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Abstract

Secondary metabolites obtained from marine biodiversity have varied bioactive compounds that possess various properties of
pharmaceutical relevance. The diversity in chemical and molecular forms imparts these metabolites tremendous pharmacological
significance. So many diseases are still untreatable due to the non-availability of proper medicines. The novel drugs isolated from the
marine microbes which are not yet explored will provide an extraordinary, advanced approach to drug discovery. The novelty in drug
development owing to the presence of such bioactive compounds has led to exploring new horizons pertaining to diseases and their
treatment. These metabolites also serve as an important tool in the field of agriculture as biocides for crop improvement. Nowadays,
much of the research is being focused on alternative sources of energy, in which algae are contributing a great deal. Thus, these
metabolites play a pivotal role in various industries in the production of commercial products that are beneficial for mankind. Much of the
research still needs to be done in this field as most of the marine microbes are not easily accessible due to the ocean depths. If such
microbes can be isolated from the deep ocean, then novel research will pave the drug discovery to treat those ailments which are not
possible till date. Even a lot of study is needed in the area of bioprospecting for the advancements in isolation and characterization of
potential compounds. If we can isolate the potent compound, we will not only be able to prevent the occurrence of such lethal diseases
but also be able to save human lives. The present review focuses on the important metabolites extracted from the marine microbes and
their pharmacological significance, which owe special significance to the medical community and drug development.
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kingdom under different taxonomic and chemotypic
groups. Unlike primary metabolites such as amino acids,
nucleotides, phytosterols, lipids, organic acids etc., the
biosynthesis of these secondary metabolites was initially
associated with inessentiality which was restricted to
certain groups. These secondary metabolites as such do not
participate primarily in the metabolic role in the plants.
Moreover, their absence does not result in death, but after a
certain period of time can cause danger to the microbe. The
secondary metabolites are usually 100 to 1000 Da in

Introduction

Over millions of years, from marine to terrestrial, diverse life
forms have evolved with contrast in their morphology and
physiology. All life forms, eukaryotes and prokaryotes are
involved in anabolism (biosynthesis) and catabolism
(breakdown) of macromolecules or the primary metabolites
in a similar way. The anabolism and catabolism are together
known as metabolism or the primary metabolism, which
serves as the vital force for the fulfilment of the necessities
of all life forms, i.e. growth and development, reproduction

and survival.

In addition to primary metabolites, living forms are
involved in the synthesis of secondary metabolites, also
known as natural products, through the process of
secondary metabolism. As a survival strategy, microbes
produce chemical constituents in the varied form of natural
products known as secondary metabolites. These
secondary metabolites are distributed in all the microbe

molecular weight and are often different among different
life forms (1-3). The secondary metabolites are not involved
as a basic need for survival and reproduction of an organism
but involved in expanding likelihood of its survival (1). Not
only this but the secondary metabolites have also been
reported to involve their role in various bioactivities and
thus could be of importance for pharmaceuticals,
therapeutics and others (Fig. 1).
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More than 70% of the earth’s surface is covered by
oceans, having a marine ecosystem with diverse life forms
such as coral reefs, sponges and microorganisms. The
oceans are known to have significant origins of life on earth,
including primitive and special life forms. The different
zones in which oceans can be divided are:

Epipelagic zone

The epipelagic zone also called the euphotic zone with
maximum sunlight. It is this zone where mainly the process
of photosynthesis occurs. It is mainly occupied by the
phytoplankton species on which the zooplankton feeds.

Mesopelagic zone

The mesopelagic zone (approximately 200-1000 m depth) is
also called the twilight zone as it does not get enough
sunlight for photosynthesis to occur. Thus, heterotrophs in
this zone feed on the organic matter of the marine ecosystem
for their survival.

Bathypelagic and abyssopelagic zones

The benthos inhabiting the depths of the oceans contribute
at the global level in sequestering the carbon cycle. As these
zones are nutrient deficient, they capture the
photosynthetically synthesized food formed in the epipelagic
zone.

The seabed

Till date, not much is known as far as research on ocean
biodiversity is concerned. Due to the unavailability of proper
implements, still a large portion of the ocean is inaccessible
for exploration. Although a lot of efforts are being made by
the researchers and deep water divers, not much could be
achieved by them. Oceans serve as a huge reservoir of the
minerals and organic matter and varied amounts of
pharmaceutically active metabolites for the drug
formulations.

