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Abstract

Tyrosinase is the natural enzymes that can be obtained from the multiple sources like bacteria, fungi, plants and mammals and can
only purified to a very low degree. Different microbial strains were reported for efficient tyrosinases production like Streptomyces
glaucescens, Agaricus bisporus and Neurospora crassa. This enzymes is mainly involved in two step process i.e. hydroxylation of
monophenols and oxidation of O-diphnols for production of many pigments (black or brown pigments). Tyrosinase is useful in
different industries such as food, biomedical and pharmaceutical. Apart from that they can be applied for bioremediation. Waste
water or contaminated soil containing phenolic compounds can be detoxified through their action. Melanin pigment formed under the
activity of tyrosinases is good protection for mammals against UV radiations as well
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Introduction:

Tyrosinases a group of binuclear copper enzymes and their closely
related compounds like catechol oxidases (known collectively
as polyphenol oxidases) found mainly in different groups of
bacteria, fungi, plants and animals that use phenolic compounds
as substrates and produce compounds like melanin and many
other polyphenolic products which are biologically very important
(Claus & Decker, 2006; Halaouli et al., 2006; Marusek et al.,
2006). Tyrosinase (EC 1.14.18.1) have dual functionality that
causes monophenolase activity (hydroxylation of monophenols
to o-diphenols) and diphenolase activity (oxidation of diphenoles
to o-quinones) (Fairhead &Thony-Meyer, 2012). This enzyme
is very important for alive organisms to do different functions,
like production of melanin for defensive mechanism against UV
radiations (Claus & Decker, 2006; Halaouli et al., 2006). For plants
it is important in the production of phenolic polymers like tannins,
lignin, flavonoids (Marusek et al., 2006) and for the regulation of
redox potential during plant cell respiration and healing of wounds
in plants (Mayer, 2006).

Tyrosinase ability to react with phenols makes it useful for
biotechnological, biosensor and biocatalysis applications
(Fairhead & Thony-Meyer, 2012; Jus et al., 2008; Jus et al,,
2009). It can be further applied for detoxification of water and soil
contaminated with phenolic compounds (Martorell et al.,2012), in

biosynthesis of L-DOPA (L-3,4-dihydoxyphenylalanine), as a drug
highly recommended for Parkinson’s disease patients (Seetharam
& Saville, 2002), and also as food additives due to their cross-
linking properties during food processing (Lantto et al.,2007;
Selinheimo et al., 2007). Tailoring polymers, like grafting of silk
proteins onto chitosan as a result of tyrosinase reaction is also
reported (Anghileri et al., 2007; Freddi et al., 2006). Tyrosinase in
immobilized form can act as electrochemical biosensors for verity
of phenolic compounds (Gu et al., 2009).

Streptomyces glaucescens is a source of best characterized
tyrosinase along with the fungal species like Agaricus bisporus
and Neurospora crassa. Tyrosinase from fungal and vertebrate
sources initiates the first step in melanin formation from tyrosine.
Plants have verity of phenolic substrates so these are oxidized by
tyrosinase as observed in browning pathway when plant tissues are
injured. Agaricus bisporus enzyme extract is highly homologous
to enzyme extract of mammals so this make it as a suitable model
for study on melanogenesis (Chang, 2009).

Structure of Tyrosinase:

Due to multiple sources of tyrosinase its structural properties are
diverse in nature along with their distribution in tissues and cells,
$0 no common protein is observed across all species (Mayer, 2006;
Jaenicke & Decker, 2003). The difference is observed in primary
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structure, size, in post modification sites like active site and in glycosylation mechanism. Common thing in all tyrosinases is their
binuclear type III copper centre containing two copper atoms each connected with six histidine molecules in their active site. These
copper atoms are linked with atmospheric oxygen that catalysis the two different reactions (1) ortho-hydroxylation of monophenols and
(2) oxidation of o-diphenols to o-quinones. Crystal structure contain each copper coordinated with 3 histidine like in CuA and CuB as

shown in the figure 1 (a) and (b).

{a)

Figure 1: Structure of Tyrosinase

His

(b)

His

Human tyrosinases are glycoproteins which are membrane bounded and their monomers have more than one isoforms. Similarly
tyrosinases from bacteria like Streptomyces species have non-modified monomers of MW 30KDa (Wu et al., 2010).

Tyrosinase Sources

Tyrosinase can be produced and extracted through number of organisms such as bacteria, fungi, plants and mammals (Table 1). Tyrosi-

nases can be purified from these sources and studied for specific functioning.

Table 1: Sources of Tyrosinase

Sources

Species

Refrences

Bacteria

Ririzabium,
Svmrhiobacterium  thermo-
philum,

Pseudmonas maltamrilia,
Sinorhizobinm melifor,
Marinomenas  mediterra-
ned,

Thermaomicrobinm roseum,
Bacillus thuringiensis,
FPrewdomonas putida
Streptomyces  castaneoglo-
hisparus,

Ralstomiasalana cearim,
Ferrucomicrobivm  spino-

Sum

Liu et al 2(H5;
Claus & Decker, 2006:;

MeMahon er al, 2007.

Matobaer al., 2006,
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Fungi

Agaricus bisporus
Nenrospang crassa
Amanita muscaria
Lentinula edodes
Aspergillus orvzae
FPortabella mushroams
Pycroporussanguinels

Lentinula barvana

Strothkampet afl, 1976,
Lerch K. 1983,
Mueller er al., 199,
Kanda ef al, 19%.
MNakamura ef al., 20040,
Halaoulisf al, 2(H5.
Halaoulier af, 2IM5.

deFariaet al, 2007,

Flants

Muonastrell grape
Apple

Sunflower sced
Solanum melongena

FPortilaca grandifiora

Janovitz- Klappet al.,
1989,
Janovitz-Klappet al,

1989,
Raymond ef al, 1993,

Lee e al, 1997.

