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ABSTRACT

Salt pans are ground covered with salt, minerals and inhabit halophilic microbes. Diversity in salt pans provides alkaline,
saline, pH and temperature at different conditions. The optimum 0.5 and 3.0M salt concentration for growing halophilic
organisms. Halophilic Microbes were grown in high salt concentrations. These halophilic microbes are used in old years
for salt and fermented production but Nowadays the various halophilic microbes involved in Antibiotic production,
Enzymes, Pigments, Ecotine, Polysaccharides, Bio surfactants, and Bioplastics production. Halophilic fungi and
actinomycetes are involved in Bioremediation for agricultural improvement. In the electrical field also Extremophilic
halophilic bacteria can be used in Mining and nanotechnology sectors.
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INTRODUCTION

Halophiles are extremophilic microbes that thrive in environments with extreme salt concentrations.
Being salt-loving organisms, These halophiles are found in marine environments, which include ponds,
lake, sea, salt pans, and fermented foods and were extensively investigated to understand its
characteristics [1].

The halophiles are classified based on the amount of salt required for its complete growth. A halophilic
organism is evaluated based on how attentive it is, towards the salt. They are categorized into three
essential types such as Mild (Moderate) halophiles that can grow at 3-15% of NaCl, Intense (Extreme)
halophiles that can grow at <25 % and halotolerant (Slight) organisms which grow at 2.5% NaCl [2].
Halophiles grow in each of the three domains of lifestyles, such as Archaea, Bacteria, and Eucarya. It
additionally exhibits great metabolic diversity that includes phototrophs, anoxygenicphototrophs, aerobic
heterotrophs, fermenters, denitrifiers, sulfate reducers, and methanogens [3].

The defensive mechanism of halophiles is fascinating since it functions on the concept of osmotic
pressure. Through the accumulation of halophiles, the compatible solute present in the cells increases to
balance the osmotic pressure. These accumulating halophilic microbes produce some enzymes which in
turn generate k+ ions. These ions increase the inner salinity and accordingly, the external osmotic
pressure [4].

The haloarchae accumulates a high concentration of KCl within the cytoplasm for osmotic stability. The
domains of archaea, bacteria and eukarya belong to aerobic, anaerobic and facultative anaerobic
halophilic microbes. The halophiles can be determined from the extensive range of bacteria and eukarya
that were recovered from these extreme conditions [5].

Halophiles have promising biotechnological applications that include pigments, enzymes, surfactants,
decolorization of textile dye effluents, degrading metals and the removal of pollutants in saline water.
Recent studies conducted in halophilic fungi in the hypersaline environment inferred that they have a
great diversity of fungal species. The halophilic fungi were investigated in the year 2000 and the study
focused its morphological and molecular characteristics in a saline environment [6].
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The halophilic fungal species have been experimented for its capability to metabolize compounds with
selected biological activities together with hemolysis, antibacterial, and the inhibition of acetylcholine
resterase [7].

Halophilic actinomycetes produce various important secondary metabolite compounds. Approximately
61% of all modern-day bioactive microbial metabolites have been purified from streptomycetes whereas
from are from rare actinomycetes (non-streptomycetes) [8].

The vital actinomycetes under the genus Streptomyces are regarded to produce a wide variety of
biologically-energetic compounds and this compound acts as anticancer agents, anti-infective agents and
a pharmaceutically-beneficial compound [9].

Numerous microbes, belonging to the domain archaea and bacteria, have been isolated in the studies
conducted earlier and their metabolic capacity has been tested to degrade various types of hydrocarbons
(i.e., Aliphatic and Aromatic). The recent biodegradation reports show the result of hydrocarbons that got
degraded by halophilic microbes. Halophilic microbes possess large dynamic plasmids with transposable
sequences in it and this characteristic is highly helpful in studying their genetics.

OCCURRENCE AND DISTRIBUTION OF HALOPHILIC MICROBES

The halophilic microbes have been isolated from a wide range of hypersaline environments. Salt pans are
deemed to be extreme environments and can inhabit organisms only if it thrives high salinities,
temperatures and severe solar radiations. Various halophilic and halotolerant microbes inhabit salt pans
and are yet to be fully explored as potential producers of pharmaceutically-significant molecules. There
are only a few reports published in India concerning their antimicrobial potential [1].

