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1 Complete carbon assimilation model

We specify here the complete integrated model introduced in the Results section of the main
text, describing the regulatory control of glycolysis/gluconeogenesis in E. coli. The metabolic
part is essentially based on previous models by Bettenbrock et al. [3], Kremling et al [4] and
Chassagnole et al. [5] which we complete with few additional biochemical reactions, such as
the one for pyruvate uptake. The pentose-phosphate pathway (PPP) is not explicitly described
in the model but we take into account that a small pool of G6P escapes the upper part of
glycolysis. The part of the G6P flux that enter PPP amounts to about a fifth of the G6P flux,
when E. coli cells are grown on minimal medium with glucose [8], and four fifths of the G6P
flux when cells are grown on pyruvate. The concentrations of the cofactors (ATP, NADP, etc.)
are assumed to be constant and considered as parameters in the present model.

The network controlling the expression of the global regulators is based on Ropers et
al. [6, 7]. It includes the control of the DNA supercoiling level, the accumulation of the
sigma factor RpoS and the Crp-cAMP complex, and it is extended with the addition of the
fructose repressor FruR. The genetic regulation of glycolytic and gluconeogenic enzymes by the
Crp-cAMP complex and FruR establishes a connection between the genetic and the metabolic
parts of the system. All information on the transcriptional regulation of the considered genes
is amply documented in curated databases [9] and in related literature (see Table 2). Unless



there is evidence to the contrary, as for instance in the case of RpoS, protein degradation rates
are assumed not to be specifically regulated.

Changes in the external environment (e.g., in glucose concentration) are sensed via the
PEP:phosphotransferase system (PTS). The PTS system is described in a simplified way,
following [4]: the four PTS proteins are represented as a single component PTS, whose phos-
phorylation state is considered as representative for the phosphorylation state of the protein
EITA9¢. In our model, the phosphorylated PTS is considered as an activator of Cya, the
enzyme catalyzing the synthesis of the regulatory effector cAMP.

The resulting model has the general form of Eq. 1 of the main text and includes several
variables of different nature, i.e. proteins, metabolites and complexes, which are listed in
Table 1. The functions v(z) describing the reaction rates are not explicitly defined, but the
dependencies of the rate laws on specific variables are provided. For example, the reaction
catalyzed by the pyruvate kinase (PykF), converting PEP into pyruvate, is indicated as the
reaction rate vs3(r10, 30, 24). It depends on the concentration of PykF (x19), of its substrate
PEP (z30) and on the concentration of its allosteric effector FBP (z94). The signs of partial
derivatives Qv(x)/0x are also given, according to the convention of positive fluxes in the
glycolytic direction (Table 2). Therefore, duvss/dx1g is positive, as an increase in the enzyme
concentration leads to an increase of the reaction rate in the glycolytic direction. The same
is true for dvss/0x39 > 0. The effect of the allosteric regulation is also specified by the sign
of the corresponding partial derivative. In particular, FBP is an allosteric activator of PykF
activity and thus Quvss/0xa4 is positive.

2 Reduced carbon assimilation model

The reduction of the carbon assimilation model requires a preliminary definition of fast and
slow variables, based on the identification of fast and slow reactions (see Sec. 1 of Text S1).
The transformation matrix 7T is too big to be shown here, so we report the fast and slow
variables in tabular form (Table 4). With the above definition of the variables, our system of
equations can be rewritten as two subsystems, a slow and a fast one, summarized in Table 5.
In doing this we made the following assumptions. The concentrations of DHAP and G3P are
lumped together in a single variable, the total amount of PTS is considered constant and by
convention we take its phosphorylated form as an independent variable. We thus obtain an
ODE system consisting of 21 slow variables and 17 fast variables. Four of the slow variables
can be eliminated, by assuming that the concentrations of constitutively expressed enzymes
(Pgi, Fbp, TpiA, and Gpml) are constant and fixed at the steady-state value.

