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To design nano assembly devices, smart biological materials and molecular sorting in the
field of tissue engineering, microfluidics, mechanistic studies of substrate interaction with cells,
peptides, DNA, proteins etc. using biomolecular motor as promising components is one of the hot topic
in nanotechnology and bioengineering. Kinesins are prominent microtubule associated motor proteins,
which play a central role in both structural and biological functions of the cells. The fundamental role
of kinesin is to actively distribute the intracellular materials like organelles, vesicles, chromosomes
along the microtubules and to drive the cell division process by converting the chemical energy of
adenosine triphosphate (ATP) into mechanical energy and can move towards the fast polymerizing plus
ends of microtubules. Among the molecular motors, the kinesin-microtubule system is used widely for
developing nanoscale biodevices, because the motility can be regenerated on a surface comparatively
easily. The kinesin-microtubule system has other advantages such as, its small size, processivity, and
the linear movement of single kinesin along the microtubule compared to other molecular motor
proteins.

The ability to reversibly control the speed of microtubule gliding and the direction of
movement on the surface of kinesin by external stimuli would greatly improve the sophistication of
nano devices. Several methodologies have been used for the artificial control of microtubule function
which includes microlithographic tracks, electric and magnetic fields, antibody and so on. When
considering the biodevices in the future, photochemical energy inputs offer advantages compared to
chemical energy inputs such as (i) light does not generate waste products; (ii) it can be switched on/off
easily and rapidly; (iii) photons, besides supplying the energy to the system, can also be useful to
“read” the state of the system and thus to control and monitor the operation of the machine etc..
Higuchi et al. used the caged ATP as photo-controlled switch, because their inactive caged states (OFF
state of motility) can be converted to active uncaged states (ON state of motility) by UV light
irradiation. Another group successfully used the photolysis of caged ATP to develop molecular shuttles
on engineered kinesin tracks. On the other hand Tatsu et al. demonstrated the switching of kinesin’s
activity from the ON state to the OFF state by the photolysis of caged peptide derived from the kinesin
C-terminus domain. All these methods can either trigger the initiation of the movement or cessation of

the microtubule motility. To design the more useful nanoscale biodevices, it is important that the
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system should provide ON and OFF switching of gliding motility at any desired time and at any
desired position in space.

We reported‘that, the reversible and repeated regulation of the motility of microtubule by the
photoisomerization of the underlying monolayer using two different wavelengths of light. For the
fabrication of such photoresponsive monolayer, we employed a derivative of azobenzene; one of the
most studied photochromic compounds due to its strong photo-switching effect, reversibility and
simplicity of incorporation, with a triethoxy silane group which react with the glass surface to be
anchored and a lysine group which can interact with motor proteins. Using this approach, we described
the reversible and repeated control of the gliding velocity of microtubules driven by kinesin on the
azobenzene monolayer (with a maximum of 15% difference in velocity) upon irradiation with UV and
visible light.

In Chapter 2, a novel platform for the reversible control of microtubules adhesion on a
molecularly well-defined surface by external stimuli is described. Photochemical isomerization of
azobenzene functionalized surfaces was used to induce attachment/detachment of microtubule on the
surface and allowing for the controlling of the binding of microtubule on the surfaces. The surface had
a lower affinity for the microtubules in the Z form of the lysine-presenting azobenzene monolayer than
it did in its E form.

In Chapter 3, the repeated regulation of fast and slow modes of microtubule gliding motility
by the reversible photoisomerization of the underlying monolayer using light of two different
wavelengths is described. For the photoresponsive components, a series of derivative of azobenzene
monolayer surface, one of the most studied photochromic compounds, with various terminal groups is
employed. The gliding velocity of the microtubules, driven by kinesin immobilized on the positively
charged terminal group monolayer could be controlled repeatedly between fast and slow modes upon
irradiation with UV and visible light, respectively.

In this dissertation, the generality and the core mechanism underlying in this in-vitro control
of kinesin activity and microtubule motility on a molecularly well-defined surface using a series of
light responsive azobenzene monolayer depending on the conformation of azobenzene moiety in the

monolayer was demonstrated.

- 1017 -



FAim LHEEDE T

EE HE B X BB X
FUR (R G L U
B & & & Ok H A
B & # K MW & K
(AR Be)

F AL G O &

Dynamic Photocontrol of the Kinesin-Microtubule Motor
Protein by a Photoisomerizable Monolayer Surface
LEBCESTFREAICL LA E—F— 7 VRNV HE 2 v — U NE DO LB HI )

LR B R EORRICONT ()

W, #EKT—F—F 0B, F /T 7/ nd— BT 5EBELRMEBE~L
ISHALEY EWVWHIEIERH D, FODICITERE—F—Z I HE2ELDOGEFTCE
HDEA I T TEED LI NS L TR by, BRI L - T,
HlEE—F —Z R RMETLHRIBE CENTERRFEL DD, T E THBIE
TE— & — & 237 G OTEME & AT 2RI T T ien o T,

KBTI, 2O XS RBRICHDE—F—FZ 7 EIEHOBIR LIz OWT, &
WREDT7H by 7ESTFEEAFATIFEEZZERL, T—F—F 2" JHD—D
THHIFXF RV —IVEREANBCHIETI2H LUWVEHAEZER TS5 L2 HH L L
LD ThHD,

Ex ON FREEOHS FIEL ZHANICAK L, TOXRERMLRISIZRNT S, £—F—
BRI Ex 3 DFEEBLOX R v —HUNEROEBN R~ O E LT L 24
B, 7V—OT7 I BEERETAHT IV BEEEPRBICELT YR UVBESFEO R
MALEISIC L > T, FOLRICEENTZXF RV OFEENTERNCEILTHZ 2 AT
MHTRE L, S5, EBICF X o OESNEHO AL E ATP DMKy fRE
B L MU NEDREREDOTERENE LTER - sIRLT 5 Z LIk Lz,

INEETHIC, EEIL, E—F—F U7 BOEBEENERE LU O NAMIEO S
EBECHLTCHARZE-LOTHY . AHGRFELHMEHEE D L ITE ML OB R
WCHBKT D EZARRDILONRH D,

Lo TEHFIT, B EREE L (YY) OFEMERSEINIERHILDERD D,

- 1018 —



