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Supplementary Methods  1 

A set of experiments were performed in analogy to our previous work [1]. 2 

 3 

Electron microscopy 4 

Electron microscopy was carried out with the same workflow and set up we used for E. coli and 5 

published before [1]. Samples were prepared with 2.5x108 CFU/ml E. hirae from the mid-6 

logarithmic culture and incubated for 30 min at 37°C in presence of below (0.0001 %), at 7 

(0.0004 %) and above the lethal concentration (0.001 %) of OCT. Experiments were performed 8 

twice and images were taken of at least six cuts of which representative once are shown.  9 

 10 

Zeta potential and vesicle size measurements 11 

Mid-logarithmic E. hirae/B. subtilis cultures were diluted to 1x107 CFU/ml in HEPES buffer 12 

(10 mM HEPES, 140 mM NaCl, pH 7.4) and incubated with OCT from 1x10-9 to 1x10- 3% (5 13 

min, room temperature) before measuring the samples in a Zetasizer NANO (Malvern 14 

Instruments, Germany) according to methods published previously [1,2].  15 

 16 

Flow cytometry 17 

600-1200 µl of the 1x106 CFU/ml cell suspension were incubated for 5 min at room temperature 18 

with 1 µg/ml propidium iodide (PI) in the dark. PI fluorescence was measured with BD LSR 19 

FortessaTM in real-time using the BD FACS Diva Software. Signals from side and forward 20 

scatter were also collected, as they relate to complexity and cell size of bacteria. After 30 sec, 21 

OCT in several dilutions from 0.00005 to 0.001 % was added to the labelled bacterial cells, 22 

mixed and fluorescence of PI was followed for 5-20 min. We used the membrane-active 23 

antimicrobial peptide SAAP-148 [3] as a positive control, which is known to permeabilise 24 
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bacterial membranes. FACS experiments in the presence of OCT were repeated in the absence 25 

of PI. 26 

 27 

Fluorescence microscopy (E. hirae) 28 

Assays for E. hirae were performed as described previously [1,4]. A mid-logarithmic growth-29 

phase culture of E. hirae was diluted in PBS to 2.5x108 CFU/ml. 200 µl of this cell suspension 30 

was incubated with OCT concentrations below (0.0001 %), at (0.0004 %) and above (0.001 %) 31 

the lethal concentration (20 min; 37°C; 300 rpm) before they were stained with 10 µg/ml of the 32 

fluorescent membrane dye Nile Red. The used microscope and set-up was according to 33 

Wolinski et al. [5]. Nile Red was excited at 561 nm and fluorescence emission was detected 34 

between 570-750 nm.  35 

 36 

Vesicle leakage assay 37 

For leakage experiments, large unilamellar vesicles composed of POPE, POPG, POPE/TOCL 38 

(80:10 mol), POPG/TOCL (80:20 mol), POPE/POPG/TMCL (6:2:1 mol) or E. coli polar lipid 39 

extract (PE 67 %, PG 23.2 % and CL 9.8 %) were prepared in 10 mM HEPES buffer pH 7.4 40 

containing 68 mM NaCl, 12.5 mM ANTS and 45 mM DPX. Leakage of the aqueous content of 41 

the 50 µM ANTS/DPX loaded lipid vesicles upon incubation with OCT-to-lipid molar ratios 42 

from 1:25 to 1:1.5 was determined as described previously [1]. Fluorescence emission was 43 

recorded at 37°C as a function of time before and after the addition of OCT. Triton was used as 44 

a positive control for maximum induced leakage of fluorescent dye.  45 

 46 

Differential Scanning Calorimetry (DSC) 47 

Calorimetric measurements were performed using a Microcal VP-DSC high-sensitivity 48 

differential scanning calorimeter (Microcal, USA) or Nano DSC (TA Instruments, Germany) 49 
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as described before [6]. DSC measurements were carried out in presence and absence of OCT 50 

on model membranes composed of major phospholipids (DMPG, TMCL and DMPG/TMCL 51 

mixture (80:20 molar) of the Gram-positive membranes [7]. Total lipid concentration was 1 52 

mg/ml and the used OCT concentration was calculated to correspond to a lipid-to-OCT molar 53 

ratio of 6:1. Preparation of the model membranes was done as described before [6].  54 
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Supplementary Figures 55 

 56 

 57 

Supplementary Figure S1: OCT disturbs membrane organisation and fluidity in B. 58 

subtilis; a larger field of view.  59 

Phase contrast and fluorescent microscopy images of B. subtilis cells co-stained with the 60 

membrane dye Nile Red and the DNA dye DAPI, in the absence and presence of different 61 

concentrations of OCT (5 min). These images show a larger field of view with more cells of 62 

the data show in Figure 7. Strain used: B. subtilis 168 (wild type). 63 
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 64 

Supplementary Figure S2: Weakly Nile Red-stained stained membrane areas are a 65 

manifestation of cell lysis.  66 

Phase contrast and fluorescent microscopy images of B. subtilis cells deficient for cell wall 67 

autolytic enzymes LytC-F, co-stained with the membrane dye Nile Red and the DNA dye DAPI, 68 

and incubated in the absence and presence of different concentrations of OCT (5-30 min). Note 69 

the lack of weakly stained membrane areas observed in lysing wild type cells whilst the brightly 70 

stained foci associated with membrane invaginations are still present. Strain used: B. subtilis 71 

KS19 (ΔlytABCDEF). Due to the lack of cell wall hydrolase activity, these cells exhibit a chainy 72 

cell morphology as they cannot complete septal cleavage. 73 
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 74 

Supplementary Figure S3. OCT affects membrane properties of PE/PG/CL membrane 75 

models as determined by calorimetric measurements. Thermodynamic studies of PE/PG/CL 76 

mixture (grey line) in the presence of indicated OCT concentration (black lines). Heating scans 77 

of PE/ PG/CL model membranes as observed at the indicated molar lipid-to-OCT ratios. Scan 78 

rate was 30°C/h. Data are representative examples of at least two independent experiments 79 
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 80 

Supplementary Figure S4. OCT neutralizes surface charge of the PE membranes. 81 

Measurement of zeta potential of 50 µM PE in absence and presence of 0.5-50 µM OCT. 82 

Samples were incubated for 5 min before analysis. Results were performed in duplicates of 30 83 

independent calculations measured at least two times.  84 
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