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1 Supplementary Experimental Methods

1.1 Quantifying growth dynamics for cells with non-pyruvate growth

history

Strains were pre-cultured in synthetic complete (SC) media supplemented with 2% (w/v) glucose

or raffinose overnight or with palatinose for two days, so the cultures are at late exponential

phase. We then diluted cultures six-fold six hours before an experiment begins with fresh SC media

supplemented with 2% (w/v) corresponding sugar, to ensure that the cultures are at exponential

phase when the experiment starts. The steps after follow the Methods section in the main text.

1.2 Multiplex CRISPR for deleting the GAL1-10-7 locus

The length of the GAL1-10-7 locus is 6181 bp. If we use standard techniques to delete this locus,

the efficiency will be low because the two 40-bp homology arms are far from each other. Instead we

therefore used the multiplex CRISPR technique to introduce a markerless deletion of the GAL1-10-7

locus.

Our design was to induce one double-strand break near each end of the GAL1-10-7 locus

with the Cas9 protein led by a guide RNA. Each break should trigger homology directed repair

using the homologous recombination template we added, which contains the desired genomic

edits. We obtained the Cas9 cassette, together with a NAT marker, by PCR from the Amp1284

plasmid and separately incorporated the double-stranded guide DNAs into the Amp1278 plasmid

by Esp3I assembly. We obtained the desired region on each plasmid using PCR. The homologous

recombination template has an upstream and a downstream homology arm, each 500 bp. To obtain
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the template, we used PCR to amplify the upstream and downstream homology arms separately

and then joined them via Gibson assembly. We removed the protospacer adjacent motifs (PAMs),

targeted by the guide RNAs, from the template by introducing a point mutation on the PCR

primer.

The three components were then transformed into yeast cells using the standard protocol [1].

We plated the cells on a XY-glucose plate with nourseothricin to select cells with the Cas9 cassette.

After two days, the transformants were re-inoculated on a fresh XY-glucose plate as patches,

because the homologous recombination template does not contain a selection marker. Once the

patches of cells grew, we ran colony PCR and select the patch that had the strongest band for our

edit. We streaked cells from that patch of cells into single colonies on a fresh XY-glucose plate and

ran colony PCR again when that plate was ready. The process, which alternates between streaking

and colony PCR, continued until the band for wild-type strains eventually disappeared. Finally,

the colonies were confirmed again with Sanger sequencing.

1.3 Monitoring single-cell growth and gene expression with the ALCA-

TRAS microfluidic device

We prepared the overnight cultures and diluted before experiments using the same method we

used for the plate-reader experiments (see Methods in the main text). Cells were then loaded

into the three-chamber version of the ALCATRAS microfluidic device [2, 3]. In the device, cells

were exposed to 2% sodium pyruvate during the first four hours of imaging and then to either 1%

palatinose, 1% palatinose and 0.2% galactose, or 1% palatinose and 0.2% sucrose.

1.4 Quantifying transcripts by RT-qPCR

Before the RT-qPCR experiment, we designed primer pairs that target the genes of interest using

the PrimerQuest tool (Integrated DNA Technologies), with optimal Tm at 62 ◦C, optimal GC

percentage at 50%, optimal primer size at 22 bp, and optimal amplicon length at 100 bp. Primer

pairs for the reference genes ALG9 and ACT1 were taken from Barrass et al. [4]. We validated all

primers by running an RT-qPCR experiment with the primer pairs and a serial dilution of input
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cDNA (1x, 5x, 25x and 125x) — we consider a primer pair validated if the melting temperature of

the product is unique and consistent across different dilution factors and if the Cq value decreases

linearly with the logarithm of the dilution factor. We list all primers in Supplementary Data 1.

An RT-qPCR experiment comprises three steps: DNase treatment, reverse transcription, and

quantitative PCR.

First, we treated the extracted RNA samples (1–3 µg each) with DNaseI (ThermoFisher,

#EN0525) in the presence of RNase inhibitor (ThermoFisher, SuperAseIn) at 37 ◦C for 1 hour

and then deactivated the DNaseI with DNase inactivation reagent (Invitrogen, #AM1907) at room

temperature for five minutes before spinning down the DNase inactivation reagent.

