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 Polyphenol oxidase (laccase) was   extracted from the fungus Aspergillus sp. in a low 

nitrogen/low carbon medium (LN/C) under acidic conditions (pH 4) at room 

temperature, 30oC. This fungal laccase is known to play a pivotal role in different 
bioremediation processes. Induction of copper to the medium with after 24 hrs of 

inoculation induced laccase production. The use of different copper sulfate 

concentrations induced different protein expressions, 10 μM copper induced 60 KDa 
fraction which was also present at 50 μM but absent at 100 μM indicating inhibition at 

high concentrations. The results indicated that enhancing the laccase production would 

hence increasing the rate of decolonization of colored waste water for re-use in 
industrial activities but not in potable applications and in non human consumption.  
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INTRODUCTION 
 

 Dyes present a huge environmental problem and pose a threat to the environment safety if they are not 

removed [1]. They are designed to be resistant to light, water and oxidizing agents so they are difficult to 

degrade once released into aquatic systems [2]. On the other hand, the need for direct and deliberate reuse of 

reclaimed sewage effluent is increasing [3, 4]. Its application for farming has been practiced in one form or the 

other in many parts of the world for generations [5, 6]. The reuse provides the key to the efficient and effective 

utilization of limited water resources by making available a valuable new source of water for the augmentation 

of existing supplies [7]. It also alleviates the problem of the disposal of wastewater effluent [3]. Moreover, the 

decrease in clean water resources led to the re-use of treated industrial effluents for non-potable uses; therefore, 

improvement in the currently used treatment methods is becoming a must [8]. Biological treatment has gained a 

lot of attention because it is considered cheap and efficient [9].  

  Microbial decolorization and degradation is an alternative approaches to physical and chemical degradation 

processes of color removal, which is environment friendly and cost effective [10, 11]. Most studies on azo dye 

biodegradation have focused on bacteria and fungi, which are able to biodegrade and bioadsorb the dyes in 

textile industry effluents [11,12]. Laccases from white rot fungi have been mentioned widely for their 

application in degradation of recalcitrant compounds and synthetic dyes [12, 13]. Laccase (p-diphenol:dioxygen 

oxidoreductase; EC 1.10.3.2) is a  blue copper oxidase; it removes hydrogen radicals from phenolic hydroxyl 

groups through using O2 as e
-
 acceptor. The free radicals formed can undergo rearrangements that lead to alkyl-

aryl cleavage, oxidation of benzyl alcohols, and cleavage of side chains and aromatic rings [12]. They have four 

cupric (Cu
2+

) ions associated with a single polypeptide chain [10]. These Cu
2+

-binding domains are highly 

active site [7]. This has been supported by the results of numerous studies of the Electron transfer reactions that 

occur between cupric ions during catalysis. There are multiple laccase genes, which is esponsible for the 

biochemical diversity of laccase isoenzymes [14]. Regulation of the expression of these genes is species specific 

and a very complex and expensive approach [15]. However, the simplest and cost-effective way is to increase 

the enzyme yield by adding copper (Cu
2+

) as inducers [16]. It proved to be the most efficient of the putative 

inducers tested [14]. Laccases could be used in degrading a wide range of dyes due to their overlapping 

substrate specificity [17]. The fungus Aspergillus sp. is capable of producing laccases and decolorizes different 

dyes [18]. 
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 Generally, extracellular laccases are formed during metabolism and are constitutively produced in small 

amounts; therefore, it is important to enhance laccase-producing ability of the microorganisms for industrial 

applications [7, 19].  

 The main objective of the present study was to evaluate the expression of laccase in the brown rot fungus 

Aspergillus niger and relate its induction to waste water decolonization.  

 

MATERIALS AND METHODS 

 

Cultivation conditions:  

 Aspergillus niger was cultivated and grown four different media with the following components per liter; 

Malt Extract (malt extract 20 g, glucose 20 g, peptone 1 g L
-1

), GYP (glucose 20 g, Yeast extract 5 g, peptone 

5g, MgSO4. 1 g L
-1

), Kirk (glucose 5 g, KH2PO4 1 g, MgSO4. 0.5 g, KCl 0.5, FeSO4 0.01g, Na2HPO4 0.1, 

CuSO4 0.002 g L
-1

) and Kirk III (Kirk medium supplemented with Tryptone 1 g) and incubated at 30
o
C for 7 

days [7,20]. The medium was sharked continuously at 50 rpm. Cultures were incubated at 30
o
C. 

  4 mm fungal discs of the grown culture were used to inoculate media in the following experiments for 

decolorization and laccase production.  

 

Induction of laccase and decolorization of waste water under:  

 There were four temperature regimes (20, 25, 30, 35 and 40
o
C) and4 pH regimes (2.5, 4, 5.5, 7). The textile 

effluent was collected in sterile containers 

 Glucose was added separately to the medium at final concentration of 0, 5, 10, 20 and 30 g L
-1

.  

