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Introduction
® What is “walking” ?

But he walks back.

Why they walk on the “ground”
not on the “"wall” or “ceiling”?

She walks along the
“road” to “forward”.
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Introduction
® Walking needs...

a. Processivity : the ability to remain attached to the track

b. Directionality : migration preferentially or exclusively towards
one end of the track

c. Repetitive operation : the ability to repeatedly perform similar
mechanical cycles

d. Progressive operation : the capability to be reset at the end of
each mechanical cycle without undoing the physical task that
was originally performed

e. Autonomous operations : the ability to continually function as
long as an energy input is present
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Processivity

@® To achieve processivity

a) two different feet, two different fuels/conditions
b) two identical feet, the fuel with asymmetric interaction
c) one-legged walker with secondary interactions

D. Leigh Chem. Soc. Rev. 2011, ASAP
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Directionality

® Maxwell's "Demon”

a) temperature demon b) pressure demon

Demon works against the second law of thermodynamics.
( randomness -> direction )

D. Leigh Angew. Chem. Int. Ed. 2007, 46, 72-191
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Directionality

® Feynmans Brownian Ratchet

b) Whether can the random oscillations produced by gas
molecules bombarding the vanes be rectified by the

7l ratchet and pawl so as to get net motion in one direction?

If T1 = T2, the answer is "no”.

_'/
£2)

However, on the contrary, cooling the ratchet and pawl by external means
makes it possible to rectify the random motion.

D. Leigh Angew. Chem. Int. Ed. 2007, 46, 72-191
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Directionality
® Energy-ratchet

l Potential “off”

b)

l Potential “on”

BVAYAYAVAN

‘ Relax

BVAVACATAN

http://www.s-graphics.co.jp/tankentai/news/molecularmotor2.htm D. Leigh Angew. Chem. Int. Ed. 2007. 46 72-191

20116 H4HLEH


http://www.s-graphics.co.jp/tankentai/news/molecularmotor2.htm
http://www.s-graphics.co.jp/tankentai/news/molecularmotor2.htm

Directionality

® Information-ratchet

2) Xe. 7
o= \_\ /\_\/\_\ /\_\ / a) The particle starts in one of the identical-minima energy wells.

b)
\_\ /\_\ /\_\ / b) The position of the particle lowers the kinetic barrier.

\_\ /\_\ /\_\ / c) The particle moves to the adjacent right-hand well by Brownian
[ motion.

a9 )
\_\ /\_\ /\_\/\_\ / d) The particle can no longer go back to the starting well.

D. Leigh Angew. Chem. Int. Ed. 2007, 46, 72-191
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Directionality

® To achieve directionality

B ——
—————-

switch
input 1

a) reversible foot exchange
b) a “burnt-bridges” walker
c) migration requiring energy input through switching stimulus
d) irreversible, kinetically controlled migration
D. Leigh Chem. Soc. Rev. 2011, ASAP
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I1.Biological Walker

Biological
protein walkers
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Walker in Cell

® Motor Proteins

Tail
- cargo binding
- regulation

— Stalk

- ATP hydrolysis
- microtubule binding

D. Leigh Chem. Soc. Rev. 2011, ASAP
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Walker in Cell

® Myosin-V
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Walker in Cell

® Myosin-V

(a) (b)
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Browinan motion (e)

72 nm Current Opinion in Cell Biology
L

J. R. Sellers Curr. Opin. Cell Biol. 2006, 18, 68; K. Kinoshita Science, 2007, 316, 208
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Walker in Cell

® Kinesin-1I

P.R.Selvin Proc. Natl. Acad. Sci. U. S. A. 2009, 106, 12717
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III.DNA Walker

Artificial
DNA walkers
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DNA Walker

® Non-autonomous DNA Walker

h b) c)
anchor ~
strands @ = psoralene
legs @ = biotin
fuel
toehold strand
feet self- ZB
assembly

footholds 1A 'B —m8»

1A, 2B duplex 1 \
TX DNA track waste 2
anchor
strand
BB
f) e)
fuel
strand
anchor
strand
2A
2A, 3B 3B duplex 1A, 3B

waste 1

N. C. Seeman Nano Lett. 2004, 4, 1203
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DNA Walker

® Non-autonomous DNA Walker

anchor strands C)

@ © = quenchers
QIO = dyes
fuel
self- strand
feet 1A 2B assembly 1A
G iy

footholds — '
w 1A, 2B duplex E§
duplex DNA track waste 1 anchor a
strand |
3A
f) e) d) |
fuel
strand
2B J
duplex
3A, 4B waste 2 2B, 3A

N. A. Pierce J. Am. Chem. Soc. 2004, 126, 10834
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DNA Walker

® Two-dimensional Walker

a)

d)
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N. C. Seeman Nature 2010, 465, 202
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DNA Walker

