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Figs. S1-2. Regulation by TrpR of repressible system with negative control during
high (Fig S1) and low demand (Fig S2). The DNA can mutate (diagonal red line) in the
modulator M), promoter P), and/or in the regulator sit&; if the mutation occurs in the
TF-ligand domain or irR, if the mutation occurs in the TF-DNA binding domaiThe
horizontal arrow represents the gene expressiagheftructural geneEj. A dotted blue
line starting fromR, and ending in an arrowhead indicates interactioth® TF with the
DNA; if the blue line ends in an X, it represents TF-DNA interaction with the operon.
Fig. S1: High demand) wild type,b-e) four single mutantsf-k) six double mutants. Fig.
S2: Low demandg-k) similar to Figs. 4a.
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S3-4. Regulation by MalT of inducible system with positive control during high

(Fig. S3) and low demand (Fig. $4). For explanation of symbols see legend for Figs2S1
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Figs. S5-6. Regulation by Cbhl of positive regulation during high (Fig. S5) and low (Fig.

S6) demand. For explanation of symbols see legend for Figs2S1
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Figs. S7. Lacl threshold for selection of the wild-type regulatory mechanism. The
thresholds are represented as functions of theectiohe and the demand for gene
expression with negative mode of regulation. Thenaled D) and the total cycleQ) are
represented on a logarithmic scalehe thresholds are for the promote) (n blue,
modulator () in black, TF-effector regulatory sectiom;)( in green, and TF-DNA
regulatory sectionrg) in red. The solid and dotted line intervals faclk curve represent
the low- and high-C asymptotes, respectively, whtre root finding method was

implemented. Curves whea) o = 1;b) ® = 20.



Figs. S8. TrpR threshold for selection of the wild-type regulatory mechanism.
Descriptions as in Figs. S7. Curves whayo = 1;b) o = 20, the curves fok,. /X,, and

Xn/X,, are superimposed.
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Figs. S9. MalT threshold for selection of the wild-type regulatory mechanism.
Thresholds are represented as functions of theecyole and the demand for gene
expression with positive mode of regulation. Thended (1D) and the total cycleQ) are
represented on a logarithmic scaléne thresholds presented are for the promagiein
blue, modulator rf) in black, TF-effector regulatory section)(in green, and TF-DNA
regulatory sectionrf) in red. The solid and dotted line intervals facke curve represent
the low- and high-C asymptotes, respectively, where root finding method was

implemented. Curves whea) o = 1;b) o = 20, the curves fo,. /X,, and X,,/X,,are

superimposed.
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Figs. S10. Chbl threshold for selection of the wild-type regulatory mechanism.

Descriptions as in Figs. S9. Curves whapw = 1, the curves foX,. /X, and X,/X,,

are superimposeth) o = 20.
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Figs. S11. Lacl enrichment of the wild-type regulatory mechanism over time. The
wild-type enrichment was calculated as a ratio wébpect to the mutant populatiods,
Xp, Xr1, andX2. The recursive ratif, = Xw / Xm+ Xp + X1 + X;2) was calculated from Egs.
S33-S34 and Egs. S31-S32 to calcufatd(C) andfy, (t + C), respectively. The normalized
log ratio is enclosed between [0,1] and is giverlBy[ Xy / Xy / Xm+ Xp + Xe1 + X2)] /
[Xur !/ Xow | K+ Xp + Xe1 + X2)] %5 or 10>, For all cases the cycle timeG@s= 3000. All

enrichments were calculated with = 20.a) D = 0.0000316b) D = 0.0001;c) D =
0.000316.
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Figs. S12. TrpR enrichment of the wild-type regulatory mechanism over time.

