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ABSTRACT 

 In this present study, the enzyme tyrosinase from Bacillus megataerium was assayed, extracted 

and purified. The activity of purified tyrosinase was further characterized with respect to the 

effect of pH, Temperature, Km and Vmax value. The activity of sodium alginate immobilized 

tyrosinase was also assessed. The effect of purified Tyrosinase in degrading the phenolic waste 

present in the industrial effluents is also studied to explore the application aspect of the enzyme. 

6.9 pH, 40 °C, 0.5 and 0.58 Km and Vmax values were found to be optimum for the activity of the 

purified Tyrosinase. The purified Tyrosinase showed 50 % efficiency when immobilized on 2% 

sodium alginate. The immobilized tyrosinase showed 80% and 35% activity in 2
nd

 and 3
rd

 cycle 

when L-DOPA was used as a substrate to check the reusability of the enzyme. No or Complete 

loss of activity was observed in the 4
th

 cycle. The broad specificity of the enzyme tyrosinase 

towards the degradation of phenolic compounds was confirmed as the significant degradation 

was observed in the industrial effluent. Tyrosinase stands as a promising enzyme for the 

treatment of industrial phenolic effluents. Due to the advancement of biotechnological 

applications, in the near future the enzyme tyrosinase might serve as a potential tool to deal with 

the diverse environmental pollutants. 
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INTRODUCTION 

Tyrosinase (E.C.1.14.18.1) is an enzyme that catalyzes the oxidation of phenols and is 

widely spread in animals and plants. It is a metalloenzyme containing Cu
2+ 

ions inside the active 

site. This enzyme is responsible for the producing melanin in the orthohydroxilation reaction of 

monophenols and the oxidation of O-quinone, displaying catecholase and cresolase activity 

[1].Tyrosinase is a bifunctional enzyme that catalyzes both the hydroxylation of monophenols to 
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O-diphenols (monophenolase activity) and the subsequent oxidation of the O-diphenols to O-

quinones (diphenolase activity). Due to the potential applications of tyrosinase in biotechnology, 

in particular in biocatalysis and for biosensors, it is desirable to develop a suitable low-cost 

process for efficient production of this enzyme. So far, the best production yield reported for 

tyrosinase was about 1 gL
-1

, which was achieved by cultivating the filamentous fungus 

Trichoderma reesei for 6 days[2].Tyrosinases have been isolated and purified from various 

sources such as animals, plants, fungi, and bacteria[3,4,5]. However, the use of tyrosinase from 

plant source is problematic as the enzyme exhibits relatively low solvent and temperature 

stability, as compared to some bacterial tyrosinases[6, 7, 8]. Almost all reported tyrosinase-

producing microbial (both fungal and bacterial) strains also produce other polyphenol oxidases 

such as peroxidase and laccase. The presence of laccase and peroxidase along with tyrosinase 

imposes serious problems for commercial usage[9]. All these enzymes can use tyrosine as 

substrate but produce different products, resulting in reduced yield as well as increased cost for 

the downstream process. Recently, it was reported that a new Actinomycete isolate produced 

only tyrosinase and did not exhibit peroxidase or laccase activities. The production yield of 

tyrosinase was about 4.8 U mL
-1

 after 48 h incubation, which is still far too low to be applied for 

commercial purposes[10]. In this work, tyrosinase from Bacillus megaterium was studied in 

batch cultivations. Effects of various key cultivation parameters on tyrosinase production were 

examined in batch cultures to identify optimal conditions. It was found that a culture temperature 

of 32 °C and induction at the late growth stage were favorable, leading to a highest tyrosinase 

activity of 0.76 U mL
-1

. 

MATERIALS AND METHODS 

Isolation and Identification of a Tyrosinase-Expressing Bacterial Strain. 