We apply the QSS approximation to the reformulated system, by putting the time deriva-
tive of fast variables equal to 0. This results in a system of algebraic equations that we
further simplify by distinguishing between two possible growth conditions for the bacteria,
either growth on glucose or on pyruvate. In each growth condition, we fix a net direction for
the metabolic fluxes (see Methods section in the main text), and we thus obtain two distinct
models for glycolysis and gluconeogenesis.

2.1 Glycolysis model

During growth on glucose, net fluxes flow from G6P to pyruvate [10], and to the TCA cycle.
Glucose uptake is performed via the PTS system and is described by a rate (vg5) that depends
on the PTSp concentration [10]. Some of the fluxes, specific for growth on pyruvate, such as



those arising from the reactions catalyzed by phosphoenolpyruvate synthase (PpsA), and by
fructose-biphosphatase (Fbp), are negligible during glycolysis. The corresponding fluxes (vs4
and vy, respectively) are put to 0. Moreover, the variables corresponding to the enzymes (x%,
for PpsA) and (x5 for Fbp) are omitted from the model. This yields the reduced glycolysis
model Mglyco'

Equations for model M} ;

glyco? glyco’
but the fluxes vs3 (x5, xg, wg) and v (x5, :L‘g, wg) are now considered to be independent of the
concentrations of FBP (xg) and PEP (mg), respectively. That is, (%53/633% and 81}45/('%5 are
set to 0.

excluding allosteric effects, are the same as those for M

2.2 Gluconeogenesis model

When glucose is depleted, E. coli starts to take up alternative carbon sources such as organic
acids [10]. Model M, considers the case in which pyruvate is employed as the main carbon
source and converted to G6P via the gluconeogenic pathway. Similarly to the glycolytic model,
we do not consider fluxes that are negligible during growth on pyruvate. As a result, the fluxes
of reactions catalyzed by phosphofructokinase (PfkA) and pyruvate kinase (PykF) (v45 and
vs3, respectively) are set to 0. Moreover, the variables corresponding to the enzymes (25 for
PfkA) and (z7, for PykF) are omitted from the model. The glucose uptake flux vgs and the

pyruvate export flux vgs are also set to 0. This yields the reduced glycolysis model Mglym.

In the absence of allosteric regulation (model M}, ), the flux vyg(z35, x{, xg, xg) does not

depend on the PEP concentration (xg ), that is, Jvge/ Bxg is set to 0. The other equations for

1 . 2
model Mglyco are the same as for Mglyco.

3 Derivation of interaction matrix for the reduced carbon as-
similation model

We start from the reduced system of equations in Table 5, adapted for the glycolysis and
gluconeogenesis cases as described in Sec. 2, and we apply the method presented in the main
text. The aim is to infer the structure and the signs of the network of direct and indirect
interactions between genes, for both the glycolysis and gluconeogenesis models. We remember
from Sec. 2 in Text S2 that the main steps are

1. Compute the symbolic Jacobian M of the fast system and its inverse M 1.

2. Compute the sign of the dependency of fast coupling variables (Crp-cAMP, free FruR,
DNA supercoiling and RpoS-RssB complex) on the slow variables (enzymes, global reg-
ulators).

3. Compute the symbolic Jacobian J of the slow system.

4. Derive the interaction matrix between slow variables of the system, given by the sign of
the elements of J.

For both Mgy, and My,eo, inspection of the stoichiometry matrix reveals the existence
of three independent fast subsystems, each corresponding to a block in the stoichiometry
matrix, describing changes in the DNA supercoiling level, RpoS degradation and glycoly-
sis/gluconeogenesis, respectively. This allows step 1 to be performed independently for each



subsystem, thus simplifying the analysis and the computational costs of matrix inversion
(Sec. 1 of Text S1). We notice here that the DNA supercoiling and RpoS modules do not
depend on the specific growth conditions, so the computation is exactly the same in both the
glycolytic and gluconeogenic case.

