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Chapterr 2 

AA  small fraction of the FtsZ molecules is tightly bound to 

thee Escherichia coli inner membrane. 

Implicationss for the Z-ring 
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2.11 Abstract 
Wee investigated the interaction of the cell division protein FtsZ with the Escherichia coli 

innerr membrane using inside-out inner membrane vesicles (IMV) . Although FtsZ occurs 
mainlyy in the cell as a cytosolic protein, it was found that these vesicles contain 2.5 ug 
membrane-boundd FtsZ per mg IMV, which corresponds to about 4.5% of the total amount of 
FtsZZ present in the cell. 

Thee strength of the interaction was tested by washing the vesicles with solutions varying 
inn pH and ionic strength. FtsZ remained to a large extent attached to the membrane after 
washingg with EDTA, 2 M NaCl, and after changing the pH to 11.5. FtsZ was only released 
fromm the IMV after treatment with 6 M urea or disruption of the membranes with 1% Triton-
XI00.. These results indicate that FtsZ is strongly attached to the membrane, but that there 
aree no strong electrostatic interactions involved. Furthermore, the interaction between FtsZ 
andd the membrane appears to be similar to that of SecA, a well-studied peripheral protein. 
Sincee FtsZ does not contain a potential membrane-spanning region, it is most likely that it is 
boundd to a membrane (cell division ?) protein. 

Wee present a model that describes the Z-ring as a combination of subassemblies 
consistingg of cell division proteins including a fraction of the FtsZ molecules. The FtsZ-ring 
ass such is formed by polymers that are bound to these subassemblies. 
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2.22 Introduction 
Inn the rod-shaped Gram-negative bacterium Escherichia coli more than 10 different 

proteinss act in concert during the cell division process. One of them is the essential cell 
divisionn protein FtsZ. This cytosolic protein, with a molecular mass of 40.3 kD, occurs in 
aboutt 5000 to 20,000 copies per cell (8, 163). The structure of FtsZ shows significant 
similaritiess with the eukaryotic protein tubulin, including the GTP-binding pocket. Like 
tubulin,, FtsZ is a GTP-ase and it is able to form polymers by self-assembly in a GTP-
dependentt manner (60). It is generally assumed that this self-assembly is the driving force to 
formm a ring-like structure. Well before the constriction is visible, FtsZ moves from the 
cytosoll  to the future division site, located at the inner surface of the inner membrane at 
midcelll  position (8,46), where it forms a ring. The formation of this FtsZ-ring is the earliest 
stepp in bacterial cell division as identified up to now. It was shown by using appropriate 
mutants,, immunofluorescence microscopy and/or by using fusions of the cell division 
proteinss with the green fluorescent protein GFP that the localisation of all other cell division 
proteinss is dependent on that of FtsZ. It was revealed that directly after FtsZ both FtsA and 
ZipAA localise, independently of each other. Subsequently FtsK, FtsQ, FtsL, FtsW, FtsI, and 
FtsNN are localised (see for review: (177); see also (23, 136)). 

Althoughh several characteristics of FtsZ are studied intensively, it is still unknown what 
thee signal is that targets FtsZ to its correct position. The positioning of the Z ring appears to 
bee negatively regulated by both the nucleoid (193, 216, 217) and by the oscillating MinCD 
inhibitorr proteins (39). Since FtsZ itself does not contain a membrane-spanning domain, it 
seemss most likely that it will be bound to the inner membrane via a direct interaction with 
thee membrane lipids and/or via a membrane protein. Initially, a role as membrane anchor for 
FtsZZ was dedicated to the Z interacting protein A (ZipA) (77). However, it was found that 
alsoo the localisation of ZipA is dependent on the presence of FtsZ at the division site (78) 
Therefore,, there might be another target for the correct localisation of FtsZ to the middle of 

thee cell. 
Too get more insight in this localisation process, we studied the interaction between FtsZ 

andd the E. coli inner membrane by using inside-out inner membrane vesicles (IMV) . After 
thee isolation of IMVs, the amount of FtsZ bound to the vesicles was determined. 
Subsequently,, the IMVs were washed with buffers, varying pH and ionic strength, to study 
conditionss that might strip FtsZ from the membrane. Our results showed that a fraction of the 
FtsZZ molecules is strongly attached to the membrane vesicles and that FtsZ occurs as a 
peripherall  membrane protein, most likely bound via another protein. The number of 
moleculess present in the cell compared with that of bound to the membrane has been 
calculatedd and a model for the FtsZ-ring will be presented. 
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2.33 Materials and methods 
2.3.11 Bacterial growth 
Inn this study E. coli K12 wild type strain MC4100 lysA {F, araDtt9, A(argF-lac)U\69, 