Total viable bacterial count:  

The soil samples collected from differentareas in Kothanur, K.Narayanpura, Bengaluru, 

were seriallydiluted using 9 mL sterile saline. Total viable bacterialcounts were enumerated by 

pour plate method, using nutrient agarmedium (Hi-Media, Mumbai, India). One mL aliquot of 

appropriate dilution was pipetted out in to the sterilepetriplates and 20 mL of nutrient agar was 

added into each petriplate.The sample was mixed thoroughly by rotating the plate clockwiseand 

anticlockwise direction and allowed to solidify. Then theinoculated plates were incubated at 37 

°C, duplicate plates werealso maintained. Petriplates with 30-300 colonies were selected after 24 

- 48 h incubation and the total viable bacterial counts wereenumerated. The bacterial population 

was expressed as numberof colony forming units CFU mg
-1

 of soil sample. Diluted samples were 

streaked on selection plates (MMB) containing 0.1% L -tyrosine and glucose; black colonies 

suspected of melanin production were isolated and grown again on L -tyrosine-containing plates 

and on similar plates without tyrosine (negative control)[11]. 

 

Bacterial Identification 

 The randomly isolated bacterial strainsfrom the samples were identified up to generic 

level byemploying the standard morphological and biochemicalcharacteristics described in 

Bergey’s manual of systematicbacteriology [12]. 

 

DNA isolation 

Tris-EDTA (10 mMTris-HCl, 1 mM EDTA; pH 8) buffer and lysozyme (10 mg/mL) 

were added in the pelleted cells of the dominant isolate and incubated for 30 min at room 
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temperature. SDS and Proteinase K (10 U/μL) were added and incubated at 55°C for 2 h. DNA 

was extracted with phenol, chloroform and iso-amyl alcohol, and was precipitated with ethanol 

and dissolved in TE buffer [13]. 

PCR amplification, cloning and sequencing of 16S rRNA genes  

16S rRNA genes of the bacterial isolates were amplified with genomic DNA isolates as 

template and 8F and 1490R primers (34) in the following composition and amplification cycle.  

Each reaction mixture contained 2 µL of template DNA (100 ng), 0.5 µM of two primers, and 25 

µL of Enzyme Master Mix (Bioron).  The PCR program consisted of an initial denaturation step 

at 94°C for 5 min, followed by 30 cycles of DNA denaturation at 92°C for 30 sec, primer 

annealing at 50°C for 1 min, and primer extension at 72°C for 2 min was carried out in Thermal 

Cycler (ThermoHybaid).  After the last cycle, a final extension at 72°C for 20 min was added. 

The PCR products were purified by QIAquick PCR purification kit as described by the 

manufacturer and cloned using QIAGEN PCR cloning plus kit as described by the manufacturer. 

Clones were selected and isolated plasmids with insert were sequenced with M13 Sequencing 

Primers using ABI Biosystems automated sequencer. Nucleotide database was searched with the 

sequences obtained with NVBI BLAST (Blastn) tool (http://www/ncbi.nlm.nih.gov/BLAST) 

[14]. 

 

Preparation of the crude extract 
The culture supernatant was obtained by centrifugation of the culture broth at 5,000 

RPMfor 15 min at 4 ºC. The medium, containing the extracellular tyrosinase, was subjected to an 

aqueous two-phase system based on polyethylene glycol, PEG-8000 [5% (w/w) phosphate 

buffer, pH 7.0]. After stirring the solution for 15 min at room temperature, it was centrifuged at 

10,000 × gfor 10 min at 25 ºC. The upper black PEG-rich phase (20% of total volume) was 

discarded, and the clean phosphate-rich phase containing the tyrosinase was brought to 60% 

saturation with Ammonium Sulphate (NH4SO4) under continuous stirring at 4 ºC [15]. 

