Stochastic signaling network mediates the probabilistic induction of long-term
depression
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Figure 1 Sensitivity analysis of the population size of the different components of the
positive feedback loop. The curve obtained with the standard model (Standard) was used
for comparison. Ca**-induced LTD (pulses of 4 s and 0.0-3.5 pumol.L™") was used to
verify the role of small variations in the population size of each component of the
feedback loop on the macroscopic behavior of the model. Data are plotted as means +
SEM.



== Standard
- +10 %
—_10 %

40 40
20 20
5
40 40 40 40
20 6 20 20 20 #

40 40 40

TDsee2m5708 %)
n N
I S S
LTDq0s63108180 (72)
n IS
oQH S
Ds1/eai770 (%)
h
LTD71 (%)

N
S
o
n
~
o

n
~

LTD,, (%)

LTD,,, (%)
Qh
LTD,, (%)
Qh
LTD, (%)

o%

o
N
N
o
na
E-
o
na
o~
n
~

20 20

LTD, (%)
n B
H |
LTD,, (%)
Qh
LT DH41’87 (Q/O)
H
LTDyq g (%)
N
I (=]

o
n
n
o
n
o~
o
n
N
(@]
n
I~

40 40

20 20

o
o~

b N

LTD, 20129126 (%)

<

mh

LT 124127 )
) 5

T 3 5

o

~
o
~

LTDgq59 (%)
D B
I [=] o
M
LT, 1122125 (%)

0 2 2
[Ca®] (umol L™ [Ca®] (umol L) [Ca® (umol L) [Ca®*] (umol. L)

Figure 2 Sensitivity analysis of the rate constants of the positive feedback loop. The
number indicated in the y-axis corresponds to the identity of the rate constant of the
reactions (reac) shown in Supplementary Table 1. Ca®*-induced LTD (pulses of 4 s and
0.0-3.5 pmol.L™) was used to verify the role of variation in the rate constants on the
macroscopic behavior of the model. The standard model was included for comparison.
Data are plotted as means + SEM.
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Figure 3 Continuation of the sensitivity analysis of the rate constants of the positive
feedback loop. The number indicated in the y-axis corresponds to the identity of the rate
constant of the reactions (reac) shown in Supplementary Table 1. The figures show results

of Ca?*-induced LTD (pulses of 4 s and 0.0-3.5 pmol.L™?). Data are plotted as means +
SEM.



Table 1 Parameters used in the model of cerebellar LTD

Paramet
er
identity

Parameters of the model: chemical reactions, rate constants,
population and geometric dimensions

References

1

Spine volume: 0.08 um®

(Harris and
Stevens,
1988)

SER volume: 0.017 ym®

(Harris and
Stevens,
1988)

PSD area: 0.15 pm?

(Harris and
Stevens,
1988)

Basal [Ca”"] = 45 nmol.L™?

(Schmidt et
al., 2003)

PMA = 10 molecules

(Doi et al.,
2005)

NCX = 3 molecules

(Doi et al.,
2005)

SERCA =100 molecules

(Doi et al.,
2005)

[PV] = 40 umol.L™?

(Schmidt et
al., 2003)

[CB] = 40 umol.L™

(Schmidt et
al., 2003)

10

PKC = 48 molecules

(Cheng et
al., 2006)

11

[Raf _act] = 0.5 pmol.L™*

This paper

12

[Raf] = 0.1 pmol.L™*

(Huang and
Ferrell,
1996;
Pearson et
al., 2001)

13

[MEK] = 1.5 umol.L™

(Huang and
Ferrell,
1996;
Pearson et
al., 2001;
Fujioka et
al., 2006)

14

[PP5] = 1.0 umol.L™

(Bahl et al.,
2001;
Rossie et
al., 2006)

15

[PP2A] = 1.5 pmol.L™

(Cheng et
al., 2006)
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16 [ERK] = 1.0 pmol.L™ (Huang and
Ferrell,
1996;
Pearson et
al.,, 2001,
Cheng et al.,
2006;
Fujioka et
al., 2006)
17 [MKP] = 0.26 umol.L™* (Huang and
Ferrell,
1996)
18 [cPLA,] = 0.4 umol.L™ (Tanaka et
al., 2007)
19 PP1 = 30 molecules (Cheng et
al., 2006)
20 Synaptic AMPAR ~ 120-130 molecules (Momiyama
et al., 2003;
Masugi-
Tokita et al.,
2007)
21 GRIP = 141 molecules This paper
- :
Reacl | pvtcu + ca ca*yPyca, %8:3) et al,
k¢ = 25000.0 pmol™.L.s™
ky, i
REAC2 | () PMCA—S PMCA + Ca™, gg&'s) et al,
ky = 2000.0 s
Fea '
Reac3 | (a2 yPMcA - PyCA, %8:3) et al,
Keat = 500.0 s
- .
React | NCX+ Ca X Ca™NCX, gggg) et al.
k¢ = 93.827 pmol™*.L.s™
Ky H
Reac> | (ca e SNCXY + Ca, gggg) et al.
kp = 612.6 5™
- .
Reacd | (car)NCxX + Ca (Ca™ ), NCX, gggg) et al.,
ki = 93.827 umol™.L.s™
z .
REACT | (Cu?),NCX X(Ca* NCX + Ca™, gggé) et al,
ky = 612.6 5™
kcat i
Reac8 (Ca2+)2NCX—>NCX, gggls) et al.,
keat = 1000.0 s, non-conservative reaction
h .
ReaCY | SERCA + Ca®* 5(Ca™)SERCA, gggls) et al.

ke = 17147.0 pmol™.L.s™




ks i
Reacl0 | cu2'\SERCA S SERCA + Ca™, gggg) et al,
ko, = 8426.3 s
Reacll k Doi et al.,
(Ca*")SERCA + Ca** —(Ca®*),SERCA, 2005)
ki = 17147.0 pmol™.L.s™
ky ;
ReaAC1Z | (o), SERCA X(Ca* )SERCA + Ca™, gggg) et al,
ko = 8426.3 s
Kear i
Reacls | (cu>),SERCA-SSERCA +2Ca,, gggg) et al,
Keat = 250.0 s
Kieak i
Reacl4 ™ ca®, This paper
Kieak = 1900.0 umol.L™".s™
k, .
Reacl> 1 py s ca S(cayp, (?Cgr&'gt .
_ -1 -1 al., )
k¢ =107.0 umol™.L.s
I H
Reacle | o ypr 5Py + ca®, chr&')dst) et
kp= 0.95s* K
Reacl7 - o, (Schmidt et
(Ca )PV+ Ca —)(Ca )2PV, al., 2003)
ki = 107.0 umol™.L.s*
Ky ;
Reacl8 | o), Pv 2 Ca? PV + Ca*, chrgégt) et
ky= 0.95s* K
Reac19 PV[Mgz+ I, (MYPY (Schmidt et
- (Mg , al., 2003)
ke=472.0s*
ky H
Reac20 (Mg \PV 5PV, chrcr;clgt) et
k, = 25.0 s K
Reac21 [Mg™ Tk, (Schmidt et
(Mg*" )PV — (Mg™"),PV, al., 2003)
ki=472.0s*
ky ;
Reac22 (Mg™), PV —5(Mg* PV, chrcr;clgt) et
k, = 25.0 s K
. :
ReaC23 | CB+ Ca® 5(Ca™)CB, chg]c'gt) .
ki = 5.5 umol™.L.s™, high affinity site )
ks ;
Reac24 | (ca\CB->CB+ Ca™, chrg('gt) et
ko = 2.6 5™, high affinity site i}
Reac25 k Schmidt et
(Ca)CB + Ca** (Ca™),CB, g,_ 2003)
ki = 5.5 umol™.L.s, high affinity site ’
Reac26 - k. - (Schmidt et
(Ca™"),CB—>(Ca™")CB+Ca™", al., 2003)

kp = 2.6 s, high affinity site




Reac27

ky
CB+ Ca™ —(Ca™")CB,

k¢ = 43.5 pmol™.L.s™*, medium affinity site

(Schmidt et
al., 2003)

