The function “fNewSaitoKIC” solves the ODE system and gives the population at steady state of the
system, starting with arbitrary initial conditions.

In[7420]:= fNewSaitoKIC[Net_] := [

dBl =
My [t] . Ma[t] . Ms[t] . Ma[t]
denK + M; [t] denK + M, [t] denK + M3 [t] denK + Mg [t]

Bl [t] (_Bl [t] Ky + nukK *

Ms [t]
———— |- (€1,1+C1,2+C1,3+C1,4+Cy,5) By[t]};
denK + M5 [t]

My [t] . My [t] . M3 [t]
denK + M; [t] denK + M, [t] denK + M3 [t]
Mg [t] . Ms[t]
denK + Mg [t] denK + M5 [t]
My [t] . Mz [t] . M3 [t]

denK + M; [t] denK + M, [t] denK + M3 [t]

dB;

Bz [t] (— Bz [t] Koy + nuK *

- (C2,1+C2,2+C2,3+Cp,4+Ca.5) By[t]}

dB3

B3 [t] (— B3 [t] x3 + nukK =
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Ms[t] . Ms [t]
denK + Mg [t] denK + M5 [t]
M [t] . My [t] . M3 [t]
denK + M; [t] denK + M, [t] denK + M3 [t]
M4 [t] . Ms [t]
denK + Mg [t] denK + M5 [t]
My [t] . My [t] . M3 [t]
denK + M; [t] denK + M, [t] denK + M3 [t]
M4 [t] . Ms [t]
denK + Mg [t] denK + M5 [t]

) - (C3,1+C3,2+C3,3+C3,4+C3,5) B3[t];

dB4 B4[t] (—B4[t] K4+nUK*

) - (C4,1+Ca,2+Cq,3+Cq,4+Cq,5) Bg[t];

dBs = Bs[t] (—Bs[t] xs + nuK *

) - (Cs5,1+C5,2+C5,3+Cs5,4+Cs,5) Bs[t]}

dM; = -M;[t] q;1 +
My [t] . My [t] . M3 [t] . My[t] . Ms[t]
denK + M; [t] denK + M, [t] denK + M3 [t] denK + Mg [t] denK + M5 [t]
(-B1lt]ldi,1-Ba[t] di,2-Bs[t]di,3-Ba[t] di,a-Bs[t] di,s)+
Bi[t] Q1,1 +B2[t] Q1,2 +B3[t] Q1,3+Bs[t] Q1,4+Bs[t] Q1,53
My [t] . Mz [t] . M3 [t] . Ms[t]
denK + M; [t] denK + M, [t] denK + M3 [t] denK + Mg [t]

[nuK*

dM2 = —Mz[t] gz + (nuK*

Ms[t]
denK + M5 [t]
By[t] Q3,1 +Ba[t] Q2,2 +B3[t] Qz,3+B4[t] Q3 4+Bs[t] Q53
M; [t] My [t] M3 [t] My[t]

dM; = -M3[t] g3 + (nuK* * * * *
denK + M; [t] denK + M, [t] denK + M3 [t] denK + Ms [t]

J ('Bl[t] dy,1-Bz[t] dy,5-B3[t] dy,3-Bs[t] dy,4-Bs[t] dz,s) +

Ms[t]
denK + M5 [t]
Bi[t] Q3,1 +B2[t] Q3,2 +B3[t] Q3,3 +Bs[t] Q3,4 +Bs[t] Q3,53
Mp[t] My [t] M3 [t] Ms[t]

dMy = -M4[t] g4 + (nuK* * * * *
denK + M; [t] denK + M, [t] denK + M3 [t] denK + Mz [t]

] (-B1[t]ds,1-By[t] ds,5-Bs[t] ds,3-Bs[t] ds,4-Bs[t] ds,5) +

Ms[t]
denK + M5 [t]
Bi[t] Q4,1 +Ba[t] Q4,2 +B3[t] Q4,3 +B4[t] Q4,4+Bs[t] Q4,53
M;[t] My [t] M3 [t] My [t]

dMs = -M5[t] g5 + (nuK* * * * *
denK + M; [t] denK + M, [t] denK + M3 [t] denK + Mg [t]

] (-Bl [t]ds,1-By[t]dso-Bs[t]dss-Bs[t] dss-Bs[t] d4,5) +

M5 [t]
denkK + Mg [t]
Bi[t] Q5,1 +B2[t] Q5,2+ B3[t] Q5,3 +B4[t] Q5,4 +Bs[t] Q5,53