Second, we added the random primer mix (NEB, #S1330S) to each sample, split the sample

into two — each 5 µL for the +RT and -RT reactions, and denatured the RNA at 70 ◦C for 5

minutes, before moving the samples onto ice. Then we added into each +RT reaction, 0.75 µL 10

mM dNTP mix, 0.25 µL RNase inhibitor, 0.5 µL Superscript IV Reverse Transcriptase (Invitrogen,

#18090010), 2 µL first strand synthesis buffer and 1.5 µL nuclease-free water. For the -RT reactions,

we added the same reagents except replacing the transcriptase with nuclease-free water. Next the

samples were incubated at 25 ◦C for five minutes and then 55 ◦C for one hour. The product (cDNA)

was then diluted by about 20-fold with nuclease-free water.

Third, we ran the quantitative PCR with a 384-well microplate. Each well contained 1.6 µL 2x

Brilliant III Ultra-Fast SYBR Green QPCR Master mix (Agilent, #600886), 0.4 µL primer pair

mix (4 µM each), and 2 µL cDNA. We then moved the microplate into a LightCycler 480 machine

(Roche), with Taq activation at 95 ◦C for three minutes, 40 cycles of amplification (95 ◦C for five

seconds and 60 ◦C for 10 seconds with green fluorescence reading), and melt-curve measurement

(ramping up from 65 ◦C to 95 ◦C at 0.29 ◦C/s).

The data from an RT-qPCR experiment are time series of fluorescence from each well. We

used the manufacturer’s software (Roche LightCycler 480 SW 1.5) to extract the Cq values of each

curve: the number of cycles required to amplify the input cDNA to a fixed threshold. We used an

R package, tidyqpcr (version 1.1), to analyse the Cq data [5]. Our pipeline had three steps: (1)

averaging over technical replicates to find the mean Cq for each gene in each biological replicate; (2)
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calculating ∆Cq for each gene in each biological replicate ny subtracting the mean Cq for each gene

in each biological replicate by the mean of the mean Cq of all three reference genes; (3) calculating

∆∆Cq for each gene in each biological replicate by subtracting the ∆Cq value of that gene in each

biological replicate by the mean ∆Cq of all biological replicates of that gene in the control group.
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2 Supplementary Note 1: Mathematically modelling the re-

sponse to palatinose

2.1 A deterministic description and finding steady states

The MAL regulon has five components: a transporter Mal11 (T ), two isomaltases Ima1 (I1) and

Ima5 (I2) and two activators Mal13 (R1) and Znf1 (R2) [6]. Its activation requires both activators,

and we assume they function as a heterodimer (Rc), which becomes active (R∗
c) after binding

intracellular palatinose (p).

We consider the following reactions: palatinose import (vT ); palatinose hydrolysis by the two

isomaltases (vI,1 and vI,2); palatinose’s association and dissociation with the activator heterodimer

(kp and k′
p); dimerisation between the two activators (kR and k′

R); and the expression of each gene

(ugene). We assume that palatinose hydrolysis follows Michaelis-Menten kinetics, that association

and dissociation reactions follow the law of mass action, and that the rate of gene expression is a

Hill function of R∗
c with any basal expression, denoted as ugene(R

∗
c). The only exceptions are uR,1

and uR,2 , which we approximate as constant following our RNA-seq data (Fig. S7F). We do not

consider dilution by growth for simplicity.

