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ABSTRACT
Tyrosinase is a metallo-enzyme that contains binuclear copper and is present in a variety of life forms. It has
versatile functions, including melanin production, monophenolase and diphenolase activities. Different species of
microbes produce tyrosinase, out of which Streptomyces sps. have great significance. In the present
paper, Streptomyces tyrosinase mechanism, structural aspects and phylogenetic relations were discussed.
Tyrosinase shows peculiar molecular mechanism involving TAT signaling pathway, that corresponds to oxidation
of phenols. The structural features of Streptomyces tyrosinase were described with help of 3AWU and 6J2U from
PDB. Phylogenetic analysis of different Streptomyces sps. tyrosinases was performed by CLUSTAL W.
Tyrosinase has a wide variety of medical, pharmaceutical, environmental, industrial and food technological
applications.
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INTRODUCTION

Tyrosinase (EC 1.14.18.1) is a binuclear copper-containing metallo-enzyme found across diverse life forms,
including plants, fungi, arthropods, mammals, and different prokaryotes. Humans, plants, and microorganisms all
have very similar molecular structures and catalytic capabilities for tyrosinase.

In animals including humans, tyrosinase enzyme is ubiquitous and initiates the biosynthesis of melanin pigment
from tyrosine precursor [Lerch, K. (1981)]. In humans this dark pigment melanin is responsible for various
physiological, immunological and environmental responses. Melanin gives skin and hair their colors and acts as
a self-defense against UV rays, free radical adsorption, and chelating poisonous iron. It also breaks down phenolic
chemicals, which act as a buffer against environmental stress [Claus H, Decker H (2006)].In plants, sponges and
many invertebrates, tyrosinase causes fruit and vegetable to turn brown after cell damage and acts as an important
component of the predominant immune response being wound healing [L.Cerenius, W.E. Mu“ller2004, C.W. van
Gelder 1997]. It also plays a role in the cuticle's sclerotization following damage in arthropods. Tyrosinase is
present in the melanocytes of the skin and retina in mammals [J.C. Garci’a-Borro'n,et al, 2002].

L-Tyrosine as precursor utilizes tyrosinase enzyme, after certain biosynthetic pathways results Eumelanin,
Pyomelanin, Pheomelanin, Allomelanin, and Neuromelanin like five distinctive pigments of melanin [(Banerjee
et al. 2014)]. Different metabolic routes (listed in table 1) generate each of these colors either enzymatically or
non-enzymatically from distinct monomer precursors. The amino acids tyrosine or phenylalanine are the source
of the pigments eumelanin and pheomelanin. The oxidation of these amino acids first produces
dihydroxyphenylalanine (DOPA) and dopaquinone, whereas the cysteinylation of DOPA results in the formation
of the pheomelanin pigment. The eumelanin pigment exhibits a blackish-brownish hue, while the sulfur-
containing pheomelanin pigment is yellowish-reddish in color as a result of the cysteinylation of DOPA. Some
bacteria and fungi contain allomelanin, while pyomelanin is frequently linked to microbial activities. It is believed
that the brain's neuromelanin contributes to neurological wellness. The diverse synthetic pathways and functions
of these melanin types underscore their importance in pigmentation, protection, and overall biological processes.

Table.No:1-Five different types of melanin pigments and the respective monomer precursor

1 Eumelanin Tyrosine,5,6-dihydroxyindoles
2 Pheomelanin Cysteinyldopas, Benzothiazines
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3 Neuromelanin
4 Allomelanin
5 Pyomelanin

Tyrosine oxidase
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1,8-dihydroxynaphthalene, phenolic precursors
Homogentisic acid
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Cysteinyl-DOPA

== T om | Alanyl-hydroxy- benzathiazine tyrosine
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Figure.No:1- DOPA - dihydroxyphenylalanine; DOPA CT- DOPA chrome tautomerase; DHICA (5,6-
dihydroxyindole 2-carbolic acid); DHI (5,6- dihydroxyindole).

The tyrosinase enzyme utilizes molecular oxygen
and activates dioxygen in the presence of various
monophenol and diphenol molecules, which
ultimately results in quinones as product.
Monophenolase, or cresolase activity, and
diphenolase or catecholase activity, are the two
functions that these type III copper proteins are
capable of both processes produce reactive
quinones, which are the building blocks for the
synthesis of melanin. Pyrocatechol, tyrosine, DOPA,
tyramine, and phenol are very common tyrosinase
substrates. In vitro studies have previously identified
chemical compounds such as monophenols,
diphenols, triphenols, amino-phenols, nitrophenols,
and halophenols as TYR substrates [ Wan, X.; Chai,
B, 2009]. The enzyme accepts a wide variety of
phenolic and diphenolic chemicals, indicating that
its preference for substrate is quite amorphous
[Battaini, G. et al. (2002)]. Practically, the
biosynthetic pathway of melanin in microorganisms
is quite different from humans.

Microorganisms  especially  Actinomycetes a
multicellular, aerobic, Gram-positive, filamentous-
soil bacteria, resemble fungi in structure. Most of the
actinobacteria including genus Streptomyces family
produces physiologically important source enzymes,
antibiotics and other secondary metabolites [H.J.
Kutzner, 1968]. They also aid in the breakdown of
complex biopolymers like lignin, melanin, and
humic compounds. About 40% of Streptomyces

species generate exo-pigments that resemble
melanin on tyrosine-containing agar plates. (Claus
and Decker 2006 et.al). These exo-pigments usually,
though not always, occur when extracellular
tyrosinase activity is present [H. Claus, 1985].
Melanin produced by bacterial TYRs (either gram
positive or gram negative bacterial) acts as radio-
protective agents. In this paper, we mentioned the
diverse approach of tyrosinase enzyme produced
from various Streptomyces species (either wild type
or recombinant species) as available in PDB are
notified. This far more description of Streptomyces
tyrosinase are specified based on the general
mechanism, industrial, microbiological,
biotechnological, pharmaceutical, medical and
economical importance.

Streptomyces tyrosinase:

Tyrosinases from various Streptomyces species were
capable to produce melanin -like exo pigments using
tyrosine containing agar media. In 2006, the first
known crystal structure of tyrosinase obtained from
Streptomyces castaneoglobisporus was recorded
[(Matoba, Kumagai et al. 2006)]. Nearly 32 tri-
dimensional structures (X-ray diffraction method)
from S.castaneoglobisporus are available of
different macromolecule types like MelC, caddie
protein and recombinant type (see the provided PDB
ID’s provided in the below table). Tyrosinase caddy
protein  (MelCl) and tyrosinase (MelC2) in
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association with zinc ions from Streptomyces
avermitilis, as source and E. coli as expression
system, have the accessible recombinantly derived
crystal structure 6J2U. Penttinen L.et.al., 2018
stated that more than 70 among those 56 are

tyrosinases or catechol oxidase are available in PDB,
including various aspects like tyrosinase with or
without co-factor, caddy protein and different
ligands or metallic factors.

