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Rates of enzyme-controlled reactions
The activity of an enzyme is determined by measuring either the increase in
the product of the reaction or the decrease in the substrate over the course of
the reaction. The enzymes catalase and α-amylase are used to illustrate ways to
investigate enzyme-controlled reactions.
In these examples, a reaction mixture is made by adding a known volume of an
enzyme solution to a known volume of the enzyme’s substrate. The change in the
product or the substrate is plotted to give a time-course graph.

Catalase

2H2O2 catalase
hydrogen
peroxide

O2 +
oxygen
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Hydrogen peroxide is a toxic substance that is produced in organisms by several reactions.
Hydrogen peroxide decomposes to water and oxygen, but the rate is usually too slow to
prevent damage to tissues. Many cells make catalase to increase the decomposition of
hydrogen peroxide so that it does little or no damage. This is the reaction that occurs:
2H2O
water
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Oxygen is the product and can be collected in a gas syringe or in a measuring cylinder
by downward displacement, as shown in Figure 20. Table 18 shows the volume of
oxygen collected in an investigation and the results are displayed on the time-course
graph in Figure 21. The volume of oxygen increases until the reaction stops. No more
product is made because all the hydrogen peroxide has been broken down.

Gas burette for
collection of oxygen
Volume read at
10 s intervals

Hydrogen peroxide
solution and catalase
at 20°C

Water

Figure20Procedure for investigating the decomposition of hydrogen peroxide by
catalase

Catalase is widely distributed in animal and plant tissue from blood to sticks of celery.
The apparatus used in Figure 20 can be used to investigate the activity of catalase in
different tissues. Some student results are shown in Table 19. The rate is calculated
by working out how much product is produced per unit time. The rates were quite
different. They can be presented as they are in the third and fourth columns of
Table 19 by standardising them by calculating the rate per second or rate per minute.
Calculating rates like this is a way to process data. The rates in Table 19 are examples
of a derived variable as they are calculated from the dependent variable (time taken
to collect 5 cm3 of gas).

Practicaltip
Before you calculate
anything, estimate in
your mind what the
answer should be
You can do this by
using numbers that
are rounded up This
is a way to check that
the result of your
calculation is not
completely incorrect

.
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Practicalactivities
Table18Volume of oxygen collected during the decomposition
of hydrogen peroxide by catalase
Volumeofoxygencollected/cm3
00
26
39
48
54
57
59
60
61
61
61
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Volume of oxygen collected/cm3

Time/s
0
10
20
30
40
50
60
70
80
90
100

3
2

Practicaltip
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Figure21Time-course graph for the decomposition of hydrogen peroxide by catalase
(data from Table 18)

You can see that the
rate of reaction is very
fast at the beginning
but decreases with
time until the reaction
stops either at 80 s or
between 70 s and 80 s

Table19Rate of decomposition of hydrogen peroxide by catalase in six different
plant tissues
Plantmaterial Timetakentocollect Rateofgas
Rateofgas
5cm3gas/s
production/cm3s−1 production/cm3min−1
Celery
11
0455
2730
Carrot
132
0038
228
Potato
23
0217
1302
Lettuce
51
0098
588
Mung beans
4
1250
7500
Apple
255
0019
114
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1.4
1.2
1.0
0.8

Practicaltip

0.6
0.4
0.2
0.0
Apple

Carrot

Lettuce

Bar charts are
occasionally drawn
with the bars arranged
horizontally not
vertically This is done
when there are too
many categories to fit
across the page Health
data for different
countries are often
shown like this
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Rate of gas production/cm3 s–1

The independent variable in this investigation is qualitative because the plant tissues
are discrete categories. In some investigations you may have variables like this and a
bar chart is the appropriate way to present these results. Figure 22 is a bar chart for
the results in Table 19.

