
TEXT S1:  PROTOTYPIC INTEGRATED SYSTEM 

 

In an effort to investigate the integrated dynamic Flux Balance Analysis (idFBA) framework, 

a prototypic integrated network was assembled and evaluated.  The prototypic integrated 

network is illustrated in Figure 3.  Network components and component interactions were typical 

of those observed in published reconstructions of signaling, metabolic, and transcriptional 

regulatory networks.  Here we summarize the kinetic relationships for the network that were 

used to implement the kinetic model described in the manuscript.  Specifically, Tables S1.1 and 

S1.2 present the kinetic equations and rate constants for the prototypic signaling network, 

respectively; and Tables S1.3 and S1.4 the kinetic equations and rate constants for the prototypic 

metabolic network, respectively.  In addition, the ordinary differential equations for the 

signaling, metabolic, and regulatory networks are Equations 1 through 53, 54 through 66, and 67 

through 69, respectively.  
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FIGURE CAPTIONS 

 

Table S1.1.  Kinetic equations of the prototypic signaling network. 

 

Table S1.2.  Rate constants for the prototypic signaling network. 

 

Table S1.3.  Kinetic equations of the prototypic metabolic network. 
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Table S1.4.  Rate constants for the prototypic metabolic network. 
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Table S1.1.  Kinetic equations of the prototypic signaling network. 
Name  Reaction  Kinetic Equation  Description 