Native halophilic and halotolerant bacteria were isolated from several saline environments such as salt
pan regions (Mumbai, China, Tuticorin, Kanyakumari, Vedaranyam and Maakanam), Mangroves
(Ribander, Bhitarkanikais and Pichavaram), Wetland (Northern Algeria), Hyper arid lands (Sahara), Salt
Marsh (Jeddah), Saline lake (Balta Alba-East Romani), Saline alkaline lake (Sambhar lake-Rajasthan), Halo
alkaline lake (Chilika), Sea (Goa, Patenga, Aria- Hama-Japan), Deep sea (Mandoi- Goa and Andaman &
Nicobar), Hypersaline ponds (Colorado and salitral negro, surala) and fermented foods (Tauco and terasi-
Indonesian foods, Fish sauce).

HALOPHILIC BACTERIA

Halanaerobium praevalens is a first fermentative halophilic bacteria isolated from the sediments of Great
Salt Lake (Utah) and was characterized in 1983. Halophilic microbes grow under intense hypersaline
environments such as salt pans and the marine ecosystems of all over the biosphere. The adaptation
mechanism of halophilic bacteria works by inducing the osmotic stress with the help of high salt
concentration the main difference between halophilic and halotolerant organisms is the required amount
of sodium chloride for its growth. The halotolerant organisms do not require salt for growth whereas the
halophilic organisms require sodium chloride for its natural growth. The halophilic bacteria were grown
in a laboratory environment under optimized conditions using nutrient agar amended with different
concentrations of NaCl whereas the extremely- halophilic bacteria were cultivated in halophilic agar and
Zobell marine agar.

The anaerobic growth, as well as the fermentation of Halobacterium sp, were evaluated through the
assessment of few parameters such as temperature, salt concentrations, cell density and molecular
oxygen level. A few examples of halophilic bacteria are Salini vibrio, Halomonas and Halodenitrificans.
These halophilic bacteria have potential applications in biotechnology as well as in environmental fields.
In the literature, a list of potential uses has been produced [10].

Applications of halophilic bacteria

The halophilic bacterial products are gaining importance in the recent days due to its medicinal values
and it contains bioactive compounds that exhibit antimicrobial and anticancer activities. These bacteria
also produce enzymes that are used in different industries and employed in the bioremediation method in
agriculture. Further, it is also used in the removal of heavy metals, plastic degradation, biofuel
manufacturing, pigment manufacturing and mining processes. A selective halophilic bacterial strain
hydrolyzes the substitute by excessive temperature up to 50°C, high salt concentration (in the range of
30-35 %) and remains functional in the presence of organic solvents. These extreme conditions make
these molecules suitable for biotechnological applications in food processing, environmental
bioremediation and biosynthetic processes [11].
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HALOPHILIC ENZYMES PRODUCTION

Dihydrofolate reductase

This is an important enzyme that reduces dihydrofolic acid. It is involved in RNA binding, NADP binding
and folic acid-binding at the molecular level. The Haloferaxvolcanii produces the crystal-
shapeddihydrofolatereductase enzyme [12].

Azoreductase

Azoreductase is a flavoenzyme that is widely present among halophilic microbes. The predominant
applications of this enzyme are decolourization of dye, reduction of azo bond and activation of azo drugs.
Moderately halophilic strain Halomonasspis isolated from the textile industrial wastewater in research
conducted in China. This organism produces a novel azoG (Azoreductase) and this strain is proved to
have decolorized the azo dyes. The genomic DNA was cloned and new statistics were provided on the
phylogeny of the azoreductases [13].

L-Asparaginase

It is an anticancer enzyme that is used to treat acute leukemia i.e., Myeloid leukemia. The mechanism
behind this enzyme is that it reduces the asparagine amino acid and inhibits protein synthesis. This type
of amino acid is necessary for the growth of tumour cells. The halophilic bacteria, Halomonas species,
produces a highly L-asparaginase enzyme [14].

