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Gene Circuits

• The levels of macromolecules in the cell
are dynamically regulated

e.g.  Enzymes allowing processing of
Lactose by E.coli are only produced when
a) Lactose is available
b) An “easier” alternative, such as 
Glucose, is not present

Operons

• Enzymes involved in a collective task are 
often physically clustered in the genome
and controlled in a concerted way.

• E.g. The Lac operon

Lac Z :  beta-galactosidase
Lac Y :  permease
Lac A :  transacetylase
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Transcription Regulation

• Transcription is the generation of RNA 
from DNA. 

• RNA polymerases have to bind to specific
sites in the DNA to start transcription. 
These sites are called promoters.

• Promoters can be repressed or activated

Transcription Regulation

• Promoters can be repressed or activated:
– Repressors bind to the promoter and prevent

RNA polymerases to start transcription
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Transcription Regulation

• Promoters can be repressed or activated:
– Activators bind to the promoter or neighbour

regions and facilitate transcription

Transcription Regulation

• Repressors and activators are produced or
modified in response to regulatory events
– E.g. the presence of the product to be acted

upon by the gene products may inactivate the
repressor, thus allowing the genes to be 
transcribed.

Transcription Regulation

• Promoters can be repressed or activated:
• Repressors and activators are produced or

modified in response to regulatory events
– E.g. c-AMP is needed for the activator of the

Lac operon to be operative and enhance the
transcription of the Lac genes

http://www.phschool.com/science/biology_place/biocoach/lacoperon/intro.html

Regulatory circuits
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Synthetic Circuits 1
(A bistable switch)

Gardner,Cantor, Collins Nature, 403, 339 (2000)
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Synthetic Circuits 1
(A bistable switch)

Gardner,Cantor, Collins Nature, 403, 339 (2000)

Synthetic Circuits 2
(Oscillating output )

Elowitz, Leibler Nature, 403, 335 (2000)

Synthetic Circuits 2
(Oscillating output )

Elowitz, Leibler Nature, 403, 335 (2000)

Synthetic Circuits 2
(Oscillating output )

Elowitz, Leibler Nature, 403, 335 (2000)

RNA-based Regulation
• RNA can combine its information transfer 

capacity with ligand recognition (aptamers), 
enzymatic action (ribozymes), and
regulation (riboswitches).

S.Blouin, J. Mulhbacher,J. C. Penedo,and D. A. Lafontaine ChemBioChem 2009, 10, 400 – 416

RNA-based Regulation
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RNA-based Regulation

The transcription is aborted if nascent RNA adopts a “terminator” structure.  
Transcription riboswitches control the formation of terminator or alternative 
structures in response to ligand binding.

The control can be thermodynamic (controlled by the relative stability of 
the free and bound states) or kinetic (ligand binding has to take place 
before the transcription has continued into the expression region, 
otherwise may be ineffective).

Kinetic control adds an additional level of regulation as the response will
depend on the rate of the RNA polymerase reaction, the availability of
nucleotides, etc. 

RNA-based Regulation
Translation initiation can be regulated by changes in the RNA conformation.

The Shine-Dalarno (ribosome binding site) and the initiation codon may be 
hidden or exposed in response to ligand binding.

RNA-based Regulation

M.Cheah, A.Wachter1, N.Sudarsan & R.BreakerNature,447, 24 May 2007| doi:10.1038/nature05769

Collective Regulation in Bacteria
(Quorum Sensing Networks)

• Production and Perception of Signaling
molecules is used to sense the population of
cells of a given type and regulate target genes.

