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Chapter 2 
 

Timing of ZapA localization to midcell and 
dependency of its localization on other divisomal 

proteins 
 

Ginette Ploeger, Mirjam Aarsman, Jolanda Verheul and Tanneke den Blaauwen 

 

Abstract 
Immunolabelling and fluorescence microscopy analysis showed that ZapA 

localized at midcell during division in Escherichia coli. ZapA localization was 
studied using the FtsZ depletion strain VIP205 and the FtsQ(ts) strain LMC531. 
ZapA was found to require FtsZ but not FtsQ for its localization. This was further 
confirmed by establishing the timing of ZapA localization, which showed that ZapA 
always localizes right after FtsZ. The data suggest that ZapA belongs to the group of 
early localizing division proteins. 
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Introduction 
Cell division in Escherichia coli is accomplished by a protein complex 

(divisome). The divisome is present at the site of division where two new cell poles 
are synthesized and is comprised of at least 14 proteins. Until recently it was 
believed that the divisomal proteins localize in a specific and interdependent order 
as follows: FtsZ, ZipA/FtsA/ZapA, FtsE/X, FtsK, FtsQ, FtsL/YgbQ (FtsB), FtsW, 
FtsI, FtsN and AmiC (Errington et al., 2003). In this hierarchy, FtsL and FtsB are 
codependent and can only localize in a trimeric complex with FtsQ (Buddelmeijer et 
al., 2002). However, increasing evidence shows that the order of localization may 
not be strictly sequential. It has been shown that FtsA and FtsK can be bypassed for 
the localization of downstream proteins when FtsQ was fused to ZapA (Goehring et 
al., 2005). Not only could the downstream proteins localize, but the ZapA-FtsQ 
fusion was able to back-recruit FtsK. In a similar experimental approach, it was 
shown that ZapA fusions to FtsL, FtsB, FtsW and FtsI were able to recruit 
downstream proteins, except for FtsN, and that back-recruitment also readily 
occurred (Goehring et al., 2006). In other studies, it was shown that FtsA is able to 
recruit FtsI and FtsN independently of the Z-ring (Corbin et al., 2004) and that FtsK 
is not directly involved in the recruitment of FtsI and FtsN (Geissler and Margolin, 
2005). In addition, FtsN seems not to be dependent on FtsI and FtsQ for its 
localization (T. den Blaauwen, personal communication). 

In a study on the timeframe in which the divisomal proteins localize, it was 
found that the maturation of the divisome occurs in two steps (Aarsman et al., 
2005). The first step comprises the localization of FtsZ through ZipA. After a delay 
of approximately 17 minutes, depending on the growth conditions, the second step 
proteins, consisting of FtsK (Wang et al., 2005) through FtsN, localize. FtsE/X 
could be co-immunoprecipitated with FtsZ in the absence of FtsA or ZipA (Corbin 
et al., 2007), which makes it likely that the proteins belong to the first step proteins. 

Even though a GFP-ZapA fusion has been grouped with ZipA and FtsA in 
the order of localization in Bacillus subtilis (Gueiros-Filho and Losick, 2002), it has 
not yet been established whether this is the case for E. coli ZapA. It has been shown 
that YFP-ZapA is dependent on FtsZ in E. coli (Goehring et al., 2005; Gueiros-Filho 
and Losick, 2002) and not on FtsA (Goehring et al., 2005). However, it is not known 
whether endogenous ZapA behaves similar to the FP-ZapA fusions and whether the 
presence of other cell division proteins is required for the localization of ZapA. In 
this chapter the dependence of ZapA localization on other divisomal proteins as well 
as the timing of its localization are investigated.      
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Materials and Methods 
Materials 

All materials used were of the highest grade available. Ni Sepharose High 
Performance medium was purchased from GE Healthcare (Uppsala, Sweden). 
Pefabloc SC plus and Complete Protease Inhibitor Cocktail were obtained from 
Roche (Indianapolis, IN, USA).  

