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Supplementary Fig. 1. ZipA interacts with PBP1A, PBP1B and PBP3 but not with FtsN (related 

to Fig. 1). The interactions are assayed using purified proteins in a cross-linking/pulldown experiment, 

in which FtsN-His is incubated with either ZipA or sZipA in presence of 0.05% Triton X-100 (a); His-

ZipA is incubated with either PBP1A or PBP1B in presence of 1% Triton X-100 (b, upper gel); and 

His-PBP3 or FtsN-His are incubated with ZipA in the presence of 1% Triton X-100 (b, lower gel). 

Although in 0.05% Triton X-100 FtsN-His retains ZipA (but not sZipA), this interaction does not take 

place when detergent is increased to 1%. The interactions between ZipA and PBP1A and PBP1B are 

detectable under these conditions. In the ZipA - HisPBP3 assay (panel b) the protein eluting with a 

similar size as ZipA is probably a degradation product of His-PBP3, which is also present in panel d 

(bands marked with an asterisk). (c) Cross-linking/pulldown experiment with PBP1A or PBP1B and 

W-ZipA-His (chimera protein in which the transmembrane region of ZipA is replaced by the artificial 

transmembrane peptide WALP23) in the presence of 1% Triton X-100. (d) Cross-linking/pulldown 

experiment with His-PBP3 and W-ZipA in the presence of 0.05% (upper gel) or 1% (bottom gel) Triton 

X-100. The degradation product of His-PBP3 eluted from the Ni-NTA beads, is marked with an asterisk. 

M, molecular weight markers; kDa, kilodalton; App., applied sample; Elut., sample eluted from Ni-

NTA beads. 

  



 
Supplementary Fig. 2. Effect of aztreonam addition on cell growth and division (related to Fig. 

2). Optical density (600 nm) and particle increase were measured at the indicated time-points (plotted 

values corrected for dilutions) from exponential balanced growth cultures of BW25113 (square), 

BW25113ΔmrcA (triangle) and BW25113ΔmrcB (circle) strains in the presence (filled symbol) or 

absence (empty symbol) of 0.3 μg mL-1 of aztreonam. 

  



 
  



 

 

Supplementary Fig. 3. Localization of PBP1A, PBP1B, FtsN, ZipA and FtsZ during cell division 

inhibition by aztreonam (related to Fig. 2). Merged micrographs of phase contrast and 

immunolocalization images of PBP1A, PBP1B, FtsN, ZipA or FtsZ in BW25113 (WT), 

BW25113∆mrcA (∆mrcA) and BW25113∆mrcB (∆mrcB) cells grown in the presence of 0.3 μg mL-1 or 

absence of aztreonam (20 and 40 min). Scale bars represent 5 μm. 

  



 
 

Supplementary Fig. 4. Localization of rings of PBP1A, PBP1B, FtsN, ZipA and FtsZ in WT cells 

grown in the presence of aztreonam (related to Fig. 2). Proteins were detected with purified 

antibodies in BW25113 cells grown in the presence of aztreonam for 40 min (the cells are shown in 

Figures 2 and S3). The distances of fluorescently labelled ring to each of the two cell poles were 

measured using ImageJ 1. Both distances of each ring were normalized to the total length of the filament 

(set as 100%). Histograms show the distribution of rings at 5 percent intervals along the normalized 

length of the filaments. A total of 363 cells containing 663 rings were analysed. 



 

 

Supplementary Fig. 5. Localization of PBP1A, PBP1B, ZipA, FtsA and FtsZ in ZipA-depleted 

cells. Merged micrographs of phase contrast and immunolocalization images of PBP1A, PBP1B, ZipA, 

FtsA or FtsZ in WM1304 cells (ΔzipA / repts zipA) grown at 42°C. An overnight culture grown at 30°C 

was diluted 1:500 in LB media, grown for 1 h at 30°C and further incubated at 42°C for 160 min. Scale 

bars represent 5 μm. 

  



 

Supplementary Fig. 6. GTase activity assays for data shown in Fig. 3. Continuous fluorescence 

assay graphs for GTase activity of PBP1B and PBP1A. Each value is the mean ± s.d. of 3 independent 

experiments.   



 

Supplementary Fig. 7. Stimulation of PBP1A and PBP1B at low concentration and control 

samples (related to Fig. 4). (a) Representative HPLC chromatograms of in vitro PG synthesis reactions 

in the presence of the indicated proteins using radioactive lipid II as substrate. The synthesised PG was 

digested with cellosyl, reduced with sodium borohydride and analysed by HPLC. Peak 1 is generated 

from glycan chain ends and unreacted lipid II, peak 2 is a GTase product and peak 3 is a GTase/TPase 

product (see structures in Figure 4c). (b and c) Control reactions showing that the purified preparations 

of ZipA, FtsN, PBP3 and sFtsN are inactive in in vitro PG synthesis reactions (related to Figure 4). 