L-Glutaminase

Glutaminase is an amidase enzyme that converts glutamine to glutamate with ammonia. It is a
commercially important enzyme that can be used as an antiviral agent and oncolytic enzyme. Halophilic
Marinobacter produces this enzyme

L-Arginase

Arginase is one of the essential enzymes in the urea cycle in which the arginine is converted into
ornithine and urea. Both Halomonas and Marinobacter genera produce anticancer enzymes and are
identified by the 16S rRNA gene sequence evaluation. Most of the cancer cells screened for halophilic and
halotolerant bacteria produce l-asparaginase, l-glutaminase, and l-arginase [15].

HYDROLYTIC ENZYMES

Hydrolytic enzymes are useful in various analytical and industrial applications. It converts the chemical
molecules from being substrate molecules to acceptor water molecules. Halophilic microbes naturally
synthesize these enzymes. Protease and amylase are the necessary commercially-important enzymes that
play essential role in biotechnological applications [16].

Halophilic archaeal strains are also screened in the production of hydrolytic enzymes like esterase,
keratinase lipase, amylase, cellulase, lipase, protease and pectinase [17].

Keratinase

Keratinolytic enzymes gained more attention in the last few years since it can hydrolyze insoluble
keratinolytic substrates. Keratinase is used in most of the sectors in biotechnology (animal feed,
biofertilizer, detergent and biochemical programs [18].

Amylase

Amylase is used as a pharmaceutical aid in treating digestive problems. It is also used in various
industries such as food processing, textile, detergent, paper and chemicals. Proteases are utilized in
medical, detergent and food processing industries [19].

Protease

Halotolerant bacteria are involved in the synthesis of protease enzyme. The production of protease in the
industrial-scale has challenges of heavy contamination and enormous cost. The halophilic bacteria is used
to avoid contamination during the fermentation process and it is also involved in peptide synthesis [20].
Cellulase

Cellulase acts as a catalyst in the hydrolysis of -1, 4-linkages of cellulose to provide industrially-relevant
monomeric subunits. Cellulase finds its packages in pulp and paper, laundry, food and feed, textile,
brewing industry and biofuel production. It is mostly used in the bio catalysis of organic solvent [21].
Pigment production

Carotenoid is one of the crucial pigments that gained attention due to its unique characteristics. It
contains a high amount of Vitamin A. Halophilic bacteria, archaea and algae produce carotenoids when
cultivated under laboratory conditions . This pigment is used as animal feed, food color, nutrient dietary
and antioxidant in pharma industries and cosmetic industries [22].

Bioplastic production

In the past two decades, plastic has become a major environmental pollutant due to which it has been
banned from usage in numerous countries. Plastic waste creates many disorders in the environment.
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There has been considerable improvement in recent years in the manufacturing of biodegradable plastics
[23].

Halomonas nitroreducens is a halophilic bacteria that produces polymer based on the study results that
deployed FTIR, DSC, GPC and EDX spectroscopic techniques [24]. It accumulates polyhydroxyalkanoates
during the production of polymers. The Halomonas genus Marinobacter showed high degrees of
exopolymer production

Biosurfactant

The halophilic microbes, when made to undergo treatment process, show higher activity in high pH,
temperature and salt concentration. It has the capability of degrading organic compounds and converting
them into nutrients with the help of hydrolytic enzymes [25].

Ecotine production

Ecotine is a stabilizer enzyme and is applied in cosmetic products. The molecular formula is 1,4,5,6-
tetrahydro-2-methyl-4-pyrimidinecarboxylic acid for moderately-halophilic bacteria. Most of the
halotolerant and halophilic microbes produce osmotic solutes. Ecotine was first isolated from
haloalkaliphilic photosynthetic sulfur bacterium Ectothiorhodospira halochloris. Ecotine protects the
nucleic acids and enzymes against freezing, high salinity and thermal denaturation [26].

Food biotechnology

Halophiles are involved in ancient methods of producing solar salt from seawater. It is also used in the
production of a few traditional fermented food products with the help of halophilic fermentative bacteri.
Some of the examples for fermented food products are ‘jeotgal,” a popular Korean fermented seafood,
‘fugunokonukazuke,” the Japanese food prepared using fermentation of the salted puffer fish ovaries in
rice bran, and ‘nam-pla,” a Thai fish sauce. The fermentative halophilic bacteria is utilized in fermenting
fish and shrimp. It is also used in the production of dietary supplements such as polysaturated long-chain
fatty acids. Halalkalicoccusjeotgali is a singular isolate acquired from the shrimp ‘jeotgal’ [27, 28].
Bioactive compounds

The source of halophilic microbes possesses a large number of bioactive molecules. The need for
antibiotics to combat the emerging resistant forms of bacterial pathogens is increasing. Some of the
critical human pathogenic bacteria are Proteus vulgaris, Serratiamarceasans, Salmonella typhi,
Staphylococcus citrus andE.coli. According to recent studies, various antimicrobial compounds are
produced by halophilic microbes.

