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4. 2IIHISl XZl/J| 2 DAl (tissue/organ simulation)

The Genome Project = 2128 RS FIIMES Holll= HHE OI2FHUHIULMH, Ol SENZRH
LSTE HHES0 HEH RIIME ME, =& JI20AH JIsHSZ XEst=Xl0 st d2= S
post-genome A|CHOIl SHA S 2 Xtel &0 ULH

FHHM (genome) HAM Z3E= e 2AS2 HE ME, && L= Ji2= g4ol)|flof Y 22X
(morphome) & Il &M, 0l 2EXMUHA SEE JIsS =&etC SIOIMUONAM MME Jls =20l CHEt A4
(physiome) = [IetA FEN L= 24 =W ARH =& 2/RIIMZ2 MAHAE2=2 OloHot= 24 0ICH.

=2 MEWEW OIS0l MM 0IXl= FE, 2/ FB0 HE AN SERR2 S Ol EF
KX EF D20 0Xes FES 656D A8t =588 20 2610 2 M= The
Physiome Project (http://www.physiome.org/) _12|l1) The Cardiome Project & HIECZ &HEL, AE2S

ZA0 CHSt 2 A0 CHot 2 HE 22 20t=C.
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4.1 The Physiome Project and The Cardiome Project

1997 & st I ME MM LIIE =X 3= WMl The Physiome Project (http://www.physiome.org/) &=
HIML Jlsl s SHH=sES HLSHOZ H4HCHI|RIS A2, MotstM/ME st M/ st A
B2 NAE 88 2HZ J|=0tH, MHEH J|sE tlEcte A2 SH2Z &0 (Cabrera et al., 1998).
Of MHl= 3N SFIHNZ FEHRUCH 1) dHEH HE2 =& (databasing), 2) 015 FE2E HIE2=Z

HAROID HEHO QWY S S ST =8, )2 L= RINMSY SIIH/EINH SHHSS DAL

QA E OH Bassingthwaighte 1 == (Dept. of bioengineering, Univ. of Washington, USA) = The Physiome Project
Of st YSoZ Ol AZO 25t Scld &) =8 IS0l 248 A @AM =HES & The Cardiome
Project (Bassingthwaighte et al., 1998; http://physiome.org/files/Petrodvoret.1997/abstracts/hunter.html) £ =&
S0l AULCH

Ol A= &% HRe, &Y SEHEY AMEZS2 JIsil e EE22RH & JIse st Qe s
SHOZ BHC 01H M= AEIISH CHet HAFE 2 (e.g., fatty acid and glucose metabolisms, adenosine
and ATP metabolisms), NI & &S X0 221 & electrophysiology, 22U J| & 2] MY/EAHEE, S WS 2L
SMUSES L0 &8t hydrodynamics S0fl 2t EL&/FHN DS Soff &Y, U 42 dE,
S3 Ao =20 et == Ottt MTekA

SIX0l S MRS DU 28 XS 0K D, S —
- = 01O _ _ DO » Excitation- Contraction,
SEE Mo 28 22 222 &0 0l HH= excitation & w1 Contraction »| Deformation
Olz] Bt2STol ZED 0l o7 JRS #A0) ared Couping esion
STEM, Sclstt, AFEHIEA, O| &AL, 4 i
SISt A, Mostii=2te ZsHAE Sot:H = 1
_ ‘oronary . .
S0l JHEE O O0F &FLF. Fortic ™ Sysiem & Ado C“"“::fmb' :
A - ‘oncentrations
Bassingthwaighte et al. (1998) OlA= A&l AL Regional of ATP, PC, !
[ = [ Py P Flows 1. pH, NADH
AI1E el JIHE Jls2 6 Al B2 U A : 3 !
HMHHOR DHBIACH (see DB 4-1). . A ',
! i
: Substrates ctabolism & '
. . Oxidative 1
1% 4-1. Overall diagram of the cardiome model i osphorylatio |
component. L Z |
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1) JIE/AE B52 @290t SUAAGN A2 EXUSE0 28 L (see 18 4-2)
2) UK A0 2043t= J1 & (fatty acid and glucose) 2| CH A& 1t oxidative phosphorylation & !
(see _1& 4-3)

