Nervous communication
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The structure of a typical motor neurone
[bookmark: Neurones]Neurones
The other method (except hormones) is an electrical signal system along pathways, and the cells that make these paths and carry the signals are known as neurones. The picture to the right shows a motor neurone which transmits messages from the brain to a muscle or gland. The cell body of this neurone always lies within the spinal cord or brain. The dendrites (labelled) are processes and conduct impulses towards the cell body. The long process is known as an axon (labelled), and may stretch from the brain/spinal cord all the way to your foot, so can be extremely long. Large numbers of mitochondria are found at the terminal branches, with vesicles containing transmitter substances.
The Schwann cells (they are not in every neurone) wrap themselves round the axon all the way along, enclosing the axon in a myelin sheath, which affects the speed of conduction. The small uncovered areas of axon between Schwann cells are known as nodes of Ranvier, which together with the myelin sheath massively increase the speed of conduction.
A sensory neurone is similar to a motor neurone except it has one long dendron and is designed to bring impulses to the brain.
[bookmark: Reflex_arc]Reflex arc
A reflex arc is the pathway along which impulses are carried from a receptor to an effector, without conscious thought - reflexes. The impulse comes from the receptor, up the dorsal root of the spinal nerve, crosses into an intermediate neurone, and then reaches the cell body of motor neurone. It then immediately leaves to the effector via the ventral root of the spinal nerve.
[bookmark: Transmission]Transmission
Transmission of nerve impulses is controlled by rapid movememnt of sodium/potassium ions in/out of the axon, and not electrons such as in an electric current. In a resting axon, the inside has a slightly negative electrical potential when compared with the outside - this is known as the potential difference (usually -65mV). This resting potential is maintained by the sodium-potassium pump of the axon, which serves to carry sodium ions to the outside and potassium to the inside utilising active transport against their concentration gradients.

[bookmark: Action_potentials]Action potentials
An action potential is a the rapid fleeting change in potential difference across the membrane of an axon when an electric current is applied. This electric current controls voltage-gated channels for sodium and potassium in the axons plasma membrane. This is a two part process - first, the electric current stimulates the axon to open channels in the plasma membrane for sodium to come through, and they flood through, depolarising that section of the axon, until it reaches +40mV. At this point, sodium channels close and potassium channels open and potassium ions diffuse out of the axon down their concentration gradient, known as re polarisation. So many potassium ions flood out that there is a brief overshoot in negativity of the potential difference, but this is corrected by the sodium potassium pump - restoring the action potential
These action potentials are just for one area of the axon - how does information get taking along a neurone? The depolarisation of the membrane of any part of the axon sets up a 'local circuit' between the depolarised region and the resting regions either side - sodium ions flow sideways inside the axon towards the resting regions, depolarising them and setting off an action potential. The reason that information can be sent one way via a neurone (and does not keep coming back on itself) is that directly after an action potential, whilst the sodium-potassium pump is returning things to normal and cannot create a new action potential - the refractory period.
[bookmark: What_starts_it.3F]What starts it?
An action potential in an organism is started by a receptor cell, responding to stimulus. They convert one energy form to another, light, heat or sound into energy in an electrical impulse in a neurone. The receptor you are required to know about is the Pacinian corpuscle, a receptor found in the dermis of the skin. They contain an ending of a sensory neurone surrounded by a capsule.
When pressure is applied to a Pacinian corpuscle, the capsule is pressured out of shape, deforming the nerve ending inside, allowing sodium/potassium channels to open in the cell membrane, depolarising it. This increased positive charge inside the axon is called a receptor potential. The more pressure applied, the more channels open and the greater the receptor potential comes, and if it is over a certain threshold, it will be large enough to trigger an action potential. If not, it will remain as a local depolarisation.
[bookmark: Stimulus]Stimulus
The intensity of the stimulus does not increase the speed or 'power' of the action potential, since speed is always the same - what a strong stimulus does (and how it tells the brain that it is strong) is have a rapid succession of action potentials each one following just behind the other. Also, a strong stimulus is more likely to stimulate many neurones as opposed toa weak stimulus. So, the frequency of action potentials, number of neurones carrying action potentials give the brain information about the strength of the stimulus.
[bookmark: Speed]Speed
Axons with a myelin sheath can transmit nerve impulses are 100 metres a second, whilst nonmyelinated neurones can only transmit at 0.5 metres a second. This is due to myelin insulating the axon membrane, and so sodium and potassium ions cannot flow through the myelin sheath and depolarise any area of the axon surrounded by it. So, in a myelinated neurone, it can only occur at the nodes of Ranvier. This is known as saltatory conduction, and action potentials jump from one node (of Ranvier) to the next, 1-3mm, and this can increase the transmission by up to 50x.
Diameter of axon also affects speed of transmission

[bookmark: Synapses]Synapses
A synapse is where two neurones meet, and includes the parts of the two neurones next to each other and the small gap between them known as the synaptic cleft (cleft means gap).
[bookmark: Mechanism]Mechanism
Obviously from what you now know about action potentials, there is no way for them to jump like an electric current can. Instead, a transmitter substance is used, a chemical. An action potential travelling along a neurone reaches a the presynaptic neurone of a synapse, causes it to release it's transmitter substance which diffuses across the synaptic cleft to the postsynaptic membrane, setting up an action potential there and continuing the message.
More detail of this process is below;
1. An action potential arrives at the presynaptic membrane. 
2. The action potential causes calcium channels to open, thus uptake of calcium ions. 
3. The calcium ions cause vesicles containg acetylcholine (a transmitter substance) to fuse with the presynaptic membrane 
4. Acetylcholine is then released and diffuses across the synaptic cleft. 
5. The acetylcholine molecules then bind with the postsynaptic membranes receptors, opening sodium channels. 
6. The sodium ions that consequently flood in depolarise the membrane and initiate an action potential. 
To prevent acetylcholine keeping the sodium channels open, creating continous action potentials, the synaptic cleft contains acetylcholinesterase, an enzyme that splits each Ach molecule into acetate and choline. The choline is then taken back to the presynapti neurone, and combined with acetyl co-enzyme A to form ACh once more, and prepares in vesicles for the enxt action potential.
[bookmark: Neuromuscular_junctions]Neuromuscular junctions
This is between a motor neurone and a muscle where the nerve forms motor end plates, and the synapse is called the neuromuscluar junction.
[bookmark: Roles]Roles
So why do we have synapses - they slow down a stimulus response since they break up the route.
· Synapses increase the range of reactions in response to a stimulus - the action potentials created by neurones come together at synapses, and your reaction can be determined by this - if you have to decide whether to pull out at a junction for example, action potentials from your eyes and ears telling your brain there is a car comig will make it more difficult for the action potentials from your brain thinking 'I'm late'. Action potentials from your eyes and ears outweigh. However, reflex reactions are quick and automatic, and the value of a rapid response is greater than a considered one if it saves your life. 
· Synapses are involved in memory and learning. We don't know how. 
· Synapses ensure one-way transmission, allowing signals to be directed and not spread at random. 
[bookmark: Other_chemicals]Other chemicals
Nicotine: Similar in shape to ACh molecules and will fit into the receptors on the postsynaptic membranes, initiating action potentials were there are none, and is not broken down by enzymes and so stays for a longer time.
Organophosphorous insecticides inhibit the enzyme that breaks down ACh, allowing continous production of action potentials, and several nerve gases work in this way.
Botulinum: A toxin produced by bacterium that prevents the release of ACh, and is usually fatal to consume.
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