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.

REFERENCES

1. Lauffenburger DA, Linderman JJ (1993) Receptors: models for binding, trafficking, and
signaling. New York: Oxford University Press. x, 365 p. p.

2. Schoeberl B, Eichler-Jonsson C, Gilles ED, Muller G (2002) Computational modeling of the
dynamics of the MAP kinase cascade activated by surface and internalized EGF
receptors. Nat Biotechnol 20: 370-375.

3. Klipp E, Nordlander B, Kruger R, Gennemark P, Hohmann S (2005) Integrative model of the

response of yeast to osmotic shock. Nat Biotechnol 23: 975-982.

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
e [LI+[R]I—>[LR] k2L 1R, ] Binding

vyl [LR]—->[L]+[R] kLR, Dissociation
e [LRI— LRy, ] KSR, ] Internalization
e [LR1+[S;]1—=>[LR; - S4] k2 [L,R 1[S, ] Association
e [LR, -S;]+[ATP] > [LR, - S, - ATP] k3[R, -S,][ATP]  Association
e [LR; -S; - ATP] > [S; p]+[ADP] +[L,R;] k[LR, -S,-ATP]  |Dissociation
vt [S;p]1+[T1—>[S.p-T,] k31[S, pI[T ] Association
e [S;p-T,]+[ATP] > [S,p T, - ATP] k1[S,p - T,][ATP] Association
vl [S,p-T,-ATP]—[S,p]+[T,p]+[ADP] kS1[S,p-T, - ATP] Dissociation
vk [S;p] = [S1]1+[H,O]+[P] k:2[S, p] Hydrolyzation
v [Pl > [LI+[H,01+[P] KSE LT P] Hydrolyzation
vyt [S;p]1+[I1S;]1—>1[IS;-S;p] k2[S, p1[1S, ] Inhibition

vl [1S;-S;p] = [IS; - Sy pyys] k2[1S, - S, p] Inhibition
vz M ]+[S,pl = [T, - S, p] k52 [T,1[S, p] Association
vtz [Ty - S, p]+[ATP] - [T, - S, p- ATP] k3¥2[T, - S, p][ATP] {Association
vit2 [Ty S, p- ATP] — [T, p] +[S, p]+[ADP] k352[T,-S,p- ATP]  [Dissociation
S, [T,]1+[S5p] = [T, - S5p] k15253 [T,1[S5P] Association
v;2%8  |[T, - S3p] +[ATP] > [T, - Syp- ATP] k5253[T, - S, p][ATP] (Association
v32%3 [T, -S3p- ATP]— [T, p]+[S; p] + [ADP] k$2%3[T, - S,p- ATP]  [Dissociation
v,2 [L]+[R]1—>[LyR,] k2 [L,1[R, ] Binding

V52 [L,R,]—>[L,]+I[R,] k32 [L,R,] Dissociation
V32 [LR] = [L,R,, ] k$2[L,R, ] Internalization
v;? [L,R,J+[S,]1 = [L,R, - S,] k22[L,yR,1[S, ] Association
V2 [L,R, -S,]+[ATP] > [L,R, -S, - ATP] k32[L,R, -S,][ATP] [Association
Vg2 [L;R; S, - ATP] =[S, p]+[ADP]+[L,R,1 [k$2[L,R, - S, - ATP] [Dissociation
V32 [S,pl1+[T,]1—=>[S,p T,] k32[S, pIIT, ] Association
Vg2 [S,p-T,]+[ATP] > [S,p T, - ATP] k$2[S,p-T,]J[ATP]  (Association
Vg2 [S,p-T, - ATP]—[S,p]+[T,p]+[ADP] k32[S,p-T,-ATP]  |Dissociation
v [1S:p1 18,1+ [H,01+[P] k215, p] Hydrolyzation
V2 [T, p] = [T, ]+[H,O]+[R] k2T, p] Hydrolyzation




Integrated Dynamic Flux Balance Analysis Lee, et al.
Text S1 4/9/2008
vz [[S:p1+[1S,1>[1S, - S,p] KS2[S, pIIIS, ] Inhibition

viz  |[1S5-S;p] > [1S; - S, pys] k32[1S, - S, p] Inhibition

v,3 [L3]+[R3] — [LsRs] k3 [Ls1IRs] Binding

e [L3Rs] — [L3]+[R;] k3 [LsRs] Dissociation

V33 [LsRs] = [LsRy;, 1 kS3[LsRs] Internalization
V3 [LsR31+[S3]1 = [L3R; - S5 k23 [LsR;][Ss] Association

