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Nerves, Muscles and Movement 
 

 

 

Nervous System 
The nervous system is involved in homeostasis (keeping internal environment constant) as it 
regulates the body’s response to external and internal stimuli. 

The two main divisions of the nervous system are 

 the central nervous system (CNS) made up of the brain and spinal cord, and 

 the peripheral nervous system (PNS) which is made up of all other nerves that are not part of 
the CNS. These nerves branch from the CNS and connect the CNS to the rest of the body. 

The CNS receives impulses from the nerves of the PNS and interprets them, and transmits the 
corresponding signals back to the origin through the PNS, thus controlling the functions of the 
entire body. 

 

State that the nervous system consists of the central nervous system (CNS) and peripheral nerves, 
and is composed of cells called neurons that can carry rapid electrical impulses. 

The nervous system has cells called neurons that carry rapid electrical impulses. 

 

1. A typical motor neuron 

Neurons are nerve cells. The function of a motor neurone is to carry impulses from the CNS (brain 
and spinal cord) to a muscle or a gland. 

The cell body is always located in the grey matter of the CNS. The axon is located in one of the 
nerves of the PNS. The total length of a motor neurone can be more than one metre. 

 

Draw and label a diagram of the structure of a motor neuron 
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2. Nerve impulses 

Neurones transmit messages in the form of nerve impulses. These impulses are electrical, but 
involve the movement of positively charged ions, not electrons. A nerve impulse can travel 
along a neurone at speeds as high as 100 metres per second. 

State that nerve impulses are conducted from receptors to the CNS by sensory neurons, within the CNS by 
relay neurons, and from the CNS to effectors by motor neurons 

Nerve impulses are conducted from receptor to the CNS by sensory neurons, within the CNS by 
relay neurons and from the CNS to affecter (muscles or glands) by motor neurons. 

 

Define resting potential and action potential (depolarisation and repolarisation). 

Explain how a nerve impulse passes along a non-myelinated neuron (axon). 

a) The Resting Potential 

A neuron that is not transmitting a signal is said to be at rest. When it is at rest, there is an 
electrochemical gradient called the resting potential across the membrane. The inside of the 
membrane is negative relative to the outside. (The resting membrane potential is about -70mV) 

 

This gradient exists because 

 A protein called the sodium/potassium (Na+/K+) pump actively transports Na+ ions out of 
the cell and K+ ions in. For every 3 Na+ ions pumped out, only 2 K+ ions are pumped in. 

 The membrane is about 50 times more permeable to K+ ions than Na+ ions so K+ ions are more 
likely to diffuse out of the membrane down their concentration gradient. 

 Na
+
 ions are largely prevented from diffusing across the membrane 

 A higher concentration of organic anions (negatively charged ions) such as proteins are found inside the membrane than outside 

 

b) The Action Potential 

Action potential is the state of the cell membrane while conducting an impulse. The signals that 
travel along nerves are due to a moving action potential along the length of a neuron. 

An action potential is a rapid change in membrane potential from negative to positive 
(depolarisation) and back to negative again (repolarisation) 
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 When a stimulus is applied to a neuron (sodium ions inside the cell have diffused to adjacent 
areas causing a slight change in the polarity of the membrane ahead of the action potential. 
This change in polarity causes...), some voltage-gated sodium channels open and sodium 
ions rush into the neuron (cell). This causes the membrane potential to rise, i.e. to become 
positive on the inside (less negative) and negative on the outside. If the potential reaches 
the threshold potential, -50mV, an action potential is initiated. Depolarisation occurs when 
most Na+ ion channels in an area of a neuron open, while the K+ ion channels remain closed. 
Na+ ions diffuse in rapidly down their concentration gradient, raising the membrane potential to 
positive value. 

 At the peak potential Na+ gated channels close and K+ ion gated channels open  
 

 Repolarisation 

 

 K+ ions flow down their concentration gradient to the outside, making the 
inside of the neuron negative again 

 The K
+
 ion gates remain open, making the membrane more permeable to K

+
 ions than when the membrane is at 

rest. The result is a membrane potential that is temporarily lower than resting potential 

 The eventual closing of the K+ gates and the activity of the Na+/K+ pump return the 
membrane to resting potential. 

 

Summary of stages in the passage of a nerve impulse 

This process takes longer as it requires more energy because more ions are needed to be pumped. With myelin, the nerve impulse jumps 
from gap to gap. However, the process is the same. 

1. An action potential in one part of a neurone causes an action potential to develop in the next section of the neurone. This is due to 
diffusion of sodium ions between the region with an action potential and the region at the resting potential. These ion movements, 
local currents, reduce the resting potential. If the potential rises above the threshold level, voltage-gated channels open. 

