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Novel role of intracellular ATP in obesity pathology
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Abstract: ATP is an important energy source for cells. Traditionally, intracellular ATP levels are believed to be relatively stable and
will not rise consistently in the physiological conditions. However, new studies suggest that ATP levels may rise in multiple tissues
under the condition of energy surplus contributing to the metabolic disorders in obesity. However, the molecular mechanism of ATP
elevation remains unknown in obesity except the increase in energy supply. Based on our experimental results and the findings reported
in the literature, we discuss the cellular and molecular mechanisms by which ATP levels are regulated in cells by multiple factors,
including superoxide ions, mitochondrial flash, antioxidants, anti-apoptotic molecule Bcl-xL, AMP-activated protein kinase (AMPK)
and metformin. Contribution of these factors to the alteration of ATP set-point will be discussed together with their impact on insulin
resistance in type 2 diabetes mellitus. With a focus on the energy surplus in obesity, we explore the mechanism of insulin resistance
induced by ATP elevation and provide an answer to the contradiction between the new experimental results and the traditional view-
point of intracellular ATP. We propose that elevation of intracellular ATP may lead to metabolic disorder in obesity through activation

of a feedback mechanism that inhibits mitochondrial function.
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Fig. 1. Mechanism of ATP set-point regulation. Energy substances including glucose, fatty acids and amino acids, provide energy to
the respiratory chain through the tricarboxylic acid (TCA) cycle in mitochondria. Compound I of respiratory chain is the main source
of reactive oxygen species (ROS) that triggers superoxide flash or mitochondrial flash. Superoxide ion increases heat production by
mitochondria, reduces membrane potential and ATP synthesis through oxidization of the uncoupling proteins (UCP). In addition,
superoxide ion can activate the transcription factor NF-kB to induce the expression of Bcl-xL in stabilization of the membrane
potential and promotion of ATP synthesis. Antioxidants neutralize superoxide ion to block the two reactions leading to an increase in
ATP synthesis. When intracellular ATP level decreases, AMPK is activated to promote breakdown of glucose, fatty acids and protein
to provide energy to mitochondria; on the other hand, AMPK increases the activity of mitochondrial respiratory chain to maintain the

mitochondrial membrane potential in acceleration of ATP synthesis.
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Fig. 2. Factors involved in the regulation of ATP set-point. The intracellular ATP level is determined by the set-point, which is propor-

tional to the mitochondrial membrane potential. With the increased supply in energy substrates, mitochondrial membrane potential,

ATP set-point and intracellular ATP level tend to elevate together. As ATP increases, the negative feedback mechanism of mitochondria

will be activated to increase the production of superoxide ions. Superoxide ions promote mitochondrial heat production by oxidative

modification of uncoupling proteins to reduce the membrane potential and ATP synthesis. Antioxidants can neutralize the superoxide

ions, block the negative feedback reaction, and prevent the decrease of membrane potential to increase the set-point. Uncoupling

agents such as Dinitrophenol (DNP) can reduce the membrane potential and down-regulate the ATP set-point through activation of the

uncoupling proteins. The anti-apoptotic protein Bcl-xL increases ATP set-point by up-regulation of the mitochondrial membrane

potential.
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