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Révison
1. Inducible and Repressible Operons
1.1 Inducible operon:
a. Activated by the presence of a substrate (e.g., lactose operon).
b. Typical of catabolic pathways.
c. Repressor is active by default, deactivated by an inducer.
1.2 Repressible operon:
a. Inactivated by the presence of an end product (e.g., tryptophan operon).
b. Typical of anabolic pathways.
c. Repressor is inactive by default, activated by a corepressor.


Exercise 1: Multiple Choice Questions (MCQ)
1. In the absence of lactose, the repressor:
· a) Binds to the promoter.
· b) Binds to the operator.
· c) Detaches from the operator.
· d) Is inactive.

2. β-galactosidase is encoded by:
· a) lacI
· b) lacA
· c) lacY
· d) lacZ

3. The repressor is inactivated in the presence of lactose (via allolactose).
· True
· False

4. The CAP-cAMP complex stimulates RNA polymerase activity in the absence of glucose.
· True
· False

5. Permease, not β-galactosidase, transports lactose into the cell.
· True
· False

6. The lactose operon is an inducible operon, not a repressible one.
· True
· False

Exercise 2: Case Study
A bacterial mutant has a mutation in the lacI gene. Predict the behavior of the lactose operon in the presence and absence of lactose.

Exercise 3:
A bacterial strain presents the following mutations. Explain the impact of each mutation on the expression of lacZ, lacY, and lacA genes:
1. Mutation in the lacI gene.
2. Mutation in the operator (O).
3. Mutation in the promoter (P).
4. Mutation in the lacZ gene.

Solution: Exercise 1
1. b) Binds to the operator.
· The repressor produced by lacI blocks transcription by binding to the operator.
2. d) lacZ
· lacZ codes for β-galactosidase.
3. True.
· The repressor is inactivated in the presence of lactose (via allolactose).
4. True.
· The CAP-cAMP complex stimulates RNA polymerase activity in the absence of glucose.
5. True.
· Permease, not β-galactosidase, transports lactose into the cell.
6. True.
· The lactose operon is an inducible operon, not a repressible one.
Exercise 2: Case Study
· In the absence of the repressor (mutation in lacI), the lactose operon will be constitutively active, whether lactose is present or not. The enzymes encoded by lacZ, lacY, and lacA will be produced continuously.

Exercise 3:
1. Mutation in lacI: Absence of the repressor → The operon will be active at all times, with continuous production of lacZ, lacY, and lacA.
2. Mutation in the operator (O): The repressor can no longer bind → The operon will be constitutively active, regardless of the presence of lactose.
3. Mutation in the promoter (P): RNA polymerase cannot bind → None of the structural genes will be expressed under any condition.
4. Mutation in lacZ: β-galactosidase will not be functional, preventing lactose degradation, even if the other genes (permease and transacetylase) are expressed.

1.2 Repressible Operon
In the absence of tryptophan:
· The trpR repressor is inactive and does not bind to the operator.
· RNA polymerase can transcribe the trp operon, producing the enzymes required to synthesize tryptophan from precursors.
2. In the presence of tryptophan:
· Tryptophan binds to the trpR repressor, activating it.
· The tryptophan-bound repressor binds to the operator, blocking transcription of the trp operon genes, thereby preventing the production of new tryptophan molecules.
· This mechanism prevents the cell from being overloaded with tryptophan by limiting its biosynthesis when its concentration is already sufficient.

Exercise 1: Tryptophan Operon (trp) Case Study
You are working in a microbiology laboratory studying an E. coli mutant in which the trpR gene has a mutation that prevents the repressor from binding tryptophan. This mutant is grown in a medium rich in tryptophan.
Questions:
a) What happens to the transcription of the trp operon genes in this mutant?
b) What would be the consequences for the E. coli cell under conditions of tryptophan abundance?
Now, suppose the trpR repressor in E. coli is functional, but the cell is grown in a medium with extremely low tryptophan concentration.
a) How will the cell respond to increase tryptophan production?
b) What would happen if the tryptophan concentration in the cell increases?
Finally, using the tryptophan operon as an example, explain why this type of regulation is advantageous for E. coli.