2. Sodium channels open very quickly and sodium ions diffuse into the neurone down the concentration gradient. This reduces the 
membrane potential and causes more sodium channels to open. The entry of positively charged sodium ions causes the inside of 
the neurone to develop a net positive charge compared to the outside – the potential across the membrane is reversed. This is 
called depolarisation. 

3. Potassium channels open after a short delay. Potassium ions diffuse out of the neurone down the concentration gradient through 
the opened channels. The exit of positively charged potassium ions cause the inside of the neurone to develop a net negative 
charge again compared with the outside – the potential across the membrane is restored. This is called repolarisation. 

4. Concentration gradients of sodium and potassium across the membrane are restored by the active transport of sodium ions out of 
the neurone and potassium ions into the neurone. This restores the resting potential and the neurone is then ready to conduct 
another nerve impulse. As before, sodium ions diffuse along inside the neurone from an adjacent region that has already 
depolarized and innate depolarisation. 
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3. Synapses 

A synapse is a junction between two neurones. The plasma membranes of the neurones are 
separated by a narrow fluid-filled gap called the synaptic cleft. Messages are passed across the 
synapse in the form of chemicals called neurotransmitters. The neurotransmitters always pass in 
the same direction from the pre-synaptic neurone to the post-synaptic neurone. 

Synaptic transmission begins when the nerve impulse reaches the presynaptic axon terminal. Depolarization of the 
presynaptic membrane initiates the sequence of events leading to transmitter release and activation of receptors on the 
postsynaptic membrane. 

Some of the calcium ions bind to a protein on the synaptic vesicle membrane (synaptotagmin). When calcium binds to synaptotagmin 
on the synaptic vesicles, they are drawn closer to the presynaptic membrane and fuse, releasing their transmitter into the synaptic cleft. 
The transmitter molecules bind to special receptor molecules in the postsynaptic membrane. 

 Synaptic Transmission 

Explain the principles of synaptic transmission. 

 
What happens to neurotransmitters after the impulse has passed the synapse?  

1. Destroyed by enzymes. This allows another impulse to pass along the same neural pathway soon after 
2. Reabsorbed by presynaptic membrane & reused – saves transmitter but slower 
3. Diffused away into surroundings 
 

Neurotransmitters bind to receptors in the membrane of the post-synaptic neurone and cause 
temporary change to the permeability of the membrane. Some neurotransmitters cause sodium 
ions or other positively charged ions to enter the post-synaptic neurone, helping to depolarize it 
and cause an action potential. Synapses where this type of neurotransmitter is used are called 
excitatory synapses. 

Other neurotransmitters cause negatively charged chloride ions to move into the post-synaptic 
neurone, increasing its polarization. This effect (hyperpolarization) makes it more difficult to 
depolarise a neurone sufficiently to cause an action potential. Synapses that cause 
hyperpolarization are therefore called inhibitory synapses. 

Most postsynaptic neurons have synapses with more than one pre-synaptic neurone. Thse may be 
a mixture of excitatory and inhibitory synapses. Whether an action potential is initiated in the post-
synaptic neurone is decided by the summation of messages from all of these synapses. In this 
way, decision can be made by the CNS. 
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1) A nerve impulse reaches the end of the pre-synaptic neurone: 

When the axon terminal is depolarized (through Na moving in), 
voltage-gated calcium channels open, and calcium ions diffuse 

into the axon terminal. 

4) Nerve impulse setting off along the 
post-synaptic neuron 
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Muscles and Movement 

 

1. The Roles in locomotion 

 Movement in Humans 

State the roles of bones, ligaments, muscles, tendons and nerves in human movement 

The muscular-skeletal system and nervous system are responsible for movement in humans 

 Nerves stimulate each of the different muscles to contract at the correct time, so that 
movement is co-ordinated. 

 Muscles provide the force needed for muscle contraction. 

 Tendons attach muscles to bones. 

 Bones provide a firm anchorage for muscles. They also act as levers, changing the size or 
direction of forces generated by muscles. (Junctions between bones are called joints) 

 Ligaments connect bone to bone, restricting movement at joints and helping to prevent 
dislocation (as tendons can resist tension forces without breaking). 

 

 Joints 

Junctions between bones are called joints. 

 Cartilage reduces friction between bones where they meet 

 Synovial fluid lubricates the joint to reduce friction 

 Joint capsule seals the joint and holds in the synovial fluid 

Compare the movements of the hip joint and the knee joint. 

