits the application of which in several environmental 
conditions. In agreement with our results laccases from Lentinus strigellus, Picnoporus sanguineus, Coriolopsis 
byrsina and Phellinus rimosus preserving 70-100% of initial activity between pH range of (5-11), (4.5-11), (7.5-
9.0) and (6-8), respectively at 25ºC for 24 hrs (Gomes et al., 2009). 
 The results obtained showed a considerable increase in laccase activity after the process of dialysis and can 
be interpreted by dialyzing out of certain low molecular weight proteinaceus compounds and/or inhibitors that 
interfere with enzyme activity. It may also indicate the requirement of certain metal or co-factor for enzyme 
activity and these results were confirmed by the addition of EDTA at different concentrations where crude 
laccase retained 70.02, 77.24 and 86.38 % of its initial activity after incubation with EDTA at 1x10-1, 5x10-2 and 
1x10-2M, respectively for 24hrs. 
 The observations indicated that the effect of metal ions on laccase activity was highly dependent on its 
source and the type of metals used, which had a great influence on the catalytic activity of the enzyme. Data 
from our study revealed that, the addition of HgCl2 and CuSO4.5H2O at concentrations of 5x10-2 and 1x10-1M 
caused complete inhibition of laccase activity. MnCl2.4H2O at a concentration of 2.5x10-3M caused laccase 
activation by 170% increase. Laccase activation was increased by decreasing Mn2+ concentration to 1.0µmole 
and gave 188 % activity increase. In agreement with the results obtained, complete loss of enzymatic activity 
was observed in the presence of CuCl2, FeCl2 and FeCl3 after 30 min of incubation, suggesting that Cu(І) and 
Cu(ІІ) had a negative impact on the enzyme, regardless of being its cofactors. Probably that finding could be 
attributed to the high concentration of the introduced salts (Stoilova et al. 2010). On the other hand, the 
activation of laccase by Cu2+ may be due to the filling of type-2 copper binding sites with copper ions, and the 
laccase activity was highly sensitive to 5mM Hg2+ showing 25.4% inhibition, indicating the presence of thiol 
groups, essential for its activity (Nagai et al., 2002). Tychanowicz et al., 2006 suggested that the increase of 
laccase activity in Pl. pulmonarius cultures after copper addition was due to increased laccase production and 
not by activation and/or stabilization of the enzyme in the extracellular environmental, considering that 1mM of 
copper slightly activated the enzyme and had no effect in the stabilization of enzyme and the activity of enzyme 
was inhibited by copper at concentrations higher than 1 mM. Many ions bind to the type 2 and type 3 Cu, 
resulting in the interruption of internal electron transfer and accordingly therefore inhibition of activity. Other 
inhibitors include metal ions (e.g. Hg+2), fatty acids, sulfhydryl reagents, hydroxyglycine, kojic acid, desferal 
and cationic quaternary ammonium detergents, the reactions with which may involve amino acid residue 
modifications, confirmational changes or Cu chelation (Gianfreda et al., 1999). Confirmational changes are 
highly depended on the state of oxidation of the copper atoms. This is one of the reasons for the sensitivity 
towards chelating agents. The selective removal of Cu by chelating agents (EDTA, dimethyl glyoxime, N,N’-
dimethyldithiocarbamate, NTA) leads to a loss of catalytic activity  (Kunamneni et al., 2007). 
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 It is worth noting that the same metal can exert opposite effects in different fungal species. As a matter of 
fact, Mn+2 acts as an inducer of laccase transcription in Pl. sajor caju, Clitocybula dusenii and Nematoloma 
frowardii, but it was shown to inhibit laccase expression in C. subvermispora (Piscitelli et al., 2011). On the 
other hand, Lundell and Hatakka (1994) stated that, the highest specific activities were recorded with laccase in 
the oxidation of phenolic compounds or ABTS and irrespective of Mn (II) concentration.  
 Pl. ostreatus ARC280 laccase retained full catalytic activity after storage at -20 ºC for one year and only 
lost 6.20 % of its activity after incubation for 15 days at 4ºC. In spite of the enzyme was subjected to freeze and 
thaw for 16 and 18 times, it retained of about 95 and 60% of its activity at -20 ºC after six months and one year, 
respectively. Cho et al., (2008) reported that storage of Cerrena unicolor extracellular laccase for 25 days at 24 
ºC, the enzyme activities completely disappeared. 
 
Conclusion: 
 
 Laccases are promising enzymes to replace the conventional chemical processes in different industries as an 
eco-friendly approach. The functions of the enzyme differ from organism to organism and typify the diversity of 
laccase in nature. Pl. ostreatus ARC280 laccase activity has been shown to depend markedly on the reaction 
conditions and the optimization of these criteria leads to over-activity of Pl. ostreatus ARC280 laccase. Results 
indicated that Pl. ostreatus ARC280 laccase had thermal stability, pH stability and higher storage stability. In 
future, we are interested to study the ability of this enzyme to degrade the various dyes as an important eco-
friendly enzyme for various industrial applications. 
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