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Genetic Engineering

Genetic engineering contributes to the development of new varieties of organisms.

In order to genetically engineer an organism, we must first be able to locate genes on the chromosomes.  Recognition of chromosome banding patterns and gene probes are two methods used to identify the position of genes on chromosomes.  Once the desired gene is located, it is cut out using endonuclease enzymes.  It is then transferred into a vector and ligase enzymes are used to seal it into the DNA of the vector.  Two types of vector are plasmids and bacteriophages.  In this practical you will use a plasmid.

Transformation

Transformation is a process used by genetic engineers.  It occurs when a bacterial cell takes up a new piece of DNA.  

Genetic engineers create lengths of DNA that contain the genes they want to transfer (e.g. the gene for human insulin), then mix this with bacteria.  If conditions are correct, the DNA enters the bacteria and the bacteria then synthesise protein from the gene.

In this practical, you are going to transfer a plasmid (a small circular piece of DNA) into E coli.  The plasmid has been genetically engineered to contain a gene which confers resistance to the antibiotic ampicillin and part of the operon for arabinose metabolism attached to the gene for Green Fluorescent Protein (GFP) which originally came from the jellyfish Aequorea victoria.  E coli cells in the starter culture are sensitive to ampicillin and do not contain the gene for GFP.  

Before starting this experiment, you should revise ‘Protein Synthesis’, ‘The Lac Operon’ and ‘Genetic Engineering’.

Instructions

Materials

Per individual or group

· Disposal jar containing clear phenolic disinfectant at appropriate concentration

· Eye protection

· 1 streak plate of E coli with well isolated single colonies

· 1 cm3 Transformation Solution (TS) in pink microtube

· 1 cm3 LB broth (LB) in red microtube

· 1 empty green microtube

· 1 empty white microtube

· 5 x 1 cm3 pipettes

· Sterile plastic inoculation loops 

· 1 foam microtube holder

· Tub of crushed ice

· Marker pen

· Stopwatch

· 1 LB agar plate

· 2 LB/amp agar plates (i.e. LB agar with ampicillin added)

· 1 LB/amp/ara plate (i.e. LB agar with ampicillin and arabinose added)

· Tape & scissors

To be shared

· 1% bleach for wiping bench

· Plasmid

· Water bath at 42(C

· Incubator at 30(C (optional)

· UV lamp

Method

1. Wash your hands and wear a lab coat.

2. Use a paper towel to wipe your bench with 1% bleach.

3. Label green tube with your initials and ‘+ DNA’ and place in rack.

4. Label white tube with your initials and ‘- DNA’ and place in rack.

5. Use a sterile pipette to transfer 250 (l Transformation Solution into each tube.  Note: The pipette is sterile.  Open the packaging at the end away from the tip and do not touch the tip.  

6. Place the tubes on ice.

7. Remove a sterile loop from its packet taking care not to touch the ‘working’ end.

8. Use the loop to lift one colony only from the streak plate of E coli and transfer it into the tube marked ‘+DNA’.  Gently spin the loop with your fingers to dislodge and suspend the bacteria.  

9. Place the loop in the discard jar.

10. Close the lid of the tube and replace on ice.

11. Repeat instructions 7 – 10 for the ‘- DNA tube’.

12. Wear eye protection.

13. Examine the plasmid DNA and bacterial suspensions with the UV lamp.  Record whether they ‘glow’.

14. Using a fresh sterile loop, remove a loopful of plasmid DNA from the stock tube.  Make sure that you can see a film of liquid across the loop.

15. Insert the loop into the TS in the ‘+DNA’ tube (green) and twirl to mix.

16. Place the loop in the discard jar.

17. Close the ‘+ DNA’ tube (green) and place on ice.  

18. Leave both tubes in ice for 10 minutes.  Make sure the liquid in the tubes is surrounded by ice

19. Meanwhile, label the four plates with your initials, the date and as follows:


LB:

-DNA


LB/amp:
-DNA


LB/amp:
+DNA


LB/amp/ara:
+DNA

21.
When the tubes have been sitting in ice for 10 minutes, transfer the rack containing the tubes into the 42(C water bath for exactly 50 seconds then return it to the ice.  Make sure that the liquid in the tubes is surrounded by hot water.  


Note: Timing is crucial to the success of this experiment

22.
Incubate the tubes on ice for 2 minutes then sit the tubes in their rack on your workbench.

23.
Using a fresh sterile pipette, transfer 250 (l LB broth (from the red tube) into the ‘+DNA’ tube (green).  Close the lid.

24.
Using a fresh pipette, repeat for the ‘-DNA’ tube (white).

25.
Incubate the tubes for 10 minutes at room temperature.

26.
With the lid closed, gently tap the ‘+ DNA’ tube to suspend the organisms.

27.
Using a fresh sterile pipette, transfer 100 (l from the ‘+ DNA’ tube to each of one ‘LB/amp’ and one ‘LB/amp/ara’ plate.  Place pipette in discard jar.

28.
Use a fresh sterile loop for each plate to spread the suspension evenly over the surface of the agar.

29.
Repeat instructions 27 and 28 for the ‘- DNA’ tube, plating on to LB agar and LB/amp agar.

30.
Tape plates diametrically and incubate for 2 days at 30(C or 3 days at room temperature.

31.
Wear eye protection.

32.
Examine plates with UV lamp and record the number and appearance of colonies on each plate.

Note: The transformed bacteria produced in this experiment are subject to the ‘deliberate release’ regulations.  It is essential to make sure that a deliberate release of the organisms into the environment does not occur.  They must be autoclaved within seven days inoculation after which they can be disposed of with normal rubbish.

Results

	Medium
	DNA (+ or -)
	Number of colonies
	Glowing

	LB
	
	
	

	LB/amp
	
	
	

	LB/amp
	
	
	

	LB/amp/ara
	
	
	


Support information

The plasmid

The plasmid includes a gene which codes for (-lactamase which confers resistance to ampicillin.  Inclusion of the plasmid in a cell makes the cell resistant to ampicillin.

The plasmid also contains the araC and PBAD regions of the arabinose operon attached to the gene for Green Fluorescent Protein (see Fig. 1).  
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In the normal arabinose operon (Fig. 2a) when arabinose is absent, araC prevents RNA binding to the promoter thus preventing transcription.  When arabinose is present, it combines with araC changing its shape and allowing transcription to take place.

In the genetically engineered plasmid (Fig. 2b) the gene for GFP has replaced genes other than araC and promoter regions of the ara operon.  As in the normal operon, the gene is switched off in the absence of arabinose but switched on in its presence.

GFP is made only when arabinose is present.

Selection for transformed bacteria

The bacteria used in this practical are E coli K12 which are sensitive to ampicillin.  When transformed with the plasmid which carries the gene for resistance to ampicillin, the bacteria become resistant to it and can grow on agar which incorporates ampicillin.

LB/amp (i.e. LB agar which incorporates ampicillin) can be used to select for bacteria which have been transformed with the plasmid.

Switching on the gene for Green Fluorescent Protein

Bacteria which have taken up the plasmid grow on LB/amp and LB/amp/ara but glow only on the LB/amp/ara plates where the arabinose has switched on the gene.
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Figure 1: representation of the pGLO plasmid





Figure 2a: normal arabinose operon





Figure 2b: operon genetically engineered to incorporate gene for GFP 





Figures 1 and 2 are courtesy of Bio-Rad
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