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The heart exhibits remarkable metabolic flexibility, enabling the use of diverse substrates, 25 

including faƩy acids, glucose, ketone bodies, lactate, and branched-chain amino acids, to 26 

sustain its substanƟal ATP demands. Substrate preference dynamically adapts to hormonal, 27 

nutriƟonal, and physiological condiƟons to meet energeƟc demands (1). Impaired metabolic 28 

flexibility is recognized as an early feature of a wide range of cardiac diseases. For example, 29 

the diabeƟc heart relies predominantly on faƩy acid oxidaƟon, whereas pressure overload-30 

induced cardiac hypertrophy is characterized by a metabolic shiŌ toward increased glucose 31 

uƟlizaƟon (1). Understanding the molecular mechanisms underlying these metabolic changes 32 

has therefore become a major field of research.   33 

Beyond transcripƟonal regulaƟon, metabolic pathways are finely tuned by post-translaƟonal 34 

modificaƟons. Among these, protein acetylaƟon has emerged as a key regulator of cardiac 35 

metabolism (2–6). Increased protein acetylaƟon is a characterisƟc of obese and diabeƟc 36 

animal models, such as those fed a high-fat diet (5) . This process can occur spontaneously 37 

when cellular levels of the acetyl group donor acetyl-coenzyme A (acetyl-CoA) are elevated, or 38 

it can be catalyzed by different lysine acetyltransferases. Conversely, acetylated proteins are 39 

deacetylated through two families of lysine deacetylases: histone deacetylases and sirtuins 40 

(SIRTs) (4). SIRTs have been clearly associated with the regulaƟon of cardiac glucose and faƩy 41 

acid metabolism (3, 4, 7).  42 

Much of the recent literature has focused on acetylaƟon within mitochondria, largely because 43 

mitochondrial condiƟons, specifically high concentraƟons of acetyl-CoA and an alkaline matrix 44 

pH, favor spontaneous non-enzymaƟc protein acetylaƟon (7). Consequently, the main 45 

mitochondrial deacetylase, SIRT3, has been the subject of numerous studies. GeneƟc 46 

inacƟvaƟon of SIRT3 has been shown to increase cardiac protein acetylaƟon, promote faƩy 47 

acid oxidaƟon, and inhibit glucose oxidaƟon (Fig. 1) (3). However, despite growing evidence 48 

linking acetylaƟon to cardiac metabolic remodeling, the specific role of SIRT2, the predominant 49 

cytosolic sirtuin, in regulaƟng cardiac glucose uƟlizaƟon and glycolyƟc flux has remained 50 

largely unexplored. In the current issue of the American Journal of Physiology-Heart and 51 

Circulatory Physiology, Ketema et al. sought to address this gap by exploring a potenƟal role 52 

for SIRT2 in the regulaƟon of cardiac glycolysis (Fig. 1) (8). 53 

To invesƟgate the role of SIRT2, Ketema et al. used two experimental models: isolated perfused 54 

working rat hearts and H9c2 cardiomyocytes, an immortalized clonal cell line derived from 55 
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embryonic BDX1 rat heart Ɵssue that exhibits high glycolyƟc rates typical of fetal 56 

cardiomyocytes. The authors employed both pharmacological inhibiƟon (AGK2) and siRNA-57 

mediated knockdown of SIRT2. In addiƟon, they examined the effects of other modulators of 58 

protein acetylaƟon, including the SIRT1-selecƟve inhibitor EX-527, the pan-sirtuin inhibitor 59 

nicoƟnamide (NAM), and the acetyltransferase inhibitor C646. A major methodological 60 

strength of the study is the direct assessment of glycolyƟc flux through measurement of the 61 

detriƟaƟon rate of [5-³H]-glucose, providing a more accurate esƟmate than indirect 62 

approaches.  63 

Ketema et al. showed that insulin sƟmulaƟon increased glycolyƟc rates compared with 64 

unsƟmulated controls in isolated working rat hearts. This increase was abolished by AGK2 65 

treatment, whereas glucose oxidaƟon rates remained unchanged between groups. In contrast, 66 

