Open Access Perspective

Biochemistry and Molecular Biology Journal

ISSN: 2471-8084

Molecular Coordination of RNA Splicing in Eukaryotic Cells

Deryn Valcore™

Department of Genetic Systems, Helion Crest University, Varos, Hungary

DESCRIPTION

Ribonucleic Acid (RNA) splicing is an essential process in
eukaryotic gene expression in which non-coding regions are
removed from precursor messenger RNA and coding segments
are joined to form a mature transcript. This transformation
ensures that the final RNA molecule carries the correct
sequence for protein synthesis. The initial transcript, often
referred to as pre-mRNA, contains both introns and exons.
Introns are intervening sequences that do not contribute to
the final protein, while exons represent the coding portions
that must be retained and accurately connected.

The removal of introns and ligation of exons is carried out by a
large and dynamic molecular assembly known as the
spliceosome. This complex is composed of small nuclear RNAs
and  associated  proteins, forming small nuclear
ribonucleoproteins. These components recognize specific
nucleotide sequences at the boundaries between introns and
exons. Typically, introns begin with a conserved sequence at
the 5’ end and end with another conserved sequence at the 3’
end, along with a branch point sequence located upstream of
the 3’ site. These signals guide the spliceosome in identifying
the correct cutting and joining locations.

Splicing occurs through a series of coordinated steps involving
two transesterification reactions. In the first step, the 2’
hydroxyl group of an adenosine residue at the branch point
attacks the 5’ splice site, leading to cleavage at that position
and formation of a lariat-shaped intermediate. In the second
step, the newly freed 3’ hydroxyl group of the upstream exon
attacks the 3’ splice site, resulting in the joining of the two
exons and release of the intron in its lariat form. This precise
sequence of reactions ensures that exons are connected
without altering the coding sequence.

Alternative splicing introduces an additional level of
complexity by allowing a single gene to produce multiple RNA
variants. Through selective inclusion or exclusion of certain
exons, cells can generate different protein isoforms from the
same genetic sequence. This process expands the diversity of
proteins and enables tissue-specific and developmental
regulation of gene expression. Regulatory proteins influence
alternative splicing by binding to specific RNA elements and
promoting or inhibiting the use of particular splice sites.

The accuracy of splicing is vital for proper cellular function.
Errors in splice site recognition or processing can lead to the
production of defective proteins. Such errors may arise from
mutations in the RNA sequence or in components of the
splicing machinery. In some cases, abnormal splicing
contributes to disease by disrupting the structure or function
of essential proteins. Cells have quality control systems that
detect and degrade improperly processed RNA molecules,
reducing the likelihood of harmful effects.

Co-transcriptional splicing is a feature observed in many
eukaryotic cells, where splicing begins while the RNA is still
being synthesized by RNA polymerase. This coupling between
transcription and splicing enhances efficiency and
coordination, allowing regulatory signals to influence multiple
stages of gene expression simultaneously. The speed of
transcription and the local chromatin environment can affect
splice site selection, linking gene regulation to RNA
processing. In addition to the major spliceosome, which
processes most introns, a minor spliceosome exists for a small
subset of introns with distinct sequence features. Although
less common, this system operates through a similar
mechanism but uses different small nuclear RNA components.
The presence of two splicing systems highlights the diversity
of RNA processing pathways within cells.
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Self-splicing introns provide an example of RNA molecules
that can catalyze their own removal without the need for
protein complexes. These introns, found in some organelles
and microorganisms, act as ribozymes, demonstrating that
RNA can possess catalytic activity. While not prevalent in
higher eukaryotes, they offer insight into the evolutionary
history of RNA processing and the potential roles of RNA in
early biological systems. The study of RNA splicing continues
to expand knowledge of how genetic information is

managed within cells. By examining the mechanisms that
control RNA processing, researchers gain insight into the
regulation of gene expression and the factors that
contribute to cellular diversity. This understanding has
implications for biotechnology and medicine, where
manipulating splicing patterns offers potential strategies
for addressing  genetic  disorders and improving
therapeutic approaches.
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