Synapses

A synapse is the point where the ends of two neurones meet. A motor neurone cell body in the spinal cord may have over a thousand synapses, some brain cells may receive up to ten thousand synapses.

At the synapse the neurone terminates in a synaptic knob, whose presynaptic membrane is 20nm away from the postsynaptic membrane of the dendrite.  This gap is called the synaptic cleft. 

Because there is a gap here the action potential cannot cross it.  Instead, transmission across the synaptic cleft is by specific chemicals called transmitter substances.

The cytoplasm contains mitochondria, smooth endoplasmic reticulum, microfilaments and numerous synaptic vesicles which contain a chemical transmitter substance. 

The presynaptic membrane is modified for the attachment of synaptic vesicles and the release of transmitter into the synaptic cleft . 

The postsynaptic membrane contains large protein molecules, which act as receptor sites for the transmitter . 

Transmitters are synthesised in the Golgi apparatus of the cell body and passed along the axon to the synaptic knob where they are packed into vesicles and stored. 

The two main transmitters are acetylcholine (Ach) and noradrenaline. Synapses which release acetylcholine are described as cholinergic synapses and those releasing noradrenaline as adrenergic neurones. 

See structure of synapse diagram.  Also refer to J and J page 309 for e-micrograph.

Transmission across a synapse 

When an impulse arrives at a synaptic knob it opens calcium ion channels in the presynaptic membrane, so calcium ions enter from the synaptic cleft.

This causes the transmitter vesicles to attach themselves to the presynaptic membrane and discharge their contents, transmitter, through the membrane into the synaptic cleft. 

The transmitter then diffuses across the cleft and attaches to specific receptor sites on the postsynaptic membrane. This causes ion channels to open in the postsynaptic membrane, which as a result becomes depolarised (excitatory), or hyperpolarised (inhibitory). 

For example, when a molecule of acetylcholine attaches to its receptor site a Na+ channel opens.   As the sodium ions rush into the cytoplasm of the postsynaptic neurone, depolarisation of the postsynaptic membrane occurs.  When this depolarisation reaches the threshold level, an action potential is generated in the postsynaptic neurone.

The transmitter substance on the receptors is immediately inactivated by enzymes.  Acetylcholine is hydrolysed to choline and ethanoic acid by the enzyme acetylcholinesterase.  These substances can then be absorbed by the presynaptic membrane and used to resynthesise acetylcholine using energy from ATP. 

Summation 

The arrival of the contents of a single vesicle of transmitter may not be quite sufficient to reach the threshold of depolarisation needed to cause an action potential in the postsynaptic membrane on its own.  But it may increase the likelihood of an action potential being initiated when more of the transmitter arrives.  This combined effect is known as summation.

These depolarisations can arrive in rapid succession from the same presynaptic membrane (called temporal summation), or they may arrive at the same time from different sources (spatial summation).

Spatial summation enables the synapse to act as one region for the integration of stimuli from a variety of sources and the production of a coordinated response.  This type of summation occurs in the retina of the eye (see later).

Temporal summation enables weak background stimuli to be filtered out before it reaches the brain. Only changes in intensity of stimuli are significant and these increase the frequency of stimuli and pass across the synapse to evoke a response. 

The amount of transmitter substance released by a synapse steadily falls off in response to constant stimulation until the supply of transmitter substance is exhausted and the synapse is described as fatigued. Further passage of information along this pathway is inhibited and the adaptive significance of fatigue is the prevention of damage due to overstimulation. This phenomenon is known as adaptation of the synapse. 

Drugs and poisons that affect neurones

· Some drugs amplify the processes of synaptic transmission.

E.g. amphetamines cause increased release of noradrenaline leading to enhanced activation of neurones in the brain.  Cocaine causes noradrenaline and dopamine to persist in the synaptic cleft.  Nicotine is similar in chemical structure to the active part of the acetylcholine molecule, and it fits on to acetylcholine acceptor molecules on postsynaptic membranes.  However it is not broken down by acetylcholinesterase, so it remains on the receptors, prolonging the effects.

· Other drugs inhibit the processes of synaptic transmission.

E.g. atropine inhibits acetylcholine, preventing an action potential being generated.  Curare, a poison obtained from certain plants of South America, similarly blocks nerve/muscle junctions.  Botulinum toxin prevents the release of acetylcholine, causing paralysis and death.  All these drugs have applications in medicine.

· Some substances have been found to inhibit the enzymic breakdown of transmitter substance on the receptor sites of the postsynaptic membranes, for example the insecticide malathion and the nerve gas sarin.

Neuromuscular junction 

This is a specialised form of synapse found between the nerve terminals of a motor neurone and muscle fibres.   The structure is called a motor end plate, and the mechanism of transmission is the same as in a normal synapse.  On arrival of an action potential at the motor end plate, vesicles of acetylcholine are released.  The acetylcholine binds to receptors on the sarcolemma (plasma membrane of muscle fibre), and this triggers the release of Ca2+ ions which begins the muscle contraction process.  (Refer to later notes on muscles for more detail).

	diagram of neuromuscular junction
	Diagram of a neuromuscular junction showing its similarity to a synapse.  The post-synaptic membrane, formed from the sarcolemma surrounding the muscle fibre, is greatly folded to form the muscle end plate.
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