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dV /dt=-1/C(INatlsi+lk+Ik1+]kp+Ib-lext)

dCa/dt=-104-1s+0.07(10-Ca)

dX /dt=ax(1-X)-BxX  dj /dt=aj(1-})-Bjj

dm /dt=am(1-m)-Bmm  dd /dt=aq(1-d)-Bad

dh /dt=an(1-h)-Brh  df /dt=a(1-f)-Bf

INa=23-m?3-h *j*(V-Ena) Ena=54.4

1si=0.09-d-f-(V-Es) Esi=7.7-13.0287-In(Ca)

Ik=Gk_* X:Xi*(V-Ex) Gk =0.282 Ek=-77
(V>-100) Xi=2.837-{exp[0.04(V+77)]-1}

K(V+77)-exp[0.04(V+35)]}

(V<=-100) Xi=1

Ik1=Gk1 K1 - (V-Ek1) Gk1=0.6047
K1eo=ak1/(ak1+Bk1) Exk1=-87.26

Ikp=0.0183-Kp- (V-Ekp) Exp=Exi1
Kp=1/{1+exp[(7.488-V)/5.98]}

1b=0.03921-(V+59.87)

Luo-Rudy Model I (1991)

F v RILETIL

ax =0.0005 - exp(0.083(V+50))/{1+exp(0.057(V+50))}
Bx =0.0013 exp(-0.06(V+20))/{1+exp(-0.04(V+20))}
ax1=1.02/{1+exp(0.2385(V-EK1-59.215))}
Bk1={0.49124 - exp(0.08032(V-EK1+5.476))
+exp(0.06175(V-EK1-594.31))}/{1+exp(-0.5143(V-EK1+4.753))}
am=0.32(V+47.13)/{1-exp(-0.1(V+47.13))}
Bm =0.08-exp(-V/11)
(V>=-40) an=0.0 Bn=1/(0.13{1+exp((V+10.66)/-11.1)})
a=0.0 Bj=0.3-exp(-2.535-10-7-V)/{1+exp(-0.1(V+32))}
(V< -40) on=0.135-exp((80+V)/-6.8)
Br=3.56-exp(0.079V)+3.1-105-exp(0.35V)
a=[-1.2714-105- exp(0.2444V)-3.474 - 10-5- exp(-0.04391V)]
-(V+37.78)/{1+exp(0.311(V+79.23))}
B=0.1212-exp(-0.01052V)/{1+exp(-0.1378(V+40.14))}
4=0.095 - exp(-0.01(V-5))/{1+exp(-0.072(V-5))}

B4=0.07 -exp(-0.017(V+44))/{1+exp(0.05(V+44))} NEC SX-6/8
ar=0.012-exp(-0.008(V+28))/{1+exp(0.15(V+28))}
B=0.0065- exp(-0.02(V+30))/{1+exp(-0.2(V+30))} CPU : 6:ifi 51
NIRILE : 256
AE!) - 12GB

IHG M RE - 48 GFLOPS
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ﬂl Undo | Bend | :Style| Load Savelc

ml Undo | Bend| Style| Load| Save|vent2

" =
T. Igarashi, et al., “Teddy: A Sketching Interface for 3D S. sz'lda et al., "A Sketching Interface for |
Freeform Design”, ACM SIGGRAPH’99 (Impact Paper) Modeling the Internal Structures of 3D Shapes",
Los Angles, August, 1999. Smart Graphics 2003, Lecture Notes in

Computer Science (LNCS) vol.2733, pp.49-57,

T £ Springer-Verlag u
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0 ——n el

+20 mV— | /

Experiment,

1.0
1.0 +exp((V —7.44)/-16.4)

r(V)=

3.188x10°°
1.037exp(0.09(F +30.61))+0.396 exp(— 0.12(V +23.84))

0mv— i 7.(7)=(0.596x107 )+

-10mV— . Experiment dr r —-r
........................... d T
1.0 7
1.0
V =
08 2.) 1.0+ exp((V +33.8)/6.12)

