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I. INTRODUCTION

Actinobacteria are a distinct class of filamentous bacteria that resemble fungi and are
prokaryotic. They are facultative anaerobes and generate early microcolonies in their
surroundings that are made up of thread-like filaments and asexual spores that can be found
singly or in chains [1]. They are widely dispersed as both terrestrial and aquatic bacteria in a
variety of settings [2]. The majority of actinobacteria have been discovered and isolated from
soil and are used extensively in industrial agriculture and medicine [3]. Actinobacteria create
a wide variety of "Pigments™ that come in a variety of colors, including yellow, green, red,
brown, and black [4]. The Streptomyces group produces the most active secondary
metabolites, accounting for over 80% of all naturally occurring bioactive compounds with
medicinal uses [5].To isolate pigment-producing Actinobacteria and test for anti-microbial
efficacy, researchers have conducted numerous investigations. Therefore, the focus of the
current study was on actinobacterial pigments that have a variety of uses against human and
marine infections from different geographical regions.

I1. ACTINOBACTERIAL PIGMENTS

Actinobacteria are a good alternative source for the creation of synthetic pigments
because of their short life cycles and simplicity of genetic modification. Actinobacterial
pigment is still in the research and development stages to produce pigments like melanin,
carotenoids, pyocyanin, bacteriochlorophylls, violacein, prodigiosin, and monascins.
Additionally, actinobacterial pigment has better biodegradability and higher compatibility
with the environment compared to fungal pigments and bacterial pigments [6].

The species Streptomyces sp., Nocardia sp., Micromonospora sp., Thermomonospora
sp., Actinoplanes sp., Rhodococcus sp., and Kitasatospora sp. all create pigment.For instance,
Streptomyces coelicolor and Streptomyces griseoviridis[7].

Figure 1: Representative images of actinobacteria producing natural pigments.
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1. TYPES OF ACTINOBACTERIAL PIGMENT

2.PRODIGIOSIN JMELANIN

1.CAROTENOIDS :
Eg: Streptorubin-B Eg: Streptomyces sp

Eg: Rhodococeus sp. Streptomyces sp

4. VIOLACEIN 5.PYOCYANIN
Eg: Streptomyces sp Eg: Streptomyces flavalbus

I\VV.APPLICATION OF ACTINOBACTERIAL PIGMENTS

1

2.

3

ANTIMICROBIAL ‘

ANTIVIRAL | ANTICANCER

ANTIOXIDANT ANTIMATLARIAT

Actinobacterial Pigments as Antimicrobial Agents:_Infectious infections were the
leading cause of death worldwide earlier than in 1900. Infectious diseases are now,
behind non-communicable diseases, the second leading cause of death worldwide and in
developed nations. The enormous demand for novel antibiotics nowadays is a direct result
of the growing number of resistant microorganisms [8]. According to reports,
actinobacterial pigments exhibit antibacterial properties that are effective against both
gram-positive and gram-negative bacteria [9].

Actinobacterial Pigments as Anticancer Agents:_Cancer is one of the main causes of
illness and mortality in humans and is a non-communicable disease. Drugs to treat cancer
have been created and are currently undergoing clinical trials. Due to restrictions, adverse
effects, and resistance to medications and treatments, treating cancer is extremely difficult
[10].

Actinobacterial Pigments as Antioxidant:_A condition known as oxidative stress is
brought on by an excess of free radicals in the body, which raises the risk of developing
chronic illnesses including diabetes and autoimmune diseases. Antioxidants are obtained
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from either natural or artificial sources in the pharmaceutical business [11]. The most
popular antioxidant is synthetic, although it has recently lost popularity as more evidence
of potential harm to human health has been documented [12] [13].

4. Actinobacterial Pigments as Antimalarial Agents:_Malaria is a contagious illness
that is prevalent in tropical nations and is still one of the biggest health concerns.
Originally based on natural ingredients, antimalarial medications have mostly been
superseded by a variety of synthetic medications since the 1930s. The discovery of this
novel treatment aims to fight malaria [14].

5. Actinobacterial Pigments as Antiviral Agents:_Innumerable virus infections had
threatened people all over the world and resulted in innumerable pandemic deaths in
humans. Despite advances in drug discovery, there are still many viruses for which there
are no vaccines or effective antiviral medications [15].

V. ACTINOBACTERIAL PIGMENTS

1. Carotenoids: The phylum of bacteria with the largest genome in the bacteria domain,
Actinobacteria, contains a variety of colourful species. Their examination of their
pigments indicated that their colouring is caused by structurally different carotenoids.