The class of Halobacteria includes Natrinema, Natrialba, Haloarcula, Halopiger, Haloterrigena,
Halorubrum, Halostagnicola, Natronococcus and Haloferax which produce the antimicrobial compound in
high quantities against ATCC cultures[29].

The genus of novel halophilic bacteria namely Paenibacilllus, Halobacterium, Halobacillus and
Salinivibrio, produce secondary metabolites against particular shrimp pathogens and control plant
pathogens [30].

The secondary metabolites are 2,3-butanediol, hexahydro-3-(2-methyl propyl) pyrrole, pyrazine-1,4-
dione, aziridine, dimethylamine and ethyl acetate, oxypurinol and 5-hydroxydecanoic acid, depsipeptides,
miuraenamides A and B are produced from Salinivibrio and Myxobacteria strains [31].

Applications in electrochemistry

Extremophilic microbes can be used in the production of a wide range of commercial products that are
generally used in mining, nanotechnology and other industrial sectors. The latest research sheds insights
on the molecular mechanisms utilized by halophiles to protect their proteins under saline conditions [32].
Biodegradation

The halophilic anaerobic fermentative bacteria have the potential to be used in the anaerobic treatment of
saline wastewater. These microbes are used to degrade heavy metals and organic compounds.

H. praevalensand O. marismorturi are halophilic fermentative bacteria used in the biodegradation of
nitrobenzene, o-nitrophenol, m-nitrophenol and p-nitrophenol that produce excellent results within 24
hours [33].

1. Hydrocarbon

Hypersaline environments are frequently contaminated with petroleum compounds. Petroleum is a
complex mixture of different hydrocarbons including aliphatic (linear or branched) hydrocarbons,
cycloalkanes, mono- and polyaromatics, asphaltenes and resins. The majority of these compounds are
potent, toxic, and carcinogenic. Few selected species under Halomonas, alcanivorax, marinobacter,
haloferax, haloarcula, and halobacteriumdegrade hydrocarbons. Polycyclic aromatic hydrocarbons cause
poisonous and carcinogenic effects in a saline environment. Halophilic microbes generally degrade
naphthalene and anthracene[34].
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2. Crude oil
Crude oil is a mixture of hydrocarbons, specially composed of oxygenated and non-oxygenated
hydrocarbons. Several studies reported the ability of microorganisms to make use of crude oil additives
due to the increased number of substrates in slight to high salinity environments[35].
3. Aliphatic compounds
Ward and brock (1978) performed several experiments on the biodegradation of aliphatic compounds
earlier. Their study inferred the presence of 14c-hexadecane (100%), eicosane (91%), and heneicosane
(84%) in water samples collected from the Great Salt Lake. The hydrocarbon-contaminated sediments
were removed by using Alteromonas inside the Mediterranean Sea [36].
4. Benzene, toluene, ethylbenzene and xylenes
The aromatic hydrocarbons are benzene, toluene, ethylbenzene, and xylenes (btex), which are generally
low molecular weighing saturated hydrocarbons. Benzene is a carcinogenic agent. The water storage
tanks, pipelines, spills, and surface-infected sites can lead to significant BTEX contamination which also
affects enormous volumes of groundwater. The current reviews show the result of biodegradation of
hydrocarbons present in the saline environment when using halophilic microbes[37-38].
Halophilic prokaryotes
Halophilic fungi are globally found in a saline environment, especially salt pan. The first halophilic fungi
were first cultured in the year 2000 to produce bioactive compounds. The viability of fungus is decided
based on area, time of sampling, Dissolved Oxygen, water activity, and the presence of organic and
inorganic vitamins within the given geographical distribution which altogether reflects in the growth[39].
Halophiles encompass mainly prokaryotic and eukaryotic microorganisms and it can stabilize the osmotic
pressure of the surroundings and resist the denaturing consequences of salinity. The osmoadaptation
mechanism in true halophiles forms an intrinsic part of its metabolism. A mitogen-activated protein
(MAPK) pathway is involved in the activities of fungi .
Fungi that flourishes in distinct saline environments are generally adapted to intense conditions such as
low temperature, pH and salinity. The adaptation of halophilic fungi to hypersaline habitats is impartial of
salt concentrations and that they can be determined by inhabiting in any range of salt conditions
including hypersalinewaters[40].
Isolation of halophilic fungi