Reac28

Ky
(Ca*")CB->CB + Cd™,
ko = 35.8 5™, medium affinity site

(Schmidt et
al., 2003)

Reac?29

ky
(Ca’")CB+ Ca’ —(Ca™),CB,

ki = 43.5 umol™.L.s™*, medium affinity site

(Schmidt et
al., 2003)

Reac30

kb
(Ca™),CB—(Ca*")CB+ Ca™,
kp = 35.8 5™, medium affinity site

(Schmidt et
al., 2003)

Reac31

k.
PKC + Ca®* —>(Ca*")PKC,
ki = 13.3 pmol™.L.s™

(Keranen
and

Newton,
1997;
Kohout et
al., 2002;
Torrecillas
et al., 2004)

Reac32

Ky
(Ca>)PKC—PKC + Ca™,
kp=12.0s™

(Keranen
and

Newton,
1997;
Kohout et
al., 2002;
Torrecillas
et al., 2004)

Reac33

ks
(Ca**)PKC +2Ca* —(Ca’*),PKC,
ki = 1.0 pmol?.L.s™

(Keranen
and

Newton,
1997;
Kohout et
al., 2002;
Torrecillas
et al., 2004)

Reac34

ky
(Ca’"),PKC—(Ca>")PKC +2Ca’",
kp=12.0s*

(Keranen
and

Newton,
1997;
Kohout et
al., 2002;
Torrecillas
et al., 2004)

Reac35

ky
(Ca’"),PKC—(Ca’"),PKC*,*
ki=11.3s"

(Bittova et
al., 2001;
Newton,

2001, 2009)
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Reac36

kb
(Ca**),PKC* —(Ca**),PKC,
k,=0.23s*

(Bittova et
al., 2001;
Newton,

2001, 2009)

Reac37

k
PKC + AA—>(A4)PKC,
ki = 1.0 pmol™.L.s™

(Shinomura
et al., 1991;
Schaechter
and
Benowitz,
1993;
O'Flaherty
etal., 2001)

Reac38

kb
(44)PKC—PKC + AA,
k,=10.0s*

(Shinomura
et al., 1991;
Schaechter
and
Benowitz,
1993;
O'Flaherty
etal., 2001)

Reac39

k
(AA)PKC—>(AA)PKC*,
ki=0.017 s

(Shinomura
et al., 1991;
Schaechter
and
Benowitz,
1993;
O'Flaherty
etal., 2001)

Reac40

ky,
(A4)PKC * —(AA)PKC,
k, = 0.0055 s

(Shinomura
et al., 1991;
Schaechter
and
Benowitz,
1993;
O'Flaherty
etal., 2001)

Reac41

k
(Ca**)PKC + AA-(AA)(Ca*)PKC,
ki = 1.0 umol™.L.s™,

(Shinomura
et al., 1991;
Schaechter
and
Benowitz,
1993;
O'Flaherty
et al., 2001)

Reac4?2

ky
(A4)(Ca™")PKC —(Ca*")PKC + AA,
kp = 10.0s™

(Shinomura
et al., 1991,




Schaechter
and
Benowitz,
1993;
O'Flaherty
etal., 2001)

Reac43

k
(A4)(Ca®")PKC - AAY(Ca*")PKC ¥,
ki =0.017 s

(Shinomura
et al., 1991;
Schaechter
and
Benowitz,
1993;
O'Flaherty
etal., 2001)

Reac44

Ky
(44)(Ca™")PKC * —(AA)(Ca’")PKC,
kp = 0.0055 s™

(Shinomura
et al., 1991;
Schaechter
and
Benowitz,
1993;
O'Flaherty
etal., 2001)

Reac45

k
(AA)(Ca* YPKC *12Ca>* - AA)(Ca™), PKC'*,
ki = 1.0 pmol?.L.s™

(Keranen
and

Newton,
1997;
Kohout et
al., 2002;
Torrecillas
et al., 2004)

Reac46

kb
(AA)(Ca®*), PKC * —(AA)(Ca®")PKC *+2Ca™"
kp=12.0s*

(Keranen
and

Newton,
1997,
Kohout et
al., 2002;
Torrecillas
et al., 2004)

Reac47

k
(AA)PKC + Ca* —5(AA)(Ca*)PKC,
ki = 13.3 pmol™.L.s™

(Keranen
and

Newton,
1997,
Kohout et
al., 2002;
Torrecillas
et al., 2004)
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Reac48

kb
(44)(Ca™)PKC —(AA)PKC + Ca’",
kp =12.0 5™

(Keranen
and

Newton,
1997;
Kohout et
al., 2002;
Torrecillas
et al., 2004)

Reac49

k/v
(AA)(Ca’")PKC +2Ca’* —(AA)(Ca’"), PKC,
ki = 1.0 pmol?.L.s™

(Keranen
and

Newton,
1997;
Kohout et
al., 2002;
Torrecillas
et al., 2004)

Reac50

kh
(AA)(Ca**), PKC—(AA)(Ca®")PKC +2Ca™"
kp=12.0s*

(Keranen
and

Newton,
1997;
Kohout et
al., 2002;
Torrecillas
et al., 2004)

Reac51

k
(A4)(Ca**),PKC -5 AA)(Ca*"), PKC*,
ki=11.3s*

(Bittova et
al.,, 2001,
Newton,

2001, 2009)

Reac52

kb
(AA)(Ca*"), PKC * —(AA4)(Ca™"),PKC,
kp=0.23 s™

(Bittova et
al., 2001;
Newton,

2001, 2009)

Reac53

k

p
(Ca®"),PKC + AA—(AA)(Ca’*),PKC,
ki = 1.0 pmol™.L.s™,

(Shinomura
et al., 1991;
Schaechter
and
Benowitz,
1993;
O'Flaherty
et al., 2001)

Reac54

kb
(AA)(Ca*"), PKC—(Ca*"),PKC + AA,
kp = 10.0 s

(Shinomura
et al., 1991;
Schaechter
and
Benowitz,
1993;
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O'Flaherty
etal., 2001)

Reacb5

k
(AAYPKC *+Ca®* 5 AA)(Ca’")PKC*,
ki = 13.3 pmol™.L.s™

(Keranen
and

Newton,
1997;
Kohout et
al., 2002;
Torrecillas
et al., 2004)

