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DESCRIPTION

Mitochondria are vital for

organelles responsible energy
production, metabolism regulation, and cell signaling. In
addition to their wellknown role in ATP synthesis,

mitochondria play a crucial role in maintaining nucleotide
homeostasis. Recent research has highlighted the intricate
connection between mitochondrial dysfunction and cytosolic

Mitochondrial

characterized by impaired mitochondrial function and structure,

nucleotide metabolism. dysfunction,
has been implicated in various human diseases, including
metabolic disorders, neurodegenerative diseases, and cancer.
Understanding the effect of mitochondrial dysfunction on
cytosolic nucleotide metabolism is essential for unravelling the
and developing

underlying mechanisms of these diseases

potential therapeutic interventions.

Mitochondrial dysfunction

Mitochondrial = dysfunction refers to a broad range of
abnormalities that affect the proper functioning of
mitochondria. It can arise from genetic mutations,

environmental factors, or age-related damage to mitochondrial
components. Mitochondrial dysfunction disrupts the Electron
Transport Chain (ETC), impairing oxidative phosphorylation
and ATP production. Consequently, it leads to an imbalance
between ATP demand and supply, resulting in cellular energy
deficiency.

and nucleotide

Mitochondrial dysfunction

homeostasis

Nucleotides, the building blocks of DNA and RNA, are critical
for numerous cellular processes, including DNA replication,
transcription, and translation. Mitochondria play a pivotal role
in nucleotide metabolism by supplying the necessary precursors
and cofactors for their biosynthesis. Additionally, mitochondrial
enzymes, such as dihydroorotate dehydrogenase and thymidine
kinase 2, are involved in nucleotide synthesis pathways.
Mitochondrial dysfunction can disrupt these processes, leading

to alterations in nucleotide pools and compromising cellular
functions.

One major consequence of mitochondrial dysfunction is the
disruption of redox balance, which is essential for maintaining
proper nucleotide metabolism. The ETC impairment results in
increased Reactive Oxygen Species (ROS) production, leading to
oxidative stress. ROS can damage nucleotide pools and alter the
activity of enzymes involved in nucleotide synthesis and
degradation pathways.

Moreover, mitochondrial dysfunction affects the availability of
key intermediates involved in nucleotide metabolism. For
instance, impaired function of the mitochondrial aspartate-
glutamate carrier disrupts the exchange of aspartate, an essential
precursor for de novo purine synthesis, leading to reduced
purine nucleotide synthesis.

In addition to nucleotide synthesis, mitochondria also regulate
salvage pathways. Salvage pathways recycle
nucleotides from DNA and RNA degradation, maintaining

nucleotide

nucleotide pools. Mitochondrial dysfunction can interfere with
these salvage pathways, resulting in imbalanced nucleotide
metabolism.

Consequences of dysregulated nucleotide metabolism

Dysregulation of cytosolic nucleotide metabolism due to
mitochondrial dysfunction has profound consequences on
cellular homeostasis and disease progression. Several key aspects
are worth discussing:

DNA replication and repair: Nucleotides are essential for DNA
replication and repair. Altered nucleotide metabolism can result
in DNA damage accumulation, genomic instability, and impaired
DNA repair mechanisms. These disruptions can contribute to
the development and progression of cancer and other genetic
diseases.

Energy imbalance: Impaired ATP synthesis due to mitochondrial
dysfunction affects cellular energy balance.
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Nucleotide Triphosphates (NTPs), including ATP, are crucial
energy sources for various cellular processes. Reduced ATP
availability affects energy-dependent processes such as cell
signaling, transport, and protein synthesis.

Cell cycle regulation: Proper nucleotide metabolism is crucial
for cell cycle progression. Dysregulated nucleotide metabolism
resulting from mitochondrial dysfunction can disrupt the cell
cycle, leading to cell cycle arrest or abnormal cell proliferation.
This can have significant implications for tissue development,
regeneration, and the maintenance of tissue homeostasis.
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Inflammation and immune response: Nucleotides, particularly
ATP, play a crucial role in immune cell function and
inflammation. Mitochondrial dysfunction-induced alterations in
nucleotide metabolism can affect immune cell activation,
proliferation, and cytokine production. This dysregulation can
contribute to chronic inflammation and immune dysfunction
observed in various diseases, including autoimmune disorders.



	Contents
	Impact of Mitochondrial Dysfunction on Cytosolic Nucleotide Metabolism
	DESCRIPTION
	Mitochondrial dysfunction
	Mitochondrial dysfunction and nucleotide homeostasis
	Consequences of dysregulated nucleotide metabolism





