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R, BIETORE, EMEROREL - 512 - BILA D =X L0, Hlaskne 2 ik
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PRWE )~ —[IIZY 7 ha T RT3y L EFRERIIRT Y ¥ VT VX — B ARE
L7,

EFrTArua I alb—ra OFEITEEOA NaR Y RiEE VT I AW E
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EYOIANIEEL AT I ASOIER E A SRR & OMICYER OTRE5ICFHET X
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W ERTEFEINT,

[ n—"1 BRGSO RG] E R O fE
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TIEANLOMEDO E = VST o B4 VIO T~ URHIRE RN A LIV, AR Tyr
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Y bis-His & 5\ I His-Met OB FAEEE & 5 2 & ZfERd L7 bis—His Bz BRI,
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PAME ORBEICEMT 5 LRI D,

CIZTVTEHANL B Y —DOKIGHEIC K DRI OEE & U VR LIEE O KRGEE

7TV T EIIEGRR I MR R OB HY AT, D PREESE TR 5 2 & CHEGE
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ASEEE—XDEdER) - L CBIETH Z LIk L,

(2) MR ERT NGI ICE AR EEANL, 1017 A A= 7 8EHMEE T, AL
EHHERE FoSRIKEEENOZ R A b= A2 Ko THIIENICEY IAEND FETD
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Myosin V and VI move continuously along
an actin filament by biased Brownian motion
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Strain-sensor Model

Unidirectional motions are rectified from
random Brownian motions by a strain sensor
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ATP synthesis motor is a rotary motor.

10nm

Noji et al. Nature 386 ‘97

Sambongi Y, Futai al.
4 4 8 gi Y,
SN PEIPDP RPN Scicnce 286 00

Tk oA l

Extracellular stimuli

¥
. . ¥ {
Dynamic polymorphism BRI . e
of small G-protein Ras GbP fiRas
\GTP
4

ol re s el "L Ce  RalGDS AF6  cRafl NORE/MST1 PI3K

Proliferation Differentiation Apoptosis...

Single molecule FRET

Laser in Laser out

ASAFHIA AR

|
F1 (Cy3) FI (Cy5)

Arai, Iwane, Sugawa et al. (in preparation)

ATP is synthesized by rotation

Noji et al. Nature 386 ‘97

Sambongi Y, Futai al.
Science 286 ‘00
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Fluorescence resonance energy transfer (FRET)

Excitation

VW=

The distance between

D (donor) and A (acceptor
can be measured

by FRET efficiency.

photobleach

cepce Intensity|

Frequency

o
<}
2
[y

Dual imaging

Time (sec) FRET efficiency

Ras can exist in multiple metastable conformations and
undergoes thermally slow transition between them.

10



Wild type Ras

RasT35S (binds to Raf only)
—RasE37G (binds to RalGDS only)

Frequency

RasWT complexed with Raf

FRET efficiency
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HoWwHHKEEICES
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ED40%DE—4 Yk

N -/ V= TITIV L J /d = | V/IPH
PAS
n . -
Ryanodine (1) 77>

532 nmfpiie

Bodipy FL-X Ide, Takeuchi

A putative model of ryanodine-RYR interaction

At nanomolar concentration.ryanodine, a plant alkaloid, locks the
channel into a lon open subconduc
predicted to ha finity ryanodine bindin

SRW Chen et al., Biophysical J. (2002)

-Ras can exist in multiple metastable conformations
and undergoes thermally slow transition between them.
-Each conformation corresponds to one effecter.

How can Ras bind many effectors?

Simultaneous observation of
current, structural changes, ligand binding
of single ion channels

lon Channel —,

Ligands
Signal proteins,

g7.1
| Objective leni
NA1.4

IdeetalJJP2 00 3

a—__\,,:/*)l, = 1) jj“/ K- %',5;%7.0)@5%555‘]@

channel 1igand current

_______________________ —closed
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Single -molecule imaging in
tip-dip lipid bilayer

C Searching new method for single-
Current o A
@ j Patch clamp amp molecule imaging

-more convenient
-more popular

¢

|

[ Application of patch electrode
Diminishing the bilayer area

D Observation of all bilayer membrane
D Decrease of capacitive noise

Single molecule image
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Imaging and electrical records of
nNAchR using tip-dip method

Electrical records
m

+Ach
10 1mM CaCl, 50uM DIDS 5mM DTT
Y ) V: 100mV

2sec

B ———————————

Imaging Single molecule of nAchR
might be observed

P nAchR was labeled with
cy5-maleimide (labeled cystein
residue was not specified)