Reac56

Ky
(44)(Ca™")PKC * —(AA)PKC *+Ca™",
kp=12.0s™

(Keranen
and

Newton,
1997;
Kohout et
al., 2002;
Torrecillas
et al., 2004)

Reac57

k
(Ca®*),PKC * + A4~ AA)(Ca*"), PKC*,
ki = 1.0 umol™.L.s™,

(Shinomura
et al., 1991;
Schaechter
and
Benowitz,
1993;
O'Flaherty
etal., 2001)

Reac58

kb
(AA)(Ca®"),PKC*—(Ca’"),PKC*+A4A,
kp = 10.0s™

(Shinomura
et al., 1991;
Schaechter
and
Benowitz,
1993;
O'Flaherty
etal., 2001)

Reac59

ks
(Ca™"),PKC*+Raf _act—((Ca*"),PKC*)Raf _act
ki =5.8 pmol™ | s

(Woodgett
et al., 1986)

Reac60

Ky
((Ca™),PKC*)Raf _act —>(Ca2+)3PKC*+Raf_act1
ko = 3.608 s™

(Woodgett
et al., 1986)

Reac61

kCﬂI
((Ca™),PKC*)Raf _act—(Ca’"),PKC*+Raf _act*
kcat = 47 S-l

(Woodgett
et al., 1986)

Reac62

ky
(AA)PKC*+Raf _act—(AA)(PKC*)Raf _act,
ki = 5.8 umol™ | s*

(Woodgett
et al., 1986)
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ky
REACO3 | (4A)PKC*)Raf _act—X(A4)PKC*+Raf _act St/\gl)o?[%%g)
Ko = 3.608 57 i
kL‘at
REACOL | (4A)PKC*)Raf _act-(AA)PKC*+Raf _act* g\t/\;?oiggegé)
kcat = 4.7 S-l )
Reac65 ky Woodgett
(AA)(Ca™)PKC *+Raf _act —((A4)(Ca*")PKC*)Raf _act. gt al. 1%86)
ki =5.8 pmol™ | s
kb
REACE0 | (44)(Ca™)PKC*)Raf _act —(A4)(Ca™)PKC*+Raf _act g\t’\;‘?o‘i%egé)
ko = 3.608 57 ’
kull
REACOT | (44)(Ca™ )PKC*)Raf _act—X(AA)(Ca™ )PKC*+Raf _act* g\t’\g‘l)o‘i%esté)
Keat = 4.7 5™ )
Reac68 ky Woodgett
(AA)(Ca™),PKC*+Raf _act—((AA)(Ca’"),PKC*)Raf _act ((et al. 1%86)
ki =5.8 pmol™ | s
ky
REACOI | (44)(Ca™),PKC*)Raf _act—X(AA)(Ca™),PKC*+Raf _act. St’\;(l’(’dl%egé)
ko = 3.608 57 ’
Kear
REACTO | (44)(Ca™),PKC*)Raf _act-X(AA)(Ca™),PKC*+Raf _act * St’\;?oi%egé)
Keat = 4.7 5™ )
Reac71 ky Lenzen et
Raf act* —>Raf_act1 gl., 1998:
kp=1.0s" Brinkmann
et al., 2002)
Reac72 ky Aksan and
Raf act *+Raf —>(Raf _act*)Raf , E(urnaz
ki = 1.0 pmol™.L.s™ 2003;
Kiyatkin et
al., 2006)
ky
Reac7s (Raf _act®)Raf —>Raf _act *+Raf ’ %krzzg and
kp=2.05s" 2003;
Kiyatkin et
al., 2006)
k(‘{lf
Reacr4 (Raf _act*)Raf —Raf _act *+Raf *’ &chkrzzrzl and
Keat = 1.5 2003;
Kiyatkin et
al., 2006)
Reac75 ky Aksan and
PP5+ Raf *—(PPS)Raf * &urnaz
ki = 0.55 umol™.L.s™ 2003;
Kiyatkin et

13




al., 2006)

Reac76 . N (Aksan and
(PPS)Ra]_‘1 —>PP5+ Raf * Kurnaz,
kpy=2.0s 2003;
Kiyatkin et
k al., 2006)
ReacT7 e (Aksan and
;EPP;SLR:f'l —PP5+ Raf Kurnaz,
=055 2003;
Kiyatkin et
al., 2006
Reac78 k; (FUJlOka) et
Raf *+ MEK —(Raf *) MEK' al., 2006)
ki = 0.65 pmol™®.L.s™
ky, ji
REACTO | (Raf*)MEK —>Raf * + MEK (.F“‘Z'E’,EZ i
kp = 0.065s™ | - )
Keas ji
ReACBO | (Rar*) MEK =5 Raf * + MEK” © (.F“‘z'SEZ i
Keat = 1.0 st | - )
Reac8l k; Fujioka et
Raf *+MEK" —(Raf *)MEK" z(n uJ2|006)
ki = 0.65 umol™®.L.s*
ky, ji
REACS2 | (Raf*)MEK” > Raf *+MEK" Ay
kp = 0.065s™ | - )
Keas ji
Reac83 | pur)MEK” =5 Raf * + MEK * (lFUleglc()Z et
Keat = 1.0 st | - )
k
ReaC84 | ppoa v MEK *“X(PP24)MEK * I(ZI:;JrzTIg e
ke=0.75 umol*.L.s™ 1996;
Fujioka et
al.,  2006;
Kiyatkin et
k al., 2006)
ReacES | (PP2.AYMEK * 25 PP24+ MEK * (Fgfrzﬂg ond
kp=2.0s™ 1996;
Fujioka et
al., 2006;
Kiyatkin et
k al., 2006)
ReACS0 | (pP2AYMEK * 55 PP2A+ MEK” it el
Fujioka et

14




al., 2006;

Kiyatkin et
al., 2006
Reac87 Ky (Huang )and
PP2A+ MEK" —(PP2A)MEK" Ferrell
ki = 0.75 pmol™.L.s™ 1996;
Fujioka et
al.,,  2006;
Kiyatkin et
k al., 2006)
Reac88 | ppo 4y MEK” —>PP24+ MEK" (Fgfraeﬁ'lg and
kp=2.05s" 1996;
Fujioka et
al.,  2006;
Kiyatkin et
k al., 2006)
ReacSS | (PP2A)MEK" S5 PP2A+ MEK (F:'fraeﬁ'lg and
Keat = 0.5 1996;
Fujioka et
al.,,  2006;
Kiyatkin et
k al., 2006)
Reac90 | ) /EK * + ERK —>(MEK*)ERK (Tujz'glég) e
, al.,
ki =16.2 pmol™.L.s
- _
ReACOL | (MEK*)ERK > MEK *+ ERK gTqulglég) e
kp = 0.6 5 i
Kear 1
ReacS2 | (MEK*)ERK -5 MEK *+ERK" gTqulglég) e
Keat = 0.15 5 | i
ReACIS | 1 pk % 1 ERK “5(MEK*) ERK” (Tujz'glég) e
, al.,
ki = 16.2 pmol™.L.s™
ReacO4 | MEK*)ERK™ > MEK * +ERK” (T“jziggg) e
) al.,
kp=0.65"
Reac95 N p e N N (Markevich
(MEK )EfK — MEK *+ERK * et al.. 2004
Keat = 0.3 Fujioka et
al., 2006
Reac96 Ky (Zhao )and
MKP + ERK * —>(MKP)ERK * Zhang
k¢ = 28.0 pmol™.L.s™ 2001; Zhou
etal., 2002)
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Reac97

kb
(MKP)ERK *— MKP + ERK *
k,=0.56 s

(Zzhao and
Zhang,
2001; Zhou
et al., 2002)

