ISSN: 2153-0645

= Journal of
§ Pharmacogenomics &
Pharmacoproteomics

OPEN @ ACCESS Freely available online

Perspective

Epigenomic Regulation:
Sequence

. . *
Hiroshi Tanaka

Molecular Control of Gene Activity Beyond DNA

Department of Molecular Genetics, Kyoto Biomedical University, Kyoto, Japan

DESCRIPTION

Epigenomic regulation describes the molecular processes that
gene activity without changing the
Deoxyribonucleic Acid (DNA) sequence. Every cell in the

control underlying
human body contains nearly the same genetic information, yet
liver cells, neurons, muscle cells and immune cells perform very
different functions. This distinction is possible because cells use
regulatory mechanisms that determine which genes are active,
when they are activated and how strongly they are expressed.
DNA methylation, histone modification, chromatin remodeling
and non-coding Ribonucleic Acid (RNA) activity are major
components of this regulatory system. DNA is packaged inside
the nucleus with the help of proteins called histones. The DNA
and associated proteins form chromatin, which can exist in
relatively open or compact forms. Open chromatin generally
provides greater access to transcriptional machinery, allowing
nearby genes to be expressed more readily. Compact chromatin
restricts access and is commonly associated with lower
transcriptional activity. Changes in chromatin organization can
therefore influence cellular behavior without altering the

nucleotide sequence itself.

DNA methylation is one of the best-characterized epigenomic
mechanisms. It usually involves the addition of a methyl group
to cytosine residues, particularly at sites where cytosine is
followed by guanine. Enzymes called DNA methyltransferases
add these chemical groups, while other enzymes participate in
their removal or modification. Methylation near gene regulatory
regions
transcription factors or by attracting proteins associated with

can reduce transcription by limiting access to
compact chromatin. DNA methylation patterns are not fixed
throughout life. They change

development, cellular differentiation,

during embryonic
aging

Environmental influences such as nutrition,

can
and disease.
inflammation,
chemical exposure and metabolic conditions can also affect
methylation patterns. Some changes may persist within cells for
extended periods, while others can be reversible. This flexibility

allows cells to adjust gene activity according to physiological
conditions.

Histone modifications provide another important layer of
epigenomic regulation. Histone proteins contain amino acid
residues that can receive chemical modifications such as
acetylation, methylation, phosphorylation and ubiquitination.
These modifications can influence chromatin structure and
determine whether transcription-related proteins can access
particular DNA regions. Histone acetylation, for example, is
frequently associated with accessibility,
particular histone methylation patterns can either activate or

repress gene expression depending on the modified residue.

increased whereas

Specialized enzymes add, remove, or recognize histone
modifications. Histone acetyltransferases add acetyl groups,
while  histone  deacetylases  remove them.  Histone

methyltransferases and demethylases regulate methyl groups on
selected residues. Proteins that recognize these chemical marks
can recruit additional regulatory factors. Together, these
molecular processes create dynamic control over chromatin and
transcription.

Chromatin remodeling complexes provide another mechanism
for controlling DNA accessibility. These molecular machines use
energy from Adenosine Triphosphate (ATP) to reposition,
remove, or restructure nucleosomes. A nucleosome consists of
DNA wrapped around histone proteins. Moving nucleosomes
can expose regulatory DNA sequences or restrict access to them.
This process is especially important during cellular
differentiation, when different groups of genes must become
active or inactive. Non-coding RNAs also participate in
epigenomic regulation. Although these RNA molecules do not
generally provide instructions for producing proteins, they can
influence gene expression through several mechanisms.
MicroRNAs can affect messenger RNA stability and translation,
while long non-coding RNAs can interact with chromatin-
associated proteins and influence transcription at specific
genomic regions. Other RNA classes participate in chromatin
organization and gene silencing.
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Epigenomic regulation has an important role in development.
During early development, cells acquire distinct molecular
identities as different sets of genes become active. Epigenetic
marks help maintain these identities after cell division. A
neuron must retain a neuronal gene-expression pattern, while a
liver cell maintains a different pattern. Stable regulatory states
allow specialized cells to preserve their functional characteristics.
Disrupted epigenomic regulation has been associated with
several diseases. In cancer, abnormal DNA methylation and
histone modification can alter the activity of genes involved in
cell division, DNA repair, apoptosis and immune signaling.
Changes in chromatin regulation are also associated with
neurological disorders, metabolic conditions, cardiovascular
diseases and developmental abnormalities.

] Pharmacogenom Pharmacoproteomics, Vol.16 Iss.4 No:1000161

OPEN 6 ACCESS Freely available online

Epigenomic information can also influence responses to
medicines. Drugs that affect chromatin-associated enzymes may
change the expression of genes involved in cellular signaling or
treatment  response. However, interpretation  requires
consideration of tissue type, disease stage, genetic background
and other biological factors. Modern molecular technologies
allow epigenomic patterns to be examined across large portions
of the genome. Methods for DNA methylation mapping,
chromatin accessibility analysis, histone-mark profiling and
RNA sequencing can provide complementary information.
Single-cell approaches can further distinguish epigenomic

differences between individual cells within the same tissue.
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