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Introduction

Rapid development of dye industry has accelerated the 
production and commercialization of dyes leading to serious 
environmental and health hazards. Waste water released 
by various synthetic dye industries can pollute and harm 
the aquatic environment [1,2]. Physical and electrochemical 
methods including coagulation, ion exchange, and oxidation for 
the removal of azo or recalcitrant dyes from the effluents become 
obsolete due to their technical and economical limitations [2]. 
In the current decade biocatalysts being efficient have received 
great attention for synthetic dye decolorization and also generate 
no-toxic product [3].

Laccase being an oxido-reductase enzyme utilize oxygen 
(electron acceptor) to catalyze a variety of aromatic compounds 
and is far superior in degrading various recalcitrant pollutants 
[4]. Predominately distributed in plants, fungi and bacteria 
but the ability to transform hazardous chemicals using fungal 
laccase has aroused interest in using them in bioremediation.  

 
So far, enzymatic treatment is considered an alternative method 
for making environment xenobiotic (toxic) free. Using molecular 
oxygen as oxidant and the fact that the water is only by-products 
are very attractive catalytic features, making laccase as an 
excellent Green Catalyst [5]. Immobilized enzyme preparations 
being reversible and more stable than free enzymes can be 
more effective and used repeatedly in bioreactor because they 
remain separated by different methods during the reaction [5]. 
Laccases from fungi offer several advantages of great interest to 
biotechnological applications.

Since laccase sex habit capability for degrading phenolic 
compounds, therefore it is important for bioremediation 
of industrial waste water. Recently, for the decolorization 
of wastewater the approach shifted towards enzyme based 
treatment. Munusi et al. [6] reported removal of naturally 
occurring and xenobiotic aromatic compounds using organic-gel 
immobilized laccase. Synthetic dyes such as Azure B, Brilliant 
Blue R and paper mill effluent were shown to decolorize 
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using laccase from fungus Flavodon flavus. Since the recently 
existing wastewater (dye) treatment processes are ineffective 
and expensive, there is a need for the development of efficient 
enzyme based (laccase) processes.

 Hence in this study, we described the immobilization of 
laccase by different methods such as entrapment and adsorption 
in alginate and silica and compared the efficiency for dye 
decolorization (methyl orange) with free and immobilized 
enzyme (laccase) using batch and fed-batch fermenter. To 
our knowledge, this is the first study using laccase from novel 
fungus Cercospora sp. and first ever comparative analysis of dye 
decolorization using both free and entrapped laccase.

Materials and Methods

Chemicals and reagents

High purity grade chemicals like veratryl alcohol, sodium 
azide, yeast extract, potato dextrose agar, soya meal, fructose, 
citric acid, agar and disodium hydrogen sulphate were 
obtained from Hi-Media Mumbai, INDIA. Methyl orange and 
2,2’-azinobis,3-ethylbenzothiazoline-6-sulphonic acid (ABTS) 
were purchased from Sigma Aldrich (USA). Sodium alginate was 
obtained from Merck (Germany). BUCHI Switzerland B-390. 
Encapsulator, Bio Flo Neo Brunswick Scientific Co. Inc (U.S.A) 
fermenter and UV-VIS spectrophotometer were also used.

Inoculum preparation and laccase production

Laccase producing Cercospora sp. SPF-6 was point inoculated 
from the master plate on potato dextrose agar (PDA) plates and 
was incubated at 30 ˚C for 96 hrs. These pre-cultures were used 
in production medium along with veratryl alcohol (5 drops, 1 
mM) for the production of extracellular laccase. Fungal culture 
discs (6 mm dia) were transferred in to an Erlenmeyer flask 
containing 100 ml production medium (1.25% soya meal, 1.8% 
fructose, 1% yeast extract, 3µM CuSO4.5H2O, 10 µM CaCl2.2H2O, 
10 µM MgCl2.2H2O at pH 6.0) and was kept at 30 ˚C at 150 rpm 
for 108 hrs. After incubation, extracellular laccase was filtered 
with Whattman No. 1 filter paper (designated as free crude 
extract) and used for the enzyme assay.

