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Understanding the regulation of gene expression in bacteria is fundamental to microbiology and molecular
biology. The lac operon in Escherichia coli serves as a classic example of gene regulation in response to
environmental changes, particularly the availability of sugars like lactose and glucose. When lactose is
present in the environment but glucose is absent, the lac operon is typically activated to enable the bacteria
to utilize lactose as an energy source. This article explores the mechanisms behind this regulation, clarifies
the true statements related to the lac operon under these conditions, and elucidates the biological

significance of these processes.

Overview of the Lac Operon

The lac operon is a group of genes involved in the metabolism of lactose in E. coli. It includes three

structural genes:
- lacZ: Encodes B-galactosidase, which hydrolyzes lactose into glucose and galactose.
- lacY: Encodes lactose permease, a transporter that facilitates lactose entry into the cell.

- lacA: Encodes thiogalactoside transacetylase, involved in detoxification processes.

These genes are transcribed together as a single mRNA from a promoter called the lac promoter. The

expression of the lac operon is tightly regulated by two main elements:

- The lac repressor (Lacl): Binds to the operator region to prevent transcription.

- CAP-cAMP complex: Facilitates transcription when glucose levels are low.

Regulation of the Lac Operon in Different Conditions

The activity of the lac operon is influenced by the presence or absence of lactose and glucose in the

environment. The key regulatory mechanisms include:



‘When Glucose is Present

- The lac operon is generally repressed.
- The lac repressor binds to the operator, preventing transcription.

- cAMP levels are low, so the CAP-cAMP complex does not promote transcription.
When Lactose is Present and Glucose is Absent
This is the condition of interest in our discussion. Under these circumstances:

- Lactose acts as an inducer by binding to the lac repressor, causing it to detach from the operator.

- The absence of glucose leads to increased levels of cAMP.

- The cAMP binds to CAP (catabolite activator protein), forming a complex that binds to the promoter
region.

- The CAP-cAMP complex enhances the binding of RNA polymerase to the promoter, increasing

transcription of the lac operon.

What Happens When Lactose is Present But Glucose is Absent?

This specific condition is crucial for understanding the true statement about the lac operon.
Key Events

1. Lactose Induces the Operon:

- Lactose molecules enter the cell via lactose permease.

- B-galactosidase converts some lactose into allolactose, which serves as the inducer.

- Allolactose binds to the lac repressor, causing a conformational change that releases it from the operator

site.

2. Glucose Levels and cAMP:
- With glucose absent, intracellular cAMP levels increase.
- The elevated cAMP binds to CAP, forming the CAP-cAMP complex.

3. Activation of Transcription:
- The CAP-cAMP complex binds upstream of the lac promoter.
- This binding enhances RNA polymerase recruitment.

- As a result, transcription of lacZ, lacY, and lacA is significantly increased.

The True Statement



> In the presence of lactose but no glucose, the lac operon is actively transcribed because the repressor is

inactivated by allolactose, and the CAP-cAMP complex promotes transcription due to high cAMP levels.

Mechanistic Details of Lac Operon Activation

Understanding the molecular interactions helps clarify why the lac operon is expressed under these

conditions.
1. Role of Allolactose and the Repressor

- Allolactose Binding: Allolactose, derived from lactose, binds to the lac repressor.
- Repressor Inactivation: Binding causes a conformational change, preventing the repressor from binding to
the operator.

- Result: RNA polymerase can access the promoter and initiate transcription.

2. Role of CAP-cAMP Complex

- Low Glucose: Elevates cAMP levels.

- Formation of CAP-cAMP: The complex binds to a specific site near the lac promoter.

- Enhancement of Transcription: The complex stabilizes RNA polymerase binding, increasing transcription

efficiency.
3. Combined Effect
- Induction by Lactose: Removes repression.

- Activation by cAMP: Provides positive regulation.

- Outcome: Maximal expression of the lac operon genes.

Implications of Lac Operon Regulation

The regulation of the lac operon exemplifies bacterial adaptation to environmental nutrient availability.

The ability to switch between different energy sources efficiently provides a survival advantage.

Biological Significance



- Energy Conservation: Bacteria avoid synthesizing unnecessary enzymes when glucose is available.
- Resource Optimization: The system ensures that metabolic pathways are activated only when needed.
- Genetic Regulation Model: The lac operon serves as a model for understanding inducible gene regulation

mechanisms.