The complete model comprises eight ordinary differential equations:

ṗ = vTT − vI,1(p)I1 − vI,2(p)I2 − kpRcp+ k′
pR

∗
c (1)

Ṫ = uT (R
∗
c)− dTT (2)

İ1 = uI,1(R
∗
c)− dI,1I1 (3)

İ2 = uI,2(R
∗
c)− dI,2I2 (4)

Ṙ1 = uR,1 − kRR1R2 + k′
RRc − dR,1R1 (5)

Ṙ2 = uR,2 − kRR1R2 + k′
RRc − dR,2R2 (6)

Ṙc = kRR1R2 − k′
RRc − kpRcp+ k′

pR
∗
c (7)

Ṙ∗
c = kpRcp− k′

pR
∗
c (8)
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We further assume differences in time scales so that the association and dissociation between p

and Rc and between R1 and R2 are at equilibrium and that levels of R1 and R2 are at quasi-steady

state. Consequently,

kpRcp = k′
pR

∗
c (9)

kRR1R2 = k′
RRc (10)

uR,1 = dR,1R1 (11)

uR,2 = dR,2R2 (12)

which gives

R∗
c =

kpkRuR,1uR,2

k′
pk

′
RdR,1dR,2

p (13)

and we can write all rate of gene expression ugene(R
∗
c) as functions of p.

The cleavage of palatinose by Ima1 and Ima5 follows Michaelis-Menten kinetics within the

range of concentration we used, and their kinetic parameters are similar [7]. We therefore set

vE,1(p) = vE,2(p) ≡ vE(p). Although cells degrade Ima5 faster than Ima1 at 37◦C [7], the rates

at 30◦C are unreported, and so, again for simplicity, we use the same degradation rate for both:

dI,1 = dI,2 ≡ dI .

Further, we let the expression of the two isomaltases change in proportion with each other, so that

uE,1(p) = αuE,2(p) for a constant α. Then defining I ≡ I1 + I2 and writing uI(p) = (1 + α)uI,1(p),

we have a simplified system of three equations:

dp

dt
= vTT − vI(p)I (14)

dT

dt
= uT (p)− dTT (15)

dI

dt
= uI(p)− dII (16)
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where

vI(p) =
vI,maxp

Km,I + p
(17)

uT (p) =
bT + uT,max

(
p

KT

)n

1 +
(

p
KT

)n (18)

uI(p) =
bI + uI,max

(
p
KI

)n

1 +
(

p
KI

)n (19)

For convenience, we show all parameters in Table S5.

Our model is similar to a recognised network motif with coupled positive and negative feedback [8,

9], but we will assume that the negative feedback is faster than the positive feedback (i.e., KI < KT ).

2.2 Setting the parameters

Values for dT , dI , Km,I , and vI,max have been reported [10, 7]. For KI and KT , a previous

measurement of intracellular maltose for a strain grown in maltose is 1.3 mM [11, p. 102], so we

assume that KI and KT are of order 1 mM.

We also assume that the maximal production rate of MAL11, uT,max, is the same order of

magnitude as the maximal production rate of GAL1, from Ref [12].

We consider Hill number n = 2, 3 and 4.

2.3 A non-dimensionalised description and the steady states

To simplify the analysis, we non-dimensionalise Eqs. 14–16 by normalising the concentrations by

KI and the time by dI . By substituting the definition of the non-dimensionalised variables and
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parameters in Table S6 into Eqs. 14–19, we have:

dp′

dt′
= v′TT

′ −
v′I,maxp

′

K ′
m,I + p′

I ′ (20)

dT ′

dt′
=

b′T + u′
T,max

(
p′

K′
T

)n

1 +
(

p′

K′
T

)n − d′TT
′ (21)

dI ′

dt′
=

b′I + u′
I,maxp

′n

1 + p′n
− I ′ (22)

We will omit the prime (′) symbol of each non-dimensionalised parameters and variables henceforth

as well as in the main text and will focus on analysing the non-dimensionalised version of the model.

Solving at steady state, denoted by the asterisk (*), we have:

vI,maxp
∗

Km,I + p∗
= vTT

∗/I∗

T ∗ =
bT + uT,max

(
p∗

KT

)n

1 +
(

p∗

KT

)n

/
dT (23)

I∗ =
bI + uI,maxp

∗n

1 + p∗n

or, combining,

vI,maxp
∗

Km,I + p∗
× bI + uI,maxp

∗n

1 + p∗n
×

1 +
(

p∗

KT

)n

bT + uT,max

(
p∗

KT

)n × dT
vT

− 1 = 0 (24)

which simplifies into a polynomial equation of p, and the number of positive roots gives the number

of steady states.