Assay condition and protein estimation

Laccase activity was defined as the amount of enzyme 
catalyzing the oxidation of 1µmol of the substrate in one min 
under standard reaction condition and was determined by the 
modified method of Nagai et al. [7]. The assay included 100 µM 
ABTS, 890 µl McIlvaine buffer (pH 3.0) and 10µl enzyme solution 
in 1 ml reaction volume at 30 ˚C for 5 min. By adding sodium 
azide (500 µl, 3mM), the reaction was stopped and activity was 
measured at 420nm.Protein estimation was done using the 
Bradford method and standard curve was prepared using 20-
200 µg/ml of bovine serum albumin (BSA) [8].

Immobilization of laccase in alginate and silica

Laccase enzyme was immobilized by entrapment and 
adsorption on alginate and silica respectively. The optimized 

concentration of sodium alginate (2.5%) with CaCl2(0.2 M) 
and Cu2SO4(0.2M) was prepared separately. Equal volumes of 
sodium alginate and crude enzyme was mixed and beads were 
prepared using BUCHI Switzerland B-390 Encapsulator at 30 
˚C into 0.2M ice cold solution of calcium chloride and copper 
sulphate, respectively. The beads were incubated overnight 
for curing in stirring condition and were washed with sterile 
distilled water before performing further experiment.

Laccase was adsorbed on silica (4g) with a minimum amount 
of sodium phosphate buffer (0.1M; pH 7). The mixture wasleft 
overnight for activation at room temperature and filtered with 
Whattman No.1 filter paper. 5 ml of crude enzyme was added 
in 1 g of silica (pellets) and incubated for efficient binding in 
incubator shaker.

Activity immobilization yield

The active immobilization yield was calculated as described 
by Noeru & Sawhney [9]:

    
act IME

IME SEi
γ =

  
Where, IME: Total activity yield of immobilized enzyme

SEi: Total activity of the free enzyme taken for immobilization.

Extent of decolorization was estimated with respect 
to decrease in optical density and calculated as percent 
decolorization as follow:

Where, ( ) 100Test Control TestOD OD OD × −  

OD Test represents optical density of the test

OD Control represents optical density of control

Optimization of reaction parameters for dye 
decolorization using free and immobilized laccase

Different reaction parameters like buffers, its morality, 
and wide pH range, incubation temperature and time, dye 
concentration and enzyme dose, different mediators and their 
concentrations.

Effect of buffer, pH and molarity on dye decolorization 

To find out the best combination of buffer with pH and 
molarity for the maximum decolorization of methyl orange dye 
with both free and entrapped laccase, four buffer systems citrate 
phosphate (pH 2.5-4.5), sodium acetate (pH 4.0-5.2), sodium 
(pH 3.0-5.0) and sodium phosphate (pH 7.0-7.9) were prepared 
(1mM). The molarities of selected buffer was varied from 0.025 
M to 0.1 M. The crude free enzyme and alginate entrapped 
laccase checked for the best buffer system. 

Optimization of reaction temperature and incubation 
time for dye decolorization

Effect of temperature on the enzymatic decolorization was 
assessed by incubating the reaction mixture with free enzyme 
and as well as with immobilized enzyme at temperature ranging 
from 25 ˚C to 55 ˚C with increment of 5 °C. To determine the 
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optimum reaction time for maximum dye decolorization 
incubation time ranging from 10 minutes to 360 minutes.

Effect of enzyme dose and dye concentration

To assess the effect of enzyme dose on decolorization, the 
reaction was started with different enzyme concentrations. 
Entrapped laccase in alginate with the activity of 3.09 IU to 18.09 
IU (20 µl-200 µl) and in free form was incubated at an optimized 
temperature and time to check the decolorization potential 
using crude dye concentration varied from 20 mM to 200 mM.

Role of different mediators and their concentrations

Laccase alone is not able to oxidize certain non-phenolic 
compounds, therefore highly active cation radicles production 
by oxidization of mediators using laccase is an effective way. 
Different mediators like 2,2’-azino-bis 3-ethylbenzothiazoline-
6-sulphonic Acid (ABTS), Hydroxybenzotriazole (HOBt), 
p-hydroxy benzoic acid (p-HBA), 4-Aminobenzoic Acid (PABA), 
Guaiacol, pyrogallol, hydroquinone, phylloquinone at the 
concentration of 1 mM were used for their potential role to 
enhance the decolorization of dye. 