Solutions:
1. Mutant trpR unable to bind tryptophan
a) In this mutant, the trpR repressor cannot bind tryptophan, even when tryptophan is abundant. Consequently, the repressor will not be activated, meaning RNA polymerase can continue to transcribe the trp operon genes. This will lead to excessive tryptophan production.
b) If the trp operon transcription continues despite tryptophan abundance, the cell will synthesize tryptophan unnecessarily. This represents a waste of energy and cellular resources, as the cell produces a compound already available in its environment.
2. Functional trpR, low tryptophan concentration
a) When tryptophan is low, the trpR repressor remains inactive (because it is not bound to tryptophan). RNA polymerase can transcribe the trp operon genes, allowing the cell to produce enzymes necessary for tryptophan biosynthesis from available precursors.
b) If tryptophan concentration rises, tryptophan binds to trpR, activating the repressor. The activated repressor binds to the operator, inhibiting transcription of the trp operon. This prevents further tryptophan synthesis, avoiding energy waste.
3. General Reflection:
This type of regulation, called feedback inhibition, is an economical mechanism that reduces the production of a compound when it is already abundant in the environment or cell. It saves energy, allowing the cell to focus on producing other needed compounds, which is critical for survival in a changing environment with limited resources.

1.3 Transferrin and Ferritin: Iron Regulation
· Transferrin: Iron transporter in plasma.
· Ferritin: Intracellular iron storage protein.
Iron regulation mechanism:
Low iron conditions:
· Transferrin translation increases to enhance iron absorption.
· IRP (Iron Regulatory Protein) binds to IRE (Iron Responsive Element) on transferrin mRNA, stabilizing it, and increasing translation.
· IRP also binds IRE on ferritin mRNA, blocking translation to prevent unnecessary iron storage.
High iron conditions:
· IRP is inactivated when bound to iron.
· Transferrin mRNA is degraded → iron uptake decreases.
· Ferritin translation is activated → excess iron is stored safely.


Summary table:
	Condition
	Transferrin
	Ferritin

	Low iron
	Translation ↑ (mRNA stabilized by IRP)
	Translation ↓ (IRP binds IRE)

	High iron
	mRNA degraded (IRP inactive)
	Translation ↑ (IRP inactive)


· Iron deficiency: more transferrin, less ferritin.
· Iron excess: less transferrin, more ferritin.
This system maintains fine cellular iron homeostasis, regulating absorption and storage according to cellular needs.

Exercise: 
A laboratory studies an E. coli mutant in which IRP cannot bind IRE.
Questions:
1. The mutant is grown in a low iron environment. How will the cell respond?
· What happens to transferrin and ferritin translation?
2. The mutant is then grown in a high iron environment. What happens to the cell?
3. What are the long-term consequences if IRP cannot bind iron, and how does this affect iron absorption and storage?

Solutions:
1. Low iron environment:
· Transferrin: Normally, IRP binds IRE on transferrin mRNA, stabilizing it and increasing transferrin production. In this mutant, IRP cannot bind → transferrin production does not increase.
· Ferritin: Normally, IRP binds ferritin mRNA, blocking translation. In this mutant, ferritin translation is also impaired, leading to poor regulation.
2. High iron environment:
· Transferrin: Normally, IRP is inactivated → mRNA degraded → less transferrin. In this mutant, mRNA remains stable → overproduction of transferrin.
· Ferritin: Normally, IRP inactivation allows translation → ferritin stores excess iron. In this mutant, ferritin is underproduced, so excess iron is not stored properly.
3. Long-term impact:
If IRP cannot bind iron:
· Transferrin production cannot adjust to low iron → inadequate iron uptake.
· Ferritin cannot store excess iron → potential cytoplasmic iron toxicity.
· Overall: Cellular iron homeostasis is disrupted, potentially harming metabolic processes sensitive to iron.

