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	Phosphatase Assay – Technical/Tutor Guide



1.0
Background

The experiments described here are based upon information found on the Science and Plants for Schools (SAPS) website (see www.saps.org.uk) and a publication by Barry Meatyard (Phosphatase enzymes from plants. Journal of Biological Education, 33 (2), 109-112).  
2.0
Background

Phosphatase is an enzyme which is found in a wide range of plant and animal tissues and it reacts with a number of different substrates to release phosphate groups.  These phosphate groups then become available for use in a number of reactions including ATP and nucleotide synthesis.  Students can be provided with an extract from mung beans (or they can make their own) which will contain phosphatase.  This investigation allows students to carry out an experiment to determine the effect of pH on phosphatase.  
The substrate used here for phosphatase is phenolphthalein phosphate (PPP). Phosphatase reacts with PPP to produce phenolphthalein (PP) and a free phosphate group as shown below:
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As the enzyme starts to break down the substrate an increasing concentration of the product phenolphthalein is produced.  The reaction of phosphatase with PPP at both pH 5.0 and 7.0 is followed in this protocol.  Under these conditions both products of the reaction are colourless.  The addition of sodium carbonate solution causes two things to happen.  Firstly the enzyme is inactivated and stops reacting with the substrate.  Secondly any phenolphthalein that has been produced changes from a colourless form to one which is pink in colour.  The greater the pink colour the more phenolphthalein is present. 

3.0
Materials
Working in pairs, you should have the following available to you:

· A solution of sodium carbonate (10% w/v, 25 cm3)

· A solution of phenolphthalein (5 x 10-5 mol dm-3, 20 cm3)

· Stop-clock

· Access to a water bath (30oC)
· Paper towel
· Disposable 2 cm3 syringes (2)

· Absorption cuvettes (14) + rack
· Universal bottle containing exactly 10 cm3 of citric acid/phosphate buffer at pH 5.0 

· Universal bottle containing exactly 10 cm3 of citric acid/phosphate buffer at pH 7.0

· Universal bottles containing distilled water (15 cm3)

· Solution of phenolphthalein phosphate (0.2%, approximately 6 cm3) – this will be handed out separately

· Polystyrene cups (2)

· Mung beans
· Mortar and pestle
· Automatic pipette + clean tips – Please make sure that (i) the pipette is always vertical, (ii) the pipette is left in the stand/clamp when not in use.
· Microcentrifuge
· Indelible pen

· Microfuge tubes (4)
· Disposable pipettes (4)

· Empty Bijou bottle marked ‘Enzyme extract’
· Graph paper

· Colorimeter

4.0

Preparation of the enzyme extract 

· Take 12 mung bean seedlings (3 – 4 cm in length) and place them into a mortar.  If the green testa (seed case) is still attached it is important that it is removed and discarded.  

· Add approximately 5 cm3 of water (in your kit is a universal bottle which contains 15 cm3 of distilled water) and grind the seedlings with a pestle until a smooth paste is obtained (this takes about 1 min).  Add a further 10 cm3 of water to the paste and mix thoroughly. 

· Using a clean disposable pipette fill each of 4 microfuge tubes with mixture from the mortar.  Close the lids and label with your initials.

· Centrifuge your samples for about 5 min to produce a tight pellet. Carefully remove the supernatant from the microfuge tubes (using a clean disposable pipette) and pool their contents in a clean Bijou bottle marked ‘Enzyme extract’.
5.0

Running the enzyme assay

Note
The volumes in (a) – (h) below should be dispensed using the automatic 1 cm3 pipette.  Make sure you use a clean tip when changing from one solution to another.  


As indicated below, the assay is to be run at 30oC.  The Universals containing buffer and the Bijou bottles containing enzyme extract and PPP should be allowed to equilibrate in the water-bath at 30oC.  Both enzyme extract and PPP solutions slowly degrade at 30oC and it is recommended, therefore, that solutions are not held at 30oC for periods longer than 90 min.

The assay is in two parts.  In the first part you will run the assay at pH 5.0 and you will repeat the assay in part 2 at pH 7.0.  All solutions should be kept at 30oC during the course of your experiments.

a. Using the automatic pipette, place 1 cm3 of the sodium carbonate solution into each of 7 cuvettes.  Discard the pipette tip.

b. Collect your Enzyme extract and Substrate (PPP) and store them in a polystyrene cup which contains approximately 50 cm3 of water at 30oC.
c. Stand the bottle containing buffer into a second polystyrene cup which contains approximately 50 cm3 of water at 30oC.
d. Using the automatic pipette with a clean tip add 2 cm3 of Enzyme extract to the buffer solution.

e. Using the automatic pipette with a clean tip, take 1 cm3 of the mixture from the bottle in (d) and add it to the first cuvette.  This solution will be used to zero the colorimeter in step (h) below (this cuvette is called the blank).

f. Using a clean syringe add 2 cm3 of Substrate (PPP) to the Universal bottle which now contains both buffer and enzyme and immediately start the stop-clock.  The contents of the bottle should be thoroughly mixed but do not shake too vigorously.

g. At 1 minute intervals remove, using the automatic pipette (clean tip each time!), 1 cm3 of the mixture in (f) above and add it to one of the remaining 6 cuvettes which contain sodium carbonate solution.  After 6 minutes you should have 7 cuvettes which contain varying amounts of product.

h. Use the solution prepared in (e) to zero the colorimeter (550 nm) and measure the absorbance of the remaining 6 solutions.  Record your results in the tables below.