In laboratory conditions, the halophilic fungi grow in different media such as Potato Dextrose agar
(PDA), Sabouraud Dextrose agar and Rose Bengal agar amended with sodium chloride. The halophilic
fungi can be identified by deploying the LPCB method.

DIVERSITY OF FUNGI

The diversity of halophilic fungi in saline environments at Mumbai and Thane had been screened for the
prevalence of keratinophilic fungi and related dermatophytes. The isolated species was suggested to
follow the order of domain: Chrysosporiumindicum (12.0%), Microsporumgypseum complex (7.2%), C.
tropicum (5.6%), c. State of Ctenomycesserratus (4.0%), Trichophytonterrestre (3.2%),
Malbrancheaaurantiaca (2.4%), C. fluviale (1.6%), Uncinocarpusreesii (1.6%), Malbranchea sp. (0.8%),
and T. mentagrophytes(0.8%). Large salt-tolerant fungal genera such as Aspergillus, few Penicillium
species, Eurotium and Hortaea were isolated from mangroves and solar salterns of Goa since these
species grow at high salt concentration. Only one species i.e., A. penicillioides had an absolute requirement
of salt to be added in the medium for growth which had been termed as obligate halophiles[41].

The salt tolerance curves of the isolates were grouped according to the genus followed by species and
placing in priority and based on the absolute requirement of salt to be delivered for its healthy growth
.The presence of Keratinophilic fungi in salt pans (28.57%) and salt garage (20.0%) locations is much
lesser than that of the marshy lands (50.0%) and surrounding burrows (50.0%). This might be attributed
to the fungicidal impact of high marine salinity on keratinophilic fungi [42].

Enzymatic activity of halophilic fungi

In saline environments, various investigations have been conducted in halophilic fungi in solar salterns,
Dead Sea and arid desert. Hypersaline environments are dominated by the teleomorphic genus of
Eurotium, Emericella, and Eupenicillium. Aspergillus flavus fungi produce amylase, cellulase, protease
and lipase enzymes. The obligate halophilic fungi G. halophilus produces the highest yield of cellulose
enzyme. P. vinaceum, U. cynodontis and Wallemiasp show the highest lipase activity. The two strains such
as G. halophilus and U. cynodontis exhibit the highest proteolytic activity [43].

Intracellular low ion activity

Saline environments enable low ion activity, which in turn causes osmotic pressure and affects the
halophilic microbes. Species such as Hortaeawerneckii and Aureobasidiumpullulans were assessed for its
intracellular cation concentration of salt adapted species in the hypersaline environments. The growth of
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H. werneckii, even the minimal addition of NaCl to the growth medium, slowed the growth rate of A.
pullulans. These cells keep low amounts of intracellular ion activity[44].

H. werneckii and W. ichthyophaga

H. werneckii is a unique polymorphic fungus and it can adapt and grow either in the presence or absence
of NaCl and even if there are any fluctuations in sale concentrations. The dominant fungal organization in
hypersaline waters of salterns is Hortaeawerneckiiwhich is the melanized polymorphic black yeast, the
most abundant and adapted species. H. werneckii can adapt itself based on fluctuating salt concentrations
in its environment. It can grow without salt or in extreme salinity too. The best optimum concentration of
NaCl for its growth lies in the range of 0.8m and 1.7m[45].This genus is the most halophilic eukaryotic
fungi and represents the food contaminants that affect salty and dry food. It produces toxic metabolites
and exhibits haemolytic activity. This genus is mostly found in saltern and salt lakes and can grow in 3.5 -
4.5 M salinity.

