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Video imaging by high-speed AFM has been applied to capture the dynamic
behaviour of myosin V (two headed motor that functions as cargo transporter in
cells) translocating along an acting filament. Moves hand-over-hand, 36 nm per
ATP hydrolysis

N. Kodera,  D. Yamamoto, R. Ishikawa, T. Ando Nature 468, 72 (2010) 

Myosine V walking on actin filaments

A posi'vely charged lipid in the mixed 
lipid bilayer was necessary to assure 
weak interac'on with Myosine and 
transloca'on along the ac'n filament



Myosine V walking on actin filaments
Each head of the double-headed myosin hydrolyzes ATP into ADP and inorganic phosphate 
(Pi). The ATPase rate is very low when myosin is alone but is markedly accelerated by its 
interac'on with ac'n, where the chemical energy liberated by ATP hydrolysis is converted 
into mechanical work.

High-speed atomic force microscopy (HS-AFM), allow video-recording  the structure and 
dynamics of func'oning biomolecules at single-nanometer resolu'on, without disturbing 
their func'on. It helped to discover that the tension responsible for forward movement can 
be generated without any chemical transi'on, meaning that no chemical energy input is 
required for the tension genera'on. 
Moreover, the lever-arm swing (powerstroke) by the leading head spontaneously occurs 
when the trailing head detaches, thus demonstra'ng that no chemical energy input is 
required for the lever-arm swing either. 
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Also, video imaging by high-speed AFM has been applied to capture the dynamic
behaviour of myosin V (two headed motor that funcCons as cargo transporter in
cells) translocaCng along an acCng filament. Moves hand-over-hand, 36 nm per
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Myosine V walking on actin filaments

A posi'vely charged lipid in the mixed 
lipid bilayer was necessary to assure 
weak interac'on with Myosine and 
transloca'on along the ac'n filament



N. Kodera,  D. Yamamoto, R. Ishikawa, T. Ando Nature 468, 72 (2010) 

Myosine V walking on actin filaments
AFM images demonstrate a hand-over-hand movement, with swinging lever-
arm motion : the detached T-head rotationally diffused around the advancing 
neck-neck junction. Extra STV needed as an “obstacle” to slow down the motion 
to be visualized (100 ms/frame)

hSp://biophys.w3.kanazawa-
u.ac.jp/M5_movies.htm
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Myosine V walking on actin filaments

hSp://biophys.w3.kanazawa-
u.ac.jp/M5_movies.htm

The neck–motor domain junction appears smooth in the leading head (L-head) but 
is V-shaped in the trailing head (T-head) without exception. 
The short coiled coil tail was mostly tilted towards the minus end of actin 
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Myosine V walking on actin filaments
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is V-shaped in the trailing head (T-head) without exception. 
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Myosine V walking on actin filaments
AYer T-head detachment, the nearly straight leading neck swung from the
reverse arrowhead (R-ARH) orienta'on to the arrowhead (ARH) orienta'on 
(Supplementary Movie 2), confirming the swinging lever-arm mo'on ini'ally 
proposed for muscle myosin. The detached T-head rota'onally diffused around 
the advancing neck–neck junc'on (no transla'onal diffusion on the ac'n occurs) 
and then bound to a forward site on the ac'n filament, comple'ng one step.

The captured images show that the
forward movement is driven not by 
bending but by rotation of the
L-head. The rotation seems to occur 
spontaneously after T-head
detachment, suggesting that 
intramolecular tension driving the
L-head swing exists in the two-
headed bound molecules.



In dynamic HS-AFM the molecule itself is 
visualized while working and moving on its 
biological track, providing concomitant 
structural and dynamic data: not only did the 
observaCon confirm the hand-over-hand 
walking mechanism of myosin-V, it did reveal 
that the power stroke of this motor is driven 
by intramolecular mechanical tension

N. Kodera,  D. Yamamoto, R. Ishikawa, T. Ando Nature 468, 72 (2010) 

Myosine V walking on actin filaments



Single molecule imaging



l. Mangiarotti, S. Cellai, W. Ross, C. Bustamante, C. Rivetti, L. Mol. Biol. 385, 748 (2009) 

Also, high-resolution AFM imaging has been recently employed to
study topological details of DNA/RNA – enzymes interaction. For
example, the upstream interaction of Escherichia coli RNA
polymerase (RNAP) in an open promoter complex (RPo) formed at
the PR and PRM promoters of
bacteriophage λ.

HR-AFM imaging: DNA
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DNA

Watson and Crick, 1953

April 1953

Leung et al., Nanoletters 2012
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Valid if:
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Isotropic rod continuously flexible. 
The worm-like chain model is 
particularly suited for describing stiffer 
polymers, with successive segments 
displaying a sort of cooperativity: 
all pointing in roughly the same 
direction

at T=0 K, the polymer adopts a rigid rod conformaBon
Is smoothly curved at RT



WLC is for semi-flexible polymers.
Assumes polymers are inextensible, has a linear elas'c bending energy and is 
subjected to thermal fluctua'ons.

a) L=Nl segments, freely rota'ng

Adding energy cost associated to the bending:



WLC is for semi-flexible polymers.
Assumes polymers are inextensible, has a linear elas'c bending energy and is 
subjected to thermal fluctua'ons.
a) L=Nl segments, freely rota'ng
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