Flora and fauna of marine environment

The marine biome could be characterized in three layers, viz.,
euphotic zone, disphotic zone and aphotic zone. The euphotic
zone has enough sunlight and is overpopulated. The disphotic
zone has insufficient sunlight (for photosynthesis), inhabiting
the populations that survive in dark and gloomy environments.
The aphotic zone has perpetual darkness inhabiting life forms
that have adapted to the extreme conditions.

The marine fauna comprises both carnivores and
herbivores. It is inhabited by vertebrates (such as sharks,
fish, seals, dolphins, whales, turtles, parrotfish, otters and
hermit crabs) and invertebrates (such as worms, sponges,
ctenophores, cnidarians and crustaceans). The marine flora
usually comprises algae, cyanobacteria, kemp, seagrasses,
mangroves, etc. In addition to the flora and fauna, it has
microorganisms like bacteria, fungi and viruses.

Natural products from the marine biodiversity

The marine ecosystem is not explored well, but it has more
than a million species. This has shown the reason to search
for natural products from marine environments. More
species reflect more competition for survival and so the
natural products produced for defense. The bioactive
natural products from terrestrial life forms are extensively
explored and studied (2). The researchers are attempting to
explore the marine ecosystem for novel secondary
metabolites (natural products). The simple, sessile and
delicate sponges are known to produce bioactive
substances in defense. In addition, the sponges have
symbiotic association with surrounding micro-organisms to
protect each other with production of bioactive compounds
(3). Many novel bioactive natural products have been
isolated and reported to have wider spectrum of
bioactivities with potential to be promising in drug
development. This review is an attempt to provide an
overview on bioactive natural products from marine
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Fig. 1. Ocean zones and domains of marine biodiversity.
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microbes and their potential use in pharmaceuticals. Marine
microbes could adapt in marine habitats across the globe,
from shallow to deep marine waters (4). In many cases,
microbes are found associated with the marine organisms
(like sponges, algae and corals) in symbiotic or mutualistic
association with great microbial diversity. About 660 novel
bioactive products of bacterial origin were reported, from
1997 to 2008, from actinobacteria, cyanobacteria,
proteobacteria, bacteroidetes and firmicutes. In addition,
179 bioactive natural products of bacterial origin were
identified in the year 2016 (2).

Even the marine microbes from marine ecosystems
are reported to produce several parasites as
pharmaceutically important bioactive natural products such
as antimicrobial and anti-cancer. The ocean has an enormous
proportion of diverse life forms on earth (3). The organisms
are found in dense proportion and have competition for
limiting factors termed as epibiosis. Thus, the organisms
must go with the adaptations in such conditions for their
survival and existence through tolerance, avoidance and
defense (4). The defense mechanism is mostly based on the
production of bioactive natural products by an organism.
Some of the phytochemicals obtained from the marine
biodiversity of pharmaceutical importance are as follows:

Phytochemicals

Various chemical compounds such as steroidal lactones,
flavonoids, tannins, saponins etc., have been extracted,
identified and isolated from marine microbes. Apart from
these constituents they also contain starch, reducing sugar,
hantreacotane, ducitol, chlorogenic acid, calystegines
(nitrogen-containing polyhydroxylated heterocyclic
compounds), a variety of amino acids including aspartic acid,
proline, tyrosine, alanine, glycine, glutamic acid, cystine,
tryptophan and a high amount of iron (5).

Phenols

The phenols act as antioxidants in a varied manner. Phenolic
hydroxyls act as very good hydrogen donors: which react with
reactive oxygen and nitrogen species in a termination
reaction (6). The ability to chelate metal ions is attributed to
the antioxidant capacity of phenolic compounds (7).
However, by increasing their catalytic activity or by reducing
metals, phenolics can act as pro-oxidants by chelating metals
in a manner that forms free radicals (8). Due to their
hydrophobic  benzenoid rings and hydrogen-bonding
potential of the phenolic hydroxyl groups, phenolics often
have the potential to strongly interact with proteins. The
phenolics inhibit some enzymes involved in radical
generation, such as various cytochrome P450 isoforms,
lipoxygenases, cyclooxygenase and xanthine oxidase (9).
Phenols are secondary metabolites that are derivatives of the
pentose phosphate, shikimate and phenylpropanoid
pathways in plants. Phenols have immense pharmacological
properties, such as anti-allergic, anti-inflammatory, anti-
microbial, antioxidant, anti-thrombotic, cardioprotective and
vasodilatory effects (10). These phytochemicals are not only
of immense physiological and morphological importance for
these marine microbes but also exploited for meeting the
pharmacological demands (Fig. 2).

