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Introduction

As the core organization
of Field 1 of Strateqic
Programs for Innovative

Besearch,
“Computational Life
Science and Application

in Drug Discovery and

Kei 3Z(Riken)

HPCI

(High performance of computer infra)

project

Mission

Elucidation and prediction of biological
phenomena using large-scale simulations and
high-speed data analysis, as well as drug and
medicine care design using simulations and
analysis.

RidAL — A,



E£omEED/

\SEA LT

EROEN
(RFETH)

N

BERRIGERZIZLT-
DFEI—=FITAT
[CkBRE

B3I ES

HanEfes ZTAﬂ% i

£ DRE

FEHEB X TALEFIET SLA

P

B R T LDBRH
B EER AR

1Ak /Eﬁn‘:ﬁﬁ
J_LE 3 R T HIAR
BEER IZFiWH



-

ks
M
ol
W H
1
B
i
%
—

10/8

b
-

MPOSER  EWENMEAD (R R

THE YUSO-KEIZAI

ﬁ7{ﬁﬂﬁﬁaiﬁgé

RN

HE
-
= e

m

SEREAEE (50NN <1 >
| HEEE (1511
WWE Fr> B13 104l
- W 104,65
TEN® iR TH IOTE i
E L AAHE
1 M EaFI4E [}
R TR, R A

— Wi SRS i
ANE ¥k .28 oE

e

f

TR O ™ oy U
B @S R
) AL ONEYY <Ble
DL Tl S T
SR TODR T & (=
N Es— ) SR L
eI LR T
USRERTES” @tUoEN
e

— (e

i BESHBOEHEE @
B ol e
SOERLA S LU
i EEERLY RHEEOE
SRR R A T

SIKESHREES L)

FEN SRR ERE LS EAEE R S D
FEEE Y TREC IR w0 ST EEREENe DR R L B TR
1" dosEd TFEEPNES D - R EH BEECEERER 00 UL B
L bl A" BECHERLD EERdRS Y el iE

KIS K i b R
fogE s L ER

-

LA OISR RO el )
EERaC RO EENR
LTS B R B adu)a)
& AOERRR SRS
HORa
BEEUHS
kil vy
BELU P

8 EEH-hDH-—L2
(ke | 5) sEcEsE
THT SRR T
WA LS LR
& B (HE) e
ML <ERRseLHE
s N EERARSDY &
—SEAOMRO TR
Ly b QR e

— RS

= | R FRECECR
D" FRDLHE TR
WAL IILADRE" sOEkh
e o

— e [Fode) BR

=
=

HVEVNLRIERY—

AR

-
o

Pl =1

AL

LI ELGEE BESTEHMIH

_bAn#E

23k - BR WN

(w3 &

L ol

B o 3AEe
A= i A LEREE W AT AR,

T EE., FHISEETENET RN

T S

HIrRETFTERAER. B, KRS SRR
- EERARuns. BWC ATk 3D

. GEEL. AR . SENCETEGWTEER, 619
EAATMERIRN NI SR e, T
NE—-HATHSEN. ELTEE~— RSN,

R WL (ELGD kD)

BE D0 EEOLSE
Fredtr o PR
ANDATLIED" USSR
£ SILUERCURSHOS
S s ey

HEEMUE
badp 2 [

- ERRE DRDRe
e | eERsoR-ECE
[l Rt
B e T LS T
L LR OVRE Y TR
ERD AR LD LR
BECRELOO Do)
R
SO0 EHER (b0
SRR a)HE Ean RO
1 IOk | SEESEL




Press man: How is transportation of vesicles in cell controlled?
Prof. Yoshimori: No idea. If | had to answer, it would be done

by God.
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Simultaneous observation of

single ATP turnovers and mechanical steps
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Too rapid to be observed

“\
In h ‘ﬁk‘\g by optical trap nanometry

T Ishijima, et al. Cell 92 (1998)
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Detection of substeps by scanning nanometry

anometry
-

Probe Whisker

Evanescent field Myosin head g #Displacement

Water
Glass
@]] svanescent field ctin filament

Laser in ; Laser out

‘Objective lens l

1 }

Laser

Single-molecule imaging

Kitamura, Tokunaga, Iwane,...TY
Nature 397 ’99,
Biophyscs, 1, 2005

3 Okada et al. BBRC, 2007

Images of single myosin heads



Substeps In raising phases of displacements

1 ATP cycle Displacement
~a ¥l
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Load dependence of substeps

Kitamura, Tokunaga, Ilwane...TY, Biophysics 1 (2005) High loads
| >1pN
Low loads a

