MUSCLES

Vocabulary:
Skeletal
Smooth 
Cardiac
Striated
Myofibril
Tendon
origin
insertion
myoglobin
slowtwitch

fast twitch
sarcomere
actin/myosin
Z band/I band/A band/ H zone

rigor mortis
T tubules
Sarcoplasmic reticulum
Neuromuscular junction
Acetylcholine
Creatine phosphate
muscle fatigue

Oxygen debt

Motor neuron

Origin of muscle is the less movable attachment;

Insertion is the more movable attachment.

Biceps brachii: origin is process of scapula; insertion is on radial tuberosity

Muscles can only contract, therefore they must have an antagonist 

Each muscle like the biceps is made of many bundles of muscle fibers, each of which contain many muscle fibers (a.k.a. myofiber or muscle cell).  Each muscle contains many myofibrils, which in turn contain many myofilaments (actin and myosin).

Muscle cell (myofiber) terminology:


plasma membrane = sarcolemma


smooth ER = sarcoplasmic reticulum


cytoplasm = sarcoplasm

Electron micrograph view of muscle cell shows why cells are striated:


Z line to Z line = sarcomere


I band made of actin only


A band made of actin + myosin or myosin only (H zone is myosin only part)


Myosin anchored in center to M line

Muscle movement involves the myosin sliding past the actin fibers.  Fibers do not change length. 

Muscle contraction

1. resting myosin fiber with ADP + Pi attached to it

2. myosin head attaches to actin filament

3. power stroke: myosin head bends while ADP + Pi released

4. ATP attaches to myosin head, cause release of myosin from actin

5. ATPase on myosin head cleaves bound ATP to make ADP + Pi (still bound to myosin head) and myosin returns to original position (“unbends”)

6. REPEAT

Note: if ATP not available, muscle cells can’t relax.  

Stimulus to contract from nerve cells via T-tubule

· When stimulated the sarcoplasmic reticulum releases Ca++ ions

· Ca++ ions bind to troponin proteins on the thin actin filaments.

· When Ca++ binds to troponin, it causes a conformational change in tropomyosin protein 

· This conformational change exposes the Cross bridge binding site that myosin heads bind to 

· After nerve signal stops, sarcoplasmic reticulum quickly pumps Ca++ back in
Slow and Fast Fibers:

Slow (red) fibers ; good for sustained, aerobic metabolism

Fast (white) fibers have less myoglobin and mitochondria; good for fast, anaerobic have lots of myoglobin and mitochondria

