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The oceans cover over 70% ot the earth’s surface and contain an extraordinary
diversity of life. The microscopic organisms in salt water in the sea are referred as
marine microorganisms. Marine microorganisms are named on the basis of ccological
aroup (ocean) and not on the basis of taxonomic classification. As per the report of Bowler

G

ef ol (2009) the current estimate of global oceanic microflora is composed of 3.6 % 10
bacterial cells. 1.3 x 10" archaeal cells and 4 x 10% viruses. Marine microbes inhabit
diflerent environments of the ocean such as polar ice. hydrothermal vent, deep sea, coral
reel. mangroves, ete.. and their presence and ecological role vary according to the
environmental conditions where they persist. Hence. marine environment is considered
as a treasure tor scientists / rescarchers to explore unique chemical entities. Researchers

consider marine microbes as an alternative source ot marine natural products.

Marine microorganisms in drug development

[n 1967, asmall symposium was held in Rhode Island, USA, with the ambitious
title “Drugs from the Sea”. The catchphrase of the symposium title has endured over
the decades as a metaphor tor drug development from marine natural products, though
the first genuine drug from the sea was a long time coming. The need for novel substances
for the treatment of severe human diseases such as cancer. microbial infections and
inflammatory processes. combined with the recognition that marine organisms provide
a rich source of such substances support the intensive search for new molecules from
marine organisms. In the past, often algae and marine invertebrates have been
investigated. However, modern marine biotechnology has moved its focus to microbes
and encompasses the discovery of new pharmaceuticals from marine microbes.
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Marine microorganisms and their role in production of bioactive compounds

Diverse marine microbial community produces compounds with uniqug
structural charactenstics and these compounds possess broad spectrum of pharmaceuticy
properties such as:

e Antimicrobial

¢ Anu-tuberculosis
e Antiviral

e Antiparasitic

e Antheimintic

e Antinalarial

e Anuprotozoal

e Anticoagulant

e Anuplatclet

e Anti-inflammatory
¢  Anudiabetic

o Anttumor

e Anticancer

Cylotoxic

Cytostatic

These activities by secondary metabolites are collectively called as bioactive
property. Particularly marine Actunobacteria has shown (o produce these wide range of
secondary metabolites. Each strain of Actinobacteria is likely to have the genetic potential
for the production of 10-20 secondary metabolites. More than hall of the molecules
currently in the marine drug development projects are likely to be produced by
microorganisms. Food-grade metabolites which possess promising pharmaceutical
propertics have been isolated from marine microbes and there would be a clear potential
to develop those active ingredients as modern nutraceuticals and functional food. It
shall be noted that there are many constraints associated with marine natural products
and one among them is adequate quantity of metabolites. Currently, only a small portion
of microbial diversity has been cultivated in the laboratory and the presence of other
microbes is only minimal. Marine environment is a virtually unexplored source of
bioactive metabolites.
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Harnessing marine microbes for biomolecules

Many different approaches have been used to cultivate uncultured bacteria.
[ndications of the common presence of Actinomycetes in marine habitats have increased
efforts to discover new taxa and thus new metabolites. In recent vears. newly discovered
bioactive metabolites have encouraged growing interest in marine Actinomycetes in
parallel with the need for new antibiotics. Natural products in general play an important
role in the development ol drugs. 63% of new drugs were classified as naturally derived
(unmodified natural product, moditied natural product, or synthetic compound with a
natural product as pharmacophore).

Covering the pertod from January 1981 to the middle of October 2008, 68% of
anti-infectives (anttbacterial. antifungal, antiparasitic, and antiviral) and 63% of drugs
used 1n cancer treatment, respectively, were naturally derived. Mimicking the natural
habitats of microorganisms in the laboratory 1s umportant for their successful 1solation.
Although some of the isolation methods of Actinomycetes from terrestrial samples are
used to isolate their marine counterparts, different approaches for reaching different
species and metabolites are being tested. Only few marine natural products entered
preclinical or clinical trials, although a large number has been described from marine
biota and many have reached advanced states of applied research studies (Figures |
and 2). Genera of Actinobacteria include Streptomyces, Actinomyces, Arthrobacter.
Corynebacterium, Frankia. Micrococcus. Micromonospora and so on.

~  Epi-tluorescence microscopy and rRNA sequencing strategies revealed
enormous diversity than plate counting.