Procedure as in Figs. S1Hor all case€ = 3000.a) D = 0.0000316bh) D = 0.0001;c) D =
0.000316.
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Figs. S13. MalT enrichment of the wild-type regulatory mechanism over time.
Procedure as in Figs. S1Hor all case€ = 300.a) D = 0.937;b) D = 0.985;c) D = 0.996.
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Figs. S14. Chl enrichment of the wild-type regulatory mechanism over time. Procedure
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Figs. S15. Influence of the constituent parameters on the values of the wild-type Dmin
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dashed-dotted lines correspond to g, Mutation ratewm = 20 was used along these
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Figs. S16a-m. Influence of the constituent parameters on the values for the D, and
Dmax for the thresholds of selection not surrounding the wild-type region. Each model
parameter is varied around its nominal value, dedresulting thresholds are calculated.
Solid and dashed-dotted black lines corresponchtesholds surrounding the wild-type
Dmaxthreshold. Magenta dashed-dotted line correspamdiet thresholds surrounding the
wild-type Dmin threshold region. Mutation rate = 20 was used along these analysis. The
axes are represented in decimal logarithmic s®dlgation ratesa) mu ); b) pi (1); c)
upsilon Q); d) tau ); ) rho (); f) omega ¢); g) epsilon €); h) psi (). Growth ratesi)
gammay); j) delta @); k) lambda K); |) sigma ). Criterion of selectionm) theta ).

-29-



acgs

Co—GRE) (2 (omeome)

ORI ESYO N0 0) sOR G O O ROV O N SO O REONO
OO PO @ @ @ L@ @ @
, D QD @ @ K@ OO K@ <@
@ reo@ o0 |O@ @ @ @
| @ @ Qe
. eQ FOQ [O-@ @
. [FO@ FOQ@ [e-Q e
. [OQ FOQ [O-@ O@
CROR O RCSORORO)

Fig. S17. General flow chart of wild-type and mutant populations. The output for the
expression or non-expression for the structuraégesn summarized here for all the TFs and

conditions contemplated in Figs. 41-2 and S1-6.
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2.- Sl Tables

Negative regulation Positive regulation
High demand Low demand High demand Low demand
Holo Apo Holo Apo Holo Apo Holo Apo
Inactive | Inactive | Active | Active | Active | Active | Inactive | Inactive
Fig. 2 key|Mutation| Lacl TrpR TrpR Lacl MalT Chbl Chbl MalT
b My Hw Hw Hw Hw Hw Hw Hw Hw
c Mpw | H(w+p) | K(w+p) | K(w+p) | K (w+p) | K (w+p) | K (w+p) | K (w+p) | K (w+p)
d My HTE MTE HTY HTY | HuTeY | ptey MT HT
L € L. Mypw || RTIE | . RTE | . R L L RLS HUE | HUE | LS B -3
fy My,m MTIE MTIE MTIE pHTIE MU MU MU MU
f2 Ma,p HT HT HTY HTY | HUEY | pTEY MTE MTE
01 My er HTY MTE HTE HTY MT HTEY | pTEY HT
02 Myem Hw M w Hw Hw Hw M w Hw M w
hy Mg, p, Wt WL TIE HTIE Mt MU HUE pHULE MU
h, Map Hw Hw Hw Hw Hw Hw Hw Hw
iy Ma,r, | W(04P) | K (w+P) | H(w+p) | K (w+p) | K (w+p) | M (w+p) | H(w+p) | K (w+p)
I2 Mg,r, Hw Hw Hw Hw Hw Hw Hw Hw
J1 Mg, MTE HTE MTE MTE Mt M MT M
iz Magm | K (w+p) | K (w+p) | H(w+p) | K (w+p) | K (w+p) | B (w+p) | H(w+p) | U (w+p)
ky Mg, r, HTE HLTIE HTE HLTTE MU MU LU MU
ko Map | P(w+p) | P(w+p) | H(w+p) | H(w+p) | P (wtp) | P (w+p) | H(w+p) | Y (w+P)

Table S1. TF mutation rate parametersfor the mutant populations. The mutation rate
andj subscriptsr(y;) can take the symbolsy m, p, rq, o, di, do, ds, ds, ds, de} according to
the origin () and destinationY of the mutation. The first column correspond#i® key for