Table.No:2-Different PDBIDs of MelC, Caddie protein ORF378 and Caddie of Streptomyces

castaneoglobisporus
Species Macromolecule PDB ID
Streptomyces MelC IWXC;3AWU;2ZWD;2ZWE;2ZWF;2ZWG;2AWS;3AWT;3A
cataneoglobisporus WV;3AWW;3AWX;3AWY;3AWZ;3AX0;1WX5;1WX2;1WX4
;5Z0D;5Z0E;5Z0F;5Z0G;5Z0H;5Z01;5Z0J;5Z0K;5Z0L;5Z0M;
7CIT;7C1Y
Caddie Protein 2AHL;2AHK
ORF378
Caddie 2ZMX;2ZMY;2ZMZ
TYPES-

There are 5 types of tyrosinases: Type L, II, III, IV, V respectively. Out of which, type I is predominantly present

in Streptomyces species.

Type I- Tyrosinases (melC2 gene product) are
predominantly released by bacteria via the TAT
signal pathway and form a heterodimer during
melanin production. The caddy protein, which is
encoded by the melC1 gene, is connected to an apo
tyrosinase in the dimer. To activate the protein and
release the heterodimer complex in the external
media, the caddy protein (CP) must first allow
external copper atoms to attach to it before being
injected into the tyrosinase enzyme. (only TAT
signal peptide is present). As a result, the tyrosinases
require a caddy protein to incorporate copper ion.
[(Chen, L.Y. et al. (1992,1993)].

Type II- Similar in size to Streptomyces species
tyrosinases, type II tyrosinases can be secreted and
do not require a caddy protein, such as Bacillus
megaterium tyrosinase (Shuster V, et.al,2009).

Type III- Comparable to fungal tyrosinases, such as
Verrucomicrobium spinosum tyrosinasewhere the C-
terminal (CT) extension quenches the primary
tyrosinase domain and needs to be removed by
proteolysis in order to fully activate the enzyme
(Fairhead, M.et.al, 2010).

Type IV- It is smaller in size, but shows little
resemblance with the type-I, II &III tyrosinases.

This Type-IV tyrosinase are reported to be active
only as homodimers, for example, Bacillus
thuringiensis (Liu, N. et al. (2004).

Type V- These tyrosinases lacks the distinctive CuA
and CuB binding motifs and the oxygen binding
motifs, making them structurally more comparable
to laccases. Example multipotent polyphenol
oxidase from Marinomonas mediterranea (Sanchez-
Amat, A. et al. (2001).

Claus and Decker 2006; stated that tyrosinase
produced from Streptomyces species were
characterized as type [ tyrosinase (which are
tabulated below with their noble features of
tyrosinase). The tyrosinase with caddy protein is in
charge of copper incorporation, and these
tyrosinases are usually released by the TAT signal
route as a component of the melanin (MelC-melanin
gene locus) operon product. The TAT signal pathway
(twin-arginine translocation pathway) secretes the
type 1-MelC2 tyrosinase structural gene product,
which is then released as a heterodimer made up of
an apo-tyrosinase attached to a caddy protein (the
MelC1 gene product) (Schaerlackens, K. et al.
(2001), Chen, L.Y. et al. 1993).

Table.No:3-Some of the streptomyces tyrosinase with individual characteristics (Fairhead M.et.

al.,2012)
S.no | Streptomyces species Characteristics Reference(s)
1 Streptomyces An early example of tyrosinase that has been Marino SM et.al.,2011
antibioticus extensively studiedused to ascertain the caddy
protein's function. Important structural information
was described by mutagenesis, EPR, and NMR
investigations.
2 Streptomyces E. coli producing Caddy protein tyrosinase complex | Matoba Y. et.al, 2006
castaneoglobisporus and its crystal structure is available.
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Streptomyces A well-researched early tyrosinase example. Adham, S.A. et al.
glauescens Research on mutagenesis has yielded important 2003

structural data. Streptomyces sp. gene promoters'

function was studied using this gene.
Streptomyces Lincomycin biosynthetic gene cluster (gene ImbB2) | Novotna J.et.al,2013
lincolnensis responsible for lincomycin biosynthesis
Streptomyces lividans | The Tat-dependent protein secretion pathway is Valverde JR.et.al,2018

used to investigate expression of tyrosinase and
heterologous protein synthesis.

Streptomyces sp. REN-
21

E. coli consists of high-level production capability.
High organic solvent resistance and shows activity
in water/oil emulsions.

R. Nowak J et.al,
2005

STRUCTURAL ASPECTS OF TYROSINASE
The primary structures of tyrosinase have been
identified and shown significant heterogeneity in
Streptomyces, Neurospora crassa, Rana
nigromaculata, Mus musculus and Homo sapiens.
“Six histidine residues in the tyrosinase, coordinate
two copper atoms that make up the enzymes active
site and confines its primary structure” [Klabunde
T,et.al,1998]. A review article published in 2015
described the structure and functional correlations of
tyrosinases obtained from plants (sweet potato),
fungus (Aspegilus oryzae), bacteria (Bacillus
megaterium and Streptomyces castaneoglobisporus)
and stated that structure of tyrosinase has
distinguished into three domains—the central
domain, the N-terminal domain and the C-terminal
domain [(Kanteev M, et.al, 2015)].

The Central domain It consists of six conserved
histidine residues and the two copper oxidizing ions,
CuA and CuB, in which CuB site demonstrates
better conservation than the CuA site, despite being

the most conserved domain among the tyrosinases.
Tyrosinases from many species have been studied
biochemically and it has been discovered that the
conserved histidine residues are involved in copper
binding [Schweikardt T, et.al, 2007; Van Gelder CW,
et.al, 1997].

The N-terminal domain (a transit peptide) which
determines the final position of the enzyme before it
is digested by proteolysis [(Olivares C, et.al, 2002;
Kaintz C, et.al, 2014; Mayer AM, 2006). In both
humans and mice, this transit peptide may regulates
the transfer of melanosome [(Lerch K, 1988)]. It was
discovered that bacteria (such as Verrucomicrobium
spinosum and Streptomyces species) secrete proteins
through the TAT signal peptide.

The C-terminal domain Tyrosinase's latent state
(pro-tyrosinase) is formed by the C-terminal
domain. Like a substrate or inhibitor, the C-terminal
domain prevents the active site from entering by
penetrating the active site with a place-holder
residue [(Kanteev M, et.al, 2015)].

Table.No:4- Protein structure details of Streptomyces species

Accession number of
protein sequence

Genus and species of
organism- bacteria

References in which N- or C-terminal residues
were determined by protein sequencing or other
experimental method

N-terminus C-terminus
Streptomyces P07524 Bernan V,et.al, 1985 -
antibioticus
Streptomyces AAP33665.1 Matoba Y,et.al,2006
castaneoglobisporus
Streptomyces P06845 Huber M, et.al, 1985 -
glaucescens

A dash (-) in one of these columns indicates that the N or C-terminus of the protein has not been determined by
experimental methods (Flurkey WH,et.al, 2008).
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C- TERMINAL

C- TERMINAL

N- TERMINAL

A
B
Figure.No:2-A: Crystal structure of Streptomyces castaneoglobisporus tyrosinase in a complex with
caddie showing N and C terminii of both chains A and B, possesses two copper ions a. catalytic centre

(Matoba Y, et.al, 2011) B: 3D view of ligand interactions.

Chain A

Chain A

Chain B

Chain B
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3AWU

6J2U

Figure.No:3- Tyrosinases structure of S. castaneoglobisporus and S. avermitilis from PDB.

Table.No:5-Structural details of tyrosinase from S.castaneoglobisporus and S.avermitilis

PDB ID 6J2U
Organism S. castaneoglobisporus S. avermitilis
Structure tyrosinase-caddie-copper tyrosinase-caddie-MelC-zinc
Ligands copper, ‘ zinc .