• Often related to pathogenicity, changes in life-
style (plantonic-biofilms)…

• May integrate additional environmental inputs
(temperature, pH, availability of nutrients…)

Collective Regulation in Bacteria
(Quorum Sensing Networks)

Often LuxI is under the control of LuxR leading to a positive feedback loop:

Presence of the Autoinducer increases its production causing a switch of all
the population

W-L. Ngand B. L. Bassler Annu. Rev. Genet. 2009. 43:197–222

Collective Regulation in Bacteria
(Quorum Sensing Networks)

Low cell densities
(abscence of AI)
LuxR RNA forms a 
complex and is
degraded

High cell densities
(AI increases)
LuxO non phosphorylated
Qrr not produced
LuxR RNA translated
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Collective Regulation in Bacteria
(Quorum Sensing Networks)

Synthesis and degradation of r

Production of i is driven by D

Protein R is translated from its
RNA (r), degraded, or converted
Into a complex with A but it can
Be released by dissociation of
Complex P

AI is produced by I, sequestered
In complex P and transported
Across the membrane following
A concentration gradient

A.Goryachev, WIREs Systems Biology and Medicine, 1, 45-60,2009 
DOI: 10.1002/wsbm.027

Nucleoid associated proteins and bacterial adaption

5% of E. coli genes are regulated by H5% of E. coli genes are regulated by H--NS (137 NS (137 

residues) in response to environmental signals residues) in response to environmental signals 

like changes in like changes in osmolarityosmolarity or temperature or temperature 

associated to colonization of a host in associated to colonization of a host in 

pathogenic strainspathogenic strains

H-NS oligomers can bridge distant double helical DNA regions

Native unfolded proteins
Review: A.L.Fink Current Opinion in Structural Biology, 2005, 15:35-41.

• 30% of eucariotic proteins are completely of partially unfolded
• The proportion of genome encoding unstructured proteins

increases with the complexity of the organism
• 2.0% archaea, 4.2% eubacteria, 33% eucaryotes

• Disordered proteins are subjected to a strong evolutionary
activity
• 39% show short internal repeats vs, 14% in all proteins in Swiss-Prot

• It has been argued that native unfolded proteins should be 
considered a separate class on their own

A vast majority of the Human Cancer Associated

Proteins (HCAP) contains substantial intrinsically

unfolded regions

Iakoucheva, et al. J.Mol.Biol., 323, 573 (2002)

Disordered 

Region (%)

Length of 

longest 

disordered 

region

FRAT-1 proto-oncogene 86.7 85

EWS oncogene 79.9 286

FUS oncogene 72.6 252

Cyclin-dep.kin. inhib. p57 71.5 156

AF4 proto-oncogene 71.3 430

c-jun proto-oncogene 64 117

L-myc-1 proto-oncogene 64 85

Homeobox protein Hox 11 61.5 111

c-fos proto-oncogene 61 107

N-myc proto-oncogene 57.1 85

C-ski oncogene 57 155

Mdm2 oncoprotein 56.8 81

c-myc proto-oncogene 56.3 94

Tumor protein p73 54.9 121

Tumor suppressor  p53 47.6 66 Unfolded domains respond to interactions and use external momentum
(binding energy) to direct interaction pathways
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The importance of being unfolded

Folded structures are often preorganized favoring

tight (constitutive) binding. Intrinsically unfolded

binding sites may have similar energies in the free and

bound form: regulation

Unfolded structures may acquire different folds by 

binding different targets.

The importance of being unfolded (2)

Unfolded structures display EVOLVABILITY: neutral 

mutations may generate variability from which new

interactions may be created.

Network dynamics in the 103-106 years time scale

Reinterpreting the STRUCTURE-FUNCTION paradigm

FOLDENESS                 ORDER                    FUNCTION

FOLDENESS             INFORMATION             FUNCTION

UNFOLDENESS         INFORMATION             FUNCTION

THE NEW PARADIGM HYPOTHESIS: 

INFORMATION OF INTRINSICALLY UNFOLDED 
PROTEINS IS DYNAMICALLY PROGRAMMED WITHIN A 

SEQUENCE FRAMEWORK SELECTED TO AVOID 

FORMATION OF AMYLOIDS

http://www.phschool.com/science/biology_place/biocoach/lacoperon/intro.html
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• M. Thormann, D. Vidal, M. Almstetter, M. Pons Nomen est omen : Quantitative prediction of molecular properties 
directly from IUPAC names The Open Applied Informatics Journal  1, 28-32 (2007).
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