Repeat the whole investigation but use the buffer at pH 7.0 instead of buffer at pH 5.0.
Assay at pH 5.0

	Cuvette Number
	Time, min
	Absorbance

	1
	0
	0.0

	2
	1
	

	3
	2
	

	4
	3
	

	5
	4
	

	6
	5
	

	7
	6
	


Assay at pH 7.0

	Cuvette Number
	Time, min
	Absorbance

	8
	0
	0.0

	9
	1
	

	10
	2
	

	11
	3
	

	12
	4
	

	13
	5
	

	14
	6
	


At which pH is the enzyme most active?  

6.0
Additional Technical Information
Preparation of Enzyme Extract

Mung bean germination

Take 2 g of mung bean seed for each group of students and place in a dark container with a lid (e.g. margarine tub or similar).  Make sure that the container is sufficiently large so as to ensure that that there is only a single layer of seed.  Cover the seed with tap water, replace the lid and leave for 24 hr at a temperature of 300C – this can usefully be achieved by floating the container in a water-bath. After 24 hr drain off the water and rinse with fresh tap water. Replace the lid and return to the water-bath.  From this time on seeds should be kept moist but not soaking in water. Repeat this rinsing procedure at 48 hr and 72 hr.  The optimal size of seed is reached when the radicle (seed root) has reached a length of 

3 - 4 cm. 

Extraction of enzyme

Enzyme extracts lose activity over time and it is strongly recommended that enzyme extracts are prepared on the day of use. 

For each group of students select 12 seedlings (3 – 4 cm in length) and place them into a mortar.  If the green testa (seed case) is still attached it is important that it is removed and discarded.  Add approximately 5 cm3 of tap water and grind the seedlings with a pestle until a smooth paste is obtained.  Add a further 10 cm3 of tap water to the paste.  The crude extract should be centrifuged for at least 5 min at a minimum of 2500 g.   Carefully remove the supernatant and dispense into small bottles.  Each group of students will need approximately 6 cm3 of extract.  

If you do not have access to a suitable centrifuge, enzyme extracts can be prepared by using 10 cm3 of water rather than 15 cm3 of water for each group of 12 seedlings and allowing the extract to settle at 4oC overnight.  Carefully remove the supernatant and dispense into small bottles as above.

Extraction of enzyme from bean-sprouts

Many supermarkets offer bean sprouts for sale and these can be used in place of mung beans.   Homogenisation of approximately 100 g of bean sprouts (no additional water should be added) should produce approximately 50 cm3 of crude extract.  This crude extract should be filtered through muslin and then centrifuged as above.  Carefully remove the supernatant and dispense into small bottles.  Each group of students will need approximately 6 cm3 of extract.  

N.B.  Because of the variation in the amount of enzyme present use of bean sprouts which have been purchased from supermarkets is not recommended for the examination.

Preparation of buffers

The following solutions should be prepared:

· citric acid (anhydrous, 0.01 mol dm-3) 

· di-sodium hydrogenphosphate (Na2HPO4, anhydrous, 0.02 mol dm-3)

The following buffers should be prepared using the above stock solutions:

· To prepare buffer at pH 5.0, add 48.5 cm3 of citric acid solution to 51.5 cm3 of Na2HPO4 solution and dilute to 1 dm3 with distilled water.  Each group of students will require exactly 10 cm3 of this solution.

· To prepare buffer at pH 7.0, add 17.6 cm3 of citric acid solution to 82.4 cm3 of Na2HPO4 solution and dilute to 1 dm3 with distilled water.  Each group of students will require exactly 10 cm3 of this solution.

If required adjust the pH of the buffers with dilute sulfuric acid or dilute sodium hydroxide solutions. 

Preparation of phenolphthalein phosphate (the substrate) solution

The following solution should be prepared:

· Phenolphthalein phosphate (PPP, available from Sigma [catalogue number P9875-1G] ‑ current (August 2015) price for 1 g of material is £14.90 + VAT and postage).  A 0.2% solution is prepared by dissolving 0.2 g of PPP in 100 cm3 of distilled. Each group of students will require about 6 cm3 of this PPP solution.
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