Most of the difficulties concern the third and largest module, which includes the enzy-
matic reactions involved in glycolysis/gluconeogenesis as well as cAMP synthesis and degra-
dation, Crp-cAMP complex formation and the PTS signaling system. Indeed, 13 of the 17
fast variables of the network are included in this subsystem. In order to simplify the symbolic
computation, we reduced the size of the Jacobian M by solving the algebraic equations for
the complex formation reactions in the model. All symbolic computations, including matrix
inversion, were performed using the Symbolic Math Toolbox (MathWorks). The MATLAB
input files are available from the authors upon request.

3.1 Results for the gluconeogenesis model

In the Results section of the main text the interaction matrix of the glycolytic model Mgly o

was shown. We report here the interaction matrix for growth on pyruvate, computed from
M2, (Table 6). We remind that genes pykF andpfkA do not appear as the corresponding
enzymes were not included in the gluconeogenic model (Sec. 2.2). Non-regulated genes are
also omitted from the matrix as their expression was assumed constant.

Bold signs indicate the dependencies that are due to allosteric effects and that are absent
in the matrix J obtained from M.} . We stress that, unlike the glycolytic case, the gluconeo-
genesis network is completely sign-determined, both with and without allosteric regulation.
Both for ML, and M2_, conditions C1-C4 are satisfied and the sign-determinedness is guar-
anteed. In particular, no antagonistic effects of Crp-cAMP and free FruR occur, as can be seen
in Fig. 1B and D which compares the gene regulatory networks obtained from both models.
During growth on pyruvate, in fact, the control of Crp-cAMP and free FruR concentrations

does not involve the same glycolytic enzymes.

3.2 Results for the glycolysis model

In comparison with gluconeogenesis, the control of glycolysis is more complex. Networks for
both M;lyco and ./\/lglyco are denser than their counterparts for growth on pyruvate (Fig. 1).

In model Mglyly o enzyme PykF is involved in the concentration control of both Crp-cAMP
and free FruR, which have several common targets (pgk, gapA and fbaA). This is not allowed
by condition C4. However, as the effect of PykF on the expression of the genes is the same,
regardless of the intermediate fast coupling species, the sign-determinedness of the network
is preserved. In particular, the concentration control coefficient of Crp-cAMP with respect to
PykF is negative and Crp-cAMP activates the above-mentioned glycolytic genes, whereas the
concentration control coefficient of free FruR with respect to PykF is positive and FruR is an
inhibitor of the target genes.

In the presence of allosteric effects, the symbolic expressions obtained for the elements
of J can be very complex and condition C3 on the concentration control coefficients is not
always satisfied. To illustrate this, we report two symbolic expressions, defining the effect
during glycolysis of the Eno and PykF enzymes on the concentration of the metabolite FBP
(and thus on free FruR). In order to facilitate the interpretation of the expressions below, we
reformulate them by using the absolute value of negative partial derivatives.
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The stability condition for the fast system imposes (—1)"7"D > 0, where n — m is the
system dimension (see the Methods section of the main text). In our case, given the even
number of fast equations in the system, D is thus positive. As the expression in the numerator
is also positive, this information is sufficient to infer that the sign of the concentration control
coefficient Bacg /0z35, is negative, that is, the FBP concentration decreases in response to an
increase in the PykF concentration.

In contrast, the control coefficient of FBP with respect to Eno, 8x3/ Oxg, involves a dif-
ference between positive terms and therefore gives rise to an ambiguity. The computation
of the dependency of FBP on FbaA, GapA, and Pgk also leads to an ambiguity, caused by
the same algebraic subexpression as that occurring in the numerator of 8353{ /0z§. This means
that all undefined cases can be simultaneously solved by an experimental measurement of FBP
dependence on either Eno, FbaA, GapA, or Pgk. As reported in the main text, we used data
from [11] showing that an overexpression of FbaA decreases FBP levels. This allowed us to
satisfy condition C3, defining the sign of all free FruR concentration control coefficients.

