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Shootinla—the missing link underlying
learning and memory

May 18 2021

* Spine stimulation  Spine expansion
A by glutamate

by glutamate stimulation B Control
= Contri

: — Shootin1a reduction
, et B — Shootin1a reduction
- - Pt -~ —— 104 + Shootin1a re-addition
13 min. |19 min- |25 min

Shootin1a reduction

Spine volume (F/F,)
(o]

0 T T T T T T T T T
-10 0 10 20 30
Time (min)

Shootinla Is Required for Spine Structural Plasticity. Fluorescence time-lapse
images of dendritic spines (A) and time course of their volume changes (B) of
hippocampal neurons in slice culture. Spines were stimulated by local application
of a neurotransmitter glutamate for 30 s (red asterisks). 30-sec stimulation of
control spines induced their rapid enlargement which persisted for more than 30
min (blue arrows, top). Downregulation of shootinla significantly inhibited the
spine enlargement (middle). Furthermore, re-addition of shootinla rescued the
reduction of the spine enlargement (blue arrows, bottom), thereby indicating that
shootinla plays an essential role in spine structural plasticity. Credit: Naoyuki
Inagaki

In neurons, changes in the size of dendritic spines—small cellular
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protrusions involved in synaptic transmission—are thought to be a key
mechanism underlying learning and memory. However, the specific way
in which these structural changes occur remains unknown. In a study
published in Cell Reports, researchers from Nara Institute of Science and
Technology (NAIST) have revealed that the binding of cell adhesion
molecules with actin, via an important linker protein in the structural
backbone of synapses, is vital for this process of structural plasticity.

Actin proteins make up an important part of a cell's structure, or
cytoskeleton, and allow for dynamic changes in this structure by forming
microfilaments when growth or movement is required. It was originally
thought that the polymerization of actin was all that was needed for
dendritic spines to change size in response to synaptic activation, but
researchers at NAIST found that this process alone was not enough to
cause structural plasticity, and decided to address this problem.

"Current models of structural plasticity in dendritic spines do not take
mechanical force into account," says Naoyuki Inagaki, corresponding
author. "We had already identified the role of shootinla, a protein
involved in neuronal development, in axon growth and so we wanted to
investigate whether this protein might also have a role in the structural
plasticity of dendritic spines."

To explore this question, the researchers used neurons of control and
shootinla knockout rodents to examine whether shootinla was involved
in the formation of dendritic spines. The researchers wanted to
determine if mechanical force was generated in dendritic spines by the
shootinla-mediated coupling of actin and cell adhesion molecules—cell-
surface proteins that bind cells together at synapses—similar to what
they had observed in axons.

"The results were clear," explains Inagaki. "We found that shootinla
mechanically linked polymerizing actin with cell adhesion molecules in
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dendritic spines, and revealed that synaptic activity enhanced this
coupling, thus allowing the actin filaments to push against the
membranes and enlarge spines." The results of this study are the first to
link mechanical force with synaptic activity-dependent dendritic spine
plasticity and provide new insights into the mechanisms of structural
plasticity in these spines.

Given that changes in activity-dependent dendritic spine plasticity have
been implicated in multiple neuropsychiatric and neurodegenerative
disorders, including autism spectrum disorder and Alzheimer's disease,
these findings are important because they suggest that shootinla
disruption may lead to the development of neurological disorders. Future
studies into this mechanism of structural plasticity in dendritic spines
might provide new drug targets for these disorders.

More information: Shootinla-mediated actin-adhesion coupling
generates force to trigger structural plasticity of dendritic spines, Cell

Reports (2021). DOI: 10.1016/j.celrep.2021.109130
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