
MUSCLE  CONTRACTION



MUSCLE  FILAMENTS

• Myosin	  compromises	  the	  thick	  
filaments	  

• Consist	  of	  six	  polypep6de	  chains	  
•  One	  pair	  heavy	  chains	  
•  Two	  pairs	  light	  chains	  

•  The	  head	  binds	  ac6n	  and	  ATP	  
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MUSCLE  FILAMENTS

• Ac6n	  has	  myosin-‐binding	  sites	  
• At	  rest	  the	  binding	  sites	  are	  
blocked	  by	  tropomyosin	  
•  For	  contrac6on	  to	  occur	  
tropomyosin	  must	  be	  moved	  out	  of	  
the	  way	  

•  Troponin	  consist	  of	  three	  
proteins	  
•  Troponin	  T	  
•  Troponin	  I	  
•  Troponin	  C	  
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THE  SARCOMERE

•  Thick	  and	  thin	  filaments	  may	  
overlap	  in	  the	  A	  band	  
•  Poten6al	  sites	  of	  cross-‐bridge	  
forma6on	  

•  I	  bands	  contain	  thin	  filaments,	  
filamentous	  proteins	  and	  Z-‐disks	  

•  Z-‐disks	  is	  the	  border	  of	  each	  
sarcomere	  	  
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• Dystrophin	  binds	  to	  ac6n	  and	  
anchors	  myofibrils	  to	  cell	  
membrane	  
•  Ti6n	  binds	  thick	  filaments	  to	  Z-‐
disks	  
• Nebulin	  sets	  the	  length	  of	  ac6n	  
molecules	  
• α-‐Ac6nin	  anchors	  thin	  filaments	  
to	  Z-‐disks	  

Thin	  filament	  

Thick	  filament	  

CYTOSKELETAL  PROTEINS



EXCITATION-‐CONTRACTION  COUPLING  IN  
SKELETAL  MUSCLE

•  T-‐tubules	  carry	  depolariza6on	  
•  Dihydropyridine	  receptor	  is	  ac6vated	  

• Ryanodine	  receptors	  in	  SR	  opens,	  
releasing	  Ca2+	  

• Ca2+	  binds	  to	  troponin	  C	  	  
•  Tropomyosin	  to	  moves	  out	  of	  the	  way	  
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RELAXATION

• Ca2+	  reaccumulates	  in	  SR	  by	  Ca2+	  
ATPase	  (SERCA)	  

•  In	  SR	  Ca2+	  is	  bound	  to	  
calsequestrin	  

•  The	  binding	  to	  calsequestrin	  
results	  in	  a	  low	  amount	  of	  free	  
Ca2+	  in	  SR	  	  



RIGOR  MORTIS

• What	  is	  rigor	  mor6s?	  
•  S6ffness	  of	  death	  

• Why	  are	  the	  muscles	  in	  the	  rigor	  
posi6on?	  
•  Because	  there	  is	  no	  ATP	  for	  Ca2+	  
ATPase	  to	  use	  

• Why	  doesn’t	  the	  myosin	  head	  
move	  from	  the	  rigor	  posi6on?	  
•  Because	  there	  is	  no	  ATP	  to	  bind	  to	  
the	  myosin	  



TYPES  OF  SMOOTH  MUSCLE

Unitary	  
•  Found	  in:	  	  

•  GI	  	  
•  Bladder	  
•  Uterus	  
•  Ureter	  

•  Linked	  by	  gap	  junc6ons	  
• Pacemaker	  ac6vity,	  or	  slow	  
waves	  

Mul0unit	  
•  Found	  in:	  
•  Iris	  
•  Ciliary	  muscles	  
•  Vas	  deferens	  

•  Li]le	  or	  no	  coupling	  
• Parasympathe6c/sympathe6c	  
nervous	  system	  regulate	  func6on	  



EXCITATION-‐CONTRACTION  COUPLING  IN  
SMOOTH  MUSCLE

•  Depolariza6on	  opens	  Ca2+	  channels	  
in	  membrane	  

•  IC	  Ca2+	  binds	  to	  calmodulin	  
•  Ca2+-‐calmodulin	  complex	  ac6vates	  
myosin-‐light-‐chain	  kinase	  

•  Phosphorylated	  myosin	  binds	  to	  ac6n	  
to	  form	  cross-‐bridges	  

•  IC	  Ca2+	  decreases	  
•  Myosin-‐light-‐chain	  phosphatase	  



Ca2+  CHANNELS  AND  RECEPTORS

• Voltage-‐gated	  Ca2+	  channels	  

•  Ligand-‐gated	  Ca2+	  channels	  

•  IP3-‐gated	  SR	  Ca2+	  channels	  








