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Don’t Eat the Cheese!


First it was beef tainted with E. coli, then salmonella-infested peanut butter and lettuce. Now even cheese isn’t safe! Listeria-infested cheese was recently linked to 4 deaths in the U.S., and nervous consumers are wondering – can this happen here? 

PCR to the Rescue
Fortunately, biotechnology can assist in finding stray DNA in food. Bacterial DNA from the genus Listeria contain very specific DNA sequences not found in food products, and DNA testing techniques can be used to identify Listeria contaminants in food. Listeria is a genus of bacteria that can cause septis and meningitis in humans and has a mortality of about 20% in infected individuals. The main culprit among Listeria bacteria is L. monocytogenes.

In this lab, we will simulate how polymerase chain reaction (PCR) could be used to determine whether cheese is contaminated with L.monocytogenes. Our “infected” cheese is simulated by adding DNA that is considered safe to handle (Listeria DNA is NOT safe). The backstory:  several Culinary Academy students become sick after attending a cheese and wine pairing seminar. They have been diagnosed with L. monocytogenes infections and thankfully none have died. But the question remains – which cheese caused the problem?  Here are the possible culprits:
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Cheese #1
Emily’s Excellent Emmentaler



Cheese #2
 Barry’s Boutique Brie



Cheese #3 – Frank’s Fabulous Fontina







Pre-lab questions: Read the news article and background PCR information in the lab manual, and answer the questions below before you attend the lab.

	1. Explain how PCR can identify the contaminated cheese.  Your description should include a description of how DNA primers function and include a sketch to illustrate your explanation.

















	2. The “master mix” is a solution added to the DNA samples before they go into the thermocycler. It contains Taq polymerase, deoxynucleotide triphosphates, MgCl2, and buffer.  Summarize the role of each in the PCR reaction.

- Taq polymerase


- deoxynucleotide triphosphates:


- MgCl2:


- buffer:






	3.   After you amplify the DNA samples, you will use gel electrophoresis to separate the DNA fragments and create a band pattern. Explain how you will be able to tell if the cheese samples contain Listeria DNA.













SAFETY, MATERIALS AND METHODS
Gloves and protective glasses should be worn when handling DNA.
Thermocycler machine
PCR tubes
Sharpie pen
PCR master mix
PCR primers
Cheese DNA samples
Micropipettes and tips
Gloves
Electrophoresis apparatus 
TAE buffer
10X Loading dye
DNA stain
Gel camera

[image: ]PROCEDURE, DAY 1: Use PCR to amplify DNA

1. Go to Lab Setup Station. Pick up a set of 5 tubes and place them in your rack. It is difficult to put labels on the tubes due to their size, so use the built-in color coding system provided as well as labels.
1. Yellow:  	+ control – primers and known DNA
2.Green:   	– control – primers, but no DNA
3. Orange:  	Cheese #1 
4. Purple:   	Cheese #2
5. Red:	Cheese #3


2. Go to the Primer Mix Station
Pipette 15μL of the primer mix into each tube, and check it off on your checklist.

3. Go to the Master Mix Station
Pipette 25μL of master mix into each tube, and check it off on your checklist.  Then, SLOWLY and CAREFULLY pipette the liquid in each tube up and down several times to mix all the reagents

4. Go to the DNA Sample Station
Pipette 10μL of the appropriate DNA sample into each tube, and check it off on the checklist shown below


PCR Checklist.  Make sure you correctly pipet each reagent into the appropriate PCR tube, and check  off the reactants as you pipette them into each tube:
	
	Yellow
+ control
	Green
-control
	Orange
Cheese 1
	Purple
Cheese 2
	Red
Cheese 3

	25 µL PCR Master Mix
	
	
	
	
	

	15 µL Primer Mix
	
	
	
	
	

	10 µL DNA
	
	
	
	
	

	Position in the thermocycler
	
	
	
	
	




[image: ]5. Go to the PCR machine (thermocycler)
Place your tubes in the thermocycler.
Record their locations on your checklist.
Record their location on the PCR grid next to the machine.

