
Gene Regulation



                                        Gene regulation

Transcriptional regulation.
 1. Transcriptional activators and repressors
 2. Chromatin remodeling factors
 3. DNA methylation (e.g. imprinting)

mRNA splicing

mRNA degradation

Translational regulation

Protein stability

Protein modification by other trans acting factors  (e.g. phosphorylation).



Prokaryotic DNA is primed for transcription, which can be actively
enhanced, or repressed. Eukaryotic chromatin is transcriptionally off,

until turned on.





Multiple sigma factors 
within the  cell compete for 
binding to a limiting
amount of RNA 
polymerase.

Each sigma factor binds
near multiple genes,
resulting in different multi-
gene transcriptional 
responses







Lactose is broken down into two sugars and modified 
into allolactose



Regulatory proteins control transcription



lacZ gene produces
B-galactosidase



Structure of IPTG, a lactose analog that is
not broken down to glucose



Kinetics of growth in presence of glucose and galactose

growth

Beta-galactosidase



Glucose inhibits expression of the lac operon



The lac operon is transcribed only in the presence of lactose



Allosteric effectors bind to regulatory proteins



The F’. Infectious transfer of an F element that has picked up a small number 
of cellular genes during excision from the bacterial chromosome.



Strs, tsxs, lacI+ z+ (Hfr) X (F-) lacI- z- Strr, tsxr
Experiment # 1

When DNA carrying lacI+ lacZ+ genes was introduced into a lacI-lacZ- cell through conjugation, Bgal was synthesized from the introduced
lacZ+ gene initially. However, as repressor (made by the introduced lacI+ copy of the gene) accumulates, the synthesis of Bgal stops. The levels

Of Bgal slowly decay as the protein is degraded. If inducer is added (dotted line), the synthesis of Bgal resumes. The logic behind the strains
Used is the following: After enough time to allow for transfer of the lac genes from the donor, addition of T6 phage and streptomycin kills the
Donor cells selectively. Inducer is not added until these cells have been killed. Otherwise Bgal would be induced in the donor. We are only 

Interested in the fate of the lacZ gene when it is introduced into an environment in which there is initially no lacI protein.



Repressors are trans-acting



Operators are cis-acting



The repressor contains an allosteric lactose-binding site



The lac operon is transcribed only in the presence of lactose



Kinetics of growth in presence of glucose and galactose

growth

Beta-galactosidase





The lac operon: synthesizing B-gal,
but only when glucose is

absent, and lactose is present



Regulatory proteins modulate the ability of RNA polymerase to carry out transcription. The lac 
repressor bound to the operator prevents RNA polymerase from binding. The binding sites for RNA 
polymerase and repressor show that there is overlap between the sites. The CAP-cAMP complex 
contacts RNA polymerase directly to help in transcription initiation. RNA polymerase can  bind to a 
promoter in the absence of a positive regulator, but the positive regulator stabilizes this binding, 
effectively making it more likely that the polymerase will Initiate transcription rather than fall off. 

The lac operon: synthesizing B-gal, but only when glucose
is absent, and lactose is present



Gene order in the trp operon corresponds to 
reaction order in the biosynthetic pathway



The trp mRNA leader sequence contains an 
attenuator region and two tryptophan codons





Abundant tryptophan attenuates transcription of 
the trp operon



Low tryptophan attenuates transcription of the trp 
operon



Cis-acting mutants can have diverse phenotypes

Constitutively active mutants
1. Mutations that eliminate basepairing in regions 3 and 4
2. Deletion of the attenuator sequence

Uninducible mutants = an increase in termination
1. Destabilize pairing between regions 2 and 3
2. Mutation of the ATG of the leader peptide







A simple gene. TSS, transcriptional start site.

Eukaryote



DNA transcription regulatory sequences and 
factors



Coactivators bridge interactions between 
transcription factors and RNA polymerase II



More cis regulatory sequences and trans acting factors



Interactions between sequences (via their bound factors)
occurs within loop regions, but not between loops



Insulators (sequences bound by specific
factors) prevent inappropriate

enhancer-promoter interactions



A cell can decode regulatory sequences;
why can’t we?

we want to predict gene expression and regulation 
from DNA sequence

What is the consequence of a
non-coding variant in your genome?



Sufficiency test with transgenics. Keep in mind these each mediate
their biology through trans-acting factors



Necessity test with transgenics



Can also use gene targeting to test necessity
and sufficiency at endogenous locus





Eukaryotes: Enhancers are orientation and position independent



AND and OR logic.  A.  P and N are necessary for expression
of gene M.  B.  Either P or Q are sufficient for expression

of gene S
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Overlap of positive and negative binding sites.

A. Positive factor shown in green activates transcription.

B. Repressor binding to red site preclude activator from binding green site and there
is no transcription.

C. An alternative possibility in which both the repressor and the activator can bind
and the repressor prevents the activator from positively regulation transcription.



Epistasis between positive and negative acting elements



Epistasis of cis and trans (TF = transcription factor)



Enhancers are often modular. A short stretch of DNA is sufficient to make up a CNS 
enhancer. String is protein involved in Mitosis. Different cell types express different 
proteins, each of which binds a different string enhancer, resulting in String transcription



massively parallel enhancer assays





Connecting transcriptional regulators to DNA and vice versa. 



SELEX. 
pool of 
sequences, 
bind 
separate 
bound from 
unbound, 
amplify 
bound with 
PCR.  
Iterate, and 
sequence to 
analyze



Regulatory sequence binding motif



Deriving sequence logos







Multiple alignments allow you to identify invariant sequences among different sequences



Same gene. Phylogenetic footprinting. In red are the numbers
of differences from the first sequence. 



Example of conservation. The green shows the phastCons Score.  
The tracks below show the similarity of the human sequence with different vertebrates.  







opposite strand



Insulators create isolated chromatin domains, which constrain the activity of 
enhancers to promoters in the same domain









Histones are modified by acetyltransferases and methyltransferases,
Which promote or inhibit nucleosome slippage