On the other hand, condition C4 cannot be satisfied. In model leyco, in fact, almost
all enzymes participate in both the control of Crp-cAMP and free FruR. This gives rise to a
competitive control of genes pgk, gapA, and fbaA by enzymes Eno, Pgk, GapA, and FbaA that
cannot be resolved without additional quantitative information on gene expression patterns.



4 Feedback loops in carbon assimilation network

From Eq. 6 in the main text we recover a matrix G = sign(J) € {—1,0,+1} containing the

signs of the elements of the Jacobian matrix. The complexity of the emerging network can be

characterized by its connectivity and by the number and length of the feedback loops.
Formally, a feedback loop is defined as a non-empty sequence £ of matrix elements, say

Givig Gigiz - - - Jip_qip> (4)

such that (i) ¢ = i1 (the sequence is a circuit) and (ii) i; # iy for all j,k €]1,] (the circuit
is elementary) [13, 14]. A feedback loop is said to be positive if the product of the signs of
the elements in Eq. 4 is positive. Otherwise, it is said to be negative. The maximal loop
length is defined as max, [, for all £ € G. Enumeration of the feedback loops is performed
by a simple recursive algorithm that, starting from each possible index i, visits all connected
elements (i.e., gir # 0), and checks for circuits.

The connectivity of a gene i is defined as the cardinality of the set {k | g;x # 0}, i.e.
the number of its regulating proteins. At the network level we simply consider the average
connectivity per gene.

The above measures are used in the main text to compare the networks obtained from
the glycolysis and gluconeogenesis models. To put the analysis in perspective we defined a
reference model of the network, M9, as including only direct interactions on the transcriptional
level. This model thus account for purely transcriptional dependencies between genes, which
are not mediated by metabolism. Strictly speaking, the direct interactions are given by the
first term in the right-hand side of Eq. 6 in the main text, e.g., the regulation of topA by Fis.
We relax the definition somewhat by including the regulation exerted by transcription factors
modified by metabolic effectors, such as Crp, which are formally included in the second term
of Eq. 6. This allows our results to be compared with those obtained in previous studies.
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Figure 1: Reconstructed networks of direct and indirect interactions for all consid-

ered models. A: Network for model M;ly o during glycolysis and without the inclusion of
allosteric regulation. B: Network for model M _ . during gluconeogenesis and in the absence

of allosteric regulation. C': Network for model Mfﬂy oo for glycolysis. Allosteric regulation gives
rise to additional control of the Crp-cAMP concentration by glycolytic enzymes. D: Network
for model M?2_, for gluconeogenesis. In this case, the presence of allosteric regulation is

responsible for the control of free FruR concentration by glycolytic enzymes.
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Name Variable Name Variable

Pgl X1 Pfka T2
Fbp T3 FbaA T4
TpiA T5 GapA Te
Pgk T7 Gpml xs
Eno T9 PykF x10
PpsA T11 Cya T12
free Crp T13 Fis 14
free GyrAB T15 free Gyrl T16
TopA T17 free RpoS 18
free RssB T19 Stable RNAs T20
free FruR To1 G6P Zoo
FoP I23 FBP 24
DHAP o5 G3P 26
DPG Tor 3PG Zog
QPG 29 PEP 30
Pyr 31 PTS T32
cAMP 33 PTSp T34
Crp-cAMP T35 FruR-FBP 36
GyrAB-Gyrl  x37 free RssB* 38
RpoS-RssB*  x39 DNA supercoiling x40

Table 1: Table of variables for the complete carbon assimilation model.
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l Protein synthesis ‘