Plasmid pEP001 (described in Chapter 3) was used as a template to PCR 
amplify the zapA gene with the sense primer ZapANcoIFw and the antisense primer 
ZapASalIRv (Table 2-1). The PCR fragment was digested with NcoI and SalI and 
ligated into vector pET302 cleaved with the same enzymes, resulting into plasmid 
pPG016, which encoded a C-terminal 6-histidine tag fused to the zapA gene. See 
also Table 2-2. 

 
Table 2-1. Primer names and sequences. Restriction site sequences are shown in bold. 

Primer name Direction Sequence 5’  3’ 

ZapANcoIFw sense CATGCCATGG GGTCTGCACA ACCCGTCGAT ATCC 

ZapASalIRv antisense 
ACGCGTCGAC CATCATTCAA AGTTTTGGTT 
AGTTTTTTC 

ZapAP1Fw sense 
ACCATGGGTC TAAAGACGAA GGCAGCGCAG 
TCAATCAGCA GGAAGGTGGC GTGTAGGCTG 
GAGCTGCTTC 

pKD3P2ZapARv antisense 
GTCTTCACGG TTACTCTACC ACAGTAAACC 
GAAAAGTGCA 

ZapASeqFw sense TAGCTATAGT GTCGCCCCTT CGCAG 

ZapASeqRv antisense GGGACTGGCC CGCTTGCGAA CATCT 

 

Bacterial strains and growth conditions 

Escherichia coli cells were grown at 28 °C, 37 °C or 42 °C in rich medium 
(TY), glucose minimal medium (GB1) or alanine/proline medium (AP) as described 
before (Aarsman et al., 2005). For timing experiments with cells grown in TY, the 
cells were grown in a fashion similar to that of GB1 cells, in that the cultures were 
diluted in pre-warmed medium before OD600 = 0.3 and grown for approximately 24 
hours. The strains and plasmids used are described in Table 2-2. 

BW25113 zapA::cam was created using the one-step gene inactivation 
method (Datsenko and Wanner, 2000) using primers ZapAP1Fw and 
pKD3P2ZapARv as described (Johnson et al., 2004). Positive colonies were 
detected by selection on chloramphenicol plates and further tested by PCR, using 
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Table 2-2. Bacterial strains and plasmids. 

Strain or plasmid Genotype and/or features Source 

E. coli strain   
LMC500 (MC4100 lysA) F-, araD139, ∆(argF-lac)U169, 

deoC1, flbB5301, ptsF25, rbsR, 
relA1, rpsL 150, lysA1 

(Taschner et al., 1988) 

LMC3143 LMC500 zapA::camR This work 
VIP205 AraD139, ∆(ara-leu)7679, 

∆(lac)X74, galU, galK, rpsL, 
ftsA::kan-Tv-LacIq-ptac-ftsZ 

(Garrido et al., 1993) 

LMC531 LMC500 ftsQ1(Ts) (Taschner et al., 1988) 
SF100 Protease deficient strain. F-, 

∆(lac)X74, galE, thiA, rspL (str), 
∆phoA(pouII), ∆ompT 

(Baneyx and Georgiou, 
1990) 

Plasmids   
pEP001 pTHV038 digested with 

EcoRI/HindIII ligated with 
EcoRI/HindIII zapA PCR-
fragment. Expresses GFPmut2-
ZapA 

This work 

pET302 Trc promoter, (H)6D3KA 
preceding an NcoI cloning site 
for in frame fusing to the His 
tag, AmpR 

(van der Does et al., 1998) 

pGP016 pET302 digested with NcoI/SalI 
ligated with NcoI/SalI zapA 
PCR-fragment. Expresses 
H6D3KA-ZapA. 

This work 

pTHV038 pTRC99A with a weakened trc 
promoter, gfpmut2, AmpR 

(den Blaauwen et al., 
2003) 

 
 
ZapASeqFw as the downstream primer and ZapASeqRv as the upstream primer.  
Two positive colonies were selected for transduction of the zapA deletion to
LMC500 using a P1 phage. Resulting colonies were tested for chloramphenicol 
resistance as well as for correct insertions of the DNA fragment as described above. 
The PCR fragments of two positive colonies were further analysed by sequencing 
with primers ZapASeqFw and ZapASeqRv. 