 

Tyrosinase Assay 

           The enzyme assay was carried out as per the methods [16] with minor modifications using 

phosphate buffer (pH-6.9, 0.2M). L-DOPA was used as the substrate. The final volume of the 

reaction mixture was 4.0mL consisting of 1mL of L-DOPA, 1mL of tyrosinase enzyme and 2 

mL of buffer. The reaction mixture was incubated for 1 min at 40°C. The optical density was 

read at 475nm against a suitable blank containing 1mL of L-DOPA and 3mL of buffer.            

The activity of enzyme is defined as the amount of the enzyme producedby 1μ mol of L-DOPA/ 

min. The enzyme activity was calculated using molar extinction coefficient (ε) of 3.6 mM
-1

cm
-1

. 

All experiments and assays were carried out in triplicate. 

 

Purification of enzymes 

Purification of enzymes was carried out at 4°C. The protein was precipitated from the crude 

extract by solid (NH4)2SO4 in two steps. The first step was the addition of ammonium sulphate 

upto 30% (w/v) saturation by constant stirring in an ice bucket andcentrifugation at 1500g for 30 

min. In the second step, ammonium sulphate was added to the supernatant to a final 

concentration of 70% (w/v) saturation at same temperature. After standing in the ammonium 

sulphate solution for 2 hours the pellet was collected by centrifugation at 1500g for 30 minutes 

and resuspended with 0.2 M of phosphate buffer (pH-6.9) at 4°C for 12 h. The buffer was 

replaced every 3 hours.The dialysis tube was cut to the required length and placed in 2% sodium 

http://www/ncbi.nlm.nih.gov/BLAST
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carbonate solution at pH 8.0 and boiled at hot water bath for 10 minutes. The sodium carbonate 

solution was then decanted. The dialysis bag was rinsed with distilled water 3 times by keeping 

in boiling water bath for 10 minutes. The distilled water was decanted. After the third time and 

the dialysis bag was boiled in 10 mM EDTA (pH-8.0) in a water bath for 10 minutes. The 

dialysis bag was allowed to cool at room temperature and stored at 4°C, if required water was 

added to dialysis bag and checked for leakage. The measured volume of resuspended pellet was 

added into the activated dialysis bag and sealed the dialysis bag was placed in a solution of 0.2M 

phosphate buffer (pH -6.9) at 4°C for 12 h. The buffer was replaced every 3 hours. The enzyme 

activity and protein concentration of the dialyzed enzyme was determined[17]. The partially 

purified enzyme was used for further experiments. 

Characterization of enzyme 

Effect of pH 

          The effect of pH on tyrosinase activity was determined by incubating the reaction mixture 

at different pH values ranging from 4 to 9 using different 0.2M buffer systems (acetate buffer 

forpH  4.0 to 5.0; phosphate buffer 6.0 to 8.0; Tris-base buffer 9.0) at 40°C. The activity of the 

enzyme was determined as per the standard assay procedure for the tyrosinase activity[18]. 

 

Effect of temperature 

            The optimum temperature for enzyme activity was determined by incubating the reaction 

mixture at different temperatures ranges from 0°C to 100°C with the series of 20°C in 0.2M 

phosphate buffer, pH 6.9. The activity was determined as per the standard assay procedure for 

the tyrosinase activity[18]. 

Kinetic studies 

        The kinetic constants Kmand Vmax were determined using L-DOPA as the substrate. The 

assay was carried out using L-DOPA of different concentrations (0.0, 0.5, 1.0, 1.5, 2.0, 2.5, 3.0, 

3.5, 4.0, 4.5 and 5.0mM) at 40°C (pH 6.9). The data was plotted by using the Michaelis-Menten 

equation to obtain Kmand Vmax with the molar extinction coefficient (ε) of 3.6mM
-1

cm
-1

[18] 

 

Enzyme immobilization 
5.0g of Sodium alginate was weighed and dissolved in 250mL of agitated water. The 

mixture was continuously stirred till the solution became homogenous without any clump 

formation. To this sodium alginate solution, an equal volume of enzyme extract was added and 

this mixture was incubated at room temperature for 30 min. An equal volume of enzyme was 

added to 2 % of Sodium alginate. The solution obtained was extruded drop wise through a 

syringe into gently stirred 0.2 M calcium chloride solution from a height of about 2 cm. The 

beads formed due to this process were left in calcium chloride solution for about 20 min at 4°C. 