deoC\,JIbB530\,deoC\,JIbB530\, ptsFIS, rbsR, relAX, rpsLlSO, lysAX) (196) was used. Cells were grown to 
steadyy state with a doubling time of 80 min at 28°C in a glucose minimal medium containing 
6.333 g K2HP04-3H20, 2.95 g KH2P04, 1.05 g (NH^SCM, 0.10 g MgS04-7H20, 0.28 mg 
FeS04-7H20,, 7.1 mg Ca(N03)2-4H20,4 mg thiamine and 4 g glucose per liter, supplemented 
withh 50 mg lysine per liter, pH 7.0. Cells were harvested by centrifugation at 4°C for 10 min 
att 7500 x g. 

2.3.22 Preparation of membrane vesicles 
Inside-outt inner membrane vesicles (IMV) were isolated essentially as described (42). 

Briefly,, after harvesting at OD450 = 0.2, the cells were washed in buffer K (50 mM 
triethanolamine-HAcc pH 7.5, 250 mM sucrose, 1 mM EDTA, ImM DTT and 0.5 mM 
Pefablockk (Roche Diagnostics, Mannheim, Germany)) and resuspended in a final volume of 
55 ml buffer K per liter culture. The cell suspension was passed twice through a French Press 
att a pressure of 8,000 psi. After each cycle an extra 1 mM DTT was added to the cell 
suspension.. Unbroken cells were removed by centrifuging twice at low speed (5 min at 7500 
xx g). The vesicles were pelleted at 165,000 x g for 90 min and resuspended in a small 
volumee of buffer M (buffer K without sucrose). The inner and outer membrane vesicles were 
separatedd according to the method of Osborn et al. (157). The vesicle suspension was 
layeredd on top of a sucrose gradient consisting of a 3 ml 55% (w/v) bottom layer, a 4.5 ml 
50%% (w/v) layer, a 9 ml 45% (w/v) layer, and subsequently three 4.5 ml layers of 
respectivelyy 40%, 35% and 30% (w/v) sucrose. All sucrose solutions were prepared in buffer 
M.. The gradients were centrifuged for at least 16 h at 112,000 x g after which they were 
fractionatedd by using a needle and a peristaltic pump. Alternatively, only the visible 
membranee bands were collected. The membrane vesicles were washed with buffer M, 
resuspendedd in buffer L (buffer K without EDTA), and subsequently quickly frozen in liquid 
nitrogenn and stored at -70 °C. 

2.3.33 Analysis of isolated membrane fractions 
Thee protein content of the isolated fractions was determined using the BCA reagents of 

Piercee Chemical Company (Rockford, Illinois, U.S.A.), supplemented with 0.1% SDS and 
usingg BSA as a standard. 

Too discriminate between the inner and outer membrane fractions, the isolated fractions 
weree tested for the presence of a typical outer membrane component and the activity of a 
specificc inner membrane enzyme. The amount of the outer membrane present in the fractions 
wass estimated by determination of the 2-keto-3-deoxyoctonic acid (KDO) contents. Samples 
containingg 100 ug protein were precipitated with 10% trichloroacetic acid (TCA) (final 
concentration)) for 15 min on ice. After centrifugation (15 min 20,000 x g), the pellets were 
resuspendedd in 50 ul H20. KDO determination was subsequently performed as described by 
Bradee et al. (15). The activity of the inner membrane enzyme succinic dehydrogenase (SDH) 
wass determined as described by MacGregor and Schnaitman (129). 
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2.3.44 Determination of FtsZ 
Sampless (containing 10 jig of protein) from total cell extract, cytosol, the total membrane 

fraction,fraction, purified outer membrane vesicles and inner membrane vesicles were resuspended in 
samplee buffer (50 mM Tris/HCl pH 8.3, 2% SDS, 2% DTT, 10% glycerol, 0.01% 
bromophenolblue),, subjected to SDS-PAGE (12% gel) and transferred to nitrocellulose. The 
blotss were incubated with the monoclonal antibody mAb F186-12 against FtsZ (200) and a 
peroxidase-labledd antimouse secondary anitibody (Sanofi Diagnostics Pasteur, Marnes la 
Coquette,, France). Protein bands were detected using the chemoluminescence method of 
Piercee Chemical Company (Rockford, Illinois, U.S.A.) as described by the manufacturer. 