Carotenoids with the C50 chain length are one type. Second one is Aromatic end
group-containing carotenoids and third one is Monocyclic keto-carotene derivatives or
keto carotenoids like canthaxanthin (alpha, beta-carotene-4,4-dione). The only known
Actinobacteria having a simultaneous route to aromatic and keto carotenoids are species
from the genus Rhodococcussp, and they may be antibacterial [16].

e Antimicrobial Property: The Micrococcus sp. producing carotenoids had been
reported to demonstrate antimicrobial activities against antibiotic resistant
Klebsiellasp, Saureus, Pseudomonas aeroginosa, ophthalmic Escheriachia coli,
S.aureusand Strepcoccuspyogens. Carotenoids produced by actinobacteria isolated
from dried seafood which wasKocuriaroseus[17].

o Anticancer Property: Using carotenoids as colors, actinobacterial cell multiplication
is inhibited, and apoptosis is induced. Actinobacteria place a strong emphasis on
lutein and zeaxanthin and have a lot of cancer cells [18].

« Antioxidant Property: Carotenoids from Rhodococcussp. B7740 were tested for
antioxidant activity. By using the tests for -carotene bleaching, lipid peroxidation
inhibition, protein oxidation inhibition, and oxidative DNA breakage inhibition, the in
vitro antioxidant activity was assessed [19].

2. Prodigiosin: One of the more noticeable pigments that is now present in the microbial
world is prodigiosin, a brilliant red pigment generated by Serratia-related species.
Prodigiosin's chemical makeup has been thoroughly investigated, and Wrede and
Rothhaas classified it as a tri-pyrrlymethene in 1934.A modest number of orange-red
coloured Streptomyces sp. were found while we were isolating enormous amounts of
actinobacteria from soils gathered all over the world [20].
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e Antimicrobial Property: Prodigiosin is utilized as a bacteriostatic agent in
Actinobacterium for E. coli. It is employed in a variety of biological processes by
antimicrobial agents. Additionally, it has been noted that the Streptomyces sp.-
produced deep red pigment undexylprodogiosin exhibits effective antibacterial
properties against Bacillussp, Micrococcus sp., and Candida albicans [21].

e Anticancer Property:_It is used to create actinobacterial medicines that target
numerous cell types, including cancer cell lines that are drug resistant to multiple
drugs but not normal cells [22].

o Antimalarial Property:_In E. coli cells, prodigiosin functions as an actinobacterial
antimalarial drug to diluted cells restarted growth usage. It is used to distinguish the
actinobacterial antimalarial agent [23].

e Antiviral Property:_It has not yet been reported that it has been tested against
actinobacterial pathogenic viruses. The focus of biological activities to shield
vaccines from antiviral agents is revealed by the Streptomycessp [24].

3. Melanin: Microbes are mostly used to extract natural pigments. Actinobacteria produce
large amounts of the pigments known as melanoid or dark-brown melanin. These gram-
positive, aerobic bacteria generate spores and have DNA that has a high G+C
concentration (>55%) [25].

Figure 2: Melanin production by Streptomyces glaucescens

e Characterization of Melanin: Despite their obvious abundance in the biosphere.

Due to the complex polymerization, amorphous, and insoluble character of some
melanin types, existing biochemical and biophysical methods are unable to provide
definitive chemical constructions. As a result, some unknown features of the whole
chemical structure of some melanin types have to be revealed.
Because of this, a number of physical practices are unable to provide an identification
test for melanin. These practices include surface morphology studies (scanning
electron microscopy and transmission electron microscopy), structural elucidation,
and tests for physicochemical properties (resistance to solvents, bleaching, and
solubilization in aqueous alkali).

EPR is an example of a paramagnetic resonance, Electron spin resonance

(ESR), X-ray photoelectron spectroscopy (XPS) , UV Mass spectrometry and visible
spectroscopy
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For the purpose of identifying melanin, numerous investigations and
procedures have recently been carried out. Raman Spectroscopy has been used in the
past to examine melanin that possesses particular characteristics.

« Raman scattering properties:_The atomic force microscope, often known as an
AFM, is a high-resolution imaging device that uses 3D topographical data to detect
intermolecular forces at the atomic level. Due to the fact that it offers measurements
at the nanometre scale, AFM has significant benefits over other microscopic
techniques [26].

For chemical analysis, use electron spectroscopy (ESCA).

It is an elemental analysis method and is also referred to as XPS. The chemical
makeup of the atoms of nitrogen and sulphur is helpful in this. It is employed to
ascertain the chemistry and quantitative atomic composition of melanin [27].

