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Supplementary Materials
Supplementary Methods: pHluorin calibration
The in vivo calibration of pH sensor was performed as follows1. The mixture of 100 mM MES, HEPES and AMPSO buffers
was adjusted to a set of pH values in the range between 5.5 and 9, and supplemented with one of the three pH collapsing
agents: 40 mM potassium benzoate and 40 mM methylamine hydrochloride (PBMH)2, 25 µM CCCP or 5 mM indole3.
Tunnel-slides were prepared as previously described1, 4: two bits of sticky tape form a tunnel and are sandwiched between
a coverslip and a microscope slide. Buffer of known pH was flushed into a channel, incubated for 15 min, upon which
5 different fields of view containing over 100 cells were imaged with 50 ms exposure time. The calibration curves were
plotted as ratio of emission intensities for excitation at 395 nm and 475 nm against pH, and fitted with the sigmoid function
R395/475 = (a1ek(pH−pH0)+a2)/(ek(pH−pH0)+1), where a1, a2, k and pH0 are free fitting parameters.

In vitro calibration was performed with the purified pHluorin protein diluted into buffer of known pH in the 96-well plate
(Thermo Scientific, Optical bottom). The pHluorin excitation spectra for 510 nm emission was measured in Spark 10M
multimode plate reader (Tecan Trading AG, Switzerland). The His-tagged protein was purified using affinity chromatography
column1. The excitation spectra was scanned from 380 nm to 480 nm with 5 nm step size. Additionally, the autofluorescence of
the buffer with no added protein was measured and subtracted from the measured protein intensity.

Supplementary Videos
SI-Video 1: Time lapse movie of cells growth on the APTES surface, total time 10 hours.
SI-Video 2: Time lapse movie of cells growth on the PLL in-chamber surface, total time 12 hours.
SI-Video 3: Time lapse movie of cells growth on the PLL rinsed surface, total time 12 hours.
SI-Video 4: Time lapse movie of cells growth on the PLL air-dried surface, total time 12 hours.
SI-Video 5: Time lapse movie of cells growth on the PEI surface, total time 12 hours.
SI-Video 6: Time lapse movie of cells growth on the Cell-Tak surface, total time 12 hours.
SI-Video 7: Time lapse movie of cells growth on the Gel pad surface, total time 12 hours.
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Supplementary Tables

Media and Strain tD at 37◦C tD at 25◦C tD at 23◦C Reference
Nutrient Broth, Salmonella typhimurium 25 min 56 min — 5

199 Tissue Culture Medium, Salmonella typhimurium 32 min 68 min — 5

0.2% Glucose Medium, Salmonella typhimurium 50 min 92 min — 5

0.2% Succinate Medium, Salmonella typhimurium 65 min 125 min — 5

0.2% Lactate Medium, Salmonella typhimurium 67 min 120 min — 5

Rich Glucose Media, E. coli B/r NC3 33 min — 100 min 6

Minimal Medium, E. coli B/r NC3 — — 157 min 6

LB, E. coli K-12 MG1655 22 min — — This work
MM9 Medium, E. coli K-12 MG1655 49 min — — This work

LB, E. coli K-12 EK03 26 min — 86 min This work
MM9 Medium, E. coli K-12 EK03 58 min — 210 min This work

Table 1. Population doubling times at different temperatures (tD = ln(2)/λ ). Nutrient Broth (Meat extract +0.2% peptone
+0.16% glucose and Salt solution), 199 Tissue Culture Medium (as in7), 0.2% Glucose Medium (0.2% glucose + Salt Solution),
0.2% Succinate Medium (0.2% succinate + Salt Solution), 0.2% Lactate Medium (0.2% lactate + Salt Solution), Salt Solution
(MgSO4·7H2O – 0.1, citric acid – 1.0, Na2HPO4·2H2O – 5.0, Na(NH4)HPO4·4H2O – 1.74, KCl – 0.74 g/l), Minimal
Medimum (defined MOPS medium8), Rich Glucose Medium (MOPS medium supplemented with 0.4% glucose, amino acids
(minus leucine; 0.12 mM valine and 0.08 mM isoleucine), 0.01 mM of each of the five vitamins (p-aminobenzoic acid,
p-dihydroxybenzoic acid, p-hydroxybenzoic acid, pantothenate (calcium salt), and thiamine) and 0.2 mM of each of four bases
(adenine, guanine, cytosine, and uracil)).
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Supplementary Figures
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SI Figure 1. (A) Growth rate (b) decreases on PLL rinsed and gel pad surfaces during G0 (see Figure 1, top). Dotted horizontal
line at 73 min indicates completion of G0 and beginning of G1, after which the growth rate remains roughly constant. We
attribute the reduction in growth rate during G0 to adaptation to growth at 23◦C after the culture has been grown at 37◦C (see
also Materials and Methods. (B) Cell length distribution over time on the PLL rinsed and a gel pad surfaces changes in line
with growth rate changes in (A). The average length of the cells population decreases from 3.56±0.81 µm to 2.75±0.80 µm
on the PLL rinsed, and from 3.41±0.78 µm to 2.73±0.81 µm on the gel pad. A steady length distribution is reached by G1.
Cells grow on the other tested surface showed similar length distribution over time.
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SI Figure 2. Comparison of (A) the growth rate, (B) initial cell length Lb, (C) length ratio Ldaughter/Lmother and (D) cell
width for G1 and G2 (see Figure 1, top).
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SI Figure 3. Doubling time td = ln(Ld/Lb)/b, where b is the individual cell’s growth rate.
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SI Figure 4. Comparison of (A) the growth rate (b), (B) initial cell length Lb and (C) cell width for cells growing on the gel
pad in MM9 and LB media.
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SI Figure 5. Growth curves of MG1655 (squares) and EK03 (circles) strains grown in LB (red) or MM9 (blue) media in the
flask at 37 ◦C (A) and 23 ◦C (B) from 10−5 starting dilution of the overnight culture. Time scale is renormalised to exclude lag
times from the graph, i.e. renormalised t = 0 is the time of lowest measurable OD value. Inset: log10(OD) is plotted against
time to calculate the growth rates (λ ). Dotted lines show exponential fits for OD values between 0.02 and 0.4. See calculated
growth rates in SI Table 1.
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SI Figure 6. Excitation spectra of purified pHluorin at pH values 5.5 (red), 7.0 (yellow) and 9.0 (green). Emission is collected
at 510 nm.
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SI Figure 7. Comparison of the in vivo and in vitro calibration curves. Coloured lines show in vivo pHluorin calibration
curves with 40 mM PBMH (red), 5 mM indole (yellow) or 25 µM CCCP (green) as ∆pH collapsing agents. Black curve shows
in vitro calibration curve of purified pHluorin in buffer with no supplements. In vivo curve with PMBH aligns best with the in
vitro curve.
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SI Figure 8. Single cell intracellular pH dynamics for two generations of bacteria, first generation is shown in red and the
second in yellow. Cells are grown on the PLL ”in-chamber” coated surface. An exponential, shown in blue, was fitted to the
whole data set to obtain the final value of pH. The single cell intracellular pH on other coated surfaces shows similar decay.
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SI Figure 9. Mean and the standard deviation of the intracellular pH of the cells grown in the gel pad in LB (green) or MM9
(red) media.
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SI Figure 10. Schematic of our flow chambers for bacterial immobilsation experiments. (A) top view of the flow chamber
used for surface attachments, (B) top view of chamber for agarose island experiments, and (C) side view of flow chambers.
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