Nitrate ions .

Secondary structure

1 sheet, 2 beta alpha beta

Unit, 2 strands, 14 helices,

19 helix-helix interacts, 30 Beta
turns, 2 gamma turns.

2 sheets, 5 beta hairpins, 2

beta bulges, 7 strands, 1 helix, 1
helix-helix interaction, 8 Beta
turns.

3AWU- The crystal structure of streptomyces tyrosinase in a combination with caddy after 40 hours of immersion
in a solution containing cu(ii), chain a containing melC whereas caddie protein in chain b.
6J2U- Crystal structure of streptomyces avermitilis tyrosinase caddy protein (melC1) and tyrosinase (melC2) in
association with zinc ion it has tyros.se co-factor protein, chain a possessing melc1 domain and chain b

having fragment melc2 domain.

Mechanism —

Tyrosinase as  metalloenzymecatalyzes  the
conversion of monophenols to their corresponding
diphenols by ortho-hydroxylation, and then the
diphenols' subsequent oxidation to quinones.
Melanin is created by a sequence of oxygen-
involved and non-enzymatic oxidoreduction
processes [Kohashi PY, Kumagai T, Matoba Y, et al
2004]. Over last 20 years, type-III copper proteins'
catalytic activity has been extensively studied;
however, the precise reaction mechanism of
tyrosinase is still unknown. It's important to note that
tyrosinase is regulated at multiple levels, including
transcriptional, translational, and post-translational
regulation, to ensure that melanin production is
appropriately  controlled in  response  to
environmental factors and cellular needs.

The type-3 copper centre of tyrosinase is a
diamagnetic spin-coupled copper pair (Decker H,
et.al, 2000;) can therefore adopt different functional
states during the catalytic cycle: the oxy-state [Cu
(I1)--02—Cu (II)], the deoxy-state [Cu (I). Cu (),
half-met state [Cu(I) Cu(II)] and the met-state [Cu
(II)--OH--OH—Cu (II)] [(Claus H et al., 2006)].
Native tyrosinase is mostly found in the met form,
which is formed when two Cu ions ligate a hydroxyl
ion. This type of tyrosinase is unable to oxidize
phenols, unlike catechols. Tyrosinase is reduced to
the deoxy state and both copper ions are converted
to Cu (I) when catechol is oxidized by the met state.
When the two Cu (II) ligate two oxygen molecules
into the peroxy configuration, the deoxy state bonds
oxygen to become the oxygenated state. Deoxy
tyrosinase produces o-quinone [(Kanteev M, et.al,
2015)].

The hypothetical approach from earlier studies
described that di-oxygen moiety is required to
activate the reaction, which joins the two copper
centres through peroxide linkage. The peroxide ion
bonded between Cu-A and Cu-B at the start of the
reaction is supposed to deprotonate the hydroxyl
group (orthohydroxylation) of the substrate as an
ortho-carbon atom. The biphenolic compound
adduct ultimately undergoes oxidation in the
presence of a second oxygen, yielding an o-quinone
product. According to the alternate theory, a single
atmospheric oxygen molecule binds to the enzyme's
binuclear copper center and inserts it orthogonally to
an existing hydroxyl group on the aromatic ring,
oxidizing the diphenol into the proper quinone.
Thus, less copper is available for dioxygen binding
with phenol and co-substrate and for further
turnover.

One Cu (II) of the oxy-tyrosinase copper pair then
binds to the monophenol hydroxyl group. Following
this binding step, the substrate undergoes ortho
hydroxylation. O-diphenol can be oxidized into o-
quinone by both met- and oxy-tyrosinase since the
enzyme is recovered in the deoxy- or met-form,
respectively. Two moles of o-diphenol can undergo
a cyclic process of oxidation into o-quinone at the
cost of one dioxygen molecule because dioxygen
transforms deoxy-tyrosinase into the oxy form. A
lag phase in the monophenol oxidation process that
results in the production of the oxy-form of
tyrosinase, is typically present in the tyrosinase-
catalysed reactions produced from met form.

The valences of two copper atoms redirect back and
forth between Cu (I) and Cu (II) in a reversible
manner (Claus H et al., 2006). In the oxy-state, the
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copper atoms form a reversible link with the
molecule oxygen in the form of peroxide. In the met-
state, the copper atoms are joined by hydroxy ions.
It has been determined, diphenol oxidase activity
can occur in both the met-state and oxy-state of
tyrosinase; however, the mono-hydroxylase reaction
requires the oxy-state. Monophenols cannot be
hydroxylated by met tyrosinase. The active oxy-
form is created when deoxy-tyrosinase, which is
made by a two-electron reduction, binds dioxygen to
its binuclear copper site.

TAT signalling pathway and COPPER ion
incorporation

The Twin-Arginine Translocation (Tat) pathway is
responsible for transporting folded proteins across
the lipid bilayer, which is a unique feature compared
to other protein transport systems. TAT was first
discovered in Escherichia coli (E. coli), a commonly
studied bacterium. It is named "twin-arginine"
because the transported proteins have a
characteristic pair of arginine residues in their signal
sequences, which are recognized by the Tat
machinery. Protein Targeting, Tat Complex
Formation, Translocation and Signal Peptide
Cleavage are the four steps involved in tat pathway
that ensembles its ability to transport complex
cofactor-containing proteins, such as certain
enzymes and redox proteins, across the membrane
while preserving their folded structure (Frain KM
et.al,2019).

Most of the streptomyces species with melanin
operon (MelC) consist of two genes MelC1 a trans-
activator protein and tyrosinase structure gene
MelC2 (the apo-tyrosinase) (Schaerlackens, K.et.al,
2001). Both the portions of melanin operon have
their specific importance in biochemical and
structural ~ characterization of tyrosinase in
Streptomyces. Ex: S. antibioticus. One of the
portions MelC1 a protein (with signal peptide) is
responsible for the activation of apo-tyrosinase
through copper ion incorporation (Schaerlaekens, K.
et.al,2001, L.Y. Chen.et.al,1992).

Activity and assay methods of tyrosinase
Monophenolase activity (Tyrosine — DOPA (o-
Diphenol):

Monophenolase activity is one of the two major
enzymatic activities associated with the enzyme
tyrosinase. It involves the conversion of
monophenolic compounds, such as tyrosine, into o-
diphenols, specifically DOPA (3,4-
dihydroxyphenylalanine). This step is the initial and
rate-limiting step in melanin biosynthesis. The
monophenolase activity of tyrosinase is responsible
for the first hydroxylation reaction, where one
hydroxyl group is added to a phenolic substrate.
Diphenolase Activity (DOPA (o-Diphenol) —
Dopaquinone):

This activity involves, oxidation of DOPA to form
dopaquinone, which is then further processed and
polymerized to produce melanin pigments.

