
§ DESCRIBE AND IDENTIFY THE MAJOR COMPONENTS OF A NEURON 
 
 
 
 
 

AXON HILLOCK 
• Cone-shaped area of the cell body 
• ‘Trigger’ zone where the graded 

potential becomes an action 
potential  

CELL BODY/SOMA 
• Contains spherical nucleus and 

many mitochondria  
• Biosynthetic centre of the neuron 

(contains all the regular organelles)  
• Also forms part of the receptive 

region  
• Cell bodies in the CNS are called 

nuclei, while cell bodies in the PNS 
are called ganglia  

 

DENDRITES  
• Branch-like structures extending from the 

cell body 
• Main receptive/input region (large surface 

area and many dendritic spines to receive 
many signals from many other neurons) 

• Convey graded potentials towards the cell 
body  

AXON  
• Long section of the neuron that 

has a uniform diameter; varies in 
length from microns to metres  

• Impulse conducting region; 
generates nerve impulses and 
transmits them  

AXON TERMINAL 
• Knob-like branches extending from end of axon  
• Secretory region; releases neurotransmitters into 

the extracellular space where they influence 
neighbouring neurons 

• Axons do not contain rough ER or a Golgi 
apparatus, therefore they cannot regenerate 
themselves  

MYELIN SHEATH 
• A whitish, fatty lipo-protein substance 

that covers the axon in segments 
• Acts to protect and electrically 

insulate fibres, increasing the 
transmission speed of nerve impulses  

• Neurons can be myelinated or 
unmyelinated  

• Myelin sheath is formed by Schwann 
cells in the PNS, and by 
oligodendrocytes in the CNS  

• Gaps between segments of the 
myelin sheath are called nodes of 
Ranvier and are important for signal 
conduction  



§ DESCRIBE THE STRUCTURE AND FUNCTION OF THE NERVOUS SYSTEM, WITH 
REFERENCE TO MAJOR DIVISION 

§ NAME THE VARIOUS ORGANISATIONAL COMPONENTS OF THE NERVOUS SYSTEM 
§ IDENTIFY HOW THE COMPONENTS ARE INTERCONNECTED AND WHAT THEIR 

FUNCTION IS 
 
 

 

 



TYPES OF ION CHANNELS 
 

ION CHANNELS 

Trans-membrane proteins comprised of several subunits  

GENERAL 

PROPERTIES 

All channels have:  

• A funnel-shaped entrance region 

• A water-filled central pore that allows movement of ions across the cell 

membrane 

• An exit region that allows the ions to move out of the pore  

 

All channels show some degree of selectivity as to which ions can pass 

through, because different protein structure make the channels selective 

based on size or charge  

 

Movement of an ion though a channel is always passive  

 

Movement is determined by: 

• Whether a channel is open 

• The concentration gradient for that ion across the membrane 

• The electrical gradient (difference in charge) across the membrane 

TYPES Non-gated 
(passive) 

 

 

Gated  

 

Opening and closing is controlled by changes in protein 

shape 

CHARACTERISTICS Always open Chemically-Gated Voltage-Gated Mechanically-
Gated 

Controlled by a 

chemical 

Controlled by 

electrical charge 

Controlled by 

stress or pressure 

Can be in an open or close state  

 

Can be in a refractory state (i.e. locked closed). Voltage-

gated channels can be made inactive, while chemically and 

mechanically gated channels can be desensitised.  

Gated channels can be made refractory by (1) voltage, (2) 

binding of chemical that closes channel, or (3) removal of 

chemical that keeps channel open 

EXAMPLES On nerve cell 

bodies; along 

axon 

At the region where 

a nerve 

communicates with 

another cell 

(synapse) 

Along the axon; 

at the axon 

hillock 

In specialised 

sensory receptor 

cells or specialised 

regions of nerves 

acting as 

receptors  

 



§ DESCRIBE RESTING MEMBRANE POTENTIAL (RMP) AND RECOGNISE THE 
CONTRIBUTION THAT ION DISTRIBUTION ACROSS THE MEMBRANE MAKES TO RMP 

§ DESCRIBE HOW RMP CAN BE RECORDED BY INSERTING AN ELECTRODE INTO A 
NEURON 

 
The resting membrane potential (RMP) is a difference in electrical charge across the cell 

membrane of a neuron 

 

The value of the RMP is about -70mV, meaning that the inside of the cell is about 70mV more 

negative than the outside. The neuron is therefore polarised. If the RMP becomes less negative, 

the neuron is depolarised, while if it becomes more negative it is hyper-polarised 
 
RMP can be measured by inserting an electrode into the ICF and the ECF and looking at the 

potential difference between the two  

 

 

Two factors generate RMP   

 

1) Differences in ionic composition  

 

ICF has high [K+] (150 mmol/L), low [Na+] (15 mmol/L) 

 

ECF has low [K+] (5 mmol/L), high [Na+] (145 mmol/L) 

 

 

2) Differences in plasma membrane permeability  

 

At rest, a membrane is  

• Impermeable to large anionic cytoplasmic proteins  

• Very slightly permeable to Na+ 

• 25 times more permeable to K+ 

• Fairly permeable to Cl-  

 

These permeabilities reflect the properties of leakage ion channels in the membrane. K+ ions are 

able to diffuse along their concentration gradient (from inside the cell to outside the cell) much 

more easily that Na+ ions are able to diffuse along theirs (from outside the cell to inside the cell). 