1
1
Sv  ][][][ 1111 RLRL →+   ]][[ 11

1
1 RLk S   Binding  

1
2
Sv   ][][][ 1111 RLRL +→   ][ 11

1
2 RLk S   Dissociation  

1
3
Sv  ][][ 1111 intRLRL →   ][ 11

1
3 RLk S   Internalization  

1
4
Sv   ][][][ 111111 SRLSRL ⋅→+   ]][[ 111

1
4 SRLk S   Association  

1
5
Sv   ][][][ 111111 ATPSRLATPSRL ⋅⋅→+⋅   ]][[ 111

1
5 ATPSRLk S ⋅   Association  

1
6
Sv   ][][][][ 111111 RLADPpSATPSRL ++→⋅⋅   ][ 111

1
6 ATPSRLk S ⋅⋅   Dissociation 

1
7
Sv   ][][][ 1111 TpSTpS ⋅→+   ]][[ 11

1
7 TpSk S   Association  

1
8
Sv   ][][][ 1111 ATPTpSATPTpS ⋅⋅→+⋅   ]][[ 11

1
8 ATPTpSk S ⋅   Association  

1
9
Sv   ][][][][ 1111 ADPpTpSATPTpS ++→⋅⋅   ][ 11

1
9 ATPTpSk S ⋅⋅   Dissociation 

1
10
Sv   ][][][][ 211 iPOHSpS ++→   ][ 1

1
10 pSk S   Hydrolyzation  

1
11
Sv   ][][][][ 211 iPOHTpT ++→   ][ 1

1
11 pTk S   Hydrolyzation  

1
12
Sv   ][][][ 1111 pSISISpS ⋅→+   ]][[ 11

1
12 ISpSk S   Inhibition 

1
13
Sv   ][][ 1111 lyspSISpSIS ⋅→⋅   ][ 11

1
13 pSISk S ⋅   Inhibition 

21
1

SSv   ][][][ 2121 pSTpST ⋅→+   ]][[ 21
21

1 pSTk SS   Association 
21

2
SSv   ][][][ 2121 ATPpSTATPpST ⋅⋅→+⋅   ]][[ 21

21
2 ATPpSTk SS ⋅   Association 

21
3

SSv   ][][][][ 2121 ADPpSpTATPpST ++→⋅⋅   ][ 21
21

3 ATPpSTk SS ⋅⋅   Dissociation 

2S   ][][][ 3232 pSTpST ⋅→+   ]][[ 32
32

1 pSTk SS   Association 
32

2
SSv   ][][][ 3232 ATPpSTATPpST ⋅⋅→+⋅   ]][[ 32

32
2 ATPpSTk SS ⋅   Association 

32
3

SSv   ][][][][ 3232 ADPpSpTATPpST ++→⋅⋅   ][ 32
32

3 ATPpSTk SS ⋅⋅   Dissociation 
2

1
Sv  ][][][ 2222 RLRL →+   ]][[ 22

2
1 RLk S   Binding  

2
2
Sv   ][][][ 2222 RLRL +→   ][ 22

2
2 RLk S   Dissociation  

2
3
Sv   ][][ 2222 intRLRL →   ][ 22

2
3 RLk S   Internalization  

2
4
Sv   ][][][ 222222 SRLSRL ⋅→+   ]][[ 222

2
4 SRLk S   Association  

2
5
Sv   ][][][ 222222 ATPSRLATPSRL ⋅⋅→+⋅   ]][[ 222

2
5 ATPSRLk S ⋅   Association  

2
6
Sv   ][][][][ 222222 RLADPpSATPSRL ++→⋅⋅  ][ 222

2
6 ATPSRLk S ⋅⋅   Dissociation 

2
7
Sv   ][][][ 2222 TpSTpS ⋅→+   ]][[ 22

2
7 TpSk S   Association  

2
8
Sv   ][][][ 2222 ATPTpSATPTpS ⋅⋅→+⋅   ]][[ 22

2
8 ATPTpSk S ⋅   Association  

2
9
Sv   ][][][][ 2222 ADPpTpSATPTpS ++→⋅⋅   ][ 22

2
9 ATPTpSk S ⋅⋅   Dissociation 

2
10
Sv   ][][][][ 222 iPOHSpS ++→   ][ 2

2
10 pSk S   Hydrolyzation  

2
11
Sv   ][][][][ 222 iPOHTpT ++→   ][ 2

2
11 pTk S   Hydrolyzation  



Integrated Dynamic Flux Balance Analysis  Lee, et al. 
Text S1  4/9/2008 

 4

2
12
Sv   ][][][ 2222 pSISISpS ⋅→+   ]][[ 22

2
12 ISpSk S   Inhibition 

2
13
Sv   ][][ 2222 lyspSISpSIS ⋅→⋅   ][ 22

2
13 pSISk S ⋅   Inhibition 

3
1
Sv  ][][][ 3333 RLRL →+   ]][[ 33

3
1 RLk S   Binding  

3
2
Sv   ][][][ 3333 RLRL +→   ][ 33

3
2 RLk S   Dissociation  

3
3
Sv   ][][ 3333 intRLRL →   ][ 33

3
3 RLk S   Internalization  

3
4
Sv   ][][][ 333333 SRLSRL ⋅→+   ]][[ 333

3
4 SRLk S   Association  

3
5
Sv   ][][][ 333333 ATPSRLATPSRL ⋅⋅→+⋅   ]][[ 333

3
5 ATPSRLk S ⋅   Association  

3
6
Sv   ][][][][ 333333 RLADPpSATPSRL ++→⋅⋅   ][ 333

3
6 ATPSRLk S ⋅⋅   Dissociation 

3
7
Sv   ][][][ 3333 TpSTpS ⋅→+   ]][[ 33

3
7 TpSk S   Association  

3
8
Sv   ][][][ 3333 ATPTpSATPTpS ⋅⋅→+⋅   ]][[ 33

3
8 ATPTpSk S ⋅   Association  

3
9
Sv   ][][][][ 3333 ADPpTpSATPTpS ++→⋅⋅   ][ 33

3
9 ATPTpSk S ⋅⋅   Dissociation 

3
10
Sv   ][][][][ 233 iPOHSpS ++→   ][ 3

3
10 pSk S   Hydrolyzation  

3
11
Sv   ][][][][ 233 iPOHTpT ++→   ][ 3

3
11 pTk S   Hydrolyzation  

3
12
Sv   ][][][ 3333 pSISISpS ⋅→+   ]][[ 33

3
12 ISpSk S   Inhibition 

3
13
Sv   ][][ 3333 lyspSISpSIS ⋅→⋅   ][ 33

3
13 pSISk S ⋅   Inhibition 
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Table S1.2.  Rate constants for the prototypic signaling network. 
Parameter Value Unit Reference Parameter Value Unit Reference 