] (-Bl[t] ds 3 -By[t] ds,5o -B3[t] ds,3-Bs[t] ds5,4-Bs[t] ds,s) +

KK =0.2;

cc =0.05;
qq = 0.3;

dd = 0.00015;
OM = 1;

nu = 1500;

den = 2;
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tmax = 10 000,

par = {
K1 = KK, Ky = KK, K3 = KK, Kg > KK, Ks = KK,

Ci,1 > ccNet[[1]][[1]],
Ci,3 > ccNet[[1]][[3]],
C2,1 > ccNet[[2]][[1]],
C2,4 > ccNet[[2]][[4]],
C3,1 > ccNet[[3]][[1]], €3, > ccNet[[3]][[2]], c3,3 > ccNet[[3]][[3]],
C3,4 > CcCcNet[[3]][[4]], c3,5 > ccNet[[3]][[5]],

Cs,1 > CCNet[[4]][[1]], c4,2 > cc Net[[4]][[2]], ca,3 > cc Net[[4]][[3]],
Cs,4 > cCc Net[[4]][[4]], ca,5s > cc Net[[4]][[5]],

Cs,1 > cc Net[[5]][[1]], cs5,2 > ccNet[[5]]1[[2]], c5,3 » ccNet[[5]][[3]],
Cs,4 > CCNet[[S5]][[4]], ¢5,5 > ccNet[[5]][[5]],

Ci,2 > ccNet[[1]][[2]],
Ci,4 > CcNet[[1]][[4]], €1,5 > ccNet[[1]][[5]],
C2,2 > ccNet[[2]][[2]], c2,3>ccNet[[2]][[3]],
C2,5 > ccNet[[2]][[5]],

q: - 99, 92 » 99, q3 = qq, q4 - qq, gs > dq,

dy,; »dd, d; 2 »dd, d; 3> dd, d; 4 > dd, d; 5 > dd,
dy,1 > dd, dy 2 > dd, dy,3 > dd, d3 4 » dd, dy5 > dd,
d3,; > dd, ds,, > dd, d3,3 > dd, ds 4 > dd, d3 5 > dd,
da,1 > dd, ds,2 > dd, dg 3 > dd, dg 4 > dd, dg,5 > dd,
ds,; > dd, ds,2 » dd, ds 3 » dd, ds 4 > dd, ds,5 - dd,

Q1,1 > OMNet[[1]][[1]], Q1,2 »OMNet[[1]][[2]],

Q1,3 >OMNet[[1]][[3]],
Qy,1 > OMNet[[2]][[1]],
Q,4 > OMNet[[2]][[4]1],
Q3,1 > OMNet[[3]1][[1]],
Q3,4 > OMNet[[3]][[4]1],
Q4,1 > OMNet[[4]][[1]],
Q4,4 > OMNet[[4]][[4]1],
Q5,1 » OMNet[[5]1][[1]],
Qs,4 > OMNet[[5]]1[[4]1],
nuK » nu,

denK » den

Q1,4 > OMNet[[1]][[4]],
Q2,2 > OMNet[[2]][[2]],
Q2,5 > OMNet[[2]][[5]],
Q3,2 > OMNet[[3]][[2]],
Q3,5 > OMNet[[3]][[5]],
Q4,2 > OMNet[[4]][[2]],
Q4,5 > OMNet[[4]][[5]],
Q5,2 > OMNet[[5]][[2]],
Q5,5 > OMNet[[5]]1[[51],

Q1,5 >OMNet[[1]][[5]],
Q2,3 > OMNet[[2]][[3]],

Q3,3 > OMNet[[3]][[3]],

Q4,3 > OMNet[[4]]1[[3]],

Q5,3 > OMNet[[5]][[3]],

}s
B10 = 1500;
B20 = 1500;

B30 = 1500}
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B40 = 1500;
B50 = 1500;
M10 = 10;
M20 = 103
M30 = 10;
M40 = 10;
M50 = 10;
sol =
NDSolve[
{

By '[t] == dBy,
By'[t] == dB;,
B3 '[t] == dB3,
By '[t] == dB,,
Bs'[t] == dBs,

My [E] = dMy,
My ' [t] = dM,,
M3 '[t] == dMs,
Mg ' [£] = dM,
Ms ' [t] = dMs,

B,[0] = B10O,
B,[0] == B20,
B3 [0] == B30,
B,[0] == B40,
Bs[0] == B50,
M [0] == M10O,
M,[0] == M20,
M3[0] = M30,
Ms[O] = M40,
Ms[O] == M50