Potato

Celery

Mung
beans

Sources of catalase
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Figure22A bar chart showing catalase activity in different tissues

Focusonmathsskills

Barchartsandpiecharts

Bar charts are drawn for data that fall into separate categories, as in Table 19
Rules for drawing barcharts are as follows:
■ Use at least half the grid provided; do not make the chart too small
■ Draw the chart in pencil
■ Bar charts can be made of lines, or blocks of equal width, which do not touch
■ The intervals between the blocks on the x-axis should be identical
■ The y-axis should be properly scaled, with equal intervals
■ The y-axis should be labelled with units
■ The lines or blocks can be arranged in any order, but it can help to make
comparisons if they are arranged in descending/ascending order of size
■ Each block should be identified There is no need to shade the blocks or
colour-code them

You may also wish to present data in the form of piecharts These are often
useful for presenting fieldwork data when comparing the species diversity in
two communities To draw a pie chart, you need to calculate the numbers as a
proportion of 360, as there are 360° in a circle For example, if 15% of a lawn is
covered by clover, 65% by grass, 10% by hawkbit and 10% by plantain, then the
segment of the circle occupied by grass = (65/100) × 360 = 234°

Practicaltip
You can use a
spreadsheet to
make line graphs,
histograms, bar charts
and pie charts But take
care to format them
so you present them
in a way suitable for a
scientific report

48 OCRBiologyAandB
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α-amylase

Practicaltip

α-amylase catalyses the hydrolysis of glycosidic bonds in starch to form maltose:
α-amylase
n(C12H10O11)
(C12H10O11)n + (H2O)n

The samples must
be tested with iodine
solution as soon as they
are taken because the
reaction will continue
and the concentration
of starch will continue
to decrease Iodine
inhibits amylase, so
the reaction stops as
soon as each sample is
tested

starch

water

maltose
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The reaction is determined by measuring the disappearance of starch at intervals.
To follow the course of the reaction, an amylase solution is added to a starch solution
and samples from the reaction mixture are tested with iodine solution to follow the
disappearance of the substrate. At the beginning, the colour is blue-black. As the
reaction proceeds, there is less and less starch and so the colour is lighter. Eventually,
there is no colour change to the iodine solution. At this point, the reaction is complete —
all the starch has been changed into maltose.
This method was used to investigate the effect of different concentrations of amylase
on the rate of starch hydrolysis. The experiment was set up as shown in Figure 23.
The dependent variable is the colour of the iodine solution so these are qualitative
data, as shown in Table 20. However, it is possible to convert them to quantitative
data, as shown in Table 21.
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Transferring reaction mixture
at 1-minute intervals

A

B

Water
at 30°C

Reaction mixture: amylase
and starch suspension

C

Testing with
iodine solution

D

1

Spotting tile

2

3

Figure23Procedure for investigating hydrolysis of starch by amylase
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Questions & Answers

Question 3 The effect of pH on the rate of an
enzyme-controlled reaction
The effect of pH on the rate of starch hydrolysis by amylase was investigated by
taking samples at regular intervals from reaction mixtures and testing them
with iodine. Results were taken until there was no further change in colour. The
results are in the table.

3
5
7
9
11

Time taken for no colour change with Rate of reaction × 
iodine solution/s
10 −3/s−1
Replicate 1 Replicate 2 Mean
100
90
96.7
10.3
15
15
15.0
37.5
30
20
26.7
120
120
126.7
7.9
490
460
473.3
2.1
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pH

(a) State the independent, dependent and derived variables.

(3 marks)

e Surprisingly this is not an easy question as many confuse these three
types of variable (pages 49–51 give a full description of the procedure for this
investigation).
(b) Explain how you would make reaction mixtures of different pH.

Remember that the pH has to remain constant throughout the reaction.
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(2 marks)

(c) State four control variables and describe the steps that you would take to
control them.
(d) Complete the table by calculating the rate of reaction for pH 5.

