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Cellular and Molecular Biology

Introduction
Nucleic acids are one of the four major classes of biomolecules, 

alongside proteins, lipids, and carbohydrates. They are essential to all 
living organisms and play a crucial role in the storage, transmission, 
and expression of genetic information. Nucleic acids are composed 
of long chains of nucleotides, which are the basic units that make up 
the molecule [1]. There are two primary types of nucleic acids: DNA 
(deoxyribonucleic acid) and RNA (ribonucleic acid), each serving 
distinct yet interconnected functions in cells.

Structure of Nucleic Acids

Nucleic acids are polymers made up of repeating units called 
nucleotides. A nucleotide consists of three components:

A nitrogenous base: This can be adenine (A), thymine (T), cytosine 
(C), guanine (G), and uracil (U) in RNA. DNA differs by using thymine 
(T) instead of uracil.

A sugar molecule: In DNA, the sugar is deoxyribose, while in 
RNA, it is ribose [2].

A phosphate group: This group connects the sugars of adjacent 
nucleotides, forming the backbone of the nucleic acid strand.

In DNA, the nucleotides form a double-stranded helix, with the two 
strands running in opposite directions. The nitrogenous bases of one 
strand pair with complementary bases on the other strand (A pairs with 
T, and C pairs with G) through hydrogen bonds [3]. This structure was 
famously described by James Watson and Francis Crick in 1953.

In RNA, the structure is usually single-stranded and plays a more 
transient role in the cell. RNA is involved in protein synthesis and 
other cellular processes, while DNA is primarily responsible for storing 
genetic information.

Functions of Nucleic Acids

Storage of genetic information: DNA is the blueprint of life. It 
contains the genetic instructions that guide the growth, development, 
and functioning of all living organisms [4]. These instructions are 
encoded in sequences of nitrogenous bases along the DNA strand. 
Every organism has a unique DNA sequence that determines its genetic 
traits.

Protein synthesis: One of the key roles of nucleic acids, especially 
RNA, is in protein synthesis. The process begins with DNA in the 
nucleus of the cell, where it serves as a template for mRNA (messenger 
RNA) synthesis in a process called transcription [5]. The mRNA then 
travels to the ribosome in the cytoplasm, where it is translated into a 
sequence of amino acids to form proteins.

Genetic replication and cell division: Nucleic acids also play a 
central role in cell replication. Before a cell divides, it must replicate its 
DNA so that each daughter cell inherits an identical copy. This process 
is known as DNA replication and is facilitated by a series of enzymes 
and proteins that unwinds the DNA, copies each strand, and checks 
for errors.
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Regulation of cellular processes: RNA molecules, especially 
non-coding RNAs, are involved in regulating gene expression. These 
include microRNAs and long non-coding RNAs, which influence 
various aspects of gene regulation, including chromatin remodeling 
and transcription initiation [6].

Differences Between DNA and RNA

While both DNA and RNA are crucial for genetic processes, they 
have distinct differences:

Structure:

DNA is a double-stranded helix, whereas RNA is typically single-
stranded.

The sugar in DNA is deoxyribose, while RNA contains ribose.

Base Pairing:

In DNA, the bases adenine (A) pairs with thymine (T), and [7] 
cytosine (C) pairs with guanine (G).

In RNA, thymine (T) is replaced by uracil (U), so adenine (A) pairs 
with uracil (U).

Function: 

DNA stores and transmits genetic information.

RNA acts as a messenger, transferring genetic information from 
DNA to the ribosome for protein synthesis, and also has various roles 
in regulation and catalysis.

Stability: 

DNA is more stable than RNA because it has a double-stranded 
structure and lacks the hydroxyl group present in RNA’s ribose [8]. This 
makes DNA less susceptible to degradation.

Nucleic Acids in Biotechnology

Nucleic acids have revolutionized biotechnology, medicine, and 
forensics [9]. Techniques such as polymerase chain reaction (PCR), 
gene cloning, and DNA sequencing are all based on manipulating 
nucleic acids. PCR allows scientists to amplify small amounts of DNA 
for study, while gene sequencing has enabled the mapping of entire 
genomes, such as the Human Genome Project. These advances have 
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led to improvements in diagnostics, personalized medicine, and gene 
therapy, offering hope for curing genetic diseases.

Furthermore, the field of CRISPR-Cas9 [10] gene editing has made 
it possible to modify the DNA of living organisms with high precision, 
potentially leading to cures for genetic disorders or improvements in 
agriculture.

Conclusion
Nucleic acids, particularly DNA and RNA, are indispensable to 

life as we know it. Their roles in genetic information storage, protein 
synthesis, and cellular regulation are fundamental to all biological 
processes. Understanding the structure and function of nucleic acids has 
paved the way for numerous scientific advancements, including those in 
medicine and biotechnology. As we continue to explore the potential of 
nucleic acids in research and treatment, they will undoubtedly remain 
central to the future of biology and medicine, unlocking even greater 
possibilities for scientific discovery.
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