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MUSCLE CONTRACTION 
 
I. Basic model of muscle contraction 

 A.  Overall 

  1. Calcium is released from sarcoplasmic reticulum. 

  2. Myosin globular head (S1) interacts with F-actin. 

  3. Thick and thin filaments slide past each other. 

  4. Calcium is resequestered in sarcoplasmic reticulum. 

  5. Muscle relaxes. 

 B. Role of ATP 

  1. Charges myosin heads by forming charged myosin-ATP intermediate (actually 

myosin-ADP•Pi). 

  2. Provides energy for power stroke, which allows for release of myosin head from actin 

(i.e., breaks the rigor bond). 

 
CHEMICAL EVENTS of the muscle-contraction cycle are outlined as they take place in the soluble experimental 
system described by the authors.  A myosin head combines with a molecule of adenosine triphosphate (ATP).  The 
myosin-ATP is somehow raised to a “charged” intermediate form that binds to an actin molecule of the thin 
filament.  The combination, the “active complex,” undergoes hydrolysis: the ATP splits into adenosine diphosphate 
(ADP) and inorganic phosphate and energy is released (which in intact muscle powers contraction).  The resulting 
“rigor complex” persists until a new ATP molecule binds to the myosin head; the myosin-ATP is recycled, 
recharged and once again undergoes hydrolysis. 
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II. Cooperative action of muscle proteins 

 A. Requirement for troponin/tropomyosin 

  1. ATPase in intact thin filaments plus myosin heads requires calcium for binding. 

  2. Purified actin plus myosin heads S1 have high ATPase activity even in the absence of 

calcium, so that F-actin will bind to a charged myosin head (M-ADP-Pi) in the absence of 

calcium. 

  3. Regulation of contraction is provided by troponins plus tropomyosin. 

 B. Tropomyosin 

  1. Subunits (α and ß) are alpha-helices. 

  2. Subunits are entwined in opposite directions to form a coiled coil (the tropomyosin 

molecule). 

  3. Each coiled-coil lies in an actin groove (coiled coiled coil). 
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 C. The troponins 

  1. Troponin T (TnT): binds to tropomyosin one-third from the carboxy terminus of 

tropomyosin. 

  2. Tropinin C (TnC): binds calcium. 

  3. Tropinin I (TnI): binds to actin and inhibits binding of myosin. 

 
 D. Interaction between the troponins and tropomyosin (steric model) 

  1. The tropomyosin/troponin complex is the same side of the groove as the myosin 

attachment site. 

  2. Binding of calcium to TnC causes a change in conformation of the troponin complex. 

  3. This change causes a shortening (or other conformation change) in tropomyosin. 

  4. The tropomyosin/troponin complex shifts into the actin groove. 

  5. This allows the myosin S1 head to interact with actin and stimulate the release of P1 

from the AM-ADP-Pi complex. 
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 E. Essential components of contraction for either the steric or allosteric models 

  1. Tension is proportional to overlap of thick and thin filaments. 

  2. Actin must be inextensible. 

  3. Speed of contraction is independent of overlap in isotonic contraction. 

III. Other models of muscle contraction 

 A. Allosteric hindrance 

  1. Tropomyosin/troponin complex is on the opposite side of the groove as the myosin 

attachment site. 

  2. Binding of calcium to TnC causes a change in the conformation of actin, thus 
activating the myosin ATPase. 
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B. Actin as a tension generator 

 1. The binding of M-ADP-Pi to its binding site on actin induces 

the uncoiled or “ribbon” configuration (r-actin). 

 2. In the presence of calcium, myosin is released from actin and 

helicalization (return to the helical state, h-actin) begins. 

 3. The actin binding site “reaches” for next available myosin 

head. 

 4. Recoiling of actin after release causes shortening of 

sarcomeres. 

 5. The amount of tension is proportional to the number of actin 

monomers that make the transition from r-actin to h-actin. 

 6.  In this model, tropomyosin is the inextensible parallel 

component.  

 
 C. Isometric contraction – tension is proportional to overlap.   

  1. For each actin that is changing from r-actin to h-actin, another actin is changing from 

h-actin to r-actin.   

  2. The force generated is proportional to the number of helical segments, i.e., the extent 

of overlap of thick and thin filaments. 
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 D. Development of contraction  

  1. For each actin that is changing from r-actin to h-actin, another actin is changing from 

h-actin to r-actin.   

  2. R-actin, in the absence of Ca++, is attached to myosin by weak interactions.   

  3. In the presence of Ca++, myosin heads bind strongly to h-actin, which detaches r-actin 

from myosin at M0.   

  4. In D, the M0 myosin has released Pi and rebounded to an h-actin monomer.  This starts 

a new ribbon of r-actin, setting the stage for the next wave of contraction. 
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IV. Regulation of contraction 

 A.  Requirement for calcium 

  a.  Calcium is required for binding of charged myosin heads. 

  b.  Calcium is not required for binding of uncharged myosin heads (to form rigor bonds). 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
REGULATION OF MUSCLE CONTRACTION is accomplished primarily by calcium ions, which change the thin filament from 
an “off” to an “on” state, apparently by binding to troponin.  When the thin filament is turned off (top left), a charged myosin-
ATP intermediate cannot combine with it; when the filament has been turned on by calcium (bottom left), an active complex is 
formed (bottom right) and hydrolysis proceeds.  Formation complexes, however, is not sensitive to calcium control, the thin 
filament is on or off, a myosin head can comb an actin in the filament to form a rigor complex (middle). 

 
 B.  Potentiation of contraction 

  a.  Uncharged myosin heads can be bound to actin (at low ATP!). 

  b.  Addition of charged myosin heads now give a greater rate of ATP hydrolysis than is 

seen in absence of rigor bonds. 

 

 
POTENTIATED STATE is the third state of actin.  Molecules in the off state are turned on by calcium ions and in the on state 
they can form active complexes (right).  At low ATP concentration rigor complexes are formed.  This raises actins that have also 
turned on to a potentiated state. 
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V.  Kinetics of muscle contraction 

 
 

A.  AM à AM-ATP 

  a. 106/sec 

  b. Fast! 

 B.  AM-ATP à M-ATP 

  a. 103/sec 

  b. Pretty fast. 

 C.  M-ATP à M-ADP-Pi 

  a. 106/sec (fast!) 

 b. 102/sec (slower) 

D.  M-ADP-Pi à AM-ADP-Pi 

 a. 105/sec 

 b. Fast. 

E.  AM-ADP-Pi à AM-ADP 

 a. 106/sec 

 b. Fast! 

F.  AM-ADP à AM 

 a. 15/sec 

b.  Rate-limiting step for contraction. 
 