Fig. 2.
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Negative regulation Positive regulation
High demand Low demand High demand Low demand
Holo Apo Holo Apo Holo Apo Holo Apo
Inactive Inactive Active Active Active Active Inactive Inactive
Lacl TrpR TrpR Lacl MalT Chl Chl MalT
Gw Y Y yo | ) Yo | .yd | AT I A R A
Gry yA y! ydo yo! yOA yo' yo' y!
Ir, y! y! ydo ydo yOA y3A y v
G y' y' ydo ydo y3A y3A y y'
B/ N 2 S O 2. S ya' | 23 yal | yd | yol | yo_
9a, yA yA yd' yd? yd' yo? yo' yo
9a, y! y' ydo ydo yoA yoA y y'
9as YA yA yo' yo' yd' yd' yo! yo
9a, yA yA yo' yo! yo? yo' yo' yo
9as y! y' ydo ydo yoA yoA y y'
Yag vy vy ydo ydo y3A y3A y v
Single 2/4 3/4 3/4 2/4 1/4 2/4 2/4 3/4
‘Double | 356 | 356 | 36 | 366 | 36 | 36 | 36 36
‘Total | 5/10 | 6/10 | 6/10 | 5/10 | 4/10 | 510 | 5/10 6/10

! Favorable mutant

Table S2. TF growth rate parameters for the wild-type and mutant populations. By
definition, theholo and apo active conformations correspond at the TF, exertimgr
function over their DNA target. The last three roe@mpile the fractions of favorable
single mutants from Figs. 3, S1-6 during high dednd?lease note that these fractions do

not include the favorable wild-type population chgriow demand.
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Mutation rates Negative Positive
(basé' generatior?)
H 6x107 6x107°
T 10 -
) - 1
T 20 20
0 60 60
0 1, 20, 4 1, 20, 4
€ 1 1
v 0.1 0.1
Growth rate
(generation hout)
y 1 1
o 0.012¢ 0.012¢
A 0.97 -
A - 0.97
o 0.99¢ .
o - 0.99¢

Table S3. Numeric valuesfor the mutation and growth rate parameters defined in
Table 1.



m p n I m p h I3 m p kI m p & I

A + - =+ + - = = - - - -

%B u + — + + + - o+ = - - + =
B
C F + + + + F + + + - - + o+ =
+ - o+ o+ + - o+ = + = = = - - - -
D:AU
o eeNNNS——S—SNSNMS——
l_

B F + + + 4+ F + + - + - + o+ = - + = =
l_A - - - = - - + - + — + - F + - + +
= |--- .. ... ..
=

B - + - = - + + - U + + + = F 4+ + + +

- - + = + - 4+ - F + - + +

A
o) - + = = + + - - F 4+ 4+ - +
o\

B - 4+ + - U + + + = F + + + +

Table $4. Expression of wild-type and single mutant populations contemplated for the
sectors of the threshold of selection when omega equals one. The second column and
first row indicate the andj alpha-numbers for the differe@; regions from Figs. 4a, 5a,
6a, and 7a. The favorable (F) or not favorable gidple populations were obtained from
Figs. 3, S1-6 during high demand. Positive and t®aigns mean functional and non-
functional sectors of the DNA or the TF. Modulaf{m), promoter §), effector-TF sector
(r1), or DNA-TF sectort().

-34-



m n r m p n I m p h Ir

< + - = + + = = = - - = =
8 [a1] U + + - 4+ + + - = -+ = =
_l __________________________________________________________________________

S F + + + + F + + + == - + o+ =

< + - o+ + + - + = - - = =
o U
T
|_

B F + + + + F + + + - -+ - =
— A - - - - + - = = F + - + +
< J U
=

B - + - = u + + + - F + + + +

A - = = = + - = = + - = 4+
8 B -+ - = + o+ = = F + + - +

C - + o+ = u + + + - F + + + +

Table S5. Expression of wild-type and single mutant populations contemplated for the
sectors of the threshold of selection when omega equals twenty. Descriptions as in Table
S4.
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m p n I m p n I m p nh I m p h Ir

