
CH 3 - L2 part1 

Transcription Factors  

Enhancers 



How can «small» cis-elements guide the specificity of DNA binding ? 
 
First, almost all TFs bind DNA either as dimers or trimers or higher, and 
with more complex patterns (e.g. heterodimers of the same family) 
 
Second, almost all the time TFBS are not isolated but found in clusters 
 
 
We will see in the following that TF function follow the co-co-co- rule:  
 
 Combinatorial binding integrates multiple regulation 
 Compositional binding increases fine-tuning 
 Cooperativity will determine transcriptional outcome 
 

 Individual TF Binding Sites are short motifs:  4-15 bp 

Enhancer structure 



Watson textbook 

Enhancer structure 

  

YES 

No 



Old example 
 
 
the INF-β enhancer: 
 
 
 

TFs binding may be 
favoured by the local 
3D conformation 

Compositionality 



Band-shift (EMSA) analysis shows 
binding of ATF-2, NF-kB and IRF-1 to 
the enhancer.  

The enhanceosome is formed only in 
the presence of the architectural 
protein HMGI(Y) to 4 specific sites. 

from: Agalioti et al. (2000) Cell 103: 667-678. 

Mutated in HMGI(Y) site  

How it is done:  
Enhancer DNA with nucleosome  is 
added of recombinant proteins. 

Compositionality 



The INF- “enhanceosome” 

This old example illustrates «compositionality» 

The binding of multiple different 
proteins to adjacent sites in 
enhancers is required.  

HMG are DNA-binding proteins 
with no transactivating domain, but 
displaying “architectural” functions, 
e.g. bending the DNA and allowing 
correct interaction among TFs. 

Compositionality 



Compositionality 



TF-TF interaction may be mediated by 
DNA (adjacent elements) or by simple 
protein-protein contacts 



Protein contacts are facilitated by 
juxtaposition of TFBSs 

Protein contacts are not mediated 
by DNA 

Protein contacts (if any) are only 
mediated by DNA 



cooperativity 

The binding of one Transcription Factor increases the probability of 
binding for a second TF and so forth 
 
This is due often to chromatin «opening» that facilitates following TF 
binding 

a b c reporter p 

Factor added      Transcription 
 
None    1 
TF-A    2 
TF-A + TF-B   3  
TF-C    2 
TF-A + TF-B + TF-C  25   



Genome-wide identification of TFBS 



first phase 



Caution ! 
 
for TF mapping you can not use «expression microarrays» 
 
(usually contain only expressed sequence probes) 
 
Scientists used «tiling microarrays», i.e. probes covering the entire 
(nonripetitive) genome,  or    arrays containing only probes for known 
regulatory elements (e.g. known gene promoters).  

Affymetrix probes (24-25nt) 

all the genome, nonrepetitive regions 

promoter gene A promoter gene B 

tiling microarrays 

promoters microarrays 



Identification of TFBS 

Farnham 2009 



, can do custom 



from Park, 2009, Nat Rev Genetics 



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 binding motif itself 

Let us simplify a bit... 



As a matter of fact, 
we have reads from 
both strands 

join 

peak call 

peak annotation 



T F 

Statistical analysis defines 
the binding region 

a genome fragment around the center of the peak 
 
(or defined by statistics) 
 
can now be explored to predict the binding sequence 



Algorithms exist for two different purposes: 
 
1. to statistically evaluate the presence of a given known TF-binding 

motif in the list of «chipped» sequences 
 

2. to evaluate, in the list of chipped sequences, the most represented 
«words» as compared to control sequences 

Please consider that, even when a TF-binding motif is determined using 
direct biochemical techniques such as SELEX, you will never get a single, 
unvariable sequence motif  
 
This is because the protein can adapt to certain base change at certain 
positions of the recognition sequence (less determinant contacts).  
 
Example: 
JASPAR database at    http://jaspar.genereg.net/ 
 

http://jaspar.genereg.net/
http://jaspar.genereg.net/


What is a PWM ? 
 
