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 Regulation of gene 

transcription in prokaryotes 

and eukaryotes 
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Eukaryotes vs Prokaryotes

Eukaryotic cells are 
characterized by membrane-
bound compartments, which 
are absent in prokaryotes.

“Typical” human & bacterial 
cells drawn to scale. 





Muscle cell Pancreatic cells
alpha cells   beta cells

Blood cells
WBCs          RBCsGenes for

Glycolysis ON ON ON ON ON

Insulin OFF OFF ON OFF OFF

Glucagon OFF ON OFF OFF OFF

Hemoglobin OFF OFF OFF OFF ON











Lactose operon
What happens when lactose is present?

Need to make lactose-digesting enzymes

Lactose is allosteric regulator of repressor protein





Tryptophan operon
What happens when tryptophan is present?

Don’t need to make tryptophan-building enzymes

Tryptophan is allosteric regulator of repressor protein











Regulation Gene Expression in Prokaryotes 

• Simple 

• Understood by operon mechanism

• Inducible – lac operon

• Repressible – trp operon 









Lactose operon
What happens when lactose is present?

Need to make lactose-digesting enzymes

Lactose is allosteric regulator of repressor protein



Induction of the LAC Operon. (A) In the absence of lactose, the lac repressor binds 
DNA and represses transcription from the lac operon. (B) Allolactose or another 
inducer binds to the lac repressor, leading to its dissociation from DNA and to the 
production of lac mRNA. 



Regulation of the lac operon. The I gene continually makes repressor. The repressor binds to 
the O (operator) region, blocking the RNA polymerase bound to P (the promoter region) 
from transcribing the adjacent structural genes. When lactose is present, it binds to the 
repressor and changes its shape so that the repressor no longer binds to O. The RNA 
polymerase is then able to transcribe the Z, Y, and A structural genes, so the three enzymes 
are produced. 



Negative and positive control of the lac operon by the Lac repressor and catabolite activator protein (CAP), respectively. (a) In the absence of lactose to serve 
as an inducer, the Lac repressor is able to bind the operator; regardless of the levels of cAMP and the presence of CAP, mRNA production is repressed. (b) With 
lactose present to bind the repressor, the repressor is unable to bind the operator; however, only small amounts of mRNA are produced because the presence 
of glucose keeps the levels of cAMP low, and thus the cAMP–CAP complex does not form and bind the promoter. (c) With the repressor inactivated by lactose 
and with high levels of cAMP present (owing to the absence of glucose), cAMP binds CAP. The cAMP–CAP complex is then able to bind the promoter; the lac 
operon is thus activated, and large amounts of mRNA are produced. (d) When CAP binds the promoter, it creates a bend greater than 90° in the DNA. 
Apparently, RNA polymerase binds more effectively when the promoter is in this bent configuration. (e) CAP bound to its DNA recognition site. This part is 
derived from the structural analysis of the CAP–DNA complex 



Catabolite control of the lac operon. The operon is inducible by lactose to the maximal levels when cAMP and CAP form a 
complex. (a) Under conditions of high glucose, a glucose breakdown product inhibits the enzyme adenylate cyclase, preventing 
the conversion of ATP into cAMP. (b) Under conditions of low glucose, there is no breakdown product, and therefore adenylate 
cyclase is active and cAMP is formed. (c) When cAMP is present, it acts as an allosteric effector, complexing with CAP. (d) The 
cAMP–CAP complex acts as an activator of lac operon transcription by binding to a region within the lac promoter. (CAP = 
catabolite activator protein; cAMP = cyclic adenosine monophosphate.) 



Tryptophan operon

What happens when tryptophan is present?

Don’t need to make tryptophan-building enzymes

Tryptophan is allosteric regulator of repressor protein















REGULATION OF GENE 

EXPRESSION IN 

EUKARYOTES



▪ Chromosome

▪ Transcription

▪ Processing of transcripts

▪ Translation



GENE REGULATION AT THE 

CHROMOSOMAL LEVEL



HETEROCHROMATIN 

 Trancriptionally inactive

  tightly condensed

EUCHROMATIN

Transcriptionally active

Relatively relaxed





Control region outside 

nucleosome

GENE IS ACTIVE



Control region within 

nucleosome

GENE IS INACTIVE



HAT









REGULATION AT THE LEVEL 

OF TRANSCRIPTION



GTFs(General transcription factors) 

only produce a basal level of 

transcription i.e. very low

Gene-specific factors (activators) are 

further required to regulate the 

activity of gene expression



Upstream or downstream

Close to the promoter or thousands of base 

pairs away

On either of the two strands of DNA

Act through intermediary or gene specific 

transcription factors proteins

Enhancers activate transcription 

Silencers deactivate transcription





• Enhancers contain response elements that 
are responsive to certain metabolic factors

• Cyclic AMP response element (CRE)

• Glucocorticoid response element (GRE)

• Heat shock element (HSE)

• REs bind transcription factors produced 
under certain cell conditions to activate 
several related genes



5’- TGACGTCA -3’

3’- ACTGCAGT -5’



 Implicated in 

• Cell proliferation

• Cell differentiation

• Spermatogenesis

• Release of somatostatin (inhibitor growth hormone)

• Development of T lymphocytes

• Metabolism of the pineal gland

• Adaptation to physical stress

• Transcription of metabolic enzymes

• Critical in learning and long term memory 





Glucocorticoid Response Element 



GENE REGULATION BY 

PROCESSING OF 

TRANSCRIPTS



Alternative Splicing



RNA EDITING





 DNA binding motifs in pro-and eukaryotes 













REGULATION AT THE LEVEL OF 
TRANSLATION 





mRNA 

Stability







Regulation of ferritin expression



Regulation of ferritin expression
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