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About this book


This book will help you develop the skills in practical biology required as part of CCEA’s A-level Biology specification. Since CCEA’s A-levels consist of AS and A2, the book essentially contains two guides: the first is for AS Biology, followed by another for A2 Biology. The guide for each level contains details of the practicals that you should know, the mathematical skills associated with processing the data generated in practical work and an explanation of how practical skills will be assessed with exemplar questions and answers.


Each guide includes all the types of practical work that you are expected to experience (these are italicised in the specification for Units 1 and 2). For each practical, there are practical tips, exam tips and knowledge checks in the margin. Answers to the knowledge checks are provided towards the end of the book. You will also find definitions for some key terms in the margin.


Since practical work, both in the laboratory and in the field, often generates quantitative results, each guide also describes the mathematical skills required in dealing with data. Understanding of the mathematical skills specified at AS is also required by students at A2; while understanding of logarithms and statistics is confined to A2.


While some questions in the Unit 1 and Unit 2 written exams may assess practical skills, they are mostly assessed in Unit 3, at both AS and A2. Unit 3 consists of two components. Since implementation skills cannot be assessed in a written exam, a series of practical tasks will be assessed by your teachers — for each task undertaken, evidence must be provided for the level achieved. There is also a practical skills written paper which assesses your understanding of practical skills and your ability to apply them to familiar and unfamiliar contexts.


The Questions & Answers section presents questions that cover most areas of the specification. There are answers written by two students of differing ability with comments on their performances and how they might have been improved. These will be particularly useful during your final revision. There is a range of question styles that you will encounter in the Unit 3 exam, and the students’ answers and comments should help with your examination technique.


Ensure you access the biology specification at www.ccea.org.uk.


Hazard and risk


All practical tasks described in this guide should be risk assessed by a qualified teacher before being performed either as a demonstration or as a class practical. Safety goggles and a laboratory coat must be worn where it is appropriate to do so. The author and the publisher cannot accept responsibility for safety.





AS practical skills



AS Unit 1 practical work



Biological molecules



Tests for carbohydrates and proteins


You should be familiar with the tests summarised in Table 1.
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Knowledge check 1


Which biochemical test requires heat to give a positive result?
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The disaccharide sucrose is not a reducing sugar. Its presence can be detected if it is first hydrolysed (into glucose and fructose) by heating (in a water bath) with dilute hydrochloric acid (HCl); the acid is then neutralised with sodium hydrogencarbonate (NaHCO3) before being tested with Benedict’s solution. To ensure the validity of concluding its presence, two further tests must be carried out: the original solution must undergo a Benedict’s test to ensure that reducing sugar was not also present; and, since this procedure would also work with starch (hydrolysed into glucose), its absence must first be determined by testing with iodine solution.



Analysis of amino acids using paper chromatography


Paper chromatography is a technique for separating and identifying substances extracted (in a suitable solvent) from biological material. The technique for amino acids involves:





1  Preparation of chromatography tank. Pour solvent into the tank to a depth of about 3 cm and put the lid on so that the atmosphere becomes saturated with vapour.



2  Preparation of chromatogram. Having washed your hands to remove amino acids in sweat and handling the chromatography paper only at the sides, or alternatively wearing disposable gloves, draw a pencil line across it about 5 cm from one end; using a micro-pipette, place a small drop of the amino acid mixture at a marked point on this origin line, let it dry, place another drop on top of the first and dry again, and repeat this process to concentrate the amino acids while keeping the spot as small as possible.



3  Running the chromatogram. Suspend the prepared chromatography paper in the tank, ensuring that the pencil origin line is above the surface of the solvent (see Figure 1); allow the solvent to run up the paper for some hours during which time the amino acids will be carried different distances (according to their solubility in the solvent) and so be separated; before the solvent arrives at the opposite end, the chromatography paper is removed and the solvent front drawn in pencil; the chromatogram is dried.
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4  Developing the chromatogram. In a fume cupboard, and wearing gloves, the dry chromatogram is sprayed with dilute ninhydrin reagent; this is again dried and heated (say, in an oven) so that purple spots indicating the location of amino acids appear; the spots are encircled with a pencil and a horizontal line drawn through the middle of each spot.



5  Identifying the amino acids. For each amino acid, the distance from the origin line to the middle of the spot and to the solvent front is measured, and the Rf value (relative front value) calculated as:
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The amino acids may be identified from a table of Rf values, though it is preferable to compare the spots in the mixture with known amino acids run in the same chromatogram. This is because Rf values are specific for the type of paper used, the solvent and the temperature. The colour of the spots, which may vary from brown to purple, may also be used in identification (and uniquely proline produces a yellow spot).
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Exam tip


Some biologists measure to the front edge of the spot on the chromatogram (rather than the middle). You must do whichever is indicated on the exam paper.
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However, just because two spots travelled the same distance and have the same colour is not a guarantee that they are the same amino acid. Different amino acids can have very similar Rf values for any particular solvent. This problem is solved by using two-way chromatography: the amino acids are further separated by turning the paper through 90° and repeating the process at right angles to the original using a different solvent.