  



 

 

 
 

Supplementary Fig. 8. Localization of FtsZ in cells depleted of ZipA and FtsN (related to Fig. 5). 
Merged micrograph of phase contrast and immunolocalization image of FtsZ in MPW29 cells (ftsAE124A 

ΔzipA ΔftsN/ repts zipA ftsN) grown at 42°C. An overnight culture grown at 30°C was diluted 1:500 in 

LB media, grown for 1 h at 30°C and further incubated at 42°C for 160 min. Scale bar represent 5 μm. 

  



 

Supplementary Fig. 9. Uncropped pictures of the Western Blots shown in Fig. 1b. Membrane (left) 

and fluorescence (right) pictures of the western blots performed for in vivo co-immunoprecipitation 

assays. M, molecular weight marker; kDa, kilodalton. 

  



 
 

Supplementary Fig. 10. Uncropped pictures of the gels shown in Fig. 1c, 1d and 1e. M, molecular 

weight markers; kDa, kilodalton; App., applied sample; Elut., sample eluted from Ni-NTA beads. 

 

  



 

 

 

Supplementary Table 1. Quantification of preseptal PG synthesis bands. 

Strain Total cell length 

measured (μm) 

Total No. of preseptal 

PG synthesis bands 

Preseptal PG 

bands per μm 

WM2935 4867.11 453 0.093 

MPW22 5214.47 389 0.075 

MPW23 6072.33 566 0.093 

MPW29 24622.52 438 0.018 

MPW30 12835.57 200 0.016 

  



Supplementary Table 2. Strains and plasmids. 

Strain or plasmid Genotype / properties Source or reference 

Strain   

BL21(DE3) Expression strain Novagen 

BL21(DE3)pLysS 

/pET-15Zip 

Overexpression of His-ZipA 2 

BW25113 Wild type strain 3 

BW25113 ∆mrcA BW25113 mrcA::aph 4 

BW25113 ∆mrcB BW25113 mrcB::aph 4 

LOBSTR Expression strain 5 (Kerafast) 

MPW22 WM2935 zipA::aph / pCH32 This work 

MPW23 WM2935 ftsN::cat / pWM2245 This work 

MPW29 WM2935 zipA::aph ftsN::cat  / pCH32 

pWM2245 

This work 

MPW30 WM2935 zipA::aph ftsN::cat / pCH32 This work 

WM1304 MG1655 lacU169 zipA::aph / pCH32 (W. Margolin collection) 

WM2245 W3110 / pWM2245 6 

WM2355 W3110 argE::Tn10 ftsN::cat / pWM2245 6 

WM2935 W3110 leu::Tn10 ftsA (E124A) 6 

Plasmid   

pCH32 repts, zipA, ftsZ, SpcR 7 

pDML924 pET28a(+) encoding His-PBP1Bγ 8 

pET-15Zip pET15b encoding His-ZipA 2 

pET28-His-

LpoA(sol) 

pET28a(+) encoding His-LpoA∆1-27 9 

pET28-His-

LpoB(sol) 

pET28a(+) encoding His-LpoB∆1-20 9 

pFE42 pHis17 encoding FtsN-His 10 

pHis17-ECN2 pHis17 encoding FtsNΔ1-57-His 10 

pMVR1 pQE30 encoding His-PBP3 11 

pPZW05 pET28a(+) encoding ZipA-His This work 

pPZW06 pET28a(+) encoding ZipA∆1-25-His This work 

pPZW22 pET28a(+) encoding WALP23-ZipA∆1-25-His This work 

pTK1Ahis pET28a(+) encoding His-PBP1A 12 

pWM2245 repts, ftsN, ApR 6 

  



Supplementary Table 3. Quantification of rings. 

 

 

 

 

 

 

 

 

 

  

  

Strain 
Time after 

aztreonam (min) 

% of cells showing rings containing 

PBP1A PBP1B FtsN FtsZ ZipA 

WT 0 77 97 89 98 98 

 20 73 80 87 96 97 

 40 71 75 84 94 95 

ΔmrcA 0 5 92 81 98 98 

 20 6 91 80 93 97 

 40 4 71 77 92 96 

ΔmrcB 0 85 0 85 98 98 

 20 82 1 84 97 97 

 40 73 0 82 96 96 
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