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DESCRIPTION

Nucleic acids are the fundamental macromolecules that store,
transmit and express genetic information in all living organisms.
They form the molecular basis of heredity and serve as
blueprints for the synthesis of proteins, which carry out most of
the structural and functional activities within cells. Composed of
carbon, hydrogen, oxygen, nitrogen and phosphorus, nucleic
acids occur in two primary forms: Deoxyribonucleic Acid (DNA)
and Ribonucleic Acid (RNA). These molecules, although
chemically similar, differ in structure, stability and biological
functions, collectively orchestrating the complex mechanisms
that sustain life. The discovery of nucleic acids revolutionized
molecular biology, providing insight into the genetic code,
heredity, evolution and the molecular mechanisms of disease.

Nucleic acids are polymers composed of repeating units called
nucleotides. Each nucleotide consists of three components: a
nitrogenous base, a five-carbon sugar and a phosphate group.
The nitrogenous bases are classified into purines, which include
adenine and guanine and pyrimidines, which include cytosine,
thymine and uracil. In DNA, the sugar is deoxyribose and the
pyrimidine base thymine is present, while RNA contains ribose
and replaces thymine with uracil. These nucleotides are linked
by phosphodiester bonds between the sugar of one nucleotide
and the phosphate group of another, forming a long, stable
backbone. The specific sequence of bases along the nucleic acid
chain encodes genetic information, which is ultimately
translated into functional biological molecules.

DNA, the genetic material of most organisms, is a double-
stranded molecule organized in a righthanded double helix. The
two strands run antiparallel and are held together by hydrogen
bonds between complementary bases-adenine pairs with thymine
through two hydrogen bonds, while cytosine pairs with guanine
through three. This complementary base pairing ensures
accurate replication of genetic material during cell division. The
discovery of the DNA double-helix structure by James Watson
and Francis Crick in 1953 marked a turning point in biology,

revealing the molecular mechanism by which genetic
information is stored and transmitted. DNA’s stability and self-
replicating nature make it ideally suited for its role as the
hereditary molecule, ensuring continuity of life from one
generation to the next.

RNA, though structurally similar to DNA, plays a more versatile
and dynamic role in the cell. Typically single-stranded, RNA can
fold into complex three-dimensional structures that enable it to
perform various functions. Messenger RNA (mRNA) carries
genetic information from DNA to the ribosomes, where protein
synthesis occurs. Transfer RNA (tRNA) brings amino acids to
the ribosome during translation and ribosomal RNA (rRNA)
forms the structural and catalytic core of the ribosome itself. In
addition to these classical forms, other types of RNA-such as
microRNA (miRNA), small interfering RNA (siRNA) and long
noncoding RNA (IncRNA)regulate gene expression and
influence processes such as development, differentiation and
defense against pathogens. RNA’s ability to both store
information and catalyze reactions has led scientists to propose
the “RNA world hypothesis,” which suggests that early life forms
may have relied solely on RNA for both genetic storage and
biochemical catalysis.

The central dogma of molecular biology describes the flow of
genetic information within a biological system: DNA is
transcribed into RNA and RNA is translated into protein. This
process ensures that the genetic code is expressed accurately and
efficiently. During transcription, RNA polymerase synthesizes a
complementary RNA strand from a DNA template. The mRNA
transcript then undergoes processing, including splicing and
modification, before being translated by ribosomes into a
specific sequence of amino acids, forming a functional protein.
This intricate sequence of events demonstrates the precision and
coordination inherent in cellular processes, controlled entirely
by nucleic acids.

Beyond their genetic roles, nucleic acids also contribute to the
regulation and maintenance of cellular functions. DNA repair
mechanisms, including nucleotide excision and mismatch repair,
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safeguard  the mutations caused by

environmental

genome  against

factors such as radiation and chemicals.
Telomeres, repetitive nucleotide sequences at the ends of
chromosomes, protect genetic material during cell division and
are closely associated with cellular aging. In prokaryotes, plasmid
DNA carries additional genes that provide advantages such as
antibiotic resistance. Meanwhile, in eukaryotes, noncoding
DNA regions once considered “junk” have been found to play
essential regulatory roles, influencing gene

chromatin structure and genome stability.

expression,

Technological advancements in molecular biology have
harnessed the power of nucleic acids for scientific and medical
innovation. The Chain (PCR)
revolutionized genetic analysis by enabling the rapid
amplification of specific DNA sequences, facilitating research in

studies.

Polymerase Reaction

diagnostics, forensic science and evolutionary
Recombinant DNA technology allows scientists to manipulate
genes for producing pharmaceuticals such as insulin and
while  CRISPR-Cas9 gene editing
unprecedented precision in modifying genomes to correct
genetic defects or enhance desired traits. The sequencing of the
human genome, completed in 2003, unveiled the vast
complexity of genetic information and laid the foundation for

tailored to

vaccines, provides

personalized medicine, where treatments are

individual genetic profiles.

In nutrition and metabolism, nucleic acids contribute to cellular

energy balance through molecules such as Adenosine
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Triphosphate (ATP), which serves as the primary energy
currency of the cell. ATP, a nucleotide derivative, stores and
releases energy required for biological work such as muscle
contraction, transport and biosynthetic
Similarly, cyclic AMP (cAMP), another nucleotide derivative,
acts as a secondary messenger in signal transduction pathways,

active reactions.

regulating numerous physiological processes. These examples
highlight how nucleic acids, beyond serving as carriers of genetic
information, play active roles in cellular communication and
energy metabolism.

CONCLUSION

In conclusion, nucleic acids are the essence of life, forming the
genetic and biochemical foundation upon which all biological
systems operate. Their intricate structures and diverse functions
enable the storage, replication and expression of genetic
information with remarkable fidelity. From guiding protein
synthesis to driving cellular regulation and innovation in
biotechnology, nucleic acids remain central to understanding
life at the molecular level. As research continues to uncover the
complexities of DNA and RNA, these molecules not only
illuminate the origins and evolution of life but also offer
transformative possibilities for medicine, agriculture and genetic
engineering in the future.
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