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Kyoto model
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Terashima et al., 2006 in press.
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. Sarai et al., JJP 53(2) 125-34, 2003.
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simBio
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Simulation of Myocardial infarction anoxia

Anoxia
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< A myocyte of a ginea pig >
length : 100um, width : 20um, thickness : 7um

—

CommL. L H+ + HCO, &
? B+ BH
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Ca2t Calmodulin

ATP Cross bridge_
e B
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T}f ATP
1 SERCA
RYR — < Leak

Na Na HCo, OH- HCo,

O ATP

Oxidative Phosphorylation

mitochondria !

Creatine Kinase
CrP + ADP < ATP +Cr

Adenylate Kinase
2 ADP < ATP + AMP

T tube [

calsequestrin

Kyoto model structure (CM16)

0,
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bio simulator

FEM model

myocyte(— element
one to one correspondence

Reproducing the vital phenomena on computer, and
simulating their functions for various stimuli. 17



Structure of the LV Wall Motion Model

=—— —— —— Tissue mechanical
<7 i+ |property model

Cell model

LV contraction model

Contraction model

B Actin filaments

i i % It N
Cross-bridges Hinges Body
777177 Coronary artery model

Whole body blood
circulation model
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Conventional method

0

Uniaxial
tension test

Engineering stress, N/mm2 x 103

Experimental System

80|

Stretch ratio, |

Experimental tension test for 7 samples of left
ventricle guinea pig

Table.1 Material Properties of left ventricle guinea pig.
Sample Elastic modulus E Viscosity (N/mmZ.S) Shear modulus G
No. (N/mm?) (N/mm2)
ik 0.0913 16.5826 0.0306
2 0.1080 16.4096 0.0362
3 0.1700 22.8159 0.0570
4 0.1049 16.0538 0.0352
5 0.0743 16.1494 0.0249
6 0.1577 16.2005 0.0529
7 0.1585 16.6015 0.0532

Relaxation test for samples

STRJ WS: March 9, 2006,
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Isotonic and Isometric Contraction

 |sotonic contraction
force-velocity relationship

— Relationship between
afterload and maximum
contraction velocity. _

— Hill equation 0—

(force) x (velocity) = const.

velocity

—

after load

e |sometric contraction

length-force relationship }W

— Relationship between cell

Maximum force[%]
D
(an]

length (half sarcomere length)

. L)
and maximum force. 05 10 15 2_'0
Half sarcomere length[ 1 m]
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Measurement of anisotropic mechanical properties

Device with array of micro posts, made of PDMS (Polydimethysiloxane)

To measure 2D mechanical properties of a single myocyte.

Local stress-strain curves and the global viscoelastic strain energy function, as a Prony series expression, and
its derivatives with strains (constitutive equations) can be obtained.

w=y" + %15%//0 exp(— t//l”)

v Anisotropic distribution of mechanical properties are
considered.

v Myocyte interaction with the underlying substrate is reduced
rather than previous research.

v No need to manipulate a myocyte.

Advantage

STRJ WS: March 9, 2006, 23



Measuring system

Microscope with LI I I I I I I I I
CCD camera 500um

eoeo0e0eoeooe
— Dl—ooo..-oo
Myocyte — T~y - oo 0000 O®E®@®
£ — =
— D d
Arrayof/'
posts

Device layout and dimensions
L =10pum, d=3um D=10um

== Displacement
Myocyte’s deformation and contraction

could be tracked as a function of the posts’
deflections.

Capturing through CCD camera and
Image processing by using computer

STRJ WS: March 9, 2006, 24



3D views of manufactured posts

N
uﬂ, |
———i-
-
"

Bpalee 1.8 kV

s

e ——T— Confocal laser microscope image SEM image
Ave. SD
Di?ﬂf)ter 2.794 0.105

Dimensions of manufactured posts

Height(um) 10.147 0.027
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Experimental method

Procedures

(1) Coating Fibronectin (a kind of Extra Cellular Matrix)on the
device and drying

(2) Dropping the Tyrode’s solution and installing myocytes
(3) Applying voltage like rectangular waves 1V 100V

(4) Observation of the motion of the posts using computer
connected with CCD

Tyrode’s Solution

Conc.(mM)

NaCl

140.00

NaH,PO,-2H,0

0.33

KC1

5.40

CaCl,

1.80

MgCl,-6H,0

0.45

HEPES

5.00

glucose

5.50

System for applying a voltage Computer for image processing

STRJ WS: March 9, 2006,

26



04 =03=02 183433

STRJ WS: March 9, 2006,



Experimental Results
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Concept of new device

(Measurement of mechanical properties + patch clamp)

To measure the action potential simultaneously with cell deformation

Electrode Cell

Providing negative
pressure

Syringe pump / \

with electrodes

e Adhesion Giga seal

~Ability to observe the relationship between myocytes
Advantage connection (series or parallel) with ionic and kinetic reactions

~ Ability to observe cell ion current and action potential.

