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Structure of skeletal muscle
Muscles are effector organs that respond to nervous stimulation by contracting and so bring about movement.  There are three types of muscle in the body:

1 Cardiac muscle: found in the heart. This is special type of red skeletal muscle. It looks and works much like skeletal muscle, but is notattached to skeleton, and is not under voluntary control.
2  Smooth muscle: This is found in internal body organs such as the wall of the gut, the uterus, blood arteries and arterioles, the iris, ciliary body and glandular ducts. It is under involuntary control via the autonomic nervous system or hormones. Smooth muscle usually forms a ring, which tightens when it contracts, so doesn’t need a skeleton to pull against.
3 Skeletal muscle: This is always attached to the skeleton, and is under voluntary, concious control.  It is the most abundant and best understood type of muscle. It can be subdivided into red (slow) muscle and white (fast) muscle
1. Describe the gross structure of skeletal muscle
_______________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
The microscopic structure of skeletal muscle:

[image: image2.jpg]



Myofibrils are made up of thick and thin protein myofilaments that move past each other to make the muscles contract:
· Thick Myofilaments – Myosin, which is thicker and consists of long rod-shaped fibres with bulbous heads that project to the side.
· Thin myofilaments -  Actin, which is thinner and consists of two strands twisted around one another.
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Myofibrils appear striped due to their alternating light-coloured and dark-coloured bands.  
DArk bands called anisotropic bands (or A Bands) which contain thick myosin filaments and some overlapping thin actin filaments

The lIght bands are called isotropic bands (or I-bands)  contain thin actin filaments only.  The  actin and myosin filaments do not overlap in this region.

At the centre of each anisotropic band is a lighter-colured region called the H-zone.  At the centre of each isotropic band is a line called the Z-line. 
The distance between adjacent Z-lines is called a Sacromere.  
In the middle of each sarcomere is an M-line which is the middle of the myosin filaments.  Around the M-line is the H-zone that only contains myosin filaments.  
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When a muscle contracts, these sacromeres shorten and the pattern of light and the dark bands changes.
Copy the diagram of the sarcromere and label the different sections:

________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

Two other important proteins are found in muscle:

· Tropomyosin, which forms a fibrous strand around the actin filament

· A globular protein (troponin) involved in muscle contraction.

Types of muscle fibre

There are two types of muscle fibre, the proportions of which vary from muscle to muscle and person to person.  The two types are:

· Slow-twitch fibres. These contract more slowly and provide less powerful contractions over a longer period.  This makes them more adapted to endurance work, e.g. running a marathon.  In humans they are found in calf muscles as they contract to maintain an upright position.  They are adapted for aerobic respiration, which avoids the production of lactic acid which would cause them to function less effectively.  

Describe the adaptations of slow-twitch fibres

_____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

· Fast-twitch fibres. These contract more rapidly and produce powerful contractions but only for a short period.  This makes them more adapted to intense exercise, e.g. weight lifting.  In humans they are found in biceps of the upper arm.

 Describe the adaptations of fast-twitch fibres

_____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
Neuromuscular junctions

A neuromuscular junction is the point where a motor neurone meets a skeletal muscle fibre.  As rapid muscle contraction is frequently essential for survival there are many neuromuscular junctions spread throughout the muscle.  This ensures that contraction of a muscle is rapid and powerful when it is simultaneously stimulated by action potentials.  All muscle fibres supplied by a single motor neurone act together as a single functional unit known as a motor unit.  This arrangement gives control over the force that the muscle exerts.  If only a slight force is required, only a few units are stimulated.  If a greater force is needed, a larger number of units are stimulated.  
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When a nerve impulse is received at the neuromuscular junction, the synaptic vesicles fuse with the presynaptic membrane and release their acetylcholine.  The acetylcholine diffuses to the postsynaptic membrane, altering its permeability to sodium ions (Na+), which enter rapidly, depolarising the membrane.  The acetylcholine is broken down by acetylcholinesterase to ensure that the muscle is not over-stimulated.  The resulting choline and ethanoic acid (acetyl) diffuse back into the neurone, where they are recombined to form acetylcholine using energy provided by the mitochondria found there.  
 Contraction of skeletal muscle
When a muscle contracts the actin filaments slide over the myosin filaments.  This brings about the following changes in a sarcomere:

· The I bands become shorter

· The A band does not change in length

· The Z lines become closer together so the sarcomere shortens

· The H zone becomes narrower

How do the actin filaments slide over the myosin filaments when a muscle contracts?

This is known as the Sliding filament mechanism
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Label the different sections of the diagram above
The A-band remains the same width – the A band is determined by the length of the myosin filaments so this means that the myosin filaments have not become shorter.  This discounts the theory that muscle contraction is due to the filaments themselves shortening.  

     The three main proteins involved in the sliding filament mechanism are:


1. Myosin which is mace up of two types of protein:

* a fibrous protein arranged into a filament made up of several hundred molecules (the tail).

* a globular protein formed into two bulbous structures at one end (the head).
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2.  Actin is a globular protein whose molecules are arranged into long chains that are twisted around one another to form a helical strand.
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3.  Tropomyosin forms long thin threads that are wound around actin filaments.

Myosin filaments have globular heads that are hinged so they can move back and forth
Each myosin head has a binding site for actin and ATP

Actin filaments have binding sites for myosin heads called actin-myosin binding sites.

Two other proteins – troponin and tropomyosin are attached to each other and are found between actin filaments.  They help the myofilaments move past each other.

