
1 
 

Supporting information for  1 

 2 

Collective polarization dynamics in bacterial colonies signify the 3 

occurrence of distinct subpopulations 4 

Marc Hennes, Niklas Bender, Tom Cronenberg, Anton Welker, Berenike Maier 5 

Institute for Biological Physics, and Center for Molecular Medicine Cologne,  6 

University of Cologne, Cologne, Germany 7 

  8 



2 
 

Supporting Figures 9 

 10 

Figure i. Comparison between TMRM and sfGFP fluorescence in colonies. Strain 11 

𝑤𝑡 𝑔𝑟𝑒𝑒𝑛 (NG194) in flow chamber. A) Brightfield images of colonies imaged at the indicated 12 

time points. B) sfGFP fluorescence. C) TMRM fluorescence. Scale bar: 5 µm. 13 
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 15 

Figure ii. Transient depolarization and hyperpolarization events of single cells occur on 16 

the time scale of minutes and are uncorrelated between neighbours. Strain 𝑤𝑡 𝑔𝑟𝑒𝑒𝑛, 17 

NG194, flow chamber. A) sfGFP (top) and TMRM (bottom) signal time lapse during a transient 18 

depolarization event. Δ𝑡 = 1 min. B) Membrane potential (left axis) and normalized sfGFP-19 

signal (right axis) 𝐼𝑠𝑓𝐺𝐹𝑃
∗ = (𝐼𝑠𝑓𝐺𝐹𝑃−< 𝐼𝑠𝑓𝐺𝐹𝑃 >𝑐𝑒𝑙𝑙𝑠) / < 𝐼𝑠𝑓𝐺𝐹𝑃 >𝑐𝑒𝑙𝑙𝑠 for the time lapse of 20 

A).  C) sfGFP (top) and TMRM (bottom) signal time lapse during a transient hyperpolarization 21 

event. Δ𝑡 = 1 min. D) Membrane potential (left axis) and normalized sfGFP-signal (right axis) 22 

for the time lapse of C). (See S1 Data for raw values) Scale bar: 1 𝜇m 23 
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 25 

Figure iii. Further example of angular correlation of the intensity fluctuations within the 26 

colony prior to the transition 27 
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 29 

Figure iv. Relation between the cubed hyperpolarized shell radius 𝒓𝒉𝒚𝒑𝒆𝒓
𝟑  and the colony 30 

radius factor 𝒖 ≡   𝑹𝟐 (𝑹 −
𝟑�̇�

𝝀𝟎
). Strain 𝑤𝑡 𝑔𝑟𝑒𝑒𝑛, NG194, flow chamber. Each point 31 

represents one measurement of both variables (15 colonies evaluated). Red line: fit to power 32 

function 𝑦 =  𝑥𝑏 (𝑏 = 1.006 ± 0.004, 𝑅2 = 0.86). (See S1 Data for raw values) 33 
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 35 

Figure v. The time point of transition to collective behaviour depends on initial colony size 36 

and cellular concentration. Strain 𝑤𝑡 𝑔𝑟𝑒𝑒𝑛, NG194, static culture. The inoculation densities 37 

were OD600 0.0125 (filled circles) and OD600 0.025 (open circles), respectively. (See S1 Data 38 

for raw values) 39 
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 41 

Figure vi. Addition of the K+ selective ionophore homogeneously depletes the membrane 42 

potential. Strain 𝑤𝑡∗ (NG150), static culture. After the shell of hyperpolarized cells had 43 

travelled to the edge of the colony, valinomycin was added. A) Control. DMSO was added at 44 

the indicated time point. Immediately after addition of DMSO, cells depolarized transiently. 45 

Within 5 min, the shell had re-formed and the membrane potential pattern was restored. B) 46 

Valinomycin in DMSO was added to a final concentration of 3 µM. After the initial depletion, 47 

the membrane potential was only partially restored and no hyperpolarization was evident. 48 

Colonies started to disassemble. (See S1 Data for raw values) t = 5 min. Scale bar: 10 µm. 49 
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 51 

Figure vii. Membrane potential dynamics for a retraction-deficient and retraction-52 

reduced strain. Flow chamber. A) Typical time lapse of TMRM fluorescence of the T4P 53 

retraction deficient strain pilT (NG231). Scale bar: 5 𝜇m. B) Angular correlation of the 54 

intensity fluctuations as a function of radial position for strain pilT at time points t=0, 15 min, 55 

45 min (t=0 min: start of colony centre depolarization). Images correspond to timeframes in A) 56 

marked by orange boxes. C) Typical time lapse of TMRM fluorescence of strain pilTWB2 57 

(NG176). Scale bar: 5 𝜇m. D) Angular correlation of the intensity fluctuations as a function of 58 

radial position for strain pilTWB2. Images correspond to timeframes in C) marked by orange 59 

boxes. (See S1 Data for raw values) 60 
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 62 

Figure viii. Dynamics of membrane potential after azithromycin treatment. Strain 𝑤𝑡∗ 63 

(NG150), flow chamber. Colonies were treated for 30 minutes with azithromycin at MICx100, 64 

0.64 𝜇𝑔/𝑚𝑙  (A, B : two different colonies), and exhibit within 1 to 2 hours after treatment a 65 

collective hyperpolarization and shell reversal. Scale bar: 5 µm. 66 
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Supporting Table 68 

 69 

Strain Genotype Source 

𝑤𝑡∗ (NG150) G4::aac [1] 

𝑤𝑡 𝑔𝑟𝑒𝑒𝑛 (NG194) 

 

lctp:PpilE 

sfgfp speR:aspC  

G4::aac 

[2] 

∆𝑝𝑖𝑙𝑇𝑔𝑟𝑒𝑒𝑛 (NG231) 

 

pilT::m-Tn3cm  

lctp:PpilE sfgfp speR:aspC 

G4::aac 

[3] 

𝑝𝑖𝑙𝑇𝑊𝐵2 (NG176) iga::PpilE pilTWB ermC  

G4::aac 
[4] 

 70 

Table i. Strains used in this study 71 
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