APPLICATIONS

Wastewater treatment

The first attempt to use amylase to treat the wastewater was performed using the halophilic species,

Aspergillusgracilis. The amylase enzyme was involved in this process. The mechanism involved in

changing the Dissolved Oxygen value in wastewater was monitored by DO meter. The DHN-Melanin

inhibitor, tricyclazole inhibited the melanin in Halophilic fungi H. Werneckii[46].

Enzyme production

Halophilic fungi produce hydrolytic enzymes and when compared to halophilic bacteria, the former

produces enzymes in vast quantities.

e Xylanase- the enzyme is mostly used in industrial applications such as natural sweeteners, and it
possesses the dough-softening ability. Aspergillusniger is the highest producer of this enzyme.

e Collagenase - Having has been produced in large quantities from Aspergillus oryzae, it is used to
degrade collagen substances and transplantation of organs.

e Oxidoreductase- the enzyme is produced by Cladiromyces fumago [47-48].

Bioremediation

The halophilic fungi such as Aspergillusgracillis, A. restrictus and A. pencilloides mostly act based on
biosorption mechanism. The sterigomatomycetes are used in the removal of cadmium, copper, ferrous,
lead and zinc[49].In xenobiotic mycoremediation of wastewater, both A.sydovii and A. destruens were
used and the study was evaluated using GC_MS technique[50].

Actinomycetes

Actinomycetes are abundantly available in natural saline environments In soil, various species of
actinomycetes have been identified so far. The important genera of actinomycetes are Streptomycetes,
Nocardia, Micromonospora, Thermomonospora, Actinoplanes, Microbispora, Streptosporangium,
Actinomadura, Actinosynnema, Dactylosporangium, Rhodococcus, ActinosynnemakKitasatospora,
Gordona, Intrasporangium and Streptoalloteichus[51-53].

Under laboratory conditions, the isolation of actinomycetes can be performed using various media such
as Starch casein agar, Actinomycetes isolation agar, Oatmeal agar, Inorganic salt starch agar, Glycerol
asparagine agar, Kennights agar which respectively can produce whitish, brown, grey, sandal white, pale
sandy and light yellow colored colonies. Halophilic actinomycetes have a bioprospecting character with
the presence of bioactive compounds and it involves the production of pigments and enzymes like
cellulase, xylanase, pectinase, amylase, lipase and protease. Some of the actinomycetes strains produce
agriculturally important siderophores.

The bioactive compounds of actinomycetes possess angiogenic, anti-tumorigenic, antimicrobial,
antimalarial and wound healing properties. The anthraquinone compound, isolated from actinomycetes,
exhibits anti-inflammatory and antiviral activities.

It is used against fungal pathogens namely Rhizoctoniasolani, Fusariumudum and Fusariumoxysporum.
Chitinase enzyme is produced by a variety ofActinomycetes[54].

APPLICATIONS OF ACTINOMYCETES

Production of enzymes

Actinomycetes produce some vital enzymes applied in industries. Streptomyces, Thermonospora,
Nocardia, Thermomonospora, Actinoplanes and Actinobacteria produce chitinase, cellulose, peptidase,
protease, ligases, amylases, pectinase, hemicellulase and keratinase respectively.
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e Chitinase is involved in boosting plant resistance against pathogenic fungi and it also prepares to heal
wounding drugs.

e Protease is involved in clotting and it acts as an anti-inflammatory agent. It is used to treat cancer

e Urease is used in the wine industry and the analysis of heavy metal content in waste soil and water

e L-asparaginase is used in stem-cell transplant and cancer studies[55].

Bioactive compounds, isolated from Halophilic kocuriasp, Nocardiasp and micromonosporasp produce
anti-bacterial compounds against Staphylococcus aureus

1. P-Terphenyls

It is a novel compound against the fungal pathogen, Fusarium sp. The structural character of this
compound is inclusive of three derivatives bearing benzothiazole. The molecular formula is C22 H22 05
as devised by NMR data and also it indicates the presence of 1, 4 phenyls and 14 methoxy groups. The IR
spectrum of the compound identified the presence of hydroxy group and aromatic rings. These bioactive
compounds are produced by Nocardiopsisgilva from soil samples and exhibit the highest antifungal
activity[56].

