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Movement is a fundamental characteristic of all living things. This biogenic function is
attributed to molecular motors in a cell. Molecular motors are mechano-chemical enzymes that
generate forces by using chemical energy derived from the hydrolysis reaction of adenosine tri-
phosphate (ATP) molecules. Despite a large number of studies on this issue, the mechanism of
mechano-chemical energy transduction is still unsolved. In this review, we describe the experimental
and theoretical approaches for elucidating the mechanism how kinesin motors generate the
unidirectional movement along a microtubule. By use of a novel single-molecule-detection
technique, we detected the elementary processes on the sliding movement of single kinesin
molecules. Motility analysis has revealed that a stochastic mechanism underlies in the unidirectional
movement of kinesin. To explain the energetic aspects of the stochastic movements, we constructed
a new phenomenological framework based on non-equilibrium statistical mechanics, and determined
the energetic balance in single kinesin molecules. It is indicated that the hydrolysis energy of
ATP is effectively used to generate the unidirectional movement. Our experimental and theoretical
approaches will help to understand thermodynamics of nano-world.
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Fig.1 Kinesin and organelle transport in nerve axon.
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Fig.2 Nanometry of single kinesin molecules. (a)
Schematic diagram of optical trapping nanometry
system (not to scale). (b) Time course of the
displacement of single kinesin molecules. [ATP]O
10 uM. The displacement of kinesin was obtained
from the bead displacement taking into
consideration the compliance of the experimental
system.
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Fig.3 Analysis of the forward and backward
movements. (a) Ratio of the forward (o) and
backward (0) movements at 1mM ATP. (b) Dwell
time before the forward movement. 1 mM (o)
and 10 UM (e ) ATP. (c) Dwell time before the
backward movement. 1 mM (O0) and 10 uM (m ).
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Fig.4 Stepping kinetics of the bi-directional movement.
(a) Branched kinetic pathway. Kinesin attached
to the microtubule with one motor-domain [K].
The ATP molecule binds to the head [K.T] and
is hydrolyzed [K.D]. After kinesin moves either
to the forward or backward direction, the ADP
molecules are released [K]. (b) Load dependence
of the rate constants of ks and Kap.
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