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e Dynamics in a cell:
bistability, oscillations,...

e Differentiation.

e Spatial patterns and
morphogenesis.

e Concerted evolution of
several genes/proteins.




e Lot of new data

e Much experimental progress but complex
interactions

e Can theory/simulations help to make sense of it?

e Bio-engineering (“Synthetic biology”).



Two genes a and b that inhibit each other. Two stable steady
states : [A] hi gh with [B] low, and [B] high with [A] low.
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Gardner et al, Nature 403:339-342 (2000);
switching between the two states by an inducer pulse;
bistability requires dimerizations (or other interactions).



An overrepresented motif in transcriptional networks
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The “feedforward loop" is overrepresented in the transcriptional
networks of E. Coli and S. Cerevisiae
(Milo et al., Science 298: 824-827(2002)).

Function: a persistence detector?



e Many possible networks achieve a given behavior
(e.g. oscillations)

e Does evolution impose preference for some motifs?
e Proposal : test by simulating evolution in silico.

e The inverse of the statistical approach: from the
task to the structure.



e Method: evolution of a collection of virtual “cells”
e Dynamical modules in a single cell

e Patterns in multicellular assemblies.



One computer ’cell’ consists in



One computer ’cell’ consists in

- a collection of genes Jh
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Representation Corresponding equations
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Integration of ODEs
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The of a kinetic constant in an existing
reaction

or the of
A new transcriptional regulation

A new post-transcriptional regulation

A new gene

The process is iterated over several generations.



Two concentrations are fixed A;
and A2.

ODEs are integrated

Fort=T/2,3T/2,5T/2... fitness
is given by the integral (A— Ap)2.

For t = T,2T,3T... fitness is
given by the integral (A— Ay)2.
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— Mi ~CT6-1
Midnight ~cT18-22 dday ~cTe-10
FRQ low *FRQ Increasing to maximum
*WCC binding increasing or maximal *WCC binding decreasing to minimum
+frq low, but increasing +frq decreasing

Froehlich et al, PNAS (2003)

Organism Activators A Repressors B
Neurospora Crassa WC-1, WC-2 FRQ

Drosophila dCLK PER, TIM

Mammals CLOCK, BMAL PER, CRY

e Other biological oscillations: p53/Mdm2,...
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No repression!
(and no Hill coefficients/cooperativity needed).
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Again very different from two genes with reciprocal inhibition.
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A loop combining transcriptional and post-transcriptional
interactions (i.e. protein-protein interaction) is at the core of
several of these networks.
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This Mixed Feedback Loop has been found to be
over-represented in S. Cerevisiae and E.Coli (Yeger-Lotem et al,
PNAS 2004).
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Reduced parameters: 7o = Bpr/(pad;), = Bpp/(pad,)
A small parameter: 6,/./paY



First switch: developement of competence in B.subtilis ,
Comk activates itself and is repressed by MecA.
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Smits et al (2005), Maamar and Dubnau (2005): experimental
demonstration that this network is indeed a switch.



Second switch: lactose operon, with allolactose binding to
lac repressor.
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Proposed in 1961 by Monod and Jacob (based on Lac

operon) as an alternative to reciprocal inhibition (Delbriick,
1949) !



Second switch: lysis/lysogeny switch in a “simple” phage
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Lactococcal phage TPS901-1 (K. Hammer et al J. Virology
(2003) and unpublished) A: , B:

Recent study: H Nakanishi et al, J. Mol. Biol. (2009)



e Simulated evolution highlights known (with complete
description) and original motifs.

e Produced motifs appear biologically relevant.
e Post-transcriptional interactions are crucial.
° in a complex is specially important

Further emphasis and experiment:
N Buchler et al, J. Mol. Biol. (2008), MSB (2009).
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e Cell-cell communication
e Patterning in a static gradient

e Sequential segmentation









Cooperativity not needed (h=1).



No transcriptional interactions required.



A transcriptional network
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Culi and Modolell, Gene & Dev (1998).
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e Influence/utility of specific evolutionary moves (gene
duplication,... )?

e More cell features (compartments,...)?

o More “realistic” fitness functions?
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