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Substrate identification and physiological relevance of adipose Carrier X
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Obesity and related metabolic disorders, such as diabetes, dyslipidemia, and fatty liver, are one of the biggest
health concerns due to their association with life-threatening diseases. To prevent the progression of obesity,
thermogenic brown and beige adipocytes are of particular interest since they consume surplus energy and produce heat.
Both brown and beige adipocytes possess much mitochondria and oxidize fatty acid into acetyl-CoA, which is utilized
through the TCA cycle for the maintenance of the mitochondrial membrane potential that is required for
UCPI1-dependent thermogenesis, gluconeogenesis, and lipogenesis. However, it is yet to be understood how the TCA
cycle is maintained and regulated in adipocytes. Here, we show that Carrier X is highly expressed and required for TCA
cycle maintenance in adipocytes. Carrier X knockout cells exhibit a significant decrease in cellular and mitochondrial
respiration. Mitochondrial metabolomics by the MITO-Tag method revealed that phosphoenolpyruvate is accumulated
and citrate is reduced in the mitochondria from the Carrier X knockout cells, suggesting that Carrier X transports
phosphoenolpyruvate and/or citrate, which are associated with the TCA cycle. Furthermore, adipose-specific Carrier X
knockout mice exhibited a reduction in fat mass and glucose intolerance on a high fat diet. Because the TCA cycle is
essential for gluconeogenesis and lipogenesis, we propose that Carrier X transports the TCA cycle substrates to maintain

gluconeogenesis and lipogenesis in adipocytes.
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