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Imagine that your mom just baked a pizza, and you immediately take

a bite of it. Bad choice—it is really hot, and you burn your tongue!

You learn a lesson from this experience, but what is happening in

your brain? When the burning sensation reaches the brain, some

brain cells, called neurons, become active and communicate with

each other. Thanks to a process called synaptic plasticity, neurons

can increase the strength of their communication and store new

information. The next time your mom prepares pizza, the same

neurons that were active the first time will start talking again, and

you will know to wait for it to cool down before taking a bite. In

this article, we will describe some properties of neurons and what

happens to these cells when you create new memories. We hope

that you will learn something new and share it with your friends, as

neurons would do!
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THE BRAIN: CONTROL CENTER OF THE BODY

The brain is probably the most complex and mysterious structure
within a living thing. The human brain contains about 86 billion cells
called neurons and even more support cells—an impressive number
of cells! The brain controls most of the activities of the body: moving,
seeing, thinking, dreaming, storing memories, and so on.

One of the most incredible abilities of the brain is learning. Do you
know how many things you have learned in your life? When you were
a baby you learned many things for the first time, for example the
words “mom” or “dad,” the colors, and names of animals. Then, you
started going to school and studying hundreds of di�erent facts (What
is the capital of Italy? When was America discovered? How much is
7 × 5?). Maybe you are learning how to play an instrument, or how
to cook brownies. Your brain stores and retrieves all this information
when you need it in your everyday life. But what is really happening
inside the brain that makes us learn and recall memories?

TALKATIVE NEURONS

To understand learning, we need to take a step back and talk about
neurons and their structure. There are many kinds of neurons but
they all have certain parts in common (Figure 1). For example,
all neurons have a main part, called the cell body. Neurons also
have dendrites, which are short, tree-like “branches.” The ends of

DENDRITE

Short, branching fiber
extending from the cell
body of the neuron,
with the function of
receiving signals from
other neurons.

the dendrite branches have small protrusions called post-synaptic
terminals. These are the “ears” of a neuron—they allow the neurons

POST-SYNAPTIC

TERMINAL

Tiny structure at the
end of the dendrite,
that represents the
receptive site of the
neuron. Here,
messages in the form
of chemical signals are
received from
another neuron.

to receive messages. Each neuron also has one axon, which is a long,

AXON

Long cable that
originates from the cell
body of the neuron.
Messages from the
neuron travel along this
cable to be received by
other neurons.

tube-like fiber that can be up to 2meters long (about 6 feet). At the end
of the axon, there are tiny structures called pre-synaptic terminals.

PRE-SYNAPTIC

TERMINAL

Tiny structure at the
end of the axon, that
represents the
communicative site of
the neuron. Here,
messages in the form
of chemical signals are
sent to another neuron.

These are like the “mouth” of a neuron—they communicate messages
to other neurons nearby.

As we mentioned, neurons “talk” to each other. The neuron that
“talks” is called the pre-synaptic neuron, the neuron that “listens”
is called post-synaptic neuron, and the zone of communication is
called the synapse. When the talking neuron wants to say something

SYNAPSE

Structure delimited by a
pre-synaptic and a
post-synaptic terminal
where communication
between neurons
happens: here the
signal sent by the
pre-synaptic neuron is
transmitted to the
post-synaptic neuron.

to its neighbor, it sends a signal along the axon. When the signal
arrives at the end of the axon, a chemical message is sent to the
post-synaptic terminals of the listening neuron. At this point there are
two possibilities: if the message is not strong enough, the listening
neuron will not communicate this information to another neuron,
remaining silent. If the message is strong, the listening neuron will in
turn become a talking neuron, and the message will travel from the
dendrites, through the cell body, to the pre-synaptic terminal where it
will be communicated to another neuron. Does this remind you of the
“broken telephone” game?
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Figure 1

Figure 1

Brain cells called
neurons allow us to
learn. You can see the
cell body, the axon with
its pre-synaptic
terminals, and the
dendrites with their
post-synaptic
terminals. The
post-synaptic terminals
are like the “ears” of the
neuron. They “listen”
for messages from
other neurons. When
the message is strong
enough, it travels
through the cell body
and down through the
axon. The pre-synaptic
terminals are like the
“mouth” of the neuron,
and they then relay the
message to other
nearby neurons.

PRACTICE MAKES PERFECT

Imagine you want to learn how to play the guitar: you need to make
the same hand motions over and over. Over weeks, as you continue
playing, your handmovements will becomemore fluid, and youwill be
able to play faster. In the early stages of learning, however, if you quit
playing for a while and then pick up the guitar again sometime later,
playing will probably be as di�cult as it was when you first started.
What is going on with the brain’s neurons during this process?

Neurons have a remarkable property called synaptic plasticity, which
SYNAPTIC

PLASTICITY

Process by which
neurons reshape to
adapt to the signals
reaching the brain,
resulting in
strengthening of the
connections that store
something learned as
a memory.

gives them the ability to adapt the numbers and sizes of their
pre-synaptic and post-synaptic terminals according to changes in
their communicationwith other neurons (Figure 2). When you practice
playing the guitar, some neurons talk more as you learn the music,
control your movements, and coordinate your left and right hands.
This means that the pre-synaptic neurons involved in controlling these
actions send more signals to the post-synaptic neurons (becoming
better speakers), and the post-synaptic neurons may enlarge or
increase their number of post-synaptic terminals (becoming better
listeners), or both. New synapses form, neurons communicate more
easily, and it becomes easier for these neurons to talk in the future. If
you stop training, this group of neurons stops talking. The pre-synaptic
neurons send weaker signals and the post-synaptic neurons decrease
the size and number of post-synaptic terminals.

