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Optical Trapping Nanometry

4PD . .
® Spatial resolution < 0.2 nm

Temporal resolution < 1 ms
Optical

rap 0.2um beads

=Small viscous drag

= High temporal
resolution
(Response time = 0.25 ms)

KIF1A-bead

Coverglass Polarity-marked
Microtubule

Okada, Higuchi, and Hirokawa Nature 424:574—2003




Immobilization of KIF1A to Bead

A382-BCCP BCCP-A382

H=-1ag His-tag
F(ab)'-fragment of

A382-His anti-His-antibogy His-A382




Bidirectional and Step-wise Movement of
a Single KIF1A Monomer
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One ATP Hydrolysis Triggers One
Stepping Movement.
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Step size of KIF1A Is 8 X n nm,
~and varies stochastically.

32 16 0 16 32
step (nm)




Plus-end biased binding of KIF1A to
the microtubule: ensemble average
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Flush Ratchet Model

dreleas,e: ~0 nm
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Cryo-electron Microscopy

Microtubule
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Microtubule Structure

Kikkawa et al.
JCB, 1994. Nature, 1995

Microtubule
-Kinesin complex

tubulin
dimer
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KIF1A-Microtubule Complex:
cryo EM (15A resolution)

Kikkawa et al. Cell 100: 241-, 2000




KIF1A-Microtubule Complex:
cryo EM (15A resolution)
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Plus-end view of

the KIF1A head-microtubul
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Distance between Gold-cluster and K-loop




View from outside




View from outside
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Tarzan Model

“Drag force” = diffusion might reflect the fluctuation of the
flexible tether between KIF1A and tubulin (K-loop & E-hook).




ATP-like
(AMP-PCP) |

Kikkawa et al. Nature 411; 439— 2001
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‘Structural Biological Analysis
of kinesin motors

KIF1A alternately uses two loops to
bind microtubules

Nitta,R. et al. Science 305:678-, 2004



Construction of KIF1A Motor
Domain

KIF1A overall structure
380 433 510-572 1695

Kinesin FHA PH domain

Motor D i domain
otor Domain HMG coA

REDUCTASE

C340

KIF5C




Chemo-mechanical cycle of
Kinesin motors

<Strong-binding state> <Weak-binding state>
ADP

AMPPCP AMPPNP ADP-AIFx

MK=MKT*MK*T->MKDP->M K*EPH

[ | | T |

K = KT = K*T — KDP —»ﬂf{*np—
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MKD=

—MK
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A4 \DP-Pi (2)
(ADPl—VO4)

ADP
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KIF1A*=ATP- Microtubule




-Pi1 -Microtubule

KIF1IA=ADP




KIF1A*=ADP-PI -Microtubule
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ADP -Microtubule

KIF1A=




Equilibrium Binding Constants of
KIF1A mutant

Nucleotide construct
wild type L12 L11 L8
AMPPNP 4.2+1.3 6.0+1.4 20.2+4.0 25.0+6.0
ADP 6.8+2.5 12.31+4.0 26.5+5.0
ATP 10.8+1.8 40.5+11.8 nd nd
ADP-AIFX 5.9+£1.5 7.1£1.7 nd nd
ADP-Vi 21.4+4.3 167166 nd nd
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Design principle of Walker-type
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Model for the processive movement
of the monomeric kinesin KIF1A



Kinesin SuperFamily Proteins in Murine CNS

N-terminal Motor
Domain Type
Monomeric Motor

-

KIF 1B

Central Motor
Domain Type

Q
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N-terminal Motor
Domain Type
Dimeric Motor

KIF 3A/B

KIF5B .
(uKHC)

C-terminal Motor
Domain Type
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