For strains transformed with plasmid pGP016 (His6-ZapA), the medium was 
supplemented with 100 μg/ml ampicillin. VIP205 was grown in medium containing 
50 μg/ml kanamycin and LMC3143 was only grown in medium supplemented with 
25 μg/ml chloramphenicol when inoculated from agar plate in liquid culture 
medium. All subsequent growth of this strain was in medium without antibiotic. 
Growth was monitored by the measurement of the optical density of a culture at 
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either 450 nm (minimal medium) or 600 nm (rich medium). A longer wavelength is 
used to measure the OD in fast growing cultures to compensate for the larger 
amount of light scattering caused by the larger size of the cells. In order to validate 
steady state of growth, cell numbers were determined with an electronic particle 
counter (orifice 30 µm). 

 

Purification and concentration of ZapA 

SF100 cells transformed with pGP016 were grown at 37 °C in TY and at an 
OD600 of 0.6 overexpression of the recombinant protein was induced by addition of 
300 μM isopropyl β-D-thiogalactopyranoside (IPTG). The cultures were then grown 
for another two hours after which the cells were harvested by centrifugation. The 
cell pellet was resuspended in two volumes of ice-cold binding buffer (20 mM
phosphate pH 7.4, 150 mM NaCl, 30 mM imidazole) to which DNAse I (20 μg/ml), 
dithiothreitol (1 mM) and protease inhibitors (0.4 mM Pefabloc SC plus and 
Complete Protease Inhibitor Cocktail (Roche, Switzerland)) were added. This 
suspension was passed twice through a French press at 10 000 psi, after which 
unbroken cells were removed by centrifugation (5 min, 12,000 x g, 4 °C, SS34 rotor, 
Sorvall). After ultracentrifugation at 144,000 x g for 45 min at 4 °C (Sorvall 
Discovery 100 centrifuge equipped with a Beckman Coulter 60 Ti rotor), glycerol 
was added to the supernatant to a final concentration of 10%. His6-ZapA was then 
purified in batch by incubating 5 ml Ni2+-NTA beads (Amersham, Germany) with 
the supernatant for 1h at 4 °C under rotation. After washing 4 times with 10 ml of 
binding buffer, His6-ZapA was eluted in 5 times 5 ml elution buffer (20 mM 
phosphate pH 7.4, 150 mM NaCl, 500 mM imidazole, 20% glycerol). The eluted 
fractions were pooled and the protein concentration was determined using a protein 
determination kit (micro BCA kit, Pierce) according to the manufacturer’s protocol. 
Amino acid quantification (Eurosequence, Netherlands) was performed on samples 
of which the protein concentration was also determined using a micro BCA kit to 
allow for calculation of a correction factor. Based on the amino acid quantification 
and the amino acid composition of His6-ZapA, the protein concentration can be 
calculated. The amount of impurity in the sample was determined by subtracting the 
His6-ZapA amino acids from the total amino acid quantification. Subtraction of the 
percentage of impurity from the total amino acids results in the purity of His6-ZapA.  

 

Production and specificity of antibodies against ZapA 

His6-ZapA was purified as described above. Antisera against His6-ZapA were 
generated using 1:1 with montenide-diluted 0.1 mg/ml protein solution, which was 
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injected into rabbits (Agrisera, Sweden). The antiserum obtained was tested for 
aspecific binding on immunoblot containing a total extract of E. coli (5 μl of a 
culture at OD600 = 1.0) after SDS-PAGE. 