(%0 Pgi [9]
v2(21) 2 <0 PfkA [17, 18]
V3 Fbp [9]
va (221, T35) g <0 F>0 FbaA  [19, 20, 21]
Vs TpiA [9]
ve (w21, T35) <0 H >0 GapA [22, 23]
v7 (221, T35) P <0 >0 Pgk (19, 20, 21]
Ug GpmlI [9]
vo(221) e <0 Eno (23, 24]
1)10(&221) % <0 Pku [58]
v11(w21) % >0 PpsA [27, 28]
v12(235) Su2 <0 Cya [29, 30, 31]
v13(214, T35) g:ﬁ <0 % >0 Crp [33, 32|
via(T14, T35, Ta0) G <0 GUL <0 Ui Fis  [34, 35, 36]
v15(T14, Ta0) g:i <0 g;g <0 GyrAB [37, 38]
U16($18,IE35) g;ig >0 g:ig >0 GyrI [39, 40, 41]
v17(%14, T18, T40) g:iz >0 g;i; >0 g:z >0 TopA  [42, 43, 44]
V18 RpoS [9]
vig(T18) Sus >0 RssB 46, 48]
v20(T14) gz% >0 rrn [49, 50]
va1(w21) % <0 FruR [51]
| Protein degradation ‘
1}22(1'1) 661)7212 >0 Pgi
vas(22) 928 >0 PfkA
’U24(333) %1}72; >0 Fbp
v25(24) %22; >0 FbaA
1}26(275) 861;256 >0 TpiA
var(x6) %2267 >0 GapA
’1)28(337) %1;278 >0 ng
vag(xs) %’;289 >0 Gpml
v30(9) 86%0 >0 Eno
v31(T10) % >0 PykF
1)32(&211) gz% >0 PpSA
1}33(1'12) g;% >0 Cya
v34(T13/35) g:—"é >0 Crp
v35(T14) Suss >0 Fis [52]
v36(T15/37) E;’fo; >0 GyrAB
v37(T16) g;i; >0 Gyrl
vzs(T17) g:‘;i >0 TopA
v39 (T1s/39) g2 >0 RpoS [53, 54]
va0(T39) gzgg >0 RpoS-RssB*
va1(T19/38) S;’ﬁ; >0 RssB
va2(T20) % >0 rn
v43(%21/36) g;—‘;:’l’ >0 FruR

Table 2: Table of reaction rates for the complete carbon assimilation model, with references
to the literature for supporting evidence.
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Enzymatic and signaling reactions
v44(21, T22, 223) %LT? s0 g};; >0 g;—;; <0 Phosphoglucose isomerase (Pgi) 13]
va5 (22, T23, T30) %v—;; <0 g;ﬁ >0 g;%“i; <0 Phosphofructokinase (PfkA) [3, 15]
va6(x3, T22, 24, T30) %‘—;“;‘ <0 gz;z >0 % <0 d;ig <0 Fructose-biphosphatase (Fbp) 13]
v47(4, T24, Tos, Tog) %7447 s0 g};; >0 g;f, <0 Fructose-biphosphate aldolase (FbaA) [16]
vag (25, X5, T26) ?;;‘)8 <0 g;ﬁ >0 g;";i <0 Triose-phosphate isomerase (TpiA)
va9(Z6, Tog, T27) %UT“: s0 a‘vf“" >0 gz‘;’ <0 Glyceraldehyde-3-phosphate dehydrogenase (GapA) 13]
v50(27, T27, T2g) %‘l S0 9w g—;i% <0 Phosphoglycerate kinase (Pgk)
vs1 (28, T2g, T29) %;; <0 >0 g%; <0 Phosphoglycerate mutase (Gpml)
vs2(T9, 29, T30) %%2 s0 522>0 gﬁ—;é <0 Enolase (Eno) 13]
v53(710, 230, T24) g%lé s0 2> (0 % >0 Pyruvate kinase (PykF) [3, 26|
vsa(Z11, 30, T31) g;—ﬁ <0 >0 g;—i‘; <0 Phosphoenolpyruvate synthase (PpsA))
s5(230, T31, T32, T34) 3;;; >0 <0 2;—3; >0 g;: <0 Phosphotransferase system (PTS) [4]
056(219) 3%1{; >0 RssB activation |45, 47, 46|
vs7(212, 734) gL > GBI () cAMP synthesis [56]
Complex formation reactions
vss (213, 33, T35) g;?i >0 58> () gl—gi <0 Crp-cAMP complex formation [55, 56]
vs9 (221, T4, T36) gz—i >0 2>0 52<0 FruR-FBP complex formation [21]
v60(15, 16, T37) g;‘]"j >0 FHe >0 323‘7‘ <0 GyrAB-Gyrl complex formation [57]
ve1 (18, 38, 39) 3%; >0 g%l >0 glg; <0 RpoS-RssB* complex formation [46]
Input/output fluxes
v62(33) T2 >0 export cAMP [55, 56]
v63(731) g:‘;f >0 export Pyr
vea (1, To2, Tog, T34) %f; <0 g;z; <0 g;‘;; >0 gzzz >0 Pentose-phosphate pathway
65 (34) Qs > 0 Glucose influx [4]
V66 Pyruvate influx