Common Misconceptions About the Lac Operon

Several misconceptions can arise regarding the behavior of the lac operon under different conditions:

- Misconception 1: The lac operon is always repressed when lactose is absent.
- Misconception 2: The presence of glucose always activates the lac operon.

- Misconception 3: Lactose alone is sufficient to induce maximum expression regardless of glucose levels.
Clarification:

The lac operon is maximally expressed only when lactose is present (to inactivate the repressor) and

glucose is absent (to elevate cAMP levels). The combination of these signals ensures precise regulation.

Summary of the True Statement

In conclusion, the true statement about the lac operon in the scenario where lactose is present but glucose is

absent is:
- The lac operon is actively transcribed because the repressor is inactivated by allolactose, and the high
levels of cAMP enable the CAP-cAMP complex to bind near the promoter, thereby facilitating robust

transcription.

This dual regulation ensures bacteria optimize their metabolic response, utilizing lactose efficiently only

when it is advantageous to do so.

Final Thoughts



The study of the lac operon not only enhances our understanding of bacterial gene regulation but also
provides foundational insights applicable to broader biological contexts, including eukaryotic gene
expression and biotechnology applications. Recognizing the conditions that lead to activation or repression of

the lac operon is essential for grasping how microorganisms adapt and thrive in fluctuating environments.
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Frequently Asked Questions

‘What happens to the lac operon when lactose is present but glucose is

absent?

The lac operon is activated, leading to the transcription of genes involved in lactose metabolism.

Why is the lac operon active in the presence of lactose and absence of

glucose?

Because lactose induces the operon by inactivating the repressor, and low glucose levels increase cAMP,

promoting activation.

Does the lac operon produce enzymes to break down lactose when lactose

is present but glucose is absent?

Yes, the lac operon encodes enzymes like B-galactosidase to metabolize lactose under these conditions.

Is the lac operon repressed or active when lactose is present but glucose is

absent?

It is active, as lactose inactivates the repressor and low glucose levels enhance activation via cAMP.

What role does cAMP play in the regulation of the lac operon when

lactose is present but glucose is absent?

Elevated cAMP levels bind to CRP, facilitating the activation of the lac operon transcription.



Does the presence of lactose alone suffice to fully activate the lac operon?

No, full activation also depends on low glucose levels that increase cAMP, enhancing transcription.

Is the lac operon considered to be in an inducible or constitutive state

when lactose is present and glucose is absent?

It is in an inducible state, meaning it is turned on in response to lactose availability.

Can the lac operon be expressed if glucose is absent but lactose is not

present?

No, lactose must be present to induce the operon; without lactose, the operon remains repressed.

What is the true statement about the lac operon in the scenario of lactose

presence and glucose absence?

The lac operon is actively transcribed to facilitate lactose metabolism under these conditions.

How does the absence of glucose influence the activity of the lac operon

when lactose is present?

Absence of glucose increases cAMP levels, promoting lac operon activation alongside lactose induction.

Additional Resources

Identify The True Statement About The Lac Operon: In The Presence Of Lactose But No Glucose, Lactose
is a fundamental question in molecular biology that delves into gene regulation mechanisms in bacteria.
Understanding how the lac operon functions under varying environmental conditions is crucial for
grasping the principles of inducible gene expression. This article provides an in-depth analysis of the lac
operon, emphasizing its behavior when lactose is available, but glucose is absent, and aims to clarify the true

statement regarding this specific scenario.

Introduction to the Lac Operon

The lac operon is a classic example used to illustrate the principles of gene regulation in prokaryotes,
specifically in Escherichia coli. It is responsible for the metabolism of lactose—a disaccharide sugar present in

milk—by encoding genes that facilitate its transport and breakdown.



Components of the Lac Operon

The lac operon includes:

- Structural Genes:

- lacZ: Encodes [-galactosidase, which cleaves lactose into glucose and galactose.

- lacY: Encodes lactose permease, a transporter that facilitates lactose entry into the cell.
- lacA: Encodes thiogalactoside transacetylase, involved in detoxification processes.

- Regulatory Elements:

- Promoter (P): Site where RNA polymerase binds to initiate transcription.

- Operator (O): DNA segment where the repressor binds to block transcription.

- Repressor Protein (Lacl): Binds to the operator region to inhibit transcription in the absence of lactose.

How the Lac Operon Works Under Different Conditions

The lac operon is tightly regulated to optimize energy expenditure, expressing only when lactose is

available, and glucose is scarce. The dual regulation involves:

- Repression by Lacl: In the absence of lactose, Lacl repressor binds to the operator, preventing
transcription.