When bI = 0, Eq. 24 can be re-written as:

vI,maxp
∗

Km,I + p∗
× αp∗n

1 + p∗n
×

1 +
(

p∗

KT

)n

bT + uT,max

(
p∗

KT

)n × dT − 1 = 0 (25)

where α ≡ uI,max

vT
, which is biologically the maximum expression rate of isomaltase normalised by

the palatinose import rate.
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The positive root(s) of Eq. 25 are the steady states. We regard a steady state with p∗ > KT as

ON because MAL11 expression is then induced; otherwise a steady state is OFF.

2.4 Bifurcation analysis on KT and α

We wish to understand how the isomaltase expression level and the repression strength by GAL

affects the steady state of the MAL regulon and so generates or abolishes diauxie.

To model GAL repression, we let an unknown MAL repressor downstream of Gal4 compete with

the activator at MAL11’s promoter, making KT increase when the GAL regulon is active. We model

increasing isomaltase expression by increasing α. We numerically solve Eq. 25 for steady-state p∗

for different KT and α (Fig. 6B & S9).

From our RNA-seq data, IMA1 and IMA5 are expressed before MAL11 (Fig. 5A–C), so we let

KT > KI .

To determine the range of α, we note that the left hand side of Eq. 25 is bounded when

p∗ → +∞:

lim
p∗→+∞

 vI,maxp
∗

Km,I + p∗
× αp∗n

1 + p∗n
×

1 +
(

p∗

KT

)n

bT + uT,max

(
p∗

KT

)n

× dT − 1 =
vI,maxαdT
uT,max

− 1 (26)

To ensure a steady state exists for all KT , we require this limit to be positive:

vI,maxαdT
uT,max

− 1 > 0 (27)

which is

α >
uT,max

vI,maxdT
≈ 5.9× 10−10 (28)

from Table S5. Biologically this assumption means that we cannot have too little isomaltases

expressed or too high a palatinose import rate, otherwise the cells will accumulate infinitely high

amount palatinose, leading to cell death [11, pp. 90–116].
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2.5 Alternative ways of modelling GAL repression

We think it unlikely that GAL repression decreases either vT or uT,max, rather than increasing KT ,

because the gal80∆ ima1∆ mutant, which has an active GAL regulon, grows in 2% palatinose with

the same rate as the wild-type. Mathematically, if we assume that the growth rate λ is proportional

to the palatinose import rate and that 2% palatinose is sufficient to fully activate the MAL regulon,

then

λ ∝ vTT = vTuT,max/dT (29)

at steady state from Eq. 23. Consequently, if λ is similar between the wild-type and double mutant

strain, so too is the product vTuI,max, implying by Occam’s razor that neither has changed.
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Supplementary Tables

Strain ID Genotype Parent Reference
SL229 BY4741 (wildtype) [13]
SL365 FY4 (wildtype) [13]
SL1121 IMA1-GFP SL229
SL1360 ima5∆ SL229
SL1425 ima1∆ SL229
SL1489 gal80∆ SL365
SL1503 gal80∆ [14]
SL1514 IMA5-GFP SL229
SL1530 gal1-10-7∆ SL365
SL1536 gal1-10-7∆ gal80∆ SL1530
SL1537 gal80∆ ima1∆ SL1489
SL1538 ima1∆ IMA5-GFP SL1425
SL1547 ima1∆ SL365
SL1556 gal80∆ gal2∆ SL1489
SL1558 gal80∆ gal4∆ SL1489
SL1566 pCCW12-GAL2 SL365
SL1622 pCCW12-MAL11 SL365
SL1624 gal80∆ pCCW12-MAL11 SL1489
SL1626 icl1∆ [14]

Table S1. Strains
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Media Component Purpose Reference
XY-
glucose

10 g/L Bacto yeast extract; 20 g/L
Bacto Peptone; 0.1 g/L adenine;
0.2 g/L tryptophan