(4 marks)
(1 mark)

e If you are unsure how to answer questions like these, try calculating other
results from the table to see if you get the same answers. (Calculating the
reciprocal of time taken is a common way to express rates when timing to the end
point of a reaction.)

(e) State why it is not possible to identify the optimum pH from these results.

e

(1 mark)

Be critical. The left-hand column is the clue to answering this question.

(f) Explain the effect of pH on the activity of amylase. 

(4 marks)

e Amylase is a protein. The answer requires knowledge of protein structure
from Module 2.
Student A
(a) pH, time for no colour change with iodine solution, rate of reaction

e

92

3/3 marks awarded Correct.
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Questions & Answers 
Student B
(a) pH, rate of reaction and mean rate

e

1/3 marks awarded The dependent variable is the one measured during the
practical procedure. Here it is time until the iodine stops changing colour. The
rate of reaction is the derived variable as it is calculated from the time (1/t).

Student A
(b) Make the enzyme solution in buffer solutions of different pH. Test them with
a pH meter before adding the starch solution.

Student B
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e 2/2 marks awarded Buffer solutions maintain a constant pH, which is
why they are used and not an alkali (e.g. sodium hydroxide) and an acid (e.g.
hydrochloric acid).
(b) Use different buffer solutions to make up the starch solution and the
enzyme solution. Label the tubes carefully with the pH of each.

e

2/2 marks awarded This is an even better way to use the buffer solutions.
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Student A

(c) Temperature — a thermostatically controlled water bath. Volume of enzyme
solution — a graduated pipette with small percentage error. Concentration
of starch solution by using the same stock solution. Time for equilibration
by using a stopwatch and mixing solutions after the same time (e.g. 5
minutes) for each reaction mixture.

e

4/4 marks awarded Note these carefully worded answers.

Student B

(c) Temperature — use a water bath. Amount of enzyme solution. Amount of
starch solution. Sample intervals — use a stopwatch.

e 0/4 marks awarded Easy marks have been missed. The temperature of a
water bath fluctuates unless it is carefully controlled using a thermometer and
a supply of hot and cold water, or has a heater and a thermostat. ‘Amount’ is a
word to avoid since it could mean volume or concentration (see the exam tip on
page 13). Sample intervals are given in the question.
Student A
(d) 66.7

e

1/1 mark awarded The units are provided in the table, so are not required here.

Practical assessment 93

9781471885617.indd 93

22/03/17 7:38 AM

Questions & Answers
Student B
(d) 66.66

e 0/1 mark awarded This is incorrect as all the other figures in this column are
rounded to one decimal place. All answers in each column must be given to the
same number of decimal places as those already in place.
Student A
(e) The optimum pH could be anywhere between pH 3 and pH 7. It is not
necessarily at pH 5. More intermediate values of pH are needed to test the
hypothesis that it is at pH 5.
1/1 marks awarded A clear answer.

Student B
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(e) There are no replicate results for each pH.

e 0/1 mark awarded Even if there were ten or more replicates for each value of
the independent variable we would still not know the optimum pH for the reason
given by student A.
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Student A

(f) To be active enzymes need an active site with a specific shape. The tertiary
structure of enzymes is held together by hydrogen and ionic bonds between
R-groups of the amino acid residues. When the pH changes the charge
on polar R-groups changes, so these bonds break. The change can be so
severe that the enzyme is denatured and cannot function, which looks like it
will happen to amylase at > pH 11.

e

4/4 marks awarded A good answer, using terminology from Module 2. You can
refer to the ‘amino acids in a polypeptide’ but strictly speaking they are not amino
acids as they have formed peptide bonds. The correct term is amino acid residues.

Student B

(f) At the optimum pH amylase functions very fast, breaking down starch to
maltose. At other pHs the rate of reaction is much less effective because
the enzyme is denatured.

e

0/4 marks awarded This is a weak answer that simply uses information from
the question and the term denaturation without any explanation about what it
means.
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