1
1
Sk   3.0  

]1[
sM ⋅μ

  
[1], Table 2-1 1

2
Sk   0.002  

]1[
s

  
[1], Table 2-1 

1
3
Sk   0.001  

]1[
s

  
[1], Fig. 3-7 1

4
Sk   10  

]1[
sM ⋅μ

  
[2], v2 

1
5
Sk   3.3  

]1[
sM ⋅μ

  
[2], v2 1

6
Sk   2.9  

]1[
s

  
[2], v47 

1
7
Sk   6.7  

]1[
sM ⋅μ

  
[2], v2 1

8
Sk   2.5  

]1[
sM ⋅μ

  
[2], v2 

1
9
Sk   5.0  

]1[
s

  
[2], v12 1

10
Sk   0.001  

]1[
s

  [3], MAP
ik−  

1
11
Sk   0.001  

]1[
s

  [3], MAP
ik−  1

12
Sk   0.001  

]1[
sM ⋅μ

  
[1] 

1
13
Sk   0.003  

]1[
s

  
[1], Table 6-2  21

1
SSk   4.2  

]1[
sM ⋅μ

  
[2], v2 

21
2

SSk   5.0  
]1[

sM ⋅μ
  

 21
3

SSk   1.0  
]1[

s
  

 

32
1

SSk   5.0  
]1[

sM ⋅μ
  

[2], v2 32
2

SSk   4.0  
]1[

sM ⋅μ
  

 

32
3

SSk   1.0  
]1[

s
  

     

2
1
Sk   2.85  

]1[
sM ⋅μ

  
[1], Table 2-1 2

2
Sk    0.0019  

]1[
s

  
[1], Table 2-1 

2
3
Sk   0.00095  

]1[
s

  
[1], Fig. 3-7 2

4
Sk    9.5  

]1[
sM ⋅μ

  
[2], v2 

2
5
Sk   3.1  

]1[
sM ⋅μ

  
[2], v2 2

6
Sk    2.7  

]1[
s

  
[2], v47 

2
7
Sk   6.3  

]1[
sM ⋅μ

  
[2], v2 2

8
Sk    2.3  

]1[
sM ⋅μ

  
[2], v2 

2
9
Sk   4.75  

]1[
s

  
[2], v12 2

10
Sk    0.00095 

]1[
s

  [3], MAP
ik−  

2
11
Sk   0.00095  

]1[
s

  [3], MAP
ik−  2

12
Sk    0.00095 

]1[
sM ⋅μ

  
[1] 

2
13
Sk   0.0028  

]1[
s

  
[1], Table 6-2     

3
1
Sk   3.15  

]1[
sM ⋅μ

  
[1], Table 2-1 3

2
Sk    0.0021  

]1[
s

  
[1], Table 2-1 
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3
3
Sk   0.0011  

]1[
s

  
[1], Fig. 3-7 3

4
Sk    10.5  

]1[
sM ⋅μ

  
[2], v2 

3
5
Sk   3.5  

]1[
sM ⋅μ

  
[2], v2 3

6
Sk    3.1  

]1[
s

  
[2], v47 

3
7
Sk   7.0  

]1[
sM ⋅μ

  
[2], v2 3

8
Sk    2.6  

]1[
sM ⋅μ

  
[2], v2 

3
9
Sk   5.25  

]1[
s

  
[2], v12 3

10
Sk    0.0011  

]1[
s

  [3], MAP
ik−  

3
11
Sk   0.0012  

]1[
s

  [3], MAP
ik−  3

12
Sk    0.0012  

]1[
sM ⋅μ

  
[1] 

3
13
Sk   0.0032  

]1[
s

  
[1], Table 6-2     
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Ordinary differential equations for the prototypic signaling network: 
 

