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DESCRIPTION

Cellular metabolism is a highly complex and interconnected web 
of biochemical pathways that underpin the functioning of all 
living organisms. Two central processes, cellular respiration and 
one-carbon metabolism, are fundamental to the production of 
energy, the synthesis of essential molecules, and the maintenance 
of overall cellular health. In recent years, scientific research has 
focus on the intricate connection between these processes, with 
NADH    emerging    as    a    key    player   that    assist    between 
them. This article explores the critical role of NADH in 
associating one-carbon metabolism to cellular respiration and the 
implications of this interplay for human health and disease.

Cellular respiration: The powerhouse of the cell

Cellular respiration is the process by which cells generate energy 
in the form of Adenosine Triphosphate (ATP) from organic 
molecules such as glucose. This essential process occurs within 
the mitochondria, often referred to as the "powerhouse of the 
cell." Cellular respiration comprises three main stages: glycolysis, 
the citric acid cycle (Krebs cycle), and the electron transport 
chain. During these stages, glucose is broken down to produce 
ATP, and electrons are shuttled through a series of protein 
complexes within the mitochondrial inner membrane.

One-carbon metabolism

One-carbon metabolism, on the other hand, is a metabolic 
network responsible for the synthesis of essential molecules, 
including nucleotides, amino acids, and methyl groups. These 
molecules are significant for DNA replication, protein synthesis, 
and various cellular processes. One-carbon metabolism is 
regulated by folate and the related B-vitamin, B12. It involves the 
transfer of one-carbon units in the form of methyl groups, and 
the cycle comprises various interconnected reactions, including 
the methionine cycle and the folate cycle.

NADH: The metabolic nexus

NADH (Nicotinamide Adenine Dinucleotide) is a coenzyme that 
plays a pivotal role in both cellular respiration and one-carbon 

metabolism. It is an electron carrier, shuttling electrons from the 
breakdown of organic molecules in glycolysis and the citric acid 
cycle to the electron transport chain. This transfer of electrons is 
central to ATP production, the ultimate goal of cellular 
respiration.

The connection between NADH and one-carbon metabolism 
becomes apparent when we consider that one-carbon units are 

groups are used for the methylation of various molecules, 
including DNA, RNA, and proteins. In one-carbon metabolism, 
NADH is significant for the conversion of serine to glycine and 
for the synthesis of methionine, which is the precursor of S-
Adenosylmethionine (SAM), a universal methyl donor in cellular 
methylation reactions.

Implications for human health

Understanding the connection between NADH, one-carbon 
metabolism, and cellular respiration has significant implications 
for human health. Disruptions in these processes can lead to a 
range of diseases, including cancer, neurodegenerative disorders, 
and cardiovascular diseases.

Cancer: Altered one-carbon metabolism is a hallmark of many 
cancers. Cancer cells often exhibit increased demands for methyl 
groups for DNA methylation and other cellular processes. 
Dysregulation of NADH levels and the associated disruption of 
one-carbon metabolism can contribute to the uncontrolled 
growth and proliferation of cancer cells.

Neurodegenerative diseases: In neurodegenerative diseases like 
Alzheimer's and Parkinson's, disruptions in mitochondrial 
function and energy production are common. NADH's role in 
shuttling electrons in the mitochondria is crucial for 
maintaining neuronal health, and its connection to one-carbon 
metabolism has implications for epigenetic changes in the brain.

Cardiovascular diseases: High levels of homocysteine, a 
metabolite in one-carbon metabolism, are a risk factor for 
cardiovascular diseases. Adequate levels of NADH are necessary 
for the conversion of  homocysteine to methionine, which helps 
maintain cardiovascular health.
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often carried in the form of Methyl Groups (CH 3 ). These methyl 



our understanding of these metabolic pathways continues to 
grow, we are likely to uncover new opportunities for preventing 
and treating a wide range of diseases, ultimately improving 
human well-being.
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NADH's pivotal role in linking one-carbon metabolism to 
cellular respiration underscores the intricate and interconnected 
nature of cellular metabolism. This connection has far-reaching 
implications for human health and disease, making it a subject 
of intense research and potential therapeutic  interventions. As 
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