4.72716
1.0+ exp((V +154.5)/23.96)

z, (7)=0.1266+
V)

7, (7)=0.100+4.000exp(~ ( +65.0) /500.0)

deast — 9 ~ Drast

dt T,
dQslow — 9w — Dstow
dr T

Gslow

Ito = gtor(o'45qfast + 0‘55qslow XV - EK)

IR D B A P R 2T RIL .
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Hodgkin— Huxley model (1952)
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KA1A L DBE]

Na*: JEBIEM D LF (B 48)
—~BEDEGE-CRICEE

Ca?: RELI-EEIEAOME:,

i0 R AR 0D UL e

K- BEIBAEZTREIES (BH1E)

L Cell geometry . Time-independent K* current: I, buffers in the myoplast Modifications for FSK model
a. Dimensions: length (L)=100 um; udlm(!) 11 um Iy=G, KL (V=Eg)i Ex,=(RT/E) - InK* LK }: T“’P""‘“(T""”‘"""“"M"""‘CMDN I d-f- 2y (Tea + T
b. Cell volume: V= 7rL=38x10" Gp,=0.75 - VK L/5.4 millisiemens/uF;
¢. Geometric membrane area: Aq,,=27T" 0.767x 10" cm? ;= 1.02/(1 +exp(0.2385 - (V. Ex, = 59.215) ]} a ) N erec DN 1.0
d. Capacitive membrane arca: Acy=Req* Agw=153x 10" cm? Boi={049124 - expf0.08032- (V—Ex. uam]«nﬂmm‘ (V=Ex,=S931)[{1 +exp{ ~0.5143 - (V—Ex, +4.753)]. PN]=70 umol/L; [CMI L K 5 umol/L;  and K. cuon=2.38 umol/L. dc 1.0+ exp (— Vaki®
€. Myoplasm volume: Vi, =V - 68%=25.84x 10" uL. Platau K* current: | st the arcos .
0 » u @  _ plasmic reticulum
2’;‘;";’1"‘::‘(";"“‘“"“ ‘;‘, V- “f“‘f“x‘“ ] L, =Gy, - Kp- (V h, Gy, =0.0183 millisicmens/uF; induced Ca’* relcase of JSR
v /sa= Ve L - =1/{1 +exp{(7.488- VS, - ((Ca** )~ [Ca** I i d
h. NSR volume: Vygg= Vg * 5.52%=2.098x 10 uL Exi; and Kp 1A1+exp{(7.488-V)/5.98]) ([Ca** ) ~[Ca’*}) mmol/L. per millisccon
i,/ JSR volume: Vysu =V - 048% =0.182X10°* uL. Na'-Ca®* exchanger: lue, g illiseconds after the time of V.,
j- Cleft volume: Vo =(V/88%) - 129%=5.182x10"* uL 1 1 0.524f, +0.376f; + 0.1
| S == e — —_— 3, oy ¢ s ¢ (] == =tz —tUrek
RHNGT Koo (G —F ooy (o) - expl-t/na} Y
Urkcexpl (n=1) Ve A[CS ]y =018 umOI/L; Ko =08 umol/Li  7,,=7,¢=2 milliseconds; t=0 at time of CICR; -
F G,,=18 ms™" for voltage clamp simulations; and 0+ exp (=5
1L Tonic currents in the sarcolemma ~(ﬂp(n<\‘ . RT)[N‘-’] “[Ca) ftxp[knfl)-\ -ﬁ][wr.[u W 5,4=60 ms " for action potential simulations.
Fas : I . ¢
8- et sodkow cutrent wcx=2000 UA/UF; Koy, =87.5 mmol/L; Kno=138mmol/L; ku=0.1; and =035, If A[Ca’*].+<A[Ca’*} at 2 milliscconds, G =0 10+ exp ()
release of JSR under Ca'*-overload Conditions o
e ([Ca™ hsa—~[Ca**]) mmol/L per millisecond