- Induction by Lactose: When lactose is present, it acts as an inducer by binding to Lacl, causing a
conformational change that releases the repressor from the operator.

- Catabolite Repression: The presence of glucose suppresses the lac operon even if lactose is present, via a

regulatory molecule called cyclic AMP (cAMP).

The Core Question: In The Presence Of Lactose But No Glucose, What Happens?

The scenario under examination is:

"In the presence of lactose but no glucose, lactose..."

This leads us to explore what the lac operon does under these specific conditions.

Key Regulatory Factors in the Scenario

1. Lactose as an Inducer



- When lactose enters the cell, a portion is converted into allolactose, which binds to the Lacl repressor.
- Binding of allolactose to Lacl reduces its affinity for the operator, resulting in derepression.

- This derepression allows RNA polymerase to bind to the promoter and initiate transcription of the
structural genes.

2. Glucose's Role and Its Absence

- Glucose availability influences the level of cAMP in the cell.

- When glucose is scarce, cCAMP levels rise.

- Elevated cAMP binds to catabolite activator protein (CAP), forming a complex that enhances the binding

of RNA polymerase to the promoter, increasing transcription efficiency.

The Impact of Lactose and Glucose on Lac Operon Expression

Scenario: Lactose Present, Glucose Absent

In this situation:

- Lactose acts as an inducer: It inactivates the Lacl repressor, removing repression.

- Glucose absence leads to high cAMP levels: The cAMP-CAP complex binds upstream of the promoter,
stimulating transcription.

Expected Outcome

- The lac operon is highly expressed because:

- Repression is lifted due to lactose presence.

- Activation is enhanced because of high cAMP levels in the absence of glucose.

This combination results in maximal transcription of the lac operon, enabling the bacteria to efficiently

utilize lactose as an energy source.

Analyzing Common Statements About the Scenario

Several statements are often presented about the behavior of the lac operon under these conditions. Here,

we analyze their validity.

Statement 1: "Lactose induces the lac operon, and in the absence of glucose, the operon is fully active."

True.



Lactose induces the operon by inactivating the repressor, and the absence of glucose raises cAMP levels,

promoting transcription via CAP. Together, these conditions lead to high-level expression.

Statement 2: "Lactose induces the lac operon, but the presence of glucose inhibits its expression regardless of

lactose."

False.
Glucose inhibits lac operon expression through catabolite repression, but in this scenario, glucose is absent, so

this inhibition does not occur.

Statement 3: "In the presence of lactose but no glucose, the lac operon is only partially active."

False.
‘While some basal level of activity exists even under repressing conditions, the combination of lactose

induction and high cAMP levels typically results in maximal activity.
Statement 4: "Lactose alone can induce the lac operon, but glucose presence enhances this effect.”
False.

Glucose presence actually reduces lac operon activity by lowering cAMP levels, so the absence of glucose

enhances, rather than diminishes, the induction by lactose.

The True Statement: Summarized

Based on the detailed regulation mechanisms, the true statement about "In the presence of lactose but no

glucose, lactose" is:

"Lactose induces the lac operon, and in the absence of glucose, the operon is highly active due to

derepression by lactose and activation by high cAMP levels."

Additional Insights: Why This Matters

Understanding this regulatory interplay has broader implications:

- It exemplifies how bacteria optimize resource utilization.
- It demonstrates the concept of dual regulation—both repression and activation—in gene expression.
- It provides insights into inducible systems that can be harnessed in biotechnology and genetic

engineering.



Summary of Key Points

- Lactose presence inactivates the Lacl repressor by forming allolactose, allowing transcription.

- Absence of glucose causes an increase in cAMP, which binds to CAP, enhancing RNA polymerase
binding and increasing transcription.

- The combined effect results in maximal expression of the lac operon.

- The true statement is that in this scenario, the lac operon is highly active due to both induction by lactose

and activation by high cAMP levels caused by glucose absence.

Conclusion

Understanding the regulation of the lac operon in E. coli provides a foundational example of gene control
mechanisms. When lactose is available, and glucose is absent, the lac operon is most actively transcribed,
allowing bacteria to efficiently metabolize lactose. This scenario underscores the elegant interplay between
repression, induction, and activation, which ensures bacteria adapt swiftly to their environment.
Recognizing the true statement in this context is essential for grasping the core principles of microbial gene

regulation, with applications spanning biotechnology, medicine, and molecular biology research.
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