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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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Skeletal muscle cross section EM
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Elements of hypertrophic cardiomyopathy Structure of Thin Filament

Tropomyosin and Troponin
Nebulin and Titin

Emery-Dreifuss
Muscular dystrophy

Cardiac pacemaker
@18 y/o

Mutations in genes encoding
nuclear membrane/lamina
proetins emerin and
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X-linked (emerin mut.)
Autosomal dom.
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Myotonic stiffness

Becker’s
Muscular
Dystrophy

Rest, tight fist 3 sec,
relax (>10 sec)

Energy required for contraction 
comes from three main sources:

myosin 
crossbridge

X-bridge: ATP 
hydrolysis

Sliding filament model of muscle contraction:
actin and myosin filaments slide paste

one another
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Filament Overlap Hypothesis
Neuromuscular 

Junction

Action Potential Twitch

Role of Ca++ in contraction

Mechanics of 
Muscle Contraction
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SPECIALIZED 
MUSCLE FIBRES What causes muscle fatigue?

Summation Tetanus
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Heart Muscle Structure

Ion fluxing membranes in muscle

VGCC
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Voltage-gated ion channels

YesYesYesMod by 
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SR
Muscle contraction

T-tubule
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RyRFKBP12/12.6

Ca release

C RyR Accessory proteins�
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RyR2

RyR2 is a macromolecular complexRyR2 is a macromolecular complex

RyR2 PKARyR2 PKA phosphorylation phosphorylation dissociatesdissociates FKBP12.6FKBP12.6
& increases Ca& increases Ca2+2+--induced activation of channel.induced activation of channel.
RyR2 PKARyR2 PKA hyperphosphorylation hyperphosphorylation (3/4(3/4--4/4 sites) 4/4 sites) 
dissociates  most FKBP12.6 & channels are “leaky”dissociates  most FKBP12.6 & channels are “leaky”
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of the of the ryanodine ryanodine receptorreceptor
calcium release channelcalcium release channel

Planar lipidPlanar lipid
bilayer bilayer chamberchamber

RyR2

SR

Lumen

Ca2+

Ca2+

P

P

P

β1AR β2AR

α
β
γ

AC
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Regulation of EC 
coupling by adrenergic
signaling --
“fight or flight”
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RyR2/calcium release channel RyR2/calcium release channel phosphorylated phosphorylated 
by addition of by addition of cAMP cAMP alonealone Left Ventricular

Assist Device

from Oz et al NEJM

Na/Ca Ex

Smooth muscle contraction
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SM-LC phosphorylation

Smooth muscle structure - EM

Smooth muscle
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CaCa2+2+ elevation: 2 pathways elevation: 2 pathways 
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