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Abstract. Laccase enzyme (L) obtained from Tramates versicolor was entrapped into polyvinyl alcohol–

calcium alginate (PVA-CaAlj) beads. Michaelis-Menten constant (Km) and maximum reaction rate (Vmax) 

values were found to be 1.70x10-2 mM and 2.08x10-3 mM.min-1 for free enzyme respectively. Km and Vmax 

values were found as 2.87x10-2 mM and 5.30 x 10-3 mM.min-1 for entrapped enzymes respectively. Optimum 

pH was determined as 5.0 and 6.0 and optimum temperature determined as 40oC and 45oC for free laccase and 

entrapped laccase respectively. After 30 days of storage at 4 oC free laccase retained 60 % of its original activity. 

Also after 30 days of storage at 4 oC, entrapped enzymes were retained 85 % its original activity. Immobilized 

enzyme was used repeatedly 10 times, were retained 75% of its original activities. 

Keywords: Laccase, immobilization, polyvinyl alcohol–calcium alginate, entrapment. 

Lakkazın poli (Vinil Alkol) -Kalsiyum Aljinat Kürelerine 

İmmobilizasyonu 

Özet. Tramates versicolor' dan elde edilen  lakkaz enzimi (L), polivinil alkol-kalsiyum aljinat (PVA-CaAlj) 

kürelerine hapsedildi. Michaelis-Menten sabiti (Km) ve maksimum reaksiyon hızı (Vmax) değerleri sırasıyla 

serbest enzim için 1.70x10-2 mM ve 2.08x10-3 mM.dak-1 olarak bulundu.İmmobilize enzim için Km ve Vmax 

değerleri de sırasıyla 2.87x10-2 mM ve 5.30 x 10-3 mM.dak-1 olarak bulundu. Optimum pH değerleri serbest 

enzim için 5.0 ve immobilize enzim için 6.0 olarak belirlendi. Optimum sıcaklık sırasıyla serbest lakkaz ve 

immobilize lakkaz için 40oC ve 45oC olarak belirlendi. 4 oC tutulan serbest lakkazın 30 günlük depolama 

sonrasında orijinal aktivitesinin % 60'ı koruduğu bulunurken aynı koşullarda tutulan immobilize enzimin ise 

orijinal aktivitesinin% 85'ini koruduğu bulundu. İmmobilize enzimin 10 kez tekrar kullanım sonrasında  orijinal 

aktivitesinin % 75'ini koruduğu bulunmuştur. 

Anahtar Kelimeler: Lakkaz, immobilizasyon, polyvinil alkol–kalsiyum aljinat, tutuklama. 

 

1. INTRODUCTION 

Enzyme catalysed reactions are very important in 

biotechnology. Immobilizations of enzymes are 

useful techniques that provide continuous and 

repeated use in enzymatic processes and 

applications. [1-3]. Laccase (benzenediol: oxygen 

oxidoreductase, EC 1.10.3.2), a type of 

multicopper oxidase which is a biocatalyst. 

Laccase can able to catalyse reduction of oxygen to 

water [4-6]. Fungi, plants and some bacteria are 

laccase production resources [7-10].  

Several supports have been used for 

immobilization of  laccase by entrapment method, 

such as entrapment in polymeric gels [11],  

entrapment on polyacrylamide semi-

interpenetrating polymer networks [12], 

entrapment on Semi-interpenetrating polymer 

networks [13],  entrapment on Polyacrylamide-

based semi-interpenetrating networks [14], 

entrapment into carrageenan based semi-

interpenetrating polymer Networks [15] . 
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In this study laccase was immobilized polyvinyl 

alcohol–calcium alginate (PVA-CaAlj) beads by 

entrapment.  Effects of immobilization on enzyme 

activity, kinetic parameters, storage stability and 

reuse capability of the laccase were investigated. 

2. MATERIALS AND METHODS 

Materials 

Laccase (EC 1.10.3.2.) from Trametes versicolor 

were supplied from Fluka. Sodium alginate and 

syringaldazine were supplied from Sigma. 

