
 

The crystallization of memory: Study reveals
how practice forms new memory pathways in
the brain
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The effects of optogenetic inhibition on WM task performance. a, The
experimental set-up. b, The delayed-association WM task trial types; licking was
assessed during the 3 s choice period, with early- and late-delays periods noted. 
c, Learning progress across eight sessions, measured on the basis of the
percentage of correct responses. d, Learning session example, with licks marked.
e, Photoinhibition effect during different task epochs on the animal’s
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performance (fourth second of the delay period, P = 0.009; fifth second of the
delay period, P = 0.005; second odor, P = 0.0004; first second of choice epoch, 
P = 0.0001). Statistical analysis was performed using paired t-tests. f,
Photoinhibition of the M2 during the last 2 s of the delay period across the first 7
days of training impairs task performance. n = 4 (stGtACR2-expressing) and n =
4 (mCherry-expressing) mice. The P values determined using two-sample t-tests
for sessions 1–10 were as follows: P1 = 0.8425, P2 = 0.4610, P3 = 0.6904, P4 =
0.0724, P5 = 0.0463, P6 = 0.0146, P7 = 0.0161, P8 = 0.7065, P9 = 0.6530 and P10
= 0.7955. For c, e and f, data are mean ± s.e.m. NS, not significant; *P ≤ 0.05,
**P ≤ 0.01, ***P ≤ 0.001, ****P ≤ 0.0001. Credit: Nature (2024). DOI:
10.1038/s41586-024-07425-w

"Practice makes perfect" is no mere cliché, according to a new study
from researchers at The Rockefeller University and UCLA. Instead, it's
the recipe for mastering a task, because repeating an activity over and
over solidifies neural pathways in your brain.

As they describe in Nature, the scientists used a cutting-edge technology
developed by Rockefeller's Alipasha Vaziri to simultaneously observe
73,000 cortical neurons in mice as the animals learned and repeated a
given task over two weeks. The study revealed that memory
representations transform from unstable to solid in working memory
circuits, giving insights into why performance becomes more accurate
and automatic following repetitive practice.

"In this work we show how working memory—the brain's ability to hold
and process information—improves through practice," says Vaziri, head
of Rockefeller's Laboratory of Neurology and Biophysics. "We expect
that these insights will not only advance our understanding of learning
and memory but also have implications for addressing memory-related
disorders."
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Imagining challenges

Working memory is essential to a variety of cognitive functions, and yet
the mechanisms underlying memory formation, retention, and
recall—which enable us to perform a task we've done before without
having to learn it anew—remain unclear over long timescales.

For the current study, the researchers wanted to observe the stability of
working memory representations over time, and what role these
representations played in the ability to skillfully perform the task on cue.
To do so, they sought to record neuronal populations repeatedly in mice
over a relatively long period while the animals learned and became
experts in a given task.

But they faced a daunting challenge: technical limitations have hampered
the ability to image the activity of large population of neurons across the
brain in real time, over longer periods, and at any tissue depth in the
cortex.

The UCLA researchers turned to Vaziri, who has developed brain
imaging techniques that are among the only tools capable of capturing
the majority of the mouse cortex in real time at a high resolution and
speed.

Vaziri suggested they use light-beads microscopy (LBM), a high-speed
volumetric imaging technology he developed that allows for cellular
resolution in vivo recording of activity of neuronal populations up to 1
million neurons—a 100-fold increase in the number of neurons that can
be simultaneously recorded.

Neural transformations
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In the current study, the researchers used LBM to image the cellular
activity of 73,000 neurons in mice simultaneously throughout various
depths of the cortex and tracked the activity of the same neurons over
two weeks as the animals identified, recalled, and repeated a sequence of
odors.

They found that the working memory circuits transformed as the mice
mastered the proper sequences. Initially, the circuits were unstable, but
as the mice practiced the task repeatedly, the circuits began to stabilize
and solidify.

"This is what we refer to as 'crystallization,'" Vaziri says. "The findings
essentially illustrate that repetitive training not only enhances skill
proficiency but also leads to profound changes in the brain's memory
circuits, making performance more accurate and automatic."

"If one imagines that each neuron in the brain is sounding a different
note, the melody that the brain is generating when it is doing the task was
changing from day to day, but then became more and more refined and
similar as animals kept practicing the task," adds corresponding author
and UCLA Health neurologist Peyman Golshani.

Crucially, some aspects of these discoveries were uniquely enabled by
the large-scale and deep tissue imaging capabilities of LBM. Initially, the
researchers used standard two-photon imaging of smaller neuronal
populations in upper cortical layers, but they failed to find evidence for
memory stabilization. But once they employed LBM to record from over
70,000 neurons in deeper cortical regions, they were able to observe the
crystallization of working memory representations that accompanied the
mice's increasing mastery of the task.

"In the future, we may tackle the role of different neuronal cell types
involved in mediating this mechanism, and in particular the interaction
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of different types of interneurons with excitatory cells," Vaziri says.
"We're also interested in understanding how learning is implemented and
could be transferred into a new context—that is, how the brain could
generalize from a learned task to some new unknown problems."

  More information: Arash Bellafard et al, Volatile working memory
representations crystallize with practice, Nature (2024). DOI:
10.1038/s41586-024-07425-w
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