
Translating genome information into cellular function
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Human genome: 3·109 base pairs (Adenine, Cytosine, Guanine or Thymine)
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If you know the DNA sequence 
it is all very simple... 





Initiation of 
transcription in the 
bacterium E. coli



Strategies for transcription regulation in bacteria



Organization of the genes regulated by Lac repressor, 
a transcription repressor protein in the bacterium E. 

coli 

Lac repressor binds to the!
operators O1, O2 and O3

O3



Molecular structure of E. coli lac repressor 



E. coli lac repressor + ligand allolactose that signals the 
presence of lactose in the medium and reduces DNA binding



Molecular structure of E. coli CRP (also called 
CAP for catabolite gene activator protein) 



low glucose and low lactose 
=> both CAP and LacI bound 
=> repression

Lac repressor bound to operator 
sites O1 and O3

CAP

Model for the complex of CAP 
and LacI at the lac operator



“On” and “off” states of the E. coli lac repressor 



Eukaryotes: Decisions on the cell’s fate made in the nucleus



About genomic and epigenomic differences
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The dynamic organization of the nucleus and of 
chromatin control genome function

specificity?
propagation? 

memory?



Epigenetic signals
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Probst et al. 2009, Nat Rev Mol Cell Biol 



A complex network of proteins sets and removes 
a variety of histone modifications at multiple sites





histone modification

reader

writer

pioneering factor

Writing, reading and transmitting epigenetic signals

from Molecular Biology 
of the Cell

spreading of 
modification?
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Distinct chromatin states can be established and 
maintained via interlinked feedback loops



The domino cascade model for spreading histone 
modifications along the DNA - what about 3D?

average distance between 
nucleosomes 

in 1D: ~25 nm 
(extended chain) 

in 3D: ~28 nm 
(“sea of nucleosomes”)



3D constructions with dominos are very fragile… 

from Annodomino2007 on Youtube
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Following gene expression in living cells



CFP-LacI (chromatin) 
CFP (translated protein)

MS2-YFP (RNA)