Your instructor will start the PCR cycling protocol. The cycling protocol for amplification of this DNA is as follows:
4°C – hold until all samples are ready.
94°C – 3 min
94°C – 30 sec
65°C – 30 sec        x 35 cycles
72°C – 30 sec
72°C – 7 min
4°C – hold
[image: ]PROCEDURE DAY 2: Electrophoresis of DNA Samples

1. Add 5μL of 10X loading dye to each of your DNA samples in the PCR tubes.
 
2. Set up gel box and gel tray:
- anode and cathode properly connected
- gel tray in box, gates down and locked
- comb removed
- buffer covers gel

3. Load 15 μL of each sample into five adjacent lanes in your gel. Your instructor will load the reference ladder into lane #1.

4. Turn on the power supply and set the voltage to 125V to begin electrophoresis. This step will take about 1 hour during which time the loading dye components will separate. DNA is colorless and cannot be seen without staining.

5. Record your data.  Place your sample labels and draw the appearance of the gel after you 






Electrophoresis equipment settings:

Time started: ________

Time ended: ________

Voltage: ___________ 

Amps: _____________




Electrophoresis equipment settings:
Time started: ______________ Time ended: 










6. Fill in the gel label and place it on top of your gel box.  You will attend lecture for the remainder of the class period.

7. Your instructor will turn off your gel box at the appropriate time and record the ending time and appearance of the loading dye on your gel label.

8. Your instructor will stain your gel with ethidium bromide, a fluorescent dye that binds to DNA.  After 15 minutes of staining, a photograph of the stained gel will be taken so that you can visualize and analyze the DNA bands. 


PROCEDURE DAY 3: Electrophoresis Data

	Place the photograph of your gel in this space.  To one side, label the contents of each lane.































Qualitative lab results: Record the results of the class discussion.  Which samples contained Listeria DNA?
	Sample
	Your Group’s Answer
+ or -
	Class Answers: How many groups got + ?
	Class Answers: How many groups got - ?
	Correct Answer
+ or -

	+ control

	
	
	
	

	-control

	
	
	
	

	Cheese 1

	
	
	
	

	Cheese 2

	
	
	
	

	Cheese 3

	
	
	
	



Quantitative data analysis:
1. You can use the DNA ladder to determine the size of the fragments in your sample. The positive control serves as a basis for comparison to the beef samples; those that test positive for the horse gene sequence will show the same band pattern.

2. You will use the known fragment sizes contained in your reference ladder to determine the size of the horse DNA fragment.  Instructions for this technique are found in the lab manual (“Analyzing DNA Samples on an Agarose Gel”).   Measure the distance migrated by the bands in the reference standard.  Make a graph of the reference standard, using the enclosed semi-log graph paper.  Then, measure the distances migrated by the bands in the beef samples.  Determine the number of base pairs in the beef samples by comparing them to the reference standard graph.   

	
Reference Ladder
Base pairs
	Reference ladder distance migrated (mm)
	Sample
	distance migrated (mm)
	# of base pairs

	1000

	
	+ control
	
	

	900
	

	-control
	
	

	800
	

	Cheese 1
	
	

	700
	

	Cheese 2
	
	

	600
	

	Cheese 3
	
	

	500
	

	

	400
	

	

	300
	

	

	200
	

	

	100
	

	


REFERENCE LADDER GRAPH: Graph your reference ladder here, and use the reference
[bookmark: _GoBack]curve to determine the size of the cheese DNA fragment.
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Post-Lab Analysis and Discussion
Please type your answers on a separate sheet of paper.


1. Write a conclusion about each of the three cheese samples.  Which contained contaminant Listeria DNA? Justify your conclusion with numerical evidence from your gel photograph and reference ladder graph.


2.  Did every lab team obtain correct results answers?   Give a quantitative assessment of the consistency achieved.
A.  List and describe at least two individual mistakes (human errors) that might have caused incorrect results.  For each mistake, clearly explain the impact of the error on the results.
B. Did we find any systematic bias in our results?  If so, list and describe the source of error and how it caused incorrect results.  If not, describe at least one hypothetical systematic error and its impact. .
C. Evaluate your technical results.  What was the size of the Listeria DNA band as calculated from your gel and reference standard graph.  How does this compare to the known answer?  What is the % error deviation of your answer from the known value?  Explain any discrepancy.

3.  Analyze these error sources. Gel A shows a correct outcome for the experiment, and Gels B, C, and D contain either systematic or individual errors. Describe one error that could have happened to give the results found in gels B, C and D. Justify your conclusion with a thorough explanation of how the error led to the outcome seen
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