OH
hydroxylation oH
- OH
o + 1/2 O2 > 0
NH, NH
OH 2 OH
L- TYROSINE L- DOPA (o-diphenol)
(monophenol)
OH OH
fe) (6]
HO %
H,N oxidation H,N E—— \
oOH diphenolase (0] (0] N OH
OH o)
L-DOPA (diphenol) Dopaquinone Dopachrome

Figure.No:4- Monophenolase and Diphenolase activity of tyrosinase

Spectrophotometric determination of tyrosinase
activity- monophenolase activity:

To determine the tyrosinase activity of a protein
obtained from test organism L-tyrosine as a substrate

is used. Sufficient volume of substrate solution,
phosphate buffer and test and control are analysed
spectrophotometrically at 475nm at room
temperature. Due to oxidation of L-tyrosine to
dihydroxyphenylalanine (DOPA) the absorbance is
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increased. Under the assay's specified conditions, turnover of one nmol tyrosine per minute. (Du D,
one unit of monophenolase activity was defined as Guo N et.al, 2021). Unit formula to determine the
the quantity of enzyme protein equivalent to a tyrosinase activity is (Pradhan P, et.al, 2017).

IEU/ml= (OD of sample - OD of blank) x Volume of assay mixture
Vol £ Az
yoramnme or \.rllL)’lJl\.r

Tyrosinase family Protein sequence in various streptomyces species

erythrochromogenes 0.48832
—: lateritius 0.14215

ficellus 0.12174
_: avermitilis 0.15215

galilaeus 0.13258
griseus 0.21606
abikoensis 0.14852
durhamensis 0.09303
glaucescens 0.05961

scabiei 0.07907
hawaiiensis 0.07245

_: lincolnensis 0.06297
bobili 0.05017

antibioticus 0.05539

Figure.No:5-Phylogenetic tree (or dendrogram) of various streptomyces family protein tyrosinase obtained as
the output of a multiple sequence alignment in a Neighbour-joining tree method without distance corrections.

1JDDT, Volume 16 Issue 53s, 2026
Page: 822



OVERVIEW OF TYROSINASE OBTAINED FROM STREPTOMYCES SPECIES

Table.No:6- Protein sequences of tyrosinases from different Streptomyces species

Strep | Acc Protein sequence
tomy | essi

ces on
tyros | nu
inase | mb
famil | er

y
prote

in

WP | MTVRKNQATLTADEKRRFVAAVLELKRSGRYDEFVTTHNAFIIGDTDAGERTGHRSP
Strep | 04 | SFLPWHRRYLLEFERALQSVDASVALPYWDWSADRTARASLWAPDFLGGTGRSLDG
tomy | 349 | RVMDGPFAASAGNWPINVRVDGRAYLRRSLGTAVRELPTRAEVESVLGMATYDTAP
ces 800 | WNSASDGFRNHLEGWRGVNLHNRVHVWVGGQMATGMSPNDPVFWLHHAY VDKL
glauc | 8.1 | WAEWQRRHPGSGYLPAAGTPDVVDLNDRMKPWNDTSPADLLDHTAHYTFDTD
escen
S
Strep | WP | MAVRKNQATLTATEKRNFVNALLALKKSGKYDEFVRTHNEFIMSDGDDTDRVGHR
tomy | _18 | SPSFLPWHRRFLIQFEQELQRIDSSVTLPYWDWTADRTVTASIFAADFLGGNGRSRDA
cesa | 945 | QVITGPFYSTGQWNINVSADDRPYLQREMGASVRALPTRAEVDSVLAMTTYDMAP
bikoe | 241 | WNSASDGFRNHLEGWRGVNLHNRVHVWMGGQMATGVSPNDPVFWLHHCFIDKL
nsis 1.1 | WADWQRMHPTSGYLPTGGTTNVVDLKDTMRPWNNVTPADMLDHTKFYTYDR
WP | MTVRKNQASLTAEEKRRFVAALLELKRTGRYDAFVTTHNAFILGDTDNGERTGHRS
Strep | _03 | PSFLPWHRRFLLEFERALQSVDASVALPYWDWSADRSTRSSLWAPDFLGGTGRSRD
tomy | 078 | GQVMDGPFAASAGNWPINVRVDGRTFLRRALGAGVSELPTRAEVDSVLAMATYDM
ces 764 | APWNSGSDGFRNHLEGWRGVNLHNRVHVWVGGQMATGVSPNDPVFWLHHAYIDK
antibi | 6.1 | LWAEWQRRHPSSPYLPGGGTPNVVDLNETMKPWNDTTPAALLDHTRHYTFDV
oticu
s
Strep | WP | MTVRKNQATLTADEKRRFVTAVLELKRSGRYDTFVTTHNEFIVADTDNGERTGHRS
tomy | 06 | PSFLPWHRRFLLEFERALQSVDASVALPYWDWSTDRSARSSLWAPDFLGGTGRSRD
ces 742 | GRVTDGPFAAATGVWPITVRLDGRTYLRRALGGAGRELPTRAEVDSVLSIPTYDMAP
lincol | 622 | WNSASDGFRNHLEGWRGVNLHNRVHVWVGGQMATGVSPNDPVFWLHHAYIDKL
nensi | 0.1 | WAQWQRRHPDAGYVPAAGTPDVVDLDETMKPWHDTRPADLLDHTRHYTFDTD
S
Strep | WP | MVYTRKDVSTLTRSERRRLVAALLEVKRRGEYDEFVRMHIKYYVADGETGLRAAH
tomy | 03 | MAPSFLPWHRMFLLDLERVLRRVDESVTMPYWDWTRSRSRTAAPWTEDLLGGTGR
ces 765 | QSDRQVTTGPFAYRHGGWPIKEGITDAEYLMRDLGRSRDPIALPTARDLQGALDDPV
aver | 145 | YDTAPWNSTSAKGFRNRLEGWGPGRGAASWRNHNRVHRWVGGHMVSGASVNDP
mitili | 1.1 | VFWMHHAFVDLLWSRWQQRHQGARYLPEQQPARGDAQRGRIVARHERMPPWDVT
s PDQLEDHSGIYRYA
Strep | WP | MAYTRKNQRDLTSAERRKFVAAVLELKRTGTYDDFVRTHIDYYTADGDGRLRLAH
tomy | 22 | MAPSFLPWHRKFLLEFERALRRVDPTVTVPYWDWTRDNTPAASLWNDDFMGGNGR
cesla | 174 | RGDLQVMTGPFAHSGGRWTITHGMTEGAFLTRDLGHPRAPITLPTGADLDVVMRET
teriti | 542 | VYDVAPWNSTSTSGFRNRLEGWAPGRGNERFRVHNRVHRWVGGLMLGGASVNDP
us 0.1 | VFWLHHSFVDLIWSRWQQRNPRAGYVPAQPPPPGDAQHGRIAARNERMGPWGVTP
AQMLDHSAVYRYA

Strep | WP | MTVRKNQANLTAAEKKAFVDAVLEVKRLGVYDEFVLAHRTRFSIDMNTGVY VGHF
tomy | _01 | GPSFLPWHRKFLIDFENELRKVDASVSIPYWDWTADNTVGSSLWAPAFLGGTGRPLD
ces 237 | DQVMDGPFAHSGGNWTINVSVDSRPFLARNLAHRVPTLPPRSDVDAALAMPTYDSP
grise | 920 | PFRDGSTGFRSALEGSAGYMSMHNRVHTWVWGHMETSVSPNDPVFWLHHAFVDKL
us 4.1 | WADWHALHPTSAEYLPAGGTVDVIDLNDTMPPWPNTTPQDMLDHTQFYTYA
Strep | WP | MTVRKNQASLTADEKRHFVAAVLELKRNGRYDTFVTTHNAFIVGDTDNGERTGHRS
tomy 26 | PSFLPWHRRFLLEFERALQSVDASVALPYWDWSVDRSPRSSLWAPDFLGGTGRARD