18 buffcred [CSON]=(CSONJ.,

2

11 Standard ionic concentrations
[K'L=54 mmol/L; (K*]=145 mmol/L; [Na‘}=140 mmol/L; (Na'}=10 mmol/L;

¥\
[Ca**), =18 mmol/L; ~and [Ca®* ), =0.12 umol L
1.0

Tu=Gy,om’+hj (V=Ex);
Ew=(RT/F) - In([Na*],/[Na*)); and Gy, =16 millisicmens/uF. Na™ pump: Ly
387.0 - 194.0
1.0 + exp (Yad X

0.138 (wluV

T T o T
For Vz-40 mV, 1K
a=a=00; 8, l(un(hcxpu\'m 66)/~11 1]»). Tax=1.5 KA/KE;  Koy=10 mmol/L;  Kyy,=1.5 mmol/l Gu=4ms; [CSQN],=0.7 or higher; and 7,,=7,=2 milliscconds; and t=0 at time of spontancous release.
1 If buffered [CQSN]<[CQSN]a, Gou=0.
Vv and c. Ca?" buffer in JSR and CSON
) Buffered [CSQN]=(CSON] - {[Ca™ s ([Ca™ Jssu + Kucson)}: [CSON] =10 mmol/L; and K., cson=0.8 mmol/L. - 0341(C
= J(RT)) -
I,,J‘(Ix'l ) - 1.0

and B=0.3 - exp(~2.535X 107V ){1+ exp{~0.1(V+32)]; %
B s VF
h fx;‘k’s‘(l +VY-68]; 140.1245 - expl )~li.li]65-v-cxp(
“m“ m . [Na'l, d. Ca™* up!.’.\kc and leakage of NSR l,, and I
444V exp(~0.04391V)] - (V+37.78){1+expl0.311 - (V+79.23)]}; and || 573 )71] 1 “Y(CH" | +Kv.p) mmol L. per millisccond;
exp(— (nmm\y(nup( nn m.auu ). :

T =Ko * [Ca™ Jygu mmol/L per millisecond:
1 —umsmu.ﬂch:nnlhucund 540.0Pca (Vin - ovalent)
And, for all range of V. -afivated current: lucy and [Ca™ Ly =15 mmol/L. e To=To
03V +41. mu-up( ~0.1(V+47.13)]; =1 e. Translocation of Ca* ions from NSR to JSR: I
exp(=V) 1,=([Ca™ Jusn ~[Ca* J)/7, mmol/L per millisecond; ~ 7,.= 180 milliseconds
b. Currents through the L-type Ca** channel W |
; Yo = U

wgxeer (Vin

) xH Tt
o Tons < 51077 cmls; Koucy=1.2 pmol/L; and
RT | (K'L+{Na'),
Buer™ g T Na]
(I, is computed from P,, using the relation in I1Ib of this appendix with the same y values.)

Sarcolemmal Ca® pump: lyc,
xp (0.05004V

expl~(V+10) +10)} exp (0.05004Y
(mup{wuumxnpw»(chmsn v (
Al‘(nmﬂ’-c(p(f[(l.(m:'-A\,‘omiﬂmu: :
Be=(1-d.)V7; a=f/7; and B=(l “}%  and Ge,=0.003016 millisiemens/uF.
e llm:dcwnd(nl[\ Exiir I k Na* hjckglound current: Ty _
) Paux=0.01833; Tnr=Oar* (V=Enunli  Ena and Gy, =0.00141 millisiemens/uF.

1""‘ (N8R T+ Pl 1. Total time-independent current: Iy . 10
5.4 millisiemens/uF; isaion - 028 % 105~ quiniding] 3
ump{.\ S6.26\32.1; 1Tk Ly s+l e

107+ (V+30)/{1 —exp[ —0.148 - (V+30)]); and
(V+30)/{—1+exp[0.0687 - (V+30)]}

Findlay, Kurachi et al., Prog Biophys Mol Biol (
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