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Figure S1. Representative audioradiogram of a PEI Cellulose TLC plate showing (p)ppGpp
accumulation upon valine-induced isoleucine starvation (related to Fig. 1a). See Materials and
Methods section for more details.
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Figure S2. The ribosome trafficking model without abortion and mistranslation (related to
Fig. 2). a. A spatiotemporal illustration of the ribosome traffic upon starvation. b. The relative occupancy
of mRNA codons in the post-starved state. c. The relative RelA activity in the pre- and post-starved state.
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Figure S3. Sensitivity of the parameters in the ribosome trafficking model (related to Fig. 2).
The steady state relative RelA activities in the post-starved states were measured for different values of (a)
kch/kel, (b) kun/kch, (c) pabort and (d) p0. The dash lines represent the values used in the model (Table S1).
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Figure S4. Model of early stringent response with both RelA- and SpoT-mediated positive
feedbacks on ppGpp level (related to Fig. 3). a. The formulation of the model. b. The predicted
concentrations of ppGpp (left) and mRNA (right) upon isoleucine starvation at t = 0. Blue curves represent
the wt strain and red curves represent the ∆10TA strain. Triangle (wt) and square (∆10TA) symbols and the
error bars are reproduced from Fig. 1a. c. The error of fitting to the wt measurements by modulating ν and τ .
The method of error calculation is the same as Fig. 3d.
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Figure S5. Model of early stringent response without positive feedbacks on ppGpp level
(related to Fig. 3). a. The formulation of the model. b. The relative RelA activity in the post-starved state
was measured in the ribosome trafficking models for multiple amount of ribosomes per mRNA to account for
the transient reduction of mRNA level and the approximately constant ribosome level. The amount of
ribosomes was expressed in the fold change to the pre-starved state (15, Table S1). The figure illustrates that
with the parameter values listed in Table S1, the starvation signal could reach around 12-fold. The blue curve
represents the ribosome trafficking model with abortion and mistranslation (related to Fig. 2) and the green
curve represents the model without abortion and mistranslation (related to Fig. S2) c. The simulated
concentrations of ppGpp and mRNA upon isoleucine starvation with the parameter values generated by the
fitting algorithm (Materials and Methods). The green curves represent the fitting to the ∆10TA data, and the
blue curves represent the fitting to the the ∆10TA data up to t = 10 min. Both fittings illustrate the necessity
of a long mRNA half life. The square symbol and the error bars are reproduced from Fig. 1a.
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Figure S6. The predicted ppGpp response to general amino acid starvation (related to Fig. 4).
a. The effect of the fraction of starved codons on the ribosome trafficking model. The blue curve represents
the relative RelA activity (η) in the post-starved state to the pre-starved one, and the green curve represents
the steady state number of translating ribosomes in the post-starved state. b. The amplitude (left) and the
response time (right) were plotted as a function of the fraction of starved codons. c. The predicted levels of
ppGpp (left) and mRNA (right) for the ∆10TA strain. d. The predicted levels of mRNA for the wt strain
(related to Fig. 4). e. The effect of the fraction of starved codons on the translation elongation rates,
represented in the fold changes in the amino acid incorporation rate per mRNA in the post-starved state from
the pre-starved one.
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Figure S7. mRNAses reduce the global levels of mRNA stability during aa starvation. Global
mRNA decay in wt and ∆10TA strains was measured by following the loss of [3H]uridine-incorporation into
TCA-precipitable material (RNA) after addition of rifampicin, during steady state growth (a) and during aa
starvation (b). Plotted is the time (min) after rifampicin addition vs. [3H] incorporation shown as counts per
minutes (cpm), see Materials and Methods for details.
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Figure S8. Early stringent response of ∆RelBE strain to isoleucine starvation. The levels of
(p)ppGpp for the ∆RelBE strain were measured as described in Fig. 1 and Materials and Methods. The data
points and error bars for wt and ∆10TA strains were reproduced from Fig. 1.
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Table S1. The parameter values in the ribosome trafficking model

Parameter Meaning Value Remark
The charging level of
tRNA in the pre-starved
state

0.8 [1, 2]

The charging level of
tRNAIle upon isoleucine
starvation

0.02 Ref. [2] measured that the charging level of tRNALeu

was between 1% and 3% upon leucine starvation. We
assumed a similar value for isoleucine starvation due to
the similarity in the amino acid structures.