646

GRVSDGPFAAAGGNWPIAVRVDGRTFLRRALGAGVRDLPTRAEVDSVLAMPTYDM
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ces
bobili

626

APWNSGSDGFRNHLEGWRGVNLHNRVHVWVGGQMATGVSPNDPVFWLHHAYIDK
LWAEWQRRHPEAGYLPAAGTPDVVDLHETMKPWNDTAPAALLDHTPHYTFDTA

Strep
tomy
ces
durh
amen
NN

WP
03
116
258
1.1

MTVRKNQANLSADEKRRFVNAVLELKRNGRYDEFVRTHNAFIMSDTDTSERTGHRS

PSFLPWHRRFLLDFEQALQSVDSSVALPYWDWSTDRTVRAALWGPDFLGGTGRSTD

GRVMDGPFAASAGNWPMNIRVDGRTFLRRSLGTAVRELPTPAEVESVLSMATYDMA
PYNSASDGFRNNLEGWRGVNLHNRVHVWVGGQMATGVSPNDPVFWLHHAFVDKL
WAEWQRRHPGASYVPGGGTPDVVDLNETMKPWNDVRPADLLDHTKFYTFDS

Strep
tomy
ces
eryth
rochr
omog
enes

WP
05
189
269
4.1

MGSPEQVAHVRRNVWTLPAGDLTLAHYAAAVAEMKARDPDDPIGWTYQAAVHGT
GTTPPRPLWNGCKHGSWYFLAWHRMYLWYFERIVRATVVQLGGPADWALPFWDY
DADREQARIPPAFRDEEGGANPLFAERANLINEGEPLPFEITSPAYAMGRTQFVGEAE
FGGGITPNGSTFWNRKGALEDTPHNAVHSHIGRLMGRTTTAALDPVFWLHHANIDRL
WSLWSSSTGHSNPDDPRWITQEYKFFDADGSQQSLAASDILDTAGQLGYTYESPVPIS
PPVPLPPSATRFPVPESTSGPSASAPPPPRRREMAGSSEQPLRLVGRAESIAVPIDRRTT
RPLGEALGVDEPEADRHVYLNVEDIEGDTNPDKVYGIYVNLPEGSSREQAEGHRVGN
LSFFGIERAQDPRGDEHPHGLRVSVEITPLVRRLQAEGAWDEARLSVTFRPLGAVAA
AEEAAGEADEDPPVEIGRVSLSYS

Strep
tomy
ces
ficell
us

QG
V79
328

MAYVRKNQRDLTAAERRKFVAAVLELKRSGRYDEFVRTHVRYYSADGDDGLRVAH
MAPSFLPWHRMYLLEFERALRSVDPSVTVPYWDWTRDNTPAASLWGEDFMGGNGR
RGDHQVMTGPFAYARGNWPINVGVTESAFLTRDFGNPARPIGLPTAQELARANAET
VYDSAPWDSTSRTGFRNALEGWTRESGNGRWRNHNRVHRWVGGLMLGGASVNDP
VFWLHHSFIDLLWSRWQRKNPRAGYLPATPPPLGSAQYRRVVARNEPMPPFKATPA
DVAGHDHLYRYA

Strep
tomy
ces
galila
eus

QE
U66
058

MAYIRKDVSTLTAGERRRFVRALLELKRRGEYDEFVRMHIDYYVSDGEGGLRTAHM
TPSFLPWHRRFLLELENALRRVDPSVTVPYWDWTRNRTATAVPWTADLLGGNGRRS
DRQVTTGPFAHATGNWTIKDGVTDTTFLTRDLGRARDPIGLPAKADVEWALSDPVY
DVSPWDSTVTRGFRNKLEGWGTGRGSTAWLNHNRVHRWVGGAMVGGASVNDPVF
WLHHAFIDLLWTRWQRRHGEHRYLPAEPPLPGSSQFRRVVARHQTLPPWDVTPDQL
EDAGRIYRYA

Strep
tomy
ces
hawa
iiensi
s

WP
17
543
064
4.1

MAVRKNQSTLTADEKRRFVAALLELKRSGRYDEFVTTHNAFIVSDTDNGERTGHRSP
SFLPWHRRFLLEFERALQSVDSSVSLPY WDWTVDRTPRASLWAPDFLGGTGRERDG
RVPDGPFSASGGNWPITVRVDGRTFLRRSLGSGVRELPTRAEVESVLAMSTYDMAP
WNSGSDGFRNHLEGWRGVNLHNRVHVWVGGHMATGASPNDPVFWLHHAYIDKL
WAEWQRRHPGSGYLPAAGTPNVIDLNETMRPWHDTSPADLLDHTPHYTFDV

Strep
tomy
ces
scabi
ei

WP
03
769
222
5.1

MTIRKNQATLTTDEKRRFVDALIALKRSGRYDEFVTTHNAFILGDTDNGERTGHRSPS
FLPWHRRFLLEFEQALQSVDPTVALPYWDWTADRTARSSLWAPDFLGGTGRSRDGR
VMDGPFAASTGNWPISVRIDGRTYLRRSLGSAVRQLPTRAEVDSVLAMSTYDMAPW
NSASDGFRNHLEGWRGVNLHNRVHVWVGGQMGTGVSPNDPVFWLHHAFVDKLW
ADWQRLHPGSPYVPAAGTPNVVDLNETMKPWNDTAPAALLDHTAHYTFDAA
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erythrochromogenes
lateritius
ficellus
avermitilis
galilaeus
griseus
abikoensis
durhamensis
scabiei
glaucescens
hawaiiensis
lincolnensis
antibioticus
bobili

erythrochromogenes
lateritius
ficellus
avermitilis
galilaeus
griseus
abikoensis
durhamensis
scabiei
glaucescens
hawaiiensis
lincolnensis
antibioticus
bobili

erythrochromogenes
lateritius
ficellus
avermitilis
galilaeus
griseus
abikoensis
durhamensis
scabiei
glaucescens
hawaiiensis
lincolnensis
antibioticus
bobili

erythrochromogenes
lateritius
ficellus
avermitilis
galilaeus
griseus
abikoensis
durhamensis
scabiei
glaucescens
hawaiiensis
lincolnensis
antibioticus
bobili

MGSPEQVAHVRRNVWTLPAGDL TLAHYAAAVAEMKARDPDDPIGWTYQAAVHGTGTTPPR
------ MAYTRKNQRDLTSAER - -RKFVAAVLELKRTGTYDDFVRTHIDYYTADGDGR - -
—————— MAYVRKNQRDLTAAER - -RKFVAAVLELKRSGRYDEFVRTHVRYYSADGDDG- -
—————— MVYTRKDVSTLTRSER - -RRLVAALLEVKRRGEYDEFVRMHIKYYVADGETG- -
—————— MAYIRKDVSTLTAGER--RRFVRALLELKRRGEYDEFVRMHIDYYVSDGEGG- -
------- MTVRKNQANLTAAEK - -KAFVDAVLEVKRLGVYDEFVLAHRTRFSIDMNTG- -
------- MAVRKNQATLTATEK - -RNFVNALLALKKSGKYDEFVRTHNEF IMSDGDDT - -
——————— MTVRKNQANLSADEK - -RRFVNAVLELKRNGRYDEFVRTHNAFIMSDTDTS - -
------- MTIRKNQATLTTDEK--RRFVDALIALKRSGRYDEFVTTHNAFILGDTDNG- -
------- MTVRKNQATLTADEK - -RRFVAAVLELKRSGRYDEFVTTHNAFIIGDTDAG- -
——————— MAVRKNQSTLTADEK - -RRFVAALLELKRSGRYDEFVTTHNAF IVSDTDNG- -
------- MTVRKNQATLTADEK - -RRFVTAVLELKRSGRYDTFVTTHNEFIVADTDNG- -
——————— MTVRKNQASLTAEEK - -RRFVAALLELKRTGRYDAFVTTHNAFILGDTDNG- -
------- MTVRKNQASLTADEK - -RHFVAAVLELKRNGRYDTFVTTHNAFIVGDTDNG- -

X * . * . . % * .