Flavonoids

Flavonoids, most of which are plant pigments, are
abundantly found in nature (11). Flavonoids can be further
divided into several subclasses as flavones, flavanones,
flavonols, flavanols (also called flavan-3-ols or catechins),
anthocyanidins and isoflavones (12). Flavonoids structurally
comprise of C15 (C6-C3-C6) skeleton (13). Due to their high
redox potential, flavonoids serve as important antioxidants,
allowing them to act as reducing agents, hydrogen donors
and singlet oxygen quenchers. In addition, they have a metal
ion chelation potential. Flavonoids have been reported to
have metal chelating properties.

Tannins

Tannins are produced by plants as secondary metabolites
with a molecular mass of up to 30,000 Da (14). Tannins are
divided into two classes of macromolecules, termed as
condensed tannins formed by the condensation of
monomers of flavan-3-ol units (15) and hydrolysable tannins
(polymers of ellagic acid, or gallic acids with glucose) with
molecular masses of 500 and 5000 Da. They possess
astringent character (16) and antioxidant activity (17).

Tannins in combination with proteins of animal hide
convert them into leather, thus preventing their
putrefaction. This ability comprises all kinds of proteins and,
therefore, enzymes are included. They possess antioxidant
activity by scavenging free radicals, chelating trace metals
and binding to proteins, as a result suppressing their
enzymatic activity, like phenols and flavonoids (18).
Oxidative stress plays a role in neurodegenerative diseases
and aging processes and is also involved in the pathology of
cancer, arteriosclerosis, malaria and rheumatoid arthritis.

Pharmaceutical significance of marine bioactive compounds

For the last 15 years, marine microbes have been gaining
attention and are being investigated exponentially in search
of bioactive pharmaceutical natural products produced by
them, as part of sustainable chemistry or green chemistry,
with reduced side effects and minimal environmental
impact. Additionally, these compounds are considered safe
and cheap and could be more effective with slight
modifications (Table S1, Fig. 2).

The microbes are known to have a counter-action
mechanism as a defense for their survival and existence. The
natural products produced by these microbes for defense
have been screened for their potential to advance the drug
development program to produce advanced drugs and
formulations. The marine microorganisms are being
investigated for significance of natural products in
pharmaceuticals, food, cosmetics and textiles (Table S2, Fig. 3
& 4).The products from marine microbes with pharmaceutical
significance are: (i) anticancerous (ii) antiviral; (iii) antifungal;
(iv) antiparasitic; (v) antitumour; (vi) antiinflammatory; (vii)
antioxidant; (viii) anticarcinogenic; (ix) anticoagulant; (x)
antimetagenic; (xi) antihypoglycemic; (xii)
immunomodulator; (xiii) photoprotection; (xiv) emulsifier;
(xv) gelling agent; (xvi) task astringent; (xvii) enzyme inhibitor;
(xviii) antimicrotubule; (xix) stimulator etc.
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Fig. 2. Percentage distribution of marine biodiversity and their potential application in the extraction of pharmaceutically active metabolites.

Advancements in technology and their limitation of
isolation and extraction of these bioactive metabolites

The search, isolation and investigations for novel bioactive
natural products from marine microbes are being carried
out to discover more effective formulations for the
treatment of cancer and infections caused by bacteria,
fungi, viruses, etc. However, detailed and extensive studies
are ongoing in search of more compounds, their functions
and their commercial applications in future. As it has proven

microorganisms.

its potential and vitality in suitability to green sustainable

chemistry. The bioactive compounds have been obtained
from a diverse range of microbes since antiquity. However,
the microbes are not exploited to produce those
compounds but have been used as a whole culture. As
evidenced from past and ongoing research nowadays, the
microbial consortium is considered an excellent plethora of
bioactivities.