Vs [LsR;s - S3]+[ATP] - [LyR; - S5 - ATP] k3[L4R, - S;][ATP]  [Association

V3 [LsRs - S5+ ATP] = [S3p]+[ADP]+[L3Rs]  [k3[L,R, - S, - ATP]  [Dissociation

V33 [Ssp]+[Ts] > [S3p-T;] K33[S, p]ITs] Association

Vg3 [Ssp-To]+[ATP] > [S,p-T, - ATP] kS3[S,p-T,][ATP]  (Association

W [S;p-T; - ATP] — [S;p] +[Tsp]+[ADP] k3[S,p-Ts- ATP] Dissociation

v2  [[S:Pl—>[S:]+[H,0]+[R] ki [S:p] Hydrolyzation
vip  |[Tsp] > [Ts]+[H,0]+[P] kST, p] Hydrolyzation
Vi3 [Szp]+[1S3]1 —>[1S; - S5p] k3[S;pI1S,] Inhibition

V1533 [1S5-S3p] = [1S5 - S5 Pyl k1533[|s3 -S5p] Inhibition
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Table S1.2. Rate constants for the prototypic signaling network.

Parameter [Value  |Unit Reference Parameter [Value  |Unit Reference
k151 3.0 [ 1 ] [1], Table 2-1 k251 0.002 [l] [1], Table 2-1
MM - s S

S1 0.001 1 1], Fig. 3-7 S1 10 1 2], v
S UM - s
k551 3.3 [ 1 ] [2], Vo k651 2.9 [E] [2], Va7
UM - s S
k731 6.7 [ 1 ] [2], v2 k851 2.5 [ 1 ] [2], v2
LM -s UM s
k951 5.0 [%] [2], va2 klsol 0.001 [%] [3], kMAP
k2 0.001 [l] [3], kMAP k2 0.001 [ 1 ] [1]
S UM - s
kf} 0.003 [1] [1], Table 6-2 kflsz 4.2 [ 1 ] [2], v2
S UM -s
k25152 5.0 [ 1 ] k35132 1.0 [i]
MM - s S
klszsg 5.0 [ 1 ] [2], v2 k28283 4.0 [ 1 ]
LM s UM s
k35253 1.0 [E]
s
kl’Sz 2.85 [ 1 ] [1], Table 2-1 kzsz 0.0019 [E] [1], Table 2-1
UM - s S
kS2 0.00095 |1 [1], Fig. 3-7  |kS2 9.5 1 [2], v2
3 [-] 4 [ ]
S MM - s
k552 3.1 [ 1 ] [2], vz kesz 2.7 [l] [2], Va7
UM - s S
k752 6.3 [ 1 ] [2], vz k882 2.3 [ 1 ] [2], v2
LM -s UM s
k:z 4.75 [%] [2], vi2 klsoz 0.00095 [%] [3], kAP
klslz 0.00095 [l] [3], kMAP k1522 0.00095 [ 1 ] [1]
S UM - s
k1532 0.0028 [1] [1], Table 6-2
S
S3 3.15 1 [1], Table 2-1 |k 33 0.0021 |1 [1], Table 2-1
4 ] k2 ]
MM - s S
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k333 0.0011 [l] [1], Fig. 3-7 kfs 10.5 [ 1 ] [2], v2
S MM - s
k5‘°’3 3.5 [ 1 ] [2], v2 k653 3.1 [l] [2], Va7
UM - s S
k733 7.0 | 1 ] [2], v2 k833 2.6 [ 1 ] [2], v2
MM - s UM -s
kgsa 5.25 [l] [2], vi2 klsos 0.0011 [i] 3], kl\?AP
s S
k 1813 0.0012 [l] [3], kMAP k1323 0.0012 [ 1 ] [1]
S UM - s
S3 0.0032 |1 [1], Table 6-2
kas []
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Ordinary differential equations for the prototypic signaling network:

d

] =t ! (1)
d — S1 S1

E[Rl]__vl V! +Vieg —Kgeg [Ry] 2)
LR = Vit 3t —ult v v ®
d

E[LlRlim] = vyt “)
i[S]:—v51+v31+v —Kyou[S4] (5)
dt 1 4 10 reg deg L~1

d 1 S1

E[LlRl S;]=vgt —vg (6)
d —us1 N

E[LlRl -S; - ATP] = vg' —vg (7)
d 1 S1 S1 S1 S1

E[Slp]_v6 —V77 + Vgt Vg —Vp) (8)
d

aﬂ—l] = _V$1 +Vfll _Vflsz +Vreg - kdeg I.Tl] (9)
d —1 S1 5152

aﬂ—l Pl = Vo' —Vyi +V;, (10)
d -1 S1

a[slp ‘T =Vt —vg (11)
d s s

a[slp Ty - ATP] = vgt —vgt (12)
d1s,1= v Ko [1S 13
a[ 1]__\/12 +Vreg - deg[ 1] ( )
d —us1 S1

