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.‘HBI The brain accordi_
Limbic

afferences motivational aspects
motor output feelings

global activity
sensory input coordination
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Link between reward and Iocon-

Frontal Cortex

& Dorsal tier
~ Ventral tier
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Cerebral cortex
(glutamate)

-

Medium spiny neurons
(GABA)

SN
2

Substantia nigra
(dopamine)

Large aspiny neurons
(acetylcholine)

\

Fundamental Neuroscience
Squire et al. 2" ed(2003)
Axon

hts reserved.
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Negative loops: “-

Ca2+< GI}R
CD\A CaMKIl

K] <= PP-2B

PP-1
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All the cybernetics in o-
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All the cybernetics i-
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Chemical model of DARPP-

PKA 2R2
I/—> cAMl7m<AMP
PDE —— PDEP

PKA R

PP2Bi

PP2BiCa,

PP2B

— Ca’—>
D7‘5-137
PP-2C
7 D34 \
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€ Wi Chemical model of DARPP-

stolen from DOQCS
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kds kcat kap d[P]
E+S=*—» ES™*——_» EP *—» E+P = kdp[EP] - kap[E][P]
kas kcat kdp dt
kds kcat kap
E+S*—% ES —— » EP 4? E+P catalysis irreversible
as P
ksa kcat -
- product is consumed
E+S 4>de ES ——» E+P before rebinding
@A d[P] [E] kcat
S > P steady-state 4t = <m
1+
[S]
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«— 75% 30% «— 45%
PP-2B PP-2B
D4 «——— D D34 :’ D
PKA PKA
. . eIementa»ry ol ols
£ 8 £ 8 steps : 3 ik
PP-2B PP-2B
D34-75 <« > D-75 D3475 <« > D-75
PKA 25% 10% PKA 15%
«— 75% 30% — 45%
PP-2B PP-2B
>xY PP E—— ) D34 -« = D
PKA " . . PKA
Mlchaells>
I SHIE: T I S
1|3 i 8 Menten 1|3 <3
PP-2B PP-2B
D34-75 > D-75 D3475 <« > D-75
PKA 25% 8% PKA 14%

1) unbalance; 2) Z= 100%!!!
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A5 EI(S) - klBS) - ka[ES] =0

dt

9=
. k_y + kK

K, = A
51 - S

[El=[E,]-[ES]

5] — (B =ES)IS

K,

—
[ES) gy = [Eol — [ES]

ES|(1+ %) _ (B
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@ = Iy [E][S] — k_1[ES] — kg@ LE]=LE ]-[ES]

5] — (B =ES)IS

K,,
steady-state!!!
I —
[ES]W = [Eq] — [ES]
Esl= ::i[lji]‘[g K
[ES)(1+ W) = [Eq]
Ko o= k_y + ko .
"k £5] = Bl
LE][S]
[ES] = —= dP] _ s 5]
K,, e kg[Eﬂ]Im_l_[S] _Vm”f‘fm-l-[s]
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Chemical model of DARPP-32 regula

77 species, 145 reactions

D + CDK5 « D_CDK5 — D75 + CDK5
D75 + PP2A < D75_PP2A — D + PP2A
D75 + PP2ACa < D75_PP2ACa — D + PP2ACa

* D75 + PP2AP & D75_PP2AP — D + PP2AP D + PKA < D PKA — D34 + PKA

* D75 + PP2APCa « D75_PP2APCa — D + PP2APCa « D34 + PP2B < D34 PP2B — D + PP2B

* D137 + CDK5 < D137_CDK5 — D75-137 + CDK5 « D75 4+ PKA < D75 PKA — D34-75 + PKA

*D75-137 + PP2A < D75-137 PP2A — D137 + PP2A e D34-75 + PP2B < D34-75 PP2B — D75 + PP2B

* D75-137 + PP2ACa « D75-137_PP2ACa — D137 + PP2ACa «D137 + PKA < D137 PKA — D34-137 + PKA

* D75-137 + PP2AP « D75-137_PP2AP — D137 + PP2AP ¢ D34-137 + PP2B < D34-135 PP2B — D137 + PP2B

* D75-137 + PP2APCa < D75-137_PP2APCa — D137 + PP2APCa ¢ D75-137 + PKA < D75-137 PKA — D34-75-137 + PKA
* D34 + CDK5 = D34_CDK5 — D34-75 + CDK5 e D34-75-137 + PP2B < D34-75-135_PP2B — D75-137 + PP
* D34-75 + PP2A = D34-75_PP2A — D34 + PP2A « PP2A + PKA < PP2A PKA — PP2AP + PKA

