
 Protein-DNA recognition

https://www.rcsb.org/3d-view/1EFA



https://www.rcsb.org/3d-view/1EFA

https://www.rcsb.org/3d-view/1L1M

Whole LacI

DNA-binding domain

On non-spec DNA https://www.rcsb.org/3d-view/1OSL

Model of transition

https://proteopedia.org/wiki/index.php/Lac_repressor



Methods to characterize protein-DNA specificity
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DNase I hypersensitive sites (DHS)



Inference of e(i,a) using  
expectation maximization







~1 kT per bp

Non-specific binding



Non-specific binding

https://www.rcsb.org/3d-view/1OSL
https://www.rcsb.org/3d-view/1L1M



Information  
theory



How much information do you need?

?

To find an object among N decoys
Need at least: log2N bits



How much information do you need?

?
Need at least: Imin=log2N bits

Microbes      N=106-7  Imin= 20-23 bits 
Multicell euk N=108-10 Imin=27-33 bits

To find an object among N decoys



- Conserved position = 2 bits 
- T or C are equally likely = 1bit 
- more generally: 

where p(x) is the frequency of x 
at positions k 
The Information Content  
	 	 of the whole motif 

 

How much information is contained in a motifs

I k = pk(x)log2 pk(x) g(x)[ ]
x=A,T ,G,C
∑

I = I k
k=1
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How much information is contained in a motifs

I = pk (x)log2 pk(x) g(x)[ ]
x=A,T ,G,C
∑
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Results
We analyzed 969 TF motifs  
	 - calculate their Information Contents I  
	 - compare to Imin

Bacteria:		 	 20-25 bits

 Bacteria      N=106-7  Imin= 20-23 bits

Multicell euk    N=108-10  Imin= 27-33 bits

Yeast      N=107     Imin= 24 bits

Multicell eukaryotes:	 12 bits

Yeast:	 	 	            14 bits
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Examples
Bacteria:	26 bits                              Eukaryotes:  12-14 bits



Information deficiency => binding decoys

Number of hits per genome ≥ N2− I = 2 Imin − I

	 	 	 	         Imin-I	  	 Number of hits 
Bacteria:		 	        ~0 bits	 	 ~1 per genome 
Multicell eukaryotes:	 18 bits	 	  ~104-106 per genome

Prob of a hits (mistake) ≥  2− I

assuming 90% chromatinized DNA



• Widespread non-functional binding  
• Binding ≠ gene expression 
• Carefully interpret experimental data 

Cell Biology

Expected spurious binding ~20% of promoter fro any TF.

MYC binds 48% of all promoters, (!!!)
NOTCH1 19%, 
HES1 18%. 



• Widespread non-functional binding  
• Binding ≠ gene expression 
• Carefully interpret experimental data 

Need cluster of site to specify a genomic region 

Cell Biology

~1Kb need ~10-20 sites



Significant evolutionary flexibility





Significant evolutionary flexibility



Significant evolutionary flexibility



Eukaryotes

Transcription factors 
and promoters



Few protein-protein interactions



Clusters of regulatory motifs  
seen by DHS footprinting