Over the last three decades, the marine organisms
have been accepted as sources for many novel bioactive
compounds with pharmaceutical importance (20). Although
marine microbes have proven their potential in the
production of several pharmaceutically relevant compounds
such as antibiotics, anti-tumor, anti-inflammatory, etc,,
extensive research and studies are still ongoing in search of
their potential in producing compounds for the treatment or
therapy of immune-, neuro -and other fatal diseases. About
75% of total antibiotics are discovered and isolated from
terrestrial microbes and have revolutionized medicine. But
the antibiotics are now being challenged by serious
consequences of drug resistance. This could be addressed by
searching for novel antibiotics (with their potent activities
against bacteria, fungi, viruses, etc.) isolated from deep-sea

https://plantsciencetoday.online

Bioprospecting for potential drugs

Use of marine organisms does not show a significant role in
developing traditional medicines but there is use of
seaweeds as a fertilizer and the production of purple dye
from marine mollusks as used in woolen cloth. Marine
environment consists of many bioactive compounds, some
of which are considered novel chemicals as they are not yet
found in terrestrial sources (19).

Drug discovery and development face many
challenges when taken from natural environment. The paths
involved in marine drug discovery are sample extraction,
strategies for determining the structure and methods for
identifying the target. Sample collection required specific
techniques because some compounds were easy to collect as
they were present near shore while other compounds were
hard to collect as they can be unidentified macro and
microorganisms. Structural identification of nanomolecular
scale can be done by mass spectrometry, circular dichroism
and NMR spectroscopy. After the phenotypic screening, the
compound has been discovered and is further taken to
identify its site of action and target. To detect the drug target,
many steps were taken like affinity chromatography; an
example is didemnin b. A research identified the mechanism
of action of theonellamides a-f, which were isolated from
theonella sp (21). Another study has potentially identified
cytotoxin apratoxin a by phenotypic cell viability assay (22).
The large-scale production of trabectedin by fermentation
required a parallel process of paclitaxel. From the needle of
Taxus baccata the precursor 10-desacetylbaccatin iii is
obtained which is a large-scale supply of paclitaxel. Natural
product chemistry with genome guide discovery is a new
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drug discovery approach that is used to identify the
macrolactam salinilactam a. Fluorosalinosporaminide
derivatives are produced by genetic engineering, while
bromine and iodine substitute derivatives are produced by
precursor-directed  biosynthesis and  semi-synthesis.
Production of cryptophycins (from okinawan marine
sponge) was carried out by precursor-directed biosynthesis
after the identification of enzymes involved in biosynthesis.
Novel depsipeptide natural products are released by
structurally diverse starter units, which are accepted by
biosynthetic enzymes and can be identified (20).

In vitro culture of isolated marine micro-organisms

The bioprospecting for potential bioactive compounds
involves growing microbes in the laboratory. The broth
culture of the specific microbe has to be segregated for cells
and supernatant.

Isolation, identification and characterization of potential
bioactive compounds

It is necessary to develop methods for the estimation of
active constituents or marker compounds as the qualitative
and quantitative targets to assess the authenticity and
inherent quality of the phytochemicals isolated from marine
microbes.

The supernatant has to be filtered and the crude
extract is then allowed for TLC. TLC is reported as the primary
tool for identification as part of monographs on all medicinal
plants (23). TLC profiling of the plant extracts gives an idea
about the presence of various phytochemicals. Different Rf
(retention factor) values of various phytochemicals provide
valuable clues regarding their polarity and selection of
solvents for the separation of phytochemicals (24).

After TLC, HPLC analysis of the extract is done, which
involves running through the HPLC columns. The
compounds present in crude extracts could be separated on
the basis of their polarity. as the compounds are either polar
or non-polar. Each compound, with different Rf values, is
subjected to screening for bioactivities.

Molecular techniques are used to study the active
metabolites pathway and gain the information with the help
of genome sequencing. Specific inducers and elicitors can
be used to stimulate or upregulate metabolite production.
Manipulating the clusters of genes responsible for the
biosynthesis can help in the induction of metabolites (20).
Bacteria can perform the biosynthesis of fatty acids, which
is essential to form a phospholipids membrane. This
pathway occurs in Yy Proteobacteria which include the
species of Vibrio, Colwellia, Moritella, Photobacterium,
Shewanella genera. Secondary metabolites of marine
bacteria can be synthesized with the help of gene clusters.
For example, Alcanivorax borkumensis SK2 is responsible for
degrading hydrocarbons. Its four domains within NRPS gene
can incorporate and activate the amino acid into the
increasing peptide chain. Bioengineering of microbes
causes a significant impact on improving the biological
activity. Regulatory genes in the secondary metabolite can
control the structural biosynthetic gene expression. To
increase the cluster-specified compound production the