 

Immunolocalization experiments 

Immunolocalization of ZapA and FtsZ in various E. coli strains was 
performed as described previously (den Blaauwen et al., 2001). Fixed and 
permeabilized cells were incubated for 1 hour at 37 °C with western blot affinity 
purified polyclonal antibodies (pAb) directed against ZapA, monoclonal antibodies 
or polyclonal antibodies directed against FtsZ, diluted in 0.5% (w/v) blocking 
reagents (Boehringer Mannheim GmbH, Germany) in PBS (blocking buffer). 
Donkey anti-rabbit conjugated to CY3 (Jackson Immunochemistry, USA) diluted in 
blocking buffer was used as a secondary antibody and incubated for 30 minutes at 
37 °C. 

 

Microscopy and image analysis 

For immunolocalization, cells were immobilized on 1% agarose in water 
slabs coated object glasses as described (Koppelman et al., 2004) and photographed 
with a Coolsnap 10 fx (Photometrics) CCD camera mounted on an Olympus BX-60 
fluorescence microscope through a 100x/N.A. 1.35 oil objective. Images were taken 
using the public domain program ‘Object-Image 2.18’ by Norbert Vischer 
(University of Amsterdam, http://simon.bio.uva.nl/object-image.html), which is 
based on NIH image by Wayne Rasband as described in (den Blaauwen et al., 
2003). The average cell age at which divisomal proteins arrive at the division site 
was determined as described before (Aarsman et al., 2005, see also Chapter 1 of this 
thesis). All experiments were performed at least twice. 

 

Results 
Purification and concentration of ZapA 

In order to study the effect of ZapA on FtsZ in vitro as well as to raise 
antibodies against ZapA for ex vivo experiments, His6-ZapA (referred to as ZapA 
further on in this chapter) was isolated by overexpressing the protein from plasmid 
pGP016 in strain SF100. Expression of the protein was induced by addition of 300 
µM IPTG for 2 hours, followed by purification of the protein on Ni2+-NTA beads 
from a cell lysate produced from the culture as described in the Materials and 
Methods section. Using a BCA protein determination, the concentration of ZapA in 
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the eluate was found to be 4.7 mg/ml. To establish whether the protein concentration 
was accurate and to determine the degree of purity of ZapA, amino acid 
quantification was performed. The protein concentration was found to be 5.1 mg/ml  
and ZapA was found to be 95.3% pure. A correction factor of 1.085 was used for all 
later micro BCA protein determinations of ZapA.  

Denatured ZapA samples were subjected to mass spectrometry to check the 
molecular weight of the protein which was found to be 14273.71 ± 2.68 Da which is 
close to the calculated mass of 14264.15 Da (data not shown). However, when 
native protein was analyzed, an unidentified mass of 50.61 ± 4.30 Da was found to 
be attached to ZapA (data not shown). This mass corresponds to that of a phosphate 
group (~47 Da), but whether ZapA is phosphorylated or not would require further 
study. 

 

Antibody production and specificity 

Antibodies against ZapA were produced in rabbits by Agrisera (Sweden). To 
ensure the rabbits used had not already developed antibodies against E. coli proteins, 
their sera were tested on cell lysates from the wild type strain LMC500. Two rabbits 
whose sera showed the least affinity for E. coli cell lysates were chosen for antibody 
production (Figure 2-1). The antibodies produced against ZapA were tested for 
specificity on cell lysates from LMC500 and the ΔzapA deletion strain LMC3143. 
As can be seen in Figure 2-1, the antibodies from both rabbits detect ZapA (lanes 6 
and 12 on the LMC500 blot). However, comparison of the LMC500 and LMC3143 
immunoblots shows that the background produced by the sera is quite high (e.g. 
lanes 12). Therefore, the antibodies were affinity-purified to eliminate the 
background signal as indicated by the absence of additional protein bands in lane 2 
in Figure 2-2. 

To test whether the antibodies were able to recognize ZapA present at the Z-
ring, LMC500 and LMC3143 cells were grown in GB1 at 28 °C to steady state. 
Cells were harvested at an OD450 of 0.2, fixed and labelled with the immuno-purified 
ZapA serum as the primary antibody and with Donkey anti-rabbit conjugated to 
CY3 to visualize the primary antibodies. Figure 2-3 shows that ZapA is visible as 
rings at the midcell in LMC500 cells whereas these rings are absent in the ΔzapA 
deletion strain. 

