
 

 

 

Functions of the 7 Mammalian Sirtuins (SIRT1-SIRT7) in the Human Body 

The seven mammalian sirtuins (SIRT1-7) and their functions in the human body 

Sirtuins (SIRTs) are a family of NAD+-dependent protein deacetylases (primarily deacetylases) that play 

crucial roles in regulating various physiological processes, including metabolism, stress responses, DNA 

repair, and aging. Each of the seven mammalian sirtuins (SIRT1-7) exhibits a unique localization and 

function within the cell:  

1. SIRT1 

• Localization: Primarily found in the nucleus but can shuttle between the nucleus and cytoplasm. 

• Functions: 

• Gene Regulation and Epigenetics: Deacetylates histones, influencing gene expression and 

DNA repair mechanisms. 

• Metabolism: Plays a vital role in glucose and lipid metabolism, regulating processes like 

fatty acid oxidation and gluconeogenesis. SIRT1 activity increases during states of energy 

deficit, such as fasting and calorie restriction. 

• Aging and Stress Response: Involved in various cellular responses to stress and is linked to 

protection against age-related diseases like neurodegenerative disorders, cardiovascular 

diseases, and cancer. 

• Apoptosis: Can both promote and inhibit apoptosis depending on the cellular context.  

2. SIRT2 

• Localization: Found predominantly in the cytoplasm, often associated with microtubules, but can 

also be present in the nucleus. 

• Functions: 

• Cell Cycle Regulation: Involved in regulating cell cycle progression and chromosomal 

condensation during mitosis. 

• Metabolism: Influences cellular metabolism, including lipid metabolism. 

• Stress Response and Apoptosis: Modulates responses to stress and can be involved in 

apoptosis depending on the cellular context. 

• Cytoskeletal Dynamics: Deacetylates tubulin, influencing microtubule dynamics.  

3. SIRT3 

• Localization: Primarily located in the mitochondria. 

• Functions: 

• Mitochondrial Homeostasis: Serves as a major deacetylase within the mitochondria, 

regulating various aspects of mitochondrial function, including metabolism (TCA cycle, fatty 

acid oxidation, urea cycle), energy production (ATP synthesis), and detoxification of reactive 

oxygen species (ROS). 

• Aging and Stress Resistance: Plays a crucial role in maintaining mitochondrial health and 

protecting against age-related decline and diseases. 

• Neuroprotection: Mediates adaptive responses in neurons to exercise and metabolic stress, 

protecting against neurodegenerative diseases.  

4. SIRT4 

• Localization: Found in the mitochondria. 

• Functions: 

• Metabolic Regulation: Acts as a negative regulator of mitochondrial metabolism, particularly 

glutamine metabolism and insulin secretion. 
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• DNA Damage Response: Plays a role in the cellular metabolic response to DNA damage and 

may have tumor-suppressive activity by inhibiting glutamine metabolism in cancer cells. 

• ROS Production: Can induce ROS production in some contexts.  

5. SIRT5 

• Localization: Predominantly located in the mitochondria, with minor presence in the cytoplasm. 

• Functions: 

• Metabolic Regulation: Exhibits deglutarylase, desuccinylase, and demalonylase activities (in 

addition to less efficient deacetylase activity). Regulates various metabolic pathways 

including glycolysis, TCA cycle, fatty acid oxidation, and the urea cycle. 

• ROS Detoxification: Plays a role in detoxification of reactive oxygen species. 

• Cardiovascular and Neurodegenerative Health: Influences myocardial energy metabolism 

and may have neuroprotective effects. 

• Context-Dependent Roles: Its role can be context-dependent, acting as a tumor promoter or 

suppressor in different cancers.  

6. SIRT6 

• Localization: Primarily localized in the nucleus. 

• Functions: 

• Genomic Stability and DNA Repair: Plays a critical role in maintaining genomic stability and 

DNA repair mechanisms, including telomere maintenance and DNA double-strand break 

repair. 

• Metabolism: Involved in glucose and lipid metabolism. 

• Aging and Longevity: SIRT6 deficiency in mice leads to premature aging phenotypes, 

suggesting a role in longevity. 

• Tumor Suppression: May function as a tumor suppressor in some contexts, particularly by 

inhibiting glycolytic gene expression.  

7. SIRT7 

• Localization: Predominantly localized in the nucleolus, with some presence in the nucleoplasm and 

cytoplasm. 

• Functions: 

• Ribosome Biogenesis and RNA Metabolism: Uniquely involved in regulating nucleolar 

functions, particularly ribosomal RNA (rRNA) synthesis and maturation, which are essential 

for protein synthesis. 

• Epigenetic Regulation: Deacetylates specific histone marks, influencing gene expression and 

chromatin structure. 

• Stress Response and Genomic Stability: Participates in cellular stress responses and aids in 

maintaining genomic stability, especially in response to DNA damage and aberrant rRNA 

transcription. 

• Context-Dependent Roles: Displays both pro-tumorigenic and tumor-suppressive functions 

depending on the cellular context.  

 

In conclusion - The mammalian sirtuins are a diverse family of enzymes that play crucial roles in 

maintaining cellular homeostasis, regulating metabolism, and influencing various processes associated 

with aging and disease. Further research into the specific functions of each sirtuin and their interactions  

with cellular pathways holds significant promise for the development of new therapeutic strategies to 

address a wide range of human diseases.  