Reac98

k('ll)‘
(MKP)ERK * —MKP + ERK"
Keat = 0.14 5%

(Zzhao and
Zhang,
2001; Zhou
et al., 2002)

Reac99

kg
MKP + ERK” —>(MKP)ERK"
k¢ = 13.0 pmol™.L.s™

(Zzhao and
Zhang,
2001; Zhou
et al., 2002)

Reac100

ke
(MKP)ERK" —MKP + ERK"
kp = 0.396 s

(Zzhao and
Zhang,
2001; Zhou
et al., 2002)

Reacl101

kau[
(MKP)ERK" —>MKP + ERK
Keat = 0.099 57

(Zhao and
Zhang,
2001; Zhou
et al., 2002)

Reac102

ky
cPLA, + Ca®* —(Ca’")cPLA,,
ki =1.93 umol™.L.s™

(Nalefski et
al., 1997;
Bittova et
al., 1999;
Nalefski et
al., 2001,
Nalefski

and Falke,
2002)

Reac103

kb
(Ca’*)cPLA,—>cPLA, + Ca’",
k, = 108.0s*

(Nalefski et
al., 1997;
Bittova et
al., 1999;
Nalefski et
al., 2001;
Nalefski

and Falke,
2002)

Reac104

3z
(Ca’")cPLA, + Ca® —(Ca™),cPLA,
ki = 10.8 umol™.L.s™

(Nalefski et
al., 1997;
Bittova et
al., 1999;
Nalefski et
al., 2001;
Nalefski

and Falke,
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2002)

Reac105

Ky,
(Ca’),cPLA,~(Ca™")cPLA, + Caz*,
kp = 108.0 s

(Nalefski et
al., 1997;
Bittova et
al., 1999;
Nalefski et
al.,, 2001,
Nalefski
and Falke,
2002)

Reac106

ky
(Ca™),cPLA,—(Ca’"),cPLA, *
ki = 300.0 s

(Hixon et
al., 1998;
Das and
Cho, 2002;
Frazier et
al., 2002;
Stahelin et
al., 2007)

Reacl107

kb
(Ca®),cPLA, *—(Ca’"),cPLA,
ky=15.0s"

(Hixon et
al., 1998;
Das and
Cho, 2002;
Frazier et
al., 2002;
Stahelin et
al., 2007)

Reac108

T
(Ca’*)cPLA, —f>(Ca2+)CPLA2memb, ¢
ke=30.0s"

(Hixon et
al., 1998;
Das and
Cho, 2002;
Frazier et
al., 2002;
Stahelin et
al., 2007)

Reac109

kb
(Ca**)cPLA,memb—(Ca’*)cPLA, ,
ko =15.0s™

(Hixon et
al., 1998;
Das and
Cho, 2002;
Frazier et
al., 2002;
Stahelin et
al., 2007)

Reac110

%,
cPLA, —>cPLA,memb
ki=3.0s™

(Hixon et
al., 1998;
Das and
Cho, 2002;

17




Frazier et
al., 2002;
Stahelin et
al., 2007)

Reaclll

kg
cPLA,memb—>cPLA,
ko =15.05"

(Hixon et
al., 1998;
Das and
Cho, 2002;
Frazier et
al., 2002;
Stahelin et
al., 2007)

Reacl112

ks
cPLA,memb+ Ca’* —(Ca’*)cPLA,memb
ki = 1.93 pmol™.L.s™

(Nalefski et
al., 1997;
Bittova et
al., 1999;
Nalefski et
al., 2001;
Nalefski

and Falke,
2002)

Reac113

kp
(Ca®)cPLA,memb—>cPLA,memb+ Ca™"
ko =0.41s"

(Nalefski et
al., 1997;
Bittova et
al., 1999;
Nalefski et
al., 2001;
Nalefski

and Falke,
2002)

Reacl114

%
(Ca**)cPLA,memb+ Ca** —(Ca™"),cPLA, *
ki = 10.8 umol™.L.s™

(Nalefski et
al., 1997;
Bittova et
al., 1999;
Nalefski et
al., 2001;
Nalefski

and Falke,
2002)

Reacll5

ke
(Ca’"),cPLA, * —(Ca’")cPLA,memb+ Ca’*
ky=25s"

(Nalefski et
al., 1997;
Bittova et
al., 1999;
Nalefski et
al., 2001;
Nalefski
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and Falke,
2002)

Reacl116

ky
(Ca™),cPLA, *—>((Ca™"),cPLA,*)APC

ki = 43.0 s™, pseudo-first order reaction of interaction between
cPLA; and its substrate (APC)

(Bayburt
and  Gelb,
1997; Berg
et al., 2001;
Tucker et
al., 2009)

Reacll/

Ky
((Ca™),cPLA,*)APC —(Ca™"),cPLA, *
kp = 600.0 s

(Bayburt
and  Gelb,
1997; Berg
et al., 2001;
Tucker et
al., 2009)

Reac118

kmt
((Ca®"),cPLA,*)APC —(Ca’"),cPLA, *+44
Keat = 450.0 s

(Bayburt
and  Gelb,
1997; Berg
et al., 2001;
Tucker et
al., 2009)

Reac119

kg
ERK *+cPLA, —(ERK*)cPLA,
ki = 4.0 pmol™.L.s™

(Waas and
Dalby,
2002; Waas
et al., 2003)

Reac120

kl:
(ERK*)cPLA,—> ERK *+cPLA,
ky=1.0s"

(Waas and
Dalby,
2002; Waas
et al., 2003)

Reacl121

k(‘at
(ERK*)cPLA,—> ERK *+cPLA,"
kcat = 140 S-l

(Waas and
Dalby,
2002; Waas
et al., 2003)

Reacl122

ky
ERK *+(Ca’")cPLA,— ERK*)(Ca™")cPLA,
ki = 4.0 pmol™.L.s™

(Waas and
Dalby,
2002; Waas
et al., 2003)

Reac123

kb
(ERK*)(Ca’*)cPLA,—> ERK * +(Ca2+)cPLA2’
kp=1.0s"

(Waas and
Dalby,
2002; Waas
et al., 2003)

Reacl124

kcat
(ERK*)(Ca®*)cPLA, — ERK *+(Ca" )cPLA,"
kcat = 140 S-l

(Waas and
Dalby,
2002; Waas
et al., 2003)

Reac125

3
ERK *+(Ca’"),cPLA, —{(ERK*)(Ca""),cPLA,

(Waas and
Dalby,
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ki = 4.0 pmol™.L.s™

2002; Waas
et al., 2003)

Reacl126

kp
(ERK*)(Ca’*),cPLA,—> ERK *+(Ca’"),cPLA,
kp=1.0s"

(Waas and
Dalby,
2002; Waas
et al., 2003)

Reacl127

kmt
(ERK*)(Ca®"),cPLA,—>ERK *+(Ca’"),cPLA,"
Keat = 14.0 s

(Waas and
Dalby,
2002; Waas
et al., 2003)

