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A revolution ?
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* Organism; Chassis; Nanomachine

[ DEVICES

* Regulatory circuit; Metabolic pathway

[ BIO-BRICKS

* Protein: RNA




Applications

Biomedicine

Bioremediation
Vaccines




Control of gene expression

e

How are genes turned on and off with such delicate and adaptive precision?

How can many of them switch in such a concerted manner and in so little time?




The transcription-based
solenoidal model of chromosomes




The transcription-based
solenoidal model of chromosomes

Transcription occurs in focal points

Transcription is sensitive to gene 1-D position & 3-D clustering
Co-regulated genes tend to position periodically

1-D periodicity strongly favors 3-D clustering and solenoid

TF variety strongly favors 3-D clustering and solenoid

Project

Extensions
Positional effects on gene expression

Rational genome-wide regulatory engineering




Transcription occurs in focal points
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Similar active genes cluster in specialized
transcription factories

Meng Xu and Peter R. Cook J. Cell Biology, 2008

Two types of localization of the DNA-binding proteins
within the Escherichia coli nucleoid

Talukder Ali Azam'?, Sota Hiraga® and Akira Ishihama'* Genes to Cells, 2000
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Co-regulated genes tend
to position periodically

A given Transcription Factor

Network of
transcriptional
Interactions

Chromosome
sequence




Co-regulated genes tend
to position periodically

Epigeno is
Solenoidal coordinates "
() )L

() ) g

Data are:
sparse
noisy
wrong
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Macro-domains

CRP targets
E. coli




1-D periodicity strongly favors ((((%
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3-D clustering and solenold —
Polymer model off-lattice

Discrete implementation of a self-avoiding semi-flexible polymer

Monte Carlo / Metropolis

With localized interaction sites
Mimicks bridging of two DNA sites by one bivalent transcription factor
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1-D periodicity strongly
favors
3-D clustering and solenoid

Self-attracting polymer Sparse interacting sites
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Random site positioning Periodic site positioning
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Site co-localization is partial Site co-localization is efficient
No collective optimization Good collective optimization
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Include several types of interacting sites, denoted by different colors

l.e. several transcription factors, each with its own set of target genes




Extensions

e Other scales
» Other organisms
 Other DNA metabolisms

*An evolutionary model
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Three approaches to the function that governs

transcription optimization in relation to angular position:
1. Theoretical, ab initio -> physical model

2. Data-driven, empirical -> stylized facts

3. Bench, empirical -> stylized facts
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Super-operons?
Biotechnological implications?

Epigenetic engineering?
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