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Supplementary Table 1: Minimal inhibitory concentrations of antimicrobial compounds against B. 
subtilis 168.  

 

compound MIC (µg/ml) 

valinomycin 16 

vancomycin 0.5 

ampicillin 0.5 

daptomycin 1 

MP196 32 

nitrofurantoin 8 

tetracycline 8 

anhydrotetracycline 4 
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Supplementary Table 2: Bacterial strains used in this study. 

 

strain name relevant genotype induction reference 

B. subtilis 168 -  1 

B. subtilis MW18 sepF::spc aprE::kan Pspac-sepF 1 mM IPTG 2 

B. subtilis LB318 
amyE::spc mgfp-minD aprE::cat 
mcherry-minC 

0.1 mM IPTG,  

0.1% xylose 
3 

B. subtilis TNVS205 aprE::cat-Pspac-mcherry-mreB 0.3 mM IPTG this study 

B. subtilis BS23 atpA-gfp Pxyl-′atpA cat 0.1% xylose 4 

B. subtilis PG112 tet-4 - 5 

B. subtilis SG82 lacA::tet - 5 

E. coli MG1655 - - 6 

M. bovis BCG Tice - - 7 

A. laidlawii PG-8A - - 8 
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Supplementary Table 3: Primer sequences. 

 

name sequence 

TerS135 GGGCGTTAGCCCAAGCGCATCA 

TerS337 CATGTCTGTGCAGGCTGCCGGA 

TerS338 CGGCAGCCTGCACAGACATGTT 

TerS397 GGCTCAGGAAGCGGCTCAGGATCCATGTTTGGAATTGGTGCTAGAGACCT 

TerS398 GGATCCTGAGCCGCTTCCTGAGCCTTTGTATAATTCGTCCATTCCACCT 

TerS400 ATGCGCTTGGGCTAACGCCCCCCGATTATCTAGTTTTCCCTTTGA 
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Supplementary Figure 1: Example of a polymerized EPON disc after flat embedding. The samples 
shown are from 150 µl logarithmically growing B. subtilis cultures that were pelleted and 
resuspended in 15 µl LB. The whole 15 µl cell suspension was spread on an agarose patch and 
embedded according to the single agarose layer protocol. The aluminum dish can be removed from 
the EPON disc and an area of interest can be cut out with a hot scalpel and mounted on a 
conventional EPON block for ultrathin sectioning. From these sample volumes, a minimum of 5 
sectioning blocks can be prepared. Nicely aligned cells can typically be found in the middle of the 
sample or close to the dark halo. Within the halo itself, cells were more prone to overlap with each 
other, resulting in less complete longitudinally cut cells in the final sections. However, for low 
concentrated samples, certain mutants, and partially lysing cultures we made the experience that 
the dark halo gives better sections than the center of the spot. Therefore, we typically select an 
area of interest that contains both areas. Disc diameter 7 cm. 
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Supplementary Figure 2: Flat embedding of filamentous cells. Overexpression of the cell division 
protein SepF inhibits cell division by preventing septum formation9. Strain MW18 (B. subtilis 168 
sepF::spc aprE::kan Pspac-sepF) carries an IPTG-inducible copy of the sepF gene in the ectopic 
aprE locus. Induction with 0.5 mM IPTG results in elongated cells9. Scale bar 1 µm. 
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Supplementary Figure 3: Details of flat-embedded cells. (a) B. subtilis, (b) E. coli, (c) A. laidlawii, 
(d) M. bovis grown with 0.05% Tween 80, (e) M. bovis grown without detergent. B. subtilis and M. 
bovis were embedded on agarose and E. coli and A. laidlawii on glass. Scale bars 500 nm. 
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Supplementary Figure 4: Growth of B. subtilis 168 after treatment with different antibiotic 
concentrations. Arrows indicate time points of antibiotic addition. Concentrations used for further 
experiments are underlined. Exemplary growth curves out of three biological replicates are shown. 
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Supplementary Figure 5: Electron micrographs (a) and detail images (b) of B. subtilis 168 cells 
treated with different antibiotics for 30 min. Antibiotic-induced lesions are indicated by arrows. We 
mainly chose antibiotics that target the cell wall and should cause clearly visible cell wall defects. 
Vancomycin binds to the cell wall precursor molecule lipid II and thus inhibits cell wall synthesis. 