* D34-75 + PP2ACa = D34-75_PP2ACa — D34 + PP2ACa « PP2ACa + PKA < PP2ACa PKA — PP2APCa + PKA

* D34-75 + PP2AP = D34-75_PP2AP — D34 + PP2AP e — Ca?t -

* D34-75 + PP2APCa = D34-75_PP2APCa — D34 + PP2APCa e Cat* > @

* D34-137 + CDK5 < D34-137_CDK5 — D34-75_137 + CDK5 « PP2Bi + 2Ca < PP2Bi Ca2

* D34-75-137 + PP2A = D34-75-137_PP2A — D34-137 + PP2A « PP2Bi Ca + 2Ca < PP2B

* D34-75-137 + PP2ACa < D34-75-137_PP2ACa — D34-137 + PP2ACa a

* D34-75-137 + PP2AP < D34-75-137_PP2AP — D34-137 + PP2AP e R2 PKA2 + cAMP = cAMP R2 PKA2

* D34-75-137 + PP2APCa < D34-75-137_PP2APCa — D34-137 + PP2APCa +cAMP R2 PKA2 + cAMP = cAMP2 R2 PKA2
* CAMP2_R2_PKA2 + cAMP < cAMP3_R2_PKA2

*D + CK1 = D_CK1 - D137 + CK1 « CAMP3_R2_PKA2 + CAMP = cAMP4_R2_PKA2
* D137 + PP2C < D137 PP2C — D + PP2C e cCAMP4 R2 PKA2 < cAMP4 R2 PKA + PKA

* D75 + CK1 « D75_CK1 — D75-137 + CK1 « CAMP4 R2 PKA < cAMP4 R2 + PKA
*D75-137 + PP2C < D75-137_PP2C - D75 + PP2C « PKA + PDE < PKA PDE — PKA + PDEP

* D34 + CK1 « D34_CK1 - D34-137 + CK1 « CAMP + PDE < cAMP PDE — AMP + PDE

* D34-75 + PP2C = D34-75_PP2C — D75 + PP2C « CAMP + PDEP < cAMP PDEP — AMP + PDEP

* D34-75 + CK1 « D34-75_CK1 — D34-75-137 + CK1

* D34-75-137 + PP2C < D34-75-137_PP2C — D34-75 + PP2C
* CK1 + CK1 < CK1_CK1 — CK1P + CK1

* CK1P + PP2B = CK1P_PP2B — CK1 + PP2B
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MBL-EBI

Euler method:
dixl/dt = ([x] ., - [x]) /At

[x]t+At = [x]t + d[x]/dt . At

P],,, = [P] + k,[ES] . At

:E:HN = :Ejt + k3[ES]t . At

S].., = [S] + (k,[ES] - k,[ELIS]) . At
[ESZt+At = :Sjt + (kl[ES]t - (k1+k3)[E]t[S]t) . At

4™ order Runge-Kutta:
[x],, = [x] + (F,+2F +2F +F,)/6 . At

[X]A
with F1 = d[x]/dt = f([x], t)
F.= f(Ix],+ At/2 . F, t+ At/2)
F.= f([x] + At/2 . F, t+ At/2) o
F, = f(Ix] + At. F, t+ At) t
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http://www.e-cell.org/

Takahashi et al. (2005). A multi-algorithm, multi-
timescale method for cell simulation. Bioinformatics,

20: 538-546
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model A
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What is the questior-

(a)
Phosphio=
Thr34 — —
control NMDA NMDA MKBO1
*
MK801
2

=y
(4]
1

Phospho-Thr34 DARPP-32 (A.U.)
O
[4,] Lk

-
i

contral  NMDA NMDA  MKB01
+
MKBO1

Nishi et al. (2002). /| Neurochem, 82: 832-841
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(a)

Phosphio= —_—
Thr34 — _—— —_——

control NMDA NMDA MKBO1
*
MESB01

Phospho-Thr34 DARPP-32 (A.U.)
i
Lh s

)
[

control  NMDA NMDA  MKB01
+
MKBO1

What is the questionmall

(c)

Phospho-
Thr75

M3

control NMDA NMDA MKS01
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Nishi et al. (2002). /| Neurochem, 82: 832-841
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Biological model of DARPP-32 -
N

4 N
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’m{m All the cybernetics _
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All the cybernetics in -
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Chemical model of DARPP--

PKA 2R2
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Chemical model of DARPP-32 regula

