
Part 4 – Transcriptional regulation





Levels of regulation of gene expression
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Levine, 2014

How is transcription of  different 
genes regulated ?



Transcription steps

– Initiation

– Elongation

– Termination
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Factors required to regulate 
transcription

• Polymerase 

• GTFs

• Mediator complex

• DNA-binding regulatory transcription factors

• Corepressors and Coactivators (including different 
classes of chromatin-modifying enzymes)



Regulated gene expression is achieved through 
on-off  switches responding to environmental or 

developmental changes

Components of the switch: 
1- Short stretches of DNA regulatory sequences
2- Gene regulatory proteins 

COFACTOR



How to Study DNA Protein Interactions?



Ø Physical Interaction
Ø Electrophoretic Mobility Shift Assay (EMSA)
Ø DNA Footprinting
Ø Chromatin Immunoprecipitation (ChIP)

Ø Functional readout of Protein-DNA Interactions
Ø Reporter Assays
Ø In vitro transcription

Different approaches to study Protein-DNA interactions

AGENDA



Ø Physical Interaction
Ø Electrophoretic Mobility Shift Assay (EMSA)
Ø DNA Footprinting
Ø Chromatin Immunoprecipitation (ChIP)

Ø Functional readout of Protein-DNA Interactions
Ø Reporter Assays
Ø In vitro transcription

Different approaches to study Protein-DNA interactions



Gel Shifts/Electrophoretic Mobility Shift Assays

• In vitro analysis of the transcriptional factor binding function
• Binding does not always correlate with transcriptional activity

1. Nuclear extracts from cells or tissues
2. Mix with 32P-labeled ds-oligo
3.  Run on Native acrylamide gels

Free oligo

Oligo +
Prot

Oligo +
Prot

Strengths of method
àdetect low abundance DNA binding proteins 
from lysates
àtest binding affinity with mutations

Limitations: 
àin vitro, quantitation problems,
àneed antibodies to identify complexes

Steps



How do we determine the identity of  
complexes and if  they are specific?

• Competition assays

• Supershift Assays

Free oligo

Oligo +
Prot

Oligo +
Prot+ Ab

Molar excess of identical, mutant, or 
consensus site

Add specific antibody to the binding 
assay



Examples: Gel Shifts/EMSA

Perissi et al., Oncogene, 2000



Protein Binding Microarrays

HT approach to investigate protein binding to double stranded DNA sequences

• Quantification of bound proteins is 
done using fluorescent labeled 
antibodies

• PBMs can be used for measuring 
protein binding to either synthetic or 
genomic sequences

• PBMs are useful for investigating 
binding specificity among homologs 
and for studying the binding of multi-
protein complexes



Ø Physical Interaction
Ø Electrophoretic Mobility Shift Assay (EMSA)
Ø DNA Footprinting
Ø Chromatin Immunoprecipitation (ChIP)

Ø Functional readout of Protein-DNA Interactions
Ø Reporter Assays
Ø In vitro transcription

Different approaches to study Protein-DNA interactions



DNaseI Footprinting





Ø Physical Interaction
Ø Electrophoretic Mobility Shift Assay (EMSA)
Ø DNA Footprinting
Ø Chromatin Immunoprecipitation (ChIP)

Ø Functional readout of Protein-DNA Interactions
Ø Reporter Assays
Ø In vitro transcription

Different approaches to study Protein-DNA interactions



Chromatin Immunoprecipitation



Chromatin Immunoprecipitation

Overview: 

Strengths
•Allows you to detect transcription factor binding 
at specific sites within chromatin in vivo in cells 
or tissues. 
•Detection by PCR (qPCR) is very sensitive. 

Weaknesses
à Requires long training and optimization steps
à Requires very good antibodies (CHIP-grade)
à does not exactly tell you where on DNA 
protein is binding.