Fast atom bombardment, Laser Desorption lonization (LDI), and Matrix
Assisted Laser Desorption and lonization are all used in MALDI analysis, also known
as matrix assisted laser desorption and ionization (MALDI) [28].

e Types of Melanin

» Eumelanin: Human hair, skin, and some actinobacteria may all produce eumelanin,
which is primarily a black to dark brown pigment. Tyrosine or phenylalanine
undergo oxidative polymerization to form -3,4-Dihydroxyphenylalanine, which is
then converted into dopachrome, and then melanin, a dark brown pigment, is
produced [29].

» Pheomelanin: Pheomelanin is a naturally occurring red or yellow pigment that is
primarily present in human hair. Although it resembles eumelanin, -DOPA
undergoes cysteine integration into the polymer (cysteinylation) and includes
sulphur. It gives the lips and hair pink and red colour [30].

» Allomelanin: Allomelanin, a heterogenous pigment found in numerous fungi and
plants, belongs to the heterogenous group of polymers that are nitrogen-free. They
come from a variety of sources, such as carechols, homogentistic acid, and
dihydrofolate. This type contains water-soluble Pyomelanin produced when
homogentistics acid, a byproduct of the tyrosine breakdown pathway, accumulates
and ultimately polymerizes [31], as well as melanin, which is derived from 1, 8
dihydroxy naphthalene (DHN) molecules.

« Antimicrobial Property: Melanin demonstrated that actinobacteria had antibacterial
action  against the  phytopathogenic  strains  Erwinachrysantheni  and
Erwinacarotovora, as well as against S. aureus, E. coli, and C. albican.
Streptomycessp strain of soil-extracted melanin exhibited antibacterial activity against
E. coli at a concentration of 1 | [32].

e Anticancer Property: Streptomyces sp. NEAE-H's black extracellular melanin
pigment exhibited strong cytotoxic action against the HFB4 skin cancer cell line.
Streptomyces sp.'s dihydroxyphenylalanine (DOPA) melanin. The cytotoxicity of
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DOPA melanin against cervical cancer cells demonstrated a dose-response action, and
MVCS6 was discovered and described [33].

o Antioxidant Property: Melanin isolated from Streptomyces sp. was tested for its
antioxidant properties using a slightly modified DPPH assay, lipid peroxidation assay,
and total antioxidant activity (TAA) assay. The proportion used to express the
scavenging capacity of melanin constituents is [34].

e Theranostic Application of Melanin:
» Anti-Oxidative therapy
» Synergistic therapy
» Chemotherapy
» Photodyamine therapy
» Photo thermal therapy &Immuno therapy

4. Violacein: Target bacteria's development and secondary metabolism are impacted by the
secondary metabolites that actinobacteria create in large quantities. Actinobacterial
interactions are modulated by many kinds of secreted secondary metabolites, including
siderophores, biosurfactants, and antibiotics. Antibiotics affect intraspecies social
behaviour, such as the creation of biopics, and they contribute to prejudice against
unrelated people. Antibiotics can change virulence and the secreted metabolome in
interspecies interactions [35].

Anticancer Property: According to Actinobacteria, violacein is a powerful anticancer
drug that has lethal effects against a number of tumor cell lines by enhancing the
hyperpolarization of the mitochondrial membrane [36].

Violacein, another advantageous bacterial pigment isolated from Streptomycessp
against C.violaceum, similarly demonstrated protection against oxidative damage in
gastric ulceration by triggering the mucosal defence mechanism [37].

Violacein shown antimalarial activity of actinobacteria, which demonstrates lethal
effects against a number of tumor cell lines by enhancing the biological activities of
antimalarial against [38].

5. Pyocyanin: The PhzMS proteins contribute to the production of pyocyanin, a pigmented
virulence factor that is blue-green in colour. The host's cell will interact with pyocyanin
during the infection process. To generate intercellular ROS, it also interacts with
Streptomyces sp. (Mavrodi et al., 2001).

Antimicrobials: Actinobacterialpyrocyanin compounds are known to have broad-
spectrum antibacterial action against actinobacterial species. Actinobacteria shown
antiparasitic properties in agricultural settings, as well as applications as biocontrol agents
and pharmaceuticals. Istamycin is produced by Streptomyces tenjimariensis (Slattery et
al., 2001). Because of this, actinobacterium is employed to fight a range of germs [39].

