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Supplementary Figure 1.  Cells co-overproducing ZapA from salicylate-inducible 

pKG116 and FLAG-FtsA from IPTG-inducible pDSW210F (shown in Fig. 1) have 

similar excess levels of of ZapA and appropriate increases in FLAG-FtsA levels.  

Identical blots were probed with anti-ZapA and anti-FLAG (lanes 1-6) confirming that 

cellular levels of the 12.6 kDa ZapA protein do not change when FLAG-FtsA (46 kDa) is 

overproduced to suppress the ZapA overproduction phenotype, under conditions shown 

in Fig. 1a.  Without salicylate induction, low levels of ZapA can be detected in lane 5, 

and no ZapA can be detected in the ∆zapA control strain (lane 6).  The original blots 

used to make this figure are shown in Supplementary Fig. 12a. 
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Supplementary Figure 2. Levels of FtsZ from FtsZ bundling mutants are equivalent 

under uninduced and induced conditions.  Cells containing pDSW210F-FtsA and 

pKG110 derivatives encoding the FtsZ proteins listed at the top were grown with 500 µM 

IPTG to induce FtsA and either 0 µM sodium salicylate or 5 µM sodium salicylate as in 

the last column of Fig. 1b.  After normalizing for cell density, total cellular proteins were 

separated by SDS-PAGE, and immunoblotted with anti-FtsZ.  The empty vector (EV) 

lane shows native levels of FtsZ.  The original blot used to make this figure is shown in 

Supplementary Fig. 12b. 
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Supplementary Figure 3.  The effects of excess FtsA on cell length of TB28 (WT), 

∆zapA, or ∆zapA ∆zapC cells.   Cells either producing no extra FtsA (vector) or FtsA at 

uninduced (0 µM IPTG) or moderately induced (50 µM IPTG) levels were assayed for 

immunofluorescence as in Fig. 2, and their lengths were measured with Oufti software 

and compiled in Microsoft Excel. Violin plots were made using the BoxPlotR web tool 

(http://shiny.chemgrid.org/boxplotr/).  White boxes lines show the medians; black 

rectangle limits indicate the 25th and 75th percentiles; whiskers extend 1.5 times the 

interquartile range from the 25th and 75th percentiles. The blue areas extend vertically 

to include all outliers; the widths of the blue areas represent the probability densities.  

The number of cells counted for each condition is shown in parentheses.  Selected 

unpaired two-sample t-tests are shown by the green lines and asterisks, with * denoting 

p <0.0001; ** denoting p<0.001; *** denoting p<0.01.  



 

 

Supplementary Figure 4.  Levels of endogenous FtsZ or FLAG-FtsA from 

pDSW210F plasmids ± IPTG are similar among wild-type (TB28), ∆zapA or ∆zapA 

∆zapC cells.  Cells carrying the plasmid constructs listed at the bottom (EV, empty 

vector; A, FtsA) were grown and induced with 50 µM IPTG as in Fig. 2.  After 

normalizing for cell density, total cell proteins were separated by SDS-PAGE and 

immunoblots were probed with α-FtsZ to detect endogenous FtsZ (40 kDa) or α-FLAG to 

detect FLAG-FtsA (46 kDa).  The original blot used to make this figure is shown in 

Supplementary Fig. 12c. 
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Supplementary Figure 5.  Comparison between aligned but unbundled FtsZ 

protofilaments and strongly bundled FtsZ* protofilaments, assembled on lipid 

monolayers with FtsA*.  (a-b): tomogram showing the 14-15 nm periodicity between 

filaments of FtsZ (5 µM) on top of minirings of FtsA (0.5 µM); (c-d), 0.5 µM FtsA* + 5 µM 

FtsZ* bundle showing the 5 nm periodicity between protofilaments.  Intensity plots of the 

boxed regions shown were analyzed in ImageJ.  Scale bars = 20 nm. 

 



 

  

 

Supplementary Figure 6. Time-lapse assembly of FtsZ polymers on FtsA 

minirings. FtsZ was polymerized with GTP on the pre-assembled FtsA minirings as 

described in Methods. Grids were negatively stained 30 seconds (a) and 5 minutes (b) 

after GTP addition.  Arrows point to one of many FtsA minirings present.  Scale bar, 200 

nm. 

  



 

 

Supplementary Figure 7. Simultaneous addition of FtsA and FtsZ to lipid 

monolayers displays patterns similar to those from sequential addition of FtsA 

and FtsZ. ATP was included in the mixture of FtsA (0.5 µM) + FtsZ (2.5 µM).  FtsZ 

polymerization was triggered by addition of GTP and the mixture was incubated for 20 

minutes before removing the grid. Two representative photos are shown. Scale bar, 200 

nm. 



