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Abstract

Hyper pigmentary problems, including post inflammatory hyper pigmentation, solar
lentigos, and melasma, occur widely in the human population and are thus of broad
interest for control. Tyrosinase is the key enzyme of melanogenesis and it’s over
expression results in hyper pigmentation. Tyrosinase is not only liable to human
pigmentation, but also responsible for the undesirable enzymatic browning of fruits
and vegetables, which is of economic importance. So in order to get rid of the problem,
inhibitors of the enzyme tyrosinase have been concerned. Advances in genomics and
proteomics have opened up new possibilities for the rapid functional assignment and
global characterization of proteins and DNA. Organized collection of molecules on
arrays have provided a vigorous platform for rapid screening, lead discovery and
eradication of molecular characterization. Nowadays, it is used for the discovery of
tyrosinase inhibitor. It involves microarrays of immobilized distinct small molecules
or DNA or RNA of cells treated with molecules to be tested and binding of tyrosinase
proteins or TYR gene respectively. Compound is then screened and the respective
compound is identified as a new small-molecule binder to tyrosinase and used it as
potential tyrosinase inhibitor. Its actual binding and inhibitory effects on tyrosinase
is also validated using an enzyme-based inhibition assay or other binding assays. As
a rapidly maturing technology, high-throughput proteomic and genomic pave the way
forward in the treatment of skin hyper pigmentation. Hence in the present review we
have focused on the use of microarray technique over the conventional strategies for
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Introduction

Since ancient times, a face with fair skin is considered as a sign
of beauty and the demand for young, healthy, bright and fair skin has
created a whitening cosmetics market. The color of human skin and
hair established through a number of factors. Melanogenesis i.e. the
biosynthesis of melanin is the major factor. It is a multistage process
involving melanin synthesis in special organelles called melanosomes
of melanocytes and melanin transport to keratinocytes. The actual
color of the skin is determined by the distribution pattern of the
melanin by the melanocytes. Tyrosinase is considered as key enzyme
of melanogenesis as it plays a central role in biosynthetic pathway
of melanin and catalyzes the first two steps: the hydroxylation of
monophenol to diphenol and the oxidation of diphenol to quinine."*
Abnormal deposition or irregular distribution of melanin causes hyper
pigmentary disorders such as melasma, freckles and age spots. One
of the major causes of hyper pigmentation is probably UV light.
However, the skin darkening can be restrained, at least to some
extent, by deactivating the enzyme tyrosinase.’ So, in order to treat
hyper pigmentation and the quest for skin whitening move forward
the scientists of all over the world to search inhibitors of enzyme
tyrosinase.

Although a number of ingredients from natural sources with an
inhibitory effect on melanogenesis have been studied in order to
treat hyper pigmentation as well as developed as cosmetic agents to
make skin white. But many of them find associated with several side

effects Hence research is going on for the elucidation of tyrosinase
inhibitors with less or no side effects.®’ Traditionally, the molecules
having antityrosinase activity have been elucidated by using different
time consuming and labour intensive experiments. But, with the
advancement in technology and the introduction of high throughput
techniques make it easier for the biotechnologists to screen many
compounds at a time for its inhibitory activity against tyrosinase.
One of the techniques of high throughput screening of a molecule is
microarray It is a powerful tool used for profiling gene expression,
protein-protein and protein-ligand interaction in high throughput.?
So it is possible with microarray to screen various compounds as
tyrosinase inhibitors. Besides traditional and manual approaches of
elucidation and development of tyrosinase inhibitors, here in this
review we will focus the importance of the use of high throughput
techniques with special emphasis on microarray.

Melanogenic enzyme tyrosinase and its mechanism

Tyrosinase, a copper containing enzyme is the key enzyme
in melanogenesis. It catalyzes the first step of melanin synthesis.
Tyrosinase is responsible for the conversion of tyrosine to L-DOPA
and DOPA quinone. After DOPA quinone formation by tyrosinase,
the compound is converted into cysteinyl DOPA (in the presence of
cystein) and DOPA chrome (in the absence of cystein) through auto-
oxidation. These compounds are further converted into different
melanins through a series of enzymatic and spontaneous reactions.
Eumelanin is formed through reactions from dihydroxyindole
(DHI) and dihydroxyindole-2-carboxylic acid (DHICA) which are
the reaction products of DOPA chrome (Figure 1). Subsequently
pheomelanin is formed by the oxidative polymerization of cysteinyl
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DOPA ! Though there are three enzymes involved in melanogenesis
pathway, only tyrosinase is extremely important for melanogenesis, as
itplays akey role in the process. Tyrosinase is a glycoprotein positioned
in melanosome membrane with an inner melanosomal domain that
holds the catalytic region, followed by a short transmembrane domain
and a cytoplasmic domain. The remarkable characteristic observed
in tyrosinase is that a central copper-binding domain is conserved,
which contains strictly conserved amino acid residues, including
three histidines. Tyrosinase is produced only by melanocytic cells. It
is synthesized and subsequently processed in endoplasmic reticulum
(ER) and Golgi bodies, and then it gets trafficked to melanosomes, in
which the pigment melanin is formed.'>'¢
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Figure | Production of different pigments by the action of tyrosinase.

