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International study identifies a key mechanism regulating how
cells use fat to generate energy

08/07/2026

An international study by scientists at the Centro Nacional de Investigaciones Cardiovasculares
Carlos 11l (CNIC) and the University of California, Los Angeles (UCLA) has identified a fundamental
mechanism that regulates how the body uses stored fat to produce energy.

The findings, published in The EMBO Journal, show that calcium levels within mitochondria determine
whether these organelles remain attached to or detach from lipid droplets, the cellular structures
where fat is stored.

Mitochondria are the cellular structures responsible for generating most of the energy required for
tissue function. In brown adipose tissue—a specialized type of fat involved in heat production and
energy expenditure—some mitochondria remain physically associated with lipid droplets, and these
peridroplet mitochondria play a key role in managing cellular energy reserves.
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The study shows that increased calcium levels inside mitochondria induce changes in mitochondrial
morphology and promote their separation from lipid droplets. Study first author Rebeca Acin Pérez, a
researcher at the CNIC and a member of the Spanish biomedical research network on frailty and
healthy aging, explains: “This process is essential for enzymes responsible for fat breakdown, known
as lipases, to access stored lipids and convert them into energy.”

The authors also observed that mitochondrial detachment occurs before the onset of lipolysis, acting
as a kind of molecular switch that triggers the mobilization of fat reserves.

The study also identifies the proteins that regulate this mechanism. Calcium efflux from
mitochondria is controlled by the mitochondrial calcium exchanger NCLX. When NCLX activity is
reduced, mitochondrial calcium accumulates, detachment from lipid droplets is promoted, and fat
utilization as an energy source is increased. In contrast, when NCLX is active, mitochondria tend to
remain associated with lipid stores.

The researchers also identified an important role for the phosphodiesterase PDE2A, a protein that
indirectly regulates this system by modulating intracellular calcium levels.

Beyond describing this biological mechanism, the study shows that its pharmacological manipulation
can have significant metabolic consequences. In animal models of obesity, inhibition of PDE2A
increased the association between mitochondria and lipid droplets, reduced fat breakdown, and
promoted the use of glucose for energy production. This metabolic shift was associated with
improved energy balance and increased metabolic expenditure.

Overall, the findings reveal that the interaction between mitochondria and lipid droplets is a dynamic
process, finely regulated by intracellular signals such as calcium. “Understanding how this
relationship is controlled provides a new perspective on the mechanisms governing energy
metabolism and opens potential avenues for the development of treatments for obesity and other
metabolic diseases,” the authors conclude.

This study builds on the ongoing scientific collaboration between the group led by José Antonio
Enriquez, head of the Functional Genetics of the Oxidative Phosphorylation System group at the
CNIC, and the team led by Orian Shirihai at the David Geffen School of Medicine at UCLA, a
partnership that in recent years has significantly advanced knowledge of mitochondrial function and
its role in metabolic regulation.

The study was supported by funding from the Israel Science Foundation (ISF); the Spanish Ministry of
Science, Innovation, and Universities through the State Research Agency (AEl) and ERDF funds; the
BBVA Foundation (Leonardo Grant); and the US National Institutes of Health (NIH). Additional support
was provided by the American Diabetes Association (ADA) and the David Geffen School of Medicine
at UCLA, as well as philanthropic contributions from Joel Greenberg and Marcy Gringlas.
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