Nerve Cells and Synapses: A* understanding foriGCSE /O
Level Biology

There is very little in the IGCSE / O level specification about nerve cells and synapses. This
is a shame since neuroscience is going to be one of the massive growth areas in Biology in
the 21st century. There is a syllabus point about reflex acs and | draw your attention to this
blog post about that: https://pmagbiology.wordpress.com/2014/04/22/a-simple-reflex-arc/
But in this new post | am going to give you a tiny bit more detail about the types of nerve
cells (neurones) that you might encounter, together with an explanation about the most
important component of the nervous systems: the chemical synapse.

Neurones are the cells in the nervous system that are adapted to send nerve

impulses. You won't fully understand what the nerve impulse is until year 13 but it is correct
so that it is a temporary electrical event that can be transmitted over large distances within a
cell with no loss of signal strength. The upshot of this is that neurones can be very long
indeed.....

There are three basic types of neurone that are grouped according to their function:

Motor neurones (efferent neurones) take nerve impulses from the CNS to skeletal muscle

causing it to contract
Sensory neurones (afferent neurones) take nerve impulses from sensory receptors into

the CNS

Relay (or sometimes Inter) neurones are found within the CNS and basically link sensory
to motor neurones.

These three types of neurone also have different structures although many features are
shared....
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This is a diagram of a generalised motor neurone: | know it is a motor neurone since
the cell body is at one end of the cell. The cell body contains the nucleus, most of the
cytoplasm and many organelles. Structures that carry a nerve impulse towards the cell
body are called dendrites (if there are lots of them) and a dendron if there is only


https://pmgbiology.wordpress.com/2014/04/22/a-simple-reflex-arc/
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one. The axon is the long thin projection of the cell that takes the nerve impulse away from
the cell body. The axon will finish with a collection of nerve endings or synapses.

Dendrites
L { \
\'4 L i | //

) K Cell body
% P

2 /”éb\f\ / N [

1! Nucleus #/)“-’"_"L_IL G W

& il :
/1 / > Signal Synapse ?j
77 A direction o

/ Axon hlllock AXOn "f/

- G \ \
vampuc cell Synaptic "'.8 i \\
Myelin sheath terminals %, Postsynaptic cell

TN

Neurones can only send nerve impulses in one direction. In the diagram above these two
cells can only send impulses from left to right as shown. This is due to the nature of the
junction between the cells, the synapse (see later on....)

synaptic endings

Sensory Neuron

I“ @ -.'7 —cell r \\‘
_axon | : 4 body R § = - "
veceplovs"?:. ) .3;3“-:’13*%5577%!-‘1
in skin N ¥

_~dendrite
= -

node of Ranvier

myelin sheath
The diagram above shows a sensory neurone. You can tell this because it has receptors
at one end collecting sensory information to take to the CNS. The position of the cell body
is also different in sensory neurones: in all sensory neurones the cell body is off at right
angles to the axon/dendron.
You can see from the diagrams that motor and sensory neurones tend to be surrounded by
a myelin sheath. Myelin is a type of lipid that acts as an insulator, speeding up the nerve
impulse from around 0.5m/s in unmyelinated neurones to about 100 m/s in the fastest
myelinated ones. The myelin sheath is made from a whole load of cells (glial cells) but
there are gaps between glial cells called nodes of Ranvier. These will become important
in Y12/13 when you study how the impulse manages to travel so fast in a myelinated
neurone.

Relay neurones, also known as interneurones, have a much simpler structure. They are
only found in the CNS, almost always unmyelinated and have their cell body in the centre of
the cell.
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Three Types of Neurons

The diagram above shows the three types of neurone and indeed how they are linked up in
a simple reflex arc. The artist hasn’t really shown the interneurone structure very well, but it
was the best | could find just now.....

Nerve cells are linked together (and indeed linked to muscle cells) by structures known

as synapses. There are a lot of synapses in your nervous system. The human brain
contains around 100 billion neurones and each neurone is linked by synapses to around
1000 other cells: a grand total of 100 trillion synapses. 100 000 000 000 000 is a big
number.
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Structure of a typical chemical synapse
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The big idea with synapses is that the two neurones do not actually touch. There is a tiny
gap called the synaptic cleft between the cells. The nerve impulse does not cross this tiny
gap as an electrical event but instead there are chemicals

called neurotransmitters that diffuse across the synaptic cleft.

The nerve impulse arrives at the axon terminal of the presynaptic neurone. Inside this
swelling are thousands of tiny membrane packets called vesicles, each one packed with a
million or so molecules of neurotransmitter. When the impulse arrives at the terminal, a
few hundred of these vesicles are stimulated to move towards and then fuse with the cell
membrane, releasing the neurotransmitter into the synaptic cleft. The neurotransmitter

will diffuse rapidly across the gap and when it reaches the post-synaptic membrane, it
binds to specific receptor molecules embedded in the post-synaptic membrane. The
binding of the neurotransmitter to the receptor often causes a new nerve impulse to form in
the post-synaptic cell.

These chemical synapses are really beautiful things. They ensure the nerve impulse can
only cross the synapse in one direction (can you see why?) and also they are infinitely
flexible. They can be strengthened and weakened, their effects can be added together and
when this is all put together, complex behaviour can emerge. | am going to exhibit some
complex behaviour now by choosing to take my dogs for a walk... And it all happened due
to synapses in my brain!
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