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            Abstract
Adipocytes possess remarkable adaptive capacity to respond to nutrient excess, fasting or cold exposure, and they are thus an important cell type for the maintenance of proper metabolic health. Although the endoplasmic reticulum (ER) is a critical organelle for cellular homeostasis, the mechanisms that mediate adaptation of the ER to metabolic challenges in adipocytes are unclear. Here we show that brown adipose tissue (BAT) thermogenic function requires an adaptive increase in proteasomal activity to secure cellular protein quality control, and we identify the ER-localized transcription factor nuclear factor erythroid 2–like 1 (Nfe2l1, also known as Nrf1) as a critical driver of this process. We show that cold adaptation induces Nrf1 in BAT to increase proteasomal activity and that this is crucial for maintaining ER homeostasis and cellular integrity, specifically when the cells are in a state of high thermogenic activity. In mice, under thermogenic conditions, brown-adipocyte-specific deletion of Nfe2l1 (Nrf1) resulted in ER stress, tissue inflammation, markedly diminished mitochondrial function and whitening of the BAT. In mouse models of both genetic and dietary obesity, stimulation of proteasomal activity by exogenously expressing Nrf1 or by treatment with the proteasome activator PA28α in BAT resulted in improved insulin sensitivity. In conclusion, Nrf1 emerges as a novel guardian of brown adipocyte function, providing increased proteometabolic quality control for adapting to cold or to obesity.
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                    Figure 1: Proteasomal activity is induced during cold adaptation and is required for nonshivering thermogenesis in BAT.[image: ]


Figure 2: Nrf1 is a cold-inducible regulator of proteasome function in brown fat.[image: ]


Figure 3: Nrf1 is a fundamental regulator of BAT adaptation.[image: ]


Figure 4: The brown fat ubiquitome.[image: ]


Figure 5: Nrf1-mediated proteasomal activity is linked to obesity-associated disorders.[image: ]


Figure 6: Enhancing proteostasis in BAT alleviates insulin resistance in DIO and ob/ob mice.[image: ]
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