D> Molar dye/protein ratio was 0.3

DEm: 633 nm

D Epi fluorescence observation

3sec average
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Transmitter

| Signal proteins
Receptor J S < hinli

T, B
> 08
/

Membrane { Expression
|

Sako & Yanagida Nature Reviews 4, 2003

TIR microscopy for visualization of
single molecules on the cell surface

Evanescent Field

CoversTp

apicalimaging
basalimaging

Dimerization of EGF-EGFR complexes

Time (s)
000 0:20 0:40 0:60 1:00 2:50 3:50 4:00

0:00 1:00 2:00 3:00 4:00 5:00 6:00 7:00

Signal Transduction of EGF (hormone)

Binding
!

EGF . Dimmerization

Ras-Raf interaction

1
Calgium response
v

Activation of Ras *
<« -@o

(Development, differentiation, cancer)

. Phyosphorylation
Living cell

Sako, TY, Nature Rev. in press

Fluorescence images of single EGFs bound to a
livina cell surface

9B-683-30

Sako Y, et al. Nature Cell Biol. 2 ‘00

Phosphorylation of EGF-EGFR complexes

Cy5-EGF Cy3-mAb74

13



EGFD Lt T4 —~DHEA

HADERNETLRPLES
SEFIBALTLNS ?

Amplification of EGFR Phosphorylation

Receptor movement must be
important for lateral signal
propagation and amplification

Movie
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Gradient of a chemoattractant
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Ueda. Sako, et al. Science 294 (2001)
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Biology is engineering
chapter 8 of Daniel C. Dennet
“ Darwin’s dangerous i
“Biology is not just like engineering; it is engineering. It is the study
of functional mechaniss, their design, construction and operation.
From this vantage point, we can explain the gradual birth of
function, and the concomitant birth of meaning or intentionality.

Achieverments that at first seem either h[e;m]lv miraculous (eg the

creationof recipe-] =~ ° ) I . least
intrinsically MindH checkers)
can be broken dor of ever
smaller and stupi to pay close
attention to the , and this
new research di idea, not

overthrowing it.”

Artificial muscle (Taguchi et al. EEf&

BAfELL | %584R

J A XEMATH 5 RAELEZER
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Single-molecule Imaging of NGF/NGFR
Complexes Inducing Neurite Growth

T
i

Fast lateral diffusion

1
Inactivatlon of NGFR

Tani, et al.

noise X
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Noise
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Ras-Raf interaction

Activation of Ras could be monitored by @ o

FRET between YFP-Ras and Cy3-GTP o

EE N
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¥

¥ MAP kinase pathway

Hibio, Sako et al. Chem.Chem. 2003
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Myosin V

Neck domain

. I’z
¥~ Strain sensor

ATP favorably binds to the trailing head.

The trailing head undergoes Brownian Motion
back and forth.

The trailing head attached by chance to the actin in the forward
position and thus the force is exerted on the strain sensor.

Flexible spring
(not rigid enough
for a lever arm)

The trailing head detached.

The strain switches on the sensor and thus Pi is released,
and the trailing head rigidly binds to the actin.
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Myosin VI moves in the opposite direction.
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Three-dimensional structural dynamics
of myosin V by single-molecule
fluorescence polarization

domeph i Porkey”, Marget L Guisen”, M. Alexsnder Shaw, Jok £ T. Gorris| & Tule . Gobtman

Nature,422,2003
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EEOAMEEAIAROTNNE,?
Strain-sensor model (vanagida, et al., 2000)

M5 - 1

Sensor domain

Actin binding domain

Nichikawa ot al RRR( 20N)

Operation of the strain-sensor

Myosin VI

The strain-sensor operates depending on the direction of strain
to allow the head to release Pi and bind strongly to the actin.
Thus, the head moves in one direction.

ATP favorably binds to the trailing head
due to strain.

The trailing head detached. The trailing head undergoes Brownian Motion

back and forth.
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The sensor is rotated and Pi is kicked out,
and then the trailing head rigidly binds to the actin.

The direction of movement
is determined by

the direction of
the strain sensor.

The trailing head attached to the actin in the forth
target and thus the force is exerted on the strain sensor.

Model

( Strain-sensor model ) (A) g

—
@
e Direction-reversed
ATP=) maotor

(Triavallaris et al.,’04)
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