EX-527, NAM, and C646 had no detectable effect on glycolysis, although glucose oxidaƟon 67 

rates were generally reduced following treatment with these inhibitors.  68 

To extend the findings obtained in isolated hearts, Ketema et al. exposed H9c2 cells to AGK2 69 

either acutely (1 h) or chronically (24 h). AGK2 treatment significantly reduced glycolyƟc flux, 70 

with a more pronounced effect following chronic exposure. To determine whether this effect 71 

was aƩributable to SIRT2, the authors performed siRNA-mediated SIRT2 knockdown. 72 

Consistent with the pharmacological data, SIRT2 silencing similarly decreased glycolyƟc rates. 73 

Together, these results reveal a previously unrecognized role for SIRT2 in the regulaƟon of 74 

cardiac glycolysis. 75 

Intriguingly, global protein acetylaƟon was largely unchanged by either pharmacological 76 

inhibiƟon or SIRT2 knockdown in both H9c2 cells and isolated working rat hearts, with the 77 

excepƟon of a NAM-induced increase. Nevertheless, SIRT2 knockdown selecƟvely increased 78 

acetylaƟon of key glycolyƟc enzymes, including glyceraldehyde-3-phosphate dehydrogenase 79 

and phosphoglycerate mutase, with a trend toward increased phosphofructokinase-1 80 

acetylaƟon in H9c2 cells, without altering total protein expression. In contrast, no significant 81 

changes were observed in isolated working rat hearts treated with AGK2. These results suggest 82 

that selecƟve acetylaƟon of specific protein targets, rather than global changes in protein 83 

acetylaƟon, may be sufficient to modulate cardiac glycolyƟc acƟvity. Furthermore, we cannot 84 

rule out the possibility that acetylaƟon occurs in specific subcellular compartments and/or 85 

within parƟcular organelles.  86 
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Whether these acetylaƟon changes drive the reducƟon in glycolyƟc flux remains unanswered. 87 

Assessing the enzymaƟc acƟvity of these acetylated enzymes is necessary to establish a causal 88 

link between acetylaƟon status and glycolyƟc flux. Moreover, the discrepancy between H9c2 89 

cells and isolated hearts may reflect the greater metabolic complexity and compensatory 90 

capacity of intact cardiac Ɵssue compared with immortalized cell lines.  91 

Ketema et al. also examined insulin-sƟmulated glycolysis in H9c2 cells. While insulin 92 

significantly increased glycolyƟc rates compared with non-insulin-treated cells, this insulin-93 

mediated increase was absent in both scrambled control and SIRT2 knockdown cells. Upstream 94 

insulin signaling, assessed by the phosphorylaƟon of Akt, glycogen synthase kinase-3β, and 95 

p70 ribosomal protein S6 kinase, remained unaffected across all treatment groups. These 96 

findings preclude definiƟve conclusions regarding the specific contribuƟon of SIRT2 to insulin-97 

sƟmulated glycolysis in H9c2 cells. The discrepancy between preserved insulin signaling and 98 

altered glycolyƟc responses raises the possibility that the transfecƟon procedure or siRNA 99 

exposure induced nonspecific metabolic changes, thereby complicaƟng the interpretaƟon of 100 

SIRT2-specific roles in insulin-mediated glycolysis. 101 

More interesƟngly, given that pathological cardiac hypertrophy is characterized by an 102 

increased reliance on glucose for energy producƟon, Ketema et al. evaluated the role of SIRT2 103 

in the hypertrophic response. Phenylephrine-induced cardiomyocyte hypertrophy was 104 

significantly aƩenuated by AGK2 treatment in H9c2 cells. However, although AGK2 reduced 105 

glycolyƟc flux, this effect was no longer observed when the inhibitor was co-administered with 106 

phenylephrine. In addiƟon, the authors found no changes in SIRT1/2 expression or protein 107 

acetylaƟon in an in vivo rat model of abdominal aorƟc constricƟon-induced hypertrophy. 108 