® Autonomous DNA Walker

‘*iw /
.!u }_ﬁ .Lw. Lﬁ

duplex DNA track

restriction endonuclease PfIM |

A. J. Turberfield Angew. Chem. Int. Ed. 2004, 43, 4906
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DNA Walker

® Autonomous DNA Walker

a) biped

"ﬁ!“% i foot A ri%”hz ! foot A'
e

track
i/ overlapping binding sites
M2 50%
b) °) €S 9 v )
H1 Fe T
iii “"llq:,’l \Y “"LQ;!:,J vi %Ei}
E—
- 50% 1L
LLELREIERDRRRRINRRRRRIRRRRRREEE TR A AT T T
2 2,3 t
T ) H1, H2
vii \ |
track regions where feet A and A compete H1-H2 < ~100 times slower N
for binding duplex waste than sequence i-iv Bl

A. J. Turberfield Phys. Rev. Lett. 2008, 101, 238101
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.Small-molecule
Walker
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small-molecule walkers
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Walking Small Molecule

® Migration of small molecule fragments

o OH base HO o
g =/ A \fg
\@, base \@\ base_ \é{

+>108 further constitutional isomers

d) EtffF: _PEts e)
YR Pt ,0 " OH
— Br Ho\/\q/ ~on == HoL A
/\ o : o
@]
uHJ{ +1,3 and 2,4 acetals, ) i) 1ol
but also in exchange with: Of":o"\, S SRS P

PEt OH o OH (B NH; C;"; NHs NH, 3
Pt Br )I\ HO\/I\l/\OH - o Sk S
PEt, OH T S

D. Leigh Chem. Soc. Rev. 2011, ASAP
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Walking Small Molecule
® Synthetic Walker

(0] /H\OMe h

Ny S Ox

é‘\o/é\[\] X /é 6:“:&
N=N
1,2-Cs

0')

Synthesized small molecule walker

1,2-Cp: 2,3-Cp 2,3-Cp: 3,4-C,,

o‘ C, >99:1 ’0 C, <1:99 oﬁ/@\
. . R C, 946 C. 595 =
N $ o s Cs 56:44 C; 60:40
R S Cp 54:46 Gy 3367
—
———
| (acid) base)
1,2-Cn 2,3-C,

Il (base) I (acid)
HN sk $
1,2-C,: 1,4-C, N $ Os s 1,4-C,: 3,4-C,
C,; 91:9 C; 10:90
C, 84:16 C, 15:85
C; 86:14 Cs 2575

Ca 8020 1,4‘Cn Ca 138?

Reversible reactions that connect various pairs of the positional isomers
D. Leigh J. Am. Chem. Soc. 2010, 132, 16134
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Walking Small Molecule

@® Distribution of the walker

a) o)

O 0
O /H\OMe OMe OMe o
\/\/\)'LNH S _base S
_acid /N S (,,
" o o ™
1,265 2.3Cs 243
100 12-Cs 39+2% ©) 100 : 1,2Cs 24+2%
9= 23-C; 36+t2% = 23-Cs; 24+2%
80 == 34-Cs 19:2% 80 == 34Cs 43:2%
~W- 14Cs 6:2% —8- 1,4Cs 9+2%
60 A at steady state 60 - directional bias towards

right end of track

40 A

Amount of component (%)
Amount of component (%)

2 information ratchet

L] L L L] L] L] L] L L] L] "" O
Conditons I 11 1 | I L N Conditions i i i

Cycles 1 2 3 3 2 1

conditions : (i) 0.ImM, TFA, CHCls, rt (ii) 0.lmM, DTT(10eq), DBU(40eq), dimethyl 3,3’-disulfanediyldipropionate(20eq),
CHCls, rt (iii) a. 1.0mM, DTT(6eq), DBU(3eq), CDCls, reflux; b. 0.ImM, EtsN(xs), methyl 3-mercaptopropionate(8eq), I
(12eq), CDCl3/MeOH, rt

D. Leigh J. Am. Chem. Soc. 2010, 132, 16134
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Walking Small Molecule

® Light-driven small-molecule walker

O
Q e ome I ~TS OMe
g TFA S
Z o d 4 CHCl, s 1
L O 2o, 3 —= 3 0
- a =0 - -
equilibrium ratio:
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energy ratchet

D. Leigh Angew. Chem. Int. Ed. 2011, 50, 285
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V. Summary
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Walking Molecules

® Difference between respective walkers

Biological

- efficient

- need ATP as fuel

- only in aqueous environment
- modest stability

DNA

- automated synthesize

- designed by a computer

- complex tracks(DNA origami)
- need DNA as fuel

Small-molecule

- small size

- low efficient

- more stable

- in various environments
- not need ATP
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Walking Molecules

® What is a role of "walker”?

Walker is employed for driving
chemical systems away from

equilibrium.

Life is or isnt a complex system of equilibrium.

\4

a new chemical system mimicking life
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