Reusability of immobilized enzyme in dye 
decolorization

The Reusability of the laccase entrapped calcium alginate 
beads were investigated in selected buffer at optimized pH and 
temperature. Stability, efficiency (minimum cut off 50% decrease 
in dye decolorization) and reusability of the beads were checked 
by reusing the same beads at the end of each cycle to treat fresh 
methyl orange dye. 

Batch and fed batch decolorization of dye using Bio 
Flo Neo fermenter

All optimized reaction parameters were used for pilot scale 
decolorization of dye (500ml) at both batch and fed batch mode 
using Brunswick fermenter. In batch mode, total dye at 1 mM 
concentration was added at once and in fed batch equal feeding 
of dye was given to the reaction mixture at a defined interval of 
time to access efficient mode of decolorization.

Results and Discussion

Laccase immobilization and matrices selection

The amount of laccase (enzyme activity) retained by different 
matrices decides the binding efficiency and the application of 
that matrices. In the present study, laccase was immobilized 
broadly by two different methods i.e. entrapment in calcium and 
copper alginate and by adsorption on silica matrix. Spherical 
shaped alginate beads (3.5 mm) were obtained by encapsulator. 
However, the highest activity of immobilized enzyme was 
observed with calcium alginate (19.16 IU) followed by copper 
alginate beads (18.76IU) and silica matrix (12.09 IU) showed 
in Table 1. The observed variation in the immobilized laccase 
activity may be due to the concentration and pore size of matrix 

used. Researchers tried various matrices like oxirane acrylic 
beads, porosity glass, activated carbon and alumina to immobilize 
laccases of which calcium alginate is the most common due to 
simple gelation with Ca2+ [10,11]. Maximum laccase binding 
efficiency (72.42%) was observed with2.5% calcium alginate at 
0.2 M CaCl2 concentration as compared to silica (56.12%). On 
decreasing the concentration of alginate below 2.5%, resulted in 
enzyme leaching while increase in concentration beyond 2.5% 
failed to enhance the laccase binding efficiency. Calcium alginate 
beads exhibit higher binding efficiency and enzyme activity 
in comparison to other immobilised systems, hence proved to 
be the better support and was selected as best immobilization 
matrix for further studies.

Table 1: Selection of efficient matrices.

Matrices Enzyme activity ( 
IU)

Immobilization 
Efficiency (%)

Calcium alginate 19.16 72.42

Copper alginate 18.76 71.78

Silica 60 (0.060-0.2 
mm) 12.09 56.12

Suitable buffer system with optimized pH and molarity 
for efficient dye decolorization

Crude enzyme showed maximum (72%) dye decolorization 
with citrate phosphate buffer (pH 3.0) and immobilized enzyme 
displayed 83.02% decolorization at pH 2.5 showed in Figure 1. 
Nyanhongo et al. [12] also showed the stability and activity of 
T. Modesta laccase at pH 4.0 with decrease in half-life to 2 hr 
at acidic pH 3.0. As pH altered, there was a decline in percent 
decolorization due to reduced affinity of active sites towards 
substrate at extreme pH. Our findings were in correlation with 
earlier reports from Palmieri et al. [13] for P. Ostreatus laccase, 
showing pH optima of 3.0-3.6 for substrate ABTS and suggested 
the transport of H+ ion for mass transfer into the matrix. Citrate 
phosphate buffer with molarity 0.1 M showed 63.25% dye 
decolorization with free enzyme and 72.33% with 0.025M for 
immobilized enzyme (Figure 2). The further increase or decrease 
in buffer molarity has adverse effect on the dye decolorization. 
Lu et al. [14] also reported phosphate citrate at a slightly higher 
concentration (0.1 M) for alginate-chitosan immobilized laccase 
system.
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Figure 1: Selection of buffer and pH for maximum decolorization of dye by (a) free and (b) immobilized enzyme.

Figure 2: Effect of buffer molarity on dye decolorization with free and immobilized laccase.