Al 1 uM ATP, 20°C, 0.21 pN/nm

||||| |"'»'J <1pN N' E R

nil m L P 5

M&% *Mﬂm ﬂhl Lk i ||S'|“-¢ W ¥|' *M 5nm &10 nm
\ 200 ms 0.1-0.6 pN/nm
\ Expanded

0.02-0.1 pN/nm

The stepsize (5.5nm) is unchanged but the dwell time increases
and the number of backward steps increases .



Kitamura, Tokunaga, lwane, et al

Nature 397 ’99,
Biophyscs, 1, 2006
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lwaki et al. Nature Chem. Biol. 2009  _ N _ +
Nishikawa et al. Cell 2010 detached Strongly binding




TFNSFHIARAN
ETIL ETE#SaL— 3y




TS9O RTFYTERAN A —FR—RIZLT=
:E7_:)l/ ‘57 Model

M-ATP I \[- A DP-Pi
", Attach - detach
Thick filament backbone
m—- X axis
v ,____: Elastic component

(2 pN/nm)
09990833003 €999eg83008 ' . | /. ||
f/ ADP " v (¥
ATP/ AM-ADP W\ - ' ‘ '
~ Scenario 1 X o

AM-ADP-P1

E (x) x
: 2] A%}B
AM-ADP AG
Scenario 2 d
36 nm
Atteched state

‘71 Model
Moits = —wi(t) EL(2:) — B, 1) + /noksfT(2)

Marcucci L, Yanagida T. PLoS One. 2012;7(7):e40042. doi:
Marcucci L. & Yanagida T. Phys. Rev. E. 2013



http://www.ncbi.nlm.nih.gov/pubmed?term=Marcucci L[Author]&cauthor=true&cauthor_uid=22815722
http://www.ncbi.nlm.nih.gov/pubmed?term=Yanagida T[Author]&cauthor=true&cauthor_uid=22815722
http://www.ncbi.nlm.nih.gov/pubmed?term=Yanagida T[Author]&cauthor=true&cauthor_uid=22815722

Adaptive force generation of muscle is explained by
Brownian (stochastic) steps
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Velocity of contraction at different external loads. Applied tension is reduced or increased with respect to
iIsometric tension at a given time. Simulated Tension vs. Time traces are shown in the insert. Tensions are
normalized to the isometric tension, T,,. For different tensions, velocities are calculated from the linear
portion of the shortening traces and normalized to the maximum velocity. The simulated velocities vs.
tensions (blue triangles) are compared with experimental data (black dots) from [Piazzesi G, Lombardi V
(1996) J Muscle Res Cell Motil 17]. In the concentric region (T < T,), the simulations fit the experimental
data well even if the velocity is underestimated in the central part. Experimental data for the eccentric

region (T > T,) are not shown, but a qualitative correspondence can be observed with a plateau region at
high tensions.



Efficiency

A i Experiment @
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Predicted efficiency at different velocities. Simulation of the efficiency of contraction, as predicted by the
model compared to experimental data (circles from [Barclay CJ (1998) J Muscle Res Cell Motil 19],
green line). Efficiency is computed as tension times velocity divided by the chemical energy consumed
(triangles) and following the method described in [Sekimoto K (1997) Journal of The Physical Society of

Japan 66] (squares).
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Fast tension recovery. Simulations and experimental data for a small and fast length step applied
to a muscle fiber in isometric contraction. The simulated tensions after the imposed

step, T, (red triangles), and after actomyosin re-equilibration, T, (blue triangles), are shown and
compared to the experimental results (circles; data from [Piazzesi G, Lucii L, Lombardi V (2002) J
Physiol 545]). All tensions are normalized with respect to isometric tension T,. Simulated Tension
vs. Time traces are shown in the insert, T, is estimated by the tangent method.



A.F. Huxley Proposal

The biological molecular machine (myosin)

does not overcome but rather use Brownian motions
(thermal noise), of which stochastic nature allows
adaptive operation of complex and dynamic system

(muscle) without strict external control (self-organized
system, SQOS).

i .

