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Background / Introduction

The following protocol is based on the Student Guide which accompanies the kit ‘ATP and Firefly Bioluminescence’ available from the Carolina Biological Supply Company (www.carolina.com).  Kits are available in the UK through Blades Biological (www.blades-bio.co.uk), 01342 850242) although they do not appear when you use the Blades search engine.
ATP (adenosine triphosphate) is an energy source for biochemical reactions.  In firefly bioluminescence chemical energy from ATP is converted into light energy via an enzyme-catalysed reaction whose reactants are luciferin, ATP and O2.  The enzyme involved is called luciferase.  The products of the reaction are adenosine monophosphate, (AMP), inorganic pyrophosphate (PPi), CO2 and light
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Experimental Protocols
As far as is possible these experiments should be undertaken in partial (or better still full!) darkness.  We have sufficient materials for 2 experiments.
Experiment 1
Temperature Effect - Cold

Materials

· Powdered firefly lantern

· Dropper bottle containing ATP powder

· Cold buffer solution (keep on ice)
· Disposable pipette
· Tray of crushed ice
· Petri dish
· Torch with red filter
Procedure

1. Remove the dropper/lid from the bottle containing ATP powder.  Use the pipette to add 1 cm3 of cold buffer solution.  Replace the dropper/lid.  Gently shake the bottle to dissolve the ATP. Keep this ATP solution cold.
2. Pour the powdered firefly lantern into a Petri dish.  Using the pipette add 1 cm3 of cold buffer solution (Not the solution prepared in 1!). Gently swirl to mix.

3. Add 2 drops of the ATP solution to the mixture in the Petri dish and observe the results.

4. Allow the Petri dish to come to room temperature (one or two minutes).  Observe the results.
Experiment 2
Temperature Effect - Heat
Materials

· Powdered firefly lantern

· Dropper bottle of containing ATP powder

· Buffer solution

· Disposable pipette
· Hot water bath (60oC)
· Stand clamp
· Test tube
Procedure

1. Pour the powdered firefly lantern into a test tube.  Using the pipette add 1 cm3 of buffer solution.

2. Using a clamp heat the test tube in a hot water bath (60oC) for 1 minute.
3. Add 2 drops of ATP (use the solution from Experiment 1) to the powdered firefly lantern to the contents of the test tube and observe the results.
4. If time permits allow the test tube to come to room temperature. Add 2 drops of ATP to the powdered firefly lantern to the contents of the test tube and observe the results.
Experiment 3

pH Effect

Materials

· Powdered firefly lantern

· Dropper bottle of containing ATP powder

· Buffer solution

· Pipette

· Dropper bottle containing ethanoic (acetic) acid

· Dropper bottle containing sodium hydroxide

· Petri dish

Procedure

1. Remove the dropper from the bottle containing ATP powder.  Use the pipette to add 1 cm3 of buffer solution.  Replace the dropper.  Gently shake the bottle to dissolve the ATP.

2. Pour the powdered firefly lantern into a Petri dish.  Using the pipette add 1 cm3 of buffer solution (Not the solution prepared in 1!).
3. Add 2 drops of the ATP solution to the powdered firefly lantern into a Petri dish and observe the results.

4. Add several drops of ethanoic (acetic) acid - observe the results.

5. Add several drops of sodium hydroxide - observe the results.

Explanations
1.
Temperature Effects

1.1
Cooling an enzyme typically does not lead to inactivation but a reduction in reaction rate.  Cooling firefly luciferase extends the duration of light production but diminishes light intensity. Warming up to room temperature leads to an increase in reaction rate and an increase in light intensity.

1.2
Increasing temperature will lead to an increase in reaction rate.  At high temperatures luciferase will be irreversibly inactivated and its catalytic activity will be lost.  Decreasing the temperature to ambient will not lead to light emission.
2.
pH Effect

Due to their ionic properties enzymes are sensitive to changes in pH.  The pH optimum for firefly luciferase is 7.8. Addition of acid lowers pH and reduces activity.  Provided the reduction in pH does not lead to irreversible denaturation, then raising the pH can lead to restoration of enzyme activity.
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