At rest the actin-myosin binding site is blocked by tropomyosin which is held in place by the troponin.  Because of this the myosin heads cannot bind and the myofilaments cannot slide past each other.  

Once an action potential occurs then muscle contraction can occur…..
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The sliding filament mechanism of muscle contraction
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Muscle contraction

1. Describe the sequence of events that occur during the contraction of a muscle:

____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
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Muscle relaxation

Describe what happens when nervous stimulation ceases.
______________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

____________________________________________________________________________________________________________________________________________________________

What is the energy released from the hydrolysis of ATP needed for?
__________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

What is phosphocreatine? 

____________________________________________________________________________________________________________________________________________________________Why is phosphocreatinie found in the muscle and what is its function?

____________________________________________________________________________________________________________________________________________________________
____________________________________________________________________________________________________________________________________________________________
Exam Questions

1. (a) Muscle contraction requires ATP. What are the advantages of using aerobic rather than

anaerobic respiration to provide ATP in a long-distance race?

............................................................................................................................................................
............................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................
(3 marks)

(b) During running, muscles use more ATP than at rest. The graph shows how the relative importance of three different sources of this additional ATP varies during running.
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(b) (i) A 100 m race can last about 10 seconds. Which of the three processes shown in the graph is the main source of ATP in the athlete’s muscles during this race?

..........................................................................................................................................................
(1 mark)

(b) (ii) Why are additional sources of ATP needed during a 200 m race?

.........................................................................................................................................................
(1 mark)
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(c) The diagram shows the appearance of a relaxed myofibril and of the same myofibril when fully contracted.

(c) (i) Describe two ways, visible in the diagram, in which the contracted myofibril differs from the relaxed myofibril.

1 .........................................................................................................................................................
............................................................................................................................................................
2 .........................................................................................................................................................
............................................................................................................................................................
(2 marks)

(c) (ii) What causes the changes shown in the diagram as the myofibril contracts? Refer to the proteins actin and myosin in your answer.

...........................................................................................................................................................
............................................................................................................................................................
............................................................................................................................................................
............................................................................................................................................................
............................................................................................................................................................
............................................................................................................................................................
(3 marks)

(d) A muscle fibre contracts when it is stimulated by a motor neurone. Describe how transmission occurs across the synapse between a motor neurone and a muscle fibre.

...........................................................................................................................................................
............................................................................................................................................................
............................................................................................................................................................
............................................................................................................................................................
............................................................................................................................................................
............................................................................................................................................................
....................................................................................................................................................................................................................................................................................................................................................................................................................................................................................
(5 marks)

Mod 7 June 08
2  The diagram shows part of a myofibril from a relaxed muscle fibre.
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(a) When the muscle fibre contracts, which of the A band, I band and H zone 

(i) remain unchanged in length, ....................................................................................(1 mark)

(ii) decrease in length? .................................................................................................(1 mark)

(b) Explain what caused the decrease in length in part 
(a)(ii).............................................................................................................................................

.......................................................................................................................................................

...........................................................................................................................................................

...........................................................................................................................................................

(2 marks)

(c) The whole muscle fibre is 30mm long when relaxed. Each sarcomere is 2.25 µm long when contracted. Use the scale given on the diagram to calculate the length of the contracted muscle fibre in millimetres. 
Length of contracted fibre = ...................................... mm (2 marks)

(d) The table gives some properties of the two different types of muscle fibre found in skeletal muscle.

(i) Complete the table by writing the words ‘high’ or ‘low’ for the remaining three properties of each type of muscle fibre.
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(ii) The myosin-ATPase of type 1 muscle fibres has a faster rate of reaction than that in type 2 fibres. Use your knowledge of the mechanism of muscle contraction to explain how this will help type 1 muscle fibres to contract faster than type 2.

..................................................................................................................................

..................................................................................................................................

............................................................................................................................................................
............................................................................................................................................................
............................................................................................................................................................
....................................................................................................................................................................................................................................................................................................................................................................................................................................................................................
 (4 marks)

S (iii) The blood leaving an active muscle with a high percentage of type 1 muscle fibres contained a higher concentration of lactate than that leaving a muscle with a high percentage of type 2 muscle fibres. Explain why.

............................................................................................................................................................
............................................................................................................................................................
............................................................................................................................................................
....................................................................................................................................................................................................................................................................................................................................................................................................................................................................................
 (2 marks)
June 06Mod 7

3.  The drawing is a tracing of a cross-section through skeletal muscle tissue. This muscle contains fast muscle fibres and slow muscle fibres. The section has been stained to show the distribution of the enzyme succinate dehydrogenase. This enzyme is found in mitochondria. [image: image11.png]



(a) (i) Succinate dehydrogenase catalyses one of the reactions in the Krebs cycle. What is

the evidence from the drawing that muscle fibre S is a slow muscle fibre? Explain your answer.

........................................................................................................................................................

........................................................................................................................................................

.......................................................................................................................................................

.........................................................................................................................................................

(2 marks)

(a) (ii) Use evidence from the diagram to describe the distribution of mitochondria inside the

slow muscle fibres. Explain the importance of this distribution.

............................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................

............................................................................................................................................................

(3 marks)

(b) (i) You could use an optical microscope and a slide of stained muscle tissue to find the

diameter of one of the muscle fibres. Explain how.

................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................

(2 marks)

(b) (ii) A student found the mean diameter for the slow muscle fibres in a section. Give two
precautions that she should have taken when sampling the fibres. Give a reason for each precaution.

1 .........................................................................................................................................................

……………………………....................................................................................................................

2 .........................................................................................................................................................

............................................................................................................................................................

(2 marks)June 10
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