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SUPPLEMENTARY METHODS

Strain construction and cell culture

Experiments were performed using the non-motile F3 strain of E. coli, obtained from the

Wakamoto lab (University of Tokyo), which is based on the W3110 background with three genes

knocked out – fliC, fimA, and flu – to decrease cell aggregation and adhesion to surfaces

[43, 44]. The strain contained a plasmid expressing GFPmut2 under the control of the rpsL

promoter [45] and conferring kanamycin resistance. The three plasmids (pZA31-lacZ, pZA31-

lacY and pZA31-lacA) were cloned using KpnI/HindIII and all three genes were amplified from

MG1655 using a high-efficiency proofreading polymerase (Phusion, NEB). The plasmids carry a

chloramphenicol resistance gene and use a constitutive expression system based on the Lutz and

Bujard Ptet expression system [46] with ∼ 10 plasmids/cell. A kamanycin resistant strain ex-

presses a functional LacY-Venus fusion protein and has an otherwise intact lac operon (see [47]

for details concerning the strain construction). The Venus fluorophore was chosen because of its

very fast maturation time [48].

Individual colonies were selected and grown overnight in MOPS minimal media. Cells from the

overnight culture containing the necessary selection agent (50 µg/mL of kanamycin or 10µg/mL

of chloramphenicol) were diluted by a factor of 100 in MOPS Minimal Media (Teknova) supple-

mented with 0.4% glucose and grown to an optical density OD∼ 0.5. 4mL of the cell culture was

collected by centriguation and approximately 5µL of the cell solution was then injected into the

main flow channel through the outlet port. Inlet and outlet tubes were then attached to the device

and the device was flushed with fresh media in order to remove the cells from the main flow chan-

nel. Cells were grown under constant environmental conditions for 12h before being subjected to

the first environmental fluctuation.

Time-lapse microscopy

The Micromanager suite [49] was used to control the microscope stage (H117 ProScan, Prior

scientific), the state of the solenoid valves and the camera (Retiga EXi, QImaging). An auto-focus

unit (PerfectFocus, Nikon) maintained a constant focus position over the duration of the experi-

ment. An acrylic enclosure surrounding the stage and a heating unit maintained the temperature

constant at 37◦C throughout the experiment. A high-power LED (Mounted High Power LED,
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nominal wavelength 6500K, Thorlabs) was used as the excitation light and fluorescence image

were recorded under high magnification (Plan Apo VC 100X, NA=1.4, WD=0.13mm, Nikon) us-

ing a CCD camera (RetigaEXi, qImaging). A fluorescence micrograph was recorded every 30

seconds for the lag and fluctuation experiments (2s. exposure time), every 60 seconds for strains

over-expressing lacZ/Y/A (2s. exposure time). We used an image stabilization algorithm [50] to

correct the frame-to-frame positional drift.

Media transitions

During a typical media transition, in-line solenoid valves are first closed for 15s before the

new media is allowed to flow inside the device. This 15s delay ensures that the pressurized media

is dissipated from the device and limits residual and back flow problems. The time required to

fully transition between two environmental conditions is carefully measured using fluorescein as

a tracker molecule. In particular, the fluorescence levels inside the last 10 microns of the growth

chambers is monitored as the flow inside the device is switched between distilled water + 0.02%

fluorescein and distilled water only.

The fluid flow inside the main channel is laminar and is rapidly replaced by the new media, as

shown in supp. video S1. No laminar flow is occurring inside the growth chambers and media

transitions are instead dominated by diffusion. The transition time is thus limited by the time

required for the fluorescein molecules to diffuse into the growth chambers from the main channel.

The measured fluorescence levels at the end of the growth chamber as the media is cycled between

DI water and DI water + 0.02 fluorescein is shown in Fig. S??. Once the DI water is allowed

to flow inside the main channel, the fluorescein levels present inside the growth chamber decays

with a time constant τoff = 2.7 seconds. The transition between DI water only and DI water

+ 0.2% fluorescein exponentially converges with a time constant τon = 1.7 seconds. The small

discrepancy between the τon/τoff constants are due to the geometry of the device, where each

chamber is located along the wall of the main flow chamber and is thus closer to one of the two

“branch” of the T-junction.
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Lag time measurements

To precisely determine the duration of the lag/recovery phases shown in Fig. 2c and Fig. 4e, the

approximate location of the transition between the lag/recovery phase transition and between the

recovery phase and full growth were first identified by hand. Then, a linear regression was applied

to the data belonging to the manually determined recovery phase, excluding the first and last three

points. The lag/recovery and recovery/growth transitions were identified as the time at which the

regression equals the growth rate during the lag phase (usually close to zero) and the average

speed for the first 20 minutes of the growth phase, respectively (Fig. S3). The uncertainties in the

duration of the lag and recovery phases were computed from the standard error of the regression

parameters. Fig. S3 shows the resulting linear regressions obtained for each experiment reported

in Fig. 2c.

LacY-Venus fluorescence levels

A strain expressing a functional LacY-Venus fusion protein was used to monitor the expression

levels of the lac operon. To avoid photobleaching of the Venus fluorophore, an image was recorded

every 10 minutes for Fig. 3e,f and Fig. 5a, and every 3 minutes for Figs. 5b,c. Cell size did not

change during the glucose/lactose transitions and we used the fluorescence intensity recorded over

the entire chamber as a measure of the population’s expression level. The fluorescence intensity

of the 5 chambers within each field of view was averaged and before being plotted. The deviation

between the chambers was less than 3% on average.

Growth rate measurements

The growth rate γ of cell populations shown in Fig. S2 was measured inside the growth cham-

bers using cell tracking software [51] to process fluorescence micrographs and identify single cells

with each chamber. Each cells was tracked over time and division events were identified. At each

time frame, the time since each cell’s last division was recorded (i.e. the cell-cycle age) and the

age data of 5 growth chambers over 200 minutes under constant MMM+0.4% glucose was com-

bined to generate an age distribution histogram (Fig. S2). The fraction of cells at age 0 was used

to measure of the growth rate [44]. Cells growing in the device were found to have a growth rate

γ = 0.0107 min−1. This corresponds to a generation time of 64.8 minutes, slightly longer than the
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generation time in bulk measurements (60 minutes, [52]). The slightly lower growth rate inside

the GCs may be a consequence of the fitness costs associated in GFPmut2 production, synthesis

of KanR proteins, and replication of the pUA66 plasmid in each cell. Since cells do not have

to produce these extraneous proteins, the bulk growth rate γ=0.0115 mins (generation time = 60

minutes) was used in the model.
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