Pyocyanin, a key virulence factor generated by actinobacteria, inhibits the growth
of human hepatoma cells and the actions of biological agents that are known to be
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anticancer. The media added with shikimic acid led to the overproduction of pyocyanin.
Pyocyanin was found to be hazardous to glioma cells (U87MG) in a cytotoxicity assay,
depending on the quantity used [4

.ACTINOBACTERIAL PIGMENTS AS BIOPHARMACEUTICALS

Lip balm Production From Pigments Producing Actinobacteria: Many bioactive
substances with a variety of clinical effects and significant implications in human health
may come from actinobacteria. Actinobacteria are thought to be the source of about one-
third of the thousands of naturally occurring antibiotics. The World Health Organization
asserts that excessive antibiotic prescription and misuse have contributed to the
development of antibiotic resistance in many bacterial infections. The deadly pathogens
Streptomyces sp., E. coli, Staphylococcus aureus, and Bacillus strains cause a variety of
illnesses and have become resistant to most drug classes. Therefore, finding new
medications that are effective against these pathogens with drug resistance is necessary.
The majority of antibiotics used today are derived from actinobacterial natural
compounds.

In order to reduce the use of chemicals in the cosmetic sectors, a second goal was
to create bio-cosmetics and dye textile using the extracted bio-pigments. Additionally,
this is an inexpensive source of colorant that is simple to create in big quantities quickly
(Oskey M., et al., 2004).

One of the most delicate parts of the human face is said to be the lips. Lip skin is
delicate, irritable, and prone to problems since it is so thin and sensitive. Therefore, it is
crucial to take good care of your lips. If certain precautions are not taken, a number of
issues may affect the lips. Lip symptoms include dryness, cracking, soreness, numbness,
swelling, and ulcers. If we experience discomfort in our lips can hurt, and the discomfort
might be described as sharp, dull, or stabbing. Throbbing and burning.

Figure 3: Production of Lip Balm in Natural pigments

Colouring Agent of Lip balm:_It has long been known that actinobacteria may create
colours, particularly melanin pigments, which can be red, orange, green, pink, and brownish.

Colour has been used in cosmetics since the beginning of time. Colorants are colouring
compounds that are primarily employed to give cosmetic products a distinctive appearance.
Researchers may find novel natural colouring compounds thanks to the current need for
natural pigment. Violacein (violet) and prodigiosin (red) are the bioactive components of the
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colouring ingredient. Carotenoids (yellow-orange), flexirubin (yellowish, orange), and
pyocyanin (blue, green) [45]. The lips receive the colour in two different ways.

« By discolouring the skin with a dye solution that can pierce the skin of the lips.

« By concealing any skin roughness on the lips with a coloured coating.

Actinobacteria have long been known to produce pigments which may be red,
orange, green, pink and brownish especially melanin pigments. Colorants are colouring
agents are mainly used to impart a distinctive appearance to the cosmetic products colour
has been used in cosmetics since early times. The present requirement of natural pigment
can foster researchers in discovering novel natural colouring agents. The bioactive
compounds of colouring agent areviolacein (violet), prodigiosin (red). Pyocyanin (blue,
green), flexirubin (yellowish,orange) and carotenoids (yellow-orange) [45]. The colour is
imparted to the lips in two ways.

« By staining the skin with a solution of dyestuff which can penetrate the outer of the
lip skin.

« By covering the lips with a coloured layer that helps to mask skin imperfections and
provide the appearance of smoothness [46].

Figure 4: Control and Test of the lip balm production by using actinobacterial pigments.

2. Flavouring Enhancer: The generation of the flavouring component in lip balm is greatly
aided by actinobacteria. Melanin pigment served as a source of flavouring for the
actinobacteria. Typically, flavours or flavouring chemicals are needed to cover over the
four basic taste sensations. The term "flavour” refers to a variety of tastes, including salt,
bitter, sweet, and acid. Which demonstrates the interaction of physiological and
physiochemical processes, which affect how chemicals are perceived with the
development of technology in the flavour industry. Many artificial or limited flavours
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require more art than science to create. Flavourants are chosen based on the flavour of the
medicine or the necessity to introduce additional substances [47].

VIl.  CONCLUSION

Actinobacteria are common in a variety of organisms and exhibit biological
characteristics in the environment in addition to playing a significant part in the creation of
pigments. Future research may employ the existing application of pigments, sources, and
actinobacterial characterisation to concentrate on the pharmacological activity. It is
specifically used in aquaculture for the bioremediation of organic and inorganic waste in the
culture system, disease prevention, and treatment. It is helpful in the creation of organic
biopharmaceutical qualities and has the potential to improve human wellbeing by generating
bioactivity agents and other commercial goods like antibiotics and cosmetics.
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