A.F. Huxley died
on 30 May, 2012
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Continuum model
FEM (Finite Element Method) UT heart

Time step size : 2.5ms
Fluid-Structure interaction

5 R 0D 3R FEM
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HPCI project UT heart
Hierarchical integrated simulation for predictive medicine Group
Multi-scale, multi-physics cardiac simulation Team
(Tokyo Univ. Grad. of Frontier Sciences)

"

Toshiaki Hisada Seiryo Sugiura Jun-ichi Okada

Takumi Washio Akihito fakahashi



Three scale analysis : Sarcomere — Cell - Heart UT heart

Stochastic sarcomere model Continuum model
MC (Monte Carlo Method) FEM (Finite Element Method)
Time step size : S5us Time step size : 2.5ms
32 sarcomere samples to A cell complex FEM model Fluid-Structure intferaction
each myofibril element to each element FEM analy5|s

I/‘W??—,
I/‘Wﬂ—, <

I/‘W??—,

Equation for propagation
of cellar excitation

*MC and FEM is coupled by imposing the
consistency of the mechanical energy.

* Cell and Heart models are coupled by
homogenization method.

fiber and laminar structure



Stochastic activities of the myosin model

Cooperativity with neighboring myosins

W

v=80 is adopted knp7/n lT kpny_n

v

troponin tropomyosin

No binding state

Binding state

UT heart

Transition in power stroke (one step)

Strain energy in the arm Warm(L+ Xo)

W, (L)

E
h exp| — PostR
ol - 522
<

h, exp(— %J
kBT I-natural + L + XO

Lo + L

natural

Energy

(chemical energy in head + stain energy in arm)

EPreR = U PreR +Warm (L) = U PostR +Warm (L + XO)

E PostR

l Boltzmann factor l

exp(_ EPreR _ EkPOEIt_R)
B




Sarcomere Model
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Weak binding

UT heart

T/T unit model
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Kox[Ca]

Koif

Based on the Huxley & Simons 1971 Model
with the Rice cooperativ

e
XBPOStRl — XBPOStRz

' Two step

" ATP
Strong binding —— —

Pre-rotation —6nm 15t stroke

—5nm 2" stroke




Effects of Two-stage stroke UT heart

Two-stage stroke model

More intensive

Ejection
68.7ml =78.3ml and
Efficiency sustainable
25.5 % =28.3% l distribution
15000 — Two stroke
‘ — One stroke
10000 S
< Two Stroke =
e - =~ One Stroke One-stage stroke model E
£ 5000 _ S
&J 0 .........

40 60 80 100 120
\Volume (ml)
Pressure-Volume loop

4

5
b Myosin-arm stretch [nm]
1 Arm stretch distribution

Cell complex Sarcomere
at Endo
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Cooperativity with neighboring myosins Transition in power stroke (one step)
_
No binding state D Ui Chemical energy in the head I U posir
Warm (|_) W Warm (L + XO)
_ . n —-N
v=80is adopted k¥ lT kpn y . exp(_ Ekp(’-s;-R]
L S—
Binding state T
& Ner
s X

troponin tropomyosin | | |

(chemical energy in head + stain energy in arm)
EPreR = U PreR +Warm (L) EPostR = U PostR +Warm (L + XO)
n=1
l Boltzmann factor l

f— _ EPreR _ EPostR
e R
Conyentional
detérministic XB
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Unkown mechanizm
connecting the micro
and macro scales

l

No efficient treatment ‘ €

Braunwald’s Heart Disease 7" ed.
"_Isevier Saunders

Abnormalities
of myosin

(Sarcomere
disorder)

Protein Database

Mutation sites

A.D.A.M Interactive physiology



	スライド番号 1
	スライド番号 2
	スライド番号 3
	スライド番号 4
	スライド番号 5
	スライド番号 6
	スライド番号 7
	スライド番号 8
	スライド番号 9
	スライド番号 10
	スライド番号 11
	スライド番号 12
	スライド番号 13
	スライド番号 14
	スライド番号 15
	スライド番号 16
	スライド番号 17
	スライド番号 18
	スライド番号 19
	スライド番号 20
	スライド番号 21
	スライド番号 22
	スライド番号 23
	スライド番号 24
	スライド番号 25
	スライド番号 26
	スライド番号 27