Together, these findings raise the possibility that the effects of SIRT2 inhibiƟon on the 109 

hypertrophic response may be dissociated from its effects on glycolyƟc flux. SIRT2 inhibiƟon 110 

might modulate the structural hypertrophic response through pathways independent of its 111 

acute effects on glycolysis. 112 

The study by Ketema et al. provides important insight into the relaƟonship between protein 113 

acetylaƟon, parƟcularly of glycolyƟc enzymes, and the regulaƟon of cardiac glucose 114 

metabolism. While their findings suggest that specific acetylaƟon events may influence 115 

glycolyƟc flux, several quesƟons remain, including the relevance of these modificaƟons in vivo, 116 

the establishment of a causal relaƟonship between enzyme acetylaƟon and altered glycolyƟc 117 
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flux, and the underlying molecular mechanisms. Addressing these gaps will be essenƟal to 118 

beƩer understand how acetylaƟon contributes to the regulaƟon of cardiac metabolism, 119 

parƟcularly under obese and diabeƟc condiƟons, in which increased faƩy acid oxidaƟon may 120 

contribute to elevated acetyl-CoA availability. 121 

Importantly, the influence of acetylaƟon on cardiac glucose metabolism likely extends beyond 122 

glycolysis itself. Previous studies have shown that increased protein acetylaƟon in 123 

cardiomyocytes impairs glucose uptake by inhibiƟng the translocaƟon of the GLUT4 124 

transporter to the plasma membrane, thereby indirectly reducing glycolyƟc flux (Fig. 1) (2, 5, 125 

6). Furthermore, acetylaƟon likely represents only one component of the broader network of 126 

post-translaƟonal modificaƟons involved in metabolic regulaƟon during fat overfeeding. 127 

Indeed, increased faƩy acid catabolism generates intermediates that lead to several lipid-128 

derived post-translaƟonal modificaƟons. For instance, acylaƟon of the transporter CD36 has 129 

been shown to promote faƩy acid uƟlizaƟon in the heart (9), while S-palmitoylaƟon of the 130 

insulin-regulated aminopepƟdase, a partner of the glucose transporter GLUT4, disrupts 131 

glucose uptake (10). Together, these findings highlight the complex and dynamic role of faƩy 132 

acid-derived post-translaƟonal modificaƟons in the regulaƟon of cardiac energy metabolism. 133 

Overall, the work of Ketema et al. reinforces the emerging role of protein acetylaƟon in cardiac 134 

metabolic remodeling and implicates SIRT2 as a potenƟal regulator of glycolyƟc metabolism. 135 

Although addiƟonal mechanisƟc and in vivo studies are required, these findings support the 136 

concept that dynamic protein acetylaƟon contributes to the fine-tuning of cardiac substrate 137 

uƟlizaƟon under both physiological and pathological condiƟons. This study adds to the 138 

remarkable body of work established by Gary Lopaschuk and his team, a lasƟng legacy that 139 

will conƟnue to shape the field of cardiac metabolism for future generaƟons of invesƟgators. 140 
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 195 

FIGURE LEGEND 196 

Figure 1. SchemaƟc of the mulƟfaceted mechanisms involved in acetylaƟon-mediated 197 
regulaƟon of cardiac glucose metabolism. AbbreviaƟons: Ac, acetylated; Acetyl-CoA, acetyl-198 
coenzyme A; ATP, adenosine triphosphate; GAPDH, glyceraldehyde-3-phosphate 199 
dehydrogenase; PFK1, phosphofructokinase-1; PGAM, phosphoglycerate mutase; siRNA, small 200 
interfering RNA; SIRT2, sirtuin 2; SIRT3, sirtuin 3; TCA cycle, tricarboxylic acid cycle. Figure 201 
created using a licensed version of BioRender.com. 202 
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TAKE HOME MESSAGE
SIRT2 emerges as a potential regulator of cardiac glycolytic 
metabolism through  acetylation of glycolytic enzymes, linking 
post-translational modifications to cardiac flexibility.
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