 

 

Supplementary Figure 8.  Measurements of FtsZ (5 µM) protofilament bundles 

when assembled on lipid monolayers seeded with 0.5 µM FtsA*.  (a-b) TEM showing 

7-8 nm periodicity between filaments in a bundle.  (c-d) Another bundle with mostly 

similar spacing.  Intensity plots of the boxed regions or line shown were analyzed in 

ImageJ.  Scale bars = 20 nm.   

 



 

 
 
 
Supplementary Figure 9.  Behavior of FtsA* and WT FtsZ on lipid monolayers.  A 

membrane distal (a) or proximal (b) pair of tomographic slices of a TEM image of a lipid 

monolayer seeded with 0.5 µM FtsA*, then overlaid with 2.5 µM FtsZ under standard 

assay conditions, showing FtsZ protofilament bundles (arrows in a) or FtsA* oligomeric 

structures (arrows in b).  Scale bar, 100 nm. 

 

 

 

 



 

 

 

Supplementary Figure 10.  FtsA and FtsA* bind lipids equally well.  Shown are the 

results of liposome sedimentation experiments with purified FtsA, FtsA* or the 

membrane binding-defective FtsA∆C15.  Protein pellet (p) and supernatant (s) fractions 

after sedimentation with or without lipids (L) or added ATP were separated by SDS-

PAGE and stained with Coomassie Blue.   The densities of the protein bands from three 

independent experiments were quantitated using ImageJ 1; error bars represent standard 

deviations.  

 



 

 

 

Supplementary Figure 11.  Behavior of FtsZ* and WT FtsA on lipid monolayers.  (a) 

Standard TEM image of a lipid monolayer seeded with 0.5 µM FtsA + 1 µM FtsZ* under 

standard assay conditions, showing FtsA minirings and FtsZ* protofilament pairs.  No 

FtsA minirings associate directly with FtsZ* protofilaments in this or other images under 

these conditions.  Scale bar, 50 nm.  (b) A tomographic slice of a lipid monolayer seeded 

with 0.5 µM FtsA and 2.5 µM FtsZ* under standard assay conditions, showing lack of 

FtsA minirings, although many curved oligomers are visible.  Scale bars, 40 nm. 



 
 

 

 

Supplementary Figure 12.  Original full immunoblots.  Portions of these blots were 

used to make Supplementary Figures 1 (a), 2 (b), and 4 (c), respectively.  Labeling is 

described in the respective figure legends, except that lanes in (a) marked with an 

asterisk correspond to a mutant FtsA were not used for this study.  

 

 

 

Supplementary Figure 12.  Original full immunoblots.  Portions of these blots were 

used to make Supplementary Figures 1 (a), 2 (b), and 4 (c), respectively.  Labeling is 

described in the respective figure legends, except that lanes in (a) marked with an 

asterisk correspond to a mutant FtsA were not used for this study.  

!

"

#

!"#$%&'(!)*'+',-.!/#$010234'(5$$'6"'78)9*

5 6" :;.;<$'6"':;.;<

=>'''''?''''''?@'=ABC''=>'''''?'''''''?@'=ABC''%/D-;

B&D-;

#%D-;

!"#$%!&'#
!&'(

)* )* )* ###

% +,-$

./+,-$

-012 !"#$% !"#$%
!"#$&

-012 !"#$% !"#$%
!"#$&

!"#$%!&'#
!&'(

)* ### )*)*

31456

78456

91456

31456

78456

91456

!"#$%&'!(

!"#$%)*+!
,-........,-........,-........,-.......,-........,-. !"#$% ,-

/......./......../ /......../ /........./ %

% / % /.........% /......... /.........%

0*1*2 3$"45678.
+9(::;<

+9(::;% "#$% "#$% "#$% "#$% "#$% "#$% & "#$%

=>-(.3$"45678.
+?1,@:A<

+?1,@:A%&'!(% 7B+#C 7B+#C '()%*+++++'()% '()%,-( '()%,-( 7B+#C 7B+#C

DD
1#E*$"F

DD
G@H?*

I@H?*
JIH?*

:GH?*

:AH?*

:GH?*

@;H?*
JIH?*
I@H?*



Supplementary Table 1. 

Plasmid Description Source/reference 

pKG110 pACYC184 derivative with nahG promoter 2

pDH156 pKG110-ftsZWT 3

pDH155 pKG110-ftsZ* 3

pWM5082 pKG110-ftsZE93R Daniel Haeusser 

pKG116 pKG110 with stronger ribosome binding site 4

pWM4651 pKG116-zapA This study 

pDSW210F colE1 plasmid with weakened Ptrc promoter and N-
terminal flag epitope 

5

pWM2785 pDSW210F-ftsAWT 5

pWM3169 pDSW210F-ftsAW408E 6

pWM3171 pDSW210F-ftsA∆C15 6

pWM971 ftsZ in pET11a vector 7

pDH160 ftsZ* in pET11a vector 3

pWM1260 his6-ftsA in pET28a vector 8

pWM1609 his6-ftsA* in pET28a vector 8

pWM4908 his6-ftsA∆C15 in pET28a vector This study 
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