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R2 R9

R1 −−→ +

R2 + −−⇀↽−− +

R3 −−→ +

R4 + −−→ + α

R5 + −−→ +

R6 −−→

R7 + −−→ +

R8 + −−→ + +

R9 + −−⇀↽−− + α

R10 −−→

NADH2 = 0.8 − [NAD+] [NADPH2] =
0.04 − [NADP+]

N

v

S p

d

dt
S = Nv(S(t), t,p).

d

dt
[AcLac] v1 − v2

d

dt
[DHIV] v2 − v3

d

dt
[KIV] v3 − v4 − v5 − v7

d

dt
[IPM] v7 − v8

d

dt
[Val] v4 + v5 − v6

d

dt
[KIC] v8 − v9

d

dt
[Leu] v9 − v10

R3 R6 R10

vj =

vmax
+

KM
S

[S] −
vmax
−

KM
P

[P]

1 + [I]
KIa +

(
[S]

KM
S

+ [P]

KM
P

) (
1 + [I]

KIb

)
R3

KIa|b′ = 1
KIa|b
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• 0 < KIa < ∞ KIb → ∞
• 0 < KIa = KIb < ∞
• KIa → ∞ 0 < KIb < ∞

KIa|b′ = 0
KIa|b → ∞

v3 =

vmax
+1

KM
[DHIV]

[DHIV]−
vmax
−1

KM
[KIV]

[KIV]

1+KIa
1 [Val]+

 
[DHIV]

KM
[DHIV]

+
[KIV]

KM
[KIV]

!
(1+KIb

1 [Val])

v6 =
vmax
+2 [Val]

KM
[Val]

+[Val]+
“

KM
[Val]

KIa
2 +KIb

2 [Val]
”
[Leu]

v10 =
vmax
+3 [Leu]

KM
[Leu]

+[Leu]+
“

KM
[Leu]

KIa
3 +KIb

3 [Leu]
”
[Val]

j

vj =
kcat
+j

∏
i

(
Si

KM
ji

)n
−
ij

− kcat
−l

∏
i

(
Si

KM
ji

)n
+
ij

∏
i

∑n
−
ij

m=0

(
Si

KM
ji

)m

+
∏

i

∑n
+
ij

m=0

(
Si

KM
ji

)m

− 1

·[Ej ]
∏
m

hA(Sm,KA
jm)w

+
jmhI(Sm,KI

jm)w
−
jm

hA hI

kcat
±j

W±

KM
ji

KM hA

hI(Si,K
I) =

KI

KI + Si

=
1

1 + Si

KI

=
1

1 + KI′Si

[Ej ]k
cat
±j kcat′

±j j

R1 R10

R6 R10

kcat
±j

R2 R9

α

α

ωi

λ

[0, 1]
λ = 1
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v1 =

kcat
+1 ·[AHAS]·KI

1“
KM

[Pyr]1

”2 [Pyr]
2
−

kcat
−1 ·[AHAS]·KI

1

KM
[AcLac]1

[AcLac](
1 + [Pyr]

KM
[Pyr]1

+

(
[Pyr]

KM
[Pyr]1

)2

+ [AcLac]

KM
[AcLac]1

)(
KI

1 + [Val]
)

v2 =

kcat
+2 ·[AHAIR]·KI

2

KM
[AcLac]2

·KM
[NADPH2]1

[AcLac][NADPH2] −
kcat
−2 ·[AHAIR]·KI

2

KM
[DHIV]1

·KM
[NADP+]1

[DHIV][NADP+]((
1 + [AcLac]

KM
[AcLac]2

) (
1 +

[NADPH2]

KM
[NADPH2]1

)
+

(
1 + [DHIV]

KM
[DHIV]1

) (
1 +

[NADP+]

KM
[NADP+]1

)
− 1

) (
KI

2 + [Val]
)

v4 =

kcat
+3 ·[BCAATValB]

KM
[KIV]1

·KM
[Glut]1

[KIV][Glut] −
kcat
−3 ·[BCAATValB]

KM
[Val]1

·KM
[αKG]1

[Val][αKG]

1 + [KIV]

KM
[KIV]1

+ [Glut]

