
 

6.5 – NEURONS AND SYNAPSES 

 

  Nerves transmit signals to control your body  

o Central Nervous System (CNS): Brain and spinal cord  

 Controls the body  

 No nerves directly connecting to receptors or muscles/effectors 

o Peripheral Nervous System (PNS) 

 Nerves connected to receptors and muscles/effectors  

 

  Neuron:  Nerve cell 

o Sensory neurons = Nerves that send signals from receptors to the central nervous system 

o Relay neurons = Nerves in the central nervous system 

o Motor neurons = Nerves that send signals from the central nervous system to muscles 

 

  Synapse:  Where two neurons meet 

o Synaptic gap/cleft = The space between two neurons 

o Pre-synaptic neuron = The nerve sending the signal across the synaptic gap 

o Post-synaptic neuron = The nerve receiving a signal across the synaptic gap 

 

 

  There are two main “eight-point” questions in this unit: 

o Nerve transmissions/impulses involve electric impulses moving down a single neuron 

o This is very fast 

o Synaptic transmissions involve chemicals (neurotransmitters) diffusing between 

neurons across the synaptic gap 

o This is slower 
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NEURON STRUCTURE 

 

 
 

 

 

  A typical (motor) neuron has the following parts: 

o Cell body / Soma 
 The main “body” part of the neuron with most of the cytoplasm 

 (Hint:  Soma comes from the word “body” in Greek) 

o Diploid nucleus 
 Contains the cell’s DNA, which controls the cell 

o Dendrites 
 Several short “arms” that stick out of a neuron’s soma to connect to receptors 

or other neurons 
 These receive signals for the neuron 

o Axon 
 A single long arm that sends impulses (signals) away from the neuron’s soma 

 Note = In drawings, the axon must be at least three times longer than 
the width of the cell body 

o Schwann cells 
 Cells that grow around the axon to cover it in a layer of lipids called myelin 

o Myelin sheath 
 The bundles of myelin that are found on the axon 
 Myelin enables salutatory nerve impulses 

o Nodes of Ranvier 
 The exposed parts of the axon between Schwann cells 

o Axon terminal 
 The end of the axon, where the neuron can form a synapse with a 

muscle/effector or another neuron 
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NERVE TRANSMISSIONS / IMPULSES 

  Nerve transmission involve an electrical charge being conducted down the axon of a neuron 

       to its axon terminal 

o A negative charge is maintained in the axon by pumping ions 

 

  Resting potential = The negative charge when an axon is relaxed and not sending an impulse  

o Charge is equal to -70 mV 

  Action Potential = The positive charge at the part of a axon where a signal is located 

o The action potential moves down the axon during an impulse 

o Charge is equal to +30 mV 

 

  Depolarization = Going from resting potential (RP) to action potential (AP) 

  Repolarization = Going from AP to RP 

 

 

 

 

 

 

 

 

 

 

 

  Sodium-Potassium (Na/K) pump = A protein pump that maintains the negative charge in the 

      axon by pumping three Sodium ions (Na+) out and two Potassium ions (K+) in 

o Powered by ATP 

o (Hint = “Do you want Na+ in your axon?”  “Na!”  /  “Do you want K+ in your axon?”  “K!”) 

  Voltage-gated ion channels = Protein channels that open when the axon is a specific voltage 

o Sodium channels = Open when the axon is -40 mV, starting a depolarization 

o Potassium channels = Open when the axon is +30 mV, starting a repolarization 

 

  Threshold level = The charge needed to start a depolarization by opening Na+ channels 

o Charge is equal to -40 mV to -55 mV      choose one number for your notes 

  Refractory period = Time after repolarization before another impulse/depolarization can be sent 

o The time it takes for the Na+/K+ pumps to move Na+ back out and K+ back in 

Image from: 
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  Nerve impulse process: 

1. When a neuron’s axon segment is not sending a signal, it has a -70mV resting potential (RP) 

o RP is maintained by Na+ /K+  pump 

o Na+ /K+  pump pumps Na+ out of axon and K+ into axon, using energy from ATP  

o So, high concentration of K+ in axon and high concentration of Na+ outside axon  