The beads obtained were thoroughly rinsed with demineralised water three times and then the 

activity of the immobilized tyrosinase enzyme was determined [19]. 

 

Immobilization Calculation: 

Initial activity of the free enzyme = 32 U 

Volume of enzyme solution = 5 ml 

Weight of beads formed after immobilization of enzyme solution = 5.8 g 

Enzyme solution entrapped in 0.5 g beads = 0. 43 ml 
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Therefore enzyme entrapped = 13.8 U/0.5 g bead (basis of free enzyme) 

Therefore total enzyme activity after entrapment = 50 % 

Degradation of Phenolic waste from industrial effluent 

                Phenolic waste obtained from incense sticks industry effluent was used as the 

substrate. The final volume of the reaction mixture was 4.0mL consisting of 1mL of effluent, 1 

mL of tyrosinase enzyme and 2.0 mL of buffer. The reaction mixture was incubated for 1 min at 

40°C. The optical density was read at 475nm against a suitable blank containing 1.0 mL of 

effluent sample and 3.0 mL of buffer[20]. All experiments and assays were carried out in 

triplicates. 

 

RESULTS AND DISCUSSION 

 

The total number of viable cells obtained by the after the incubation period of serially diluted soil 

sample is found to be 126 ± 2 x 10
5
 CFU/gm 

The biochemical characterization of the isolated bacteria from the soil samples were 

represented in Table 1. 

 

Table 1:  Biochemical characteristics of isolate 

 

 

 

 

 

 

 

 

 

 

Figure 1:    Genomic DNA in 1% Agarose gel 

 

 

SL. 

No 
Tests Performed Observation 

1 Morphology Rod 

2 Gram staining Positive 

3 Motility Negative 

4 Indole Negative 

5 Methyl red Positive 

6 Voges Proskauer Negative 

7 Citrate Positive 

8 Starch hydrolysis Positive 

9 Gelatin hydrolysis Negative 

10 Lipid hydrolysis Negative 

11 Catalase Positive 

12 Oxidase Positive 

13 Acid Production Positive 

14 Gas Production Negative 

 

   1        2        3        4    5      6 7   8  9        10      11 
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1-11- Genomic DNA of bacterial isolates 

 

Figure 2:Amplified products of PCR 

 

 

M - Marker DNA, 1-10 - Amplified PCR samples G- Genomic DNA 

The discrete band of isolated genomic DNA observed in1% agarose gel on UV illumination was 

shown in the Figure 1 and the bands of amplified products of PCR was shown in the Figure 

2.The DNA sequences obtained for the isolate along with the accession number was represented 

in the Figure 3. 

Figure3: 16s rRNA Gene Sequence of the obtained Bacterial Isolate.  