A + - - o+ + - - = - - = =
8 | B u + + - + + o+ = = -+ = =
RS N N

cC F + + + + F o+ + + = -+ o+ =

+ = o+ 4+ + = o+ = + - = = - - = -
D:AU
< T
l—

B F + + + + F + + + = + o+ = = -+ - =
— | A - - = = + = = = + - + - F 4+ = + +
< |-, . . -
=

B -+ = = + o+ = = Uu + + + — F + + + +

A - - = = + - = = + - = 4+
88 -+ = = + + - — F 4+ 4+ = +

C - + + - U + + + -  F + + + +

Table S6. Expression of wild-type and single mutant populations contemplated for the
sectors of the threshold of selection when omega equals forty. Descriptions as in Table
S4.
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Negative Positive
Lacl TrpR MalT Cbl

C L WA WA
pi () B,:an 1:: i’ ! Efﬁ m
upsion 0) 0™ Na 5] 1o
T - s s v
rho () B:; ;I ; I fi ;;
omega @) g::; ;I ; I fi gT
epsilon €) B:a ij: - i: i::
psi (v) g:; 1: 1 : i: i:
gamma {) B:; 1: 1 - i: i:
delta 6) B:; §$ ; 1 gi ;i
jambda g (gL >1 ;;
sigma 6) B:; ;I é I i] fi
theta 0) Diin 2,1 2] 3.1 271

Dmax 3.1 3.1 21 3|

Table S7. Influence of parameters sensibility on minimum and maximum values for
demand. Analysis from parameters represented in Figs. 13nthe minimum Dn,,) and
maximum Dmay Vvalues for the demand. As i the influence of the parameters are
classified into five categories: 1 = no discerniiifuence, 2 = nearly linear variation, 3 =
cube-root influence, 4 = moderate amplificationdér of magnitude), 5 = extreme
amplification (1000-fold). Starting from the basallue: 1 = increase 0Dnin (Dmay, | =

decrease dDin (Dmax, — = no discernible change Bfin (Dmay)-
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Lacl

Comments

mu ()

Diin increase for both

Dnax decrease for both

Dnin decrease for both

Dmax increase for both

pi (1)

Dmin increase folfrpRnarrowing their WT region

i

max NO discernable change in either

nix>n

min decrease fofrpRincreasing the WT region

no discernable change in either

3
g

tau )

min NO discernable change in either

max NO discernable change in either

min NO discernable change in either

rho ()

min NO discernable change in either

max Sharp decrease for both

min NO discernable change in either

max Sharp increase for both

omega

()

N A BN g BN B A BN B A B 2

D
D
D
D
D
D
Dmax NO discernable change in either
D
D
D
D
D

min linear increase fdracl narrowing their WT region. Advantage for

Dnax decrease for both

Dnin linear decrease fduacl increasing the WT region. Advantage for

Dmax decrease for both

epsilon

()

Dmin NO discernable change in either

Dnax NO discernable change in either

Dmin NO discernable change in either

Dnax NO discernable change in either

psi (y)

Dnin no discernable change in either

Dnax NO discernable change in either

I A N B

Dnin N0 discernable change in either

Dax NO discernable change in either
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Table S8. (cont.)

Lacl | TrpR Comments

min NO discernable change in either

max NO discernable change in either

min N0 discernable change in either

no discernable change in either

increase for both narrowing the WT region
increase for both narrowing the WT region

decrease for both increasing the WT region
increase for both narrowing the WT region

abrupt increase for both increasing WT regions
no discernable change in either

abrupt decrease for both increasing WT regions
no discernable change in either

no discernable change in either

decrease abrupt for both

no discernable change in either

a No discernable change in either

min With decrease in both WT regions

increase in the WT region for both

min With increase in both

with decrease in both

gammay)

3
£

2
5

3
£

delta 9)

El
5

3
£

El
]

3
£

lambda &)

El
]

3
£

2
5

3
£

sigma 6)

El
5

3

3
g

theta 0)