Decolonization for all experiments was calculated by the following equation:- 
𝐴0 − 𝐴

𝐴0
 𝑋 100 

 Where A0 is the initial dye absorption on the day of inoculation, A is the final dye absorption 

 

Enzyme assay and protein determination:  

 Laccase activity was measured using ABTS [2,2'-azino-bis-(3-ethylbenzothiazoline-6-sulfonic acid)] as the 

substrate [21]. The quantity of ABTS converted to product was measured spectrophotometrically at 420 nm. 

One unit of activity in international units (U) is defined as the amount of enzyme required to produce 1μmol 

product/min at 30
o
C and expressed as U/μg protein.  

 Protein concentration (μg/ml) was estimated using Lowry method [7] using bovine serum albumin (BSA) as 

the standard.  

 

Induction by copper sulfate:  

 Four different concentrations copper sulfate (0, 25, 50 and 100 μM) were added to the cultivation media 

after 24 hr of fungal growth. Each was added under aseptic conditions to triplicate flasks and incubated for 

another 48 hrs to monitor the production of laccase and protein in the media. The fugal growth was monitored 

by weighing the filtered the mycelia on pre-weighed filter paper and calculating the difference. All the 

experiments were performed at least twice by using three replicates for each set of conditions.  

 

SDS-PAGE analysis for intracellular laccase, purification and spectrophotometry:  

 Cultures amended with different copper sulfate were harvested after 2 days. SDS-PAGE was performed at 

room temperature with 10% gels and Tris-glycine buffer (pH 8.3) at 125 V for 90 min. After electrophoresis, the 

gels were stained with coomassie brilliant blue. For purification, the cultural broth was clarified by filtration on 

miracloth, the culture filtrate was frozen, then centrifuged to remove exoplysaccharides. The filtrate was 

concentrated using 80% ammonium sulfate and dialyzed twice against phosphate buffer pH 4.8. The protein 

concentrate was monitored on chromatograph on sephadex G-100 fast flow column (1.5x40 cm). The column 

was equilibrated at a flow rate of 1 ml/min with phosphate buffer. The resulting fractions were scanned for 

protein at 280 nm and laccase activity at 420 nm using ABTS substrate. The fractions with enzymatic activity 

were pooled, concentrated by sucrose, the fraction with the highest activity was used for spectroscopic 

characterization of the Cu
+2

 centres . Measurements were carried out at wavelengths of 280 and 700 nm using a 

Schimadzu UV 2100 spectrophotometer 

 

RESULTS AND DISCUSSION 

 

 Figure 1 shows that growth of A. niger  under different cultivation media exhibited low laccase production 

initially, followed by different increases along the  incubation  period. Moreover, it was clear that kirk tryptone 

media resulted in the highest laccase production which reached over 900 U/ng protein at 6 days of incubation as 
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compared to over 500 U/ng protein in only two days, this is higher than the activity resulted from incubation 

with other media. There are different cultivation media which are used to enhance laccase production [7, 22]   

 Kirk Tryptone media contains low C/N ratio, this is considered a key step in laccase production, N-limited 

media benefited laccase production in Pleurotus ostreatus cultures [12]. The amount of nitrogen source in the 

media affects the decolorization process through altering fungal enzyme production. For several species, 

ligninolytic enzyme activity are suppressed by nitrogen, while for others, inorganic nitrogen is required, but 

mostly, both carbon and nitrogen sources in their simplest forms are required for induction [23].  

 

 There is lack of knowledge about toxicity; this warrants further investigation to avoid any toxic hazards 

resulting from using A. niger. 

 

 
 

Fig. 1: Laccase activity under different cultivation media for Aspergillus flavus. (Values are means of 3 replica, 

bars represent  + 1 SE). 

  

 Decolorization is dependent on the enzyme activity and both parameters are in synchronization (Figure 2). 

The results show 30
o
C is the optimal temperature for fungal growth, hence, correlating the decolorization 

process with biological processes. 

 

 
 

Fig. 2: Effect of incubation temperatures on rate of decolorization and laccase activity. (Legends as Fig. 1). 

 

 Both decolorization and laccase activity were directly proportional to pH (Fig. 3). The optimum pH for 

activity was 5, while decolorization in general was efficient at a wide pH range (4.5 -5.5). Decolorization is 

efficient at acidic media.  

 Figure 4 shows that decolorization increased with the increase in glucose concentration, while the laccase 

showed the highest activity when 20 -25 g L
-1

 were used, above which laccase activity declines. 

 Decolorization is an energy dependent process and that laccase is partially involved in this process.  This 

indicates that other sugar oxidases could be involved in the decolorization process at high glucose 

concentrations [7]. 

