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Abstract

Nucleic acids, DNA and RNA, are fundamental biomolecules that store and transfer genetic information. This
article delves into the biochemistry of nucleic acids, elucidating their structural intricacies, functional dynamics, and
potential therapeutic applications. It explores the molecular composition and three-dimensional configurations of
nucleic acids, emphasizing the critical roles of nucleotides and hydrogen bonding. The article further discusses the
pivotal processes of replication, transcription, and translation, highlighting recent advances in nucleic acid research.
Finally, it examines the burgeoning field of nucleic acid-based therapies, including gene editing, RNA interference,
and antisense oligonucleotides, underscoring their promise in treating genetic disorders and other diseases.
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Introduction

Nucleic acids, comprising DNA and RNA, are the cornerstone
of biological information storage and transmission. Discovered in
the 19th century, these molecules have since become central to our
understanding of genetics and cellular function [1]. The biochemistry
of nucleic acids involves studying their chemical properties, structural
configurations, and roles in various biological processes. This article
provides a comprehensive overview of nucleic acid biochemistry,
focusing on their structure, function, and emerging therapeutic
applications.

Structure of nucleic acids

Nucleic acids are polymers of nucleotides, each consisting of
a phosphate group, a five-carbon sugar (deoxyribose in DNA and
ribose in RNA), and a nitrogenous base [2]. The nitrogenous bases are
divided into purines (adenine and guanine) and pyrimidines (cytosine,
thymine in DNA, and uracil in RNA).

DNA structure

DNA is typically found in a double-helix structure, where two
complementary strands wind around each other, stabilized by hydrogen
bonds between paired bases (adenine-thymine and guanine-cytosine).
This double-helix configuration was elucidated by Watson and Crick in
1953 and is essential for the molecule’s stability and function [3].

RNA structure

RNA molecules are usually single-stranded but can fold into
complex three-dimensional shapes due to intramolecular base pairing.
These structures are critical for RNA’s various functions, including
catalysis and regulation.

Functional dynamics of nucleic acids

The primary functions of nucleic acids involve the storage,
transmission, and expression of genetic information. These processes
are mediated through replication, transcription, and translation [4].

DNA replication

DNA replication is a semi-conservative process where each strand
of the double helix serves as a template for a new complementary strand.

Key enzymes involved include DNA helicase, DNA polymerase, and
DNA ligase. This process ensures the accurate transmission of genetic
information during cell division.

Transcription

Transcription is the synthesis of RNA from a DNA template. RNA
polymerase binds to specific regions of DNA, initiating the production
of a complementary RNA strand. This process is tightly regulated to
ensure appropriate gene expression [5,6].

Translation

Translation is the process by which mRNA is decoded to synthesize
proteins. Ribosomes, tRNAs, and various enzymatic factors collaborate
to translate the nucleotide sequence of mRNA into the amino acid
sequence of a protein. This process is crucial for cellular function and
response to environmental stimuli [7].

Recent advances in nucleic acid research

Recent technological advances have significantly enhanced
our understanding of nucleic acid biochemistry. High-throughput
sequencing, CRISPR-Cas9 gene editing, and advanced imaging
techniques have opened new avenues for research and therapeutic
applications [8].

High-throughput sequencing

Next-generation sequencing technologies have revolutionized
genomics, enabling rapid and cost-effective sequencing of entire
genomes. This has facilitated large-scale studies of genetic variation,
disease associations, and evolutionary biology.
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CRISPR-Cas9 gene editing

CRISPR-Cas9 has emerged as a powerful tool for precise genetic
modifications. This technology allows researchers to target specific
DNA sequences for editing, offering potential treatments for genetic
disorders and advancing our understanding of gene function [9].

Advanced imaging techniques

Cryo-electron microscopy and other imaging methods have
provided unprecedented views of nucleic acid structures and their
interactions with proteins. These insights are crucial for understanding
the molecular mechanisms underlying genetic processes.

Therapeutic applications of nucleic acids

Nucleic acid-based therapies are a promising area of medical
research, offering new strategies for treating genetic disorders, cancers,
and infectious diseases.

Gene therapy

Gene therapy involves the delivery of functional genes to replace
or repair defective ones. Viral vectors, such as adeno-associated viruses
(AAV), are commonly used to introduce therapeutic genes into target
cells [10]. This approach has shown success in treating conditions like
spinal muscular atrophy and inherited retinal diseases.

RNA interference (RNAi)

RNAI is a natural cellular process that silences gene expression
by degrading mRNA molecules. Synthetic small interfering RNAs
(siRNAs) can be designed to target specific mRNAs, reducing the
expression of disease-causing genes. RNAi-based therapies are being
developed for conditions like hypercholesterolemia and viral infections.

Antisense oligonucleotides (ASOs)

ASOs are short, synthetic DNA or RNA molecules that bind
to complementary mRNA sequences, modulating gene expression.

ASOs have been approved for treating diseases such as Duchenne
muscular dystrophy and spinal muscular atrophy, demonstrating their
therapeutic potential.

Conclusion

Nucleic acid biochemistry is a rapidly evolving field with profound
implications for biology and medicine. Understanding the structure
and function of nucleic acids has paved the way for innovative
therapeutic strategies, offering hope for treating a wide range of
diseases. As research progresses, the potential for nucleic acid-based
interventions continues to expand, promising to transform healthcare
in the coming years.
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