Glowing Bacteria: Transformation of the Bacteriaum Escherichia coli (E. coli) with a Jelly Fish Gene    AP Lab Invertigation 8 – Biotechnology: Bacterial Transformation
How can we use genetic engineering techniques to manipulate heritable information?
***The following lab uses a procedure adapted from BioRad***
Mice that glow fluorescent green.  Plants that turn red whe grown near a land mine.  Goats that make milk that can be spun into parachute fabric.  Virus-resistant papayas.  Cheese puff snacks.  Insulin.  What do all these things have in common?  Ther are all either genetically modified or produced by GMOs.  Whether you call it genetic modification, genetic transformation or genentic engineering, it’s all the same – you are mainpulating the genes of an organisms to cuase a chnge to the traits of that organism…and that’s what you are going to do in this investigation.   This experiment will guide you through the process of bacterial genetic transformation via a standard prottocol used in molecular and cell biology laboratories worldwide.  


In this proceuder, plasmids containing specific fragments of foreign DNA will be used to transform Escheruchia coli cells, passing on antibiotic (ampicillin resistance) and a foreign gene (jellyfish GFP – green fluorescen protein) expression.  

Learning Objectives
1) To demonstrate the universality of DNA and its expression
2) To explore the concept of phenotypic expression in organisms

3) To explore how genetic information can be transferred from one organism to another

4) To investigate how horizontal gene transfer is a mechanism by which genetic variation is increased in organisms

5) To explore the relationship between environmental factors and gene expression

6) To investigate the connection between the regulation of gene expression and observed differences between individuals in a population of organisms.  

Procedure


You will insert the plasmid pGlo into competent E. coli cells.  The pGlo plasmid has: the GFP gene, which is turned on by exposure to arabinose (ara), and ampicillin (amp) resistance. Before coming to the lab, be sure to complete all the predictions.  

Note: Note that all volumes must be absolutely precise.  There will be no waste for any of the solutions/broths.  If you use too much, you will run out.  Also note the sterile equipment.  Contamination is a risk, so you must follow the procedure with diligence.  You will be placed into eight lab teams.  Before starting the lab, you will have a team meeting to compare your pre-labs and decide on “jobs.”  Ensure you have completed all predictions.



***The bacterium Escherichia coli, strain HB101;K-12, is made of only one cell, reproduces every 20 minutes, it does not make people sick, and it cannot survive outside the laboratory.***
Read the Protocol below and then answer these pre-lab questions in your lab book:

The goal of a genetic transformation is to change an organism’s phenotype.  Before a change in the phenotype can be detected, a thorough examination of its nature (pretransformation) phenotype must be made.

A. Make a prediction for each plate.

B. Why do you add the CaCl2 transformation solution?

C. Approximately how much volume is picked up by the loop in step 5 if the solution is 0.8x10-1 ug/ul and a loopful of solution contains 0.8ug of pGLO plasmid?

D. Which is the control plate?  Why?

E. On which of the plates would you expect to find bacteria most like the original untransformed E. coli colonies?

F. If there are any transformed bacterial cells, on which plate(s) would they most likely be located? How will you know?
Protocol
1.  Label one micro centrifuge tube +pGLO and another –pGLO.  Label both tubes with you group’s name.  Place them in the foam tube rack.
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2. Open the tubes and use a sterile DPTP to transfer 250 ul of transformation solution (50mM CaCl2) into each tube. 
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3. Place the tubes on ice
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4. Use a sterile loop to pick 2-4 large colonies of bacteria from the starter plate.  Select colonies that are ‘fat’ (1-2mm in diameter).  It is important to take individual colonies (not a swab of bacteria from the dense portion of the plate), since bacteria must be actively growing to achieve high transformation efficiency.  Pick up the +pGLO tube and immerse the loop into the transforamtion solution in the tube.  Spin the loop between your index finger and thumb until the colonies are disperesed in the transformation solution (there are no floating chunks).  Place the tube back in the tube rack in the ice.  Using a new sterile loop, repeat for the –pGLO tube.
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5. Immerse a new sterile loop into the tube of 0.8 x 10-1 ug/ul solution of pGLO plasmid DNA stock tube.  Withdraw a loopful (10ul).  You should see a film of plasmid solution across the ring, similar to the soapy film across a ring for blowing soap bubbles.  Mix the loop into the cell suspension of the +pGLO tube.  Do not add plasmid NDA to the –pGLO tube.  Close both the +pGLO and –pGLO tubes and return them to the rack on ice.  
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6. Incubate the tubes on ice for 10 min.  Push the tubes all the way down in the rack so the bottoms of the tubes make contact with the ice. 
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7. While the tubes are on ice, label the four LB nutrient agar plates on the bottom (not the lid):
· Label on LB/amp plate: +pGLO
· Label the LB/amp/ara plate: +pGLO
· Label the LB plate: -pGLO
· Label the other LB/amp plate: -pGLO
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8.  Heat shock.  Using the foam holder as a rack, transfer both the +pGLO and –pGLO tubes into the 42oC water bath for exactly 50 seconds.  Push the tubes all the way down in the rack so the bottoms of the tubes make contact with the warm water.
When the 50 seconds have passed, place both tubes back on ice.  For the best results, the transfer from ice (0oC) to the 42oCwater and back to the ice must be rapid.  Incubate the tubes on ice for  2 minutes
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9. Remove the rack of tubes from the ice and place it on the benchtop.  Open a tube and use a new sterile DPTP to add 250ul of LB nutrient broth.  Close the tube.  Use the same DPTP for the other tube.  Incubate the tubes for 10 min at room temperature.  
10. Gently flick the closed tubes with your finger to mix and suspend the bacteria.  Using a new sterile DPTP for each tube, pipet 100 ul of the transformation and control suspensions onto the appropriate agar plates. 
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11. Spread the suspensions evenly using one new sterile loop for the +pGLO plates and one new sterile loop for the –pGLO plates.  Spread the +pGLO LB/amp plate first, then the +pGLO LB/amp/ara plate.  Then using a new sterile loop for the –pGLO plates, spread the –pGLO LB plate first, then the –pGLO LB/amp plate.  On the surface for each LB nutrient agar plate quickly skate the flat surface of the sterile loop back and ofrth across the plate surface.  Do not press into the agar.  Minimize contamination by uncovering one plate at a time and re-covering it immediately after spreading the suspension of the cells. 
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12.  Stack the plates and tape them together.  Write your group name and class period on the bottom of the plate in the stack and palce the stack of plates upside down in the 37oC incubator until the next day.
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Day 2 Observations:

Table 1:  copy a similar table into your lab book and record your observations after 24 hours:
	Observations

	+pGLO LB/amp
	

	+pGLO LB/amp/ara
	

	-pGLO LB/amp
	

	-pGLO LB
	


Analysis of Results
1. Describe and explain your results.  

2. From your results, can you tell if these bacteria are ampicillin resistant by looking at them on the LB plate?  Explain.

3. Often an organism’s traits are caused by a combination of its genes and its environment.  Think about the green colour you saw in the genetically transformed bacteria as you consider the following:

a. What to factors must be present in the bacteria’s environment for you to see the green colour?

b. What advantage would there be for an organism to be able to turn on or off particular genes in response to certain conditions?

4.  Calculate your transformation efficiency using the following formula:
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To calculate the efficiency of your tranformation, you will need two pieces of infomration:

1. The total number of green fluorescent colonies growing on your LB/amp/ara plate
2. The total amoun tof pGLO plasmid DNA used for bacterial transformation that was spread on the LB/amp/ara plate
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The total amount of DNA we began with is equal to the product of the concentration and the total volume used, or

(DNA in ig) = (concentration of DNA in g/ x (volume of DNA in p)

In this experiment you used 10 il of pGLO at a concentration of 0.08 pg/ul. This means that each microliter of solution
contained 0.08 ug of pGLO DNA. Calculate the total amount of DNA used in this experiment

Total amount of pGLO DNA, pg

Enter that number here : ;
used in this experiment =





[image: image14.png]B. Determining the fraction of pGLO plasmid DNA (in the bacteria)
Not all the DNA you added to the bacterial cells was transferred to the agar plate; therefore, you must determine the fraction
of the DNA actually spread onto the LB/amp/ara plate. To do this, divide the volume of DNA you spread on the LB/amp/ara
plate by the total volume of liquid in the test tube containing the DNA:

Sample volume spread on LB/amp/ara plate, pl
Total sample volume in microcentrifuge tube, pl

Fraction of DNA used =

‘You spread 100 i of cells containing DNA from a test tube containing a total volume of 510 i of solution. Do you remember
why there is 510 pl total solution? Look in the laboratory procedure and locate all the steps where you added liquid to the
reaction tube. Add the volumes.

Use the above formula to calculate the fraction of pGLO plasmid DNA you spread on the LB/amp/ara plate.

Enter that number here 9 | Fraction of DNA =





[image: image15.png]C. So how many micrograms of pGLO DNA did you spread on the LB/amp/ara plate?

To answer this question, you will need to multiply the total amount of pGLO DNA used in this experiment by the fraction of
PGLO DNA you spread on the LB/amp/ara plate.

pGLO DNA spread (ug) = amount of DNA used (ug) x fraction of DNA

Enter that number here % | pGLO DNA spread, pi





[image: image16.png]Look at all your calculations above. Decide which of the numbers you calculated belong in the table below.
Fillin the following table.

Number of colonies on LB/amp/ara plate =

PGLO DNA spread on the plate, ug=_____





[image: image17.png]Now use the data in the table to calculate the efficiency of the pGLO transformation:

Transformation efficiency =

Total number of colonies growing on the agar plate

Amount of DNA spread on the agar plate (in pg)

Enter that number here 3

Transformation efficiency =

transformants/ug





What does your calculation of transformation efficiency mean?  Compare with one other group.  
Conclusion
Refer to the criteria on the lab rubric.  
	
	Beginning
	Developing
	Accomplished
	Exemplary

	Discussion
	· Point form
· Answers are incorrect or incomplete
	· Poor sentence structure(fragments)
· All answers demonstrate a minimal understanding of concepts 

	· Full sentences
· All answers demonstrate a complete understanding of concepts


	· Clear communication through structured sentences that connect one idea to the next
· All answers demonstrate a thorough, in depth understanding of concepts 
· All questions answered correctly

	Conclusion
	· Point form 
· Purpose not referred to
· No reference to results




· No sources or error
	· Poor sentence structure(fragments)
· Refers to purpose, key results summarized, but lacks insight
· Sources of error stated but irrelevant


	· Full sentences 
· Answers purpose by summarizing results; reveals relevance of results
· States 1-2 sources of error

	· Clear communication through structured sentences that connect one idea to the next
· Answers purpose by comparing key results to predictions/hypothesis
· Connects results to big picture (relevance)

· States 2 or more insightful sources of error and suggests improvement to this lab
· Asks new questions
· Suggests new experiments for investigation
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