Table 2: Table of reaction rates for the complete carbon assimilation model, with references to
the literature for supporting evidence (continued). In the absence of evidence to the contrary,
reaction rates are assumed to be reversible. In this case, the partial derivatives of rate laws
with respect to enzyme concentrations can not be defined: they are positive in the glycolytic
model and negative in the gluconeogenic model.
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Glycolytic — gluconeogenic enzymes :
gz _ v1 — v22(x1)
p7al 22(T1
d
% = wva(w21) — vaz(x2)
dws v3 — vaa(x3)
pral 24(T3
d
% = wva(w21,x35) — v25(x4)
dws vs — v26(x5)
pral 26 (L5
d
% = we(z21,235) — v2r(x6)
d
% = wvr(z21,235) — v2s(x7)
des _ vg — vag(xg)
prall 20(Ts
d
% = wg(x21) — v30(x9)
d
E;O = wio(z21) — v31(x10)
dx11
= wvi1(w21) — v32(x
7 11(x21) 32(11)
Global regulators :
dxi2
= wia(wss) — v3s(x
at 12(235) 33(212)
dx
d;?) = 113 (9614, 1335) - U34($13) — Us8 (0613, 33, 1’35)
dx
d;l = ’U14(1'14717357 $40) - U35($14)
dx
d;s = Uis (9614, 1740) - U36(1’15) - U60($157 16, 1’37)
dx
d;6 = wvie(@1s,®35) — v37(T16) — V6o (T15, T16, T37)
dx
d; = 1117(3314,418187 3340) - 1138(3317)
dx1g
at = V18 — USQ(-TlS) - 'U61($187 33387-T39)
dx
dzg = wvig(z18) — va1(x19) — vs6(w19)
d
z;o = wo(z14) — vaz(x20)
dx
dt21 = wo1(w21) — vaz(x21) — vso (w21, T24, T36)

Table 3: Model equations for the complete carbon assimilation model. The model consists of
40 variables and 66 reaction rates.
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dzas
dt
dza3
dt
dxay
dt
dzas
dt
dzae
dt
dxar
dt
dxag
dt
dl’zg
dt
dl‘go
dt
dr3;
dt
dr3z
dt
dz33
dt

dz34
dt
dz3s
dt
dz3e
dt
dx37
dt
dxas

dt
dx3g

dt

Z40

Metabolites :

V65 (234) — Va4 (21, Toa, T23) — vea(T1, T22, T23, T34)

v44(T1, T2z, T23) + Va6 (T3, Taz, T24, T30) + 3064(581, T22,T23, T34) — Vas (T2, T3, T30)
Va5 (T2, T23, T30) — Var(Ta, Taa, Tas) — vas (T3, T22, T2, T30) — Uso(T21, T24, T36)
v47(m4, X24, xzs) - ’048(1’5, X25, 9626)