Optimization of reaction temperature and incubation 
time for dye decolorization by free and immobilized 
enzyme

With increase in temperature (25 ˚C-45 ˚C), a gradual 
increment in the percent decolorization of dye by free laccase 
was observed with maximum decolorization (90%) at 45 °C 
(Figure 4). Increase of temperature to 45 °C showed constant 
percent decolorization and further increase resulted in a marked 
decrease in the dye decolorization. The free enzyme showed 
maximum percent decolorization of dye after 90 min (Figure 
3). These results were similar to the experiment performed by 

Khlifi et al. [15] showing mediator based decolorization of azo 
dyes by laccase from Streptomyces psammoticus. Immobilized 
laccase showed maximum decolorization (80%) at 25 °C and 
then a constant percentage of dye decolorization (70%) with 
an increase in temperature from 30 ˚C to 50 ˚C. Maximum 
decolorization (72.14%) with immobilized laccase was 
observed after 30 min of incubation (Figure 3). Further increase 
in incubation led to no change in the percent dye decolorization 
due to product inhibition or due to denaturation of the enzyme 
when incubated for a longer period of time. Similarly, Araujo et 
al. [16] performed laccase assay of Botryosphaeria sp., Pleurotus 
ostreatus and Aspergillus sp. with ABTS at 55 ˚C.
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Figure 3: Optimization of reaction temperature (a) and incubation time(b) for dye decolorization by free and immobilized enzyme.

Optimization of enzyme dose and dye concentration 
for decolorization of dye using free and immobilized 
laccase 

Dye concentration influence its decolourization rate, 
therefore free and immobilized enzyme, showed maximum 
dye decolorization 60% and 65% respectively at 100 mM 

per 1.1ml reaction mixture (Figure 4). The result revealed 
that the decolorization remain constant with increasing dye 
concentration may be due to the substrate inhibition or non-
availability of free enzyme site. Asgher et al. [17] immobilized 
Pleurotus ostreatus laccase by entrapping in sol-gel matrix 
which had anoptimum substrate concentration 0.5mM for 
immobilized laccase.

Figure 4: Optimization of (a)dye concentration and (b)enzyme dose for decolorization of dye using free and immobilized laccase.

For the maximum decolorization of methyl orange dye, 
enzyme dose (IU)of immobilized enzyme and free enzyme were 
optimized. Decolorization increased as enzyme dose increased 

from 3.08 IU to 18.51 IU with maximum decolorization (61.7%) 
with 12.34 IU (20 beads) in case of immobilized enzyme and 
140 µl of crude fee enzyme (80%) (Figure 4). The minimum 
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enzyme dose for maximum decolorization was found to be 12.36 
U. At the zone of equivalence between enzyme and substrate, 
further increase in enzyme dose showed no enhancement in 
decolorization level. A similar observation by Soares et al. [18] 
and Saito et al. [19] were reported in their studies using the 
crude or purified laccase.

Selection of efficient mediator for the decolorization 
of methyl orange dye by free and immobilized laccase 
enzyme   

Mediators generally enhance the activity of enzyme, therefore 
effect of various mediators like PABA, HOBT, PHBA, Pyrogallol, 
ABTS etc were checked with free and immobilized laccase for 

maximum dye decolorization. In the presence of HOBt mediator, 
free enzyme showed maximum (97.03%) dye decolorization. 
Khalifi et al. [15] also used Laccase-HBT system for removal and 
elimination of synthetic dyes and characterized thisas one of the 
most successful laccase mediated system. Immobilized enzyme 
was showing (77.98%) maximum dye decolorization in the 
presence of Pyrogallol (Figure 5). Similar results were shown by 
Zamora et al. [20], where maximum decolorization of reactive 
dyes was obtained by immobilized laccase (Trametes versicolor) 
in the presence of the mediator. Papinutti et al. [21] showed the 
proportional relationship between the concentrations of HBT 
and destructive effect of the N-O group on laccase mediating the 
decolourization effect.