There are a large number of precautions in using paper chromatography; for example, pencil must be used to mark the chromatogram (since it is inert), while to obtain a concentrated yet small spot, the spot must be dried before the spotting process is repeated.
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Knowledge check 2


An amino acid is spotted on a line that is 30 mm from the end of the paper. After running and developing the chromatogram, the amino acid spot is found to be 84 mm from the end and the solvent front 150 mm from the end. Calculate the Rf value for this amino acid.
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Enzymes



Properties of enzymes


Enzyme activity is affected by a number of factors:





•  temperature



•  pH



•  substrate concentration



•  enzyme concentration





Use of water baths to change or control temperature


There are two types of heated water bath that you may use.





•  You can use a beaker of water heated, using a Bunsen burner, to the desired temperature, checking this with a thermometer. Since the water will cool down, it must be heated intermittently to just above the temperature needed and then allowed to fall to just below this level. With regular attention, the temperature can be maintained to within ±2°C.



•  You could use a thermostatically controlled water bath. It does not keep the temperature completely constant but is more precise than heating a beaker of water. The temperature should be checked with a thermometer, initially for establishing the desired temperature and then regularly thereafter to monitor any fluctuations.
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Knowledge check 3


Describe a precaution in developing the chromatogram.
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A low temperature, such as 10°C, can be achieved by using a mixture of water and ice in a beaker. The temperature is monitored using a thermometer and adjusted by adding more water or ice as appropriate.



Use of buffers to change or control pH



The pH scale is a measure of the acidity or alkalinity of a solution. It is an indication of the concentration of hydrogen ions relative to water. The pH of water is 7. Solutions with a higher concentration of hydrogen ions than water have a lower pH and are acidic. Solutions with a lower hydrogen ion concentration than water have a higher pH and are alkaline. The pH scale is shown in Figure 2.




[image: ]




Adding just a tiny amount of a strong acid (or strong alkali) to a neutral solution changes its pH dramatically. Buffers are solutions that resist this change and help to maintain a constant pH. Buffers can be prepared to maintain the pH of a solution at any given value.


Use of different concentrations of solutions


To prepare different concentrations of solutions it is usual to prepare a stock solution, say a 10% solution (by dissolving 10 g of solid in 100 cm3 of water). There are two types of dilution.





•  One type of dilution produces an arithmetic series of concentrations: for example, 10%, 9%, 8%, 7% etc. Table 2 shows how you would prepare an arithmetic series.
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•  Another type of dilution produces a logarithmic series of concentrations. This is serial dilution: each solution along the series is less concentrated than the previous one by a set factor. Figure 3 shows how you would undertake a doubling dilution so that subsequent dilutions are half the concentration of the previous solution.





Other dilution factors can be used, commonly ×10. To get a ten-fold dilution, you add 1 cm3 stock solution to 9 cm3 water, 1 cm3 of this dilution to 9 cm3 water, and so on. Serial dilution produces a wide range of dilutions — the doubling dilution, shown in Figure 3, produces a range of 10% to 0.156% solutions — and the bigger the dilution factor the greater the range. You need to be careful when plotting this range on a graph.


Sometimes dilutions are made with buffer solutions so that the pH of each dilution is the same.
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There are many enzyme systems that may be used to investigate the influence of these factors. Investigations of the listed factors are shown below, each with a different enzyme system.


Effect of temperature on the activity of lipase


Phenolphthalein is an indicator that is pink in alkaline solutions of about pH 10. When the pH drops below pH 8.3, phenolphthalein goes colourless. In this experiment an alkaline solution of milk, lipase and phenolphthalein will change from pink to colourless as the fat in the milk is hydrolysed to produce fatty acids thus reducing the pH below 8.3.


Milk is mixed with sodium carbonate solution to make the solution alkaline and 5 drops of phenolphthalein are added.


A series of water baths are set to a range of temperatures. Each water bath has placed in it a test tube containing the milk mixture and a small beaker of lipase. When the temperature of the solutions has equilibrated to the temperature of the water bath (say, after 10 minutes) lipase is added to the test tube and a stopwatch started (see Figure 4).
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The time taken for the mixture to turn from pink to colourless is a measure of enzyme activity. The volumes and concentrations are kept constant — these are the controlled variables. Temperature is the independent variable (IV). The dependent variable (DV) is ‘time taken’, which may be converted to a rate of reaction by calculating its reciprocal. In any case, a short time indicates a high rate of reaction, which you would expect to be optimal at approximately 40ºC. Results are recorded in a table and plotted on a graph (see Figure 5).
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Interpretation of the results will require you to explain an increase in lipase activity up to the optimum temperature with reference to kinetic theory (molecules moving more rapidly and so colliding more frequently) and a decrease above the optimum as a result of lipase denaturation (specific bonds holding the tertiary structure having been broken).
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Knowledge check 4