1
2

1
11 =][ SS vvL

dt
d

+−    (1) 

][=][ 1
1

2
1

11 RkvvvR
dt
d

degreg
SS −++−    (2) 

1
6

1
4

1
3

1
2

1
111 =][ SSSSS vvvvvRL

dt
d

+−−−    (3) 

1
311 =][ S

int vRL
dt
d    (4) 

][=][ 1
1

10
1

41 SkvvvS
dt
d

degreg
SS −++−    (5) 

1
5

1
4111 =][ SS vvSRL

dt
d

−⋅    (6) 

1
6

1
5111 =][ SS vvATPSRL

dt
d

−⋅⋅    (7) 

1
12

1
10

1
9

1
7

1
61 =][ SSSSS vvvvvpS

dt
d

−−+−    (8) 

][=][ 1
21

1
1

11
1

71 TkvvvvT
dt
d

degreg
SSSS −+−+−    (9) 

21
3

1
11

1
91 =][ SSSS vvvpT

dt
d

+−    (10) 

1
8

1
711 =][ SS vvTpS

dt
d

−⋅    (11) 

1
9

1
811 =][ SS vvATPTpS

dt
d

−⋅⋅    (12) 

][=][ 1
1

121 ISkvvIS
dt
d

degreg
S −+−    (13) 

1
13

1
1211 =][ SS vvpSIS

dt
d

−⋅    (14) 

1
1311 =][ S

lys vpSIS
dt
d

⋅    (15) 

2
2

2
12 =][ SS vvL

dt
d

+−    (16) 
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][=][ 2
2

2
2

12 RkvvvR
dt
d

degreg
SS −++−    (17) 

2
6

2
4

2
3

2
2

2
122 =][ SSSSS vvvvvRL

dt
d

+−−−    (18) 

2
322 =][ S

int vRL
dt
d    (19) 

][=][ 2
2

10
2

42 SkvvvS
dt
d

degreg
SS −++−    (20) 

2
5

2
4222 =][ SS vvSRL

dt
d

−⋅    (21) 

2
6

2
5222 =][ SS vvATPSRL

dt
d

−⋅⋅    (22) 

21
3

21
1

2
12

2
10

2
9

2
7

2
62 =][ SSSSSSSSS vvvvvvvpS

dt
d

+−−−+−  (23) 

][=][ 2
2

11
2

72 TkvvvT
dt
d

degreg
SS −++−    (24) 

2
11

2
92 =][ SS vvpT

dt
d

−    (25) 

2
8

2
722 =][ SS vvTpS

dt
d

−⋅    (26) 

2
9

2
822 =][ SS vvATPTpS

dt
d

−⋅⋅    (27) 

][=][ 2
2

122 ISkvvIS
dt
d

degreg
S −+−    (28) 

2
13

2
1222 =][ SS vvpSIS

dt
d

−⋅    (29) 

2
1322 =][ S

lys vpSIS
dt
d

⋅    (30) 

3
2

3
13 =][ SS vvL

dt
d

+−    (31) 

][=][ 3
3

2
3

13 RkvvvR
dt
d

degreg
SS −++−    (32) 

3
6

3
4

3
3

3
2

3
133 =][ SSSSS vvvvvRL

dt
d

+−−−    (33) 
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3
333 =][ S

int vRL
dt
d    (34) 

][=][ 3
3

10
3

43 SkvvvS
dt
d

degreg
SS −++−    (35) 

3
5

3
4333 =][ SS vvSRL

dt
d

−⋅    (36) 

3
6

3
5333 =][ SS vvATPSRL

dt
d

−⋅⋅    (37) 

32
3

32
1

3
12

3
10

3
9

3
7

3
63 =][ SSSSSSSSS vvvvvvvpS

dt
d

+−−−+−  (38) 

][=][ 3
3

11
3

73 TkvvvT
dt
d

degreg
SS −++−    (39) 

3
11

3
93 =][ SS vvpT

dt
d

−    (40) 