3) ATP MAHAHIQE OO A 2oHE 28 ZENE 2 (see I 4-4)
4) AEEBES (UH2U>F2S) 0l 20iots 612 HAHUES 22 (eg, Ca’” O LHEL E2)
5 HIIH dFASA Y22 e e ZE

3 %2

6) AELZ2S0) 2o

8 42 = €& (capillary) L JI & 1 &I M E 25 £ & (myocardial tissue) 22 8EE = WEH2 BHE
E0HE0E 08 43 2 A2ME 2112 30% £ XAlcte 0IE2ZCI0tH0IA JI & (fatty acid and glucose)
Z2H glycolysis, TCA cycle, oxidative phosphorylation ~12| 1) acetyl CoA metabolism Off 28t 0 B+S
Z2E E0EL 0 D82 8230 228 WX A 2tedE A9 HAIHEON st HRE
MAlotD UCH 01220 CHst &Y 2 S XHAISFA section 4-2 0l A Ol &I,

Fm% acid ATP
Thiokinase 9 .
outflow: Acy carnitine t‘ 4 Mitochondria
V o w 0, and H,O —
P D,,"D, 2 7 |M' D v o
_____________ - ADP‘ FAD //”
N Dy Do ﬁ;fu}‘?
4[0,] + [Hb] == [Hb(0,),] i
°PSppe *PSpe RBC
- e e - .- em e } - - Aoel)'l-COA‘b(/;rEi:\—b- ]]::3:1[ @lmlory
Plas
°PS, § “PS, 4 i
, ' Y op "D, Interstitial
Vie  opg d wpg 4 St Fluid \_ ATP “ k ADP+P1+energy .
| | 1
i G. Loctate | T
’ 0, -—--»H 0 "D, Pc’wD pe Parenchymal +> Pyruvace Ci) : .
L [02]+[Mb]¢-t{Mb02] - Cell n 2 lmmm e —m— e == H
il e

21&l 4-2. Dual capillary-tissue model for oxygen transport ~ —12 4-3. Summary of oxidative phosphorylation
and metabolism into water. in a myocyte mitochondria.

S22 JIHE 20 e St MotsrM ZE Xt= ATP Lt Adenosine 2t 282 purine HIE0ICH & 4-4
= A2 & NI ZLH purine metabolism 1t phosphoenergetices & 220t H SHECEH 18 4-5 = 2HA 8 Y5
O ZES HIESZ 3 NFHELZE AlZet=sl &l 429 BEsES 20E0. O UAE E32=
Bassingthwaighte et al. (1998), http:/nsr.bioeng.washington.edu, %= http://www.bioeng.auckland.ac.nz/cmiss S
& ot J| "hetlh.

4 V Parenchymal cell \

/
c':\km/\_}g:}msglm} ]ATasgl Ad'ase
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Cl’ Pl

Adenosine Inosine
212 4-4. The kinetic model for purine metabolism and Jd8 45 48N AE2E2 2
phosphoenergetics in parenchymal cells.
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4.2 Bioenergetic system modeling in tissues of skeletal muscle (2 ZZ L M0 X AIAE 2 )
HAIHE 2 MZ/ZZDI2/RIVMUNAM JE2S S8 ME22 HSAID|l 2ot S4028 L9

=
SHSEE FEH, J122 o=ty HE hde| JMOIth HAIRE RS2 FHAESE ot 84
(enzyme) S2 ZEZ 0[N XINH, 012 84 RENZRH /2=

SIMUW 0™ &2 BN Jda = foiMe 247D
TEWME, T2 EF HAIZSS0 286 MAR 22 2= &t MM L= RIINS =&E
CHAFAIAEBIOIA Ol Kl CHAF (energy metabolism) 2] CHAFZZE A2 Z&/J|22] MX

SR FE2 XAIGtD AJ| 20 (Cabrera et al., 1998), 22| L2 =)
TEO 28 ML Xl A AH| (bioenergetic system) 2] 2@ 2 0fl CHOLO AJWSHCH (O E 4-3 & X).