Gene Bank Accession Number: EU693498 

GAGTTTTGGCTCAGGGCTGGCGGCGTGCCTAATACATGCAAGTCGAGCGAACTGATT

AGAAGCTTGCTTACGCGGACGGGTAGAGTAACACGTGGGCAACCTGCCTGTAAGAC

TGGGATAACTTCGGGAAACCGAAGCTAATACCGGATAGGATCTTCTCCTTCATGGGA

GATGATTGAAAGATGGTTTCGGCTATCACTTACAGATGGGCCCGCGGTGCATTAGCT

GGTGAGGTAACGGCTCACCAAGGCAACGATGCATAGCCGACCTGAGAGGGTGATCG

GCCACACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTAGGGAAT

CTTCCGCAATGGACGTTGAAAGTCTGACGGAGCAACGCCGCGTGAGTGATGAAGGC

TTTCGGGTCGTAAAACTCTGTTGTTATAACTGCTCCCTTGACGGTACCTAACCAGAA

AGCCACGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGTGGCAAGCGTTAT

CCGGAATTATTATGTGGGGCGTAAAGCGCGCGCAGGCGGTTTCTTAAGTCTGATGTG

AAAGCCCACGGCTCAACCGTGGAGGGTCATTGGAAACTGGGGAACTTGAGTACAGA

AGAGAAAAGCGGAATTCCACGTGTAGCGGTGAAATGCGTAGAGATGTGGAGGAAC

ACCAGTGGCGAAGGCGGCTTTTTGGTCTGTAACTGACGCTGAGGCGCGAAAGCGTG

GGGAGCAAACAGGATTAGATACCCTGGTACACGCCGTAAACGATGAGTGCTAAGTG

TTAGAGGGTTTCCGCCCTTTAGTGCTGCAGCTAACGCATTAAGCCGCCTGGGGAGTA

CGGTCGCAAGACTGAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGTGGAG

CATGTGGTTTAATTCGAAGCAACGCGAAGAACCTTACCAGGTCTTGACATCCTCCTG

TCTGACAACTATAGAGCGTTCCCCTTCGGGGGACAGAGTGACAGGTGGTGCATGGTT

G 10 9 8 7 6 5 4 3 2 1 M M 1  2   3   4                 5        6     7     8     9 10                                G 
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GTCGTCAGCTCGTTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTGATCT

TAGTTGCCAGCATTTAGTTGGGAACGTCACTCTAAGGTGACTGCCGGTGACAAACCG

GAGGAAGGTGGGGATGACGTCAAATCATCATGCCCCTTATGACCTGGGCTACACAC

GTGCTACAATGGATGGTACAAAGGGCTGCAAGACCGCGAGGTCAAGCCAATTAAAA

CCATTCTCAGTTGTAGGCTGCAACTCGCCTACATGAAGCTGGAATCGCTAGTAATCG

CGGATCAGCATGCCGCGGTGAATACGTTCCCGGGCCTTGTACACACCGCCCGTCACA

CCACGAGAGTTTGTAACACCCGGGAGTAACCGTAAGGAGCTAGCCGCCTAAGGTGG

GACA 

 

Figure 4: Phylogenetic tree and systematic position of isolate 
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Table 2: Purification profile of Tyrosinase 

 

The profile of partially purified tyrosinase is summarized in Table 2.  About 3.8 fold purification 

of the enzyme from the initial crude extract was achieved with a recovery of 2.14 %. Specific 

activity of the finally purified enzyme was found to be 0.38 U/mg. The optimum pH for the 

enzyme was found to be 6.9 as shown in the figure 5.  The presence of two peaks on the graph 

indicates the existence of isozymes of enzyme. It has been reported that the presence of four 

isozymes and all the four forms are capable of performing both cresolase and catecholase 

reactions [1]. 

Figure 5:  Effect of pH 

 
 

The influence of temperature on tyrosinase is depicted in Figure 6. The optimum 

temperature of enzyme was found to be 40 ºC. Similar results were obtained for the enzyme from 

Lentinularboryana[21]. However, tyrosinase from other sources showed different optimum 

temperatures. Temperature as low as 20 ºC was observed for tyrosinase from plum [22] and as 

high as 65 ºC was observed for Solanum melongena[23]. 

Purification stage 

Total 

volume 

(ml) 

Total 

protein 

(mg) 

Total 

Activity 

(U) 

Specific 

activity 

(U/mg) 

Fold 

purification 

Percent 

yield 

Crude 110 312.5 32.67 0.10 1 100 

Ammonium 

sulphate 

precipitation 

30% 70 160.0 20.3 0.13 1.3 62.13 

70% 40 315.7 12.8 0.04 0.4 39.17 

Dialysis 5.0 1.84 0.7 0.38 3.8 2.14 

http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6TG1-4F53NBJ-1&_user=8148360&_coverDate=03%2F02%2F2005&_rdoc=1&_fmt=full&_orig=browse&_cdi=5241&_sort=d&_docanchor=&view=c&_acct=C000066028&_version=1&_urlVersion=0&_userid=8148360&md5=b9362989940834f0d4fd83c15c1c8c2e#tbl1


