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 Regulation of transcription or gene expression is achieved by the 
functions of various operons which is a functioning unit of DNA 
containing a cluster of genes under the control of a single promoter.

 Presence of Operon allows protein synthesis to be controlled 
coordinately in response to the needs of the cells.

 There are two types of operon in prokaryotes, which are:

 Lac operon

 Trp Operon

 Another mode of regulation of gene expression is:

 Gln regulation by NTRC – Enhancer function
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E. coli lac Operon

 It encodes 3 genes (lac ZYA) involved in lactose metabolism.

 In this model, a specific repressor protein (lac repressor) inhibits 
transcription from the lac promoter by binding to an adjacent DNA 
sequence known as the lac operator in the absence of lactose.

 A general activator protein known as catabolite activator protein (CAP) 
binds to a site immediately upstream of the promoter, stimulating 
transcription. However the binding of CAP to its site requires the co-
activator, cAMP, the concentration of which is low in glucose-containing 
medium.
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E. coli lac Operon

 In the presence of glucose and absence of lactose, the transcription of the lac
operon is repressed. The lac repressor is bound to the lac operator, while CAP is 
not bound to its control site due to low level of cAMP.

 The addition of inducer ‘lactose’ to media                                                           
and its binding to the lac repressor                                                                      
causes it to dissociate from the lac
operator sequence.

 Then if glucose is still in medium, CAP                                                               
can’t bind to its site and transcription                                                                     
is relatively low. 

 If glucose is absent, in the presence of                                                                                 
lactose, cAMP level becomes high, binds                                                                         
to CAP to form a complex which then                                                                          
binds to the control site strongly activating                                                          
transcription by RNA polymerase.

 The lac promoter reuires σ70 out of 7                                                                                 
sigma factors of RNA pol.
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The trp Operon

 It includes 5 genes encoding enzymes needed for tryptophan 
biosynthesis, along with a promoter (RNA pol binding site) and an 
operator (repressor protein binding site).

 The trp operon is considered a repressive operon and its genes are 
transcribed as a single mRNA.

 It is regulated by the amount of tryptophan present.

 Here tryptophan acts as a repressor.
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The gln regulation by NtrC/NtrB

 It is involved in the regulation of gene expression of proteins involved in nitrogen 
metabolism.

 At low nitrogen levels, NtrC binds to DNA and activates transcription.

 In case of glnA gene, NtrC regulates the transition from a closed to open 
transcription complex, an example of allostery. NtrC interacts with a specialized 
sigma factor (sigma 54) which directs the RNA polymerase to a specific set of 
genes containing variations in the consensus promoter sequence.

 NtrC has separate activating and DNA-binding domains, and binds DNA when 
the nitrogen levels are low.

 The phosphorylated by a kinase NtrB, NtrC change the structure and display the 
activator domain.
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The free phosphate regulation by PhoR/PhoB

 PhoR is a transmembrane protein, located in the inner membrane, whose 
periplasmic domain binds phosphate with moderate affinity and whose cytosolic 
domain has protein kinase activity.

 PhoB is a cytosolic protein.

 When the phosphate concentration in the environment falls, it also falls in the 
periplasmic space, causing phosphate to sissociate from the PhoR periplasmic
domain.

 Dissociation of phosphate form PhoR causes a conformational change in the 
PhoR cytoplasmic domain, that activates its protein kinase activity.

 The activated PhoR initially transfers a γ-phosphate from ATP to a histidine side 
chain in the PhoR kinase domain itself.

 The same phosphate is then transferred to a specific aspartic acid side chain in 
PhoB, converting PhoB from an inactive to an active transcriptional activator.

 The phosphorylated, active PhoB induces transcription of several genes that 
help to cope with low phosphate conditions.
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