MUSCLE

	1
	Skeletal (striated, striped, voluntary)

	
	Attached to bone.  Concerned with locomotion.  Contract quickly and fatigue quickly.  Innervated by voluntary nervous system.

	2
	Smooth (unstriated, unstriped, plain, involuntary)

	
	Found walls of tubular organs, e.g. intestines, blood vessels, and concerned with movement of materials through them.  Contract slowly and fatigue slowly.  Innervated by autonomic nervous system.

	3
	Cardiac (myogenic)

	
	Contracts spontaneously, without fatigue.  Innervated by autonomic NS


Skeletal muscles are effectors that enable movement at a joint. This type of muscle looks stripy and is known as striated muscle.  Muscles are attached to bones by tendons.

They work as antagonistic pairs. One muscle, the flexor bends the joint and the other muscle, the extensor straightens the joint. 

See separate sheet of antagonistic muscle diagrams.  

Also refer to fig 16.6 page 366 which shows antagonistic muscles within the exoskeleton of an insect.

The cells which make up muscle are called fibres. 

Each fibre has an outer cell membrane called the sarcolemma, which folds deeply into the interior of the cell to form transverse tubules. 

There is cytoplasm, called sarcoplasm, which contains bundles of myofibrils with mitochondria beside them. Each cell has several nucleii which lie close to the cell surface. There is an extensive system of sarcoplasmic reticulum which is closely associated with the transverse tubules. The sarcoplasmic reticulum contains large amounts of calcium ions. 

The stripy appearance of voluntary muscle is due to the interlocking arrangement of two types of protein filaments that make up the myofibrils.  

Thick filaments of myosin alternate with thin filaments of actin.  These thin filaments are held together by transverse bands called Z lines.  Each repeating unit of the myofibril, measured from Z line to Z line, is called a sarcomere.

See J&J p368 Fig 16.8 (labelling of H band is wrong)

Muscle contraction 

The sliding filament theory.

When voluntary muscle contracts in response to nervous stimulation, the actin and myosin filaments slide past each other.  The result is that each sarcomere shortens.  A great deal of ATP is used in this contraction.

Observations that the size of the A band remains the same during contraction but the I band and the H zone decrease, led to the development of the theory that the actin was somehow pulled into the A band by the myosin. 

Isolated actin-myosin filaments contract when ATP is applied to them. As ATP is always present in living cells, muscles must contain an inhibitor preventing continuous contraction. The inhibitor is neutralised by calcium ions.  Actin has accessory proteins called tropomyosin and troponin which serve as the inhibitor/release mechanism for contraction.  

1. In relaxed muscle calcium ions are pumped out of the sarcoplasm into the sarcoplasmic reticulum. The membrane is polarised. 

2. The myofibril is stimulated to contract by an arrival of an action potential at a neuromuscular junction.  Acetylcholine is released into the synaptic gap, diffuses across to the sarcolemma and attaches to receptors.  This increases the permeability of the membrane to sodium and potassium ions, leading to an action potential which passes through the muscle along the t tubules.

3. This triggers release of Ca2+ ions around the actin molecules, and they bind to troponin on the thin filament, which changes shape, moving tropomyosin into the groove and unblocking the actin filament.

4. The bulbous heads of myosin molecules attach to the binding sites of the actin molecules.  They have an ADP and Pi attached.  First the Pi and then the ADP is released, which triggers the rowing movement, pushing the actin filament along.

5. A fresh molecule of ATP binds to the bulbous head, and is then hydrolysed to ADP and Pi by ATPase within the head of the myosin.  This causes release of the head from the actin, which will then bind again at another site further down the molecule.

J&J p371 fig 16.11 and Box 16.2 p373 
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