The usage of isoleucine in
the proteins of E.coli

0.06 The usages listed in Ref. [3] after normalization.

The copy number of ribo-
somes for translation

15 Ref. [4] measured that the copy number of ribosomes
for E.coli with 60-minute double time is 1.35×104. The
copy number of mRNA for E.coli with 40-minute dou-
bling time is 1380 [5]. Note that the global synthesis
rate of mRNA is 1.37 × 105 nucleotides per minute in
cells with 40-minute doubling time and 9.2×104 for the
cells with 60-minute doubling time. The copy number of
mRNA in the 60-minute doubling cells is estimated to be
1380×(9.2×104)/(1.37×105) ≈ 9.3×102, and the num-
ber of ribosomes per mRNA is 1.35× 104/(9.3× 102) ≈
15.

The number of codons a
ribosome covers

11 [6]

kinit The initiation rate of
translation for a free ribo-
some

0.4 s−1 Fitted to have around 80% ribosomes translating on the
mRNA in the pre-starved states [4]

kch The binding rate of
charged cognate tRNA to
the ribosomal A-site.

176 s−1 The translation rate for E.coli with 60-minute doubling
time is 16 codons per second [4] and the median time
for the binding process takes around 10% of the overall
elongation time [7]. So we set kch/kel = 10. Combining
with 1/kch + 1/kel = 1/16 s, one obtains that kch = 176
s−1 and kel = 17.6 s−1.

kel The rate of ribosomes
elongating one codon

17.6 s−1

kun The binding rate of un-
charged cognate tRNA to
the ribosomal A-site.

17.6 s−1 Assume to be 10-fold less than a charged cognate tRNA.
Sensitivity analysis revealed that the parameter is insen-
sitive to the relative RelA activity (Fig. S3).

pabort The abortion rate of
translating ribosomes

0.002 s−1 Fitted to have around 0.4% incomplete peptides in the
pre-starved state [8]. This parameter is insensitive to
the relative RelA activity (Fig. S3).

p0 The parameter for calcu-
lating mistranslation (Ma-
terials and Methods)

1 s−1 Fitted to have a mistranslation fraction of 5∗10−3 in the
pre-staved state, consistent with the previous reports [9].
A reduction in this parameter value will increase the
RelA activity slightly (Fig. S3d) and the conclusions in
the manuscript remain valid.
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Table S2. The parameter values in the model of early stringent response with SpoT-mediated positive
feedbacks

Parameter Meaning Value Remark
[P ]0 Pre-starved level of

ppGpp
3.4 × 104µm−3 The level of ppGpp for cells with 60-minute

doubling time is 38 pmol/OD460 and 1
OD460 corresponds to 6.7 × 108 cells [4].
We assume the size of E.coli cells to be 1
µm3 with support from Ref. [10].

[M ]0 Pre-starved level of
mRNA

9.3 × 102µm−3 Table S1

ε Basal production rate of
ppGpp by SpoT

4.0 × 10−2µm−3s−1 Fitted

Dp Michaelis-Menten con-
stant for saturated
degradation of ppGpp

1.3 × 104µm−3 Fitted

Km Michaelis-Menten con-
stant for transcriptional
inhibition

1.3 × 104µm−3 Fitted

kp Production rate of ppGpp
by RelA

4.2 × 10−1s−1 The level of ppGpp is in the steady state
before starvation

dp The maximal degradation
rate of ppGpp

1.1 × 103µm−3s−1 The half life of ppGpp in the pre-
starved state is around 0.5 minute [11], so
dp/([P ]0 +Dp) = ln(2)/30s−1.

km Transcription rate 2.5 × 105µm−6s−1 The level of mRNA is in the steady state
before starvation

dp The half life of mRNA 5.8 × 10−3s−1 The functional half life of mRNA is around
2 minutes [12,13].

ν The fold of reduction in
the mRNA half life due to
toxin’s cleavage activity

1.4 Fitted

τ The timescale for toxin re-
lease upon starvation

9.3 s Fitted