Reac128

ky
PP2A+cPLA,” —(PP2A)cPLA,"
ki = 1.4 pmol™.L.s™

(Agostinis
et al., 1987;
Agostinis et
al., 1992;
Agostinis et
al., 1996)

Reac129

ky
(PP2A)cPLA," —PP2A+ cPLA,"
kp =15 S_1

(Agostinis
et al., 1987,
Agostinis et
al., 1992;
Agostinis et
al., 1996)

Reac130

kCat
(PP2A)cPLA," —PP2A+ cPLA,
kcat = 25 S-l

(Agostinis
et al., 1987,
Agostinis et
al., 1992;
Agostinis et
al., 1996)

Reac131

ky
PP2A+(Ca*")cPLA,” —(PP2A)(Ca**)cPLA,"
ki = 1.4 pmol™.L.s™

(Agostinis
et al., 1987,
Agostinis et
al., 1992;
Agostinis et
al., 1996)

Reac132

ky
(PP2A)(Ca*")cPLA,"” —PP2A+(Ca**)cPLA,"
kp =15 S_1

(Agostinis
et al., 1987,
Agostinis et
al., 1992;
Agostinis et
al., 1996)

Reac133

kL‘H[
(PP2A)(Ca*")cPLA,"” —PP2A +(Ca*")cPLA,
kcat = 25 S-l

(Agostinis
et al., 1987,
Agostinis et
al.,, 1992;
Agostinis et
al., 1996)
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Reacl134

ky
PP2A+(Ca®),cPLA,” ~(PP2A4)(Ca®"),cPLA,"

ki = 1.4 pmol™.L.s™

(Agostinis
et al., 1987,
Agostinis et
al., 1992;
Agostinis et
al., 1996)

Reacl135

ky
(PP2A)(Ca**),cPLA,” —PP2A+(Ca*"),cPLA,"

ky=15s"

(Agostinis
et al., 1987,
Agostinis et
al., 1992;
Agostinis et
al., 1996)

Reacl136

Kear
(PP2A)(Ca’"),cPLA,"” —PP2A+(Ca®"),cPLA,

kcat = 2.5 S-l

(Agostinis
et al., 1987,
Agostinis et
al., 1992;
Agostinis et
al., 1996)

Reacl137

ky
PP1+cPLA,” —(PP1)cPLA,"
ki = 1.4 pmol™.L.s™

(Agostinis
et al., 1987,
Agostinis et
al., 1992;
Agostinis et
al., 1996)

Reac138

kb
(PP1)cPLA," —PP1+cPLA,"
kp =15 S_1

(Agostinis
et al., 1987,
Agostinis et
al., 1992;
Agostinis et
al., 1996)

Reac139

kcat
(PP1)cPLA," —PP1+ cPLA,
kcat = 25 S-l

(Agostinis
et al., 1987,
Agostinis et
al., 1992;
Agostinis et
al., 1996)

Reac140

k;
PP1+(Ca**)cPLA,” —(PP1)(Ca**)cPLA,"
ki = 1.4 umol™.L.s™

(Agostinis
et al., 1987,
Agostinis et
al., 1992;
Agostinis et
al., 1996)

Reacl141

ky
(PP1)(Ca**)cPLA," —PP1+ (Ca®")cPLA,"
kb =15 S-1

(Agostinis

et al., 1987,
Agostinis et
al., 1992;
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Agostinis et
al., 1996)

Reac142

kmr
(PP1)(Ca**)cPLA,” —PP1+(Ca**)cPLA,
kcat = 2.5 S-l

(Agostinis
et al., 1987,
Agostinis et
al., 1992;
Agostinis et
al., 1996)

Reac143

k/»
PP1+(Ca™),cPLA,” —(PP1)(Ca™),cPLA,"
ki = 1.4 pmol™.L.s™

(Agostinis
et al., 1987,
Agostinis et
al.,, 1992;
Agostinis et
al., 1996)

Reac144

kp
(PP1)(Ca®"),cPLA," —PP1+(Ca™"),cPLA,"
kp=1.5s"

(Agostinis
et al., 1987,
Agostinis et
al., 1992;
Agostinis et
al., 1996)

Reac145

k('at
(PP1)(Ca®"),cPLA,” —PP1+(Ca™"),cPLA,"
kcat = 25 S-l

(Agostinis
et al., 1987,
Agostinis et
al., 1992;
Agostinis et
al., 1996)

Reac146

ky
cPLA,” —cPLA,** °
ki=50.0s"

(Hixon et
al., 1998;
Das and
Cho, 2002;
Frazier et
al., 2002;
Das et al.,
2003;
Stahelin et
al., 2007)

Reacl147

kh
cPLA, **—cPLA,"
ko =15.05"

(Hixon et
al., 1998;
Das and
Cho, 2002;
Frazier et
al., 2002;
Das et al.,
2003;
Stahelin et
al., 2007)
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Reac148

ks
cPLA, **—(cPLA, **)APC

ki = 43.0 s, pseudo-first order reaction of interaction between
cPLA; and its substrate

(Bayburt
and  Gelb,
1997; Berg
et al., 2001;
Tucker et
al., 2009)

Reac149

kp
(cPLA, **)APC —>cPLA, **
k, = 600.0 s

(Bayburt
and  Gelb,
1997; Berg
et al., 2001;
Tucker et
al., 2009)

Reac150

Kear
(cPLA, **)APC —>cPLA, **+ AA
Keat = 3600.0 s

(Bayburt
and  Gelb,
1997; Berg
et al., 2001;
Tucker et
al., 2009)

Reacl51

ky
(Ca®)cPLA," —(Ca™)cPLA, **
ki=50.0s"

(Hixon et
al., 1998;
Das and
Cho, 2002;
Frazier et
al., 2002;
Das et al.,
2003;
Stahelin et
al., 2007)

Reac152

kh
(Ca™*)cPLA, **—(Ca’*)cPLA,"
kp = 15.0 s™

(Hixon et
al., 1998;
Das and
Cho, 2002;
Frazier et
al., 2002;
Das et al.,
2003;
Stahelin et
al., 2007)

Reac153

k.f
(Ca™")ePLA, **—((Ca")cPLA, **)APC

ki = 43.0 s, pseudo-first order reaction of interaction between
cPLA; and its substrate

(Bayburt
and  Gelb,
1997; Berg
et al., 2001;
Tucker et
al., 2009)

Reac154

kb
((Ca’")cPLA, **)APC—X(Ca™")cPLA, **

(Bayburt
and  Gelb,
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k, = 600.0 s

1997; Berg
et al., 2001;
Tucker et
al., 2009)

Reac155

kml
((Ca**)ePLA, **)APC—X(Ca® )cPLA, **+ AA
Keat = 3600.0 5™

(Bayburt
and  Gelb,
1997; Berg
et al., 2001;
Tucker et
al., 2009)

Reac156

ky
(Ca®),cPLA," —(Ca™),cPLA, **
ke =300.0s*

(Hixon et
al., 1998;
Das and
Cho, 2002;
Frazier et
al., 2002;
Das et al.,
2003;
Stahelin et
al., 2007)

Reacl57

kp
(Ca™),cPLA, **—(Ca®*),cPLA,"
ky=15.0s"