Different assays implemented for the analysis of
change in tyrosinase gene expression

Western blot: In this method mixture of protein is first separated
on the basis of molecular mass and charge by SDS Polyacrylamide
gel electrophoresis, then transferred on nitrocellulose membrane and
probed with antibody specific to protein of interest. Western blot is
used in various studies which utilize expression profile of tyrosinase
and other melanogenic enzymes to find out potent antimelanogenic
agent. Oh et al.,”” demonstrated reduced expression of tyrosinase
and MITF gene by Ficus deltoidea extract through western blotting.
Extracts of citrus press cakes, Oreocnide fruticosa and Agaricus
bisporus were examined for their mealanogenic and antimelanogenic
activity in terms of expression of melanogenic enzymes including
tyrosinase by using western blot analysis.'®?° Similar work was
done by Lee et al.,*! using Flavonoid Glycosides from Limonium
tetragonum as antimelanogenic agent. Despite of its application it
has certain limitations such as it can detect only denatured protein,
relatively technically complex, requires many steps and large quantity
of sample, time consuming and expensive.

ELISA: ELISA is a quantitative assay used to detect native protein
and protein interactions. Antimelanogenic activity of chrysin was
tested by assessment of tyrosinase inhibition activity in B16 cells
using ELISA method.?? Although ELISA assays are technically less
difficult than western blot and can be adapted to high throughput
with automated detection system. However these are not specific and
can give false positive results due to cross reactivity of the detective
antibody with other protein in the sample.
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PCR: Quantitative PCR or Real time PCR has been widely used for the
quantitative measurement or detection of alteration in gene expression
levels in response to specific pharmacological agent. Inhibitory effect
of arctigenin from Fructus arctii extract on tyrosinase gene expression
was analysed by Park et al.,”® using real time qPCR. Similarly Lee
et al.,”* elucidate the inhibitory effect of 4-n-butylresorcinol on
tyrosinase mRNA expression in B16F10 melanoma cells through real
time PCR. Reverse transcription PCR have also been extensively used
for estimation of gene expression. It has been found that aglycone of
Rh4 inhibits melanin synthesis via decrease in tyrosinase and MITF
gene expression which was analysed using reverses transcription
PCR.* Though it has been widely used for gene expression analysis,
there are certain troubles found associated while accessing with PCR
like difficulty in designing correct probes and primers, testing of their
efficacy require more time and efforts.

Microarrays

More recently high throughput techniques have been developed
for the study of biomolecules including protein microarray and DNA
microarray. Protein microarrays are basically of three types which
are currently been used to study biochemical activities of protein:
Analytical microarray, Functional microarray, and Reverse phase
microarray. Analytical microarrays are normally used to measure
binding affinities, specificities, and protein expression levels in the
mixture of protein. Functional protein microarrays are composed of
full length proteins or domains. It is used to study protein interactions.
Reverse phase microarrays are prepared by isolating cells from
various tissues and get it lysed. These lysates are immobilized on to
the slides. The slides are then probed with antibodies against protein
of interest.’**” Small molecule microarrays are another powerful high
throughput tool for gathering information about direct interactions
between protein of interest and small molecule. It is being used to
detect ligands for new drug discovery. Small molecules including
organic compounds, natural products, peptides have been immobilized
on microarray slides and a variety of biomolecules can be incubated
with these slides,”*?* (Figure 2).
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Figure 2 Schematic representation of cDNA microarray assays for gene
expression.
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Microarrays for the elucidation of decreased expression
of melanin synthesis gene including TYR gene by the
action of certain compounds

In 2010 Choi et al.*® established melanoma cell line named
primary culture of melanoma cell derived from lymph node (PML-1).
Through DNA microarray and two dimensional matrix assisted laser
desorption ionization time of flight mass spectrometry analysis they
have found that PML-1 decreased the expression of melanogenesis
markers including TYR, MITF, and TRP-1 genes. In another study,
gene expression profiling of three well known skin lightener was
illustrated by Gruber’! using DNA microarray. Human epidermal
keratinocyte were treated with variable ratios of hydroquinone,
kojic acid, and niacinamide. After 24hours of treatment, total RNA
was extracted out from the culture, amplified and labeled them with
fluorescent dyes. The fluorescently labeled RNA was applied to the
DNA microarray chips having TYR, COX1, and FTH1, MCI1R gene
immobilized on it and the chips were hybridized overnight. Results of
their experiment confirmed that all three compounds show decreased
expression of three genes i.e. TYR, COX1, and FTH1 but have little
effect on MCIR gene.

Small molecule microarray system is utilized for examining the
binding efficiencies between tyrosinase and small molecules in order
to discover novel tyrosinase inhibitors. In this area, very interesting
work was done by Lee HY*? as most of the known tyrosinase inhibitors
are natural polyphenols, so they used natural products for screening
approach with some other synthetically synthesized small molecules.
They have tested several surface modification methods for glass slides
and tested many compounds for their binding affinity with tyrosinase,
and ultimately identified 2,4,4- trihydroxychalcone as a new small
molecule binder to tyrosinase so it can be used as tyrosinase inhibitor.

Conclusion

Neither over production of melanin in human skin nor enzymatic
browning of fruits and vegetables is required. Tyrosinase is the key
enzyme catalyzes the rate limiting step of melanogenesis as well
as browning of fruits and vegetables. So, quest for the inhibitors of
tyrosinase have been of great concern. At present technology has
driven to deliver several methods that allow monitoring of alteration
in the expression of tyrosinase by the action of certain compounds
which will be further used as tyrosinase inhibitors. Although there
are several assays utilized for analysis of tyrosinase gene expression.
Those are time consuming, technically complex and not highly
specific. Protein, DNA and small molecule microarrays are thus
potentially powerful tools to overcome this problem. They provide
a platform to profile DNA-DNA, protein-protein, protein-ligand
interactions and gene expression in high throughput. They have lead
to the trafficking of large number of molecules at a time, for testing
of tyrosinase inhibitors. These are rapid, automated, and highly
sensitive and time saving methods. Future research with the aid of
high throughput analysis in search of potential tyrosinase inhibitors
makes easier for the pharmacist and cosmetician to treat skin hyper
pigmentation.
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