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“I’ve a grand memory for forget
ting.”
—Robert Louis Stevenson

differences in the time course of the calcium
release allow one type of signal to result in two
opposing outcomes.
Next month’s article will focus on an impor
tant precursor to memory – attention. Get ready to
pay attention as we find out how our brains hone
in on what we perceive as important. Without
attention, learning would not have a chance!
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In last month’s column, we defined “learning”
and described the basic functional elements of
the nervous system used in learning. The ability
to learn is a critical survival skill. Although neu
roscience cannot explain all aspects of learning
and memory, many basic processes are under
stood. Among them is synaptic plasticity, the
focus of this column.
Synaptic plasticity underlies our ability to
remember and forget – by either strengthening
or weakening synapses. Synaptic plasticity
involves two components: long-term potentia
tion (LTP), important for strengthening memory,
and long-term depression (LTD), which weakens
memory and leads to forgetting. Long-term
potentiation is “a long-lasting increase in the
efficacy of transmission at excitatory synapses,”
whereas LTD is a long-lasting decrease in effi
cacy (Blaustein et al., 2012). LTP occurs where
there is an increase in activity at a synapse: LTD
occurs when there is lessened activity. Memory
involves changes in the presynaptic cell mem
brane and post-synaptic receptors, as well as
the creation of new proteins and an increase in
dendritic spines’ size and density (Blundon &
Zakharenko, 2008).
Bliss and Lomo (1973) did the experimental
work that described long-term potentiation.
Current work indicates that some mechanisms
underlying LTP vary depending on brain region.
In the hippocampus, the area associated with
learning and memory, LTP occurs in two steps.
The first step occurs rapidly after a neuron is
stimulated, and the second step takes hours to
develop (Blundon & Zakharenko, 2008).
One rapid step that is a component of LTP
is the stimulation of excitatory synapses in the
hippocampus, triggering release of the neuro
transmitter glutamate. Glutamate diffuses across
the synaptic cleft and binds to two key gluta
mate receptors, NMDA receptors (NMDARs) and
AMPA receptors (AMPARs). These receptors were
named for the two pharmaceutical chemicals
that block them, N-methyl-D-aspartate (NMDA)
and α-amino-3-hydroxyl-5-methyl-4-isoxazole
propionate (AMPA). For an animation of the role
of these receptors in glutaminergic transmission

at synapses, see http://www.sumanasinc.com/
webcontent/animations/content/receptors.html.
A second rapid step occurs when glutamate
binds to the AMPA receptor, and the post-synaptic
membrane begins to depolarize. This depolariza
tion leads to activation of NMDA receptors because
depolarization displaces magnesium ions that
block the ion channels on the NMDARs. Calcium
ions then flow into the post-synaptic dendritic
spines. Incoming calcium ions bind to calmodulin
and activate a protein kinase. Activation of this
kinase leads to (1) phosphorylation of AMPARs,
increasing their conductance and the depolariza
tion of the post-synaptic cell; and (2) insertion of
AMPARs into the post-synaptic membrane, further
supporting depolarization and “strengthening” the
synapse.
The later step of LTP involves gene tran
scription and new protein synthesis at the syn
apse. New research indicates that brain-derived
neurotrophic factor (BDNF), key in embryonic
development, has a role in memory. BDNF influ
ences several mechanisms that increase glutamate
release during LTP. One of these mechanisms is
an increase in the expression of vesicular glu
tamate receptor 1 (VGLUT1). VGULT1 loads
glutamate into the presynaptic vesicles carrying
glutamate to the presynaptic membrane, and
also increases the number of synaptic vesicles
that dock at the active area of the presynaptic
membrane (Melo et al., 2013).
LTD occurs when a synapse receives weak or
diminished input. Consider what typically hap
pens when you change your address; neurons
involved in remembering your earlier address
will no longer be activated. As their input
decreases, synapses undergo LTD, and your
ability to retrieve your old address wanes over
time. When a synapse has decreased input, a
series of changes results in the dephosphorylation
of the AMPA receptors that were phosphory
lated in LTP. A calcium-dependent phosphatase,
calcineurin, causes this dephosphorylation.
Calcineurin activates a second phosphatase,
protein phosphatase 1, key in removing AMPARs
from the post-synaptic membrane, reducing
responsiveness to incoming signals (Blaustein
et al., 2012).
It is interesting to note that both LTP and
LTD are dependent on calcium influx into the
post-synaptic dendritic spine. It is thought that