KM
[Glut]1

+ [KIV][Glut]

KM
[KIV]1

·KM
[Glut]1

+ [Val]

KM
[Val]1

+ [αKG]

KM
[αKG]1

+ [Val][αKG]

KM
[Val]1

·KM
[αKG]1

v5 =

kcat
+4 ·[BCAATValC]

KM
[KIV]2

·KM
[Ala]1

[KIV][Ala] −
kcat
−4 ·[BCAATValC]

KM
[Val]2

·KM
[Pyr]2

[Val][Pyr]

1 + [KIV]

KM
[KIV]2

+ [Ala]

KM
[Ala]1

+ [KIV][Ala]

KM
[KIV]2

·KM
[Ala]1

+ [Val]

KM
[Val]2

+ [Pyr]

KM
[Pyr]2

+ [Val][Pyr]

KM
[Val]2

·KM
[Pyr]2

v7 =

kcat
+5 ·[IPMS]·KI

3

KM
[KIV]3

·KM
[AcCoA]1

[KIV][AcCoA] −
kcat
−5 ·[IPMS]·KI

3

KM
[IPM]1

·KM
[CoA]1

[IPM][CoA](
1 + [KIV]

KM
[KIV]3

+ [AcCoA]

KM
[AcCoA]1

+ [KIV][AcCoA]

KM
[KIV]3

·KM
[AcCoA]1

+ [IPM]

KM
[IPM]1

+ [CoA]

KM
[CoA]1

+ [IPM][CoA]

KM
[IPM]1

KM
[CoA]1

) (
KI

3 + [Leu]
)

v8 =

kcat
+6 ·[IPMDH]

KM
[IPM]2

·KM
[NAD+]1

[IPM][NAD+] −
kcat
−6 ·[IPMDH]

KM
[KIC]1

·KM
[NADH2]1

[KIC][NADH2]

1 + [IPM]

KM
[IPM]2

+
[NAD+]

KM
[NAD+]1

+
[IPM][NAD+]

KM
[IPM]2

·KM
[NAD+]1

+ [KIC]

KM
[KIC]1

+
[NADH2]

KM
[NADH2]1

+
[KIC][NADH2]

KM
[NADH2]1

KM
[KIC]1

v9 =

kcat
+7 ·[BCAATLeuB]

KM
[KIC]2

·KM
[Glut]2

[KIC][Glut] −
kcat
−7 ·[BCAATLeuB]

KM
[Leu]1

·KM
[αKG]2

[Leu][αKG]

1 + [KIC]

KM
[KIC]2

+ [Glut]

KM
[Glut]2

+ [KIC][Glut]

KM
[KIC]2

·KM
[Glut]2

+ [Leu]

KM
[Leu]1

+ [αKG]

KM
[αKG]2

+ [Leu][αKG]

KM
[Leu]1

·KM
[αKG]2

x̂

τt T

X = (xti)

fRSE(x̂,X) =

dim(x̂)∑
i=1

T∑
t=1

(
x̂i(τt) − xti

xti

)2

x̂(τt) t

[0, 2000]

KI

KM kcat

[ε, 2000] ε = 10−8

[0, 108]
KI KM

10−8

� 2
μ = σ = 1

•

σ = 0.2 pm = 1.0
• α = 0.1

T = 5

•

pm = 0.1 pc = 0.7
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•

pm = 0.1 pc = 0.8

•

pm = 0.8
pc = 0.2

•

pm = 1.0

•

φ1 = 2.05, φ2 = 2.05 χ = 0.73

•

λ = F = 0.8 CR = 0.5

n

n = 3

μ ∈ {1, 5, 10, 25, 50, 125} λ ∈
{25, 50, 125, 250, 500} μ � λ

pm pc

φ1 = 2.8 φ2 = 1.3
{25, 50, 250, 500}

f, λ ∈ {0.5, 0.8}
CR ∈ {0.3, 0.5, 0.9}

{50, 250, 500, 1000}
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f = 0.8 λ = 0.5
CR = 0.9

φ1 = φ2 = 2.05
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pc = 0, pm = 1 (10, 50)

f = λ = 0.8 CR = 0.3

φ1 = φ2 = 2.05
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