MAK ﬁ | LLEp Research Journal

publications | of Pharmacology

Research Article
doi: 10.36478/makrjp.2024.3.32.37

OPEN ACCESS

Key Words

Al-powered drug discovery, target
identification, natural products,
silico prediction, living organisms

Corresponding Author

Sanyogita Shahi,

Department of Chemistry Kalinga
University, Raipur Chhattisgarh,
492101, India
drsanyogitashahi@gmail.com

Received: 15 August 2024
Accepted: 11 October 2024
Published: 19 October 2024

Citation: Parinita Tripathy and
Sanyogita Shahi, 2024. Al-Powered
Mining of Nature's Chemical Library:
Unveiling the Therapeutic Potential
of Natural Products. Res. J. Pharm.,
18:32-37, doi: 10.36478/makrijp.
2024.3.32.37

Copy Right: MAK HILL Publications

Al-Powered Mining of Nature's Chemical Library:
Unveiling the Therapeutic Potential of Natural
Products

'Parinita Tripathy and *Sanyogita Shah
“2Department of Chemistry Kalinga University, Raipur Chhattisgarh,
492101, India

ABSTRACT

Natural products, attendant from plants, microbes and marine living
organisms, give the broadest range of chemical diversity of deep-seated
biological significance. Study of the intricate chemistry and diverse
biological activity of natural products should therefore be undertaken to
underscore their potential as sources of therapeutic agents and
pharmaceutical leads. Natural products are then divided into some
distinct chemical classes concerning the unique structural features of
biosynthetic pathways. Those prominent classes that show a wide range
of pharmacological properties include terpenoids, alkaloids, polyphenols,
peptides and proteins. Terpenoids have shown their bioactivity from
antimicrobial to anticancer cases due to the presence of complex carbon
skeletons and enzymatic transformations. Alkaloids with a nitrogen atom
in a heterocyclic ring system exhibit potent pharmacological actions.
Certain types of alkaloids also exert analgesic and anti-inflammatory
activities. Abundantly existing in fruits and vegetables, polyphonous act
asvital antioxidants and anti-inflammatory compounds for human health.
Peptides and proteins that are naturally derived give an unexplored
potential for targeting specific cellular pathways with high affinity and
selectivity. Biosynthesis of natural products follows complex enzymatic
pathways and genetic mechanisms within living organisms. Elucidation of
these pathways provides insights not only into their biological function
but also into biotechnological production and modification strategies for
their sustain ability. Natural products represent very valuable leads in
drug discovery, as has been unmistakably shown by compounds such as
paclitaxel and artemisinin, which revolutionized the treatment of cancer
and malaria, respectively. Further, challenges in supply sustain ability
underline their ethical use and the preservation of biodiversity.
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INTRODUCTION

Natural products have long served as priceless
resources of therapeutic agents and chemical probes
derived from a rich diversity of biological sources, such
as plants, microbes and marine organisms. Their
chemistry offers a rich tapestry of structural diversity
and complexity, from which a plethora of structurally
and functionally diverse pharmacologically bio active
molecules have surfaced that have made truly
profound contributions to the fields of medicine,
agriculture and biotechnology. The field of natural
products is rich in aspects of their chemistry,
biosynthesis, bioactivity and applications for drug
discovery. Natural products research covers a wide
chemical span of classes, where most of these are
characterized by distinct molecular frameworks and
biosynthetic origins. A wide structural diversity,
ranging from terpenoids to isoprene units, underlies
their almost as wide spectrum of biological activities:
from antimicrobial and antiparasitic to anticancer™®.
The nitrogen-containing compounds representing
alkaloids-the most common collection found in plants-
show pharmacological effects like analgesia and
anti-inflammatory activity. They are significant not only
for traditional medicines but in modern drug
development. Abundant polyphenols in fruits,
vegetables, and even beverages like tea and wine
boast of their antioxidant property and potential
health benefits in fighting chronic diseases. In other
words, the biosynthesis of natural products implies
complex enzymatic pathways and regulatory
mechanisms inside the organism that gives insightinto
their ecological roles and biotechnological potential.
Advances in synthetic biology and metabolic
engineering open one avenue to the production and
manipulation of natural products for therapeutic and
industrial applications, providing both sustain ability
and innovation in drug discovery™®™.

MATERIALS AND METHODS

Classification and Chemical Diversity: One defines
natural products as substances that make up a vast
array of chemical classes, spread apart by different
features in their structure and biosynthetic origin.
Knowing their classification and chemical diversity can
explain most of their activities and hence potential
therapeutic applications™**.

Terpenoids: They are among the biggest and
structurally most diversified classes of natural
products, based on isoprene units. This classification is
done with respect to the number of isoprene that
make up the molecule: monoterpenes (C10),
sesquiterpenes (C15), diterpenes (C20), triterpenes
(C30) and tetraterpenes (C40). Examples include:

e Monoterpenes: Menthol, limonene.
e Sesquiterpenes: Artemisinin, taxol.
e Triterpenes: Ursolic acid, saponins.

