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Transcription Factors 



Characterizaton of Transcription Factors 
 
 
 Analysis of DNA-binding activity 

 
 Structural analysis – crystallography 

 
 Analysis of trans-activation properties 
 
 Identification of DNA response elements =  TFBS 

 
 Identification of genome-wide binding activity 

 
 Identification of co-operating TFs 

 
 Protein-protein interactions on DNA 
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Gel-shift assay   or    Electrophoretic Mobility Shift Assay EMSA 
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Structures (DBD)    
http://www.rcsb.org/pdb/home/home.do  

http://www.rcsb.org/pdb/home/home.do
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Functional validation:  reporter assay  
 
Plasmid with a reporter gene driven by a promoter: clone upstream studied fragment  
 
 
 
 
 
 
Transfect into cultured cells,  after 24-72 hours measure the product.  
 
Reporter genes are usually nonmammalian genes: 

•CAT cloramphenicol acetyltransferase 
•Luc  firefly luciferase 
•GFP Jellyfish green fluorescent protein 
•-gal  beta-galactosidase 

 
Deletional + Mutational analysis of fragment may lead to identify important elements 

P Reporter gene  ??? 
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DNaseI Footprinting 





Historical 
 
1° route:   
isolating a promoter sequence, make deletional mutants and identify regulatory 
elements. 
This is paralleled with Dnase I footprinting experiments using whole Nuclear Extract.  
Once identified, the response elements are further analyzed by Band-shift (EMSA)  
Proteins bound are then isolated by DNA affinity chromatography and identified. 
 

This approach has led to the characterization of several tens of Transcription Factors. 
2° route:  
Several putative TFs are identified by homology cloning. 
The binding site was often identified by SELEX    
Finally, bioinformatic search for the binding site is performed on known genomic 
sequences.  
 
3° route: 
Conserved, nontranscribed sequences proximal to known genes are explored statistically 
to describe over-represented sequence “words” as compared to the whole genome.  
Experimental proofs that the identified “words” (or motifs) can bind regulatory factors are 
needed 

Identification of DNA Binding specificity 



SELEX  
 
A random sequence oligonucleotide library is explored using a 
purified or recombinant Transcription Factor 
 
 
Classical SELEX: many rounds of selection + PCR amplification 
 
 
SELEX variants: single selection step at high stringency, followed 
by elution and NGS sequencing 
 
Usually  produced a series of short sequences   consensus 



Using ChIP + microarrays or (best) ChIP-Seq it has been quite straightforward 
to obtain high-resolution maps of TF binding to chromatin using cell lines.  

Identification of R.E. 



Identification of R.E. 



TFBS (4-15 bp) 

T F 

All these fragment will 
score positive in ChIP assay 

Frequency plot 

ChIp-Seq analysis identifies a region 
where the TF binds, not the TFBS 



In the -500, +500 interval around binding peaks, algorithms exist to find unbiased 
overrepresented motifs, or known motifs based on positional weight matrices. 
 
Examples: 

Identification of R.E. 



Methodological Wiki 
 
You can add subjects or tell me to add 
 
Try to find images and explanations, with specific points, like these 
(as example): 
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