2. 2,4 - bis(1,1-dimethyl ethyl) compound

This compound is isolated from Streptomyces sp. The GC-MS results of the studies showed the presence
of compounds such as phenol, hydrocarbons, 3-octodecene, 1-Nonadecene and behenic alcohol. It shows
higher antimicrobial activity against Staphylococcus epidermis and Malasseziapachydermatis[57].

3. 8-0- methyltetrangulol

Streptomyces species produce this compound whereas its secondary metabolic activity exhibits
cytotoxicity against human cells. This cytotoxicity also acts against the antimicrobial activity. The current
studies show that this compound is an inhibitor of quinone reductase-2. The streptomyces from the
saltern may be a vital source for the invention of novel antitumor agents [58].

4. Actinopolysporins A, B, C and Tubercidin

The three new linear structures are known as antineoplastic antibiotic production. This compound is
obtained from the source, Actinopolyspora erythraea. Its molecular formula is Ci15H2304, whereas the IR
spectrum identified that this compound contains Hydroxy, carbonyl and olefinic groups. NMR studies
show that the carboxyl group conjugated with a double bond, Methoxyl, 1-teritary methyl group, a 4-
secondary methyl group and methionine groups. It has the potential to exhibit anticancer activity
according to the spectroscopic data values elucidated in a research study. It involves the biosynthesis of
the polyketidepathway for the degradation of fusion proteins. Further, it is also involved as a tumour
suppressor in antitumour activity [59].

5. Nocarbenzoxazoles A-G, Benzoxazoles

This compound is produced from Nocardiopsis lucentensis. It exhibits cytotoxicity against human tumor
cell lines (HepG2 and Hela). The molecular formula is CisH12N20s whereas the NMR studies show 6
aromatic rings, 9 carbons and CH groups in this molecular structure. It produces seven compounds which
are pale yellowish in color and amorphous powder in nature [60].

6. Ethane,1,1-Diethoxy Benzoic acid

It contains chemical compounds such as Ethanol, Methyl ester, Hexadecanoic acid, pentadecanoic acid and
oleic acid as evaluated through GC-MS analysis. These compounds show antibacterial activity against
clinical pathogens. The antiviral activity against the HCV virus was identified by a 174 bp length fragment
area, which reduced the viral replication. The anticancer activity of this compound functions against
HepG2, EL-4, MCF-7 and Hel that can be identified through MTT assay .

Pigment production

Actinomycetes possess an excellent ability to produce pigments naturally. It is a prominent source to
replace the artificial chemicals for textile, food and cosmetic industries [61].

Mostly streptomyces and actinobacteria species produce various green, orange, red and brown color
pigments. Pigments are used in antimicrobial agents against broad-spectrum human pathogens since it
exhibits antioxidant, anticancer activity and cytotoxic activity against HeLa cell lines [62].

Streptomyces fradiae produce the purple pigment that helps in the production of hydrolytic enzymes [63].
Textile dye

Some actinomycetes such as Streptomyces bellus, Actinomycesviscosus, Actinomycesnaeslundiiand
Streptomyces torulosus produce dark coloured pigments which are used in polyamide fabrics.

Lip balm production

The green and orange colour pigments produced from Actinomycetes are used in lip balm production.
During the large-scale production of pigments, the MGYP medium is used and is characterized by UV and
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FTIR techniques. The crude extract of Streptomyces bellus can be used in the production of lip balm
production[64].

Bioremediation

Actinomycetes act as bioremediation agents, biocontrol agents, biopesticide agents, biocorrosion,
agroactive compound and plant growth-promoting tools. Streptomyces is involved in the treatment of
heavily polluted water and soil. It produces siderophores for metals such as nickel, zinc, copper, lead,
chromium and solubilizing arsenic [65].

Streptomyces are used in the removal of heavy metals such as mercury, copper and cadmium [66].

Table 1. Halophilic Bacteria able to Produce Various potential Products.

