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Summary 
 

Functional analysis of ZapA: keeping the one ring 
together 

 
Reproduction of E. coli is a complicated process requiring the concerted 

effort of various large protein complexes, such as the elongasome. The actual 
process of division is carried out by a protein complex called the divisome, which 
consists of at least 14 proteins. The function of most of the proteins involved in the 
divisome still remains a mystery, but in this dissertation, the attempt to obtain some 
clues about the function of ZapA, a Z-ring stabilizer, is described. It was found that, 
in E. coli, the localization of ZapA is only dependent on that of FtsZ. Furthermore, 
timing experiments on the localization of ZapA have shown that ZapA localizes 
simultaneously with, but independently of, FtsA and ZipA (Chapter 2). Interestingly, 
these studies revealed that both ZapA and FtsZ also localize in young cells as off 
midcell foci, that do not co-localize and that these foci (dis)appear in time (Chapter 
3). As FtsZ is able to polymerize, it is likely that the FtsZ foci are simply FtsZ 
protofilaments that (dis)assemble. In the case of ZapA, the presence of the foci 
cannot be easily explained as in vitro experiments have shown that ZapA does not 
have a tendency to form oligomers larger than tetramers (Chapter 4). An estimation 
of the number of ZapA molecules in the foci indicated the presence of at least 
dozens of ZapA molecules (Chapter 3) and therefore it seems plausible that a yet 
unknown protein organizes ZapA into higher order structures. The purpose of which 
is yet unknown. 

In order to gain more insight in how ZapA might affect FtsZ protofilaments, 
various in vitro experiments were performed (Chapter 4), which showed that ZapA 
enhances FtsZ polymerization and stabilizes them only when the FtsZ 
protofilaments are already somewhat stabilized, such as in the presence of 10 mM 
MgCl2. The amount of stabilization was found to be pH dependent in that at pH 7.5 
the FtsZ protofilament stability was higher compared to measurements without 
ZapA, but lower than those at low pH. How ZapA stabilizes FtsZ polymers is still 
not clear as ZapA appears to have no effect on the GTPase activity of FtsZ. 
Bundling of FtsZ polymers would also contribute to the stability of the 
protofilaments. Only in the presence of ZapA and 10 mM MgCl2 have arrays of FtsZ 
protofilaments been observed. These arrays were comprised of FtsZ protofilaments 
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in parallel arrangements and with gaps equalling the size of the ZapA tetramer 
between them. 

Using analytical ultracentrifugation, it was established that ZapA is present 
as a tetramer at all concentrations tested, which is in accordance with the published 
dissociation constant of the ZapA tetramer of 320 nM. These data indicate that ZapA 
is most likely present as a tetramer in vivo.  

Interestingly, it was found that a zapA null mutant had a mild morphology 
under conditions that allowed fast growth, but not under conditions of slow growth 
(Chapter 5). Fast growing cells of the ZapA deletion strain were partly filamentous 
and did not have a Z-ring at every potential division site, although no delay in FtsZ 
localization was observed. However, late localizing proteins did localize after a 
longer delay, indicating a problem with the assembly of the divisome. As the early 
localizing division proteins are believed to be involved in Z-ring stabilization, it 
seems likely that the Min system and nucleoid occlusion system, which destabilize 
FtsZ protofilaments, cannot be easily overcome in the absence of ZapA (Chapter 5). 
Once formed, the Z-ring did not display any deviations in its dynamics, as observed 
in FRAP experiments (Chapter 5). 

When studying the effect of aztreonam inhibition of FtsI, it was found that 
the early localizing division proteins accumulated at the midcell and that the 
formation of new rings could not be initiated for two generations. This block in new 
ring formation could only be overcome by overproduction of FtsZ and FtsA. 
Interestingly, the late localizing division proteins localized normally and exclusively 
at the midcell, but did not accumulate at the midcell (Chapter 6). The inability of the 
divisome to disassemble could be, directly or indirectly, due to lack of 
transpeptidase activity of FtsI. Two models explaining how FtsI might prevent 
reorganization of the divisome were described. In the first model, the lack of 
transpeptidase activity of FtsI translates into the absence of a conformational change 
in the peptidoglycan layer, which would be required for destabilizing the divisome 
to cause it to reorganize. The second model also depends on a conformational 
change, but now in FtsI. This conformational change would cause the dissociation of 
the division proteins and thus cause the divisome to reorganize.  

Based on the data presented in this dissertation, it was concluded that ZapA 
tetramers cross-link FtsZ protofilaments that are already somewhat stabilized and in 
close proximity so that a stable Z-ring can be formed. To prevent premature Z-ring 
formation, ZapA does not stabilize single FtsZ polymers and in addition it is 
organized into large superstructures until the onset of division. When the divisome 
assembles, ZapA localizes to the Z-ring together with the early localizing division 
proteins and it stabilizes the Z-ring presumably only during its status nascendi. 

 