Rami er al., 200i7

Purification methods for Tyrosinases:

Natural enzymes are difficult to purify so as tyrosinases are also show low degree purification as these are natural enzymes. The most

common methods used for purification of tyrosinases are by using ammonium sulfate, calcium salt or acetone precipitation (Mueller et
al., 1996). By varying ammonium sulfate concentration the purification can be optimized as in some studies concentration varies from
35% to 70% (Kamahldin et al., 2004). For tyrosinases purification different columns like DEAE-cellulose (Fan and Flurkey, 2004) or
size exclusion gel can also be performed (Wichers et al., 1996).

Acctonewash

Protein

Dehydration

Liquid M2
[ ——

Profein exrathin mm

/ elfaction
Aquerss extraction

Peoitein Ammosim Nedion
exiracticaly sulfate G235 —  Hydoooyl spaiile =

aceone precipitation g fikration el filtration I

Ammoniem slfite.  Cakeim phosphate Sephader G-15 De-52 Pudworth and
prpben  —  deeungnphy —  pdikntin  _ madelr Clen
i e s K chromscography chesmatographn
Calcium walt Ammoniust

Safvent precipiuiion wilfate - Dhalysis - S
perciptaten preipitation agained water 2
Nabenaoute Ammosium Sephadex 6200 Hulre! apative
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slurdton procapital hi rL. chi aphry 4
Aottt Sephadex G-100 DEAE Dhalysis adex GG-50

sl ke - Pl Elieation e fofcwhangt e wainsi RS — gel Gltration  —
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Hamghbeen

Figure 2: Methods for the purification of tyrosinase. Adopted from (Zaidi et al., 2014).
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Applications in Different Industries:

Medical/Clinical Applications:

Tyrosinase is involved in the biosynthesis of melanin in the
melanosomes causing pigmentation of skin, hair and eyes in
mammals providing the protection against UV (Ando et al., 2007).
The enzyme plays a crucial part in immune response (primary)
and healing of wound in plants, various invertebrates as well as
sponges. It is significant for spore forming, protecting tissues ad
survival after some lesion or injury in fungi. It has a vital part
in protection of bacteria. The enzyme has important medical
applications including melanin synthesis for therapeutic purposes,
L-DOPA production, a drug utilized to treat the Parkinson’s
disease, manufacturing antibiotic lincomycin and treating various
neurological diseases (Valipour& Burhan, 2016). Mushroom
tyrosinase has clinical application to treat vitiligo (Seo et al., 2003).
Food Industry

This enzyme produce hydroxyl tyrosol that has application of food
additive. This is employed in the food manufacturing industries,
for instance to make theaflavins, a collection of compounds in
black tea possessing anticancer and other properties (Valipour&
Burhan, 2016). Biopolymers are being developed by the food
industries that possess particular properties. They have functions

al., 2004). The properties of meat like capability of gel formation,
textural and binding properties are vital to manufacture various
meat products. The gelation of muscle proteins induced by the heat
is serious in the processing of meat as it determines the texture
of final product. So cross linking enzymes are exploited to tailor
these gelation properties. Enzymes like transglutaminase, laccase
and tyrosinase have recently been used to test for pork and chicken
proteins (Selinheimo, 2008).

Phenol decontamination using Tyrosinase

Various industries like paper, chemical, textile, mining, coal and
petroleum produce wastewaters that consist of the phenols and
its derivatives. Tyrosinase is capable of oxidizing the phenols
into insoluble substances that can be eliminated by precipitating
or filtering them (Fariaet al., 2007). Phenolic componds present
in aqueous solutions can be eradicated by adsorbing them onto
the granular activated carbon or cloth (Brasquet et al., 1999).
As tyrosine is detoxifying agent of xenobiotics having phenol
structure, so among them, chlorophenols are specific contaminants
present in wastewater (Marino et al., 2011). The industries such as
leather, textile, pharmaceutical and paper, generate different dyes
mostly azo dyes, which are a dangerous to environment. Under
certain conditions, they are decolorized by bacteria and then
degraded by the tyrosinase (Saratale et al., 2011). Mechanism

gelation.

Fields Applications References
Food industry In cercal processing, to improve the baking | Facio, 2011
in order to make better the volume and crumb
structure of breads.
Food industry In dairy processing, to cross link various dairy | Selinheimo, 2008
proteins
Food industry In meat processing, for mprovement of the | Selinheimo, 2008

Medical fields

Az prodrug, m immuncassays and antibody
microarrays, to produce L-DOPA and to treat

neurological problems.

Selinheimo, 2008; Valipor& Burham, I006;

Laidi er al., 2014

Textile mdustry

To modity the wool fibres and producion of dif-

Selinheimo, 2008; Valipourd& Burhan. 2016

ferent dyes.

Cosmetic industry As a sclf tanning agend.

Selinheimo, 2008; Valipour& Burhan, 2006

Environmental significance

pounds.

