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Protein Molecular Motors

 Translational (Walking) Motion
 Myosin (actin track)
 Kinesins (microtubule track)
 Dyneins (microtubule track)

 Cytoplasm, cilia

 Rotary Motion
 ATP Synthase
 Flagellar motor
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Walking Proteins
 Random diffusion
 Assisted diffusion
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Cytoskeleton

 Functions of Cytoskeleton
 Control cell morphology
 Cell motility
 Intracellular transport
 Placement of organelles
 Rearrange pigment granules
 Etc.
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Cytoskeleton
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Actin filaments decorated with myosin II heads
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Myosin
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Figure 22.1: During its power stroke, Myosin exerts a force on an actin filament, propelling the motor to the left. Scale bar =
6 nm. (From R. D. Vale and R. A. Milligan, Science 288, 88 (2000) by permission of the American Association for the
Advancement of Science.)

Actin/Myosin
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Myosin
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Actin polymerization
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Kinesins and Dyneins on Microtubules

 Organelle movement.
 Mitosis and meiosis.
 Transport of synaptic vesicles along axons.
 Cytoplasmic dyneins and kinesins have 2

heavy chains plus several light chains:
 Heavy chains have globular, ATP-binding head

and rod-like tail domains.
 Heavy chain head domains are ATPase motors.
 Tail bind specific cell components (cargo).
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Kinesin

A. Normal kinesin (red) on microtubules
(green).

B. Microtubule meiotic spindle.

C. pKinI, a kinesin motor found in
Plasmodium falciparum, disassembles
microtubules at their ends, forming rings.
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Kinesin

 Diverse family of proteins.
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Kinesin
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Kinesin
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Figure 22.2: Kinesin steps forward, transporting its cargo toward the plus end of a microtubule. Scale bar = 4 nm. Figure
from Vale and Milligan (2000). (From R. D. Vale and R. A. Milligan, Science 288, 88 (2000) by permission of the
American Association for the Advancement of Science.)

http://www.scripps.edu/cb/milligan/research/movies/
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Kinesin track/ Microtubule train
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Figure 22.8: Patterned “ratchets” sort microtubules. Due to asymmetrically patterned photoresist, microtubules entering
the triangular area exit to the right irrespective of their side of entry. This results in aligned and oriented microtubules.
(From Ref. 42 by permission of the Biophysical Society.)
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Cytoplasmic Dyneins
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Ciliary Dyneins
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ATP Synthase

 F0 powered by proton (or
Na+) electrochemical gradient

 F1 powered by ATP
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ATP Synthase Protein Structure

 Individual crystal
structures, NMR

 Reconstituted
functional assays

 Mutagenesis
 FRET, crosslinking, etc.
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ATP Synthase
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ATP Synthase, F1

 Reversible
 Mechanoenzymatic

mechanism
 Large protein motions
 Allosteric control
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ATP Synthase
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Figure 22.9: Left: Depiction of an assembled hybrid biomolecular nanodevice based on the rotary motor F1-ATPase (not to
scale). Right: Exploded view showing all structural and linking components. The device self-assembles in multiple steps.
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Flagellar motor
 Motion coupled to ion flow.
 Switchable - can rotate

either direction.
 100,000 rpm.
 Membrane bound stator

and membrane spanning
rotor.

 Multiple stator and rotor
subunits provide ~400 force
generating interactions per
rotation and require transfer
of ~1200 ions across the
membrane.
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Flagellar motor
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Flagellar motor
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Some notes:
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Prestin