S N A BN B A N A B A N A I A 7
1
1]
slivlielielislivlivlielis]islivlivlielic]lislivlivlielie]]s]

3
g

Table S8. Parameter sensibility analysisfor the apo and holo confor mations within the
negative mode of regulation. The mutation and growth rate parameter sensgs/ifrom
Figs. 6 and S15 are analyzed for the minimidyp{) and maximum @nay) values of the
demand around the nominal values. The analysisséscwon the effects that small
increments-&) or decrements<() have around the parameter’s nominal maximum galue
of the demand for the wild type. The results weoenpared within the two TFs with
negative regulation and classified as: no diffeeefs) between them or with advantage (A)

of one over another.
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MalT | Cbl Comments
A 1-Dnin  increase forCbl and decrease foMalT. Advantage forCbl with
decrease imDpi,
- 1-Dyax increase foiMalT and decrease faCbl. Advantage forCbl with an
mu () A increase in theDpa
A 1-D,,» decrease fo€bl and then increase iD,,, . Advantage foMalT
< A 1-Dyay decrease favlalT and then increase iDy,,,. Advantage foMalT
= = | 1-Dyin no discernable change in either
upsilon - A | 1-Dya increase foMalT and then decrease iD,,,. Advantage foChl
(V) = = | 1-D,, no discernable change in either
< A 1-Dnax decrease favlalT and then increase thB,,,,. Advantage foMalT
= = | 1-Dmn No discernable change in either
tau () - = 1-Dnay No discernable change in either
1-Dnin No discernable change in either
< = | 1-Dmay ho discernable change in either
A 1-Di, decrease foMalT which implies increase oD,,, with a decrease of
> the WT region. Advantage f@bl
A | 1-D,a. decrease fo€bl which implies increase i, and advantage fabl
rho () 1-Dpy, increase foMalT which implies decrease iD,,. Advantage foMalT
& 1-Dnax increase for Cbl which implies decrease of the k@ion. Advantage
for MalT
A 1-Dmin slight decrease favlalT which implies increase iDmin. 1-Dmin [inear
> increase foCbl which implies decrease min, Advantage folCbl
omega A | 1-Dn, slight decrease i@bl implying the increase irD,,,, . Advantage foCbl
() A bDﬁn slight increase foMalT which implies decrease iD,, . Advantage for
a
< A 1-Dmax slight increase fo€bl which implies decrease iDmax . 1-Dmin linear
decrease fo€bl which implies increase iRmin. Advantage foMalT
= = | 1-Dni, no discernable change in either
epsilon -> A 1-Dnax increase iMalT which implies a decrease Dy, NO discernible effect
for Cbl. Advantage foiCbl
) = = | 1-Dyi, no discernable change in either
< A 1-Dnax decrease favlalT which implies increase iDy,,, . Advantage foMalT
= = | 1-Dnn NO discernable change in either
psi () - = = | 1-Dnmay NO discernable change in either
v < = | 1-Dnmin N0 discernable change in either

1-Dnay NO discernable change in either
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Table S9. (cont.)