(Hixon et
al., 1998;
Das and
Cho, 2002;
Frazier et
al., 2002;
Das et al.,
2003;
Stahelin et
al., 2007)

Reac158

ky
(Ca*"),cPLA, **—((Ca’"),cPLA, **)APC

ki = 43.0 s, pseudo-first order reaction of interaction between
cPLA; and its substrate

(Bayburt
and  Gelb,
1997; Berg
et al., 2001;
Tucker et
al., 2009)

Reac159

ky
((Ca®"),cPLA, **)APC—(Ca™"),cPLA, **
kp = 600.0 s

(Bayburt
and  Gelb,
1997; Berg
et al., 2001;
Tucker et
al., 2009)

Reac160

k('at
((Ca®),cPLA, **)APC—(Ca’"),cPLA, **+ A4
Keat = 3600.0 s

(Bayburt

and  Gelb,
1997; Berg
et al., 2001;

24




Tucker et
al., 2009)

Reacl161

kg
cPLA," + Ca®>* —(Ca*")cPLA,"
ki = 1.93 pmol™.L.s™

(Nalefski et
al., 1997;
Bittova et
al., 1999;
Nalefski et
al., 2001;
Nalefski

and Falke,
2002)

Reac162

ky
(Ca®*)cPLA,” —cPLA," + Ca™
ko =108s"

(Nalefski et
al., 1997;
Bittova et
al., 1999;
Nalefski et
al., 2001,
Nalefski

and Falke,
2002)

Reacl163

ky
cPLA, **+ Ca’* —(Ca**)cPLA, **
ki = 1.93 pmol™.L.s™

(Nalefski et
al., 1997;
Bittova et
al., 1999;
Nalefski et
al., 2001;
Nalefski

and Falke,
2002)

Reacl164

kb
(Ca’*)cPLA, **—>cPLA, **+ Ca’”
kp=0.41s"

(Nalefski et
al., 1997;
Bittova et
al., 1999;
Nalefski et
al., 2001;
Nalefski

and Falke,
2002)

Reac165

kf
(Ca®")ePLA," + Ca®* —(Ca®"),cPLA,"
ki =10.8 pmol™.L.s?

(Nalefski et
al., 1997;
Bittova et
al., 1999;
Nalefski et
al., 2001;
Nalefski

and Falke,
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2002)

Reac166

kb
(Ca™),cPLA,” ~(Ca*")cPLA," + Ca™*
kp = 108 s

(Nalefski et
al., 1997;
Bittova et
al., 1999;
Nalefski et
al.,, 2001,
Nalefski
and Falke,
2002)

Reacl67

ky
(Ca™ )ePLA, **+ Ca™* —(Ca™"),cPLA, **
ki =10.8 pmol™.L.s™

(Nalefski et
al., 1997;
Bittova et
al., 1999;
Nalefski et
al., 2001;
Nalefski

and Falke,
2002)

Reac168

ky
(Ca’),cPLA, **—(Ca™")cPLA, **+ Ca™"
kp=25s"

(Nalefski et
al., 1997;
Bittova et
al., 1999;
Nalefski et
al., 2001,
Nalefski

and Falke,
2002)

Reac169

kd eg

A4—>2

(Bhalla and
lyengar,
1999;
Tanaka et
al., 2007)

Reacl170

k.
(Ca*),PKC*+ AMPAR ,, ~X(Ca*"),PKC*) AMPAR ,, |

syn

ki = 0.4 pmol™.L.s™

(Woodgett
et al., 1986)

Reacl71

ky
((Ca**); PKC*)AMPAR, , —(Ca™ ), PKC *+AMPAR_,,
kp =0.8s™

(Woodgett
et al., 1986)

Reacl72

k('af
((Ca™),PKC*)AMPAR ,, —(Ca’"), PKC *+AMPAR!

syn,

(Woodgett
etal., 1986)

Reacl73

syn
Keat = 0.3 s
k

f
(A4)PKC*+ AMPAR,,, —(AA)PKC*) AMPAR,,,
ki = 0.4 umol™.L.s™

(Woodgett
etal., 1986)

Reacl74

kh
((AA)PKC*)AMPAR, ,, X AA)PKC *+AMPAR, ,,

syn

(Woodgett
et al., 1986)
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k,=0.8s"

Kear

REACLTS | (44)PKC*)AMPAR , ~3(A4)PKC *+AMPAR”, (Woodgett

. =03s! , etal., 1986)
cat — .

Reacl76 . ks . (Woodgett
(AA)(Ca* )PKC *+ AMPAR, ,,—(AA)(Ca* )PKC*) AMPAR, et al., 1986)
ki = 0.4 umol™®.L.s? |

kb

RECLIT | (44)(Ca™ )PKC*) AMPAR, , ~(A4)(Ca™ )PKC*+AMPAR, g\{\;?otil%%té)

ko =0.85" i
k('ﬂ)‘

RECLTS | (44)(Ca™)PKC*)AMPAR,, ~3(AA)(Ca™)PKC*+ AMPAR?,, g\{\;?otil%%té)
kcat = 0.3 S-l )

Reacl179 ks Woodgett
(AA)(Ca**),PKC *+AMPAR , —f>((AA)(Ca2*)3PKC*)AMPARSW gt al 1%86)
ki = 0.4 pmol™®.L.s™ | )

kb

ReaC1BO | (44)(Ca™), PKC*)AMPAR,, ~>(A4)(Ca™), PKC*+AMPAR, St/\;?Odl%esté)

ko =085 i
k('ll)‘

ReACIBL | (4d)(Ca™), PKC*) AMPAR,, ~5(44)(Ca™), PKC * + AMPAR, St/\;?Odl%esté)
kcat = 0.3 S-l )

Reac182 P » (Donella
PP2A+ AMPAR!, —(PP2A)AMPAR’,, Deana et al..
ki = 0.6 pmol™.L.s™ 1990)

ky
Reacl83 | ppo4yampar P —>PP2A+ AMPAR?, (Donella
) o Deana et al.,
ko =0.17's 1990)
kL'Hl
Reacl84 | (PP2A)AMPAR’, S PP2A+ AMPAR,,, (Donella
) , Deana et al.,
Keat = 0.25'S 1990)

Reac185 ks Gianni et
GRIP+ AMPAR,,, —(GRIP)AMPAR,,, (Glann! &t
ki = 1.0 pmol™.L.s™ Gianni et

al.,  2006;
Launey,
2007)

. 20

Reacl8® | (GRIP)AMPAR,,~>GRIP+ AMPAR,,, (Gianni et

- ‘ , al,  2005;
kKp=7s Gianni et
al.,  2006;
Launey,
2007)

Reac187 Ky Matsuda et
GRIP+ AMPAR”,, ~GRIP)AMPAR, (et
ki = 1.0 pmol™.L.s™ Chung et

al., 2003,
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Launey,
2007)

Reac188

ky
(GRIP)AMPAR,, —GRIP + AMPAR;,
ky=70s"

(Matsuda et
al.,, 1999;
Chung et
al., 2003;
Launey,
2007)

Reac189

k

AMPAR  —> AMPAR f

syn extra—syn ,

ki=0.1s*

(Borgdorff
and
Choquet,
2002; Bats
et al., 2007)

