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Animal Cell Process Engineering
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DNA damage and repair A Matter of Life and Death
Stochastic Modelling of E. coli Exposed to

J. Karschau et al., Biophysical Journal. 2011; 100(4) 814-21 Methylglyoxal Stress
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Mechanisms of DNA replication

Origin licensing and their activation are timely separated.

DNA replication is divided into two distinct phases

to avoid re-replication of already replicated DNA.
1) Origin licensing

2) Origin activation and DNA synthesis in S-phase
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Minimum Reph(}ati()n Tlme Optimal Placement of Origins
for DNA Replication

J. Karschau, J.J. Blow, and A.P.S. de Moura.Physical Review Letters. 2012; 108(5):058101.
What are preferred locations for origins

if their licensing and activation are stochastic?

D-D4 L] L] L] ]
1
c 0.03} -
O ]
=
S 3
+ 0.02} _ |
=
2 0.01} -
0 |
0 1
0 D
0 20 40 60 80 100

adjacent origin loci distance (kbp)

J. Jullan Blow Alessandro de Moura

tRSI7
W\ RS

‘
<

(/.
P

UNIVERSITY
4 of ABERDEEN

DUNDEE L ©Jens Karsohau



The random completion problem — a car-parking problem

P. Gillespie*, J. Karschau*, J. Kisielewska, J.J. Blow and A.P.S. de Moura, in preparation.

*equal contribution.

Modelling of the

process of )
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Replication Factories Spatial Organisation of DNA Replication

within the yeast nucleus
N. Saner, J. Karschau, T. Natsume, M. Gierlinski, R. Retkute, M. Hawkins, C. Nieduszynski, J.J. Blow, A.P.S. de Moura, T. Tanaka,

Stochastic Association of neighboring replicons creates replication factories in budding yeast. Journal of Cell Biology 7(202):1001-12. 2013

Model of a DNA Replication Factory

Sites at which DNA replication takes place

Budding yeast

GFP-PCNA
O ARS == Parental DNA

O Replisome = Replicated DNA

@ Replication factory o0; Proteins involved in
DNA metabolism

Adapted from Frouin, | et al. 2003
Falaschi, A. 2000

Kitamura, E et al. 2006
Replication factories are compartment-like structure
However there is no physical boundary that keeps

replication forks together.
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(Genome activation in early embryos

Sea urchin (S. purpuratus)

o
I
Cleavage cycle 1 2 ~8 ~10
Time (hours) 0 2 15 30
1 1
Nematode (C. elegans) 0 100 200 300 400
time (min)
1
0.8+
Cleavage cycle 0 1 2 6/7 . < 06
Time (hours) 0 0.7 1.25 3-3.5 '-D-.m
a 04+t
Fruit fly (D. melanogaste
y ( gaster) 0.2l
0 !
0 100 200 300 400
time (min)
Cleavage cycle 0 8 10 14
Time (hours) 0 1 1.5 25
T2

Zebrafish (D.rerioy ~___ _~Y 0000 n.‘ MOde”lng Of COmpetltlon
O for DNA binding sites

e : ; s - More general: What sets the time point
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Tissue formation and cellular mechanics

Modelling of cell mechanics using a cellular-vertex model for tissues
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