Forr quantitative Western blotting, known amounts of purified FtsZ were run on the same 
gell  as samples of total cell extract and IMV to ensure consistent results. To prevent over-
exposure,, a set of at least 5 films was developed with varying exposure times. Band 
intensitiess were quantified by laser scanning densitometry on an Ultroscan XL (Pharmacia 
LKB,, Bromma, Sweden). Over-exposud films and films showing a non-linear relation 
betweenn intensity and amounts of FtsZ were discarded. 

2.3.55 Extraction of FtsZ from the IMVs 
Thee interaction between FtsZ and the E. coli inner membrane was investigated by 

washingg the IMVs with several solutions of different constituents. The IMVs (50 p.g (protein 
based)) per sample) were diluted in buffer L (final volume 250 ul) supplemented with either 
100 mM EDTA, or 2 M NaCl, or 6 M urea or 0.1% Triton X-100. To test the influence of the 
pHH on the interaction between FtsZ and the inner membrane, the IMVs were incubated in 0.1 
MM Na2CC»3, pH 11.5 in distilled water, supplemented with 250 mM sucrose, 1 mM DTT and 
0.55 mM Pefablock. After incubation for 60 min on ice, the samples were centrifuged (30 
min,, 4 °C at 130,000 x g). The pellets were resuspended in 25 ul sample buffer and analysed 
onn SDS-PAGE and Western blot as described above. To compare the interaction of FtsZ and 
thee membrane with the interaction of SecA and the inner membrane, blots were incubated 
withh mAb F168-12 against FtsZ or a polyclonal antibody against SecA (a generous gift from 
Prof.. Dr. A.J.M. Driessen). 

2.44 Results 
2.4.11 Isolation of inner membrane vesicles 
FtsZZ is a cytosolic protein that has to move to the inner membrane to initiate cell division. 

Too elucidate the kind of interaction between FtsZ and the inner membrane, in-side-out inner 
membranee vesicles (IMV) were isolated from steadystate grown E. coli MC4100 by passing 
thee cells through a French Press. The inner membrane vesicles were separated from the outer 
membranee vesicles by a sucrose gradient centrifugation step (Fig. 1). After this step, two 
bandss can be seen in de gradient: one broad band in the 45% sucrose layer, and a faint band 
inn the 35% sucrose layer. Twelve fractions of 2.5 ml were collected from the bottom 
(fractionn 1) to the top (fraction 12) of the gradient. These fractions were characterised by 
determinationn of their protein content, the amount of the outer membrane component 2-keto-
3-deoxyoctonicc acid (KDO) and the activity of the inner membrane enzyme succinic acid 
dehydrogenasee (SDH). The results have been plotted in Fig. 1 as percentage of the amount 
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foundd in all accumulated fractions. Almost all protein was found in fractions 3 to 9. Due to 
thee very low protein content of the fractions 1 and 2 and 10 to 12, it was not possible to 
detectt the amount of KDO and/or the activity of SDH in these fractions. KDO was 
particularlyy found in the fractions 4 to 6. In these fractions, corresponding to the 45% 
sucrosee layer, almost no SDH-activity was detected. From these results it could be concluded 
thatt the broad band found in the 45% sucrose layer contains the outer membrane vesicles. 
Thee highest activity of SDH was detected in fraction 8, whereas in this fraction almost no 
KDOO was detected. Therefore, it can be concluded that this fraction, corresponding to the 
35%% sucrose layer with the faint band, contains the inner membrane vesicles. In subsequent 
isolations,, only the fraction containing this faint band was collected from the gradient and 
designatedd as the IMV-containing fraction. The yield of IMV, obtained from 1 liter culture 
off  wild type E. coli cells (MC4100) grown under steady state conditions and harvested at 
OD4500 = 0.2, was about 0.2 mg (protein based). 
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Figuree 1. Characterisation of sucrose gradient fractions. Sucrose gradients were fractionated after 16-18 h 
centrifugationn from the bottom (fraction 1) to the top (fraction 12). From the fractions was determined the 
proteinn content (circles), the content of KDO (triangles), and the activity of SDH (squares), as mentioned at 
Materialss and Methods. 
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2.4.22 Subcellular localisation of FtsZ 
Too determine in which cellular fractions FtsZ is present, equal amounts (10 ug protein per 