Polyvinyl alcohol, Calcium chloride CaCl2, Citric 

acid and sodium hydroxide were supplied from 

Merck. Ammonium persulphate (APS) was 

supplied from Analar. Phosphoric acid and Ethyl 

alcohol were supplied from Riedel-de Haen. All 

chemicals used were analytical grade in this study. 

Immobilization of laccase into polyvinyl 

alcohol–calcium alginate (PVA-CaAlj) beads 

Laccase was immobilized into (poly (vinyl 

alcohol)-Ca alginate) beads by entrapped method. 

50 mL, 1% w/w Sodium alginate dissolved in 

distilled water and 50 mL, 2% w/w poly (vinyl 

alcohol) dissolved in distilled water  were 

thoroughly mixed. Then Laccase enzyme was 

dissolved in phosphate buffer (pH: 6.5, 0.04 M) 

were added to the solution and mixed well. 

Fallowing this resulting homogenous mixtures 

were added drop wise from a burette to the 0.3 M 

CaCl2 solution. When Na-alginate was contacted 

with CaCl2, enzyme molecules were immobilized 

in water-insoluble Ca-alginate poly (vinyl alcohol) 

spheres due to sodium-calcium exchange. The 

resulting polymeric spheres were then stored in 

distilled water at 4 °C for later use. 

Determination of laccase activity  

Determination of laccase activity for free and 

immobilized form was assayed  

spectrophometrically as defined by Leonowicz and 

Grzywnowicz [16]. 

Spectrophotometric measurements were carried 

out with Shimadzu UV-Visible spectrophotometer 

UV/Vis. 1800 at 530 nm and enzyme activities 

were determined with the help of syringaldazine 

calibration curve.  

Effect of Temperature and pH  

Effects of Temperature and pH for free and 

immobilized laccase activities were determined 

under different pH and temperatures range. 

Storage Stability 

The storage stability of the free and entrapped 

laccase was measured in 30 days. Free and 

entrapped laccase were kept in Phosphate buffer at 

4 °C. 

Kinetic Studies  

Kinetic parameters of Michaelis−Menten equation 

Km and Vmax were determined for free and 

immobilized laccase at constant temperature and 

pH for various syringaldazine concentrations.  

Repeated use of Immobilized Laccases  

Immobilized laccase enzyme was used 10 times in 

a day. Temperature, pH and substrate concentration 

were kept constant in each reaction. 

3. RESULTS AND DISCUSSION 

Effects of Temperature and pH 

The activity of the free and immobilized laccase at 

different pH values is shown in Figure 1. Optimum 

pH was determined as 5.0 and 6.0 for free laccase 

and entrapped laccase respectively. Similar results 

have been reported for free laccase related laccase 

sources and substrates [12, 17-19].  For 

immobilized laccase optimum similar pH values 

have been reported previously [12-15, 17-19]. The 

pH value in this study was found to be relevant with 

previous studies. The activity of the free and 

immobilized laccase at different temperature 

values is in the Figure 2. The optimum temperature 

was determined as 40oC and 45oC for free laccase 

and entrapped laccase respectively. Optimum 

temperature of entrapped laccase value was found 

higher than optimum temperature value of free 
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laccase. Similar result have been reported in 

previous studies [12-15].  

 
Figure 1. Effect of pH on the activity of free and immobilized 

enzyme. 

 

 
Figure 2. Effect of temperature on the activity of free and 

immobilized enzyme. 