STRJ WS: March 9, 2006, 29



3D views of
fabricated micro posts with holes

—

280185 1.8 kV

SEM image
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30



i) Al pattening on glass substrate i) SU-8 was spincoated and
exposed from the back side

iii) A master of micro posts with holes
was fabricated after development

v) Micro posts with holes were
fabricated after PDMS release

09=03502138/239#33
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Flow direction

Cell

Lower electrode ‘

Patch-clamp amp.

Upper electrode (reference) Electrode

~— Micro-hole crosssection =

» Output
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Suction of cell

02-17-05 115492558

Cancer cell H2B-G-19 diameter 10um)
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Ca— E.

Ca—

Ventricular Myocyte
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Multi-Patch Cramp

Concentration Jump
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electrode
electrode

%

V..(0 =15akEcosd

1) a=10 ym —» E = 10> V/m (1000V/cm)
2)
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¢1V

5msec
U937 I O Y o o A

RPMI
RPMI +10 mM YO-PRO-1

B9 &

¢ "
02-17-05 17:11:13

2V x 20

STRJ WS: March 9, 2006, 43

02-17-05 17:06:31




\\'\%

ATP CAMP

NADH

RyR Chl.

| Ca sensitizer |

) , ADP , Pi

b)
NADH
IP3

STRJ WS: March 9, 2006,

44



717&;

7 4+ 1-CoA
CH; — C—S—CoA CH,CO-H
! HOC—CO2H
CH2COH
[CA
Fe?* eF3%—+ )
CH2COzH
T ERY. | H?-‘COzH
HOC—COH
H
3
NAD+ \
’ 1Yy b=t
NADH Mot | 26 ¥
Tv—bFelkayr—¥ /***—'
*z::;;»e»;—k FYDNLEER NADH
NEFS H— .
170 o 4V tL—t
(Krebs ¥4 2 v) z VTt
CH,COzH
a-4> b ININER H(I:H
C—CO2z2H
V.
o’
A
CoASH “\C/COZH
\ [ 7 B CoASH
o
HO,¢” W waL— b
NADH rr—¥
2L—tsrs—¥ | FADH2 LA A
CoASH GDP
+ +
GTP Pi CHCOWH
Mt N\, CH2COH
— >  CH; 223 =1n-CoA .
CH2COzH Ay | CHCO,H
/C—S—COA arrlh
o
\ > -—
< N r//C‘—COz»H
o
CH3—ﬁ—S_C°A Hz0 IEEE Y. |
o] VAR E RS
7 4 % A-CoA YAIoN

STRJ WS: March 9, 2006,



S RIEIPES (o) a2y dadiihil NEC |
0.33 mM NaH,PO, 2H.0,

5.4 mM KCI, 0.45 mM MgCl, 6H,0,
5.5mM , 0.5 mM EGTA

5 mM HEPES (pH 7.2), 140 mM KOH,
0.5 mM MgCl,, 1 mM EGTA,

50 mM ,

50 mM , 50 mM
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Kyoto University Challenge 2005

Education & Researches
In an Emergent Discipline

Nano:i=cririoloc)y

NanoMedicine
Merger Education Unit

Kyoto University

Medicine
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OBJECTIVE
Nurturing of Talented Experts

Creating Next-Generation Industry
Driving Translational Research & Critical Path Research
Displaying Issue-Solving Ability

Medical Science
Bioscience

NanoMedicine Merger Education Unit

Engineering

TARGET

Graduate Students
&
Researchers, Engineers, Medical Experts
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Nano-Medicine Merger education Unit

Nurture research leaders in a new NanoMedicine technology, materials
and devices for ranslational esearch/ ritical ath esearch

Talented Experts
in
NanoMedicine

Nanodevice e,
<5 MEMS/NEMS Bio—Nanomateria%‘:_,ﬁ-, |

Imaging & targeting :é?ﬁlg; :

BioSimulation o
Material sciense

Moleculer blology

ev

Image processmg phy5|olo iosciense

K3 A% 2 A

For students, engineers, researchers with an applied physics or chemistry background
and

[ ' medical experts
VG | STRJWS: March 9. 2006.