 

Dependence of ZapA localization on other divisomal proteins 

YFP-ZapA did not localize at the restricted temperature in an ftsZ84(Ts) 
strain (Goehring et al., 2005) and a GFP fusion of the B. subtilis ZapA appeared to
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Figure 2-1. Rabbit pre-immune sera and antisera on immunoblot. Cell lysates of LMC500 and 
the ∆zapA deletion strain LMC3143 were run on SDS-PAGE and transferred to nitrocellulose. 
Samples 1-3 and 7-8 show the signal of the pre-immune sera at decreasing dilutions of 1:1000, 
1:500 and 1:100 respectively. The signals of the antisera are shown in samples 4-6 and 10-12 
at dilutions of 1:10,000, 1:5000 and 1:1000 respectively. 

 
 
 
 

 
 
 
 
 

Figure 2-2. Antibodies against ZapA are specific after affinity 
purification with isolated ZapA. The blot shows the affinity 
purified IgG at a 1:1000 dilution. Lanes: 1 LMC500 wild type cell 
extract and 2 the ZapA deletion strain LMC3143 (both 2.7 OD600 

units) and 3 contains 1.3 g pure ZapA. The small band below 
the intense ZapA band seems to be a breakdown product of 
ZapA as it is absent in the ZapA deletion strain. 
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Figure 2-3. ZapA antibodies visualize ZapA localization specifically. Cells were grown in TY at 
28 °C, harvested, fixed and stained with antibodies against ZapA. A and C show the phase 
contrast images of strains LMC500 and LMC3143 respectively. B and D show the 
corresponding fluorescence images. In LMC500 ZapA localizes as rings (arrowheads), whereas 
in LMC3143 such labelling is not visible. Strains were identically imaged. Scalebar equals 1 μm. 

 
be dependent on FtsZ for its midcell localization (Gueiros-Filho and Losick, 2002). 
However, the localization and dependency on divisomal proteins of endogenous 
ZapA has so far not been studied. For this purpose, an FtsZ depletion strain VIP205, 
that contains an IPTG inducible chromosomal ftsZ gene (Garrido et al., 1993), was 
used.  

VIP205 was grown in rich medium (TY) supplemented with 30 µM IPTG (to 
ensure a near wild type expression level of FtsZ in the cells) to an OD450 of 0.3 at 37 
°C. Subsequently, the culture was diluted 20 times in medium with and without 
IPTG and growth was continued for 2 mass doublings (MDs), after which the cells 
were harvested and fixed for immunolabelling with antibodies against FtsZ (Figure 
2-4). VIP205 cells grown in the presence of IPTG (not shown) had a normal cell 
length of 3.96 ± 0.92 and 0.21 FtsZ rings/µm cell length (n = 408). After growth in 
the absence of IPTG, VIP205 had become filamentous and under these conditions 
the number of Z-rings was reduced to 0.02 rings/µm cell length (n = 498) (Figure 2-
4A and B). When the cells of the same batch were labelled with pAb against ZapA, 
the frequency of ZapA midcell localization followed that of FtsZ. In the IPTG 
induced and uninduced cells 0.17 ZapA rings/µm cell length (n = 406) and 0.06 
ZapA rings/µm cell length (n = 191) were found, respectively (Figure 2-4C and D). 
It can be concluded that ZapA is directly or indirectly dependent on FtsZ for its 
midcell localization. 

FtsQ is one of the first of the second step proteins that localizes at midcell 
(Aarsman et al., 2005). Therefore FtsQ was used to investigate whether ZapA
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Figure 2-4. ZapA localization is dependent on FtsZ localization. VIP205 cells grown in the 
absence of IPTG. Phase contrast images (A and C) and fluorescence images (B and D) are 
shown. Cells were grown without IPTG for two mass doublings, harvested, fixed and stained 
with antibodies against FtsZ (A and B) or ZapA (C and D). In the absence of IPTG, the cells 
filament and the number of FtsZ and ZapA rings per μm decrease strongly. Scale bar equals 1 
μm. 