sample)) of the intact cells, the cytosol, the total vesicle fraction, IMV and the outer 
membranee fraction were analysed by SDS-PAGE and Western blotting using mAb F186-12 
againstt FtsZ. As shown in Fig. 2 FtsZ is found in all fractions, except for the outer 
membranee fraction, as expected. It can also be seen that FtsZ is relatively enriched in the 
IMVV fraction, as compared with the intact cells, cytosol and total vesicles fraction (see also 
below). . 

1 22 3 4 5 

Figuree 2. Subcellular localisation of FtsZ. The presence of FtsZ was determined in complete cells (lane 1), 
thee cytosol (lane 2), the total vesicle fraction (lane 3), the outer membrane vesicles (lane 4), and the IMV (lane 
5).. Samples, corresponding to 10 ug protein on protein basis, were subjected to SDS-PAGE followed by 
Westernn blot using mAb F168-12 against FtsZ. 

2.4.3.. Quantification of FtsZ 
Too estimate the fraction of total cellular FtsZ present in the IMVs, a quantitative 

immunoblottingg method was used. The intensities of protein bands from the IMV samples 
andd from cellular samples with known total protein concentration were compared to the 
intensityy of bands from purified FtsZ (range: 10-100 ng FtsZ), which were run on the same 
SDS-PAGEE gel. Total cell extract contained per mg protein 1.4 ug FtsZ, whereas per mg 
IMVV protein 2.7 ug FtsZ was found. 

2.4.44 Calculation of the number of FtsZ molecules per cell. 
Underr the growth conditions used, 1 ml cell culture contained 1.8 x 10 cells, as 

determinedd with an electronic particle counter. A protein concentration of 16.6 ug/ml was 
determined.. With an amount of 1.4 ug FtsZ per mg protein, this resulted in 1.3 x 10 7 ng 
FtsZZ per cell. The molecular weight of FtsZ is 40,3 kDa, meaning that each FtsZ molecule 
weighss 6.69 x 10"" ng. From these results it can be concluded that these cells contain on 
averagee 2000 molecules FtsZ, which is slightly lower than the values of 5000 to 20,000 
foundd in literature (8, 163). This difference is most likely a result of the fact that we used 
cellss grown in a minimal medium, whereas the reported values were calculated for cells 
grownn in rich medium. Cells grown in a rich medium a larger than cells grown in a minimal 
medium,, and contain, therefore, a higher cellular protein concentration. 

Similarly,, the number of FtsZ molecules found associated with the IMVs have been 
calculated.. The average yield of IMV isolated from 1 liter cell culture was found to be 0.2 
mg.. With a concentration of 2.7 ug FtsZ / mg protein, this results in 0.54 ug membrane-
boundd FtsZ per 1.8 x 10" cells, which is equal to 45 molecules membrane-bound FtsZ per 
cell. . 
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2.4.55 Interaction of FtsZ with the inner membrane 
Too elucidate the chemical nature of the interaction between FtsZ and the inner membrane, 

thee IMVs were washed with different reagents, whereafter the presence of FtsZ in the 
membranee fraction was checked. EDTA strongly chelates divalent cations, such as Ca2+ and 
Mgg +, that might be involved in the interaction between FtsZ and the membrane, whereas a 
highh salt concentration is expected to weaken electrostatic interactions, which will lead to 
FtsZZ release from the membrane. As shown in Fig. 3 (upper panel), the intensity of the 
proteinn band after incubating in 10 mM EDTA (lane 2) is similar to that of the band after 
incubationn in buffer, suggesting that divalent cations are not involved in the interaction 
betweenn FtsZ and the inner membrane. However, the intensity of the protein band obtained 
fromm the sample incubated with 2 M NaCl is slightly decreased, indicating that part of the 
FtsZZ was released form the membrane. Under alkaline conditions, using a carbonate solution 
withh pH 11,5, most proteins except those directly anchored in the lipid bilayer are solubilised 
(68).. According to another definition (see for review: (189)) peripheral proteins can be 
releasedd from the membrane using stronger reagents, such as 6 M urea. As shown in Fig. 3 
(upperr panel), the majority of FtsZ is still present in the membrane fraction after pH change, 
althoughh the intensity of the protein band is slightly decreased. However, after incubation of 
thee IMV in 6 M urea that disturbs hydrogen bonds between proteins, FtsZ was almost 
completelyy released form the membrane. After disrupting the IMV with 1 % Triton X-100, 
FtsZZ was also released from the IMV. Together, these results give an indication that FtsZ 
compliess to the definition of a peripheral membrane protein. 