They are a group of compounds exerting very
diversified activities regarding their biological activities,
such as antimicrobial, antifungal, antiviral and
anticancer activities. Due to their complex molecular
structure and interaction with their biological targets,
terpenoids display a variety of pharmacological
actions®*?,

Alkaloids: The alkaloids are nitrogen-containing natural
products that occur mainly in plants but also in fungi
and bacteria. From a purely chemical point of view,
they are typically bases and include one or more
heterocyclic rings. Some examples are as follows:

¢ Indole Alkaloids: Vincristine, quinine.

¢ Isoquinoline Alkaloids: Morphine, berberine.

e Tropane Alkaloids: Atropine, cocaine.

These alkaloids exhibit a wide breadth of
pharmacological activities, which includes analgesic,
sedative, anti-inflammatory and antiparasitic activities,
among many others. The biological activity ranges from
traditional medicine to modern drug discovery®*?.

Polyphenols: The polyphenols are considered to be

secondary metabolites in plants that are rich in

multiple phenolic rings. They include flavonoids,

phenolic acids and lignans. Some examples include:

e Flavonoids: Quercetin, epigallocatechin gallate
(EGCG).

¢  Phenolic Acids: Gallic acid, caffeic acid.

e Lignans: Secoisolariciresinol, enterolactone.

Those antioxidant properties offer potential health
benefits for polyphenols through mechanismsinvolving
reduced oxidative stress and inflammation, among
others. They exhibit anti-viral, anti-bacterial and
anti-cancer activities, hence, they have been major
targets for dietary and therapeutic interventions®*>",

Peptides and Proteins: Peptides and proteins are
naturally occurring biologically active compounds that
very often play roles in signaling, defense, or structure.
Examples include:

e Cyclic Peptides: Cyclosporin, vancomycin.

¢ Ribosomal Peptides: Gramicidin S, bacitracin.

¢ Non-ribosomal Peptides: Penicillin, erythromycin.

These compounds exert a wide spectrum of
pharmacological activity-from antimicrobial to
antifungal-and even have anticancer properties. In this
respect, such structural diversity and ligand specificity
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in their bio-interactions strongly project the
therapeutic potential for these compounds®*>,

Biosynthesis and Metabolic Pathways: It holds the
information for the ecological function of these
metabolites and their biotechnological applications, in
which organisms drive it through the complex
enzymatic pathways and regulatory mechanisms in its
biosynthesis. Thus, understanding this would give
better manipulation and optimization for natural
product production in various applications®“%.

Terpenoids: Terpenoids are biosynthesized either
through the mevalonate pathway in plants and certain
bacteria or through the pathway of methylerythritol
phosphate in bacteria, algae and the plastids
biosynthesis of plants. Anumber ofimportant enzymes
of terpenoids include:

e Terpene Synthases: Cyclization of precursors of
prenyl diphosphate leads to the formation of a
large variety of terpenoids structures.

e Prenyltransferases: Mediation addition by
isoprene units leads to the formation of longer
chains.

Normally, feedback mechanisms and environmental

stimuli control the biosynthesis of terpenoids and,

therefore, the diversity and yield of the compounds™*.

Alkaloids: Alkaloid biosynthesis typically starts with
amino acid precursors, followed by specific enzymatic
transformations and cyclizations to form heterocyclic
ring structures. An overview of the key steps of the
biosynthetic process is as follows:
e Condensation Reactions: Forming the basic
carbon skeleton.
¢ Oxidative and Reductive Modifications: chemical
structure tailoring and functional groups.
Biosynthetic gene clusters responsible for the
production of alkaloids have been identified and
through genetic studies that have led to targeted
engineering for enhanced yields or novel compounds.

Polyphenols: Synthesis of polyphenols results due to

enzyme complexes and the pathways responsible for

the formation of phenolic rings and the following

modification process. Key enzymes responsible for this

are:

¢ Phenylalanine Ammonia-Lyase (PAL): It catalyzes
deamination of phenylalanine to cinnamic acid.

¢ Polyphenol Oxidases and Flavonoid Biosynthetic
Enzymes: in controlling the biosynthesis of the
flavonoids and other polyphenolic compounds.

The main processes that control the synthesis of

molecules and thus alteration of accumulated
compounds and their activities.

Peptides and Proteins: This stretch varies from peptide
and mainly on the proteins and the type of peptide and
organisms involved. The main biosynthetic processes
include:

e Ribosomal Peptide Synthesis: Translation of
sequences of messenger RNA that code for
precursor peptides, such translated peptides are
then further modified in a post-transactional
process.

¢ Non-ribosomal Peptide Synthesis (NRPS): An
enzyme complex that synthesizes the peptide
chain by adding one amino acid at a time in a
step-wise manner.

Engineering approaches rely on the principle of

pathway modification to obtain bioactive peptides with

an increased stability or new activities.