Reac190

ky
AMPAR —AMPAR,,

extra—syn

k,=0.02s*

(Borgdorff
and
Choquet,
2002; Bats
et al., 2007)

Reac191

ky
AMPAR® — AMPAR®

syn extra—syn

ki=0.1s*

(Borgdorff
and
Choquet,
2002; Bats
et al., 2007)

Reac192

ky
AMPAR”® —> AMPAR”®

extra—syn syn

k, =0.025 s

(Borgdorff
and
Choquet,
2002; Bats
et al., 2007)

Reac193

k,
PP2A+ AMPAR”® —(PP2A)AMPAR

extra—syn

ki = 0.6 umol™.L.s™

P

extra—syn ,

(Donella
Deana et al.,
1990)

Reac194

ky
(PP2A)AMPAR” —>PP2A+ AMPAR

extra—syn
k,=0.17 s*

P

extra—syn ,

(Donella
Deana et al.,
1990)

Reac195

kl,‘lll
(PP2A)AMPAR, —>PP2A+ AMPAR

extra—syn
kcat = 025 S-l

extra—syn

(Donella
Deana et al.,
1990)

Reac196

ky

AMPAR —AMPAR,,,; '

extra—syn

ki=0.02s*

(Borgdorff
and
Choquet,
2002; Bats
et al., 2007)

Reac197

ks,
AMPAR ,, ,—> AMPAR
k, = 0.00025 s

extra—syn ,

(Borgdorff
and
Choquet,
2002; Bats

28




et al., 2007)

Reac198 , kr , (Borgdorff
AMPAR@xtra syn _)AMPARdend1 and
ki =0.02 s Choquet,
2002; Bats
et al., 2007)
Reac199 AMPAR”, _) AMP AR o EElligl)rgdorff
ky = 0.00025 s Choquet,
2002; Bats
et al., 2007)
Reac200 R (Donella
PP2A+ AMPAR},, —>(PP2A)AMPARdend Deana et al..
ki = 0.6 umol™.L.s™ 1990)
Reac201 ko P (Donella
(PP2A)AMPARdend —PP2A+ AMPAR,, Deana et al..
kp =0.17 s 1990)
Reac202 (Donella
(PP2A)AMPARdmd S PP2A+ AMPAR,,,, Deana et al.
Keat =0.25 5™ 1990)
Reac203 K pof (Ehlers,
AMPARdmd%AMPARcyz, 2000; Lin et
ki = 0.003s™ al.,  2000;
Passafaro et
al., 2001)
Reac204 P P (Ehlers,
AMPAR?, —>AMPARW 2000:
kp = 0.002 st Passafaro et
al., 2001)
Reac205 p (Donella
PP2A4+ AMPAR —>(PP2A)AMPARM Deana et al.,
ki = 0.6 pmol™.L.s™ 1990)
Reac206 | pp 4y 4MPAR L N PP2A+ AMPAR!, (Donella
1 Deana et al.,
kp=0.17 s 1990)
Reac207 (PP2A)AMPARP S PP2A+ AMPAR,,, (Donella
Deana et al.,
Keat = 0.25 8™ 1990)
21pmol.L™ corresponds to ~ 49 molecules

® Parenthesis indicates complex formation

“The presence of * or ** indicates activated form of the species considered

4 The letter P indicates phosphorylation without activation

®The term memb refers to membrane
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" The terms AMPARgyn, AMPAR . syn, AMPARgend, AMPAR,, refer, respectively, to
synaptic AMPAR, extra-synaptic AMPAR in the spine, dendritic AMPAR and cytosolic
AMPAR.
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Table 2 Sensitivity analysis of the biochemical population size of the components of the
positive feedback loop used in the model. Parameters (Nyin, K12, LTDmax) Were estimated
with 95% confidence interval by nonlinear least square regression to Equation 1.

Specie Nl Ky (umol. L) LT Dmax (%)
Optimal model 5.72 1.50 32.80

PKC +10% 5.29 (7.52 %) 1.36 (9.34 %) 33.36 (1.70 %)
PKC -10% 5.28 (7.69 %) 1.64 (9.34 %) 29.62 (9.65 %)
Raf-act +10% 5.84 (2.09) 1.43 (4.67 %) 31.99 (2.47 %)
Raf-act -10% 5.69 (0.52 %) 1.56 (4.00 %) 30.95 (6.04 %)
Raf +10% 5.59 (2.27 %) 1.39 (7.34 %) 33.83 (3.14 %)
Raf -10% 5.79 (1.22 %) 1.64 (9.34 %) 28.28 (13.78 %)
MEK +10% 5.46 (4.55 %) 1.40 (6.67 %) 32.61 (0.58 %)
MEK -10% 6.23 (8.91 %) 1.58 (5.34 %) 30.17 (8.02 %)
ERK +10% 5.99 (4.72 %) 1.44 (4.00 %) 31.88 (2.80 %)
ERK -10% 5.56 (2.79 %) 1.55 (3.34 %) 30.09 (8.26 %)
CcPLA, +10% 5.41 (5.41 %) 1.44 (4.00 %) 31.91 (2.71 %)
cPLA, -10% 6.04 (5.59 %) 1.59 (6.00 %) 30.16 (8.05 %)
PPL +10% 5.52 (3.49 %) 1.48 (1.34 %) 31.94 (2.62 %)
PP1 -10% 5.61 (1.92 %) 151 (0.67 %) 31.28 (4.63 %)
PP5 +10% 6.29 (9.96 %) 1.55 (3.34 %) 29.38 (10.43 %)
PP5 -10% 5.47 (4.37 %) 1.35 (10.0 %) 31.96 (2.56 %)
PP2A +10% 6.50 (13.63 %) 1.65 (10.0 %) 2451 (25.27 %)
PP2A-10% 6.04 (5.59 %) 1.36 (9.34 %) 35.22 (7.37 %)
MKP +10% 6.07 (6.11 %) 152 (1.34 %) 28.12 (14.26 %)
MKP -10% 5.79 (1.22 %) 1.41 (6.00 %) 32.15 (1.98 %)

®Number in parenthesis show the percentage of the deviation in comparison with the

mean response calculated for 156 runs of the optimal model
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Table 3 Sensitivity analysis of the unknown rate constants of the reactions of the
positive feedback loop used in the model. Parameters (Nyin, K12, LTDmax) Were estimated
with 95% confidence interval by nonlinear least square regression to Equation 1.