E MAAMHIZO 50% Ol&2 XXots 2T ATP 42 RIIM HUHXA22 AFZ2EH, oW X
CHALOl 2t & CHEXOI THAF 2& =2 glycogen, fatty acids, glycerol, glucose, pyruvate, alanine, lactate, CO,,
0,, phosphocreatine, creatine, NADH, NAD, ATP, ADP 0|1, OS2 LHAIBISEE A2 E86le 24K

ol
it
i
a0
x
i
-
&2
=
0
Hy
o
o
o >

ol

=
D2 E8A2Z dUUHR dMAHE 22 = AL HE ME T= 25i0MJIE2 )0l Uet s% ¢, =
OIS d&t(P), ArE (U,), 7 (I;) A2l RE(0;) E=2 =XAN2=Z HelE
dc;
Vi7=Pi/‘_Uii+1i/_0ii (4-1)

HIOA 7V, = ZXAME 1 2 RUIE SSotl, ot AISSE= HAIESO 28t D122 dd1t ~HIE

i

iy
Ry =8 -U;= kéﬁik/ =

OOI0IM, B, E ZXNEikSEC2RHjHE

q m q
. ¢ik/'p _kz_:] ﬁik/‘ Z ¢ik/'p (4'2)

p=I

0 |0

i ES pllA k d222FH j 82222 BHSEEE EHCh AW ATP dit2 e Z&st
HOAABCSZ FAECH Tetd A (4-2) NSl TAIELS2 e Sg8 JE/aa2t ZEUSSE

L&ttt
8 42 HAME 200l MM HUHX MALREHC AWM, S ZXF (arterial plasma) 2
AFA/OI AP SHERA R RR NI 2ES WE2 IR SRS HAHLIS S GHLIOICH &4 /0l AFSHEFA O] A2 LY

dcC .
Sraaid
dCt,C(),
,T__ t~1,C0, )
GIDIOIM, Cp & Copp, = EEMEL A OIMEEA SE, C, @& Cpp = FUY 4G
IMBIEIAS 5, C,, & C,p o =

= =
a, —_ o
INHMEZERE YEHE 20 R, Q & 4T o

Cabrera et al. (1998) = & 06tJ]| HtetCh.

E

-
T2 46 2 VA HUE DUS HIEHOR, S AAQ 5 @
OF0l AT M (L= MAAHZH =ZAS O), §
2S (muscle) Lf &29] AHIZE (U, ), 2EHOIEY E
MEET (P, J2lD 28U dasZ(C,,) 2 E
AZHOll 2 52 20 E=C g

=
L=

TIMEE §ming

-1& 4-6. Dynamic response of U,,,, , B, ,, and C,, in
muscle to respiratory hypoxia induced by decreasing O, from 0.21 to 0.11 mM.
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4.3 Modeling of a blood-tissue system.

A LIS 2E2 MM ZAUAY A OIU X Aot ZENREO e HAtHE S D=8t Olef et
S 2RI E MEsys 2EE0tN

ZAHUH HAI=EZ2 S22 WY WO gH0 oo 2RHHEZ,
EEAZS0IUIIE s& B HE SHSEAS U= 5= UL

The Center for Modeling Integrated Metabolic Systems (MIMS, http://www.csuohio.edu/mims/) 252
Cabrera 1) == (Dept. Biomedical engineering, Case Western Reserve Univ., USA) & S & HAO| glucose/AF A
S2 sEHE HE 222 HAEHSH DIXl= Sets 220t U €3 glucose/btt S8 sEE

H=ote ARE XE =0l UCH 0 L2 E2U o s 22 '%OI =, &b BrSol 25
HHOIY/0IgA S22 FAE 0 QUCH (Cabrera, et al., 1998). 0] AP = ASHLWUHOILE, AFSZ S0
M2 X gsS 2AY 04|§5P._ A= %HOE ot QUL

08 47 2 89 2% (Q) A, SHo €5 JI2 s5 (Cy) o, BM €3 JI2 5% (Cy) It AIEZLH
CHAIEFS Ol 2 Ut= MU EZ OIS Al S E == LS S20ECHL WII0AM M ZA (tissue) 2
& S&E 2tED| (well-mixed compartment) =5ttt

Q Vascular Q
., Bed )

Cdj t C \'i
Q: tissue blood flow C;: species j cell
. .. : concentration
Ca; : species | arterial
concentration R(¢;): species j
. . metabolic rate
Cv;: species | venous
concentration

Perfused
Tissue

& 4-7. Key structural component of model for transport and metabolism in a blood-tissue system.