Biological Activities and Pharmacological Potential:
Very often, among these natural products are wide
spectra of biological activities that have
pharmacological potential in medicine and
biotechnology. Among them are terpenoids, which
exert a variety of pharmacological actions:
antimicrobial, antifungal and antiparasitic activities. In
the particular case of compounds like artemisinin from
Artemisiaannua, the efficiently expressed antimalarial
property has made the compound very important in
the treatment of malaria. Another vast class of natural
products is represented by alkaloids and this group
exhibited a wide range of pharmacological activities,
including analgesic activity, anti-inflammatory and
anticancer properties. Morphine and vincristine are
good examples that have shown absolutely
irreplaceable value for pain management and cancer
chemotherapy, respectively. Being among the
polyphenols copiously supplied by fruits, vegetables,
and beverages, there is huge supportive evidence for
their antioxidant and anti-inflammatory activities and
cardioprotective effects. Flavonoids include well
-known quercetin and EGCG from green tea, which
have potential health benefits related to reducing
oxidative stress and inflammation. Those peptidesand
proteins of natural origin, however, exhibit a wide
range of biological activities: from the antimicrobial
peptides that can fight infectious diseases to the
bioactive enzymes with potential therapeutic uses in
metabolic disorders. The understanding and harnessing
of the diverse biological activities of these natural
products holds the key to drug discovery,

polyphenols are developmental and environment biotechnological applications and sustainable
-responsive and depended upon the signaling of agricultural practices.
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RESULT AND DISCUSSION

Sustain Ability and Future Perspectives: Sustain ability
in the use of natural products entails ethical sourcing,
conservation and increasing technology development
in order to realize benefits while at the same time
having a reduced ecological impact. Future prospects
will lie strong in biotechnology, synthetic biology and
sustainable production methods for the global
demand.

Ethical Sourcing and Conservation: Ethical sourcing
practices allow for the responsible extraction and
cultivation of natural products in ways that respect
biodiversity and local communities. On the contrary,
conservation efforts are primarily aimed at the
preservation of plant and microbial diversity with a
view to protecting genetic resources whose values
would be appreciated by future generations. This
involves mechanisms such as Fair Trade certifications,
which act as enablers for fair partnerships and
sustainable livelihoods for producers.

Biotechnological Innovations: In these
biotechnological approaches, genetic engineering with
metabolic engineering is harnessed in the further
chemical modifications of the produced natural
products for added improvement in bioactivity and
sustain ability. The scalable and controlled engineered
microorganisms and plant systems enable sustainable
production of natural products with better value,
reducing the dependency on controlled extraction
methods.

Sustainable Production Methods: Advances in
sustainable agriculture and industrial processes foster
green production of natural products. In IPM
environmental impact is reduced and organic farming
methods guarantee that the harvested products are
free from chemicals. Principles of green chemistry
incentives the design of degradable solvents and
catalysts, which bring about a sustainable practice
along the production cycle.

Global Health and Economic Implications: Natural
products are promising in carrying the enormous
potential and health burdens of infectious diseases,
chronic diseases and malnutrition.  From
pharmaceuticals to nutraceuticals and cosmeceuticals,
it is a great money-spinner that would underpin
innovation and economic growth in developing and
industrialized nations.

Future Directions: Future research directions will
expand the chemical diversity of natural products by

investigating new biological and
biosynthetic pathways. The combination of omics
technologies enables global profiling of natural product
biosynthesis, facilitating the targeted discovery and
optimization of the production of bioactive
compounds. The impetus to innovate on the
sustainable use of natural products lies in
interdisciplinary collaboration and global partnerships
to further ensure its continued contribution to human
health and stewardship of the environment.

sources new

CONCLUSION

In general, this overview indicates that natural
products are an enormous and rich source of bioactive
compounds of important implications in medicine,
agriculture and biotechnology. The chemistry spans
terpenoids, alkaloids, polyphenols, peptides and
proteins with unique structural complexity and
associated biological activities. This has involved the
working out of the biosynthetic pathways of these
compounds, which provided insights into their
ecological roles and allowed researchers to deduce
precious information about their pharmacological
potential and mechanisms of action. The great range of
biological activities exhibited by natural products, from
antimicrobial and anticancer to antioxidant and
anti-inflammatory, is thus important to drug discovery
and therapeutic development. Major discoveries have
been made in respect to many such compounds-for
example, artemisinin in the cure of malaria, morphine
in the alleviation of pain and quercetin
cardiovascular health. Peptides and proteins from
nature remain possibly active against immuno
-infectious diseases and metabolic disorders. In view of
harnessing natural products in the future responsibly,
the practices of ethical sourcing, conservation efforts,
further improvements in biotechnology and
sustainable means of production are essential for
long-term availability and reduced environmental
impact. Majorimprovements related to biotechnology,
such as advances in genetic engineering and synthetic
biology, are showing great potential for enhancing
both the production yield and, by design, the chemical
structures to fit the changing needs of the population
of the world. Interdisciplinary collaboration,
technological innovation and global partnership are
some of the main drivers pushing the boundaries of
how nature's chemical diversity is opened up in order
to develop new therapeutic agents against emergent
health challenges. Further research and development
need to be invested in if natural products are to unlock
their full potential for improving human health and
environmental sustain ability.

in
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