As biosensors to detect the toxie phenolic com-

Selinheimo, 2008; Singh N. & Singh J., 2102

as emulsifiers and to manufacture less fat and less calorie foods.
Natural polymers can be cross linked to produce new polymers
using mushroom tyrosinase (Faria et al., 2007). They form cross
links on the basis of accessibility and abundance of target protein.
Modifications in the properties are very important for use in
various fields like food processing (Heck et al., 2012). The enzyme
can be used for grafting of specific compounds to biopolymers and
yielding novel bioproducts. Tyrosinase provides an easy method in
the conversion of byproducts of food processing to environmentally
favorable items with valuable functional characteristics (Aberg et

of L —tyrosine conversion to L-DOPA and then to o-dopaquinone
involves the application of tyrosinase (Faria et al., 2007).
Conclusion:

As there is a great demand for different enzymes in the industries,
tyrosinase is one ofsignificant commercial enzymes. Microbial
tyrosinases are highly promising enzymes for the pharmaceutical
and food bioprocessing technologies. However, to use these
microbial tyrosinases to fulfill their industrial potential, further
research is needed to be carried out.

Conflict of interest:

International Journal of Biotechnology and Bioengineering

Volume 3 Issue 5, June 2017

145


https://doi.org/10.25141/2475-3432-2017-5.0135

Ali Nawaz et al.(2017), Tyrosinase: Sources, Structure and Applications. Int J Biotech & Bioeng. 3:5, 142-148. DOI: 10.25141/2475-3432-2017-5.0135

No conflict of Interest
References:

1.Aberg C. M., Chen T., Ayotunde O., Srinivasa R. R., Gregory F.
P. (2004). Enzymatic Grafting of Peptides from Casein Hydrolysate
to Chitosan. Potential for Value-Added Byproducts from Food-
Processing Wastes. J. Agric. Food Chem,52(4),788-793.

2.Ando H., Hirofumi K., Masamitsu I. & Vincent H. (2007).
Approaches to Identify Inhibitors of Melanin Biosynthesis
via the Quality Control of Tyrosinase. Journal of Investigative
Dermatology, 127, 751-761.

3.Anghileri A, Lantto R, Kruus K, Arosio C, Freddi G (2007)
Tyrosinase-catalyzed grafting of sericin peptides onto chitosan
and production of protein polysaccharide bioconjugates. J
Biotechnol127(3), 508-519.

4Birse C. E, and Clutterbuck A. J, (1990) N-acetyl-6-
hydroxytryptophan oxidase, a developmentally controlled phenol

oxidase fromAspergillusnidulans.Journal of General Microbiology
136(9), 1725-1730.

5.Brasquet C., Subrenat E. &Cloirec P. L. (1999). Removal of
phenolic compounds from aqueous solution by activated carbon
cloths. Water Science and Technology, 39(10-11): 201-205.

6.Chang T. S, (2009) Anupdatedreviewoftyrosinaseinhibitors.
International Journal of Molecular Sciences 10(6), 2440— 2475.

7.Chang T. S. (2012). Natural Melanogenesis Inhibitors Acting
Through the Down-Regulation of Tyrosinase Activity. Materials,
5, 1661-1685.

8.Cheng K., Feng-Li H., Shih-Hui C., Peng-Ke H., Hsu-Shan
H., Ching-Kuo L. & Mei-Hsien L. (2007). New Constituent
from Podocarpusmacrophyllus var. macrophyllus Shows Anti-
tyrosinase Effect and Regulates Tyrosinase-Related Proteins and
mRNA in Human Epidermal Melanocytes. Chem. Pharm. Bull,
55(5), 757-771.

9.Claus H & Decker H (2006) Bacterial
SystApplMicrobiol 29, 3—-14.

10.Claus H, andDecker H, (2006) Bacterialtyrosinases. Systematic
and Applied Microbiology 29(1), 3—14.

11.de Faria R. O, Moure V. R, Balmant W, Amazonas M. A. L.
D. A Krieger N,andMitchell D. A (2007) Thetyrosinaseproduced
by Lentinula boryana (Berk. & Mont.) pegler suffers substrate
inhibitionbyl-DOPA. Food Technology and Biotechnology 45(3),
334-340.

12.Della-Cioppa G, Garger S J, Sverlow G. G, Turpen T. H,
L. Grill L K,andChedekal M R, (1998) Melaninproductionby
Streptomyces. USPatent5814495.

13.Della-Cioppa G,Garger S. J,Holtz R B, Mcculloch M J, and
Sverlow G. G, (1998) Method for making stable extracellular
tyrosinase and synthesis of polyphenolic polymers therefrom. US
Patent5801047.

14Espm J.  C/Varon R/Fenolletal L. G, (2000)
Kineticcharacterization of the substrate specificity and mechanism

of mushroomtyrosinase. European Journal of Biochemistry 267(5),
1270-1279.

tyrosinases.

15.Faithead M, Thony-Meyer L (2010) Cross-linking and
immobilization of different proteins with recombinant
Verrucomicrobium spinosum tyrosinase. J Biotechnol 150(4),
546-551.

16.Fairhead M, Thony-Meyer L (2012) Bacterial Tyrosinases: old
enzymes with new relevance to biotechnology. New Biotechnol
29(2), 183-199.

17.Fan Y, and Flurkey W. H, (2004) Purification and
characterization oftyrosinasefromgilltissueofPortabella
mushrooms. Phytochemistry 65(6), 671-678.

18.Faria R.O., Vivian R. M., Maria A. L. A. A., Nadia K. & David
A. M. (2007). The Biotechnological Potential of Mushroom
Tyrosinaes. Food technol. Biotechnol, 45(3), 287-294.

19.Fenoll IL. G, Pe™nalver M. J, Rodriguez-Lopez J. N,Varon R,
Garcia-Canovas R, and Tudela J, (2004)Tyrosinase kinetics:
20.Freddi G, Anghileri A, Sampio S, Buchert J, Monti P, Taddei
P (2006) Tyrosinase-catalyzed modification of bombyxmori
silk fibroin: Grafting of chitosan under heterogeneous reaction
conditions. J Biotechnol 125(2), 281-294.