OI28 2 HIE 22 1 XH& blood perfusion model 2 J|& (e.g., glucose, fatty acids, pyruvate, ATP, NADH, O,,
COyetc.) O IAIEISH 2eiE DI2EHA N A MLS A Oil CHst Holgte 2 Z & &0 Blood-tissue J| &

= = , I (G ?
ME0 2t HOZ2 J&E=sE2 (HFE (convection or perfusion, a—), EAHEE (axial dispersion, —-),
v v

2t AHMEXAOIL DI E SEXH0 28t E48 (-kAC) 22 HE =L

aC, _dC, 9°C,,

+0—2L=4’D,—F-—1—(C, ~0,C,) j=1.H (4-5)

ot dv J avz Vb J 7Y
oMz 22U JIES2 8% (C,), 222 RUH S (0<v<y,), S22 SR (Vy), 2% 21 2% (Q),
o SHA (A), J|22 FYE =L (D), JIE2 2O RH ZHAME H222 HEH S (P,
229 HHUA (S), JIZ=E2 blood-tissue E&H == (o)), 1eld ZHU IJIE 55 (C,) S22 H8& ],
ZHRUIIESE (C) Bals €22 Sott Sxtes J122 S50 HAES 28t 422 € 48202
2

oC,; _PS
Vie a: =_fo (Cy—0,Cy)dv+R(9;) (4-6)

OII0A, v, = ZRMZES FL 2l R(g,) = UHSHE (¢,) Ol S WAESSEE LIEHHCH
JIEjOl CHE HAtEES S s ot A2 E8 =0

~
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R(¢;)= kiﬂk/ zq:%; _g]ﬁk/ é%‘p (4-7)

= p=I
OIII0IA, B, = k §222RH j 42222 B30 e = p
HECZRH j 42222 |SES K& Al 4-7) 2 Al 4-2) 2 Lt ZAANZW CHALEFZ 0l 2t6HN
CHECH

(tetA 1 X+ blood perfusion model 2 I &S| == (j=1,..H) 2tS 2 O O|L2Z2 O|FH MU= HIHE
= ULH Ol st =J|Z2A0 FHZE20I

HOIZ A (nonlinear PDE system) ct
FOHAYE =XEHe=Z digeg by

S , B
b= g8 S8 I sE8HhH Ul HE &

4428

SHEANES SHZADE OFS =2H0 011, et JIsE #eE +=H2 NESS 4520 et

2AM=e HHS =&t O8lh =, R84 Z2EZFH2 ME/ERD122] #5818 2ads Sot(

SIS HSS i etlie A2 O0tA SItsotCh oK g FIIH Sol el S8e &= ote 24
=N

(e.g, =&, J|2) 2 PAl= 22X 22 0|20 X2 ULCH (Bassingthwaighte, 2002).

0le4 &t H 1= The Physiome Project £ = The Cardiome Project I &H Z M HA D A0, 2 =H

oIMel EERR2 M, g dell 2 dAHsH &= £ A0ICH 3 X2 2 =

ARIISH et SEI/HBEEZI/NEZS-ECZ2H 2AE SHUY, #THZBFHS 8

ZEst Ha|ot 2 E 20l

Sl MEstd SHS0H s Dds SZFEXL HEZ, RIIML MZEZ/ZEHU HAISE =Z0 CHE

ZJO0| JtsotCh OI10AN 22 AE2UE g2 8, ME/AX LW HAFEFS (metabolisms) 1 0| S 2
MHE (regulations) 12l 2t 222t &S EE (interactions) 1t J| & ME (substrate transport) Ol CHSt

N2 MEZ/Z2ED|2/RIINMS JIsS MAZ2=2 0lcidot=0dl 20|t

>
0z

roh
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