ChIP Steps & Optimization



ChIP Controls
ChIP controls 

• PolII or histone marks antibodies can be useful if you are unsure about your 
antibody (positive control for ChIP technique)

• Controls for genes that have previously been shown to be bound by factor if 
interest (positive control for antibody)

• Controls for unrelated genomic regions that should not bind factor of interest       
(negative control)

• Normal IgG or pre-immune IgG (negative control for IP)

PCR controls 

• Negative PCR controls as usual
• Serial dilutions of input material to calculate reference curve
• Dissociation curve to validate primers



• BREAK



Global Screening Methods

1. ChIP on Chip 

Perform regular ChIP then 
hybridize DNA to to a tiled 
genomic array, or promoter 
array. 

Advantages: global approach 

Disadvantages: expensive, cross-
hybridization issues, coverage 
is limited by the tiling array 
(oligos are pre-selected). 



2. ChIP-seq

Perform regular ChIP, then sequence 
every DNA fragment 
immunoprecipitated (next-generation 
sequencing, Illumina or ABI-SOLID 
platforms)

Advantages: little material required, higher 
resolution,  fully open end approach, 
spatial resolution, less artifacts due to 
PCR amplification, possibility to 
multiplex

Disadvantages: expensive (particularly if 
controls included), need large computer 
storage capacity, requires complex 
bioinformatics analysis. 

Global Screening Methods





COFACTOR



In a defined interval around binding peaks(i.e +/-500bp), algorithms exist to 
find unbiased overrepresented motifs, or known motifs based on positional 
weight matrices.

Examples:

Motif  Enrichment Analysis



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



DAP-seq – Add slide



Identification of  TFs responsible for cofactor 
recruitment through motif  analysis

Motif analysis is just the beginning… need to validate TF binding by regular 
ChIP, and to study functional effect by reporter assays, siRNA studies



ChIP-seq Data Analysis

Integration 
with other 
datasets



ChIP-seq Data Secondary Analysis

Overlapping with available NCoR/SMRT and PPARg/RXR 
ChIP-seq data (Lefterova et al., 2008; Mikkelsen et al., 2010; Raghav et al., 2012)



ChIP-seq Data Secondary Analysis

Is there a lot of data available for this type of analysis?









Ø Physical Interaction
Ø Electrophoretic Mobility Shift Assay (EMSA)
Ø DNA Footprinting
Ø Chromatin Immunoprecipitation (ChIP)

Ø Functional readout of Protein-DNA Interactions
Ø Reporter Assays
Ø In vitro transcription

Different approaches to study Protein-DNA interactions



What is a Reporter Assay?



Reporter Assays

Strengths
High throughput
Can measure function of mutations in promoters
Large dynamic range

Many reporters possible
• GFP
• b-galactosidase
• CAT (chloramphenical acetyl transferase)
• Luciferase (firefly, renilla)

Can be used for in vivo/in cell monitoring. 

Weaknesses
• uses exogenous DNA, not chromatin
• Gene dosage artifacts are possible
• relies on transfection, not easy for all cells



Luciferase Reporters—pGL Family



In vivo studies of  regulatory regions: 
LacZ and GFP reporter systems

Nakagawa et al., G&D 2005

Langenau et al.PNAS 2004



What else can be done with Reporter Assays? 
Variations on Basic Experiment

• Overexpress exogenous transcription factors

• Overexpress dominant negative transcription factors (variants of 
normal factor that functions to inhibit the WT allele)
i.e. Mutant lacking the transcriptional activation domain, the DNA binding….

• High throughput screenings

• Artificial transcription factors (Gal4 DNA binding domain, VP16 
activation domain) to test corepressors and coactivators



The structure of transcription factors is modular and modules (domains) 
are experimentally interchangeable

Reporter Assays to measure protein-protein interaction

Bruckner et al., Int. J. Mol. Sci. 2009



Ø Physical Interaction
Ø Electrophoretic Mobility Shift Assay (EMSA)
Ø DNA Footprinting
Ø Chromatin Immunoprecipitation (ChIP)

Ø Functional readout of Protein-DNA Interactions
Ø Reporter Assays
Ø In vitro transcription

Different approaches to study Protein-DNA interactions



In vitro transcription assay

G-less cassette
regulatory transcribed cassette

Add ATP, CTP, UTP + Nuclear Extracts
(or purified components of PIC + Pol II)

DNA analysed on high-resolution gels

“G-less” cassette
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In vitro transcribed RNA

purify