Explain why the solution of lipase is placed in the water bath for 10 minutes before adding 1 cm3 to the milk (forming a reaction mixture).
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In evaluation, you would refer to the subjective nature of determining ‘when the solution becomes colourless’. Reliability of the results will be increased by replication. Replication may be provided by including the results of other students — this, of course, compounds the subjectivity of measuring when the solutions have become colourless. It would be possible to vary the concentration of the lipase to investigate the effect of enzyme concentration. However, this experiment cannot be used to assess the effect of different pHs, since the mixture has to be alkaline initially.


Effect of pH on the activity of amylase


Amylase solutions are mixed with different pH buffers and then solutions of starch added to provide a series of reaction mixtures. Measure the time taken for amylase to completely break down starch, by withdrawing samples of each reaction mixture at 10-second intervals and noting the time at which the solution no longer gives a blue-black colour with iodine solution (which should remain orange). The rate of reaction can be calculated as the reciprocal of ‘time’ (i.e. 1/time).
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Exam tip


When calculating the reciprocal, use 100/time or even 1000/time so that you do not get a rate with too many decimal places.
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Knowledge check 5


Identify the independent and dependent variable in this experiment.
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Interpretation should refer to an optimum rate of activity at, or near, a particular pH. As the pH differs from this optimum, changes in the hydrogen ion concentration alter charges on the amino acids that make up the active site of the enzyme. As a result, substrate molecules will less readily bind. At more extreme pHs, bonds that maintain the tertiary structure are broken so the enzyme is denatured.
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Knowledge check 6


State which variables you would need to control in this experiment.


[image: ]





In evaluating the experiment, the main errors will relate to timing: that the stopwatch is started immediately the starch is mixed with the enzyme–buffer solution; and that there is no delay in sampling. A delay in sampling would cause the reaction time to be underestimated (and the rate to be overestimated). There are other issues worth discussing: there may be some difficulty in determining when a blue-black colour is no longer formed; there will be a lack of precision in determining reaction time since samples are only taken every 10 seconds, rather than more frequently.
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Knowledge check 7


Why is it important to add amylase to the buffer prior to adding the starch solution?
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Effect of substrate concentration on the activity of catalase


The breakdown of hydrogen peroxide to water and oxygen is catalysed by the enzyme catalase. This enzyme is present in all living tissues, as hydrogen peroxide is a toxic by-product of metabolism. Catalase activity can be investigated in the laboratory by determining the amount of oxygen produced in a period of time (say, 30 seconds). A series of different concentrations of hydrogen peroxide are prepared and added to a source of catalase, such as puréed potato.


There are different methods available for measuring oxygen production over this time period and each has its advantages:





•  Catalase solution is added, via a syringe, to hydrogen peroxide in a measuring cylinder and the height of the foam generated measured — Figure 6(a).



•  Catalase solution is placed in a flask, hydrogen peroxide added via a burette and the oxygen produced collected by displacing water — Figure 6(b).



•  Catalase solution is placed in a flask, hydrogen peroxide added via a burette and the oxygen produced collected in a gas syringe — Figure 6(c).
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The first method, measuring the height of the foam, is easier to set up (and can readily be repeated) but it may not produce sufficiently accurate results: some of the oxygen produced will escape; and there may be difficulty in measuring the level to which the foam rises. In the other two methods none of the oxygen should escape. Method two, collecting gas by displacing water, involves apparatus which is more difficult to set up and so taking repeat measurements will be time-consuming.


Interpretation of results requires you to explain that as substrate concentration increases then collision with an enzyme is more likely and so the rate of reaction increases. However, at high substrate concentrations there are insufficient enzyme molecules for substrate molecules to bind to, the enzymes become saturated and so the rate of reaction reaches a maximum. In evaluation most concern will relate to the measurement of the oxygen produced: oxygen may escape, especially in the ‘measurement of the height of foam’ method, and possibly from the connections in the other methods if these are not tight; a little oxygen may also dissolve in the water in the ‘displacement of water’ method.
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Knowledge check 8


The breakdown of hydrogen peroxide is an exothermic reaction generating heat. How would this affect the results?
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Effect of enzyme concentration on the activity of protease


Gastric protease (also known as pepsin) initiates the digestion of proteins to peptides in the stomach. To investigate the effect of enzyme concentration a series of different protease concentrations is prepared: 1%, 2.5%, 5%, 7.5%, 10%. These are further diluted when 1 cm3 of each protease solution is added to 9 cm3 of dilute hydrochloric acid (of concentration 0.01 mol dm−3). The dilute acid provides a pH of 2, the optimum pH for gastric protease, while the enzyme concentration now ranges from 0.1% to 1%.
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Knowledge check 9