21.Freddi G., Anna A., Sandra S., Johanna B., Patrizia M. & Paola
T. (2006). Tyrosinase-catalyzed modification of Bombyxmori
silk fibroin: Grafting of chitosan under heterogeneous reaction
conditions. Journal of Biotechnology, 152(2) 281-294.

22.Fujita Y, Uraga Y, and Ichisima E, (1995) Molecular cloning
and nucleotide sequence of the pro-tyrosinase gene, melO, from
Aspergillus orzyae and expression of the gene in yeast cells.
BiochimicaetBiophysicaActa 1261(1), 151-154.

23.Gand"1a-Herrero F, Garc'1a-Carmona F, and Escribano J (2004)
Purification and characterization of a latent polyphenol oxidase
from beet root (Beta vulgaris L.). Journal of Agricultural and Food
Chemistry 52(3), 609-615.

24 .Garcia-Molina F, Penalver M. J, Rodriguez-Lopez J, N, Garcia-
Canovas J,andTudela J, (2005) Enzymaticmethodwithpolyphenol
oxidase for the determination of cysteine and N-acetylcysteine.
Journal of Agricultural and Food Chemistry 53(16), 6183—6189.

25.Gelder C. W. G, Flurkey W. H,andWichers H. J, (1997)
Sequence andstructuralfeaturesofplantandfungaltyrosinases.
Phytochemistry 45(7), 1309-1323.

26.Gu BX, Xu CX, Zhu GP, Liu SQ, Chen LY, Li XS (2009)
Tyrosinase immobilization on ZnONanorods for phenol detection.
J Phys Chem B 113(1), 377-381.

27 Halaouli S, Asther M, Kruss K, et al., (2005) characterization of
a newtyrosinasefromPycnoporusspecieswithhighpotentialfor food
technological applications.Journal of Applied Microbiology 98(2),
332-343.

28.Halaouli S, Asther M, Kruus K, (2005) Characterization of a
newtyrosinasefromPycnoporusspecieswithhighpotentialfor  food
technological applications. Journal of Applied Microbiology
98(2), 332-343.

29.Halaouli S, Asther M, Sigoillot JC, Hamdi M &Lomascolo
A (2006) Fungal tyrosinases: new prospects in molecular
characteristics, bioengineering and biotechnological applications.

International Journal of Biotechnology and Bioengineering

Volume 3 Issue 5, June 2017

146


https://doi.org/10.25141/2475-3432-2017-5.0135
https://pubs.acs.org/doi/abs/10.1021/jf034626v
https://pubs.acs.org/doi/abs/10.1021/jf034626v
https://pubs.acs.org/doi/abs/10.1021/jf034626v
http://www.jidonline.org/article/S0022-202X(15)33344-3/fulltext
http://www.jidonline.org/article/S0022-202X(15)33344-3/fulltext
http://www.jidonline.org/article/S0022-202X(15)33344-3/fulltext
https://www.sciencedirect.com/science/article/pii/S016816560600633X?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S016816560600633X?via%3Dihub
http://mic.microbiologyresearch.org/content/journal/micro/10.1099/00221287-136-9-1725
http://mic.microbiologyresearch.org/content/journal/micro/10.1099/00221287-136-9-1725
http://mic.microbiologyresearch.org/content/journal/micro/10.1099/00221287-136-9-1725
https://www.sciencedirect.com/science/article/pii/S0273122399002772
https://www.sciencedirect.com/science/article/pii/S0273122399002772
https://www.sciencedirect.com/science/article/pii/S0273122399002772
C:\Users\Biocore\AppData\Roaming\Skype\My Skype Received Files\Chang T. S, (2009) Anupdatedreviewoftyrosinaseinhibitors. International Journal of Molecular Sciences 10(6), 2440� 2475
http://www.mdpi.com/1996-1944/5/9/1661
http://www.mdpi.com/1996-1944/5/9/1661
http://www.mdpi.com/1996-1944/5/9/1661
https://www.jstage.jst.go.jp/article/cpb/55/5/55_5_757/_article
https://www.jstage.jst.go.jp/article/cpb/55/5/55_5_757/_article
https://www.jstage.jst.go.jp/article/cpb/55/5/55_5_757/_article
https://www.jstage.jst.go.jp/article/cpb/55/5/55_5_757/_article
https://www.jstage.jst.go.jp/article/cpb/55/5/55_5_757/_article
https://www.ncbi.nlm.nih.gov/pubmed/16423650
https://www.ncbi.nlm.nih.gov/pubmed/16423650
C:\Users\Biocore\AppData\Roaming\Skype\My Skype Received Files\Bacterialtyrosinases. Systematic and Applied Microbiology 29(1), 3�14
C:\Users\Biocore\AppData\Roaming\Skype\My Skype Received Files\Bacterialtyrosinases. Systematic and Applied Microbiology 29(1), 3�14
https://hrcak.srce.hr/index.php?show=clanak&id_clanak_jezik=38139
https://hrcak.srce.hr/index.php?show=clanak&id_clanak_jezik=38139
https://hrcak.srce.hr/index.php?show=clanak&id_clanak_jezik=38139
http://onlinelibrary.wiley.com/doi/10.1046/j.1432-1327.2000.01013.x/abstract
http://onlinelibrary.wiley.com/doi/10.1046/j.1432-1327.2000.01013.x/abstract
https://www.sciencedirect.com/science/article/pii/S0168165610019826?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0168165610019826?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0168165610019826?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0168165610019826?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S1871678411001324
https://www.sciencedirect.com/science/article/pii/S1871678411001324
https://www.sciencedirect.com/science/article/pii/S1871678411001324
https://www.sciencedirect.com/science/article/abs/pii/S0031942204000044
https://www.sciencedirect.com/science/article/abs/pii/S0031942204000044
https://www.sciencedirect.com/science/article/abs/pii/S0031942204000044
http://www.ftb.com.hr/index.php/archives/72-volume-45-issue-no-3/329
http://www.ftb.com.hr/index.php/archives/72-volume-45-issue-no-3/329
https://www.sciencedirect.com/science/article/pii/S0168165606001970?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0168165606001970?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0168165606001970?via%3Dihub
C:\Users\Biocore\AppData\Roaming\Skype\My Skype Received Files\Tyrosinase-catalyzed modification of Bombyxmori silk fibroin: Grafting of chitosan under heterogeneous reaction conditions
C:\Users\Biocore\AppData\Roaming\Skype\My Skype Received Files\Tyrosinase-catalyzed modification of Bombyxmori silk fibroin: Grafting of chitosan under heterogeneous reaction conditions
C:\Users\Biocore\AppData\Roaming\Skype\My Skype Received Files\Tyrosinase-catalyzed modification of Bombyxmori silk fibroin: Grafting of chitosan under heterogeneous reaction conditions
https://www.sciencedirect.com/science/article/pii/0167478195000115?via%3Dihub
https://www.sciencedirect.com/science/article/pii/0167478195000115?via%3Dihub
https://www.sciencedirect.com/science/article/pii/0167478195000115?via%3Dihub
https://pubs.acs.org/doi/abs/10.1021/jf034381m
https://pubs.acs.org/doi/abs/10.1021/jf034381m
https://pubs.acs.org/doi/abs/10.1021/jf050197k
https://pubs.acs.org/doi/abs/10.1021/jf050197k
https://www.ncbi.nlm.nih.gov/pubmed/9237394
https://pubs.acs.org/doi/abs/10.1021/jp808001c
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2672.2006.02866.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2672.2006.02866.x/abstract