Cells treated with this antibiotic show clear cell wall lesions. Ampicillin inhibits transpeptidation of 
peptidoglycan polymers10, causing cell wall thinning and ultimately cell lysis11. Accordingly, 
ampicillin-treated cells displayed partly disintegrated cell walls. Daptomycin was recently shown to 
hamper cell wall synthesis by targeting membrane microdomains that harbor the cell wall synthetic 
machinery, causing them to accumulate into lipid II-enriched foci12,13. In line, daptomycin-treated 
cells showed aberrant local cell wall thickening. The antimicrobial peptide MP196 caused 
intracellular cell wall structures and membrane vesicles, reflecting its dual mechanism of targeting 
membrane function and cell wall synthesis14. Nitrofurantoin is thought to kill cells by an unspecific 
mechanism involving oxidative damage15. Cells treated with this antibiotic lacked a nucleoid and 
showed membrane aberrations, which is consistent with oxidative damage to these cellular 
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structures. Tetracycline inhibits the bacterial ribosome16. Surprisingly, we consistently observed 
membrane lesions in tetracycline-treated cells. Anhydrotetracycline, an analogue of tetracycline, 
which is thought to rather target the cell membrane than the ribosome17, caused similar lesions. 
Scale bars 1 µm (A) and 250 µm (B). 
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Supplementary Figure 6: Examples of vancomycin (a), nitrofurantoin (b), and tetracycline-
induced cell damage (c). Scale bar 1 µm. Arrows indicate membrane lesions (a, c) or nucleoids (b). 
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Supplementary Figure 7: Effects of 5 min treatment with nitrofurantoin on the nucleoid of B. 
subtills 168. Scale bar 2 µm. 
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Supplementary Figure 8: Localization of tetracycline and anhydrotetracycline in B. subtilis 168. 
Green autofluorescence of the tetracyclines allows label-free localization of these antibiotics in 
living cells. Arrows indicate some sites of compound accumulations in the cell membrane. Scale 
bar 2 µm.  
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Supplementary Figure 9: Localization of AtpA-GFP in B. subtilis BS 23. AtpA is a subunit of ATP 
synthase. It is a regularly distributed membrane protein that is insensitive to disturbance of most 
membrane parameters but it does show an increased fluorescence signal when a double 
membrane is present due to invaginations18,19. Scale bar 2 µm. 
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Supplementary Figure 10: Exemplary lesions observed in B. subtilis 168 cells caused by 
anhydrotetracycline. Scale bar 500 nm. 
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Supplementary Figure 11: DiSC(3)5 staining of untreated B. subtilis 168 cells (negative control) 
and cells treated with gramicidin (1 µg/ml, positive control). A fluorescence signal indicates the 
presence of a membrane potential (negative control: untreated cells). Depolarization leads to 
release of the dye from the cells and a diminished fluorescence signal in the cells (positive control: 
gramicidin). All fluorescence pictures in Supplementary Figure 11-13 have been recorded with the 
same exposure time and were adjusted with the same brightness and contrast settings. Average 
cell fluorescence was quantified from three different data sets using the ImageJ analyze particles 
function. Scale bar 10 µm. 
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Supplementary Figure 12: DiSC(3)5 staining of B. subtilis 168 cells treated with tetracycline (2 
µg/ml). Note the heterogeneity in the DiSC(3)5 staining. A fluorescence signal indicates the 
presence of a membrane potential. Depolarization leads to release of the dye from the cells and a 
diminished fluorescence signal in the cells. All fluorescence pictures in Supplementary Figure 11-
13 have been recorded with the same exposure time and were adjusted with the same brightness 
and contrast settings. Average cell fluorescence was quantified from three different data sets using 
