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Fig. 1 Changes and roles of histone acylation modifications and downstream target genes during cardiovascular diseases
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Fig. 2 Changes and role of non—histone acylation modifications in cardiovascular diseases
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Fig.3 The possible mechanisms through which protein acylation modification regulated by exercise ameliorates

cardiovascular diseases
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Exercise Modulates Protein Acylation to Improve Cardiovascular Diseases
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Abstract The pathogenesis of cardiovascular diseases (CVD) is complex, and dynamic imbalances in protein
acylation modification are significantly associated with the development of CVD. In recent years, most studies on
exercise-regulated protein acylation modifications to improve cardiovascular function have focused on acetylation
and lactylation. Protein acylation modifications are usually affected by exercise intensity. High-intensity exercise

directly affects oxidative stress and cellular energy supply, such as changes in ATP and NAD" levels; moderate-
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intensity exercise is often accompanied by improvements in aerobic metabolism, such as fatty acid f-oxidation
and TCA cycle, which modulate mitochondrial biogenesis. The above processes may affect the acylation status of
relevant regulatory enzymes and functional proteins, thereby altering their function and activity and triggering
signaling cascades to adapt to exercise’s metabolic demands and stresses. Exercise regulates the levels of
acylation modifications of H3K9, H3K14, H3K18, and H3K23, which are involved in regulating the
transcriptional expression of genes involved in oxidative stress, glycolysis, inflammation, and hypertrophic
response by altering chromatin structure and function. Exercise can regulate the acylation modification of non-
histone-specific sites in the cardiovascular system involved in mitochondrial function, glycolipid metabolism,
fibrosis, protein synthesis, and other biological processes, and participates in the regulation of protein activity and
function by altering the stability, localization, and interaction of proteins, and ultimately works together to achieve
the improvement of cardiovascular phenotypes and biological functions. Exercise affects acyl donor
concentration, acyltransferase, and deacetylase expression and activity by influencing acyl donor concentration,
acyltransferase, and deacetylase. Exercise regulates the abundance of acyl donors such as acetyl coenzyme A,
propionyl coenzyme A, butyryl coenzyme A, succinyl coenzyme A, and lactoyl coenzyme A by promoting
glucose and lipid metabolism and improving intestinal bacterial flora, which in turn affects protein acylation
modification, accelerates oxidative decarboxylation of pyruvic acid in the body, and activates the energy-sensing
molecule, adenosine monophosphate-activated protein kinase (AMPK), to improve cardiovascular function.
Exercise may affect protein acylation modifications in the cardiovascular system by regulating the activity and
expression of adenoviral E1A binding protein of 300 kDa (p300)/cyclic adenosine monophosphate response
element-binding protein (CBP), general control nonderepressible 5-related N-acetyltransferases (GNAT), and
alanyl-transfer t-RNA synthetase (AARS), which in turn improves cardiovascular function. The relationship
between exercise and cardiovascular deacetylases has attracted much attention, with SIRT1 and SIRT3 of the
silence information regulator (SIRT) family of proteins being the most studied. Exercise may exert transient or
long-term stable cardiovascular protective benefits by promoting the enzymatic activity and expression of SIRT1,
SIRT3, and HDAC2, inhibiting the enzymatic activity and expression of HDAC4, and mediating the deacylation
of metabolic regulation-related enzymes, cytokines, and molecules of signaling pathways. This review introduces
the role of protein acylation modification on CVD and the effect of exercise-mediated protein acylation
modification on CVD. Based on the existing studies, it analyzes the possible mechanisms of exercise-regulated
protein acylation modification to improve CVD from the perspectives of acylation modification donors,
acyltransferases, and deacetylases. Deciphering the regulation of cardiovascular protein acylation and
modification by exercise and exploring the essential clues to improve cardiovascular disease can enrich the
theoretical basis for exercise to promote cardiovascular health. However, it is also significant for developing new

cardiovascular disease prevention and treatment targets.
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