 
 

Figure 2-5. ZapA can localize in 
the absence of FtsQ 
localization. LMC531 cells were 
grown in GB1 at 28 °C (A, 
average cell length 4.3 ± 1.6 
μm, n = 420) and for two 
generations at 42 °C (B, 
average cell length 13.8 ± 4.4 
μm, n = 100), fixed and stained 
with antibodies against ZapA. At 
42 °C, FtsQ can no longer 
localize at midcell, but ZapA can 
(B). On the left are phase 
contrast images and on the right 
the corresponding fluorescence 
images can be seen. Scale bar 
equals 1 μm. 
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localization is dependent on the proteins that localize during the second step of 
divisome maturation. LMC531 expresses an endogenous FtsQ mutant in which 
glutamic acid (E) 125 is replaced by a lysine (K) (Storts and Markovitz, 1991). The 
FtsQE125K mutant is not able to localize at the site of division at the restrictive 
temperature of 42 °C, causing the cells to filament (Aarsman et al., 2005). LMC531 
cells were grown to steady state in GB1 at 28 °C. At an OD450 of 0.2 the culture was 
diluted 4 times in pre-warmed medium and after further growth at 42 °C for two 
MDs the cells were harvested and fixed for immunolabelling. If ZapA is dependent 
on FtsQ, the number of ZapA bands at potential division sites (e.g. at ¼, ½ or ¾ of 
the cell length) should be significantly lower in cells grown at the non-permissive 
temperature compared to cells grown under permissive conditions. As can be seen in 
Figure 2-5, all cells showed ZapA bands at both 28 °C and 42 °C. At the restrictive 
temperature, 0.17 ZapA bands/µm cell length were observed, which was slightly 
lower than the number of ZapA bands found at the permissive temperature (Figure 
2-5).  

YFP-ZapA was reported to be able to localize to the Z-ring at the restrictive 
temperature in a ftsA12(Ts) strain (Goehring et al., 2005). In this strain, FtsA is not 
able to localize at 42 °C (Addinall and Lutkenhaus, 1996). The ability of 
endogenous ZapA to interact with the Z-ring in the absence of FtsA as well as in the 
absence of FtsQ, strongly suggests that ZapA belongs to the group of first step 
division proteins. 

 

Timing of ZapA localization 

As the localization of ZapA seemed to depend on the presence of FtsZ and 
not on second step cell division proteins such as FtsQ, the question was raised 
whether ZapA would localize simultaneously with FtsZ as reported for FtsA and 
ZipA (den Blaauwen et al., 1999; Rueda et al., 2003). Therefore, the average cell 
age at which FtsZ and ZapA localized at midcell was determined. For this purpose 
the wild type strain LMC500 was grown to steady state. At steady state, the ratio 
between total cell mass and total cell number remains constant over time. As a 
consequence, the cells in the culture will have a constant age distribution and the 
relative frequency of cells in a certain age class will also remain constant, despite the 
fact that the absolute cell number in the population increases (Fishov et al., 1995). 
This enables the calculation of the timing of events during the cell cycle as described 
before (Aarsman et al., 2005, see also chapter 1; den Blaauwen et al., 1999). 

To vary the generation time, LMC500 cells were grown to steady state in 
minimal glucose medium (GB1), alanine/proline (AP) medium or rich medium (TY) 
at 28 °C and/or 37 °C. Cells were harvested, fixed and one part was labelled with 
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antibodies directed against ZapA and another part was labelled with antibodies 
raised against FtsZ. To visualize the primary antibodies, secondary antibodies 
conjugated to fluorophores as described in the Materials and Methods were used. 
The immunolabelling procedure has previously been shown to have no effect on the 
length distribution of the cells in the culture (den Blaauwen et al., 1999). 
Fluorescence images of the cells were analyzed to determine the position of the 
fluorescence signal and the number of cells with ZapA or FtsZ midcell localization. 
Phase contrast images were used to measure the length and diameter of the cells and 
to quantify the number of cells with a constriction. The timing experiments indicated 
a trend in the timing of the localization of ZapA in that under all growth conditions 
ZapA localized a fraction of the cell cycle time after FtsZ localized at midcell (Table 
2-3).  