Va7 (T4, Toa, T25) + vag(Ts5, T2s, Ta6) + g Ve (1, T2z, Tag, T34) — vag(Ts, T26, T27)
V49 (936, 26, 3627) - 'Uso($7, 27, 5628)

v50 (@7, Ta7, T2g) — Vs1(Ts, T2s, T2g)

vs1(Ts, Tag, T29) — Vs2(To, T29, T30)

v52(T9, T29, T30) + Vs4(T11, T30, T31) — Vs3(T10, T30, T24)

ves + Us3(T10, T30, T24) — Vsa(T11, T30, T31) — Ve3(31) + Vss (T30, T31, T32, T34)
ve5(T34) — Us5 (T30, T31, T32, T34)

v57(T12, T34) — V62 (33) — vss(T13, T33, T35)

Protein complexes and DN A supercoiling :

Uss (T30, T31, T32, T34) — Ves(T34)

vss(T13, T33, T35) — V34 (T35)

Usg (21, T2, T36) — Vaz(T36)

veo(T15, T16, T37) — V36 (T37)

vs6(T19) — ve1(T18, T38, T39) + vVao(x39) — va1(238)

v61($187 x38, 51739) - v40(a:39) — U39 (9&’39)

T15

a+b

xri7

Table 3: Model equations for the complete carbon assimilation model (continued).
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Name Variable Definition

Slow variables

Pgi i 1

PfkA 5 T2

Fbp 3 T3

FbaA T4 T4

TpiA TE T5

GapA o Te

Pgk 7 7

Gpml g T8

Eno 5 T9

PykF xio T10
PpsA 11 T11

Cya 7o Z12

Crp T3 T13 + T35
Fis T4 T14
GyrAB ris T15 + T37
GyI‘I .%‘i(; 16 + T37
TopA 17 T17
RpoS xig x18 + XT38 + T39
RssB wfg 19 + T39
Stable RNAs 39 T20

FruR 5 T21 + T36

Fast variables

G6P CE{ T22
F6P J:£ T23
FBP ] T24
DHAP/ G3P ] To5 + Tac
DPG mg To7
3PG :Eg T28
ZPG Z‘g 29
PEP zf T30
Pyr a:g 31
PTSp x{o T34
cAMP x{l 33
Crp-cAMP m{Q T35
FruR-FBP al, T36
GyrAB-Gyrl x{ 4 37
RssB*-free 95{5 38
RpoS-RssB* I{G 39
DNA supercoiling m{7 Ta0

Table 4: Table of fast and slow variables for the reformulated carbon assimilation model. The
definition of the new fast and slow variables in terms of the original ones is shown.
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dxi
dt
dxs
dt
dxj
dt
dxj
dt
dx?
dt
dxg
dt
dxs
dt
dxg
dt
dx§
dt

dxi,
dt
dxiq
dt

dxis
dt
dxis
dt
de'il
dt
d$f5
dt
dxie
dt
dxiq
dt
dﬂ?fg
dt
dxig
dt
dx3g
dt
da:;l
dt

Slow system

vy —v22(x]) =0

w2 (w51, ]3) — vos(w3)

vz — voa(x3) =0

va(a31, aly, 25) — vas(a3)
vs — vag(x5) =0

v6 (w31, 3, #]3) — var ()
vr (@31, @y, 2l5) — vas(a?)
vs — vag(xg) =0

vo (w51, ]3) — vao(w5)
vlo(xglax{?)) — v31(x7o)

v11 (231, 215) — vaz(af)

vi2(x],) — vss(x5s)

v1s(234, 215) — vaa (@)

via (@i, wly, 2ly) — vas(2ia)
015($i4:${7) - U36($i5)
vi6(23s, 215) — var(als)

vrr (274, 278, 93{7) — vss(217)
v1g — U39 (21s) — U40(I{6)
vig(21s) — var (2s) — vao(z]s)
V20 ($i4) — V42 (IESO)

V21 (30517 55{3) - 1)43(1331)

