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« Double-headed kinesin iIs a bit short
to span one step (about 8 nm)

+ Kinesin has enzymatic activity on ATP Ta"{ X

 Binding site for ATP in linker
region between head and coill

« ATP, link iIs stressed, can now
reach full step

« ATP->ADP + P,

« ADP, link is floppy

« Coupled with motor activity
 Kinesin without nucleotide binds microtuble strongly

« Microtuble-kinesin-ADP complex is weakly bound due to steric
hindrance

Kinesin
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« Bead is pulled into focal
point of illumination

 Displacement from focal
point produces a restoring
force on bead

optical trap

microtubule
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C INTERACTION OF THIN AND THICK FILAMENTS

Myosin head bound

Heads of myosin
heavy chain [5,)
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Muscle physiology

* 3 general types

* skeletal muscle - voluntary movement, the
one thought of as muscle

* cardiac muscle - highly coordinated,
moderate control

* smooth muscle - slower-responding, tone of
viscera, other tissues

* striated: highly organized actin/myosin
Interactions - skeletal and cardiac muscle



A FROM MUSCLE TO MYOFILAMENTS
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A MOTOR UNIT

A motor neuron
innervates one set of
muscle fibers.

B MOTOR NEURON
POOL

A pool consists of
many motor neurons,
each of which
innervates a motor
unit with the muscle.
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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.

Triad <

Membrane deyolarization opens I
the L-type Ca™" channel.

Mechanical coupling between

SR the L-type Ca®" channel and the
Ca2 -release channel causes the
Ca’’-release Ca~ -release channel to open.

channel (ryanodine
receptor) [tetramer] 2+

Ca’" exits the SR via the
Ca?'-release channel and
activates troponin C, leading
to muscle contraction.

channel (DHP
receptor) [in arrays of 4]

Mechanical
connection

SR terminal cisterna



Cardiac muscle
* variant of skeletal muscle
°* modified action potential
* pacemaker activity

Branched structure of cardiac muscle
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The maximal Velocity
is the same at all three
initial muscle lengths.

Velocity of
shortening
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Velocity of isotonic contraction at 3
different initial resting lengths:

Shorter
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Power of
contraction

Load (tension)
/ \__/

The contraction is “isometric”
at zero velocity.

Huxley (1957) applied crossbridge theory to explain the force-velocity curve
*high load, more interactions involved in maintaining length of muscle
low load, all actin-myosin interactions lead to motion, max velocity
elots of curve fitting, assumptions on quantitative relations.



,The maximal velocity Velocity of isotonic contraction at 3
is the same at all three different initial resting lengths:

initial muscle lengths.

Shortest Shorter Optimum

Velocity of /\ \

shortening \

Power of
contraction

* Myosin is nhon-processive  / Load (tension)\  /
* muscle can contract quickly, 10 um/sec unloaded
°* 10 nm per step * 20 ATP/sec = 200 nm/sec ???
* 2 % duty cycle, so could reach contractile speed



Smooth muscle

* |less organized actin/myosin structure than
striated muscle

* slower response

Smooth muscle

Stomach
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Stress fibers

Transverse arc

== F-actin

Dorsal stress == o-actinin
fibers

«—— Myosin Il

. Focal
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| i s s )

Ventral stress fiber

Pellegrin & Mellor, JCS, 120:3491 (2007)



1. Extracellular stimuli
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Ebrahim et al., Current Biology, 23:731 (2013)
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