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Abstract

Cell division is of utmost importance for the propagation of all living organisms. In
bacteria, the earliest stage of cell division is the formation of the cytokinetic Z ring at
the division site at the cell centre (midcell), which must be tightly co-ordinated with
chromosome replication and segregation to ensure that each newborn cell receives a
full complement of the genetic material. What still eludes us is how bacterial cells
position their division site so precisely at the cell centre to enable the production of

two genetically identical daughter cells.

The current understanding of how bacterial cells position their division site is that it
occurs via the combination of two negative regulators, the Min system and nucleoid
occlusion mediated by the protein Noc. These two systems act by preventing the Z
ring from forming at incorrect positions, either at the cell poles or within the vicinity
of the chromosome, respectively. The overall result is that the two systems prevent
the Z ring from forming anywhere other than the cell centre. However, as discovered
recently, they do not define the division site, suggesting the existence of other
regulatory mechanisms for midcell Z ring assembly. So what does define the division
site? It has been shown in Bacillus subtilis that Z ring assembly may be coupled with
the early stages of DNA replication and recent work in this area has led to the

proposed Ready-Set-Go model.

The Ready-Set-Go model proposes a putative link between Z ring positioning and
DNA replication such that the progress through the initiation phase of DNA
replication promotes an increase in ability of the Z ring to assemble midcell.
Specifically, mutants blocked at an early stage of initiation lead to fewer midcell Z
rings than those blocked at later stages of initiation. Importantly, this correlation
between DNA replication initiation progression and Z ring position is only observed
in noc mutants. Interestingly the observations that led to this model also hinted at an
alternative possibility: mechanisms linked to chromosome organisation may also

impact Z ring positioning. Thus the primary objective of the work presented in this

v 13
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thesis was to obtain a better understanding of the link between the early stages of
DNA replication and cell division in the model organism B. subtilis, and how
chromosome organisation plays into this link. To explore this possibility further, and
ultimately test the validity of the Ready-Set-Go model, this thesis examined the role
of Soj and Spo0J, two players with distinct roles in the regulation of DNA replication
initiation and chromosome organisation, in Z ring positioning using the same
conditions that led to the Ready-Set-Go model. Surprisingly, a spo0J noc double
mutant, but not a soj noc double mutant, allows for wild-type levels of midcell Z ring
assembly, regardless of the block imposed at the initiation stage of DNA replication.
This suggests that the ability to assemble a Z ring at midcell is not linked to the
progression of the initiation stage of DNA replication, thus challenging the idea of a
link between DNA replication initiation and Z ring position. Importantly, this result

and others, also suggest a role for Spo0J in the regulation of Z ring position.

To start to elucidate how Spo0J plays into the regulation of Z ring position, Z ring
positioning was examined in cells blocked at an early event of DNA replication
initiation that also harbor point mutants of SpoOJ impacting its function in DNA
replication initiation through soj or points mutants that impact its function in the
recruitment of SMC (required to organise the chromosome). Interestingly, this data
and others support two models for how Spo0J may function in Z ring positioning:
Spo0J, like Noc, is a nucleoid occlusion protein or SpoOJ-mediated chromosome
organisation blocks midcell Z ring assembly by a generating a nucleoid morphology
that inhibits midcell Z ring assembly. Both models are discussed and contrasted in
detail in light of recent advances in the understanding of bacterial chromosome

organisation.

Collectively, this thesis challenges the long-standing idea of a link between DNA
replication initiation and Z ring positioning and creates a solid foundation for future

studies examining how chromosome organisation impacts Z ring positioning.
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