Even though this diffusion is happening constantly, concentrations of K+ and Na+ never reach 

equilibrium because the Na+/K+ ATPase pump is always working to maintain the concentration 

gradients of these ions. It pumps out three Na+ ions and brings in two K+ ions.   

 

 

 

 



§ LIST THE MAJOR EVENTS THAT OCCUR IN ACTION POTENTIAL 
§ RECOGNISE THE SELECTIVE OPENING OF CLOSING OF THE SODIUM AND POTASSIUM 

VOLTAGE-GATED CHANNELS 
§ IDENTIFY THE CONSEQUENT MOVEMENT OF IONS THROUGH CHANNELS 
 
 

In order to communicate signals, neurons use changes in membrane potential caused by changes 

in membrane permeability. There are two types of signals resulting from this: 

 

1) Graded potentials (GPs) 

 

GPs are localised, incoming signals operating over short distances. They have the effect of either 

depolarising or hyperpolarising the membrane, relative to RMP.  

 

• Depolarisation = Decrease in membrane potential. Inside of the membrane becomes less 

negative (i.e. more positive)  

• Hyperpolarisation = Increase in membrane potential. Inside of the membrane becomes 

more negative  

 

GPs are triggered by a change in the environment (e.g. touch, heat, or tissue damage) that causes 

voltage-gated ion channels to open. They are ‘graded’ because their magnitude varies according 

to the strength of the stimulus that caused them. In order to cause an action potential, the 

magnitude of the GP needs to be above a certain threshold. 

 

GPs only travel short distances due to the fact that the membrane is ‘leaky’ and charge is quickly 

lost through leakage channels. Therefore, the GP current dies out within a few millimetres of its 

origin and is this said to be decremental.  
 

2) Action potentials (APs) 

 

APs are brief reversals of membrane potential that travel long distances without decaying and 

have an ‘all-or-nothing’ characteristic in terms of magnitude.  

 

The major events that occur in an AP are –  

 

1. Resting state:  

All voltage-gated Na+ and K+ channels are closed. Leakage channels are open, 

maintaining RMP of -70mV  

 

2. Depolarisation: 

A GP depolarises the axon membrane to the threshold of about -50mV. At this point, 

voltage-gated Na+ channels are opened and Na+ enters the cell until the membrane 

potential reaches about +30mV. Na+ channels quickly become refractory.   

 

3. Repolarisation:  

After a time delay, voltage-gated K+ channels open and K+ exits the cell. The membrane 

potential returns to a negative value. 

 

4. Hyperpolarisation:  

When K+ channels are open, K+ is the only ion moving across the membrane (because 

Na+ channels are closed). Therefore, K+ moves until it reaches chemical and electrical 

equilibrium, and causes the membrane potential to hyperpolarise to a value of -85mV 

(below the RMP). Membrane returns to RMP through Na+/K+ pump  

  



  



§ EXPLAIN THE DIFFERENCE BETWEEN SALTATORY AND CONTINUOUS ACTION 
POTENTIAL PROPAGATION, AND EXPLAIN THE ROLE OF MYELIN SHEATH (NODE OF 
RANVIER) IN THE DETERMINING THE SPEED OF ACTION POTENTIAL PROPAGATION 

 
While the passive electrotonic spread of current from the stimulation site to the axon terminal is 

fast, it is inefficient because the current leaks out of non-insulated neurons and therefore cannot 

travel very far. To overcome this, the current depolarises adjacent regions of the membrane to 

threshold, thus producing many new APs as it moves down the axon. This provides a ‘fresh’ 

current that can flow electrotonically and depolarise the next section of membrane. This, however, 

is not a series of static events. Rather, the adjacent points of the membrane are different stages of 

AP production as the depolarisation occurs in a wave along the axon  

 

 

 

 
 

 

 

 



Myelination of axons increases the speed of AP propagation. Myelin acts as an insulator, 

decreasing the ‘leakiness’ of the axon and thus decreasing the number of APs that have to be 

produced to transmit information along the nerve (i.e. the current can flow further before it has to 

refresh itself)  

 

In myelinated nerves, APs are produced only at the Nodes of Ranvier which makes the AP appear 

to jump from one node to another. This is referred to as salutatory conduction.   

 

 

 

 

 

 

 
 

  



§ IDENTIFY THE SYNAPSE ON DIFFERENT TYPES OF NEURONS 
§ RECOGNISE THAT SYNAPSES ARE NOT ALWAYS AXODENDRITIC (ALSO AXOSOMATIC 

OR AXOAXONIC)  
§ DESCRIBE HOW NEURONS COMMUNICATE WITH EACH OTHER BY CHEMICAL 

SIGNALLING MOLECULES RELEASED AT THE SYNAPSE (LIST AND DESCRIBE THE 
MAIN EVENTS THAT HAPPEN AT THE SYNAPSE), INCLUDING THE RELEVANCE OF 
GRADED POTENTIALS (EPSP, IPSP, AND TYPES OF SUMMATION) 

 

The synapse is the point of functional ‘contact’ (i.e. not physical contact) between a neuron and 

the next cell. Neurons release chemical messengers (neurotransmitters) to transmit information 

across the synapse.  