~  <1% fraction is cultivable. “Great plate anomaly™ discrepancy between the total
viable cell count and the cell count of culturable cells were attributed

i Cell damage by oxidative stress

ii. Formation of viable but non-culturable cells

1. Inhibition by high substrate concentrations

V. Induction of lysogenic phages upon starvation

V. Lack of cell-cell communication in laboratory media

» Culture- dependent method

1 Extinction culturing method
L. In vitro simulation models
1il. High-throughput cultivation methods

» Culture- independent method

» Metagenomic approach
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Fig. 1. New drug discovery approaches
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Fig. 2. Potential health benefit-seccondary metabolites from Actinomyces (Drugs)

Numerous new compounds have been isolated and many were found with
interesting biological activities, most of which were derived from sponges. corals and
other marine invertebrates. Recovery rates of less than 1 g of substances such as
halichondrin, ectemnascidin or bryostatin obtained from a ton of sponges. ascidia or
bryozoa, respectively. as well as widely unsolved problems with the mariculwure of
most marine macroorganisms make 1t extremely difficult 10 produce subslances in
amounts suttficient for further studics. Alternative production processes solves these
problems for several substances. Only few marine natural products entered pre-clinical
or chinical trials. although a large number has been described from marine biota and
many have reached advanced stages ot apphied rescarch studies.

Actinobacteria. which are the prolific producers of antibiotics and important
suppliers to the pharmaceutical industry, can produce a wide variety of secondary
metabolites. Itis only more recently that marine Actinobacteria have become recognized
as a source of novel antibiotics and anti-cancer agents with unusual structures and
properties. Marine Actinobacteria are the best sources of secondary metabolites and
most of these compounds are derived from the single genus Streptomyces, whose species
arc distributed widely in the marine and terrestrial habitats (Tables 1 and 2). In lact, the
genus Streptomyces alone accounts for a remarkable 80% of the Actinobacterial natural
products reported to-date. a biosynthetic capacity that remains without rival in the
microbial world.
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Table L. Potential and application ofmarine microbes in the production of natury]

products and in marine biotechnology

| Substance | Name of the organism | Application in human health
il N e e 3
" Antibacterial activity

| Abyssom:’cins_" | Vcrrucosispm‘_c; S|)I " Antibacterial R
| Bonactin o %Implmnw.es :._p ] Antifur@é[ -
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|
|
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Streptomyces
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norresistamycin
\nmumm activity
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I Arent nyein
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Cytotoxic acli\'it_v
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\nl-parasiic activ iy

| Avermectin SEFCpromees Anti-parasitic
|
1 averimitiis

Anti-malarial activity

Trioxacarcin Streptomyces sp. Antibacterial: antimumor

Anti-viral activity

Benzastatin € Streptomyces

nitrosporeus

Antoxidant activity

Dermacozines A- | Dermacoccus Antitumer; Antiprotozoal
G

]
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Anti-angiogenesis achivity

| Streptopyrrolidine 'Sll'cplom_v_cés sg_)'.“ " - - i

DU

Genera of Acunobacteria include Streptomyces, Actinomyces. Arthrobacter,
Corynebacterium. Frankia. Micrococcus. Micromonospora and several others.
Secondary metabolites produced by the marine Actinobacteria possess a wide range of
biological activitics. Actinobactena comprise about 10% of the bacleria colonizing
marime aggregales and can beisolated from marine sediments.

['he fidelity ot these enzymes also diifered and one enzyme. that from the marine
thermophile Pyrococcus furiosus, named Pfu was found to have superior copying fidelity
and 1s now a widely used PCR reagent. P furiosus was isolated [rom geothermally
heated marine sediments on Vulcano island, Italy and is a good example of marine
biodiversity providing useful solutions to analytical methods. Green fluorescent protein
(GFP) from a jellyfish can be used to tag and study biological molecules under the
MICroscope in vivo.
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Conclusion

Aboul 23.000 antibiotics have been discovered [rom microorganisms. 1t hag
been estimated that approximately 10,000 of them have been isolated from
Actinobacteria. Actinobacteria. mainly the genus Srreptomyvees, can produce a wide
varicty of secondary metabolites such as bioactive compounds, including antibiotics,
The group has an enormous biosynthetic potential that remains unchallenged among
other microbial groups. The immense diversity. along with its under-utilization is the
fundamental reason for attracting the researchers toward discovering novel metabolites,
[n ocean there are more than 100 different microbial phyla and up to a billion kinds of
marine microbes makes oceans treasures for biomolecules producing microbes. As of
now researchers explored only less than 1%. Morc than 50% ol the biomolecules are
from marine origin. The need of the hour is various approaches for the selective isolation
of diverse microbes with diverse biological activity and use them for healthcare benefits
and to treat hitherto difficult to cure dreaded diseases.
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