PLWNGCKHGSWYF LAWHRMYLWYFERIVRATVVQLGGPADWALPFWDYDADREQARIP- -

- - -LRLAHMAPSF L PWHRKF L L EFERALRRVD- - - - - - PTVTVPYWDWTRDNTPAASLUN
- - ~LRVAHMAPSF L PWHRMYL LEFERALRSVD- - - - - - PSVTVPYWDWTRDNTPAASLIG
- - - LRAAHMAPSF L PWHRMF LLDLERVLRRVD- - - - - - ESVTMPYWDWTRSRSRTAAPWT
- - -LRTAHMTPSFLPWHRRFLLELENALRRVD- - - - - - PSVTVPYWDWTRNRTATAVPUT
- - ~VYVGHF GPSF L PWHRKF L IDF ENELRKVD- - - - - - ASVSIPYWDWTADNTVGSSLWA
- - -DRVGHRSPSFLPWHRRFLIQF EQELQRID- - - - - - SSVTLPYWDWTADRTVTASIFA
- - ~ERTGHRSPSFLPWHRRFLLDFEQALQSVD- - - - - - SSVALPYWDWSTDRTVRAALWG
- - ~ERTGHRSPSFLPWHRRFLLEFEQALQSVD- - - - - - PTVALPYWDWTADRTARSSLWA
- - ~ERTGHRSPSFLPWHRRYL L EFERALQSVD- - - - - - ASVALPYWDWSADRTARASLA
- - ~ERTGHRSPSFLPWHRRFLLEFERALQSVD- - - - - - SSVSLPYWDWTVDRTPRASLWA
- - ~ERTGHRSPSFLPWHRRFLLEFERALQSVD- - - - - - ASVALPYWDWS TDRSARSSLIA
- - ~ERTGHRSPSFLPWHRRFLLEFERALQSVD- - - - - - ASVALPYWDWSADRSTRSSLWA
- - ~ERTGHRSPSFLPWHRRFLLEFERALQSVD- - - - - - ASVALPYWDWSVDRSPRSSLIWA

* L T S - % .. DR R
PAFRDEEGGAN- - - - - - - PLFAERAN- - -~ — - - = - LINEGEP-------- LPF

DDFMGGNGRRGDLQVMTGPFAHSGGRWTITHGMTEGAF LTRDLGHPRAPITLPTGADLDV
EDFMGGNGRRGDHQVMTGPFAYARGNWPINVGVTESAFLTRDFGNPARPIGLPTAQELAR
EDLLGGTGRQSDRQVTTGPFAYRHGGWPIKEGITDAEYLMRDLGRSRDPIALPTARDLQG
ADLLGGNGRRSDRQVTTGPFAHATGNWTIKDGVTDTTFLTRDLGRARDPIGLPAKADVEW
PAFLGGTGRPLDDQVMDGPFAHSGGNWTINVSVDSRPFLARNLAHRVP - - TLPPRSDVDA
ADFLGGNGRSRDAQVTTGPFAYSTGQWNINVSADDRPYLQREMGASVR - -ALPTRAEVDS
PDFLGGTGRSTDGRVMDGPFAASAGNWPMNIRVDGRTFLRRSLGTAVR - -ELPTPAEVES
PDFLGGTGRSRDGRVMDGPFAASTGNWPISVRIDGRTYLRRSLGSAVR - -QLPTRAEVDS
PDFLGGTGRSLDGRVMDGPFAASAGNWPINVRVDGRAYLRRSLGTAVR - -ELPTRAEVES
PDFLGGTGRERDGRVPDGPFSASGGNWPITVRVDGRTFLRRSLGSGVR - -ELPTRAEVES
PDFLGGTGRSRDGRVTDGPFAAATGVWPITVRLDGRTYLRRALGGAGR - -ELPTRAEVDS
PDFLGGTGRSRDGQVMDGPFAASAGNWPINVRVDGRTFLRRALGAGVS - -ELPTRAEVDS
PDFLGGTGRARDGRVSDGPFAAAGGNWPIAVRVDGRTFLRRALGAGVR - -DLPTRAEVDS
- * * . - .

EITSPAYAMGRTQFVGEAEFGGGITPNGSTFWNRKGALEDTPHNAVHSHIGRLMGRTTTA
VMRETVYDVAPWNSTSTSGFR - - - -NRLEGWAPGRGNERFRVHNRVHRWVGGLMLGG-AS
ANAETVYDSAPWDSTSRTGFR - - - -NALEGWTRESGNGRWRNHNRVHRWVGGLMLGG-AS
ALDDPVYDTAPWNSTSAKGFR - - - -NRLEGWGPGRGAASWRNHNRVHRWVGGHMVSG-AS
ALSDPVYDVSPWDSTVTRGFR - - - -NKLEGWGTGRGS TAWLNHNRVHRWVGGAMVGG-AS
ALAMPTYDSPPFRDGS - TGFR - - - -SALEGSAG- - - - - YMSMHNRVHTWVWGHMETS-VS

VLAMTTYDMAPWNSAS -DGFR - - - -NHLEGWRG- - - - - - VNLHNRVHVWMGGQMATG-VS
VLSMATYDMAPYNSAS-DGFR - - - -NNLEGWRG- - - - - - VNLHNRVHVWVGGQMATG-VS
VLAMSTYDMAPWNSAS -DGFR - - - -NHLEGWRG- - - - - - VNLHNRVHVWVGGQMGTG-VS
VLGMATYDTAPWNSAS-DGFR - - - -NHLEGWRG- - - - - - VNLHNRVHVWVGGQMATG-MS
VLAMSTYDMAPWNSGS -DGFR - - - -NHLEGWRG- - - - - - VNLHNRVHVWVGGHMATG-AS
VLSIPTYDMAPWNSAS-DGFR- - - -NHLEGWRG- - - - - - VNLHNRVHVWVGGQMATG-VS
VLAMATYDMAPWNSGS-DGFR - - - -NHLEGWRG- - - - - - VNLHNRVHVWVGGQMATG-VS
VLAMPTYDMAPWNSGS-DGFR - - - -NHLEGWRG- - - - - - VNLHNRVHVWVGGQMATG-VS