Too further corroborate these findings, we compared the membrane interaction of FtsZ 
withh that of SecA. SecA is a well-studied peripheral protein involved in protein translocation 
acrosss the E. coli inner membrane (see for review: (131, 212)). It was shown before, using in 
vitrovitro translocation experiments, that urea-treated vesicles are depleted of SecA (33). As 
shownn in Fig. 3 (lower panel), SecA is mainly released form the membrane after urea 
treatment,, similar as FtsZ. Furthermore, SecA remained attached to membrane after washing 
thee IMV with either buffer or buffer containing EDTA. Treatment with high salt or high pH 
resultedd in a slight decrease of SecA in the pellet. These results compare well with those 
foundd with FtsZ. This suggests that the interaction between FtsZ and the inner membrane is 
similarr to that of SecA, indicating that FtsZ is a strongly bound peripheral membrane protein 
whenn it is involved in cytokinesis. 

2.55 Discussion 
FtsZZ is a cytosolic protein that moves from the cytosol to the future division site at the 

innerr surface of the inner membrane (8). The localisation of the majority of the so far 
identifiedd other cell division proteins depends on the localisation of FtsZ. However, the 
target,, if present, that is recognised by FtsZ at the membrane is still unknown. In this report 
wee studied the interaction between FtsZ and the E. coli inner membrane. Inside-out IMVs 
weree isolated by sucrose gradient centrifugation. We showed that these vesicles contain a 
fractionn of the cellular FtsZ. They contained 2.5 ug FtsZ/mg (protein based) IMV, which 
equalss to 45 molecules of membrane-bound FtsZ per cell. 
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Figuree 3. Extraction of FtsZ and SecA of the E. coli inner membrane. 1MV were incubated in buffer, with 
additionss as indicated above the lanes for 60 min on ice. Subsequently, the samples were centrifuged. Pellets 
weree resuspended in sample buffer and analysed by SDS-PAGE and Western blotting using mAb F168-12 
againstt FtsZ (upper panel) and a polyclonal antibody against SecA (lower panel). 

Wee have calculated that the total amount of FtsZ is about 2000 molecules per average 
cell.. This means that only 2% of the total cellular amount of FtsZ was found as membrane-
boundd FtsZ. One reason for this small amount may be the fact that FtsZ is only located at the 
innerr membrane during cell division. It was found that 53% of all the cells contain an FtsZ 
ringg (46) in a culture grown under steady state conditions as used in this study. In the other 
47%% of the cells FtsZ will therefore not be associated with the IMV. Taking this into account 
thee amount of FtsZ found at the IMV is about 4.5 % of the total amount of FtsZ present in 
dividingg cells. This suggests that there is either no strong interaction between the majority of 
thee FtsZ molecules and the inner membrane, or that not all the FtsZ molecules present in the 
celll  are used for the FtsZ-ring, or that not all FtsZ molecules present in the Z-ring are 
directlyy bound to the membrane. Another reason for this small amount might be that the 
FtsZ-ringg is disrupted during the isolation procedures. Therefore, the amount of FtsZ present 
att the IMVs may have been underestimated. 

Thee chemical nature of the interaction of FtsZ and the inner membrane was tested with 
extractionn experiments. In the fluid mosaic model of membranes of Singer and Nicolson 
(188)) peripheral proteins were described as proteins that can be easily released from 
membranee by mild treatments such as an increase of ionic strength or the addition of a 
chelatingg agent. Later on, the definition has been broadened to include also proteins released 
afterr treatment with stronger reagents, such as 6 M urea, or 0.1 M NaOH. Furthermore, it has 
beenn shown that several peripheral proteins can be removed from the membrane with 
carbonatee (68). Since FtsZ could not be completely released form the IMV by treatment with 
EDTA,, high salt, and carbonate, but only with 6M urea, it can be concluded that FtsZ occurs 
ass a strongly bound peripheral membrane protein at the IMV according to these descriptions. 
Inn addition to this evidence, the strength of the interaction of FtsZ with the membrane 
appearedd similar to that of SecA, a protein that also occurs both as a soluble cytosolic 
proteinss and a peripheral membrane protein (see for review: (131, 212)). 
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2.5.11 Number of Z-rings in the divisome 
Thee axial repeat of FtsZ in protofilaments is around 4.29 nm (123). To encircle an E. coli 