} /. par,

{B1’ BZ’ B3, B4’ BS, Ml, MZs M3’ M4’ MS}’
{t, 0, tmax}];

Flatten[{B;[tmax], B,[tmax], Bz[tmax], B;[tmax], Bs[tmax],
M; [tmax], My [tmax], M3[tmax], Ms[tmax], Ms[tmax]} /. sol /. par]
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As an example let’s take the following Network

in73791= NetK = {
{0, 1, 0,1, 0},
{1,0, 1,1, 0},
{1, 0,1, 0, 1},
{0, 1, 0,1, 0},
{06, 0, 0, 0, 1}

}s
ni7421)= fNewSaitoKIC[NetK]

ourra2i- {6661.68, 6661.43, 6661.43, 6661.68,
6661.93, 22219.9, 44425.5, 44426.3, 22219.9, 15.9422}

The function “fNewSaitolC” solves the ODE system and receives a network and a initial conditions

values as arguments.

n7422;=  fNewSaitoIC[Net_, IC_] := (

dBl =
My [t] . Mz [t] . M3 [t] . M [t]
denK + M; [t] denK + M [t] denK + M3 [t] denK + Mg [t]

B; [t] (—Bl [t] k1 + nukK %

Ms[t]

—) - (C1,1+C1,2+C1,3+C1,4+Cy,5) Bi[t]}
denK + M5 [t]

My [t] . My [t] . M3 [t]
denK + M; [t] denK + M, [t] denK + M3 [t]
Ma[t] . Ms [t]
denK + Mg [t] denK + M5 [t]
My [t] . My [t] . M3 [t]
denK + M; [t] denK + M, [t] denK + M3 [t]
Ma[t] . Ms [t]
denK + Mg [t] denK + M5 [t]
My [t] . Ma[t] . M3 [t]
denK + M; [t] denK + M, [t] denK + M3 [t]
Ma[t] . Ms[t]
denK + My [t] denK + M5 [t]
My [t] . My [t] . M3 [t]
denK + M; [t] denK + M, [t] denK + M3 [t]

dB,

B, [t] (— B, [t] x2 + nuK *

J - (C2,1+C2,2+C2,3+Cp,4+Cy.5) By[t]}

dB;

Bs[t] [— B3 [t] x3 + nuK *

J - (C3,1+C3,2+C3,3+C3,4+C3,5) B3[t];

dB4 B,s[t] (—B4[t] K4 + NUK *

) - (C4,1+Cq,2+Cq,3+Cyq,4+Cq,5) B4[t];

dBs

Bs [t] (— Bs [t] x5 + nukK =

| 5
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Ma[t] . Ms[t]
denK + Mg [t] denK + M5 [t]

- (C5,1+C5,2+C5,3+Cs5,4+Cs,5) Bs[t];

dM; = -M;[t] q; +
Mi[t] . My [t] . M3 [t] . M4 [t] . Ms[t]
denK + M [t] denK + My [t] denK + M3 [t] denK + My [t] denK + M5 [t]
(-Bl [t]1di,1-Bo[t]ldyo-Bs[t]dis-Bs[t]dis-Bs[t] d1,5) +
By[t] Q1,1 +B2[t] Q1,2 +B3[t] Q1,3+Bs[t] Q1,4+Bs[t] Q1,53
My [t] . My [t] . M3 [t] . Ms[t]
denK + M; [t] denK + M, [t] denK + M3 [t] denK + Mg [t]

nuK %

sz = —Mz[t] q2 + (nuK*

Ms[t]
denK + M5 [t]
Bi[t] Q2,1 +B2[t] Q2,2 +B3[t] Q3,3 +B4[t] Q2,4 +Bs[t] Q3,53
My [t] My [t] M3 [t] My [t]

dM; = -M3[t] g3 + (nuK* * * * *
denK + M; [t] denK + M, [t] denK + M3 [t] denK + Mg [t]

