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DNA Polymerases of E.coli

Type Structure Biochemical 
Function

Function in cell

DNA Polymerase I
Pol I

1 Subunit
928 aa
103 kDa

DNA Polymerase
3‘-5‘ Exonuclease

Gap filling
(Okazaki fragments)
DNA Repair

DNA Polymerase II
Pol II

88 kDa DNA Polymerase DNA Repair??

DNA Polymerase III
Pol III

10 different 
subunits

DNA Polymerase
3‘-5‘ Exonuclease

The replication 
polymerase
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DNA replication fork
- simplified model
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DNA replication fork
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DNA Methylation Status Controls Replication Initiation
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Alternate Strategies
for Replication of
Circular DNA

D-loop Displacement
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Alternate Strategies
for Replication of
Circular DNA

Rolling Circle Mechanism

 no RNA Primer
 3‘ OH generated y nicking
 different types of DNA 

generated
- ds circular DNA
- ss circular DNA
- concatemeric linear DNA
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Statistical  Distribution

Active segregation mechanisms
True partitioning

Enhancement of maintenance
Multimer resolution systems  Plasmid monomerization
DNA-Configuration (e.g. pSC101)
Regulation of Cell Division
Killing of host cells

Segregation – Partitioning
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parA, parB: Protein codierende Gene
parC : Protein-Bindestelle auf DNA
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Bacterial Mitotic Machineries.
Cell, Volume 116, Issue 3, Pages 359-
366 K. Gerdes, J. Møller-Jensen, G. 
Ebersbach, T. Kruse, K. Nordström

Figure 1. Genetic Structure and 
Components of Type I (P1, F, and 
pB171) and Type II Partitioning Loci 
(R1)In par of R1, ParR binds to two 
times five direct repeats flanking the 
promoter region in the parC region and 
thereby autoregulates transcription of the 
parMR operon. The parC region acts as 
a centromere-like site and has 
partitioning activity when ParM and ParR 
are donated in trans (Dam and Gerdes, 
1994). In par/sop of P1 and F, the A 
proteins bind to the par/sop promoter 
region and autoregulate transcription. 
The B proteins, when bound to the 
parS/sopC sites, enhance autoregulation 
by the A proteins (Hao and Yarmolinsky 
2002 and Yates et al. 1999). The par
region of pB171 has two cis-acting 
centromere-like sites to which ParB 
presumably binds (Ebersbach and 
Gerdes, 2001). Binding of ParB of 
pB171 to parC1 autoregulates 
transcription of the parAB operon.
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Figure 2. Actin-Like ParM Filaments In Vivo and In Vitro  
In Vivo: (A) and (B) show cells with polar plasmids (red) located at 
the tip of ParM filaments (green) visualized by IFM. (C) shows decay 
of the filaments from mid-cell toward the cell poles. In (D), a single 
plasmid focus is located at mid-cell without a ParM filament (Møller-
Jensen et al., 2003).
In Vitro: (E) shows a 3D reconstruction of a straightened ParM 
filament obtained by electron microscopy (modified from van den Ent 
et al., 2002).

ParM: actin family ATPase
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Figure 3. Model Explaining R1 par-Mediated Plasmid Partitioning during the Cell CyclePlasmids (red) 
are replicated by the host cell replication machinery, which is located at mid-cell. Replicated plasmids 
are paired by ParR bound to parC (yellow) thereby forming a partitioning complex (I). The partitioning 
complex forms a nucleation point for ParM filamentation. Continuous addition of ATP-ParM (green) to 
the filament poles provides the force for active movement of plasmids to opposite cell poles (II). 
Within the filaments, ATP is hydrolyzed, leading to destabilization of the ParM polymer (III). 
Nucleotide exchange is required to recharge the ADP-ParM (blue) molecules for a subsequent round 
of partitioning (IV). Modified from Møller-Jensen et al., 2003. 
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Figure 4. Dysfunctional MreB Inhibits Chromosome Segregation in E. coli
In (A), cells ectopically expressed wild-type MreB whereas in (B), the cells 
expressed an MreB derivative carrying a single aa change in the phosphate2 
region (D165V). The top row shows DNA stained with DAPI, the second row cells 
expressing a GFP-ParB fusion protein that binds to parS inserted near oriC, and 
the bottom row cells expressing a GFP-ParB protein that binds to parS inserted 
near terC (modified from Kruse et al., 2003).
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Systems facilitating  plasmid maintenance in host cell

Site-specific recombination Host killing systems  Killer-Antidote 
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Hok protein:  toxic, kills cells
Expression of Hok protein is triggered at the translational level 

by antisense RNA sok
sok RNA is less stable than hok RNA
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Site specific resolution: parA, (parB), res

Killer – Antidote: parE, parD
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Eukaryotic Life Cycle
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Eukaryotic Life Cycle
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Eukaryotic Life Cycle
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Mitosis

Maintaining the diploid status
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Meiosis

Reduction to
haploid status
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