To bring up strains from glycerol
stock; outgrow after yeast trans-
formation

SC 1.4 g/L Edinburgh Amino Acids
Mix (Formedium, EDI0100); 5
g/L (NH4)2SO4; 1.7 g/L yeast ni-
trogen base without amino acids
and ammonium; 50 mg/L ade-
nine hemisulphate; 100 mg/L his-
tidine; 100 mg/L methionine; 200
mg/L leucine; 100 mg/L trypto-
phan; 100 mg/L uracil

To set up pre-cultures; Run plate-
reader experiments with aux-
otroph strains

LoFlo Same as SC, except that yeast ni-
trogen base without amino acids
is LOFLO version (Formedium)

run plate reader experiments with
prototroph strains

Delft 3 g/L KH2PO4; 0.5 g/L
MgSO4·7H2O; 5 g/L (NH4)2SO4;
trace metals; vitamins

To run plate reader experiments
with prototroph strains

[15, 16]

LB 10 g/L tryptone; 10 g/L NaCl; 5
g/L yeast extract

Grow E. coli for mini-prep

SOC 2% (w/v) tryptone; 0.5% (w/v)
yeast extract; 10 mM NaCl; 2.5
mM KCl; 10 mM MgCl2; 20 mM
glucose

For out-growth of E. coli after
heat-shock transformation

Table S2. Media
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Plasmid ID Plasmid name Purpose Reference
PLSM13 pYM40 gene deletion with HPH marker [17]
PLSM82 pKT128 tagging a gene with GFP, and with HIS

marker
[18]

PLSM72 pFA6a-natMX6 gene deletion with natMX6 marker [19]
Amp1278 for amplifying the guide DNA that works with

Amp1284
[20]

Amp1284 providing a Cas9 cassette for CRISPR [20]
pYTK001 Esp3I assembly [21]
pYTK002 Part 1 for BsaI assembly [21]
pYTK010 Part 2 for BsaI assembly [21]
pYTK053 Part 4 for BsaI assembly [21]
pYTK072 Part 5 for BsaI assembly [21]
pYTK077 Part 6 for BsaI assembly [21]
pYTK088 Part 7 for BsaI assembly [21]
pYTK089 Part 8a for BsaI assembly [21]
pYTK094 Part 8b for BsaI assembly [21]

HY03 BsaI assembly product to insert pCCW12-
GAL2 into the HO locus

HY18 Gibson Assembly product to insert pCCW12-
MAL11 into the HO locus

Table S3. Plasmids

Name Version Reference
FASTQC 0.11.9
Cutadapt 1.18 [22]
HISAT2 2.1.0 [23]
SAMtools 1.11 [24]
BEDTools 2.30.0 [25]
Subread 2.0.0 [26]
MultiQC 1.13 [27]

Table S4. Versions of the software used in the RNA-seq pipeline
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parameter meaning value unit reference
n Hill number 2, 3, 4 dimensionless
dT degradation rate of Mal11 0.01 min−1 [10]
dI degradation rate of Ima1 and Ima5 0.027 min−1 [7]
KT parameter in uT (p) 1–10* mM

uT,max maximum expression rate of MAL11 1 nM/min [12]
bT basal expression rate of MAL11 0.01 nM/min
KI parameter in uI(p) 1 mM [11]

uI,max maximum expression rate of IMA1/5 * nM/min
bI basal expression rate of IMA1/5 0 nM/min

Km,I Michaelis-Menten constant of Ima1/5 18 mM [7]
vI,max maximum reaction rate per unit of Ima1/5 4680 min−1 [7]
vT import rate of palatinose per unit of Mal11 * min−1

Table S5. Parameter values used in the mathematical model. The asterisk indicates the range
used for bifurcation parameters.

variable or parameter definition parameter value
t′ dIt variable
p′ p/KI variable
I ′ I/KI variable
T ′ T/KI variable
d′T dT/dI 0.37
K ′

T KT/KI bifurcation: 1–10
u′
T,max uT,max/(KIdI) 3.7× 10−5

b′T bT/(KIdI) 3.7× 10−7

u′
I,max uI,max/(KIdI) see α
b′I bI/(KIdI) 0

K ′
m,I Km,I/KI 18

v′I,max vI,max/dI 1.7× 105

v′T vT/dI see α
α u′

I,max/v
′
T bifurcation: 0.6–5×10−9

Table S6. Definition of the non-dimensionalised variables and parameters and the parameter
values are calculated from the values in Table S5.
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Supplementary Figures

