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TP
(Adenosine triphophate)
A universal currency

of energy in the
biological world
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Adenosine triphosphate Adenosine diphosphate  Orthophosphate
ATP ADP

Pi
ATP + H,O==ADP + P,
AG®" = —7.3 kecal mol™ (—30.5 k] mol™")

AGin the cell = -80x1021 J/FE)L
= -80 pN-nm/73¥F (20 kgT)
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ATP synthase

electron-transport chain

TS inner membrane
outer membrane

Imaged with FRET-based ATP sensor (PNAS 2009)
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Top View Side Views

Abraham, et. al Nature 1994
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F,-motor
(o,B5y subcomplex)

\

Torque: 40 pNnm
Step size: 120°

Noji H, et. al
Nature 1997
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"for their elucidation of the enzymatic
mechanism underlying the synthesis
of adenosine triphosphate (ATP)"
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Binding-Change Mechanism Structural Studies

=Rotary Catalytic Model =DNA seq.., Crystal structure
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ATP synthase {

ADP + Pi

F,-motor
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ADP + Pi
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From 'THE CELL
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ATP driven
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3 ATP / turn |

10 turns / sec 31800 ATP molecules
1 minute

1800 ATP = 3x10-21 Moles
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6 7T kvl (= 1.8 umd),

1800 molecules = 0.5 uyM. S
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ADP + Pi —ATP
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Coupling ratio (ATP/turn)

Velocity is
proportional to
[ATP]

1800ATP/600turn
i =3 ATP/turn

Rotational Velocity (Hz)
Speed (rev/s)

[ATP] (pM)
Accumulated revolutions




'Wind-Up' =
'Energy storing' =

'Release’ =

Speed increment shows ATP synthesis.




Nature 433, 773-777 (2005)
Highly coupled ATP synthesis by
F,-ATPase single molecules

Yannick Rondelez', Guillaume Tresset'*, Takako Nakashima’,
Yasuyuki Kato-Yamada’, Hiroyuki Fujita*, Shoji Takeuchi*
& Hiroyuki Noji’

magnetic bead

rotating magnetic field

== ==

objective lens microchamber
F1-ATPase

Forced clockwise rotation
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ff Magnetic field on




YAy

® 1= rJIZ{b=F]

O2fEFEDE—4

< 9

10 E#EE
= =

N

SJP:

S 107 kel
3=
<o

K
E
L

106-15/-10 -5 0 5 10 15
Angle (deg.)
ZiEmLEI AL —Z i
ATP

F,-motor
(ATP-driven . gL

[ATP synthesis}

Reverse

Rotation
-

‘t:~: e, o\
| Electrochemical
. potential of H*

Fo-motor ;5
(H*-driven)

<
[9.9.9.906

33398
......




B R T

33



Fh D121k D it




Single-molecule enzyme assay
in fL reactor

In mL tube In fL chambers

600 molecules/min
1 zM/min in 1 mL (1 cm3) 1 uM/min in 1 fL (1 wm3)



Partitioning into ultra-small
compartments

Milli-liter (10 mm) Femto-liter (1-10 pm)
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droplets at one time

101N

27744 droplets/screen X 400 screen=1097600 droplets
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Concept of digital counting

Capturing bead

0 6O §0©
D fol o e

% ° 0~ O

Biomarker-Reporter €

enzyme complex

Target capturing Digital counting



Procedure of Digital ELISA
for prostate tumor marker (PSA)

1. Target capture 2. Bead enclosure 3. Digital counting
1st-Ab coated Top view
beads 2nd-Ab-B-gal
PSA aY conjugate
o+ K+ @\=

Capture ..1
and wash oy
in tube v

(X140



Image data of digital ELISA

Bright field Fluorescent
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Signal vs [PSA]

[PSA] =2 fM [PSA] =200 aM [PSA] =20 aM [PSA]=0M
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LOD of digital ELISA
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Background + 3SD
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Fraction of bright droplets (
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10 L - 50 100 150 200
10" 10" 10" 10" 10 [PSA] (aM)
[PSA] (M)

Fraction of bright droplets (%)

L.O.D. =2 aM
10° times better than conventional ELISA; 14 pM

Kim and lino et al. Lab on a chip 2012 =



Future direction

for single-molecule
S diagnostic analysis

Count 54, [PSA] =12 pM
EeS e C = 2

Upboads
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Easy & reproducible bead trapping

400 blocks