E[Isl -S;p] = Vi — Vi3 (14)
d .5

E[Isl -SyPys] = Vi3 (15)
d _ So So

E[LZ]__Vl + V5 (16)
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d
E[RZ] = _V152 +V282 +Vreg _kdeg[Rz]

d s
—yS2 S2 S2 S2 S2
E[LZRZ]_Vl V" V3T — V" Ve

d

a[l—szim] = ng

d _ So So

a[sz] ==Vt Vg +Vreg - kdeg [52]
d —S2 So

a[l—sz S, =V = Vs

d
aﬂgRTS[Aﬂﬂ:@z—ﬁz

d S S S s s
— 52 2 2 2 2
E[Sz Pl =Vg? = V7% + Vg% =V — V5 — Vg

d

EI.TZ] = —V782 +V1812 +Vieg — kdeg I.Tz]
d

a[Tz p] = ng _V1512

d —S2 So

a[sz p-T]=v7% —vg

ISP T, ATP] = v v

d
r11821 = ~aZ +Vieg —kagg 18]

d
a[lsz -S,p] = V1522 _V1532

d
E[ISZ : SZ plys] = \/1832

d
Ik ;3 453

d
E[R3] = _V153 +V283 +Vreg - kdeg[Rs]

d s
=y33 _yS8 _ S8 _yS3 4S8
E[L3R3]—V1 V" — V3T VT Ve

$152

$152
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7)

(18)

(19)

(20)

(21)

(22)

(23)

(24)

(25)

(26)

(27)

(28)

(29)

(30)

(31)

(32)

(33)



Integrated Dynamic Flux Balance Analysis Lee, etal.

Text S1 4/9/2008
d . S3

a[l—s Raine ] = V3 (34)
d _ S3 S3

E[SS] = VT + Vg +Vreg - kdeg [83] (35)
d — 1,53 S3

E[L3R3~S3]—V4 —Vg (36)
d — 1,53 S3

a[L3R3 S5 - ATP] = vg® —vg (37)
%[S3 p] = v§’3 —v783 +v9S3 —va3 —vf23 —vf283 +v§283 (38)
d _ S3 S3

E[T3] = V7% VP + Vg — Kgeg [T3] (39)
d — 53 S3

E[T3 Pl = Vg® —Vy; (40)
d — 1,53 S3

a[ssp'Ts]—W — Vg (41)
d — 53 S3

a[ss p-Ty- ATP]=vg® —vg (42)
d _ .S

E[ISC%]__VlZ +Vreg _kdeg[ISS] (43)
d —yuS3 S3

E[Ba -S3p] = V5 — Vg3 (44)
d _.S3

a[|53 ~S3Pys] = Vi3 (45)
d — 9152 5152

%[Tl -S,p-ATP] = stls2 _V35152 (47)
ST, Syp] = v - 3e (48)
ST, -5,p - ATP] = v5750 52 “9)
%[H ,0]= vfc} + vfll + vlso2 + vlsf + vlso3 + vlsf (50)
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d S S S S S S

E[Pi] =V VL AV VR VS VR (51)
oyt gy _S2 _\,S2 _\,S3 _\,S83 _\,S1S2 _,,5283

SpaTPy= St s Tl Tl S ypour o -5 v+ v (52)

S1 S1 S2 S2 S3 S3 $182 S253
Vel + Vgt + Vg2 + Vg2 + Vg +Vg3 + V312 + v

1005 +VD v —2vd 4+ 5v v —3vh + vy (53)

d
—[ADP] =
dt[ ]

10



Integrated Dynamic Flux Balance Analysis Lee, et al.

Text S1 4/9/2008
Table S1.3. Kinetic equations of the prototypic metabolic network.

Name|Reaction Kinetic Equation

v [Carbon] — [A] S, -[Biomass]

v [A]+[ATP] —[B]+[ADP] k.