Table 5: Reduced carbon assimilation model with slow and fast subsystem. The concentrations
of constitutive proteins, i.e., those of which the genes are not regulated in the network, are
assumed constant and thus fixed at the steady-state value. This is notably the case for

variables 7, 23,22, and z§. Under the QSS approximation, the fast variables are fixed at

their quasi-steady-state value.
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Fast system

da!
dt1 = ves(aly) —vaa(ai, of, f) —vea(a, 2], 2d,2];) =0
da? 1
Ti = v44(xiﬂc{7z£)+v4e(w§7x{,x£,w§)+§”64(va${7$£7${0)_”45($§’m£’$§) =0
da s S S s ol of 5.2f,2f, 2] $1,04, 2]
o = vas(e @y, a5) —var(ed, oy, 0y) — vae(w3, 0y, 25, 75) — vso (w3, w3, 245) =0
det 2
dt4 = 2U47($va£yx£)+§U64($i§7x{7x£7x{0)_U49(xg7x£7x£) =0
dx!
dt5 = 1)49(.’172,.%1{7333;) - 1}50(I$,x§,xé) =0
da!
dt6 = wso(@},2f,2f) —vs1(a§,2f,2) =0
da?
dt7 = wsi(ad, 2, 2f) - vsa(@5,2d,2f) =0
dl‘g s f f s f f E] f f
o = vs2(@d erwg) +usa(ahy, o5, ) —vss(afo, oy, 23) =0
dx(f)r s f . f s of of ! {,zf, ]
4 v66 + v53(T0, Ty, T3) — vs4(TT1, Ty, Ty) — vea(wy) + vss (g, Ty, 1) =0
dx!,
d;o = ’U55(x£7 Igvx{O) — V65 (CE{O) =0
dat
dil = vst(eiy,aly) —ver(e],) — vss(eiz,af;,2fy) =0
dat
712 = ”58(9”?3:5”{1790{2) =0
dat
daf
714 = veo(zis i 2],) =0
dx!
715 = wse(ly) — ver (g, 215, 21g) + vao(afg) =0
da!,
i ve1 (235, 275, ofg) — vao(afg) =0
S
x{7 = a+b s
wS
17

Table 5: Reduced carbon assimilation model with slow and fast subsystem (continued).
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Regulators

FbaA  GapA Pgk Eno PpsA Cya Crp Fis GyrAB Gyrl TopA RpoS RssB Stable RNAs FruR

JoaA  0(F) 0(H 0 01 + =  F 0 0 0 0 0 0 0 -
gapA 0(+) O0(+) 0(+) 0(+) + + + 0 0 0 0 0 0 0 -
pgk 0(+) O0(+) O0(+) O0(+4) + + + 0 0 0 0 0 0 0 -
eno 0(+) 0(H) 0(+) 0(+) 0 0 0 0 0 0 0 0 0 0 -
ppsA 0(-) 0(-) 0(-) 0(-) 0 0 0 0 0 0 0 0 0 0 +
Genes cya 0 0 0 0 - - - 0 0 0 0 0 0 0 0
crp 0 0 0 0 + + T - 0 0 0 0 0 0 0
fis 0 0 0 0 0 - - - + - - 0 0 0 0
gyrAB 0 0 0 0 0 0 0 - - + + 0 0 0 0
gyrl 0 0 0 0 0 + + 0 0 0 0 + 0 0 0
topA 0 0 0 0 0 0 0 + + - - + 0 0 0
rposS 0 0 0 0 0 0 0 0 0 0 0 0 - 0 0
rssB 0 0 0 0 0 0 0 0 0 0 0 + 0 0 0
rrn 0 0 0 0 0 0 0 + 0 0 0 0 0 0 0
fruR  0(4+) 0(+) 0(+) 0(+) 0 0 0 0 0 0 0 0 0 0 -

Table 6: Interaction matrix of the gene regulatory network for the gluconeogenic mode. Plus
signs stand for activation of a gene by a regulator, and minus signs for inhibition. Signs in
brackets correspond to interactions whose signs are different in the case of allosteric regulation
(that is, they appear when using model M?_,, instead of model M}

neo’ neo) :
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