 While glucose is very important for the growth and other physiological functions in fungi, copper is 

considered a very important element which helps in the activity of the laccase enzyme. Kirk tryptone medium 

contained copper sulfate, in this experiment; copper sulfate was removed and added separately at different 

concentrations. This indicates that copper sulfate might act as an inhibitor or inducer depending on the time of 

addition to the cultivation media, the addition of copper at this stage had a post-translational effect not an 

inducing effect.  
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Fig. 3: Effect of pH on decolorization and activity of enzyme (Legends as fig.2). 

  

 
 

Fig. 4: Effects of different glucose concentration on decolorization and laccase activity (legends as Fig.2). 

  

 Effects of different concentrations of Cu2SO4 are shown in Fig. 5. There was a direct relationship between 

Copper sulfate concentrations and rate of decomposition of the dye. However this was not the case regarding 

enzyme activity as the relationship was directly proportional till concentration of about 67 µM Cu2SO4, after 

that there was inverse relationship. This could show that that metal concentration is a limiting factor  to laccase 

activity. Nevertheless, the high decolorization observed when high copper concentrations were present indicates 

that there is another factor that could be involved in the decolorization process.  Copper could result in the 

formation of hydrogen peroxide as an oxidative stress response as it is known to be a pro-oxidant [7, 15] which 

in turn attacks the chemical structure of dyes. The increased decolorization at high copper concentrations could 

be attributed to intercalation of copper ions with dioxygen [24]. 

 

 
 

Fig. 5: Effects of Different copper sulfate concentrations on decolorization laccase activity. (Legends as Fig.2) 

 

 Cultivation conditions (pH, temperature, nutrients, metals,…etc) have a substantial effect on enzyme 

activity and hence decolourization of dyes from waste water [20, 23]. Glucose is considered the most readily 

usable carbon source among fungi [12 -14] and although considered costly comparing to other carbon source 

such as starch, but it shows optimal results in case of dye removal [7, 23]. 

 Fungal ligninolytic activity shows maximal activity at low pH values, therefore, decolorization is optimal in 

an acidic range [7, 22]. However, waste water effluent is usually of an alkaline value, and hence, fungal strains 

capable of decolorizing dyes at wide pH values are desirable for industrial applications. The results obtained 

show that A. niger could decolorize the effluent at a wide pH values regardless to the laccase activity, therefore, 
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this microorganism is considered of a good potential in the decolorization of dyes in waste water. This also 

suggests that laccase induction is not the sole explanation to the decolorizing activity of A. flavus. 

 Fig 6 shows that the optimal concentration of copper sulfate added to induce laccase enzyme was at 25 μM, 

a distinctive band was detected at 60 KDa in SDS-PAGE electrophoresis of laccase produced under copper 

inducing conditions (Figure 6), this band was vaguely present at 50 μM, but did not appear in both control 

cultures containing no copper or cultures containing 100μM.Low concentrations of copper are known to 

enhance laccase production when added to the culture medium; it also has a stabilization effect, which induces 

the transcription of lacc gene[23].  

 
 

Figure 6. SDS-PAGE (10%) for control, and media supplemented with 25, 50 and 100 μM copper sulfate. 

 

 In summary, decolorization of the dyes from waste water is not a one step approach. There are many 

parameters controlling this process (e,g.  growth related and enzymatic related). 

 The addition of 25 gL
-1

glucose and 50 μM copper sulfate under pH 5.5  and 30
o
C are the optimal conditions 

to attain the highest decolorization in 2 days only. The addition of copper act as an inducer for laccase enzyme 

at low concentrations. A. flavus could be used in bioremediation processes as an economical and efficient tool in 

a short period of time. The treated waste water could be used in non-potable purposes especially that the Saudi 

Arabia is a very arid country suffering from low water sources and scant rainfall. The re-use of treated industrial 

waster would save clean water for drinking purposes which is becoming a precious commodity. 

 

REFERNCES 

 

[1] Qari, H.A. and I.A. Hassan, 2014.  Removal of pollutants from waste water using Dunaliella Algae. 

Biomedical  Phrma. J., 7(1): 147 -151. 

[2] Kaushik, O. and A.A. Malik, 2009. Fungal dye decolorization: Recent advances and future potential. Env 

Int,  35: 127-141.  

[3] WHO (World Health Organization), 1980. Health Aspects of Treated Sewage Reuse. Report onWHO 

Seminar, Copenhagen. 

[4] Al Meelebi, T., I. Ismail, J. Basahi, H.A. Qari, I.A. Hassan, 2014. Hazardous of waste water irrigation on 

quality attributes and contamination of citrus fruits. Bioscience Biotech. Research, 11(1): 89-97. 

[5] Metcalf, S. and R. Eddy, 1979. Wastewater Engineering: Treatment, Disposal and Reuse, 2
nd

. McGraw Hill 

Inc., New York. 