L. Ko [1+[ADP]J+I<£"3+ k> .I<£”3'(1+[ADP]J
[ATP] k2 [A] [ATP] [A] K

v |[BI+[ATP]—[C]+[ADP] o [ATP] [B]

> kI +[ATP] kD +[B]

v |[CT— [DI+[E] [[C]_ [D][E])

K4
m m
& +{C1+ K201 , KuIE]  [CIID] | [DI(E]
Kik  Kikyg Ka Ka'Kaz

K

v |[DI—>[E] [E]_m
m Kg'
_ k5
kgg(u['?n]}[E]
k52
vl |[DI+2[ADP]+[NAD] — kM [D][NAD][ADP]
[G]+ 2[ATP]+[NADH]

vl [[G1+[NADH] - [H,]+[NAD] |, n _[GI [NADH]

" kM +[G] kD +[NADH]

v [L5[F]+10[G]+2[H,]+ 2[H,] n_[Cl [ATP] [F] [H,] [H,]
+5[ATP] — [Biomass] +5[ADP]| ® k™ +[G] k1 +[ATP] k& +[F1k% +[H,1 kX +[H,]
vy |0.8[B]+[ATP] > [H,]+[ADP] |, n [B] _ [ATP]

kD +[B1KD +[ATP]

vi  |[[ET+[NADH] > [FT+[NAD] | » [E] [NADH]
" ki, +[E] ki, +[NADH]
v |[3[ADP]+[NADH] - m [NADHI[ADP]
3[ATP]+[NAD] Y kM +[ADP]
vl [[NAD] —[NADH] ki3 [NAD]
vn |[ATP]—[ADP] n_ [ATP]

B kn +[ATP]

11
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Table S1.4. Rate constants of the prototypic metabolic network.
Parameter [Value  |Unit Reference |Parameter Value  |Unit Reference
kM 1.77 [mM] [3], Eq. 5.15 kn 0.2 [mMM] [3], Eq. 5.15
S
km 1.2 [mMM] [3], Eq. 5.15 kn 0.2 [mMM] [3], Eq. 5.15
km 0.895 [mM] [3], Eq. 5.16 kD 0.01 [mMM] [3], Eq. 5.16
S
kD 0.012 [mMM] [3], Eq. 5.16 k. 1867.4 [mM] [3], Eq. 5.17
S
KM 0.81 [mMM] [3], Eq. 5.17 kn 0.054 [mMM] [3], Eq. 5.17
kD 2.0 [mMM] [3], Eq. 5.17 kmn 5.0 [3], Eq. 5.17
kD 2.0 [mMM] [3], Eq. 5.17 Kn 10.0 [mMM] [3], Eq. 5.17
kM 190 [mM] [3], Eq. 5.18 K 0.045 [3], Eq. 5.18
S
kD 0.38 [mMM] [3], Eq. 5.18 kD 0.064 [mMM] [3], Eq. 5.18
kD 45.127 1 [3], Eq. 5.19 k" 1.5 [mM] [3], Eq. 5.21
mM ?s S
km 1.2 [mMM] [3], Eq. 5.21 kM 0.6 [mM] [3], Eqg. 5.21
kD 0.8090 [i] [3], Eq. 5.22 kmn 0.001 [mMM] [3], Eq. 5.22
l-s
kD 0.5 [mMM] [3], Eq. 5.22 kL 0.01 [mMM] [3], Eq. 5.22
ke 0.05 [mMM] [3], Eq. 5.22 kan 1.0 [mMM] [3], Eq. 5.22
k" 0.4 [mM] [3], Eq. 5.23 ki 0.01 [mMM] [3], Eq. 5.23
S
kD 0.01 [mMM] [3], Eq. 5.23 km 7.15 [ 1 [3], Eq. 5.24
mM -s
kM 0.1 [mMM] [3], Eq. 5.24 kM, 0.6 [mMM] [3], Eq. 5.24
km 384 [s7] [3], Eq. 5.27 kM, 0.42 [mMM] [3], Eq. 5.27
kM 1.12 [s7%] [3], Eq. 5.28 km 99.8 [mM] [3], Eq. 5.29
S
kh, 5.0 [mMM] [3], Eq. 5.29
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Ordinary differential equations for the prototypic metabolic network:

d

E[A] =V —Vy (54)
d —_ m m m

d —_ m m

E[C] =V3 =V, (56)
d —_ m m m

E[D]—V4 — Vg — Vg (57)
d —_ m m m

E[E] =V, +Vs — Vg (58)
d —_ m m

d —_ m m m

d m m

E[Hl] =Vy —2vg —0.371v,, (61)
d m m

G [H2l=v7 - 2v —0.556v,,, (62)
d

a[NADH]:vg‘ —V7 =V =V + Vi (63)
d . d

a[NAD]_—H[NADH] (64)
d .. _om

E[Blomass] = Vg (65)
d _ om

E[Carbon] =-v (66)
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Ordinary differential equations for the prototypic regulatory network:

Vieg = Kooy [H 1TH 1, Ky =104{

Vieg = Kgeg [PTOtEIN], K i =10—3{

d )
E[Protem] = Vieg — Vaeg

1

S

1
MM - s

|

|
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(67)

(68)

(69)