* * KKK . *
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161
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erythrochromogenes
lateritius
ficellus
avermitilis
galilaeus
griseus
abikoensis
durhamensis
scabiei
glaucescens
hawaiiensis
lincolnensis
antibioticus
bobili

erythrochromogenes
lateritius
ficellus
avermitilis
galilaeus
griseus
abikoensis
durhamensis
scabiei
glaucescens
hawaiiensis
lincolnensis
antibioticus
bobili

erythrochromogenes
lateritius
ficellus
avermitilis
galilaeus
griseus
abikoensis
durhamensis
scabiei
glaucescens
hawaiiensis
lincolnensis
antibioticus
bobili

erythrochromogenes
lateritius
ficellus
avermitilis
galilaeus
griseus
abikoensis
durhamensis
scabiei
glaucescens
hawaiiensis
lincolnensis
antibioticus
bobili

ALDPVFWLHHANIDRLWSLWSSSTGHSNPDDPRWI - - - - - TQEYKFFDAD- - -GSQQSLA
VNDPVFWLHHSFVDLIWSRWQQRNPRA -GYVPAQPPPPGDAQHGRIAARNERMGPWG-VT
VNDPVFWLHHSFIDLLWSRWQRKNPRA-GYLPATPPPLGSAQYRRVVARNEPMPPFK -AT
VNDPVFWMHHAFVDL LWSRWQQRHQGA - RYLPEQQPARGDAQRGRIVARHERMPPWD-VT
VNDPVFWLHHAFIDLLWTRWQRRHGEH-RYLPAEPPLPGSSQFRRVVARHQTLPPWD-VT
PNDPVFWLHHAFVDKLWADWHALHPTSAEYLPAGGTV------ - DVIDLNDTMPPWPNTT
PNDPVFWLHHCFIDKLWADWQRMHPTS-GYLPTGGTT------- NVVDLKDTMRPWNNVT
PNDPVFWLHHAFVDKLWAEWQRRHPGA - SYVPGGGTP - - - - - - - DVVDLNETMKPWNDVR
PNDPVFWLHHAFVDKLWADWQRLHPGS -PYVPAAGTP - - - - - - - NVVDLNETMKPWNDTA
PNDPVFWLHHAYVDKLWAEWQRRHPGS -GYLPAAGTP- - - - - - - DVVDLNDRMKPWNDTS
PNDPVFWLHHAYIDKLWAEWQRRHPGS -GYLPAAGTP- - - - - - - NVIDLNETMRPWHDTS
PNDPVFWLHHAYIDKLWAQWQRRHPDA -GYVPAAGTP - - - - - - - DVVDLDETMKPWHDTR
PNDPVFWLHHAYIDKLWAEWQRRHPSS -PYLPGGGTP- - - - - - - NVVDLNETMKPWNDTT
PNDPVFWLHHAYIDKLWAEWQRRHPEA-GYLPAAGTP- - - ---- DVVDLHETMKPWNDTA
*

L 2 2 2 R 3 3 o X XK. X

ASDILDTAGQLGYTYESPVPISPPVPLPPSATRFPVPESTSGPSASAPPPPRRREMAGSS
PAQMLDHSAV - ~YRYA -~ -~ - - << - o
PADVAGHDHL - ~YRYA - - - - - = = = <o oo
PO EDHSGT = ~YRYA= < < -2 oot ittt
PDQLEDAGRT - ~YRYA - - - = = = - =< oo <o
PQDMLDHTQF - ~YTYA - - - - - = = == oo oo
PADMLDHTKF - ~YTYDR- - - = = = = = === === — oo
PADLLDHTKF - -YTFDS -« - - = === === =< oo
PAALLDHTAH- ~YTFDAA - - - - - === = oo
PADLLDHTAH- ~YTFDTD- - - - === === = === = oo
PADLLDHTPH- ~YTFDV -~ - - = === === oo
PADLLDHTRH- - YTFDTD- - -~ - - == === == m oo
PAALLDHTRH- ~YTFDV— - -~ =~~~ = - oo
PAALLDHTPH- ~YTFDTA- - - == = === ==

* .

EQPLRLVGRAESIAVPIDRRTTRPLGEALGVDEPEADRHVYLNVEDIEGDTNPDKVYGIY
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erythrochromogenes

laterdtius @ ccomcccccccaa--

ficellus

avermitilis

galilaeus @ —------
griseus

abikoensis

durhamensis 00 @-—-----
scabiei

glaucescens

hawaiiensis

lincolnensis

antibioticus

bobili

>

Figure.No:6-Multiple sequence alignments of the tyrosinase family protein from Streptomyces species, showing
fully conserved regions (* asterik), semi-conserved substitutions (: colon), a conserved region with weekly similar
properties (. period); colour of aligned sequence represents property of amino acids [ red- small+ hydrophobic

(Incl.Aromatic -Y), blue-acidic, magenta -basic-H, green- Hydroxyl + sulthydryl + amine + G,

amino/imino acids etc].

Applications:

Pharmaceutical —

Tyrosinase enzyme has several potential
pharmaceutical applications due to its ability to
catalyse specific biochemical reactions. While it is
primarily known for its role in melanin production,
tyrosinase has been explored in various
pharmaceutical ~ contexts. Here are some
pharmaceutical applications of tyrosinase:
Manufacturing of L-DOPA from microbial
tyrosinase

L-DOPA is a precursor that the central nervous
system uses to produce dopamine, where it’ s
deficiency causes Parkinson’s disease in most of
older people. Production of L-DOPA (L-3,4-
dihydroxyphenylalanine) in pharmaceutical
industries from Dbacterial tyrosinases is a
biotechnological approach to combat Parkinson’s
disease. Therefore, L-DOPA is a powerful
medication used to treat Parkinson's disease and to
manage neurogenic injury in the myocardium.
Photodynamic Therapy:

Tyrosinase-mediated photodynamic therapy (PDT)
has been explored as a treatment for cancer. In PDT,
a photosensitizing agent is activated by light in the
presence of oxygen to produce reactive oxygen
species, which can selectively destroy cancer cells.
Ecosystem

Tyrosinase in wetland ecosystem:

A subclass of oxidoreductases known as bacterial
tyrosinases reduces molecular oxygen to water while
oxidatively  eliminating phenolic  chemicals.
However, decreased rainfall and extended summer
drought in the course of climate change pose a threat
to anoxic conditions in wetland soils. manually

- Unusual

lowering the phenolic component concentration,
which will enhance the atmospheric release of
carbon that has been stored. Based on genomic
sequencing data, a phylogenetically diverse
community of tyrt+ bacteria that are native to
wetlands has been identified in seven different
phyla, including actinobacteria, within a variety of
wetland ecosystems, including peatlands and
mangrove forests, which span a climatic cycle from
high arctic to tropic ecosystems. (Panis F, Rompel
A. et.al,2022).

