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Preamble
The advent of the Revised and CfE Highers in Biology and Human Biology, and Revised and CfE Advanced Higher in Biology has prompted the Biology Team in SSERC to consider different enzyme systems for use in practical work and/or investigations.  At Higher/Advanced Higher levels, enzyme practical work should meet a number of criteria.  Our belief is that practical work, as far as is possible, should:
· be robust
· involve cheap (and readily available) substrates and enzymes
· be versatile and offer opportunities for investigative work
· be reliable
· allow students to extract enzymes from ‘living things’
· incorporate an assay that is simple to follow
· produce results in short timescales
· offer opportunities for kinetic studies
Few enzyme systems meet all the above criteria but in this session we hope to show you that the enzyme-catalysed conversion of L-dopa to dopachrome meets most if not all of the criteria in the bulleted list above.  Whilst the substrate, L-dopa, is not cheap (current cost is £31.20 for 5 g [Sigma-Aldrich catalogue number D9628-5G]) only small amounts are used in each assay); an investment of £40 (to include postage and packing) will last a significant proportion of us to retirement age and beyond……
The Enzyme System
An alternative name for L-dopa is 3,4-dihydroxyphenylalanine and it is closely related to the amino acid tyrosine from which it is snythesised in humans. 
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The enzyme involved in the oxidation of L-dopa is tyrosinase although it is known by a myriad of other names (see Table for a list).  Other common names for the enzyme include dopa oxidase and catechol oxidase.
Table 1.
Alternative names for monophenol monooxygenase [EC 1.14.18.1].  Common names are highlighted.

	· N-acetyl-6-hydroxytryptophan oxidase 
	· monophenol dihydroxyphenylalanine:oxygen oxidoreductase

	· o-diphenol oxidase 
	· monophenol monooxidase 

	· o-diphenol oxidoreductase 
	· monophenol oxidase 

	· o-diphenol:O2 oxidoreductase 
	· monophenol, dihydroxy-L-phenylalanine oxygen oxidoreductase

	· o-diphenol:oxygen oxidoreductase 
	· monophenolase 

	· o-diphenolase 
	· phenol oxidase 

	· catechol oxidase 
	· phenolase 

	· catecholase
	· polyaromatic oxidase 

	· chlorogenic acid oxidase 
	· polyphenol oxidase 

	· chlorogenic oxidase 
	· polyphenolase 

	· cresolase 
	· pyrocatechol oxidase 

	· diphenol oxidase 
	· tyrosinase

	· dopa oxidase 
	


Tyrosinase is a so-called multi-catalytic enzyme being involved in a number of the reactions in melanin biosynthesis; one such reaction is the oxidation of L-dopa to dopaquinone:
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Both substrate and product of the above reaction are colourless and so following the conversion of L‑dopa to dopaquinone is not possible using conventional colorimetry.  However, dopaquinone is spontaneously converted to dopachrome which is orange/red in colour with an absorption peak at about 470 nm:
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Sources of tyrosinase for experimental work
Tyrosinase can be conveniently extracted from animals, plants and fungi.  Readily available sources include bananas (which we will use here) and potato peelings.  The ubiquitous nature of tyrosinase opens up opportunities for investigative work.

The Assay

Please do not adjust the setting on the pink automatic syringe!
Extracting the enzyme

1. Weigh out about 2.5 g of banana and put it in the plastic bag provided.
2. Add 5 cm3 of cold distilled water to the bag and crush the banana to a pulp.

3. Using a disposable pipette, divide the mixture equally into each of 2 microfuge tubes, cap the tubes and centrifuge for about 2 min.  Carefully draw off the supernatant into a clean Bijou bottle - label enzyme extract. (For investigative work it might be appropriate to store the extract on ice but we will not bother with that step here).
4. Take a clean cuvette and add approximately 3 cm3 distilled water.  Use this cuvette to zero the colorimeter at 470 nm. 
5. You will be provided with a solution of L-dopa in distilled water at a concentration of 12.5 mM (1.25 x 10-2 mol dm-3).

Read the next step carefully before proceeding!  
6. Into a clean cuvette (using the syringe you have made) place 200 L of your enzyme extract and add 800 L of distilled water.  Place the cuvette in the colorimeter.  Using the (pink) automatic pipette add 2 cm3 of L-dopa, start the stop-clock and as soon as possible measure the absorbance of the solution.  Continue measuring the absorbance of the solution at regular intervals (every 20 s or so) for the next 5 min.  Depending on how active your enzyme extract is you may need to change the frequency of observations.  We recommend you stop taking measurements when the absorbance reaches > 0.5.
7. The next stage is to use a fresh cuvette and repeat step 6 but change the enzyme concentration. You could either take 400 L of your enzyme extract and add 600 L of distilled water (and then add 2 cm3 of L-dopa) or whatever volume of extract you think appropriate.  (The only rules are total volume in the cuvette must be 3 cm3 of which 2 cm3 must be L-dopa).

8. If time permits try one further enzyme concentration (perhaps 800 L of your enzyme extract and 200 L of distilled water?).

Data analysis

It would be useful to plot absorbance as a function of time for each of the enzyme concentrations you used in steps 6-8.   Does the reaction rate increase as the enzyme concentration increases?
Equipment List

a. Syringe and tips from previous experiment

b. Banana

c. Plastic bag

d. Cold distilled water (5 cm3) - in a separate Bijou
e. Distilled water bottle + small beaker

f. Disposable pipette x 2
g. Bijou bottle, indelible pen

h. Cuvettes (5) + holder
i. Stop-watch

j. L-dopa (12.5 mM in distilled water) solution, 10 cm3 in a Universal
k. Access to a Volac Eco automatic pipette (pink) set at 2.0 cm3
l. Graph paper
m. Microfuge tubes x 2, access to micro-centrifuge
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