Rate constant
identity

NHin

Kz (umol.L™)

LTDmax (%)

Optimal model

5.72

1.50

32.80

Rate constant 59,
62, 65 and 68"
+10%

5.50 (3.85 %)°

1.40 (6.67 %)

31.93 (2.65 %)

Rate constant 59,
62, 65 and 68% -
10%

6.07 (6.12 %)

1.44 (4.00 %)

29.19 (11.00 %)

Rate constant 60,
63, 66 and 69
+10%

5.98 (4.55 %)

1.50 (0.00 %)

30.48 (7.07 %)

Rate constant 60,
63, 66 and 69 -
10%

6.26 (9.44 %)

1.46 (2.67 %)

30.97 (5.57 %)

Rate constant 61,
64, 67 and 70
+10%

5.75 (0.52 %)

1.48 (1.34 %)

31.94 (2.62 %)

Rate constant 61,
64, 67 and 70 -
10%

5.98 (4.55 %)

1.46 (2.67 %)

30.38 (7.37 %)

Rate constant 71
+10%

6.06 (5.94 %)

1.47 (2.00 %)

30.05 (8.38 %)

Rate constant 71
-10%

5.44 (4.89 %)

1.53 (2.00 %)

32.10 (2.13 %)

Rate constant 72
+10%

6.08 (6.29 %)

1.47 (2.00 %)

32.52 (0.85 %)

Rate constant 72
-10%

6.29 (9.96 %)

1.62 (8.00 %)

30.33 (7.53%)

Rate constant 73 | 6.18 (8.04 %) 1.50 (0.00 %) 29.84 (9.02 %)
+10%
Rate constant 73 | 6.21 (8.57 %) 1.49 (0.67 %) 31.12 (5.12 %)
-10%
Rate constant 74 | 6.03 (5.42 %) 1.44 (4.00 %) 31.53 (3.87 %)
+10%
Rate constant 74 | 6.16 (7.69 %) 1.49 (0.67 %) 29.15 (11.12 %)
-10%
Rate constant 75 | 5.37 (6.12 %) 1.53 (2.00 %) 29.56 (9.87 %)
+10%
Rate constant 75 | 6.24 (9.09 %) 1.45 (3.34 %) 32.94 (0.42 %)
-10%
Rate constant 76 | 6.22 (8.74 %) 1.41 (6.00 %) 32.02 (2.38 %)
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+10%

Rate constant 76
-10%

6.60 (15.38 %)

1.55 (3.34 %)

28.91 (11.85 %)

Rate constant 77
+10%

5.53 (3.32 %)

152 (1.34 %)

29.71 (9.42 %)

Rate constant 77 | 5.61 (1.92 %) 1.51 (0.67 %) 31.56 (3.78 %)
-10%

Rate constant 84 | 6.57 (14.86 %) 1.59 (6.00 %) 26.80 (18.29 %)
and 87 +10%°

Rate constant 84 | 6.29 (9.96 %) 1.35 (10.00 %) 33.09 (0.88 %)
and 87 -10%

Rate constant 85 | 5.51 (3.67 %) 1.43 (4.67 %) 33.81 (3.07 %)
and 88 +10%

Rate constant 85 | 6.04 (5.59 %) 1.59 (6.00 %) 28.31 (13.69 %)

and 88 -10%

Rate constant 86
and 89 +10%

6.27 (9.61 %)

1.57 (4.67 %)

27.33 (16.68 %)

Rate constant 86 | 5.27 (7.86 %) 1.39 (7.34 %) 33.18 (1.16 %)
and 89 -10%

Rate constant 119, | 5.91 (3.32 %) 1.54 (2.67 %) 31.47 (4.05 %)
122 and 125

+10%

Rate constant 119, | 6.22 (8.74 %) 1.51 (0.67 %) 31.09 (5.21 %)

122 and 125 -
10%

Rate constant 120,
123 and 126
+10%

6.19 (8.22 %)

1.47 (2.00 %)

30.67 (6.49 %)

Rate constant 120,
123 and 126 -
10%

6.27 (9.61 %)

1.44 (4.00 %)

30.31 (7.59 %)

Rate constant 121,
124 and 127
+10%

6.28 (9.79 %)

1.52 (1.34 %)

30.69 (6.43 %)

Rate constant 121,
124 and 127 -
10%

6.11 (6.82 %)

1.43 (4.67 %)

30.97 (5.58 %)

Rate constant 128,
131 and 134
+10%

6.19 (8.22 %)

1.51 (0.67 %)

30.42 (7.26 %)

Rate constant 128,
131 and 134
-10%

5.55 (2.97 %)

1.49 (0.67 %)

31.34 (4.45 %)

Rate constant 129,
132 and 135
+10%

5.69 (0.52 %)

1.48 (1.34 %)

31.52 (3.90 %)
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Rate constant 129,
132 and 135
-10%

6.09 (6.47 %)

1.46 (2.67 %)

30.77 (6.19 %)

Rate constant 130,
133 and 136
+10%

5.56 (2.80 %)

1.47 (2.00 %)

30.14 (8.11 %)

Rate constant 130,
133 and 136
-10%

5.44 (5.39 %)

1.52 (1.34 %)

31.15 (5.03 %)

Rate constant 137, | 6.27 (9.61 %) 1.49 (0.67 %) 30.36 (7.44 %)
140 and 143

+10%

Rate constant 137, | 6.48 (13.28 %) 1.46 (2.67 %) 29.89 (8.87 %)
140  and 143

-10%

Rate constant 138, | 6.14 (7.34 %) 1.43 (4.67 %) 30.86 (5.91 %)
141  and 144

+10%

Rate constant 138, | 6.54 (14.33 %) 1.54 (2.67 %) 31.39 (4.29 %)
141  and 144

-10%

Rate constant 139, | 5.24 (8.39 %) 1.48 (1.34 %) 31.91 (2.71 %)
142 and 145

+10%

Rate constant 139, | 6.20 (8.39 %) 1.54 (2.67 %) 31.13 (5.09 %)
142  and 145

-10%

Rate constant 170, | 5.69 (0.52 %) 1.46 (2.67 %) 31.33 (4.48 %)
173, 176 and 179

+10%

Rate constant 170, | 6.53 (14.16 %) 1.43 (4.67 %) 29.74 (9.32 %)
173, 176 and 179

-10%

Rate constant 171, | 5.62 (1.75 %) 1.41 (6.00 %) 30.35 (7.47 %)

174, 177 and 180
+10%

Rate constant 171,
174, 177 and 180
-10%

5.99 (4.72 %)

1.52 (1.34 %)

31.28 (4.63 %)

Rate constant 172, | 5.50 (3.85 %) 1.44 (4.00 %) 31.71 (3.32 %)
175, 178 and 181

+10%

Rate constant 172, | 6.28 (9.79 %) 1.59 (6.00 %) 28.87 (11.98 %)

175, 178 and 181
-10%

Rate constant 182,

6.02 (5.24 %)

1.47 (2.00 %)

29.69 (9.48 %)
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193, 200 and 205
+10%

Rate constant 182,
193, 200 and 205
-10%

6.28 (9.79 %)

1.46 (2.67 %)

31.36 (4.39 %)

Rate constant 183,
194, 201 and 206
+10%

6.13 (7.17 %)

1.49 (0.67 %)

30.65 (6.55 %)

Rate constant 183,
194, 201 and 206
-10%

6.27 (9.62 %)

1.53 (2.00 %)

30.32 (7.56 %)

Rate constant 184,
195, 202 and 207
+10%

5.20 (9.09 %)

1.54 (2.67 %)

30.72 (6.34 %)

Rate constant 184,
195, 202 and 207
-10%

5.34 (6.64 %)

1.44 (4.00 %)

31.56 (3.78 %)

# The identities (numbers) of the rate constants in column 1 correspond to the same

identities of the reactions (reac) listed in Supplementary Table I.

® The parameters of analogous reactions were analyzed simultaneously.
¢ Number in parenthesis show the percentage of the deviation in comparison with the

mean responses of the optimal model.
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