Training program for problem-solving skill @

A team is comprised by students, experts in engineering, instructors, and clients
who provide some unresolved tasks of the cutting-edge fields in life science. They
are expected to challenge these issues and provide a clue how to solve them.

ew medica
industry

ew medica
treatmet

Medical experts:
who has a good knowledge of
nanotechnology and can
present needs in advanced
medical treatment as a form
which engineers can
understand easily.

Engineer:

who can find needs in
advanced medical treatment
and then develop a new
drug or a device.

STRJ WS: March 9, 2006, 52



Bionanomaterial Course

Object;

The main purpose of this course is to develop the human
resources who specialize in translating an idea into action
through research and planning in bionanomaterial fields.

What’s bionanomaterial?;

A bionanomaterials is any fine synthetic, natural or their
chimera substance, other than a drug, which can be used to
replace any tissue, organs or function of the body.

Course Overvierw;

The course is intended to provide participants with a basic
overview of molecular biological techniques and synthetic
nanomaterials for biomedical applications by taking basic
classes for biotechnology and synthetic nanomaterials, and

"hands-on" experience. After completing the primary classes,

participants will be prompted to join the advanced classes,
where participants are educated more sophisticated problem-
solving skill in team training programs. The participants are
expected to work as specialists of nanomedical engineering
fields

S I XJ VVO. IvidiUll 9, ZUVU0O,



Nano-Device course

Object; training students to gain capability of

understanding, expanding, and applying the gt
NEMS(Nano Electromechanical Systems), MEMS il

( Micro ElectroMechanical Systems) and mico '
TAS( Total Analysis Systems) for developing nano-

medicine. s 1 mm

What’s Nano Device? In the field of NEMS, MEMS
and micro TAS, functional micro electromechanical
systems plays a very important role to research the
mechanism of nano molecule and nano particles. By
using of these nano devices, a few amount of
materials are enough to be detected. As an application
of nano devices, blood test device, environment test
device and bio-nano research devices are researching Health Care chip aTAS
and developing.

Nano-Device Class The basic technology to develop
the NEMS/MEMS and Micro TAS device, such as
thin film technology, photolithography and etching.
As a practice, micro fabrication process and designing
of micro system is included

STRJ WS: March 9, 2006,
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Imaging and Targeting Course

Object; Optical Imaging
The aim of this course is to offer an opportunity to learn the
latest technologies for ‘Imaging and Targeting’ of disease-
specific biological events in animals or human beings.

What’s Imaging and Targeting ?

The “Imaging’ technology visualizes the abnormal biological
process as a disease. The ‘Targeting’ technology provides a
pinpoint approach by delivering a physical energy or a
chemical agent to the area of interest. These complementary
technologies promise a significant breakthrough in early
detection of diseases (Cancer, Cardiovascular diseases,
Alzheimer diseases), validation or prediction of treatment
effects, and application to regenerative medicine, gene therapy.

Course Overview;

The teaching staffs with engineering- and/or medical-
background cooperate to provide key knowledge and practical
training for this rapidly progressing interdisciplinary field.
Trained personnel will contribute actively to progress of life-
science research, elucidation of disease etiology and drug
discovery.




Biosimulation (medical systems biology) course

Object; training students to gain capability of
understanding, expanding, and applying the
biosimulator for developing nano-medicine.

What’s biosimulator? The biosimulator
reconstructs the dynamic function of cell, tissue
and organ on computer. The right upper figure
represents the interactions of individual functional
units composing one cardiac myocyte; each arrow
indicates the interaction described by differential
equations clarified in experimental research.
Thereby, the cardiac cell simulator reconstructs the
time-varying electrical and mechanical functions.
Based on these cell simulator, we can examine the
heart pumping activity as well as the electrical
activity, i.e. the electrocardiogram.

Common language For mutual understanding
between biomedical and engineering researchers,
the biosimulator will create a common language,
and database for dynamic biological functions
using mathematics and informatics.

External Solution @

el

Lt e |

-

.

Q S
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