 

The neuron conducting the signal towards the synapse is the pre-synaptic neuron, while the 

neuron that receives the signal is the post-synaptic neuron 

 

Synapses can be  

• Axodendritic (most common) – between axon terminal of pre-synaptic neuron and dendrites 

of post-synaptic neuron  

• Axosomatic – between exon terminal of pre-synaptic neuron and soma of post-synaptic 

neuron  

• Least common and least understood are axoaxonic, dendrodendritic, and somatodendritic  

 

There are two types of synapses –   

 

1) Electrical  

 

Electrical synapses consist of gap junctions that bridge the gap between cells. These junctions 

contain water-filled connexons (protein channels) that allow the flow of ions between the two cells.  

 

Gap junctions are voltage-gated, and flow of ions is usually bi-directional and non-selective.  

 

Transmission of information across electrical synapses is extremely fast, and allows activity in a 

group of cells to be very well synchronized (this is why they are found in the cells of the heart, for 

example) 

 

 

 
 
 



2) Chemical  

 

Chemical synapses allow the release and reception of chemical neurotransmitters. They consist 

of: 

 

• The axon terminal of the pre-synaptic neuron, containing thousands of synaptic vesicles 

filled with neurotransmitter  

• A neurotransmitter receptor region on the post-synaptic neuron (usually on the dendrite or 

cell body)  

• The synaptic cleft – a narrow, fluid-filled space between the two neurons  

 

Due to the presence of the synaptic cleft, signals are not directly transmitted between the neurons 

involved. Instead, they are transmitted indirectly by the release, diffusion, and reception of 

neurotransmitter. This process is relatively slow compared to electrical synaptic communication  

 

The major events that occur at the synapse are –  

 

1. Arrival of AP at the axon terminal  

 

2. Depolarisation of the membrane causes voltage-gated calcium channels open. Calcium 

flows down its concentration gradient and into the axon terminal  

 

3. Calcium is detected by synaptotagmin proteins and causes synaptic vesicles to release 

neurotransmitter by exocytosis (fusion of vesicles with the membrane). Calcium is quickly 

removed from the axon terminal by being taken up by mitochondria or released through an 

active calcium pump. The higher the impulse frequency of the initial AP (i.e. the stronger 

the stimulus that caused it), the more vesicles release their contents and the greater the 

effect on the post-synaptic neuron  

 

4. Neurotransmitter diffuses across the synaptic cleft and binds to specific receptors on the 

post-synaptic membrane 

 

5. Binding of neurotransmitter opens ion channels by creating a conformational change, and 

initiates graded potentials. The post-synaptic neuron may be either excited or inhibited 

 

6. Neurotransmitter effects are terminated through reuptake into the pre-synaptic neuron, 

degradation by enzymes, or diffusion  

 

 



Neurotransmitter receptors mediate GPs in the post-synaptic neuron. Chemical synapses can be 

either excitatory or inhibitory depending on how they affect the membrane potential of the post-

synaptic neuron –  

 

1) Excitatory Synapses and EPSPs  

 

At excitatory synapses (usually located on the dendrites), neurotransmitter binding depolarises the 

post-synaptic neuron by opening chemically-gated ion channels. There is greater diffusion of Na+ 

out of the cell than of K+ into the cell, thus resulting in a net depolarisation of the membrane. This 

depolarisation is called an Excitatory Post-Synaptic Potential (EPSP). It is a localised, graded 

potential that lasts only a few milliseconds. If the EPSP is able to travel all the way to the axon 

hillock and is strong enough to depolarise the axon to threshold, it can trigger an action potential.  

 

2) Inhibitory Synapses and IPSPs 

 

At inhibitory synapses (usually located on the cell body), neurotransmitter binding hyperpolarised 

the post-synaptic neuron by making the membrane more permeable to K+ ions (moves out of cell) 

or Cl- ions (moves into cell) (doesn’t affect Na+ permeability). This hyperpolarisation is called an 

Inhibitory Post-Synaptic Potential (IPSP) and has the effect of making the membrane become 

more negative, therefore making it less likely that the axon reaches threshold and triggers an 

action potential  

 

 

A single EPSP is not able to induce an AP on its own. However, EPSPs can summate in one of 

two ways –  

 

1) Temporal summation  

 

Occurs when the pre-synaptic neuron(s) releases impulses in rapid succession, meaning that 

consecutive EPSPs are triggered before the first EPSP is able to die away. This causes the post-

synaptic membrane to depolarise much more than it would from just one EPSP  

 
2) Spatial summation  

 

Occurs when the post-synaptic neuron is stimulated by a large number of terminals from one or 

more pre-synaptic neurons. Many of the receptors of the post-synaptic neuron bind 

neurotransmitter and therefore many EPSPs are triggered  

 

EPSPs and IPSPs are also able to summate with each other.   

 

 


