PRINCIPLES OF PHYSIOLOGY G6001

MUSCLE: EXCITATION-CONTRACTION COUPLING
LECTURE 10-9-2003
Dr. A.R. Marks
(P&S 11-427, 9-401, arm42@columbia.edu)

Assigned text: Physiology, 4rth Edition by R.M.Berne and M.N.Levy
Chapters 17 & 18

Topics to be covered:
1) Excitation-contraction coupling

2) Cardiac muscle vs skeletal muscle
3) Diseases of ECC
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Elements of hypertrophic cardiomyopathy
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Myotonic stiffness
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Energy required for contraction
comes from three main sources:

Energy Metabolism in Muscle
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Filament Overlap Hypothesis
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SPECIALIZED
MUSCLE FIBRES

Different Muscle Fibre Types
Fatigue at Different Rates

What causes muscle fatigue?

Muscle Fatigue

Characteristics: § Tension
* Contraction Velocity
* Rate of Relaxation
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TABLE | Duration of Key Steps in the Activation of a Fast-Twitch
Skeletal Muscle

EC coupling steps Duratiosr
Action p sarcolermma Sl ms
Action potentii ¢ T-ubules =07 s
Signal tramscduction s trisd junction. from T-ubule depolarization o - L5 s
activation of RyR on SR
Peuk rate of Ca® release 1o peak Ca™ binding to Tid (stan of tension) 2ims

Peak myoplasmic Ca™* change 1o peak tension 525 s
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FIGURE 12.  Relationship between charge movement (nC/uF) and
membrane potential (mV). Charge moved at each potential was ob-
tained by integrating the voltage-dependent capacity current, normal-
ized 1o the fiber linear capacitance near the re potential. Symbols
represent the mean values of charge moved at the “on™ and “off” of the
pulse. The continuous curve is a fit of the data 1o a two-state Boltzmann
function, with parameters: Vg = =477 mVk=EmV,and @ =21.5
nCAE, (From Chandler er al . 1976.) -
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Voltage-gated ion channels
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RyR2/calcium release channel phosphorylated
by addition of cAMP alone
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Smooth muscle Light Chain Phosphoryation

1b) Phasphorylation of light chains

SM-LC phosphorylation
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During exercise in diastole
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