Figure S1. In glucose-palatinose mixtures, the OD yield of growth phase 1 (OD1) linearly correlates
with glucose concentrations, and the OD yield of growth phase 2 (OD2) linearly correlates with
palatinose concentrations. We found each data point using the method of Fig. 2C.
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Figure S2. We used ALCATRAS microfluidic devices to monitor single-cell gene expression
over time (see Supplementary Experimental Methods 1.3). The distribution of single-cell log10
Ima1-GFP signals at four time points (0, 6, 12 and 18 h). The red line shows when we switched
the medium from 2% pyruvate to (A) 1% palatinose, (B) 0.2% galactose and 1% palatinose, and
(C) 0.2% sucrose and 1% palatinose.
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Figure S3. There is clear diauxie in glucose-palatinose and galactose-palatinose mixtures, but
not with mixtures of sucrose or fructose. Each curve represents one biological replicate; the shading
shows the standard deviation of two technical replicates. (A–D) The growth dynamics of the
wild-type strain (FY4).
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Figure S4. Diauxie in galactose-palatinose is independent of the pre-growth sugar. See Supple-
mentary Experimental Methods 1.1 for the explanation of pre-growth history. Each curve represents
one biological replicate; the shading shows the standard deviation of two technical replicates.
(A–C) The growth dynamics of the wild-type (FY4) strain in galactose-palatinose mixtures with
pre-growth in either glucose, raffinose, or palatinose. (D) Cells undergoing diauxie do not require
extracellular acetate or ethanol. The growth dynamics of the wild-type strain (BY4741) and an
icl1∆ mutant, which cannot metabolise C2 substrates [28, 29].
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Figure S5. Growth on a sucrose-palatinose or fructose-palatinose mixture does not exhibit classic
diauxie, but we observed a ‘shoulder’ in the growth rate over time. (A) The growth curve of an
FY4 prototrophic strain in minimal medium with sucrose and palatinose is smooth with no obvious
kinks. (B) Estimating the specific growth rate, however, shows a ‘shoulder’ for this choice of
concentrations. There is no local minimum. (C) Cells derived from the BY4741 strain express
Ima5-GFP immediately in the sucrose-palatinose mixture, not after a delay. (D) The growth curve
of the BY4741 strain in LoFlo medium with fructose and palatinose is smooth with no obvious
kinks. (E) Estimating the specific growth rate, however, shows a ‘shoulder’ for this choice of
concentrations with no obvious local minimum. We show the fluorescence data from the same
experiment in Fig. 3A.
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Figure S6. (A, B) The growth dynamics of the wild-type strain (FY4) and mutants in 0.1%
fructose and 0.1% fructose + 0.4% palatinose. Each curve represents one biological replicate; the
shading shows the standard deviation of two technical replicates. (C) qPCR results show that
the transcript level of GAL2 driven by the CCW12 promoter is similar to that of GAL2 in the
gal80∆ mutant in 0.1% fructose. Each data point represents a biological replicate. The Cq value of
each gene is the number of cycles required to amplify the input cDNA to a fixed threshold using a
pair of primers targeting the gene. ∆Cq of each gene for each biological replicate is the difference
between the Cq of the gene and the mean Cq of three reference genes (ALG9, ACT1 and PUS7 )
from the same biological replicate. The ∆∆Cq of each gene is the difference between its ∆Cq and
the mean ∆Cq of the gene in the FY4 wild-type strain. Cells were grown in 0.1% fructose and
samples harvested at around OD 0.3. See Supplementary Experimental Methods 1.4 for detailed
methods.
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Figure S7 (preceding page). (A) qPCR results showing that the GAL transcript levels of the
gal80∆ mutant in 0.1% fructose were similar to those in 0.1% galactose. The definition of a data
point and ∆∆Cq is the same as Fig. S6C. See also Supplementary Experimental Methods 1.4 for
detailed methods. (B) The growth curve of cells for RNA-seq showing the time points when sample
were taken. Data are shown as mean ± standard deviation of three biological replicates (dots).
(C) A principal component analysis (PCA) shows different expression between the wild-type and
gal80∆ mutant and between the mid-log and later time points. We transformed the raw counts
with a variance stabilising transformation (VST) before PCA and analysed counts of all 5697 genes.
(D) A comparison between the transcriptome of the gal80∆ mutant and wild-type, both in 0.1%
fructose and harvested at mid-log. (E) A comparison between the wild-type’s transcriptome in
0.1% fructose and 0.9% palatinose at mid-log with the wild-type in 0.1% fructose also at mid-log.
For (D) and (E), each panel plots the log2 fold change of each gene against its log2 base mean, both
calculated with DESeq2 [30]. The base mean is the mean of the normalised counts of all samples in
the pair of conditions that we are comparing; the counts are normalised by the sequencing depth.
We label the genes that are significantly up- and down-regulated red and blue. The criteria for
significance are | log2 fold change| > 0.5 with the adjusted p-value smaller than 0.05. (F) The
count per million reads (CPM) of MAL12, MAL13 and ZNF1 transcripts. The error bar shows the
standard deviation of three technical replicates. Data are shown as mean ± standard deviation of
three biological replicates (dots).