MalT | Cbl Comments
N = = | 1-Dmin No discernable change in either
gamma = = | 1-Dnay o discernable change in either
) < = = | 1-Dmin No discernable change in either
= = | 1-Dmay o discernable change in either
1-D,,» more pronounced increase f@bl which implies decrease iDp,.
A
N Advantage folCbhl
A 1-Dyax more pronounced increase fdkalT which implies decrease D,y
delta Advantage folCbhl
®) A 1-Dnin more pronounced decrease fobl which implies increase iy
< Advantage foMalT
A 1-Dmax  more pronounced decrease fdalT which implies increase dDpay.
Advantage foMalT
N A | 1-D., abrupt decrease fttalT with no room for increase. Advantage @il
A 1-Day abrupt decrease f@bl with no room for increase. Advantage fdalT
lambda _ | 1-Dy,in sharp increase favlalT which implies increase iD,,. Advantage for
A) ~ | MalT
< _ A 1-Dyax Sharp increase fd€bl which implies increase iD,,,. Advantage for
Chl
A 1-Dni, abrupt increase i€bl which implies decrease &f;, but with no room
S for further increase of the parameter. Advantagé/falT
sigma 1-Dyax abrupt increase itMalT which implies decrease @, but with no
(0) room for further increase of the parameter. AdvgatarCbl
c A | 1-Dpin decrease in Cbl which implies increas®if. Advantage foiCbl
1-Dnax decrease iMalT which implies increase Dy, . Advantage foMalT
A 1-D,,» decrease fo€bl which implies an increase D, . 1-Dni, increase for
N MalT which implies a decrease D, . Advantage foMalT
theta A 1-Dax decrease foMalT which implies an increase in thé;. . 1-Dyax
©) increase foCbl which implies a decrease Dy,,,. Advantage foMalT
1-Dni, increase fo€bl which implies decrease iDy,, . Advantage foCbl
& A 1-Dyax increase foMalT which implies a decrease in tBg,,,. 1-Dadecrease
for Cbl which implies an increase ,,,. Advantage foCbl

Table SO. Parameter sensibility analysisfor the apo and holo confor mations within the

positive mode of regulation. Descriptions as in Table S8.

-41-



Negative Positive
Lacl TrpR  MalT Cbl

Total 2 2 16 16
Mutation 2 2 8 8
Growth 0 0 8 8
Increase-t) 1 1 4 12
Decrease«-) 1 1 12 4
Dmin 2 2 7 7
Dmax 0 O 9 9

Table S10. Summary of the advantages from Tables S8 and S9. Grouped according to:
a) total number of advantages, b) mutation and troparameters, c), increase and
decrease around the nominal value, and d) maxiimmdmanimum values for the demand.

The parameter theté)(is included in the count.
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3.1.- SI Model description

Savageau’s seminal model

The demand theory of gene regulation (DTGR) eqoatioom the Savageau’s original
model? include the wild typex(,), mutant promoterx(,), mutant modulatorx(,), and the
double mutantx,) populations. The,, can mutate t&,, or X,,, and, if these two mutations
are produced in the same organism, then the daonbtantX, is originated (Eqs. S1-S4).
The growth and mutation rates are given by the sysnd and m with the corresponding

subscripts from the set{ p, m, d}.

ax,,/dt = g,Xuw — GwMpwXw — GwMmwXw [S1]
pr/dt = GpXp T GwMpwXyw — GpMapXy [82]
dX,,/dt = gmXm + GwMmwXw — GmMamXm [SS]
dXq/dt = gaXgq + GmMamXm + GpMapX, [S4]

A simplification of Eqs. S1-S4 can be achieved byguging growing and mutational

rates into alpha terms with the corresponding suftsc

Ag = YGa

Apw = GwMpw

Amw = GwMmw
Aam = ImMam

Aap = GpMap

tpp = gp(1 — Map)

Xpm = Gm (1 — Mgp)

Tww = Gw (1 - (mpw + mmw))
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Representing Egs. S1-S4 in alpha terms,

dXx, /dt = a,X,, [S5]
dX,/dt = ap, Xy, + a,X, [S6]
dX,,/dt = amu Xy + AmXm [S7]
dXga/dt = agXg+oagmXm + agp X, [S8]

The Transcription Factor Conformation (TFC) modepresented in Fig 2, include the
populations: wild typex,), mutant promoterx,), mutant modulatorx(,), and six double

mutants K, ... Xa,),

ax,,/dt = gwXw — GwMpwXw — GwMmwXw — GwMrwXw — GwMrwXuw [S9]
dXp/dt = gpXp + guwMpwXw = ImMa,pXp = GpMazpXp — GpMapXp [S10]
dXpn/dt = gmXm + GwMmw X — ImMa;mEm — ImMagm&m — GmMagnXm  [S11]
dX, /dt = g, Xr, + GwMrwXow = Gr,Mayr, Xry = Gr,Magr Xry = G, Magr Xr,  [S12]
dXy,/dt = gp, Xy, + GwMrywXu = Gr,Mayr, Xr, = Gr,Mayr, Xr, = Gr,Magr,Xr, [S13]