2. When an action potential (AP) arrives, Na+ diffuses ahead, moving further down axon  

o Entering Na+ makes axon ahead of AP less negative  

o When axon segment reaches -55 mV (the threshold level), this makes Na+ 

channels in the axon membrane open  

3. Na+ channels open so Na+ rushes in down the concentration gradient, depolarizing the 

axon segment from -70mV to +30 mV 

o This is the AP  

 Axon segment is now filled with K+ and  Na+   

4. After AP, Na+ channels close and K+ channels open  

o K+ rushes out down the concentration gradient, repolarizing the axon segment 

from +30 mV to -80 mV 

 This is lower than -70 mV so the axon segment is now “hyperpolarized” 

o Axon segment is now filled with Na+, but not K+  

5. K+ channels close and the Na+/K+ pump restores the RP by pumping Na+ back out and K+ back in 

o The time it takes to do this is called the “refractory period”  
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  Oscilloscope = A machine that measures the voltage in part of a membrane  

o Allows us to measure the voltage changes in an axon segment during a nerve impulse 

o So, we can see the AP arrive and pass by 

 

 

 

 
 

 

 

 

SALTATORY NERVE CONDUCTION 

  Unmyelinated neurons = Do not have Schwann cells wrapped around the axon 

o Common for relay neurons 

o Action potential must move down the whole axon 

 

  Myelinated neurons = Have Schwann cells wrapped around the axon 

o Common for sensory neurons and motor neurons 

o Action potential can “jump” between Nodes of Ranvier 

 This is called Saltatory Conduction  

 

  Saltatory conduction is faster, so good for long neurons  

o But it takes up more space because nerve axons are wider with Schwann cells 

o So, not used in the skull where space is limited 

o Mostly used in sensory/motor neurons  
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SYNAPTIC TRANSMISSION 

 

  Synaptic transmission involves sending signals from the axon terminal of one neuron to the 

dendrite of another neuron across the synaptic gap 

o Neurotransmitters are released into the synaptic gap and diffuse across 

o Neurotransmitters are chemicals that can be detected by receptors on a postsynaptic cell 

 

 
 

 

   Synaptic transmission process 

1. Nerve impulse/action potential reaches axon terminal  

2. This causes Calcium (Ca2+) channels to open in the presynaptic membrane 

o Ca2+ rushes into axon terminal down its concentration gradient 

3. Axon terminal contains vesicles full of neurotransmitters  

o Ca2+  makes vesicles move towards membrane presynaptic membrane 

4. Vesicles fuse with presynaptic membrane releasing neurotransmitter into the synaptic gap  

5. Neurotransmitters diffuse across the synaptic gap and bind to receptors in the 

postsynaptic membrane 

6. Binding can cause Na+ channels to open in postsynaptic membrane, starting a new 

depolarization / nerve impulse  

7. Neurotransmitters in synaptic gap are broken down by enzymes or reabsorbed by 

presynaptic neuron for reuse  
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SYNAPTIC TRANSMISSION EXAMPLE – NEONICITINOID PESTICIDES 

 

  Nerves can receive signals from axons of many other nerves 

o Combined signal decided if threshold is reached for Na+ channels to open 

 

  Acetylcholine = The neurotransmitter released in synapses with muscles  

o Makes muscles contract  

o Once it is detected by receptors, enzymes in the synaptic gap break it down  

 This means the acetylcholine stops getting detected by receptors in the postsynaptic 

membrane, which allows muscles to relax  

 Enzyme = AcHE (Acetylcholinesterase)  

 

  Neonicotinoid pesticide = Neonicotinoids are molecules that bind to acetylcholine receptors 

       and causes Na+ channels to open  

o But, AcHE cannot break it down so muscles stay contracted forever 

o Neonicotinoids do not have this effect in mammals (like humans) 

 This is used as a pesticide to kill insects  

 Causes paralysis and death (because muscles like the heart squeeze and never release) 
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