Bioremediation:

Tyrosinase, a possible xenobiotic compound
detoxifying agent, has the ability to oxidise harmful
phenol pollutants from the environment, such as
chloro and fluoro-phenol (which are the relevant
pollutants, present in industrial waste waters).
Tyrosinase's activation of phenols tends to
polymerization (like chitosan), which in turn leads
to precipitation and makes it simple to remove
contaminants  during  wastewater  treatment
(Bevilacqua JV, et.al, 2002). More specifically,
tyrosinase-mediated stereospecific polymerization
of 3- and 4-fluorophenols results in the production
of a reactive fluroquinone and the elimination of an
inorganic fluorine ion (Battaini, G. et al. (2002)).
The initial analysis of the early intermediates in the
biotechnologically important interaction between
chlorophenols and tyrosinase as bioremediation
revealed that the enzyme's major activity was
towards isomeric monochlorophenols. Streptomyces
antibioticus ~ tyrosinase  oxidizes  isomeric
monochlorophenols. (Marino SM et.al,2011).
Medical applications:

Tyrosinases are acknowledged as one of the essential
enzymes that regulate a variety of biological
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processes, including melanogenesis (hair, skin and
eyes in mammals), as pigmentation plays a crucial
role in UV radiation protection for the skin (V. del
Marmolet.al,1996). Due to deficiencies brought on
by the transfer of melanosomes to keratinocytes,
defective tyrosinase may result in aberrant
melanogenesis. Melanin aids in the development of
spores and reproductive organs in microbes and
protects the cell wall after physical injury (F. Solano,
et.al, 2006). However, its exact function is yet
unknown.

Defence against pathogen:

As a major immune response, wound healing is
facilitated by melanin, which has antibacterial,
antifungal and antiviral properties, along with its
intermediates (Ashida, M. et.al,1995). By catalysing
the creation of a melanin scab that is impenetrable to
attack, tyrosinase, an intermediary catalytic
component, regulates the oxidation-reduction
potential in plants and is crucial in protecting plants
from insects and microbes (Mayer, A. M,et.al,
1987). The first line defence towards pathogen
invasion in insects using hard cuticle and other
invertebrates (Soderhall, K, et.al,1998Tyrosinase
also contributes to the exoskeleton's sclerotization
upon injury or moulting and to the melanin-based
defense against other organisms (Sugumaran, M.
et.al,2002).

Industrial applications —

Tyrosinases has several industrial applications due
to its ability to catalyze specific biochemical
reactions that can be wused in various
biotechnological and industrial processes. Here are
some of the industrial applications of bacterial
tyrosinase:

Biocatalysis:

Tyrosinase catalytic studies were widely used in the
production of L-DOPA to treat parkinson's disease.
By using tyrosinase as a catalyst, Streptomyces
lincolensis NCIB 9413 also produces the antibiotic
lincomycin. The gene that regulates the expression
of monophenol monooxygenase in differentiating
cells is affected by the mel- mutation in S.
lincolensis. By suppressing oxidase activity in the
culture medium at the point when growth ceases,
inhibitors produce the antibiotic lincomycin
(Michalik, J. et al. 1975).

Tyrosinase Biosensors:

The tyrosinase enzyme can be utilised as a biological
component of a biosensor to identify a variety of
mono- and biphenolic substances. The first ever
sensing device, a biosensor made from Streptomyces
antibioticus tyrosinase, was able to recognise
catechol’s like L-DOPA and adrenaline at incredibly
low concentrations (5nM) (Streffer, K. et al. 2001).
Polyphenols present in musts and wines could be
identified using an amphoteric biosensor that used
immobilised laccase and tyrosinase as biological

elements coated on graphite screen printed
electrodes from Trametes versicolor.

It is possible to immobilize tyrosinase by cross-
linking it onto glassy carbon electrodes that have had
gold nanoparticles electrodeposited onto them. This
results in biosensors with good analytical
performance (repeatability of measurements without
cleaning or pretreatment, stability over time,
reproducibility in the creation of different
biosensors, and sensitivity) for the amperometry
detection of phenolic compounds such as catechol
and caffeic acid. One single biosensor might be used
for at least 18 days (V. C. Sanz, M. L. Mena.et.al,
2005).

Food technology — food and feeding

In Cereal Processing:

In cereal proteins and polysaccharides, tyrosinase
catalyzes the oxidation of phenols by forming bonds
inside or between polysaccharides, between proteins
and polysaccharides, or within proteins. By cross-
linking the cereal protein, tyrosinase may change the
structure of baked bread by making the dough harder
and less elastic (Selinheimo E et.al, 2007).

In Dairy Processing:

Cross-linking can be used in dairy products to
prevent syneresis or firm up a delicate texture. Using
cereal, milk, and meat biopolymers that have
undergone hetero-cross-linking, it is possible to
create novel food items that have specific properties
and functions.  Tyrosinase  enhances the
functionalization of dairy products, for instance, by
customising biopolymer antioxidation. Tyrosinase
enzyme, that promotes enzymatic browning of fruits
and vegetables, has been shown to cause the whey
proteins lactoglobulin and lactalbumin to cross-link.
The greatest degree of polymerization for 1.5 mg/ml
protein was produced with tyrosinase activity of
about 330 U/ml in the presence of a 2 mM caffeic
acid solution. (C. R. Thalmann et.al, 2002).

In Meat Processing:

Cross-linking enzymes play a crucial role in altering
the gelation characteristics of meat since the
production of meat products depends on the meat's
textural and binding qualities as well as its ability to
form gels. (C. R. Thalmann et.al, 2002; R. Lantto, P.
Plathin et.al,2006). Tyrosinase efficiently raises the
hardness of phosphate-free homogenate gels and the
gel forming property of a 4% chicken breast
myofibrillar protein solution in the presence of 0.35
M NaCl. (R. Lantto, E. Puolanne, et.al, 2007).

In Cross-Linked Bio-polymers:

The wuse of biopolymers as thickening and
emulsifying agents in the production of low-calorie
and low-fat foods is one of the latest innovations in
the food industry (R. Rastall et.al,2007). To improve
product properties, several enzymes are utilised to
hydrolyse food biopolymers. The food matrix's
structural characteristics are altered by cross-linked
biopolymers, the way the textile industry can use
enzymatic cross-linking and grafting specific
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chemicals to biopolymers to produce novel
biomaterials (C. M. Aberg et.al, 2004). Using p-
coumaric acid (pCA) and caffeic acid, the cross-
linking enzyme tyrosinase employs direct oxidation
to change mono and diphenols into o-diquinones for
food biopolymers (J. Buchert et.al, 2007).

Others-

Tyrosinase in production of dyes:

Tyrosinase's function has been used, for instance, in
the manufacture of coloring and dyeing solutions. In
1947, tyrosinase was suggested as a dye for animal
fibers. More recently, a coloring solution that
contains L-DOPA and the A. bisporus enzyme has
been suggested for hair coloring. [42]. However,
tyrosinase from different mushrooms has also been
tried to color goat hair, but the results were
unimpressive [43].

Cosmetics and skincare:

Tyrosinase inhibitors are commonly used in the
cosmetics and skincare industry to develop skin-
lightening and anti-aging products. Bacterial
tyrosinase can be used to screen for potential
tyrosinase inhibitors and test the effectiveness of
these compounds in reducing melanin production,
promoting skin whitening, and reducing the
appearance of blemishes and age spots.

CONCLUSION
Tyrosinase, a copper containing enzyme
present in wide range of species possesses
diverse functions, have melanin producing
capability. Among five types of
tyrosinases, streptomyces belong to type [
category of tyrosinases, characterized by
TAT signal pathway and caddy protein.
Structure majorly composed of central, N-
terminal, C-terminal domains and
peculiarly histidine residues at active site.
Tyrosinase significantly displays
monophenolase and diphenolase activities
resulting in production of quinones.
Through clustal W multiple sequence
alignment and phylogenetic analysis of
different tyrosinase family protein of
various  streptomyces  species  were

analysed for  sequence  similarity.
Enormous medical, environmental,
industrial and  food technological

applications of tyrosinase mostly from
bacterial species.
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