In this way, you can think about the brain as amound of play-doh, able
to reshape itself depending on the information it receives and on the
movements it has to control.
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Figure 2

Figure 2

Synaptic plasticity. (A)
Two neurons having an
interesting talk: the
pre-synaptic cell
speaks loudly, and the
post-synaptic cell
listens carefully. This is
what happens when
you learn how to play
the guitar. As you learn
the music and
coordinate your left
and right hands, both
the pre- and
post-synaptic terminals
get bigger, to make the
communication
between neurons
easier. (B) Two neurons
that are not talking to
each other clearly
enough: this is what
happens when you do
not practice enough. In
this case, after some
time the pre- and
post-synaptic terminals
become smaller, and
neurons stop
communicating.

FOCUS OR FORGET

When learning how to play the guitar, passion and focus are the
main motivators that will keep you practicing and eager to become
a great musician. In the same way, neurons need to be focused to
keep talking.

In your brain, billions of neurons are all talking at the same time. It is
a hot mess! When you practice playing the guitar frequently, you are
making some neurons talk and listen better. But, to focus, you also
need to silence the voices coming from neurons that are interested
in watching TV or talking about what to eat. So, when you play the
guitar, the focussed neurons increase the volume of their voices and
talk more e�ciently between themselves compared to the ones that
are not interested, which decrease the volume of their voices, blocking
distraction coming from other neurons.

Synaptic plasticity makes focussed neurons better speakers and
listeners, but if the signals are not strong and repeated over time, the
neurons soon “lose interest” and stop talking. Their pre-synaptic and
post-synaptic terminals shrink back to the way they were before, and
neurons may even forget about their conversation.
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POTENTIATE THE FOCUSSED NEURONS: THE ROLE OF

PROTEINS

If you play the guitar for years, eventually, even if you take a year o�,
you will still remember how to play if you pick up a guitar again. You
might be a bit rusty, but with just a little practice you will be back to
your former level—muchmore quickly than when you learned the first
time. How does the brain do this?

After they talk to each other for long enough, neurons start to
record and organize the relevant information collected through the
communication, turning it into a memory. At this point, the synapses
become stabilized, whichmeans the focussed neurons, that were able
to clearly communicate after years of practice, are strengthened and
maintained active while neurons that do not speak clearly are excluded
from this conversation. The process of stabilizing new synapses is
called long-term potentiation (LTP). At the same time, it becomes

LONG-TERM

POTENTIATION

Form of synaptic
plasticity in which
neuronal
communication is
enhanced in the long
term, resulting in
permanent changes in
neuronal structure. This
happens when
memories are formed.

easier to focus and ignore the background noise. The post-synaptic
terminals whose job it was to listen to this background noise become
smaller and stay that way. This process is called long-term depression

LONG-TERM

DEPRESSION

Form of synaptic
plasticity in which
neuronal
communication is
reduced in the long
term, resulting in
permanent changes in
neuronal structure. This
happens to neurons
that do not
communicate e�ciently.

(LTD). These processes are coordinated by proteins, that have the
role to maintain the synapse stable. Most proteins are made in the
cell body of neurons, where specialized protein-production factories
called ribosomes are located (Figure 3). However, during memory
formation, proteins are needed in the focussed synapses. Interestingly,
scientists have taken photographs of dendrites, showing that they have
protein factories there as well as in the cell body. This means that
the specialized proteins that help us form memories are ready to be
supplied when and where they are needed [1, 2].

Figure 3

Figure 3

After you burn your
tongue by eating a slice
of pizza just baked by
your mom, neurons in
your brain start
recording information
in the form of a
memory helped by
proteins, which are
produced in axons and
dendrites, in factories
called ribosomes.
Proteins help
strengthen focussed
neurons in a process
called LTP and silence
background noise in a
process called LTD.
When this happens,
new memories are
formed in your brain. In
this case, the next time
your mom bakes the
pizza you will know to
wait for it to cool down
before biting a slice.
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SUMMARY

To wrap up, the new memories that you acquire, or the new skills that
you learn, are created from the synapses that are formed and stabilized
while you are learning. For example, after learning how to play a
particular guitar chord, new synapses are formed in your brain. Every
time you play that chord, these synapses will be active and will control
the movement of your hands on the guitar. Although it is still not very
well understood, it is clear that protein production in the brain is key for
learning [3]. Some diseases share di�culties in learning, and scientists
have figured out that this may result from bad functioning of the
ribosomes in neurons [4]. Studying which proteins are produced in the
brain and what triggers their production might help us to understand
the basis of memory. This knowledge could eventually help us to treat
diseases that cause learning or memory problems.
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YOUNG REVIEWERS

ARITRO, AGE: 14

Hello! I’m an exuberant violist and enjoy playing with the local youth orchestra.

Summer givesme the opportunity to play tennis with friends and go on long kayaking

trips with my family. I love traveling and was able to travel to Austria to tour and play

music with my orchestra in summer.

JORDAN, AGE: 9

I am in third grade. I enjoy di�erent kinds of science. I like to explore things like

di�erent rocks, snails, worms, and I really like to look at di�erent birds. I like to learn

about animal habitats. Space is my favorite subject because there is a huge galaxy

that no one has discovered. When I am older, I want to be a scientist that explores

space. My favorite animal is a hamster because it is small and cute.
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