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DESCRIPTION
Nucleosomes, the fundamental units of chromatin structure, 
play a pivotal role in organizing and compacting eukaryotic 
DNA within the nucleus. These structures consist of DNA 
wrapped around a core of histone proteins, forming a bead-like 
structure that resembles "beads on a string." The intricate 
arrangement of nucleosomes not only facilitates DNA packaging 
but also regulates various cellular processes, influencing gene 
expression, DNA replication, repair, and overall genomic 
stability.

Anatomy of nucleosomes

Histone proteins: Histones, a family of small, positively charged 
proteins, serve as the building blocks of nucleosomes. There are 
five major classes of histones: H1, H2A, H2B, H3, and H4. Each 
nucleosome comprises an octamer of histones—two copies each 
of H2A, H2B, H3, and H4—around which approximately 147 
base pairs of DNA are wound.

DNA wrapping: The DNA double helix undergoes 
approximately 1.65 turns around the histone octamer within the 
nucleosome core. This wrapping not only condenses the DNA 
but also shields it from various DNA-binding proteins, 
regulating access to genetic information encoded in the DNA 
sequence.

Functions and impact on gene expression

Chromatin structure and accessibility: The arrangement of 
nucleosomes along DNA plays a crucial role in regulating gene 
expression. The positioning of nucleosomes can either promote 
or hinder the binding of transcription factors and other 
regulatory proteins to DNA sequences. When DNA is tightly 
wound around nucleosomes, it restricts access to transcriptional 
machinery, leading to gene silencing. Conversely, regions with 
loosely packed nucleosomes allow for greater accessibility and 
enhanced gene expression.

Epigenetic regulation: Nucleosomes  are important in epigenetic 
modifications, which involve chemical alterations to DNA or 
histone proteins that influence gene expression without altering

the underlying DNA sequence. Modifications such as 
methylation, acetylation, phosphorylation, and ubiquitination of 
histones can alter chromatin structure and function, impacting 
gene activity and cellular identity.

Dynamics and regulation of nucleosomes

Nucleosome remodeling: Cells possess specialized protein 
complexes known as chromatin remodelers that can reposition, 
evict, or modify nucleosomes, thereby regulating access to DNA. 
These remodelers utilize energy from ATP hydrolysis to alter 
nucleosome positioning, allowing for dynamic changes in 
chromatin structure and gene expression.

Histone variants: Beyond the canonical histones (H2A, H2B, 
H3, H4), cells also contain histone variants that can replace their 
canonical counterparts within nucleosomes. Histone variants 
exhibit unique properties, influencing chromatin structure and 
function, and are often associated with specific cellular processes 
such as DNA repair, replication, and transcriptional regulation.

Role in DNA replication and repair: During DNA replication, 
nucleosomes are disassembled ahead of the replication fork and 
reassembled on the newly synthesized DNA strands. This process 
maintains the integrity of chromatin structure and ensures 
faithful transmission of genetic information.

Nucleosomes also play a critical role in DNA repair mechanisms. 
They provide a structural framework for the recruitment of 
repair factors and help orchestrate the repair of damaged DNA, 
safeguarding genomic stability.

Technological advances and future perspectives

Recent technological advancements, such as Chromatin 
Immunoprecipitation (CHIP) and high-throughput sequencing, 
have enabled researchers to map nucleosome positioning and 
histone modifications across the genome with unprecedented 
precision. These tools have expanded our understanding of how 
nucleosomes dynamically regulate gene expression and 
chromatin structure in various cellular contexts.

Nucleosomes stand as the architectural cornerstone of 
chromatin, orchestrating the intricate interplay between DNA
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packaging, gene regulation, and genomic stability. Their
dynamic nature, influenced by histone modifications,
remodeling complexes, and histone variants, underpins
fundamental cellular processes and contributes significantly to
the complexity of gene expression and cellular identity. As

research continues to unveil the nuanced mechanisms governing
nucleosome dynamics, their pivotal role in health, disease, and
cellular function remains a focal point for scientific exploration
and therapeutic development.
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