 
Table 2-3. ZapA arrives right after FtsZ at the site of division. Timing of FtsZ and ZapA arrival at 
midcell and morphological parameters of E. coli LMC500 under different growth conditions. 

Medium  T TD Length (SD) Diameter (SD) C
a
 (%) M

b
 (%) A

c
 n

d
 

AP 28 140 2.8 (0.6) 0.9 (0.04) 14 39.2 ZapA 
42.6 FtsZ 

49 
46 

441 
484 

GB1 28 83 2.7 (0.5) 1.0 (0.04) 19 45.2 ZapA 
56.7 FtsZ 

35 
32 

521 
496 

GB1 37 53 2.7 (0.5) 1.0 (0.05) 27 75.2 ZapA 
79.2 FtsZ 

17 
14 

451 
457 

TY
e
 28 40 3.5 (0.7) 1.2 (0.05) 27 74.3 ZapA 

83.7 FtsZ 
17 
11 

452 
496 

TY
e
 37 22 3.6 (0.8) 1.5 (0.09) 20 58.2 ZapA 

59.8 FtsZ 
34 
32 

423 
420 

T, temperature in °C. 
TD, mass doubling time in minutes. 
Length and diameter are given in μm. 
a
 C is percentage of cells that have a constriction. 

b
 M is percentage of cells with midcell localization of FtsZ or ZapA. 

c
 A is percentage of the mass doubling time before the cells show midcell localization. 

d n is cell number. 
e
 Not steady state. 

 

Discussion 
The results presented in this chapter show that ZapA is dependent on FtsZ for 

its localization, but not on any of the second step proteins. The timing experiments 
suggest that ZapA localizes simultaneously with or slightly after FtsZ. In Chapter 3 
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we show that the number of ZapA molecules equals the number of FtsZ molecules. 
Therefore, the observed difference in the timing of FtsZ and ZapA seems unlikely to 
be the result of a detection limit. A previous study found that ZapA is not dependent 
on FtsA to find its way to the site of division (Goehring et al., 2005). Unfortunately 
it is not yet known whether ZapA requires ZipA for its localization, which may still 
be the case as FtsA and ZipA arrive at the Z-ring simultaneously, but independently 
of each other (Hale and de Boer, 1999). The fact that ZapA localizes normally in 
LMC531 cells and that the ΔzapA strain is viable (see Chapter 5) implies that 
FtsE/X, FtsK and none of the second step proteins depend on ZapA for their 
localization.  

The fact that ZapA localizes shortly after FtsZ suggests that ZapA requires at 
least a partly formed Z-ring in order to be able to localize. In vitro studies on ZapA 
and FtsZ show that the two proteins readily interact under FtsZ polymerizing 
conditions (Gueiros-Filho and Losick, 2002; Small et al., 2007). It has also been 
found that ZapA has a stabilizing effect on FtsZ polymers and that it is able to 
organize the FtsZ protofilaments into bundles. These results suggest that ZapA is 
involved in Z-ring stabilization.  However, as a ZapA null mutant is viable (Chapter 
5), the role of ZapA is not critical or the cell has failsafe mechanisms to compensate.  

Based on the aforementioned in vitro data, one can imagine that ZapA binds 
to short FtsZ protofilaments at midcell, stabilizes these polymers by lowering the 
FtsZ GTPase activity and cross-links them to other FtsZ filaments. This way, a 
sufficiently stable FtsZ structure is formed that is or can develop into the actual Z-
ring (see Chapter 5 for further discussion on the bacterium’s benefit having ZapA). 
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