"CHEMISTRY REVIEW" PROJECT PAGES

This Project Page first appeared in the March 1997 issue of Chemistry Review, Volume 6, Number 4, Pages 32 and 33. Chemistry Review is published four times during the academic year by Philip Allan Updates and is a journal for post-16 students. It contains a variety of interesting and colourful articles aimed at 16-19 year-olds taking mainly AS and A2 courses in chemistry.

NOTE: Project Page is designed to help you think about your investigation. It is not intended to be a set of instructions for practical work and does not include a list of safety precautions. CHEMISTRY REVIEW accepts no responsibility if Project Page is used in any way as a set of instructions.
Investigating enzymes
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	The very first Project Page (CHEMISTRY REVIEW, Vol. 5, No. 1, Page 30) included a section on how the enzyme catalase increases the rate of decomposition of hydrogen peroxide. In this issue we will look at a number of projects that involve other enzymes.



Browning bananas

The overall process by which bananas go brown is quite complicated. The first stage involves the oxidation by oxygen in the atmosphere of compounds in the banana flesh. These oxidisable compounds all contain the 1,2-dihydroxybenzene functional group. The oxidation is catalysed by the enzyme polyphenol oxidase which is found in the banana, and in many other plant materials. The product of the oxidation is known as a quinone:
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Subsequent, non-enzymatic reactions lead to conversion of the quinone into brown/black melanins.

To investigate the enzyme reaction you can use banana extract as your source of polyphenol oxidase but use 1,2-dihydroxybenzene itself as a substrate. Make your enzyme extract by liquidising 24 g of mashed banana flesh with 90 cm3 of water in a food processor or grind the mixture up in a pestle and mortar. Dilute this mixture twenty-fold with distilled water and filter through a layer of muslin. A suitable mixture to start your investigations is one volume of diluted banana extract, two volumes of a 1% solution of 1,2-dihydroxybenzene and one volume of a buffer solution of pH 7. You can monitor the browning reaction  by using a colorimeter with a blue filter or by measuring the absorbance at 450 nm over a period of time. The gradient of a graph of absorbance against time will be a measure of the initial rate of the reaction. Alternatively, if you have access to an oxygen electrode and meter, you could try sealing the probe into one of you mixtures and monitoring the reaction by the fall in oxygen concentration.

You can now change the basic mixture to find out how the rate of browning of bananas is affected by a number of different factors, such as enzyme and substrate concentration, temperature and pH. Is the browning affected by added acids or salts? Does it matter which country the banana comes from? Do bananas of different ripeness brown at different rates? For how long can you store the enzyme before it loses its activity? Should you store it at room temperature, in the fridge, or in the deep freeze?

Hydrolysing oils

Lipase is an enzyme which is released by your pancreas and catalyses the hydrolysis of fats and oils. It specifically catalyses the hydrolysis of the ester links at the 1 and 3 positions of triacylglycerols, producing the 2-monoacylglycerol and two moles of carboxylic acid:
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The acids released by this hydrolysis cause the pH to fall. You can, however, prevent this happening by adding alkali. The rate at which you have to add the alkali to maintain a constant pH is a measure of the rate of the hydrolysis reaction. 

A simple oil which you might start with is glyceryl triethanoate (triethanoyl glycerol or triacetin). The oil is immiscible with water so you will need to prepare an emulsion by shaking it vigorously with an equal volume of a 5% solution of sodium lauryl sulphate (a detergent). You can make up an enzyme solution by dissolving 0.5 g solid lipase in 10 cm3 distilled water. You need to add 0.1 g of anhydrous calcium chloride to this, since the enzyme is only active in the presence of calcium ions. Carefully adjust the pH of the oil/detergent emulsion and the enzyme solution to approximately 8 by adding drops of 0.1 mol dm-3 sodium hydroxide solution. Put 20 cm3 of the emulsion together with another 10 cm3 of detergent into a small beaker, stir briskly with a magnetic stirrer and clamp a pH meter probe so that it dips into the liquid. Add 2 cm3 of the enzyme solution and re-adjust the pH to 8 using the alkali solution. Start a stop watch, keep adding drops of the alkali from a burette to maintain a constant pH and record the burette readings at convenient times. The gradient of a graph of volume of added alkali against time will give you the initial rate of reaction. 

Having established a basic method with which to monitor the hydrolysis, you can begin to explore the effects of changing some of the conditions. These might include the concentration of the enzyme, temperature, the pH at which you run the hydrolysis, the type and concentration of the detergent and the nature and concentration of the oil substrate.

Hydrolysing urea

Many plants such as soya and broad beans contain the enzyme urease in their seeds. This catalyses the hydrolysis of urea (carbamide):

CO(NH2)2   +   H2O     →     CO2   +   2NH3  

Urease was the first enzyme to be isolated in pure crystalline form in 1926 and was used to show that enzymes are proteins. Today it is used during the dialysis treatment of patients with kidney failure.

The hydrolysis of urea results in the formation of two moles of ammonia and one of carbon dioxide, causing the pH of the system to rise as the reaction proceeds. You can maintain the pH at a constant value, this time by adding acid, and the rate at which you have to do this will be a measure of the rate of hydrolysis.

 A convenient source of urease is whole soya beans which you should be able to buy from a health food shop. They are extremely hard and you will need to use an electric coffee grinder to use them to powder. Shake 2 g of powder with 20 cm3 of water and filter through damp cotton wool in a Buchner funnel or by pressing through damp cotton wool in a plastic syringe. Mix together 10 cm3 of filtered enzyme extract with 10 cm3 water in a small beaker, Adjust the pH to 6.5 by adding drops of 0.1 mol dm-3 hydrochloric acid or 0.1 mol dm-3 sodium hydroxide solution. Now add 2 cm3 of 0.66 mol dm-3 urea solution. Start the stop watch, monitor the pH with a meter, keep adding drops of acid to maintain a constant pH and record the burette readings and elapsed time.

You can now begin to investigate the reaction further by modifying the basic experiment. How does the rate of hydrolysis depend on the concentration of enzyme and substrate? What is the optimum pH for the reaction? Does the optimum pH depend on urea concentration? Does the effect of the urea concentration depend on the pH? What is the optimum temperature for the reaction? Does this depend on the pH or the urea concentration? How is the reaction rate affected by the presence of other substances? You might like to try different concentrations of copper or lead ions or look at the effects of organic molecules like alcohols or sugars. This one reaction has many facets which will provide fruitful projects.

Practical tips

Many enzyme extracts retain their activity for a relatively short time. They are best made up shortly before you are going to start to use them and should be stored in a refrigerator. You will find more helpful advice about working with enzymes in CHEMISTRY REVIEW, Vol. 4, No. 2, p. 15.

Derek Denby

Derek Denby is Head of Chemistry at John Leggott College, Scunthorpe.

The original article was written by Derek Denby. We are grateful to Derek for allowing us to reproduce it here.

This page is free for your personal use, but the copyright remains with Philip Allan Updates. Please do not copy it or disseminate it in any way.

Chemistry Review is indebted to Don Ainley, who has helped to prepare this article for the Web.
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