Ali Nawaz et al.(2017), Tyrosinase: Sources, Structure and Applications. Int J Biotech & Bioeng. 3:5, 142-148. DOI: 10.25141/2475-3432-2017-5.0135

J ApplMicrobiol100, 219-232.

30.Heck T., Greta F., Michael R. &LindaT. (2013). Enzyme-
catalyzed protein crosslinking. Applied Microbiology and
Biotechnology, 97(2), 461-475.

31.Huang Q. S., Yu-Jing Z., Hua-Liang L., Jiang-Xing Z., Chun-
Le Z., Jing-Jing Z., Wen-Gang L. & Qing-Xi C. (2009). Inhbitory
Effects of Methyl trans-Cinnamate on Mushroom Tyrosinase
and its Antimicrobial Activities. Journal of Agriculture and Food
Chemistry.

32.1to M. and Oda K (2000)
Anorganicsolventresistanttyrosinasefrom Streptomyces sp. REN-
21: purification and characterization. Bioscience, Biotechnology
and Biochemistry 64(2), 261-267.

33.Jaenicke E. &Decker H. (2003) Tyrosinasesfromcrustaceans
form hexamers. Biochemical Journal 371(2), 515-523.

34 Janovitz-Klapp A, Richard F, and Nicolas J, (1989)
Polyphenoloxidase from apple, partial purification and some
properties. Phytochemistry 28(11), 2903-2907.

35.Jus S, Kokol V, Guebitz GM (2008) Tyrosinase-catalysed
coupling of functional molecules onto protein fibres. Enzyme
MicrobTechnol 42(7), 535-542.

36.Jus S, Kokol V, Guebitz GM (2009) Tyrosinase-catalysed
coating of wool fibres with different protein-based biomaterials. J
BiomatSci-Polym E 20(2), 253-269.

37.Jus S, Stachel I, Schloegl W, Pretzler M, Friess W, Meyer
M, Birner-Gruenberger R, Guebitz GM (2011) Cross-linking of
collagen with laccases and tyrosinases. Mater SciEng C-Mater
BiolAppl31(5), 1068-1077.

38.K. Ikehata&Nicell JA. (2000). Color and toxicity removal
following  tyrosinase-catalyzed  oxidation  of  phenols.
BiotechnolProg., 16(4), 533-40.

39.Kamahldin H, Ferdous R. J, Ali-Asghar K,andShahrzad S. B,
(2004) Purification of tyrosinase from edible mushroom.Iranian
Journal of Biotechnology 2(3), 189—-194.

40.Kanda K, Sato T,Ishii S,Enei H, and Ejiri S. I, (1996) Purification
andpropertiesoftyrosinaseisozymesfromthegillofLentinusedodes
fruiting body.Bioscience, Biotechnology and Biochemistry 60(8),
1273-1278.

41.Khan M. (2007). Molecular design of tyrosinase inhibitors:
A critical review of promising novel inhibitors from synthetic
origins. Pure Appl. Chem, 79(12), 2277-2295.

42 Lantto R, Puolanne E, Kruss K, Buchert J, Autio K (2007)
Tyrosinase-aided protein cross-linking: Effects on gel formation
of chicken breast myofibrils and texture and water-holding of
chicken breast meat homogenate gels. J Agric food chem 55(4),
1248-1255.

43.Lee J. L, Kong K. H, and Cho S. H, (1997) Purification and
characterizationoftyrosinasefromSolanummelongena.Journal ~ of
Biochemistry and Molecular Biology 30(2), 150-156.

44 Lerch K, (1983) Neurosporatyrosinase:structural,spectroscopic
and catalytic propertics.Molecular and Cellular Biochemistry

52(2), 125-138.

