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Lac Operon Activity – Online Animations and Interactive Learning 
Website 1 – Lac Operon PhET Simulation 

http://phet.colorado.edu/en/simulation/gene-machine-lac-operon
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The goal of this simulation is to help you understand how prokaryotes (note that this is for prokaryotes and NOT eukaryotes) control gene expression. Specifically, this activity will simulate an inducible operon called the lac operon used to control the expression of genes that control lactose levels in bacteria. Again, this is for bacteria only and has nothing to do with lactose catabolism or lactose intolerance in humans. 
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Step 1: Drag the lac promoter to the stretch of DNA. Do NOT drag the lacZ gene to the DNA. What happens? Why is this? 
Step 2: Now try dragging the lacZ gene to the DNA and note what happens. 
Step 3: Inject some lactose (about 25 molecules should do it) into the simulation. Note what happens. Specifically, what is lactose being converted into? 
Step 4: Note that the lac enzyme continues to be produced even in the absence of lactose. Why is this a problem? Try dragging the lac operator gene onto the stretch of DNA. What is the result? 
Step 5: Now try adding the lacI promoter and gene to the stretch of DNA. What happens? 
Step 6: Again, add some lactose (and again, 25 molecules should work well) into the simulation. What is the INITIAL result of adding lactose when both genes are activated? 

Step 7: Do not add any more lactose and watch what transpires. Note what happens and why this occurs. How could you re-activate the lacZ gene? 
Step 8: Now try the lactose transport tab and insert all of the promoters and genes. Add some lactose and watch to see what transpires. What is the role of the lacY gene? How does this help the system?
Extra Resource – Virtual Cell Advanced Animations
http://vcell.ndsu.edu/animations/lacOperon/index.htm
Introducing: The Lac Operon 

The Lac Operon is an example of an inducible system of gene expression. Its default state is to be inactive. Only when the right catalyst is added to the system, in this case the sugar lactose, is the process activated, allowing the genes in question to be expressed.
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	An overview of the lac operon system and its key components.
	 
	An in-depth look at the major players and events that control the lac operon system.
	 
	An embedded Flash movie version of the lac operon animation


Extra Resource 2 – McGraw Hill Modified Animation and Self-Quiz
http://glencoe.mcgraw-hill.com/sites/9834092339/student_view0/chapter16/the_lac_operon.html
The Lac Operon (Induction)
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Why do some genes have multiple pathways controlling gene expression?
Control of transcription is often a complex process. The presence of one molecule may prevent transcription while the presence of a different molecule may stimulate transcription but only if the first molecule is not present. Multiple transcription factors and complex interactions between the factors allow genes to respond to a range of different conditions. 
Here is a hypothetical example. If a particular enzyme is needed to break down a the end product of a metabolic pathway but only if that end product is not being used to react with an environmental toxin then the gene producing the enzyme will be most efficient if it can respond to the presence of both the waste product and the toxin. 

PRACTICE QUIZ
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	When glucose is present 
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	cyclic AMP is high, the catabolite activator protein (CAP) binds to the activator binding site, and transcription of lactose is turned on
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	cyclic AMP is low, CAP binds to the site activator binding site, and transcription of lactose is turned on
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	cyclic AMP is high, CAP does not bind to the activator binding site, and transcription of lactose is turned on
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	cyclic AMP is low, CAP does not bind to the activator binding site, and transcription is turned off[image: image25.wmf]
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	The lac repressor 
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	binds to the operator and prevents transcription
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	binds to the CAP site and prevents transcription
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	binds to the CAP site and facilitates transcription
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	binds to the operator and facilitates transcription[image: image39.wmf]
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	When both glucose and lactose are present 
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	cyclic AMP is high so transcription occurs
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	the lac repressor binds with the lactose and transcription occurs
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	RNA polymerase is able to bind to the operator so transcription occurs
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	transcription is turned off[image: image53.wmf]
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	In the absence of glucose, when lactose is present it combines with the repressor, allowing RNA polymerase to carry on transcription. 
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	True
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	False[image: image61.wmf]
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	When both glucose and lactose are absent, transcription occurs. 
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	True
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	False
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