the ImageJ analyze particles function. Scale bar 10 µm. 
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Supplementary Figure 13: DiSC(3)5 staining of B. subtilis 168 cells treated with 
anhydrotetracycline (2 µg/ml). A fluorescence signal indicates the presence of a membrane 
potential. Depolarization leads to release of the dye from the cells and a diminished fluorescence 
signal in the cells. All fluorescence pictures in Supplementary Figure 11-13 have been recorded 
with the same exposure time and were adjusted with the same brightness and contrast settings. 
Average cell fluorescence was quantified from three different data sets using the ImageJ analyze 
particles function. Scale bar 10 µm. 
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Supplementary Figure 14: Inhibition of translation does not cause membrane aberrations. 
Logarithmically growing B. subtilis 168 cultures were treated with 15 µg/ml chloramphenicol or 3 
µg/ml kanamycin for 20 min, stained with Nile red, and examined by SIM microscopy. Scale bar 2 
µm. 
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Supplementary Figure 15: Inhibition of translation does not cause delocalization of the membrane 
potential-dependent membrane proteins MinD and MinC. B. subtilis LB318, expressing GFP-MinD 
and mCherry-MinC, was treated with 20 µg/ml chloramphenicol, 10 µg/ml kanamycin, or 1 µg/ml 
gramicidin for 20 min prior to microscopy. Note that LB318 carries both a chloramphenicol and 
kanamycin resistance cassette. Therefore, twice the concentrations used for antibiotic selection 
were chosen for microscopy. Scale bar 2 µm. 
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Supplementary Figure 16: Inhibition of translation does not cause delocalization of MreB. B. 
subtilis TNVS205, expressing mCherry-MreB, was treated with 20 µg/ml chloramphenicol, 3 µg/ml 
kanamycin, or 1 µg/ml gramicidin for 20 min prior to microscopy. Note that TNVS205 carries a 
chloramphenicol resistance cassette. Therefore, twice the concentration used for antibiotic 
selection was chosen for microscopy. Scale bar 2 µm.  
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Supplementary Figure 17: Inhibition of translation does not diminish fluid membrane domains. B. 
subtilis 168 was treated with 15 µg/ml chloramphenicol or 3 µg/ml kanamycin 30 min prior to 
microscopy. Small effects are expected since RIFs depend on the growth phase20 and a reduced 
growth rate caused by antibiotic treatment is likely to have secondary effects on RIFs. In line, RIFs 
were less clear after 30 min treatment with chloramphenicol and kanamycin compared to the 
untreated control. However, clustering or diminishing of RIFs was not observed. Scale bar 2 µm. 

  



 

 

24 

 

 

 

Supplementary Figure 18: Effects of different tetracycline concentrations on B. subtilis 168 and 
PG112. The tet-4 mutant strain PG112 shows the exact same phenotype as the 168 wild type at 
all concentrations, further corroborating the notion that the membrane activity of tetracycline is 
independent of ribosome inhibition. Scale bar 2 µm.  
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Supplementary Figure 19: Effect of anhydrotetracycline on tetracycline-resistant B. subtilis 
strains. Anhydrotetracycline is insensitive to both tet-4 and tetL resistance mechanisms (MIC 1 
µg/ml for both PG112 and SG82). Scale bar 2 µm. 
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Supplementary Figure 20: DiSC(3)5 control experiments. (a) Inhibition of translation does not 
cause membrane depolarization. (b) Antibiotics do not affect DiSC(3)5 fluorescence in solution. 
DiSC(3)5 is self-quenching when accumulated in the cell membrane leading to low fluorescence in 
the presence of cells. In solution, fluorescence is not quenched leading to higher signal intensities. 
Addition of antibiotics to the dye in solution does not significantly affect its fluorescence intensity 
suggesting that the compounds do not interact.  
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