45 LiuZ,LiuY, Yang H, Yang Y, Shen G,andYu R, (2005) Aphenol
biosensorbasedonimmobilizingtyrosinasetomodifiedcores-hell
magnetic nanoparticles supported at a carbon paste electrode.
AnalyticaChimicaActa 533(1), 3-9.

46.Martorell MM, Pajot HF, Rovati JI, Figueroa LIC (2012)
Optimisation of culture medium composition for manganese
peroxide and tyrosinase production during reactive black 5
decolorization by the yeast Trichosporonakiyoshidainum. Yeast
29(3-4), 137-144.

47 Marusek CM, Trobaugh NM, Flurkey WH &Inlow JK (2006)
Comparative analysis of polyphenol oxidase from plant and fungal
species. J InorgBiochem 100, 108—123.

48.Matoba Y, Kumagai T, Yamamoto A, Yoshitsu H, and Sugiyama
M, (2006) Crystallographicevidencethatthedinuclearcopper center

of tyrosinase is flexible during catalysis.The Journal of Biological
Chemistry 281(13), 8981-8990.

49.Mayer AM (2006) Polyphenol oxidases in plants and fungi:
Going places? A review. Phytochemistry67(21), 2318-2331.

50.McMahon A, M,Doyle E. M,Brooks S,andConnor K. E. O,
(2007) Biochemicalcharacterisationofthecoexistingtyrosinaseand
laccaseinthesoilbacteriumPseudomonasputida F6. Enzyme and
Microbial Technology 40(5), 1435-1441.

51.Molloy S,Nikodinovic-Runic J,Martinetal L. B, (2013)
Engineering of a bacterial tyrosinase for improved catalytic
efficiency towardsD-tyrosineusingrandomandsitedirected

mutagenesis approaches. Biotechnology and Bioengineering
110(7), 1849-1857.

52.Mueller LA, Hinz U, and Zryd J. P, (1996) Characterization of a
tyrosinasefromAmanitamuscariainvolvedinbetalain biosynthesis.
Phytochemistry 42(6), 1511-1515.

53.Mueller L. A, Hinz U, and Zr"yd J. P, (1996) Characterization of
a tyrosinasefromAmanitamuscariainvolvedinbetalainbiosynthesis.
Phytochemistry 42(6), 1511-1515.

54 Nakamura M, Nakajima T, Ohba Y, Yamauchi S, Lee B. R,
andIchishimaE, (2000) [dentificationofcopperligandsinAspergillus
oryzaetyrosinase by site-directed mutagenesis. Biochemical
Journal 350(2), 537-545.

55.Raymond J, Rakariyatham N, and Azanza J. L, (1993)
Purification and some properties of polyphenoloxidase from
sunflower seeds. Phytochemistry 34(4), 927-931.

56.Saratale R.G., Saratale G. D., Chang J. S. &Govindwar S.P.
(2011). Bacterial decolorization and degradation of azo dyes: A
review. Journal of Taiwan Institute of Chemical Engineers, 42(1),
138-157.

57.Seetharam G, Saville BA (2002) L-DOPA production from
tyrosinase immobilized on zeolite. Enzyme MicrobTechnol 31(6),
747-753.

58.Selinheimo E, Autio K, Krijus K, Buchert J, (2007) Elucidating
the mechanism of laccase and tyrosinase in wheat bread making.J
Agric food chem 55(15), 6357-6365.

International Journal of Biotechnology and Bioengineering

Volume 3 Issue 5, June 2017

147


https://doi.org/10.25141/2475-3432-2017-5.0135
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3546294/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3546294/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3546294/
https://pubs.acs.org/doi/abs/10.1021/jf8036227
https://pubs.acs.org/doi/abs/10.1021/jf8036227
https://pubs.acs.org/doi/abs/10.1021/jf8036227
https://pubs.acs.org/doi/abs/10.1021/jf8036227
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1223273/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1223273/
https://www.sciencedirect.com/science/article/abs/pii/003194228980250X
https://www.sciencedirect.com/science/article/abs/pii/003194228980250X
https://www.sciencedirect.com/science/article/pii/S0141022908000677
https://www.sciencedirect.com/science/article/pii/S0141022908000677
https://www.sciencedirect.com/science/article/pii/S0141022908000677
https://www.tandfonline.com/doi/abs/10.1163/156856209X404523
https://www.tandfonline.com/doi/abs/10.1163/156856209X404523
https://www.tandfonline.com/doi/abs/10.1163/156856209X404523
https://www.sciencedirect.com/science/article/pii/S0928493111000956
https://www.sciencedirect.com/science/article/pii/S0928493111000956
http://onlinelibrary.wiley.com/doi/10.1021/bp0000510/abstract
http://onlinelibrary.wiley.com/doi/10.1021/bp0000510/abstract
http://onlinelibrary.wiley.com/doi/10.1021/bp0000510/abstract
http://ijbiotech.com/article_6910.html
https://pdfs.semanticscholar.org/cd0e/eb16ec3d73be34cde54190a258f00e8b3af5.pdf
https://pdfs.semanticscholar.org/cd0e/eb16ec3d73be34cde54190a258f00e8b3af5.pdf
https://pdfs.semanticscholar.org/cd0e/eb16ec3d73be34cde54190a258f00e8b3af5.pdf
https://pubs.acs.org/doi/abs/10.1021/jf0623485
https://pubs.acs.org/doi/abs/10.1021/jf0623485
https://pubs.acs.org/doi/abs/10.1021/jf0623485
https://www.researchgate.net/publication/264145953_Purification_and_Characterization_of_Tyrosinase_from_Solanum_melongena
https://www.researchgate.net/publication/264145953_Purification_and_Characterization_of_Tyrosinase_from_Solanum_melongena
https://link.springer.com/article/10.1007/BF00224921
https://link.springer.com/article/10.1007/BF00224921
http://onlinelibrary.wiley.com/doi/10.1002/yea.2896/full
http://onlinelibrary.wiley.com/doi/10.1002/yea.2896/full
http://onlinelibrary.wiley.com/doi/10.1002/yea.2896/full
https://www.sciencedirect.com/science/article/pii/S0162013405003053
https://www.sciencedirect.com/science/article/pii/S0162013405003053
http://www.jbc.org/content/281/13/8981.long
http://www.jbc.org/content/281/13/8981.long
https://www.sciencedirect.com/science/article/abs/pii/S0031942206004560
https://www.sciencedirect.com/science/article/abs/pii/S0031942206004560
http://onlinelibrary.wiley.com/doi/10.1002/bit.24859/abstract
http://onlinelibrary.wiley.com/doi/10.1002/bit.24859/abstract
http://onlinelibrary.wiley.com/doi/10.1002/bit.24859/abstract
http://europepmc.org/backend/ptpmcrender.fcgi?accid=PMC1221282&blobtype=pdf
http://europepmc.org/backend/ptpmcrender.fcgi?accid=PMC1221282&blobtype=pdf
https://www.sciencedirect.com/science/article/abs/pii/S0031942200906897
https://www.sciencedirect.com/science/article/abs/pii/S0031942200906897
https://www.sciencedirect.com/science/article/pii/S1876107010001094
https://www.sciencedirect.com/science/article/pii/S1876107010001094
https://www.sciencedirect.com/science/article/pii/S0141022902001825
https://www.sciencedirect.com/science/article/pii/S0141022902001825
https://pubs.acs.org/doi/abs/10.1021/jf0703349
https://pubs.acs.org/doi/abs/10.1021/jf0703349
https://pubs.acs.org/doi/abs/10.1021/jf0703349