3
8

3
733 =][ SS vvTpS

dt
d

−⋅    (41) 

3
9

3
833 =][ SS vvATPTpS

dt
d

−⋅⋅    (42) 

][=][ 3
3

123 ISkvvIS
dt
d

degreg
S −+−    (43) 

3
13

3
1233 =][ SS vvpSIS

dt
d

−⋅    (44) 

3
1333 =][ S

lys vpSIS
dt
d

⋅    (45) 

21
2

21
121 =][ SSSS vvpST

dt
d

−⋅    (46) 

21
3

21
221 =][ SSSS vvATPpST

dt
d

−⋅⋅    (47) 

32
2

32
132 =][ SSSS vvpST

dt
d

−⋅    (48) 

32
3

32
232 =][ SSSS vvATPpST

dt
d

−⋅⋅    (49) 

3
11

3
10

2
11

2
10

1
11

1
102 =][ SSSSSS vvvvvvOH

dt
d

+++++    (50) 
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3
11

3
10

2
11

2
10

1
11

1
10=][ SSSSSS

i vvvvvvP
dt
d

+++++    (51) 

mmmmmmm
SSSSSSSSSS

vvvvvvv
vvvvvvvv

ATP
dt
d

131198632

32
2

21
2

3
8

3
5

2
8

2
5

1
8

1
5 352

1000
=][ −+−−+−−

−−−−−−−−  (52) 

mmmmmmm
SSSSSSSSSS

vvvvvvv
vvvvvvvv

ADP
dt
d

131198632

32
3

21
3

3
9

3
6

2
9

2
6

1
9

1
6 352

1000
=][ +−++−++

+++++++  (53) 
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Table S1.3.  Kinetic equations of the prototypic metabolic network. 
Name Reaction Kinetic Equation  

mv1   ][][ ACarbon →   ][BiomassSu ⋅   
mv2   ][][][][ ADPBATPA +→+   

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
+⋅⋅++⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
++ m

mmm

m

m

m

k
ADP

A
k

ATP
k

A
k

k
ADP

ATP
k

k

22

232123

22

21

2

][1
][][][

][1
][

1

mv3   ][][][][ ADPCATPB +→+   
][

][
][

][

3231
3 Bk

B
ATPk

ATPk mm
m

++
  

mv4   ][][][ EDC +→   

mmmmm

m

mm

m
m

m
m

kK
ED

K
DC

kK
Ek

kK
DkCk

K
EDC

k

43441434

44

434

42
41

4
4 ]][[]][[][][][

]][[][

+++++

⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛
−

  

mv5   ][][ ED →   

][][1

][][

52
51

5
5

E
k
Dk

K
DE

k

m
m

m
m

+⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛
+

−

−  

mv6   →++ ][]2[][ NADADPD   
][]2[][ NADHATPG ++  

]][][[6 ADPNADDk m  

mv7   ][][][][ 2 NADHNADHG +→+  
][

][
][

][

7271
7 NADHk

NADH
Gk

Gk mm
m

++
  

mv8   ]2[]2[]10[].5[1 21 HHGF +++
]5[][]5[ ADPBiomassATP +→+ ][

][
][

][
][

][
][

][
][

][

285

2

184

1

838281
8 Hk

H
Hk

H
Fk

F
ATPk

ATP
Gk

Gk mmmmm
m

+++++
mv9   ][][][].8[0 1 ADPHATPB +→+

][
][

][
][

9291
9 ATPk

ATP
Bk

Bk mm
m

++
  

mv10   ][][][][ NADFNADHE +→+   
][

][
][

][

102101
10 NADHk

NADH
Ek

Ek mm
m

++
  

mv11   →+ ][][3 NADHADP   
][]3[ NADATP +  ][

]][[

111
11 ADPk

ADPNADHk m
m

+
  

mv12   ][][ NADHNAD →   ][12 NADk m  
mv13   ][][ ADPATP →   

][
][

131
13 ATPk

ATPk m
m

+
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Table S1.4.  Rate constants of the prototypic metabolic network. 
Parameter Value Unit Reference Parameter Value Unit Reference 

