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            Abstract
Thermogenesis in brown adipose tissue (BAT) declines with age; however, what regulates this process is poorly understood. Here, we identify mitochondrial lipoylation as a previously unappreciated molecular hallmark of aged BAT in mice. Using mitochondrial proteomics, we show that mitochondrial lipoylation is disproportionally reduced in aged BAT through a post-transcriptional decrease in the ironâ€“sulfur (Feâ€“S) cluster formation pathway. A defect in Feâ€“S cluster formation by the fat-specific deletion of Bola3 significantly reduces mitochondrial lipoylation and fuel oxidation in BAT, leading to glucose intolerance and obesity. In turn, enhanced mitochondrial lipoylation by Î±-lipoic acid supplementation effectively restores BAT function in old mice, thereby preventing age-associated obesity and glucose intolerance. The effect of Î±-lipoic acids requires mitochondrial lipoylation via the BOLA3 pathway and does not depend on the antioxidant activity of Î±-lipoic acid. These results open up the possibility of alleviating age-associated decline in energy expenditure by enhancing the mitochondrial lipoylation pathway.
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                    Fig. 1: Age-associated decline in BAT thermogenesis is coupled with a post-transcriptional impairment in the mitochondrial fuel oxidation pathway.


Fig. 2: Reduced mitochondrial lipoylation and ironâ€“sulfur cluster formation in aged BAT.


Fig. 3: A requirement of mitochondrial lipoylation for fuel use and thermogenesis in BAT.


Fig. 4: Mitochondrial lipoylation in BAT is required for whole-body energy homoeostasis and glucose metabolism.


Fig. 5: Age-dependent effects of Î±-lipoic acid supplementation in mice and humans.


Fig. 6: Enhanced mitochondrial lipoylation by Î±-lipoic acid supplementation restores BAT activity in aged mice via the BOLA3 pathway.



                


                
                    
                
            

            
                Data availability

              
              The proteomics data used in this study have been deposited with the ProteomeXchange Consortium under accession nos. PXD013410 (Age-associated mouse brown adipose tissue mitochondrial proteome), PXD014143 (Bola3 KO mouse brown adipose tissue mitochondrial proteome) and PXD014080 (Lipoylated proteins complex in mouse brown adipose tissue). The RNA-Seq data have been deposited with ArrayExpress under accession no. E-MTAB-7445 (RNA-Seq of age-associated transcriptome changes in brown adipose tissue). The data supporting the findings of this study are available from the corresponding author upon request.
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