Ali Nawaz et al.(2017), Tyrosinase: Sources, Structure and Applications. Int J Biotech & Bioeng. 3:5, 142-148. DOI: 10.25141/2475-3432-2017-5.0135

59.Selinheimo E, NiEidhin D, Steffensen C,et al., (2007)
Comparison ofthecharacteristicsoffungalandplanttyrosinases.
Journal of Biotechnology 130(4), 471-480.

60.Selinheimo E, Saloheimo M, AholaEetal., (2006) Productionand
characterization of a secreted, C-terminally processed tyrosinase

from the filamentous fungus Trichoderma reesei.The FEBS
Journal 273(18), 4322-4335.

61.Selinheimo E. (2008). Tyrosinase and laccase as novel
crosslinking tools for food biopolymers.

62.Selinheimo E., Karin A., Kristiina K. & Johanna B. (2007).
Elucidating the Mechanism of Laccase and Tyrosinase in Wheat
Bread Making. Journal of Agricultural and Food Chemistry,
55(15), 6357-6365.

63.Seo-Yum S., Vinay K. S., &Niti S. (2003). Mushroom
Tyrosinase: Recent Prospects. Journal of Agricultural and Food
Chemistry, 51, 2837-2853.

63.Shuster V, and Fishman A, (2009) Isolation, cloning and
racterizationofatyrosinasewithimprovedactivityinorganicsolvents
from Bacillus megaterium.Journal of Molecular Microbiology and
Biotechnology 17(4), 188-200.

64.Singh B. K., Seok H. P., Hyang-Bok L., Young-Aae G., Hyoung
S. K., Seung H. C., Jeong H. L., Ghe W. A., Jin P. K., Su M. K.
&Eun-Ki K. (2016). Kojic Acid Peptide: A New Compound with
ANti-Tyrosinase Potential. Ann Dermatol, 28(5).

SM M., Fogal S., Bisaglia M., Moro S., Scartabelli G., De GioialL.,
65.Spada A., Monzani E., Casella L., Mammi S. &Bubacco L.
(2011).Investigation of Streptomyces antibioticustyrosinase
reactivity toward chlorophenols. Arch BiochemBiophys, 505(1),
67-74.

66.Strothkamp K. G, Jolley R. L, and Mason H. S, (1976)
Quaternary structureofmushroomtyrosinase. Biochemical and
Biophysical Research Communications 70(2), 519-524.
67.Strothkamp K. G, Jolley R. L, and Mason H. S. (1976)
Quaternary = structureofmushroomtyrosinase. Biochemical and
Biophysical Research Communications 70(2), 519-524.
69.Teixeira R. S., Paula R. R., Hudson C. P., Marcos A. F. B.,
Maria G. A. M. C. & Nadia R. B. R. (2012). Mushroom tyrosinase
inhibitory activity and major fatty acid constituents of Amazonian

native flora oils. Brazillian Journal of Pharmaceutical Sciences,
48(3).

70.Valipour E. & Burhan A. (2016). Increased Production of
Tyrosinase from Bacillus Megaterium strain M36 by the Response
Surface Method. Arch BiolSci, 68(3), 659-668.

71.Walchok J. D., Jianda Y., Alan N. H., Humilidad F. G., Teresa
S. R., Jian W,, Yan Z., Rajaram R., Paul B. C., Susan E. K., Philip
0. L., Melanie H., Isabelle R., Katherine S. P., Stephanie L. T. &
Miguel A. P. (2007). Safety and Immunogenecity of Tyrosinase
DNA Vaccines in Patients with Melanoma. The American Society
of Gene Therapy, 15(11), 2044-2050.

