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Ca?* (bound ! Troponin complex
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Actin ' Tropomyosin Myosin binding site’

B MYOSIN MOLECULE

Heads of myosin
heavy chain (S4)

Regulatory
light chain

7 o Helix
Alkali
light chain

Hinge region

of heavy chains . 4
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Tail region of heavy chains

C INTERACTION OF THIN AND THICK FILAMENTS

Actin (thin
filament)

Myosin (thick
filament)

Myosin head bound
to actin filament at
myosin binding site
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Membrane dezpolarization opens
the L-type Ca”" channel.

Mechanical coupling between

SR the L-type Ca>* channel and the
= Ca”*-release channel causes the
Ca®*-release Ca”*-release channel to open.

channel (ryanodine
receptor) [tetramer] g2+

Ca?* entering the cell via L-type ]\

Ca”" channels also can activate
the Ca®"-release channels.
However, this pathway is not
essential in skeletal muscle.

[ Ca’" exits the SR via the
Ca’*-release channel and
| activates troponin C, leading

to muscle contraction.

channel (DHP

Tl receptor) [in arrays of 4]

Mechanical
connection

SR terminal cisterna
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Actin

Tropomyosin \ /
Troponin
complex

Myosin
Tropomyosin binding site

The movement of the tropomyosin
deeper into the actin groove
unmasks the myosin binding sites.

binding site




ATTACHED STATE
_L_—Actin (thin filament)

PER

ol

——Myosin (thick filament)

ADP is released. ] \ 1|
/ ATP binds to myosin head, causing the
POWER-STROKE STATE dissociation of the actin-myosin complex.

\

RELEASED STATE

P is released. Myosin heads change
conformation, resulting in the power
stroke. The filaments slide past each other.

\ ATP is hydrolyzed, causing
myosin heads to return to

CROSS-BRIDGE STATE their resting conformation.

COCKED STATE /

™

A cross-bridge forms and
the myosin head binds to a

new position on actin.
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Na-Ca and exchanger and Ca?* pump in the
plasma membrane both extrude Ca®* from the cell.

z |

Extracellular Na* ‘/
space O o

Ca" pump sequesters
Ca?" within the
sarcoplasmic reticulum.
Ca?* is bound in the
sarcoplasmic reticulum by
o calreticulin and calsequestrin.
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Slow Twitch

Fast Twitch

Fast Twitch

Synonym
Fatigue
Color
Metabolism
Mitochondria

Glycogen

Type |

Resistant

Red (myoglobin)
Oxidative

High

Low

Type lla
Resistant

Red (myoglobin)
Oxidative

Higher

Abundant

Type IIb

Fatigable

White (low myoglobin)
Glycolytic

Fewer

High
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A SINGLE MUSCLE TWITCHES B TEMPORAL SUMMATION
(5 Hz) (10 Hz)

Stimulus
recsoncy I 4 4 4
A A

Tension

LAl

- o

Time Time



C UNFUSED TETANUS D FUSED TETANUS
(25 Hz) (50 Hz)
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Time Time
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Intermediate Caveolae

filament

Gap junctions

Nucleus Dense bodies

(a) Relaxed smooth muscle fiber (note that gap junctions connect
adjacent fibers)

Nucleus

Dense bodies

(b) Contracted smooth muscle fiber

© 2013 Pearson Education, Inc



A MULTIUNIT B UNITARY

Electrical isolation
of cells allows finer
motor control.

’ / '\.\\
1 Autonomic neurons \\/ f
\ // ==

Gap junctions
permit coordinated
contraction.

Smooth muscle cell Varicosities

(synaptic contacts)
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Ca”*-dependent
K* channels close

Voltage-gated Ca>* -

channels open

( 16
Voltage-gated Ca** channels close;
internal Ca”* concentration decreases

Action potential spike

Slow hyperpolarization

Ca’” influx, rise in internal

Ca** concentration
/
Open Ca”*-dependent
K* channels




Smooth muscle

Extracellular space

Ca®* enters the cytoplasm
_J through channels located
in caveoli.

When the SR Ca?* stores become 'L -
depleted, the SR signals—by an unknown | [} [{E 5 : w A

mechanism—a store-operated Ca®* - S
channel to open, allowing Ca’' to enter. ///)// s
Q Ca® Smooth muscle

« | Ca* release from the sarcoplasmic
N\ reticulum can occur either via
Ca’*-induced Ca”" release or more
importantly, via IP; activation of
SR Ca”* channels.




Inactive
myosin

Regulatory

'Cai light chain
~
Activatec

Calmodulin

myosin

Active calmodulin/
MLCK complex



Skeletal

Cardiac

Smooth

Mechanism of
excitation

Electrical activity of
muscle cell

Ca** sensor

Excitation-contraction
coupling

Terminates contraction

Twitch duration

Regulation of force

Metabolism

Neuromuscular transmission

Action potential spikes

Troponin
L-type Ca*" channel (DHP receptor)
in T-tubule membrane coupling to

Ca**-release channel (ryanodine
receptor) in SR

Breakdown of ACh by
acetylcholinesterase

20-200 ms

Frequency and multifiber summation

Oxidative, glycolytic

Pacemaker potentials
Electrotonic depolarization
through gap junctions

Action potential plateaus

Troponin
Ca** entry through L-type Ca**
channel (DHP receptor) triggers

Ca**-induced Ca** release from
SR

Action potential repolarization

200-400 ms

Regulation of calcium entry

Oxidative

Synaptic transmission
Hormone-activated receptors
Electrical coupling
Pacemaker potentials

Action potential spikes, plateaus
Graded membrane potential
changes

Slow waves

Calmodulin

Ca** entry through voltage-gated
Ca** channels

Ca*- and IP;-mediated Ca**
release from SR

Ca* entry through store-
operated Ca’* channels

Myosin light chain phosphatase

200 ms—sustained

Balance between MLCK
phosphorylation and
dephosphorylation
Latch state

Oxidative