] ('Bl[t] dy,1-Ba[t] da,5o-B3[t] dy 3-Bs[t] dy 4-Bs[t] dz,s) +

Ms[t]
denK + M5 [t]
By [t] Q3,1 +Ba[t] Q3,2 +B3[t] Q3,3+Bs[t] Q3,4 +Bs[t] Q3,53
My [t] Ma[t] M3 [t] Mq[t]

dMs = -M4[t] q4 + (nuK* * * * *
denK + M; [t] denK + M, [t] denK + M3 [t] denK + Ms[t]

J (-Bl[t] d3,;1 -By[t] d3,5o-B3[t] d3,3-B4[t] d3,4-Bs[t] d3,5) +

Ms[t]
denK + M5 [t]
Bi[t] Q4,1 +Ba[t] Q4,2 + B3[t] Q4,3 +B4[t] Q4,4 +Bs[t] Q4,53
M [t] M [t] M3 [t] Ms[t]

dM5 = —Ms[t] qgs + (nuK* * * * *
denK + M; [t] denK + M, [t] denK + M3 [t] denK + Mg [t]

) (-By[t] da,1-Ba[t] dg2-Bs[t] da,3-Bs[t] dg,q-Bs[t] ds,s) +

Ms[t]
denK + M5 [t]
By[t] Q5,1 +Ba[t] Q5,2 + B3[t] Q5,3 +B4[t] Q5,4 +Bs[t] Q5,53

J ('Bl[t] ds,1 - By[t] ds,> -B3[t] ds5,3-Bs[t] ds5,4-Bs[t] ds,s) +

KK = 0.2

cc =0.05;
qq = 0.33

dd = 0.00015;
OM =13

nu = 1500;
den = 23

tmax = 10 000;

par = {
k1 » KK, x; » KK, x3 » KK, x4 » KK, x5 » KK,

Ci,1 > ccNet[[1]][[1]], €1, >ccNet[[1]][[2]],
Ci,3 > CCNet[[1]][[3]1], €1,4 > ccNet[[1]][[4]], 1,5 > ccNet[[1]][[5]],
C2,1 > cCcNet[[2]][[1]], €2, > ccNet[[2]][[2]], c2,3>ccNet[[2]][[3]],



8_InitialConditionAnalysis.nb | 7

C2,4 > ccNet[[2]][[4]], c2,5 > ccNet[[2]][[5]],
C3,1 > ccNet[[3]]1[[1]], c3,2»>ccNet[[3]][[2]], c3,3 > ccNet[[3]][[3]],
C3,a > ccNet[[3]][[4]], c3,5 > ccNet[[3]][[5]],
Cs,1 > CCNet[[4]][[1]], C4,2 > cc Net[[4]][[2]], ca,3 » cc Net[[4]][[3]],
Cs,a > cCc Net[[4]][[4]], ca,5s > cc Net[[4]][[5]],
Cs,1 > cc Net[[5]][[1]], cs5,2 > ccNet[[5]]1[[2]], c5,3 » ccNet[[5]][[3]],
Cs,a > cCNet[[5]][[4]], c5,5 > ccNet[[5]][[5]],

91 - 49, 92 - 49, 93 > qdq, da > qq, qs > qq,

di,1 > dd, d; 2 > dd, d; 3 > dd, d; 4 > dd, d;,5 > dd,
dy,1 > dd, dy,2 > dd, dy,3 > dd, d3,4 > dd, d;5 > dd,
ds,1 » dd, ds,» > dd, ds,3 - dd, d3 4 > dd, d3,5 » dd,
da,1 > dd, dg,2 > dd, dg,3 > dd, dg 4 > dd, dg,5 > dd,
ds,; » dd, ds,2 » dd, ds 3 » dd, ds 4 > dd, ds,5 - dd,

Q1,1 > OMNet[[1]][[1]],
Q1,3 > OMNet[[1]1][[3]],
Q3,1 > OMNet[[2]][[1]],
Qy,4 > OMNet[[2]][[4]1],
Q3,1 > OMNet[[3]1][[1]],
Q3,4 > OMNet[[3]1][[4]],
Q4,1 > OMNet[[4]][[1]],
Q4,4 > OMNet[[4]][[4]1],
Q5,1 » OMNet[[5]1][[1]],
Q5,4 > OMNet[[5]][[4]1],
nuK » nu,

denK -» den

Q1,2 > OMNet[[1]][[2]],
Q1,4 > OMNet[[1]][[4]],
Q2,2 > OMNet[[2]][[2]],
Q2,5 > OMNet[[2]][[5]],
Q3,2 > OMNet[[3]][[2]],
Q3,5 > OMNet[[3]][[5]],
Q4,2 > OMNet[[4]][[2]],
Q4,5 > OMNet[[4]][[5]],
Q5,2 > OMNet[[5]][[2]],
Q5,5 > OMNet[[5]]1[[5]],

