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The bacterial replication clock
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Replication in bacteria
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The timing puzzle

QOrigin

Genome size: 4.6 Mbp
Fork speed: 1 kbp/s
Replication

time (C): ~40 min
Doubling time (7):

(LB, 37°C) ~20 min
T< C 77

Terminus
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Multifork replication

-

Cooper-Helmstetter model

Two constants:

Replication time C ~ 40 min

Separation time D ~ 20 min

Chromosome Replication and the Division Cycle
of Escherichia eoli Bfr
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Two fundamental questions

1. How does the cell "know" when to initiate replication?

2. How does it make all origins fire at the same time?
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At the heart of both questions: the initiator DnaA

The initiator protein DnaA
plays a central role in
replication timing.

It binds to repeated sequences
at the origin of replication and

e ATP-DnaA ADP/ATP-DnaA  promotes the separation of the
||I{ » (ME21 & F46 (DnaB/DiaA-binding) two DNA strands.
”{ VAL &R, R285 (Arg finger)
G- AR This marks the beginning of
N—

each replication cycle.
Katayama et al. Frontiers 2017
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DnaA recognizes a specific DNA motif

DUE DnaA boxes
CaeN - IO b TR
strong weak
GATCTATTTATTTAGAGATCTGTTCTATTGTGATCTCTTATTAGGATCG CCCTGTGG
ATAACA cc .. : AATE AGCATC :
TTATACACA ACT(
( TTATCCACA
5. Ozaki, T. Katayama/Plasmid 62 (2009) 71-82
ADP-DnaA
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The regulatory mechanisms of DnaA

1. Titration

2. Activation/de-activation switch
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Titration

after termination the cycle
starts again

replication increases the
concentration of sites
cell growth dilutes the

chromosomal sites: initiation ( . o \

DnaAis sequestered
by the chromosomal sites

Hansen et al., Res. Microbiol. 1991.

12/23



Stability analysis: slow growth

replication time < doubling time
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Fu et al., PRX LIFE 2023.
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Stability analysis: fast growth

replication time > doubling time
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DnaA-ATP

5. 0zaki, T. Katayamay Plasmid 62 (2009) 71-82

ADP-DnaA DnaA-ADP

replisome
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Hydrolysis restores stability

d [DnaA-ATP]

— 7% , [DnaA-ATP] + (k. + A) [DnaA-ADP]

dt
d [DnaA-ADP
[ “adt I_ ”fv" ki, [DnaA-ATP] — (ke + A) [DnaA-ADP]
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1. How does the cell "know" when to initiate replication?

2. How does it make all origins fire at the same time?
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Equilibrium model for DnaA-DNA interaction

Mot

"?ot
P({s)}, {s()}) = Zec =
i=1
sti J"sj(o

(i.j)

(1,0,0) if site i is vacant
si =4 (0,1,0) if occupied by DnaA-ATP
(0,0,1) if occupied by DnaA-ADP

The origin region can be in two conformations: p € {open, closed}.

Only ATP-bound DnaA can bind cooperatively: j,‘,’,m = Jcdmadn2.
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Origin activation

@ DnaA-ATP
© DnaA-ADP
o strong site
o weak site

— Initiation

Probability of open conformation:

e_ﬁﬁ:ost ZOPen

P =
open e*5€costzopen + chosed

Stochastic rate of origin firing:
k = Popenkmax
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The binding of inactive DnaA reduces sensitivity

DnaA-ADP.
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Conclusions

@ Cells coordinate the replication cycle with the cell cycle via DnaA
titration and (de)-activation.

@ The origin design (weak, cooperative sites) is crucial to ensure a
sharp response and a quick feedback.

@ DnaA sequestration on the chromosome ensures ultra-sensitivity.

@ A quantitative assessment of the strength of cooperative binding is
needed, both at the origin and the chromosome.
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