dXg,/dt = gq, Xa, + gmMa,mXm + gpMa,pXp [S14]
dXg,/dt = ga,Xa, + gr,Mayr, Xr, + Gr,Ma,r, Xr, [S15]
dXq,/dt = ga,Xa, + Gr,Mayr, Xr, + GpMapXp [S16]
dXg,/dt = ga,Xa, + Gr,Ma,r, Xr, + GpMa,pXp [S17]
dXg./dt = ga Xag + Gr,Magr, Xr, + GnMamXm [S18]
Xy /dt = ga Xa, + Gr,Magr, Xr, + GnMagmXm [S19]

Grouping Egs. S9-S19 into alpha terms,

Aq, = Ya, Adary = GryMdyr,
®Xa, = Ya, Xazp = GpMazp
Aa, = YGa, Aayr, = Ir,Mayr,
g, = Ga, Xasp = GpMayp
gy = Gag Xasr, = Gr,Masr,
Adg = YGdg Adem = mMagm
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Apw = GwMpw Qagry = Ir;Magr,

Amw = GwMmw Aggm = ImMagm

Urw = GwMrw ap = gp[1 = (Mayp + Magp + Ma,p)]

Aryw = GwMpyw Oy = gm[l - (mdlm +mym + mdﬁm)]
Ag,m = ImMa;m r, = Gr, [1- (md2r1+md3r1 + mdsrl)]

Qq,p = GpMa,p r, = Gr, [1 - (mdzrz+md4rz + mdsrz)]

Adyr, = Gr,Mayr, @y = w1 — (Mpw + My + My + My )|

adzrz = grz md2r2

Collapsing Egs. S9-S19 into alpha terms,

dx,/dt = a,X,,

ax,/dt = a,, X, + a,X,

dX,,/dt = apu Xy + amXm

ax, /dt = a, X, + ay X,

ax,,/dt = a.,,X, + ., X,,

dXg,/dt = ag, Xq, + Qg mXm + @q pXp
dXg,/dt = ag,Xq, + Qqyr Xp, + Qayr, Xy,
dXg,/dt = ag, Xq, + Qg Xy, + Qg pXp
dXg,/dt = aq,Xq, + aq,r, Xy, + Qq,pXp
dXg /dt = ag Xq, + Qger, Xy, + QamXm
dXg /dt = ag X, + Qqer, X, + QamXm

[S20]
[S21]
[S22]
[S23]
[S24]
[S25]
[S26]
[S27]
[S28]
[S29]
[S30]

The linear equations S20-S30 are solved and thi@a$ at the end of a life cycle,

which started in high-deman#i) environment, read as:

X, (t+C) = X, (Dexp[C(aliD + ak (1 — D))],

[S31]
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L

X.(t+0) = X.(t) <aLa_WaL {exp|[C(aflD + ak (1 — D))]

— exp[C(aliD + at(1 - D))]}

H
+ #{exp[C(aﬁD +at(1-D))] - exp[C(a¥D + at(1 - D))]}>

+ X.(®exp[C(a”D + aL (1 — D))]

[S32]

where C, is the average time for a gene to complete awofibofcle, and demand,
corresponds at the fraction of the cycle time thatgene is on. The asterisks represent one
in the set p, m, ry, ry}, which are the corresponding variables for eaththe mutant
populations. The superscripts represent the fraafahe cycle time spent in environment
with high H) and low () demand with respect to the average total cycle .tifrree
solutions at the end of a life cycle that startaifow-demand L) environment can be

obtained simply by interchanging superscrigtandL and the symbolB and (1- D).

The steady state pattern of mutant populationsvild.type at can be expressed as the

ratio of the two.