 

Storage Stability 

The free and entrapped laccases were kept at 4 C 

and the activities of free and entrapped enzyme 

were measured periodically over duration of 30 

days. The entrapped laccase retained 85% of its 

starting activity while free laccase retained 60% of 

starting activity when stored in buffer solution for 

30 days. The results are shown in Figure 3. In 

literature, glaceraldehyde crossed laccase on 

magnetic chitosan nanoparticles maintained 85% 

of activity after 30 days [20]. When laccase was 

immobilized with covalent attachment to DEAE-

Granocel 500, CM-Granocel and acrylic carrier, it 

was reported to retain 90% of the activity of the 

immobilized laccase when stored at 4 °C for 4 

months [18]. When laccase was immobilized with 

glutaraldehyde crosslinker by adsorption on 

chitosan microspheres and Fe + 3 transition metal 

chelates, the enzyme immobilized on the chelate at 

4 °C for 3 months and the water-soluble chitosan 

[21]. That the enzyme immobilized on the 

microspheres preserves 90% of the activity of the 

enzyme immobilized thereon, whereas the enzyme 

immobilized on the microspheres retains 85% of 

the activity. Our results are consistent with the 

results in the literature. 

 

Figure 3. Effect of storage on the activity of free and 

immobilized enzyme. 

 

Kinetics Parameters 

The kinetic parameters results of free and 

immobilized laccase are presented in Table 1. 

Michaelis-Menten constant (Km) and maximum 

reaction rate (Vmax) values were estimated from 

the Lineweaver–Burk plots [22]. Km and Vmax 

values were found as 1.70x10-2 mM and 2.08x10-3 

mM.min-1, for free enzyme respectively. Km and 

Vmax values were found as 2.87x10-2 mM 5.30 x 

10-3 mM.min-1, for entrapped enzymes respectively 

(Figure 4.). In the light of the results of the 

experiment, it is seen that Km and Vmax values are 

increased by immobilization of the enzyme. The 

value of Km is increased by immobilization of the 
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enzyme this behaviour can be caused micro-

environmental effects. In literature, When Laccase 

immobilized on magnetic chitosan nanoparticles 

Km value was reported to 31.1 μM [20]. When 

Eupergite was immobilized, they found that the 

Km was 0.150 mM and the Vmax value was 7.6 

x10-3 mM .min-1 [5]. 

 

Table 1. Kinetic parameters of free and immobilized enzymes. 

 Km  (mM) Vmax (mM.min-1) 

Free enzyme 1.70x10-2 2.08x10-3 

Immobilized enzyme 2.87x10-2 5.30 x 10-3 

 

 

 
 

Figure 4. Lineweaver-Burk plots for free and immobilized 

enzyme. 

 

Repeated use of immobilized enzymes 

In this study, entrapped laccase into (poly (vinyl 

alcohol)-Ca alginate) beads were repeated in 10 

cycles in a day.  The immobilized enzymes were 

protected 75% of its original activities. Repeated 

use effect of immobilized laccase activity was 

presented in Figure 5. 

In literature, it has been found that glaceraldehyde-

crosslinked laccase on magnetic chitosan 

nanoparticles maintains about 85% of activity after 

10 times used [20]. Laccase was immobilized on 

the amine-terminated nanocomposites (Cu TPAc) -

Fe3O4 (copper tetraamin phthalocyanine) with 

gulutaraldehyde crosslinker and was found to 

retain 80% of activity after 5 times of use [23]. The 

enzyme laccase immobilized by covalent 

attachment on activated PVA has been found to 

retain 60% of its activity after 10 times used [24]. 

 

Figure 5. Effect of reuse on the activity of immobilized 

enzyme. 

4. CONCLUSIONS 

Laccase enzyme was immobilized by entrapment 

method into polyvinyl alcohol–calcium alginate 

(PVA-CaAlj) beads and the immobilization 

process was optimized.  

It has been found that optimum pH and temperature 

values are better when compared to the 

immobilized enzyme free enzyme 

Entrapped laccase into (poly (vinyl alcohol)-Ca 

alginate) beads was found to have better 

temperature, pH and strorage stability when 

compared to the free enzyme. The immobilized 

enzymes were protected 75% of its original 

activities. These properties of immobilized laccase 

enzyme can be used for various biotechnological 

and industrial applications, such as in waste water 

treatment. 
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