How would you keep temperature constant in this experiment?
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The substrate used is albumen, the protein in egg white. Egg white is introduced into each of five small tubes (of known length) which are then heated in boiling water to solidify the albumen (denaturing it and making it more readily digested). One small tube of boiled egg white is added to each test tube containing a different protease concentration, and left for 24 hours (see Figure 7).
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Knowledge check 10


Describe and explain the results that would be expected in this experiment.
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The next day, the length of the egg white column is measured and the length digested determined. The results are tabulated and plotted on a graph as ‘length of egg white digested’ against concentration of protease solution.
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Knowledge check 11


Gastric protease can be used to investigate the effect of pH on enzyme activity. In such an experiment how would you vary the pH?
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Demonstration of enzyme immobilisation


The enzyme sucrase may be entrapped in calcium alginate beads by following the gel immobilisation procedure: sodium alginate is mixed with a sucrose solution and, using a syringe, is dropped into a solution of calcium chloride to form beads. The use of immobilised sucrase is shown in Figure 8.




[image: ]


Knowledge check 12


Name the other product of sucrose digestion.
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Sucrose has no effect on a glucose-specific test strip but after passing through the column of alginate-entrapped sucrase, the test proves positive. This is because one of the products of sucrose hydrolysis is glucose.
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Knowledge check 13


State one economic benefit of enzyme immobilisation.
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This apparatus may be used to investigate how factors (flow rate, number of beads in the column and bead size) affect the rate of reaction.
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Using a colorimeter to follow the course of a starch–amylase reaction


To follow the course of an enzyme-controlled reaction, known amounts of substrate and enzyme are mixed. Then, at regular intervals, the amount of substrate which has not yet been acted on is measured.
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Knowledge check 14


Calculate the concentration (%) of starch in the initial reaction mixture.


[image: ]





Procedure


10 cm3 1.5% starch solution and 5 cm3 0.5% amylase solution are allowed time to equilibrate to a constant temperature in a water bath, and then mixed. Immediately (to obtain a result at time 0) a 1 cm3 sample of the mixture is withdrawn using a syringe and added to 10 cm3 dilute iodine solution. At 1-minute (or 30-second) intervals, further 1 cm3 samples are removed and added to dilute iodine solution.


Using a colorimeter


A colorimeter is set up to measure starch content of samples taken from a reaction mixture of starch and amylase. Any starch left will give a blue-black colour: a dark colour means that a lot of starch remains, a light colour means there is relatively little. The intensity of blue-blackness is measured using a colorimeter (see Figure 9).
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Practical tip


The colorimeter may be used in other reactions, e.g. measuring release of pigment from dyed gelatine digested by a protease.
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To ensure that readings accurately reflect the colour density of the solution, the cuvettes used must be clean and free of any surface marks. It is preferable to use the same cuvette, rinsing and drying it between samples, and ensure that it is orientated in the same way when inserted into the colorimeter.
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Practical tip


The colorimeter measures both transmission (amount of light passing through the solution) and absorbance (amount of light absorbed). Transmission is more commonly used, as absorbance involves a logarithmic scale.
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Using a filter


A solution is blue because it transmits blue light and absorbs other colours, most efficiently red. So to measure the intensity of blueness a red filter is used in the colorimeter. Generally then, a filter is chosen which is at the opposite end of the spectrum to the colour of the solution being measured. This will maximise any change in colour and provide the greatest range in colorimeter readings.
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Knowledge check 15


Explain why a red filter is used in a colorimeter when measuring the ‘blueness’ of a solution.
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Standardising the colorimeter


Immediately before measuring the blueness of each sample, a colorimeter tube (or cuvette) containing only dilute iodine solution (sometimes called the blank) is placed in the colorimeter and the instrument adjusted to 100% transmission. This standardises the instrument so that subsequent readings are comparable. With the use of the colorimeter you then have a series of readings for the samples of the reaction mixture taken at different time intervals.


Constructing a calibration curve


These values can be plotted as % transmission against time. However, it would be better if the % transmission readings are converted to % starch. This is achieved by adding fixed volumes of standard solutions of starch (that is, with a known concentration, such as 1%, 0.5%, 0.25% etc.) to dilute iodine solution and taking colorimeter readings. Plotting colorimeter readings against concentration of starch gives you a curve. This is a calibration curve — see Figure 10.


This curve is used to convert percentage transmission readings for the starch digestion over time experiment. Two values are shown being converted in Figure 10: 30% transmission (the value for the sample taken at 1.5 minutes) converts to 0.146% starch, while 50% transmission converts to 0.08% starch (the value for the sample at 2.5 minutes). Having completed this for all results, a graph of % starch against time may be plotted.
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