
 

Portion control: Cells found in mouse brain
that signal 'stop eating'
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When certain cells in the brain are missing the enzyme OGT, mice eat too much
at each meal and become obese (left). Credit: Johns Hopkins Medicine

While researching the brain's learning and memory system, scientists at
Johns Hopkins say they stumbled upon a new type of nerve cell that
seems to control feeding behaviors in mice. The finding, they report,
adds significant detail to the way brains tell animals when to stop eating
and, if confirmed in humans, could lead to new tools for fighting
obesity. Details of the study will be published by the journal Science on
March 18, 2016.
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"When the type of brain cell we discovered fires and sends off signals,
our laboratory mice stop eating soon after," says Richard Huganir,
Ph.D., director of the Department of Neuroscience at the Johns Hopkins
University School of Medicine. "The signals seem to tell the mice
they've had enough."

Huganir says his team's discovery grew out of studies of the proteins that
strengthen and weaken the intersections, or synapses, between brain cells
. These are an important target of research because synapse strength,
particularly among cells in the hippocampus and cortex of the brain, is
important in learning and memory.

In a search for details about synapse strength, Huganir and graduate
student Olof Lagerlöf, M.D., focused on the enzyme OGT—a biological
catalyst involved in many bodily functions, including insulin use and
sugar chemistry. The enzyme's job is to add a molecule called N-
acetylglucosamine (GlcNAc), a derivative of glucose, to proteins, a
phenomenon first discovered in 1984 by Gerald Hart, Ph.D., director of
the Johns Hopkins University School of Medicine's Department of
Biological Chemistry and co-leader of the current study. By adding
GlcNAc molecules, OGT alters the proteins' behavior.

To learn about OGT's role in the brain, Lagerlöf deleted the gene that
codes for it from the primary nerve cells of the hippocampus and cortex
in adult mice. Even before he looked directly at the impact of the
deletion in the rodents' brains, Lagerlöf reports, he noticed that the mice
doubled in weight in just three weeks. It turned out that fat buildup, not
muscle mass, was responsible.
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A normal mouse (left) stops eating when certain nerve cells in the brain signal to
do so. Nerve cells missing the enzyme OGT don't signal, so those mice eat more
at each meal and become obese (right). Credit: Johns Hopkins Medicine

When the team monitored the feeding patterns of the mice, they found
that those missing OGT ate the same number of meals—on average, 18 a
day—as their normal littermates but tarried over the food longer and ate
more calories at each meal. When their food intake was restricted to that
of a normal lab diet, they no longer gained extra weight, suggesting that
the absence of OGT interfered with the animals' ability to sense when
they were full.

"These mice don't understand that they've had enough food, so they keep
eating," says Lagerlöf.

Because the hippocampus and cortex are not known to directly regulate
feeding behaviors in rodents or other mammals, the researchers looked
for changes elsewhere in the brain, particularly in the hypothalamus,
which is known to control body temperature, feeding, sleep and
metabolism. There, they found OGT missing from a small subset of
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nerve cells within a cluster of neurons called the paraventricular nucleus.

Lagerlöf says these cells already were known to send and receive
multiple signals related to appetite and food intake. When he looked for
changes in the levels of those factors that might be traced to the absence
of OGT, he found that most of them were not affected, and the activity
of the appetite signals that many other research groups have focused on
didn't seem to be causing the weight gain, he adds.

Next, the team examined the chemical and biological activity of the
OGT-negative cells. By measuring the background electrical activity in
nonfiring brain cells, the researchers estimated the number of incoming
synapses on the cells and found that they were three times as few,
compared to normal cells.

"That result suggests that, in these cells, OGT helps maintain synapses,"
says Huganir. "The number of synapses on these cells was so low that
they probably aren't receiving enough input to fire. In turn, that suggests
that these cells are responsible for sending the message to stop eating."

To verify this idea, the researchers genetically manipulated the cells in
the paraventricular nucleus so that they would add blue light-sensitive
proteins to their membranes. When they stimulated the cells with a beam
of blue light, the cells fired and sent signals to other parts of the brain,
and the mice decreased the amount they ate in a day by about 25
percent.

Finally, because glucose is needed to produce GlcNAc, they thought that
glucose levels, which increase after meals, might affect the activity of
OGT. Indeed, they found that if they added glucose to nerve cells in
petri dishes, the level of proteins with the GlcNAc addition increased in
proportion to the amount of glucose in the dishes. And when they looked
at cells in the paraventricular nucleus of mice that hadn't eaten in a
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while, they saw low levels of GlcNAc-decorated proteins.

"There are still many things about this system that we don't know," says
Lagerlöf, "but we think that glucose works with OGT in these cells to
control 'portion size' for the mice. We believe we have found a new
receiver of information that directly affects brain activity and feeding
behavior, and if our findings bear out in other animals, including people,
they may advance the search for drugs or other means of controlling
appetites."

  More information: "The nutrient sensor OGT in PVN neurons
regulates feeding," DOI: 10.1126/science.aad5494
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