mk2   1.77  
][

s
mM   

[3], Eq. 5.15 mk21   0.2  ][mM   [3], Eq. 5.15

mk22   1.2  ][mM   [3], Eq. 5.15 mk23   0.2  ][mM   [3], Eq. 5.15
mk3   0.895  

][
s

mM   
[3], Eq. 5.16 mk31   0.01  ][mM   [3], Eq. 5.16

mk32   0.012  ][mM   [3], Eq. 5.16 mk4   1867.4 
][

s
mM   

[3], Eq. 5.17

mK4   0.81  ][mM   [3], Eq. 5.17 mk41   0.054  ][mM   [3], Eq. 5.17
mk42   2.0  ][mM   [3], Eq. 5.17 mk43   5.0   [3], Eq. 5.17
mk44   2.0  ][mM   [3], Eq. 5.17 mK41   10.0  ][mM   [3], Eq. 5.17
mk5   190  

][
s

mM   
[3], Eq. 5.18 mK5   0.045   [3], Eq. 5.18

mk51   0.38  ][mM   [3], Eq. 5.18 mk52   0.064  ][mM   [3], Eq. 5.18
mk6   45.127 

]1[ 2smM
  [3], Eq. 5.19 mk7   1.5  

][
s

mM   
[3], Eq. 5.21

mk71   1.2  ][mM   [3], Eq. 5.21 mk72   0.6  ][mM   [3], Eq. 5.21
mk8   0.8090 

][
sl

g
⋅

  
[3], Eq. 5.22 mk81   0.001  ][mM   [3], Eq. 5.22

mk82   0.5  ][mM   [3], Eq. 5.22 mk83   0.01  ][mM   [3], Eq. 5.22
mk84   0.05  ][mM   [3], Eq. 5.22 mk85   1.0  ][mM   [3], Eq. 5.22
mk9   0.4  

][
s

mM   
[3], Eq. 5.23 mk91   0.01  ][mM   [3], Eq. 5.23

mk92   0.01  ][mM   [3], Eq. 5.23 mk10   7.15  
]1[

smM ⋅
  

[3], Eq. 5.24

mk101   0.1  ][mM   [3], Eq. 5.24 mk102   0.6  ][mM   [3], Eq. 5.24
mk11   384  ][ 1−s   [3], Eq. 5.27 mk111   0.42  ][mM   [3], Eq. 5.27
mk12   1.12  ][ 1−s   [3], Eq. 5.28 mk13   99.8  

][
s

mM   
[3], Eq. 5.29

mk131   5.0  ][mM   [3], Eq. 5.29     
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Ordinary differential equations for the prototypic metabolic network: 

mm vvA
dt
d

21=][ −   (54) 

mmm vvvB
dt
d

932 0.8=][ −−   (55) 

mm vvC
dt
d

43=][ −   (56) 

mmm vvvD
dt
d

654=][ −−   (57) 

mmm vvvE
dt
d

1054=][ −+   (58) 

mm vvF
dt
d

810 1.5=][ −   (59) 

mmm vvvG
dt
d

876 10=][ −−   (60) 

reg
mm vvvH

dt
d 0.3712=][ 891 −−   (61) 

reg
mm vvvH

dt
d 0.5562=][ 872 −−   (62) 

mmmmm vvvvvNADH
dt
d

12111076=][ +−−−   (63) 

][=][ NADH
dt
dNAD

dt
d

−   (64) 

mvBiomass
dt
d

8=][   (65) 

mvCarbon
dt
d

1=][ −   (66) 
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Ordinary differential equations for the prototypic regulatory network: 

⎥
⎦

⎤
⎢
⎣

⎡
⋅

−

sM
kHHkv polypolyreg μ

110=],][[= 4
21    (67) 

⎥⎦
⎤

⎢⎣
⎡−

s
kProteinkv degdegdeg

110=],[= 3    (68) 

degreg vvProtein
dt
d

−=][    (69) 

 

 


