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Obesity Disrupts Mitochondria,
Reduces Fat-Burning

Scientists identified a protein that triggers changes in mitochondria that promote weight gain in
mice fed a high-fat diet.

Adipose tissue, or body fat, plays a key role in maintaining our health. It helps to store and supply
energy, regulate body temperature, and send hormone signals that affect many body functions.
But when a person develops obesity, it leads to expansion of a type of fat called white adipose
tissue, along with increased inflammation and metabolic changes.

Mitochondria, the energy-generating structures found within cells, are dynamic—that is, they can
fuse, change shape, and divide. These changes affect how much energy mitochondria can burn.
Some studies have found that obesity can alter these dynamics and cause mitochondria to
fragment, making it more difficult for fat cells to burn energy. This might help explain why it can
be hard for people with obesity to lose weight. The breakdown of mitochondria has also been tied
to insulin resistance in obesity. And insulin resistance is associated with diabetes and other
metabolic conditions. But the underlying connections between obesity, mitochondria, and white fat
have been unclear.

A research team led by Dr. Alan Saltiel at the University of California, San Diego, had previously
shown that a protein called RalA could be activated by insulin in fat cells and promote glucose
uptake by brown fat. The team suspected that study of RalA might also give insights into the
mitochondrial changes linked to obesity.

To investigate, the researchers fed mice a high-fat diet (about 60% fat) for 8 to 12 weeks. They
then examined its effects on RalA and the mitochondria in fat cells. Results were reported on
January 29, 2024, in Nature Metabolism.

The researchers found that the high-fat diet caused the mitochondria in white fat tissue to divide
into many smaller pieces. As a result, the mitochondria became less effective at burning energy.
The high-fat diet also boosted levels of RalA in white fat. These changes weren’t seen in brown fat
tissue. The results hinted that higher RalA activity might be the culprit behind many metabolic
problems seen in obesity.

To gain insights into the effects of RalA activation, the team looked at what happens in the


https://www.nature.com/articles/s42255-024-00978-0

protein’s absence. They created genetically altered mice that lacked the RalA-producing gene in
fat tissues. When given a high-fat diet, mice without RalA in their white fat tissue were protected
against diet-induced weight gain and obesity. They had additional metabolic improvements as
well. These included better liver function and glucose tolerance, and energy expenditure similar to
mice fed a regular diet. Absence of RalA also prevented fragmentation of mitochondria in mice fed
a high-fat-diet, thereby protecting mitochondria’s fat-burning functions.

Further analysis showed how RalA activity leads to changes in mitochondria dynamics. The
researchers found the same mechanisms in white fat from people. They also found that the
activity of a key protein in the process was associated with human obesity. More study will be
needed to understand how a high-fat diet raises levels of RalA in white fat in the first place.

“In essence, chronic activation of RalA appears to play a critical role in suppressing energy
expenditure in obese adipose tissue,” Saltiel says. “By understanding this mechanism, we're one
step closer to developing targeted therapies that could address weight gain and associated
metabolic dysfunctions by increasing fat burning.”

This research summary was published by the National Institutes of Health on February 13, 2024.
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