79 species, 151 reactions

D + CDK5 « D_CDK5 — D75 + CDK5

D75 + PP2A « D75_PP2A — D + PP2A

D75 + PP2ACa « D75_PP2ACa — D + PP2ACa

* D75 + PP2AP « D75_PP2AP — D + PP2AP

* D75 + PP2APCa « D75_PP2APCa — D + PP2APCa

* D137 + CDKS5 < D137_CDK5 — D75-137 + CDK5 D + PKA = D_PKA - D34 + PKA

«D75-137 + PP2A & D75-137_PP2A — D137 + PP2A * D34 + PP2B = D34_PP2B - D + PP2B

« D75-137 + PP2ACa < D75-137_PP2ACa — D137 + PP2ACa * D75 + PKA = D75_PKA — D34-75 + PKA

« D75-137 + PP2AP = D75-137_PP2AP — D137 + PP2AP * D34-75 + PP2B = D34-75_PP2B — D75 + PP2B

« D75-137 + PP2APCa  D75-137_PP2APCa — D137 + PP2APCa * D137 + PKA & D137_PKA - D34-137 + PKA

D32 + CDK5 < D34 CDK5 - D34-75 + CDKS « D34-137 + PP2B & D34-135_PP2B — D137 + PP2B
«D34-75 + PP2A © D34-75 PP2A — D34 + PP2A « D75-137 + PKA & D75-137_PKA — D34-75-137 + PKA
«D34-75 + PP2ACa < D34-75 PP2ACa — D34 + PP2ACA e D34-75-137 + PP2B & D34-75-135_PP2B — D75-137 + PP
« D34-75 + PP2AP © D34-75_PP2AP — D34 + PP2AP * PP2A + PKA < PP2A_PKA — PP2AP + PKA

« D34-75 + PP2APCa < D34-75_PP2APCa — D34 + PP2APCa * PP2ACa + PKA < PP2ACa_PKA — PP2APCa + PKA

« D34-137 + CDK5 © D34-137_CDK5 — D34-75_137 + CDK5 *@ - Ca

« D34-75-137 + PP2A < D34-75-137_PP2A — D34-137 + PP2A A 4 _

« D34-75-137 + PP2ACa « D34-75-137_PP2ACa — D34-137 + PP2ACa * PP2Bi + 2Ca « PP2Bi_Ca2

« D34-75-137 + PP2AP < D34-75-137_PP2AP — D34-137 + PP2AP * PP2Bi_Ca + 2Ca = PP2B

« D34-75-137 + PP2APCa < D34-75-137 PP2APCa — D34-137 + PP2APCa °* PP2A + Ca « PP2ACa
- « PP2AP + Ca < PP2APCa

D + CK1 & D_CK1 —» D137 + CK1

« D137 + PP2C < D137 _PP2C — D + PP2C * R2_PKA2 + cAMP = cAMP_R2_PKA2

eD75 + CK1 & D75 CK1 — D75-137 + CK1 e CAMP_R2 PKA2 + cAMP < cAMP2_R2 PKA2
« D75-137 + PP2C & D75-137_PP2C — D75 + PP2C * CAMP2_R2_PKA2 + cAMP < cAMP3_R2_PKA2
D34 + CK1 < D34 CK1 —- D34-137 + CK1 * CAMP3_R2 PKA2 + cAMP < cAMP4_R2_PKA2
« D34-75 + PP2C < D34-75_PP2C — D75 + PP2C * CAMP4_R2_PKAZ2 < cAMP4_R2_PKA + PKA

« D34-75 + CK1 = D34-75_CK1 — D34-75-137 + CK1 * CAMP4_R2_PKA < CAMP4_R2 + PKA

e D34-75-137 + PP2C < D34-75-137_PP2C — D34-75 + PP2C * PKA + PDE < PKA_PDE — PKA + PDEP

e CK1 + CK1 & CK1 CK1 — CK1P + CK1 e CAMP + PDE < cAMP_PDE — AMP + PDE

« CK1P + PP2B < CK1P_PP2B — CK1 + PP2B * CAMP + PDEP < cAMP_PDEP — AMP + PDEP
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€ Bien Dynamic simulations of DARP-

cAMP calcium
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cAMP-Ca delay
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model A ——

model B

Thr34 min (# mles)
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Some parameters -
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Takahahi et al (2005) PNAS, 102: 1737-1742

OKINAWA COMPUTATIONAL NEUROSCIENCE COURSE 2006
June 26 - July 7, 2006 Okinawa, Japan e i et



1800 —
g 1600 —
E
model A ——— = 1400
s
g€ 1200
modelB — «
2 1000
|-

OKINAWA COMPUTATIONAL NEUROSCIENCE COURSE 2006
June 26 - July 7, 2006 Okinawa, Japan st S



model A ——

model B —
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Site-directed mutag-

cAMP-50-Ca "Nishi"
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ODE systems are nice because easy to understand
ODE systems can reproduce experimental observations

ODE systems can produce some predictions

but ...
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ODE systems are nice because easy to understand
ODE systems can reproduce experimental observations

ODE systems can produce some predictions

but ...

ODE systems are cumbersome; lead to large
dimentionality.
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E-cell developers

Kouichi Takahashi
Kazunari Kaizu

Gabor Bereczki

Renaud Schiappa
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