72.Wan X, Chai B, Liao Y.etal., (2009) Molecular and biochemical
characterization of a distinct tyrosinase involved in melanin
productionfrom Aeromonas media.Applied Microbiology and
Biotechnology 82(2), 261-269.

73.Wang Y. S, Tian S. P, and Xu Y (2005)
Effectsofhighoxygenconcentration on pro- and anti-oxidant
enzymes in peach fruits duringpost-harvest periods. Food
Chemistry 91(1), 99-104.

74.Wichers H. J ,Gerritsen Y . A. M,andChapelon C. G. J, (1996)
Tyrosinaseisoformsfromthefruit-bodiesofAgaricusbisporus.
Phytochemistry 43(2), 333-337.

75.Wilcox D. E, Porras A. J, Hwang Y. T, Lerch K, Winkler
M. E,andSolomon E. I, (1985) Substrateanaloguebindingtothe
coupledbinuclearcopperactivesiteintyrosinase. Journal of the
American Chemical Society 107(13), 4015-4027.

76.Wu J,Chen J,Gao J,Liu X,Cheng W,andMa X, (2010) Cloning,
characterizationandexpressionoftwonewpolyphenoloxidase
cDNAs from Agaricusbisporus. Biotechnology Letters 32(10),
1439-1447.

77.Zaidi K. U., Ali A. S., Ali S. A., Naaz I., (2014) Microbial
tyrosinases: Promising enzyme for Pharmaceutical, Food
processing and Environmental Industry. Biochemistry research
international. Publishing Corporation International.

78.Zhu W., Jie G. (2008). The Use of Botanical Extracts as Topical

Skin-Lighening Agents for the Improvemet of Skin
Pigmentation Disorders. Journal of Investigative
Dermatology Symposium Proceedings, 13, 20-24.

International Journal of Biotechnology and Bioengineering

Volume 3 Issue 5, June 2017

148


https://doi.org/10.25141/2475-3432-2017-5.0135
https://www.sciencedirect.com/science/article/pii/S0168165607003641?via%3Dihub
http://onlinelibrary.wiley.com/doi/10.1111/j.1742-4658.2006.05429.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1742-4658.2006.05429.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1742-4658.2006.05429.x/abstract
http://lib.tkk.fi/Diss/2008/isbn9789513871185/
http://lib.tkk.fi/Diss/2008/isbn9789513871185/
https://pubs.acs.org/doi/abs/10.1021/jf0703349
https://pubs.acs.org/doi/abs/10.1021/jf0703349
https://pubs.acs.org/doi/abs/10.1021/jf0703349
https://pubs.acs.org/doi/abs/10.1021/jf020826f
https://pubs.acs.org/doi/abs/10.1021/jf020826f
https://www.karger.com/Article/Abstract/233506
https://www.karger.com/Article/Abstract/233506
https://www.karger.com/Article/Abstract/233506
https://anndermatol.org/DOIx.php?id=10.5021/ad.2016.28.5.555
https://anndermatol.org/DOIx.php?id=10.5021/ad.2016.28.5.555
https://www.sciencedirect.com/science/article/pii/S000398611000411X?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S000398611000411X?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S000398611000411X?via%3Dihub
https://www.sciencedirect.com/science/article/pii/0006291X76910779
https://www.sciencedirect.com/science/article/pii/0006291X76910779
https://www.sciencedirect.com/science/article/pii/0006291X76910779
https://www.sciencedirect.com/science/article/pii/0006291X76910779
http://www.scielo.br/scielo.php?script=sci_arttext&pid=S1984-82502012000300006
http://www.scielo.br/scielo.php?script=sci_arttext&pid=S1984-82502012000300006
http://www.scielo.br/scielo.php?script=sci_arttext&pid=S1984-82502012000300006
http://www.doiserbia.nb.rs/img/doi/0354-4664/2016/0354-46641600058V.pdf
http://www.doiserbia.nb.rs/img/doi/0354-4664/2016/0354-46641600058V.pdf
http://www.doiserbia.nb.rs/img/doi/0354-4664/2016/0354-46641600058V.pdf
http://www.cell.com/molecular-therapy-family/molecular-therapy/fulltext/S1525-0016(16)32668-5
http://www.cell.com/molecular-therapy-family/molecular-therapy/fulltext/S1525-0016(16)32668-5
http://www.cell.com/molecular-therapy-family/molecular-therapy/fulltext/S1525-0016(16)32668-5
https://link.springer.com/article/10.1007%2Fs00253-008-1742-5
https://link.springer.com/article/10.1007%2Fs00253-008-1742-5
https://link.springer.com/article/10.1007%2Fs00253-008-1742-5
https://www.sciencedirect.com/science/article/pii/S0308814604004510
https://www.sciencedirect.com/science/article/pii/S0308814604004510
https://www.sciencedirect.com/science/article/pii/S0308814604004510
https://www.sciencedirect.com/science/article/abs/pii/0031942296003093
https://pubs.acs.org/doi/abs/10.1021/ja00299a043
https://pubs.acs.org/doi/abs/10.1021/ja00299a043
https://pubs.acs.org/doi/abs/10.1021/ja00299a043
https://www.hindawi.com/journals/bri/2014/854687/
https://www.hindawi.com/journals/bri/2014/854687/
https://www.hindawi.com/journals/bri/2014/854687/
http://www.jidsponline.org/article/S0022-202X(15)52666-3/fulltext
http://www.jidsponline.org/article/S0022-202X(15)52666-3/fulltext
http://www.jidsponline.org/article/S0022-202X(15)52666-3/fulltext