International Journal of Advanced Scientific and Technical Research                        Issue 7 volume 4 July-Aug 2017 

Available online on http://www.rspublication.com/ijst/index.html                                                       ISSN 2249-9954 

©2017 RS Publication, rspublicationhouse@gmail.com Page 254 
 

Figure 6: Effect of temperature    

 

The Km and Vmax value of  0.5 mM and 0.58 µmol/min was obtained respectively from Line 

weaver-Burk plot taking reciprocals of initial velocity (1/Vo) on y-axis and L-DOPA reciprocal 

concentration (1/[S]) on x-axis (Figure 7).  

 

Figure 7: LB Plot 

 

The values obtained were close to results from Amorphophalluscampanulatus[24]. The 

Km value of the enzyme from other source like apple was found to be 4.2 mM[23] which was 

comparatively higher than mushroom tyrosinase, indicating mushroom tyrosinase has higher 

affinity for L-DOPA compared to apple tyrosinase. Generally crude and purified Tyrosinase was 

immobilized by several methods including physical entrapment, cross-linking, covalent 

immobilization and covalent immobilization [25]. It has been reported that the degree of cross 

linking of the gelling agent affects the pore size of the beads [26], therefore various 

concentrations of sodium alginate were used to achieve the highest immobilization efficiency. 

Figure 7 shows the immobilization efficiency at 2 % sodium alginate. The resulting immobilized 

derivatives were shown better result than free enzyme with the efficiency of 50 %. 

0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

0.4

0.45

0.5

0 20 40 60 80 100

R
e

la
ti

ve
 a

ct
iv

it
y(

%
)

Temperature(°C)



International Journal of Advanced Scientific and Technical Research                        Issue 7 volume 4 July-Aug 2017 

Available online on http://www.rspublication.com/ijst/index.html                                                       ISSN 2249-9954 

©2017 RS Publication, rspublicationhouse@gmail.com Page 255 
 

Tyrosinase was immobilized by entrapment within alginate gel and used to produce 

theaflavin, as well. The specific activity of immobilized Tyrosinase was lowered by 7% during 

the immobilization process, as compared with the soluble one. A 40 % decrease of Km value was 

also measured. The maximum yield of theaflavin was obtained within 20–30 minutes incubation 

with immobilized Tyrosinase in a reactor [27].Similarly, Tyrosinase entrapment within 

polyacrylamide gels resulted in increased storage stability.The immobilized tyrosinase retained 

43 and 70 % of its initial activity when stored at room temperature or at 6°C over a 13-day 

period, respectively. The results of the study indicated its possible incorporation into a detection 

system for phenols and related compounds [28].When Tyrosinase was immobilized on Diamin 

WK-20 by adsorption and cross-linking with 1-ethyl-3 (3-dimethyl-amino propyl) carbodiimide, 

an activity yield of 16.3 % was obtained. After 96 h storage at 25 °C, immobilized Tyrosinase 

retained 50 % of the initial activity compared with 20% of soluble Tyrosinase. Treatment with 

immobilized Tyrosinase yielded a 100% phenol removal after 2 h incubation, and only a slight 

decrease in the activity was observed even after 10 repeated treatments [29]. 

The activity of entrapped enzyme was assayed for four cycles with L-DOPA as a 

substrate, in order to find out the reuse of the entrapped enzyme. The enzyme showed 80 % 

activity during the second reuse and 35 % activity on its third use while complete loss in the 

activity of entrapped enzyme was observed during the fourth cycle. This decrease in activity was 

due to the leakage of enzyme from the beads, occurred due to the washing of beads at the end of 

each cycle. In another study, it was reported that alpha amylase entrapped in Ca-alginate beads 

was reused for 6 cycles with ~ 30% loss in activity [30]. 