[6] Middlebrooks, J.E., 1982, Water Reuse, Ann Arbor Science Publishers Inc., Ann Arbor. 

[7] Gomaa, O., O. Momtaz, H. Abd El Kareem, and R. Fathy, 2011. Isolation, identification, and biochemical 

characterization of a brown rot fungus capable of textile dye decolorization. World J Microbiol Biotechnol 

271: 641-1648. 

[8] Shahalam, A., B.M. Abu Zahra, A. Jaradat, 1998. Wastewater irrigation effect on soil, crop and 

environment: a pilot scale study at irbid, Jordan. Water, Air, and Soil Pollution, 106: 425-445. 

[9] Galhaup, C., S.Goller, C.K.Pterbauer , J.Strauss , D.Haltrich. 2002. Characterization of the major laccase 

isoenzyme from Trametes pubescens and regulation of its synthesis by metal ions. Microbiol 1482159-

2169. 

[10] Wesenberg, D., I. Kyriakides, S.N. Agathos, 2003. White-rot fungi and their enzymes for the treatment of 

industrial dye effluents. Biotechnology Advances; 22: 194-202. 

[11] Eichlerova, I., L. Homolka, F. Nerud, 2006. Synthetic dye decolorization capacity of white rot fungus 

Dichomitus squalens. Bioresource Technology, 97(16): 2153-59. 

[12] Hou, H., J. Zhou, J. Wang, C. Du, B. Yan, 2003. Enhancement of laccase production of Pleurotus ostreatus 

and its use for the decolorization of anthraquinone dye. Process Biochem, 39: 1415-1419. 



28                                                                       Huda A. Qari  2014 

Advances in Environmental Biology, 8(24) December 2014, Pages: 23-28 

[13] Salony, S.V., S. Mishra, S. Bisaria, 2006. Production and characterization of laccase from Cyathus bulleri 

and its use in decolorization of recalcitrant textile dyes. Appl Microbiol Biotechnol, 71: 646-653. 

[14] Eggert, C., P.R. LaFayette, U. Temp, K.E.L. Eriksson, J.F.D. Dean, 1998. Molecular analysis of a laccase 

gene from the white rot fungus Pycnoporus cinnabarinus. Appl Environ Microbiol, .64 : 1766-1772. 

[15] Palmieri, G., P. Giardina, C. Bianco, B. Fontanella, G. Sannia, 2000. Copper  induction of laccase 

isoenzymes in the ligninolytic fungus Pleurotus ostreatus. Appl Environ Microbiol, 66: 920-924. 

[16] Sokorobogat'ko, O.V., E.V. Stepanova, V.P. Gavrilova, A.I. Yaroplov,  2009. Effects of inducers on the 

synthesis of extracellular laccase by Coriolus hirsutus, a basidial fungus. Appl Biochem Microbiol, 32: 524-

528. 

[17] Moilanen, U. Osma, J.F.E. Winquist, M. Leisola, S. Rodríguez, 2010. Decolorization of simulated textile 

dye baths by crude laccases from Trametes hirsuta and Cerrena unicolor. Eng Life Sci, 10: 242-247. 

[18] Rodriguez, S., J.L. Toca Herrara, 2006. Industrial and biotechnological applications of laccases: A review. 

Biotechnol Adv, 24: 500-513. 

[19] Levin, L., E. Melignani, A.M. Ramos, 2010. Effect of nitrogen sources and vitamins on ligninolytic enzyme 

production by some white-rot fungi. Dye decolorization by selected culture filtrates. Bioresource Technol, 

101: 4554-4563. 

[20] Kapdan, I.K., F. Kargi, G. McMullan, R. Marchant, 2008. Effect of environmental conditions on biological 

decolorization of textile dyestuff by C. versicolor. Enzyme Microb Technol, 26: 381-387. 

[21] Srinivasan, C., T.D. souza,  K. Boomathan, C.A. Reddy, 1995. Demonstration of laccase in the white rot 

basidiomycete Phanerochaete chysosporium. Appl Environ Microbiol, 61: 4274-4277. 

[22] Galhaup, C. S.C.K. Goller, J. Pterbauer, Strauss, D. Haltrich, 2002. Characterization of the major laccase 

isoenzyme from Trametes pubescens and regulation of its synthesis by metal ions. Microbiol, 148: 2159-

2169. 

[23] Kaushik P., A. Malik, 2009. Fungal dye decolonization: Recent advances and future potential. Env Int 35, 

127-141. 

[24] Urbanski, N.K., A. Berjesewicz, 2000. Generation of 
•
OH initiated by interaction of Fe

+2
 and Cu

+2
 with 

dioxygen; comparison with the Fenton chemistry. Acta Biochimica Polonica, 47: 951-962. 