Figure 5: Effect of different mediators on dye decolorization using free & immobilized enzyme

Reusability of immobilized laccase enzyme

Immobilization of laccase enzyme on alginate, reduces the 
production cost and facilitate its industrial application of dye 
decolourization due to the property of reusability of entrapped 
laccase enzyme. Reusability of the immobilized enzyme for dye 
decolorization was assayed at 25 ºC for 30 min repeatedly till 
the activity decreased to about 50% or less. We investigated 
the reusability of the immobilized enzyme for up-to eight 
cycles and showed, that till 7th reaction cycles the activity of 

immobilized was reduced to only 50% showing the advantage 
of immobilized laccase for the dye decolorization (Figure 6). The 
probable explanation may be decrease in pore size of alginate 
beads causing difficulties in the dye diffusion during enzymatic 
reaction leading to decreased efficiency of laccase entrapped in 
alginate bead. Successful reuse of activated polyvinyl alcohol 
with 60% activity after ten cycles and amine-terminated 
magnetic nano-composites with 80% activity after 5 cycles were 
already documented in the literature [22-24].

Figure 6: Reusability of immobilized laccase enzyme

Batch and fed batch decolorization of methyl orange 
dye (500 ml) using Bio Flo Neo fermenter 

All the optimum conditions were applied for the 
decolorization of methyl orange dye using fermenter (500 ml) 
in batch and fed-batch with both free and immobilized laccase 

enzyme. In both batch and fed-batch level with free enzyme, the 
total reaction volume was 500 ml comprising buffer (327 ml), 
laccase enzyme (64 ml), methyl orange dye (45 ml) and HOBT 
mediator (64 ml). In Batch, all the reaction components are 
added once in the fermenter and then 6 aliquots of 1100 µl were 
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drawn at a regular interval of 10 minutes. In case of in fed batch, 
dye was added in the fermenter in 6 feedings of 7.5 ml each and 
O.D. was observed at 508 nm.

With immobilized laccase on calcium alginate beads, the 
batch fermenter level was operated for 30 minutes at 25 °C. In 
a batch process of 500 ml total reaction volume consisting of 
455 ml buffer, 25 ml dye, 20 ml mediator, 6000 no’s Beads, all 
the components was added once and after every 10 minutes, 
1000 µl volume aliquots was withdrawn, to find the percentage 

decolorization of methyl orange dye . In fed batch, 3 feedings 
(8.33 ml each)of methyl orange dye were added to the fermenter 
reaction volume and O.D. was observed to find out the percentage 
decolorization of methyl orange dye. At the 500ml fermenter 
level, our experiment showed less dye decolorization. With free 
enzyme, batch and fed batch showed inverse relationship and 
fed batch failed in dye decolourization. In case of immobilized 
enzyme, we achieved positive results with both batch and fed 
batch (Figure 7).

Figure 7: Decolorization of dye with optimized conditions in batch and fed-batch using(a) free and (b) Immobilized laccase enzyme.

Conclusion

Cercospora sp. is an interesting microorganism and so far 
no one reported laccase production from this class of fungus. 
Being versatile oxidases and owing high reduction potential, 
makes laccase enzyme a potential candidate for biotechnological 
application especially in bioremediation [25]. These enzymes 
inherit the property for degrading phenolic, non-phenolic lignin-
related compounds, recalcitrant environmental pollutants, 
xenobiotic compounds and therefore can be effectively used in 
bioremediation [26]. Laccase from Cercospora sp. SPF-6 permits 
several possible interactions with different matrices. Laccase 
was immobilized on calcium alginate beads by entrapment 
method and used as stable matrix system compared to free 
enzymes considered an advantage in wastewater treatment. 
Additional reusability of laccase entrapped beads provides 
economic benefits when used in large scale application such 
as in fermenter or bioreactors. Many researchers have showed 
potentiality of both microorganism and laccase enzyme for the 
treatment of dye and textile effluents [27].

On the basis of the present study, it would be concluded that 
immobilized laccase has better potential in the decolorization 
of methyl orange dye present in various industrial effluents 

and waste water. The improved stability and reusability could 
be a potential advantage in wastewater treatment. Because 
of the potential use in the bioremediation and detoxification 
of pollutants, interest in laccases has increased [28]. Stable 
and reliable source of enzyme with ease of extraction was 
produced from microbial world [29]. Media optimization and 
use of appropriate inducers could bring additional benefits of 
higher production with expenditure of minimum resources. 
Understanding a better mode of cultivation using mediators, 
possibly extend the role of laccase to non-phenolic substrates 
[30]. So far, this is the first report demonstrating the decolorizing 
activity in the Cercospora genre. To illuminate its full potential, 
further studies should be carried for more efficient laccase 
production system. 
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