Muscle Contraction & Relaxation
Nerve-Muscle Communication
1. An impulse is generated in the central nervous system.

2. The impulse travels down the motor neuron.

3. When the impulse reaches the synaptic end bulb, it causes acetylcholine (ACh) to be released into the 
    synaptic cleft.

4. ACh diffuses into and across the synaptic cleft where it bonds to ACh receptors located on the motor end 
    plate of the muscle fiber.

5. The binding of ACh to its receptors causes an opening of chemical-gated Na+ channels within the motor 
    end plate.

6. Na+ diffuses into the muscle fiber causing an impulse to be generated (depolarization) on the sarcolemma.

Excitation-Contraction Coupling
7. The impulse travels down the sarcolemma and the T-tubules.

8. When the impulse reaches the triad (the junction of the T-tubule and sarcoplasmic reticulum), it is 
    transferred from the T-tubule to the sarcoplasmic reticulum (SR).

9. The impulse on the SR causes an opening of Ca++ release channels within the walls of the SR.

10. Ca++ rushes out of the SR and into the sarcoplasm surrounding the thin and thick myofilaments.

11. The Ca++ binds to troponin causing a shifting of the troponin-tropomyosin complex. This exposes the 
    myosin binding sites on the actin. At this point an energized myosin is free to bind and contraction can 
    occur.
Muscle contraction – The Sliding Filament Mechanism
12. The myosin head is energized when ATP is split by the ATPase located within the myosin head. The 
    resulting ADP & P remain attached to the myosin head at this time.
13. The, now energized, myosin head shifts and binds to the exposed myosin bonding sites on the actin. This 
    causes the P to be released while ADP remains attached.

14. The myosin head then swivels inward pulling the thin filament towards the center of the sarcomere 
    (therefore during contraction the sarcomere shortens as the thin filaments slide over the thick filaments); 
    this is known as the “power stroke”. The ADP is released during this step.

15. ATP comes in and binds again to the myosin head causing it to detach from its binding site.

16. After detachment, the new ATP is split by ATPase causing the myosin head to be re-energized. If an 
    exposed myosin binding site on the actin is available, the myosin head will attach and swivel again. This 
    will continue as long as Ca++ (to keep the binding sites exposed) and ATP (to provide energy for the 
    myosin head) are present.

Relaxation
1. The impulse from the central nervous system stops.
2. The enzyme acetylcholinesterase breaks down ACh in the synaptic cleft ( this causes a closing of the 
    chemical-gate Na+ channels within the motor-end plate ( Na+ no longer flows into the fiber ( the 
    impulse stops moving down the sarcolemma and T-tubules ( the impulse on the SR stops ( the Ca++ 
    release channels close preventing any new Ca++ from entering the sarcoplasm.

3. Ca++ active transport pumps move Ca++ from the sarcoplasm back into the SR ( Ca++ is no longer 
    available to bind to troponin ( the troponin-tropomyosin complex (in the absence of Ca++) shifts back to 
    cover the myosin binding sites on the actin ( the myosin head are prevent from binding and contraction 
    stops ( the muscle passively relaxes (i.e. the sarcomere lengthens because the thin filaments slide back 
    into their original positions).