Q1,5 > OMNet[[1]][[5]],
Q2,3 > OMNet[[2]][[3]],

Q3,3 > OMNet[[3]][[3]],

Q4,3 > OMNet[[4]][[3]],

Q5,3 > OMNet[[5]][[3]],

}s

B10 = IC[[1]];
B20 = IC[[2]];
B30 = IC[[3]];
B40 = IC[[4]];
B50 = IC[[5]];
M10 = IC[[6]];
M20 = IC[[7]];
M30 = IC[[8]];
M40 = IC[[9]];
M50 = IC[[10]];
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in74231= NetK = {
{0,1,0,1,0},
{1,0, 1,1, 0},
{1, 0,1, 0, 1},
{6, 1,0, 1, 0},
{0, 0,0, 0, 1}
}s

The function “fNewSaitoKIC” solves the ODE system and gives the population at steady state of the
system, starting with arbitrary initial conditions.

in7a241= IC1 = fNewSaitoKIC[NetK]

oura2a- {6661.68, 6661.43, 6661.43, 6661.68,
6661.93, 22219.9, 44425.5, 44426.3, 22219.9, 15.9422}

We create now two vectors that increase 50 fold one (“OneMetHigh”) or all (“AllMetHigh”) metabolites
7425 OneMetHigh = {1,1,1,1,1, 50,1, 1, 1, 1};

ini7426;= Al1lMetHigh = {1, 1, 1, 1, 1, 50, 50, 50, 50, 50};

This results in the following initial conditions when one metabolite is increased:

ni74271= FNewSaitoKIC[NetK] OneMetHigh

ourrazr- {6661.68, 6661.43, 6661.43, 6661.68, 6661.93,
1.11099 x 105, 44425.5, 44426.3, 22219.9, 15.9422}

We provide the new initial condition as an argument in the function “fNewSaitolC”:

ini7428)= IC2 = fNewSaitoIC[NetK, fNewSaitoKIC[NetK] OneMetHigh]

ouraze- {6661.68, 6661.43, 6661.43, 6661.68,
6661.93, 22219.9, 44425.5, 44426.3, 22219.9, 15.9422}

We see that the system converges to the initial state:
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In[7429]:=

Out[7429]=

In[7430]:=

Out[7430]=

In[7431]:=

Out[7431]=

In[7432]:=

Out[7432]=

In[7395]:=

In[7433]:=

In[7434]:=

Out[7434]=

IC1l=- IC2

True

This results in the following initial conditions when all metabolites are increased:

fNewSaitoKIC[NetK] AllMetH1igh

{6661.68, 6661.43, 6661.43, 6661.68, 6661.93,
1.11099 x 16°, 2.22127 x 16°, 2.22132 x 16°, 1.11099 x 16°, 797.108}

We provide the new initial condition as an argument in the function “fNewSaitolC”:

IC3 = fNewSaitoIC[NetK, fNewSaitoKIC[NetK] AllMetHigh]

{6661.68, 6661.43, 6661.43, 6661.68,
6661.93, 22219.9, 44425.5, 44426.3, 22219.9, 15.9422}

We see that the system converges to the initial state:

IC1 == IC3

True

We now systematically analyse all networks with 8 auxotrophies, as an example:

hks

ICListl = Parallelize[fNewSaitoKIC /@ hk8]

ICList1[[1]]

{7497.06, 7497.31, 7497.56, 7497.81,
7497.56, 96848.5, 71857.5, 46865.6, 21872.1, 46864.8)
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In[7435]:= ICList2 = Parallelize[
fNewSaitoIC[hk8[[#]], fNewSaitoKIC[hk8[[#]]] OneMetHigh] & /@ Range[100]]

In[7438]:= ICListl == ICList2

out[7438]= True

ni7439p= ~ ICList3 = Parallelize[
fNewSaitoIC[hk8[[#]], fNewSaitoKIC[hk8[[#]]] AllMetHigh] & /@ Range[100]]

In[7441]:= ICListl == ICList3

ou7441= True

We can then conclude that the system is stable for changes in the initial conditions of one or all metabo-
lites.
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