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APPENDIX TEXT 1

Additional modeling considerations

We provide here additional considerations of the model we introduced to describe growth
transitions and the impact of required and non-required gene expression on duration of
growth arrest (lag-times). In Section 1.1. we discuss how lag-times are changing with the
pre-expression of required proteins already before the shift. In Section 1.2. we comment
why we did not explicitly model the expression of ribosomal proteins (and other proteins
required for protein synthesis) during the shift.

1.1. Variation of the pre-shift expression of required proteins

Our transcription results show that the enzymes required to recover growth once glucose
runs out are hardly expressed when glucose is still abundant (Fig. EV6), suggesting that
pre-shift expression levels do not play a major role in shaping lag-times for WT E. coli cells
for these growth-conditions. But a higher pre-shift expression might occur in specific
growth conditions and has been shown to support faster transition in a synthetic strain
were pre-expression of the required genes aceB/aceA was controlled by an inducer
construct(Basan et al, 2020). To investigate the role of pre-shift expression compared to
expression during the shift we determined the emerging lag-times when both, the
allocation before the shift (@yp ace presnife) @and during the shift (auyp gce,max) are varied
(Appendix Figure 1 below).
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Appendix Figure 1: Lag-times when varying pre-shift and during shift expression of
the genes required to recover precursor influx when growing on acetate. We varied
both allocation parameters dyy, gce preshift ANd Ayp ace,max iNdependently. Pre-shift
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expression of the enzymes can clearly lead to a faster lag-times. Notably, however, lag-
times can also be short without pre-shift expression if cells response to the shift with a
strong expression of required genes instead of the expression of other genes. The
previously described tradeoff between fast pre-shift growth and fast shift thus appears to
be a secondary tradeoff effect important when there are long lag-times in the first place
because cells response by the expression of non-required enzymes.

1.2 Ribosome content

Up to now, we have not explicitly modeled the change of ribosomes synthesis during the
shift. An explicit consideration of ribosome synthesis is not required to investigate the
origin of lag-times since ribosomes are highly abundant at the moment glucose runs out
and they do not contribute to a bottleneck in precursor influx. And since ribosome
synthesis abruptly stops at the shift (Fig. EV5G) we do not have to consider the role of
novel ribosome synthesis as a process competing for the same limited precursors required
to synthesize the required enzymes to recover metabolic flux. Indeed, when explicitly
modeling the change of novel ribosome synthesis lag-times do not change (data not
shown). Particularly, we modeled that ribosomes are only synthesized when precursor
levels are above a threshold value, in line with what is currently known about the control of
ribosome synthesis mediated by central regulators like the alarmone ppGpp. The allocation
we modeled is:

arp(P) = Agrp steady " P/(P + Do)-

APPENDIX TABLES
Appendix Table S1: Strains used in this study

Strain name Description Details (genotype, Ref
plasmid)

NCM3722 Wild type (K12), genetic (Soupene et al, 2003)
background for all strains
used in this study

NQ1389 lacZ over-expression strain | Ptet-tetR on pZA31; (Scott et al, 2010)
Ptetstab-lacZ on pZE1

NQ1350 aceBA induction aceBA promotor controlled | (Basan et al, 2020)
by Ptet

GE029 AfliC This study




NQ1225

AflhD

(Basan et al, 2015)

Appendix Table S2: Primers used in this study

Name Sequence Usage
aceA-qper-F | GCGTTGGGAAGGCATTACTCGC GPCR
aceA-gpcr-R | GCCTGACCGCCAGTCAGTGC gPCR
aceB-gper-F | GGCAACAACAACCGATGAACTGGC GPCR
aceB-qpcr-R | GCTCAGTCAGAAATTCTACCGC gPCR
lacZ-qpcr-F | GGCAATTTAACCGCCAGTCAG GPCR
lacZ-gper-R | GTGCACGGGTGAACTGATC qPCR
16S-qper-F | CCTAGGCGACGATCCCTAGC GPCR
16S-gpcr-R | CATACACGCGGCATGGCTGC qPCR
fliC-F CAGGGTTGACGGCGATTGAG Confirmation KO
fliC-R CAATTTGGCGTTGCCGTCAG Confirmation KO
k1 CAGTCATAGCCGAATAGCCT Confirmation KO
k2 CGGTGCCCTGAATGAACTGC Confirmation KO
kt CGGCCACAGTCGATGAATCC Confirmation KO

Appendix Table S3: Model parameters

Symbol Description Value
ARp,giu Allocation to translation (ribosomes) 0.2
A b giu Allocation to metabolic proteins 0.45
ka,glu Metabolic efficiency glucose 241/h
Yglu Yield in glucose 0.377 ODgyp/mmol




Ky glu Monod constant, glucose Sumol
ARb,ace steady Allocation to translation (ribosomes) 0.2
b ace max Allocation to required enzymes at shift (or varied) 0.03
AMb,ace,steady Allocation to required enzymes at shift at steady 0.01
S growth
Kub ace precursor-rate for bottleneck enzymes (when other 301/h
’ metabolic enzymes are ready)
Yice Yield in acetate You/2
Kut ace Monod constant Sumol
Conversion between OD and AA. Based on known 7.69 10718 0D,
conversion between OD and biomass, 0.63% of dry -ml/AA
mass being proteins. More details provided at
GitHub.
frp fraction active ribosomes 0.65
krp Max. translation elongation rate 201/s
Po Michaelis Menten constant for translation. In units of 0.026

charged tRNA per mass amino acids.
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