<

(aw S (1 - expl(al — @)1~ D)D) + Sy (1 - expl(al - awwcn) expl(at — ab)(1 - D)C]
1= expl(@f — af)DC + (at — a)(1 - D)C]

[S33]

| >

(e 0 = explCa? = oD + o 1 = expl(a - )1 = DYCD) el - e

1—expl[(al —ak)(1—D)C + (af — alB)DC]
[S34]
Equations [S33] and [S34] correspond to the stestale ratios analogous to equations 10

and 11 from the original Savageau manuscfipthe thresholds of selection (TS) were
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calculated equating the Eqgs. S33 and S34 to theriariof selectiond) and then using the

bisection method to calculag@andD.

The wild-type time course enrichment dynamics ¢écen from Figs. S11-S14 were
defined as the fraction of wild type against musay, = X,,/(X, + Xpn + Xp, + X,)

alongn cycles timesC. This was calculated for each cycle ti@ewith the abscissa as

steady—state

number of cycles and the ordinate as the log afrenalized ratiolO f,,,/ f,,,

Following Savageau’s methodolody, the influence of the TFC constituent parameters
(Tables 1 and S1) on the extreme minimubi{) and maximum Dma) values of the
demand (Figs. 6, S15, and S16) were obtained afi@roximation from the corresponding
Egs. S33 or S34 with the first three Taylor ternteenC <<1 and solving foC = 0 as a
function of D. The Taylor approximations were used to ob@jf, andDnmaxCurves after

the parameters varied around its nominal value.

3.2- S| Results

3.2.1. Time course of selectiohe enrichment recovery dynamics of the wild-type
regulatory mechanism represent the time cours@efdtio of wild-type to all the single
mutant populations at different high demand intln@). It starts at time zero with equal
numbers of mutants and a ratio &f,/(X, + X,, + X, + X,,) of 10% of its steady state
value.

As in the Savageau workthe time course of selection for the TFs withatag modes
of regulation Lacl andTrpR) emerges more rapidly when the demand for geneesgijon
(D) increases (Figs. S11 and S12). By contrast, tiséipe mode of gene control emerges
more rapidly as the demand for gene expresédmécreases (Figs. S13 and S14).

Within the negative mode of regulatiofirpR presents a faster recovery with shiort
cycles (Fig. S12a) thabacl (Fig. S11a). For longeD cycles, the wild-type enrichments
are very similar among the negatseo andholo conformations (Figs. S11b-c vs. S12b-c).

Within the positive mode of regulation, faster reexy is observed foMalT over Cbl,

especially at higher values bf(Figs. S13b-c vs. S14b-c).
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3.2.2.Influence of parameters on minimum and maximumesaior demand.

Positive mode of regulationSome of the parameter sensitivities display simil
behavior to that published in {Savageau, 1998 #6483} is the case dfacl andMalT for:

u (Fig. S15-a)g (Fig. S15-g)p (Fig. S15-)),6 (Fig. S15-1),0 (Fig. S15-m), ang for MalT
(Fig. S15-e).

Some of the thresholds of selection not delimitimg wild-type regions (Figs. S16a-m)
manifest sensitivities similar to those described iThis is the case fdracl: u (Fig. S16-
a),n (Fig. S16-b);t (Fig. S16-d)¢ (Fig. S16-g)5 (Fig. S16-j),A (Fig. S16-k), and (Fig.
S16-m).

In some cases only one of the thresholds matchgisape with'. These areMalT in p
for the modulator (Fig. S16-a),for r; (Fig. S16-c); for the modulator (Fig. S16-dy,for
r, (Fig. S16-g) for ry (Fig. S16-j),c for r; (Fig. S16-1),0 for r; (Fig. S16-m).

3.3.3.- Enrichment dynamicsThe dynamics for the negative and positive modes o
regulation follow the pattern reported by Savag&ate. a more rapid emergence of the
negative mode of regulation with an increase indamand, and the opposite pattern for

the positive mode of regulation.

Within the negative modes of regulation, tihedo conformation has a sharper increase
for the wild type than thepo conformation (Figs. S11-S12). In the positive made
control, the opposite trend was observed, withstefarecovery for thapo conformation as
compared with thé@olo conformation (Figs. S13-S14).
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