 
 
https://en.wikipedia.org/wiki/Position_weight_matrix 

https://en.wikipedia.org/wiki/Position_weight_matrix


For example take -500, +500 interval around binding peak summits: algorithms 
exist to find unbiased overrepresented motifs, or known motifs, based on 
positional weight matrices. 
      see Bioinformatics 
Examples of sites for different TFs: 

Identification of R.E. 



Caution ! 
 
ChIP-seq experiments identify TFBS    NOT    DNA/TF interaction 
 
 
TFs  show a complex   protein-protein interaction network  among 
themselves and with co-regulators (coactivators, corepressors, 
remodellers, other) (next lesson) and 
  formaldehyde will cross-link everything 



Protein contacts are facilitated by 
juxtaposition of TFBSs 

Protein contacts are not mediated 
by DNA 

Protein contacts (if any) are only 
mediated by DNA 



One important question is specificity 
 
In the case seen as examples, the «order» of TFs is dictated by DNA 
sequence 
 
In higher eukaryotic genomes, do we find any kind of combination of 
TFBS ? In other words, any kind of TF cooperation is allowed ? 

Example of  a TF  analysis by  ChIP-Seq       paper 

ENCODE studies (in the following) 





Transcription Factors + transcription-related factors by ChIP-Seq. 
 
The sum of chromatin sites bound by a given TF in a given cell type under 
a specific experimental condition is called «cistrome»  
 
Very often, single TF bind to different chromatin sites in different cell 
types (i.e. TFs display cell type-specific cistromes). 
 
Whenever TFs collapse (+other histone and cofactor marks)  enhancer 
 
Using data from 5 cell lines, the ENCODE project has identified: 
 
- Total 7.5 million «peaks» (40% of these within 2.5Kbp from TSS). 
 
This allowed to estimate around  400,000 putative enhancers in the 
human genome (Gerstein et al., 2012). (some recent estimates reach up 
to one million). 
 
 Therefore, enhancers largely outnumber promoters.  



Gerstein paper clearly indicates that different «combinatorial» groups 
exist or, in other words, not all the possible combinations are seen. 
 
This implies co-evolution of regulatory modules. This conclusion is 
further emphasized by the obervation that in a given conserved 
module, different TFBS are often arranged (ordered) in the same way. 

Questions:    
  - Is the «combinatorial» rule for TFs at enhancers true ? 
 - Can any TF combine with any other TF ? 

The combinatorial rule of Transcription Factor Binding Sites at enhancers  

frequent 

rare 

frequent 

never 



The «focus» factor here is GATA1.  Merging all the experiments, 
94 partner factors were found.  
Taking into account co-presence, several clusters are defined.  

One example from Gernstein paper: GATA1  



Coassociation shows groups that are quite strictly delimited in one type of 
regulatory element (e.g. Distal or proximal). 
Coassociation with REST or HDAC2 also define some «repressive» elements 



This «clustering» effect also 
suggests that enhancers 
have spread in the genome 
by duplication events 
(transposition ?) 
 
 
There is also evidence that 
in some cases Transposable 
Elements have been 
domisticated to act as 
enhancers  



Lesson 2 will continue with Videos from 
 
Eric Wieschaus   
https://www.youtube.com/watch?v=Ncxs21KEj0g 
 
and 
 
Michael Levine 
https://www.youtube.com/watch?v=Cfgze3BItDY 
+ 
https://www.youtube.com/watch?v=FLa3oRPxNLM 

These Videos are availabe in our Moodle site, Chapter 3, Book: Ch 3 Lesson streaming  

https://www.youtube.com/watch?v=Ncxs21KEj0g
https://www.youtube.com/watch?v=Ncxs21KEj0g
https://www.youtube.com/watch?v=Cfgze3BItDY
https://www.youtube.com/watch?v=Cfgze3BItDY
https://www.youtube.com/watch?v=Cfgze3BItDY
https://www.youtube.com/watch?v=FLa3oRPxNLM
https://www.youtube.com/watch?v=FLa3oRPxNLM