cell,, which has a circumference of about 2.67 urn under the growth conditions used in this 
study,, about 600 FtsZ molecules are needed for one continuous ring. In this study, we have 
shownn that each cell contains about 2000 molecules FtsZ, of which 45 are bound to the inner 
membrane.. This makes it impossible to form a complete Z-ring consisting of membrane-
boundd FtsZ molecules only. It is generally assumed that FtsZ forms a complex with the other 
celll  division proteins, although these proteins are much less abundant than FtsZ. For 
instance,, each cell contains about 200 molecules FtsA (203) and 25 molecules FtsQ (203). 
Basedd on the number of FtsZ molecules found in the IMVs, and the low abundance of the 
otherr cell division proteins, it was previously proposed that the divisome is composed of the 
FtsZZ ring and divisome subassemblies (149). In each cell about 25-50 subassemblies could 
occur.. Here we infer that each subassembly could contain one or two molecules FtsZ. 
Becausee this is not enough to cover the circumference of the cell completely, the Z-ring is 
mostt likely further formed by FtsZ polymers connecting the several subassemblies with each 
otherr (Fig. 4). The FtsZ molecules in these subassemblies could serve as nucleation sites, 
fromm which the other FtsZ molecules can polymerise. According to the number of FtsZ 
moleculess in the cell, about 3 to 4 complete rings could be formed. However, it was shown 
byy analysis of the distribution of FtsZ-GFP in the cell that about 30% of the FtsZ molecules 
aree involved in the formation of the Z-ring (191), which corresponds with one complete 
rings. . 

Figuree 4. Model for the FtsZ ring bound to the inner membrane via subassemblies. The FtsZ-ring is 
presentedd as two discontinuous rings, consisting of overlapping protofilaments. The protofilaments of the outer 
mostt ring are connected to the inner membrane via direct contact with the subassemblies (black triangles). The 
protofilamentss of the inner Z-ring are bound to the outer ring via bundling, most likely mediated by ZipA (not 
shown). . 
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Nevertheless,, it may not be necessary that an FtsZ protofilament encircles the 
circumferencee completely. Several small filaments can each cover one part of the ring. If 
thesee smaller filaments are arranged in such a way that they overlap each other, they could 
formm a complete ring structure together (Fig. 4). The average length of FtsZ polymers in 
vitro,vitro, as measured on electron microscopic images, is 23 subunits (174). Since a complete 
FtsZZ ring should consist of about 600 molecules, at least 27 of these short polymers are 
requiredd to encircle the circumference of an E. coli cell. With some overlap between the 
individuall  polymers, the calculated number of 25-50 subassemblies seems to be enough to 
bindd the small proteofilaments that form together a ring structure. The overlap between the 
individuall  proteofilaments might be regulated by ZipA, which has been shown to induce 
bundlingg of FtsZ polymers in vitro (79). Another protein involved in stabilising the FtsZ ring 
mightt be FtsA. The ratio between FtsZ and FtsA has been shown critical for cell division; 
overproductionn of either FtsZ or FtsA results in inhibition of division. Furthermore, it has 
recentlyy been shown that depletion of both ZipA and FtsA resulted in destabilisation of 
presentt FtsZ rings (160). 

Itt is still unknown how FtsZ interacts with the membrane. As we have shown here, FtsZ 
occurss as a strongly bound peripheral membrane protein. Since it cannot be removed by 
changingg the ionic strength of the solution, it is most likely that it will interact with another 
protein,, like SecA does with the SecYEG complex. At this moment, the only identified 
membranee protein that directly interacts with FtsZ is ZipA. However, since the localisation 
off  ZipA is dependent on the presence of FtsZ at the division site (78, 119), there might be 
anotherr protein that targets FtsZ to its correct position. In the next chapter, an attempt is 
madee to elucidate the domain of FtsZ interacting with the inner membrane. 
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