The efficiency of B.megaterium in the degradation of phenolic waste was assessed and 

the results of the same was represented in the Table 3.B.megaterium completely degraded 

600 ppm and 900 ppm of phenol in 72 hours. The highest cell growth was found at 72 hours for 

600 ppm and 900 ppm of phenol as 0.872 and 1.002, respectively. No significant increase in cell 

density in medium when the concentration of phenol was increased to 1000ppm.The increase in 

growth with degradation confirms the utilization ofphenol as carbon source by the degrading 

microbes. Growth of the cultures also correlated with the degradation pattern. Considering the 

maximum OD value limit as 100% degradation, 900 ppm concentration the bacterium is able to 

withstand with a maximum growth.The comparatively significant degradation observed in the 

effluent sample indicates the presence of a wide range of phenolic compounds. The results also 

suggest the broad range of specificity of the enzyme tyrosinase for the phenolic compounds.  

 

Table 3: Percent degradation of different concentrationof phenolic waste by Bacillus 

megaterium 

SL.NO. Conc. of Phenol (ppm) OD at 600nm % of  degradation 

1 100 0.000 0.00 

2 200 0.472 47.10 

3 300 0.608 60.60 

4 400 0.621 61.90 

5 500 0.744 74.20 

6 600 0.872 87.00 

7 700 0.984 98.20 

8 800 1.000 99.80 

9 900 1.002 100.00 

10 1000 0.521 51.90 



International Journal of Advanced Scientific and Technical Research                        Issue 7 volume 4 July-Aug 2017 

Available online on http://www.rspublication.com/ijst/index.html                                                       ISSN 2249-9954 

©2017 RS Publication, rspublicationhouse@gmail.com Page 256 
 

Bevilaqua et al., [31] observed up to 98% removal of phenol during optimization of 

reaction conditions.Sarwade and Gawai [32]reported the 85% degradation of 1.5g/L of phenol 

within 48 h by alkaliphilicBacillus badius D1strain. The authors finding in this research paper is 

a significant contribution with regard to the degradation of phenolic waste by Bacillus 

megataerium. 

Tyrosinase is one of the most potential enzyme degrading phenolic compounds from 

contaminated sites [32, 33].Since civilization will most probably continue to be accompanied by 

the production of hazardous waste materials, it is necessary to develop efficient strategies for 

waste management. Biotechnology for hazardous waste management involves the development 

of biological systems that catalyze the detoxification, degradation or decontamination of 

environmental pollutants. 

 

 

CONCLUSION 

Tyrosinase in this study demonstrates the potential for the industrial effluent treatments 

based on the abilities to oxidize the phenolic compounds. In future, enzyme technology might be 

the potential tool to deal with the environmental pollutants. The optimum pH and temperature 

was found to be 6.9 and 40 ºC respectively showing maximum activity. The Km and Vmax were 0 

.5 mM and 0.58 µmol/min respectively. Studies of the characteristics are necessary for 

understanding and controlling the abnormal pigmentation, bioremediation, prevention of 

undesirable blackening of fruits and vegetables in the food industry etc. Results of the present 

study indicate that the stabilization of tyrosinase using immobilization of calcium alginate beads 

provide certain advantages as compared to normal enzyme. Immobilized enzymes are used in 

organic synthesis to fully exploit the technical and economic advantages of biocatalysts based on 

isolated enzymes. Immobilization enables the separation of the enzyme catalyst easily from the 

reaction mixture, and can lower the costs of enzymes dramatically. This is true for immobilized 

enzyme preparations that provide a well-balanced overall performance, based on reasonable 

immobilization yields, low mass transfer limitations, and high operational stability. Therefore the 

available data indicate that the immobilization of tyrosinase appears to be a promising procedure 

for industrial applications.  
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