S.No | Halophilic bacteria Applications Ref
1. Halobacteriumsalinarum Antimicrobial activity shrimp pathogen- | [67]

Halobacteriumsalinus Vibrio harveyi

Halobacillus Vibrio angullaram

Vibrio alginolyticus

2. Halobacillus Anticancer enzymes- [16]

Paenibacillus 1- asparaginase

Planococcus L- glutaminase

Marinobacter L- arginase

Idiomarina
3. Haloferax Amylase [68]

Halorubrum Lipase

Haloarcula Esterase

Halogeometricum Protease

Haloterrigena Pectinase

Cellulase

4. Bacillus Alkaline protease [69]
5. Flammeovirgapacifica ¢ B-1, 3-xylanase [70]
6. Vibrio fischeri Protease [71]

HalobacteriumSalinus Amylase

Oceanobacillus
7. Marinococcushalophillus Glycerol Carbonate [72]
8. HalomonasXianhensis Extracellular Polysaccharide [73]
9. Halomonasanticariensis Removal of Phenol and Napthalene [74]
10. Natrinemasp Halocin [75]
11. HaloferaxVolcanii Dihydrofolatereductase [12]
12. Bacillus Subtilis Bacterocin [76]

B. amyloliquefaciens
B. licheniformis

B. pumilus
B. altitudinis
13. HalomonasShengliensis Degrade - Polycyclic aromatic hydro [77]
HalomonasSmyrensis
14. Bacillus Clausii Ecotine [78]
15. Janibacterhoylei Esterase [79]
16. Marinobacterlitoralis Lipase, Esterase, Protease [80]
17. Bacillus aseinilyticus Protease [81]
18. HalomonasStenophila Exopolymer production [82]
Halomonasrifensis
HalomonasVentosae
HalomonasKoreansis
19. Halomonasboliviensis Polyhydroxyalkanoates (PHA) [83]
Haloferaxmediterranei Polyhydroxybutyrate (PHB).
20. Bacillus licheniformis EPS- Antiviral activity, [84]
Immunoregulatory activity
21. Halomonasalmeriensis EPS- Emulsifying activity [85]
22. Tetragenococcushalophilus | Soy sauce [86]
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Fig 1: Number of Halophilic bacteria isolates from different hypersaline environments.

Table 2 : Halophilic Fungi and their applications.

S.No | Halophilic fungi Application Ref
1. Engyodontium album Alpha amylase [87]
2. A.nidulans Bioremediation- Hyper saline soil [88]
AVEROBASIDIUM Pullulans
CLADOSPORIUM Sphaerospermum
Wallemiasebi
3. Aspergillusprotuberus MUT 3638 Bisvertinolone [89]
4. Aspergillusflocculosus PT05-1 Ergosteroids & Pyrrolederivates: [90]
5. Aspergillusterreus PT06-2 Terremide A, Terremide B &Terrelactone A [91]
6. Aspergillus restrictus Removal of Heavy metals [92]
Sterigmatomyces halophilus
7. Aspergilluscaesiellus cellulases, xylanases, manganese peroxidase | [93]
(MnP) and esterases
8. Fusarium lateritium Crude oil [94]
9. Haloferax volcanii Haloferax alexandrinus Haloferax | Heptadecane, Phenanthrene [95]
volcani
10. Fundibacterjadensis Tetradecane, Hexadecane, Pristane [96]
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Fig- 3 Total percentage of Halophilic actinomycetes from saline environments

Table 3: Applications of Halophilic actinomycetes

S.No Halophilic Actinomycetes Applications Ref
1 Actinosynnenma, Micromonospora | Antimycobacterial activity [97]
Streptomyces
2 Streptomyces sp Antibiotic [98]
3 S. Fradiae Bioactive compounds [99]
4 Streptomyces 2,4 bis (1,1-dimethyl ethyl) | [100]
5 Streptomyces sp Antimicrobial activity [101]
6 Kocuria, Micromonospora Antibacterial metabolites [102]
Streptomyces, Nocardia
Streptomyces Chitinase, Antifungal [103]
8 S. Parvulus Collagenase [104]

CONCLUSION

In this review article, various kinds of halophilic microbes such as actinomycetes, fungi and bacteria were
discussed in detail. These halophilic and halotolerant microbes are abundantly found in saline
environments such as salt pans, mangroves, lake sea etc., Nowadays researchers started shifting their
attention to halophilic microbes to find out novel bioactive compounds that exhibit anticancer activity,
antibacterial activity and antifungal activity. Some halophilic microbes produce enzyme and pigments
whereas others produce polysaccharides, bioplastics and also ecotine.
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