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Living system use many types of micro or nano-mechanical systems, which are called ‘‘motor protein’’. Those bio-
logical motors have unique features, such as nano-meter scaled molecular motor, high efficiently energy transduction
from chemical energy or having a capacity of self-assembly. The realization of bio-hybrid micro-machines to integrate

such motor proteins and micro-or nano-structures fabricated of inorganic materials, would have some potential values
that are not achieved by traditional electronic, magnetic or optical devices. In this paper, we discuss a possibility of mo-
tor proteins to use as driving unit for micro analysis systems, such as Lab on a chip or 4TAS (micro Total Analysis Sys-

tem) devices.
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Fig. 1. Motor Proteins

Motor proteins of the kinesin and dynein families walk toward opposite
ends of microtubules. In contrast, myosin motors, organized into bundles
called ‘thick filaments’, move along actin filaments in a ‘running’ motion.
F1-ATPase is a rotary motor, which is used by nature as ‘generator’ to
produce ATP when forced into rotation by the Fo-ATPase. Common to all
motor proteins is their high efficiency in converting chemical energy into
mechanical work through the hydrolysis of ATP.
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Fig. 2.

Unidirectional Rotational Movement of Microtubules along Circular Tracks

(a): Transmission microscopy photograph of the circular tracks for kinesin-microtubule motor protein for unidirectional movement. (b): Schematics of
micro-track. Kinesin molecules are fixed on the bottom surface of the micro channels fabricated by photolithography. (c): Schematics of in vitro motility assay sys-
tem for kinesin-microtubule motor. (d): Arrowhead function as a rectifier of microtubule movements. Upper panel shows that a microtubule entering the ar-
rowhead from the correct direction (from the left side entrance) passes through the arrowhead pattern. Lower panel demonstrates schematically how a microtubule
entering the arrowhead from the wrong direction (from the right side entrance) makes a 180 degree turn and moves out in the correct direction. (e): The photo-
graphs represent snapshots of the movement of rhodamine-labeled microtubules taken at intervals of 72 s. Selected filaments were marked with arrows to allow
tracking of microtubules. Microtubules in the outer circle are moving clockwise, while those in the inner circle are moving counter-clockwise. Scale bar, 20 um.

(Ref. 3.)
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Fig. 3. Active Transport between Two Pools of Micrometer
Scales
Panel A is a transmission micrograph. B is a fluorescence image of
rhodamine-labeled microtubules taken before ATP addition, and panel C is
taken at 18 min after the ATP addition. Scale bar, 30 um. (Ref. 3.)
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Fig. 4. Pattern for Concentrator of Molecules

An example pattern to control the direction of movements of microtub-
ule. The microtubule moving near this pattern are introduced into the center
of the spiral along its pattern. (Ref. 6.)
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I. kinesin

é % PNIPAM (extended or collapsed)

Fig. 5. Gliding Motility of Microtubules on a Thermoresponsive PNIPAM Surface with Adsorbed Kinesin
Repeated changes in temperature resulted in the reversible switching of PNIPAM chains between the extended conformation (where microtubules are repelled
from the surface and cannot bind to the kinesin heads.) (Left panel, 27°C) and the collapsed conformation (where microtubules can glide unhindered on the kinesin

molecules) (Right panel, 37°C). [Ref. 11.]
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Fig. 6. Using an Electric Field to Steer Moving Microtubules

Fluorescence image of microtubules approaching a Y-junction. An elec-
tric field was applied to steer the negatively charged microtubules into the
right and left directions, respectively. [Ref. 13.]
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Fig. 7. Scanning Electron Micrographs and Images of a Rotating Microrotary Motor

(A): A circular microchannel along which gliding Mycoplasma mobile bacteria move (tilted view). Two cells are gliding along the wall of a channel (inset) .
(B): Rotors have protrusions that fit the circular channel shown in panel A (tilted view). Rotors are tethered to the silicon base via two thin bridges, which are
designed to break upon sonication, releasing the rotors. (C): A rotor docked in a circular channel (top view). (D): Time-lapse photomicrographs of a rotating ro-
tor taken at 5-s intervals. This rotor continuously rotated approximately 60 deg in 5s. All scale bars are 5 um. [Ref. 16.]
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Fig. 8. Chlamydomonas Cells with Microscale Loads At-
tached are Steered by Phototaxis

Schematic side (A) and top (B) views of the microfluidic channel used
in the experiments are shown. (C): Phase contrast image of a Chlamydomo-
nas cell with a 3 um-bead attached to the cell wall between the two flagella.
(D-0): Sequence of images showing how positive phototaxis can be used to
“‘steer”’ the cell in C; a dashed circle has been added to each frame to indicate
the position of the cell. The LEDs embedded at either end of the channel
were illuminated alternately, as indicated by the cartoon of the LED. [Ref.
20.]
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