Figure S8. (A) The growth dynamics of the wild-type strain (FY4) and the gal80∆ MAL11
over-expression (OE) strain driven by the CCW12 promoter. (B) The growth dynamics of the
wild-type strain (FY4) and the gal80∆ ima1∆ mutant. (C) The growth dynamics of the wild-type
strain (BY4741) and the ima5∆ mutant. We use dashed lines to indicate single sugars, full lines
to indicate mixtures, and each curve represents one biological replicate; the shading shows the
standard deviation of two technical replicates.
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Figure S9. The steady-state p/KT value as a function of the repression strength, KT , and the
ratio of maximal IMA expression to the palatinose import rate, uI,max/vT for Hill numbers (A)
n = 2 and (B) n = 4. We define the system to be ON if p/KT > 1 (red). The yellow contour
marks a bistable region; the inset shows the value of p/KT at the high steady state. Parameter
values are in Table S6. The ratio uI,max/vT has a minimal value to prevent any steady states with
infinite p, which we presume evolution avoids.

23



24



Figure S10 (preceding page). We defined the set of differentially expressed genes (DEGs)
between the wild-type and the gal80∆ mutant in 0.1% fructose by those statistically significant,
present over all three time points, and with a | log2 fold change| larger than 0.5. A Venn diagram
showing the number of these genes when the threshold for significance for the adjusted p-value
is (A) 0.05 and (B) 0.01. Both the adjusted p-value and the log2 fold change are calculated with
DESeq2 [30]. (C) The enrichment on gene ontology (GO) biological process for the genes in (A).
The group size of each term is the number of genes that are in both our set of DEGs and the GO
term. We used YeastEnrichR to perform the enrichment [31]. Only GO terms whose group size ≥ 2
and adjusted p-value ≤ 0.01 are shown, with the terms ranked by their adjusted p-value and only
the top 10 displayed. (D) Pathway enrichment for the genes in (A) using the Kyoto Encyclopedia
of Genes and Genomes (KEGG) database. The group size of each term is the number of genes that
are in both our set of DEGs and the GO term. We used YeastEnrichR to perform the enrichment
[31]. Only pathway terms whose group size ≥ 2 and adjusted p-value < 0.01 are shown, ranked by
their adjusted p-value.
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Figure S11 (preceding page). 83 out of the 84 differentially expressed genes identified in
Fig. S10A were consistently up- or down-regulated over all three time points. The colour shows
the log2 fold change of each gene at each time point. We used complete-linkage clustering and the
Euclidean distance between rows or columns to perform the hierarchical clustering. The asterisk
(*) indicates that the gene’s promoter is known to be directly bound by Gal4 [32, 33].
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