The knee is a hinge joint. It allows considerable movement in one place: bending 
(flexion) or straightening (extension), but little movement in the other two planes. 
In contrast, the hip joint (ball and socket joint) allows movement in three planes 
(protraction/retraction, abduction/adduction and rotation) 
 

o Label a diagram of the human elbow joint, including cartilage, synovial fluid, joint capsule, 
named bones and antagonistic muscles (biceps and triceps) 

o Outline the functions of the structures in the human elbow joint named 
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2. The structure of skeletal muscle 

Describe the structure of striated muscle fibres, including the myofibrils with light and dark bands, 
mitochondria, the sarcoplasmic reticulum, nuclei and the sarcolemma 

Skeletal muscle is seen to consist of large multinucleate cells called muscle fibres. These have a 
striated or striped appearance. Their cell surface membrane, the “sarcolemma” surrounds the 
sarcoplasm (cytoplasm). There are mitochondria and many nuclei in the cells. 

Muscle fibres contain cylindrical structures called myofibrils. Around each myofibril is a special 
type of endoplasmic reticulum, called sarcoplasmic reticulum. There are also mitochondria 
between the myofibrils. The myofibrils consist of repeating units called sarcomeres, which have 
light and dark bands. 

 
 muscle fibre (cell) 

 

 

 

 Structure of a sarcomere 

Draw and label a diagram to show the structure of a sarcomere, including Z lines, actin filaments, myosin 
filaments with heads, and the resultant light and dark bands 

A sarcomere is a subunit of a myofibril. At either end is a Z line to which narrow actin filaments are 
attached. 
The actin filaments stretch inwards towards the centre of the sarcomere. 
Between them, there are thicker myosin filaments, which have heads that can bind to the actin. 
The part of the sarcomere containing myosin in the dark band and the part containing only actin 
filament is the light band. 
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3. Muscle Contraction 

Explain how skeletal muscle contracts 

The contraction of skeletal muscle is due to the sarcomeres in the myofibrils becoming shorter. 
This is achieved by the sliding of actin and myosin filaments over each other, using ATP to provide 
the necessary energy. 

When a motor neurone stimulates a striated muscle fibre, 
calcium ions are released from the sarcoplasmic reticulum. 
The calcium causes binding sites on actin to be revealed, 
allowing myosin heads to bind. A cycle of events occurs, which 
causes actin filaments to slide inwards towards the centre of 
the sarcomeres. This makes the light bands narrower and the 
sarcomeres shorter - the muscle fibre contracts. 

When a skeletal muscle fibre is relaxed, tropomyosin (protein) 
blocks the myosin binding sites on actin. If a motor neurone stimulates 

the muscle fibre, calcium ions are released from the sarcoplasmic 

reticulum. These calcium ions bind to troponin (protein) which then 

causes tropomyosin to move, which exposes the myosin binding 
sites and allows contraction to begin. 

Stages in muscle contraction:      

During contraction of a muscle, calcium ions (CA2+) bind to troponin. This moves tropomyosin out 
of the way and uncovers binding sites for myosin on the actin myofilaments. 

   
ADP and phosphate (P) are attached to the myosin head from the previous cycle of movement. 

The myosin heads attach to the exposed 
binding sites on the actin myofilaments to form 
cross-bridges, and the phosphate is released. 

 
Energy stored in the head of the myosin 
myofilament is used to move the head. This 
causes the actin myofilament to slide past the 
myosin myofilament. The ADP is released from 
the myosin head as it moves.  
The bond between actin and the myosin 
head is broken when ATP molecule binds to 
the myosin head. 
(see diagram 2) 

 
The ATP is broken down to ADP and P, 
releasing energy, which is stored in the myosin 
head and will be used later for movement. The 
head of the myosin molecule returns to its 
upright position and is ready to bind to actin 
again.  

If calcium ions are still present, the entire 
sequence is repeated. 
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Diagram 2 

 

 

Analyse electron micrographs to find the state of contraction of muscle fibres 
Muscle fibres can be fully relaxed, slightly contracted, moderately contracted and fully contracted. 

         

Relaxed muscle Contracted Muscle 

 

 

Explain how skeletal muscle contracts. 

o Skeletal muscle is composed of myofibrils; 

o operational unit is a sarcomere; viewed as a series of light and dark bands: 
thin actin fibres; thick myosin fibres; 

 arrival of action potential; 

 release of Calcium ions from sarcoplasmic reticulum; 

 exposes binding sites of myosin fibres; 

 ATP used to break cross bridges between myosin and actin fibres; 

 hydrolysis of ATP resets myosin head; 

 causing sliding of actin and myosin 

Myosin heads are attached to myosin binding 
sites on actin filaments 
(they form cross-bridges) 

ATP binds to myosin heads and causes them 
to break the cross-bridges by detaching from 
the binding sites 

ATP is hydrolysed to ADP + Pi causing the myosin 
heads to change their angle. They are “cocked” in 
their new position as they store energy from ATP 

The heads attach to binding sites on actin that 
are further away 

ADP and Pi are released and the heads push 
the actin filament inwards towards the centre of 
the sacromere (“power stroke“) 

ATP 

ÁDP + Pi 

Actin filament 

Myosin binding site 

 

Myosin filament 

Myosin heads 


