
 

Food for thought: Master protein enhances
learning and memory
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Salk researchers and collaborators discovered that physical and mentalactivities
rely on a single metabolic protein, ERRγ, that controls theflow of blood and
nutrients throughout the body. In this image, ERRγ isshown (stained red) in the
hippocampus, the area of the brain largelyresponsible for memory. The new
work could point to a way to enhancelearning. Credit: Salk Institute

Just as some people seem built to run marathons and have an easier time
going for miles without tiring, others are born with a knack for
memorizing things, from times tables to trivia facts. These two skills ―
running and memorizing ― are not so different as it turns out.

Salk scientists and collaborators have discovered that physical and
mental activities rely on a single metabolic protein that controls the flow
of blood and nutrients throughout the body, as reported in the journalCell
Metabolism. The new study could point to potential treatments in
regenerative and developmental medicine as well as ways to address
defects in learning and memory.

"This is all about getting energy where it's needed to 'the power plants' in
the body," says Ronald Evans, director of Salk's Gene
ExpressionLaboratory and senior author of the new paper, published
April 7, 2015."The heart and muscles need a surge of energy to carry out
exercise and neurons need a surge of energy to form new memories."

Energy for muscles and brains, the scientists discovered, is controlled by
a single protein called estrogen-related receptor gamma (ERRγ).
Evans'research group has previously studied the role of ERRγ in the
heart and skeletal muscles. In 2011, they discovered that promoting
ERRγ activity int he muscle of sedentary mice increased blood supply to
their muscles and doubled their running capacity. ERRγ, they went on to
show, turns on a whole host of muscle genes that convert fat to energy.
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Thus, ERRγ became known as a master metabolic switch that energized
muscle to enhance performance. Although studies had also shown that
ERRγ was active in the brain, researchers didn't understand why ― the
brain burns sugar and ERRγ was previously shown to only burn fat. So
the team decided to look more closely at what the protein was doing in 
brain cells.

By first looking at isolated neurons, Liming Pei, lead and co-
corresponding author of the paper, found that, as in muscle,
ERRγactivates dozens of metabolic genes in brain cells. Unexpectedly,
this activation related to sugar instead of fat. Neurons that lacked ERRγ
could not ramp up energy production and thus had a compromised
performance.

"We assumed that ERRγ did the same thing throughout the body," says
Evans."But we learned that it's different in the brain." ERRγ, they now
conclude, turns on fat-burning pathways in muscles and sugar-burning
pathways in the brain.

Evans and his collaborators noticed that ERRγ in live mice was most
active in the hippocampus ― an area of the brain that is active in
producing new brain cells, is involved in learning and memory and is
known to require lots of energy. They wondered whether ERRγ had a
direct role in learning and memory. By studying mice lacking ERRγ in
the brain, they found a link.

While mice without the protein had normal vision, movement and
balance,they were slower at learning how to swim through a water maze
― and poor at remembering the maze on subsequent trials ― compared
to mice with normal levels of ERRγ.

"What we found is that mice that missing ERRγ are basically very slow
learners," says Pei. Varying levels of ERRγ could also be at the root of
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differences between how individual humans learn, he
hypothesizes."Everyone can learn, but some people learn and memorize
more efficiently than others, and we now think this could be linked to
changes in brain metabolism."

A better understanding of the metabolism of neurons could help point
the way to improved treatments for learning and attention disorders.
Andpossibly, revving up levels of ERRγ could even enhance learning,
just as it enhances muscle function.

"What we've shown is that memories are really built on a metabolic
scaffold," says Evans. "And we think that if you want to understand
learning and memory, you need to understand the circuits that underlie
and power this process."
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