manipulation in specific regulators pathway can be done.
To optimize the production of metabolites the cellular
mechanism or expression of genes can be modified at
specific aspects like by strong promoter insertion and
alteration of precursors level. For the production of
thiocoraline, about 53 kbp region in S. lividans and S. albus
is expressed heterologously. Several novel biosynthetic
gene clusters and cloning can be identified by bioinformatic
and metagenome sequencing. A new biosynthetic pathway
can be created with the help of direct DNA synthesis or PCR
from a small DNA fragment to whole genome (25) (Table S3,
Fig. 4 &5).

Metabolic pathway for the production of marine secondary
metabolites with special reference to the marine microbes

The structural databases are available for prediction of the
atomic arrangements of different compounds such as
PubChem, ChEMBL, ZINC, Reaxsys, TCM, NAPRALERT etc.
These databases could be used to perform cheminformatic
analysis to predict the physico-chemical and structural
properties for defining the bioactive characteristics of the
given compound. Many undiscovered and appealing
alternatives from bioinformatics perspective require
enormous amount of data from distinct sources, i.e.
sequence, biology and physiology of protein (enzymes),
comparative genomics, chemical structure, reactivity of
organic compounds, environmental biology etc. CADD
(Computer Aided Drug Designing) gives a better
understanding of cell functioning by analyzing sequence
data because of the central dogma of biology in which
genetic information is transcribed from DNA to RNA and
from RNA to proteins.

Omics-based tools like genomics, transcriptomics,
interactomics, proteomics and metabolomics can help in
studying the structure and functional characterization of the
potential compound. This technology assists in correlating
DNA sequences with mRNA, protein and metabolite
abundance thereby giving a clear and truer picture of their
interaction with each other and environment. It is also used
to study the genes responsible for the production of
bioactive metabolites present in marine microorganisms
(26). Post-genomics techniques such as interactomics,
transcriptomics and proteomics, along with metagenomics,
which are less restrictive in comparison to gene
microarrays, can also be considered for their detailed study.

The set of genes transcribed in a given condition and
time is known as the transcriptome, which is an important
link between cellular phenotype, interactome, genome and
proteome. Commonly, under stress conditions, many genes
may be up and down-regulated. The control of gene
expression is a major key process for adapting to changes in
environmental conditions and thus for survival.
Transcriptomics interpret this process in a genome wide
range. For determination of mRNA expression level, DNA
microassay analysis is an immensely powerful tool in
transcriptomics. The detection of these potential bioactive
compounds is known as interactomics. The various steps
involved in drug design are as follows:
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Fig. 5. Flowchart showing the steps involved in drug designing.

Conclusion

Approval of pharmaceuticals is being carried out prominently
by the USFDA, EMEA (European Medicines Agency), Japanese
Ministry of Health and Australia's therapeutic goods
administration. About 30 compounds are in the clinical
pipeline as candidates for drug development under phase 1,
phase 2, phase 3 and approved categories. Natural
compounds obtained from the marine microbes are under
research interest due to the presence of compounds being
exploited in the formulation of novel drugs. These metabolites
also help the marine microbes during the defense mechanism.
The natural compounds have immense properties which make
them of research interest. These metabolites are capable of
curing ailments like cancer, wound healing, antimicrobial
activity, antiseptic, antiviral, antifungal, antiparasitic; anti-
inflammatory; antioxidant; anticoagulant; antimetagenic;
antihypoglycemic;  immunomodulator;  photoprotection;
emulsifier; gelling agent; task astringent; enzyme inhibitor;
antimicrotubule; stimulator. A plentiful and mainly
unexplored source of bioactive natural compounds with
substantial therapeutic potential is marine microorganisms.
Numerous chemicals with promise antibacterial, anticancer,
anti-inflammatory and other therapeutic properties are
produced by these microbes. Discovering new bioactive
compounds that could be the basis for creating new
medications is made possible by the investigation of marine
microbial biodiversity. To fully achieve the therapeutic
promise of marine-derived natural compounds, however,
obstacles like sustainable collection, elucidating the
biosynthetic route and resolving resistance concerns must be
addressed. It is anticipated that marine microbes will become
more and more important in the creation of next-generation
medications as research progresses, advancing global health.
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