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Living organisms are complex...and there is little doubt
that biology is a complex subject. At A-level, we cannot
hope to cover all that is known about it so far. What most
teachers try to do is to lay the foundations and make sure
that students get a sound understanding of the basic princi-
ples. To do this, we sometimes need to simplify things. At
times, it might seem as though, as we progress from GCSE
through A-level to a degree, teachers tell a series of lies, each
time getting a little nearer to the truth. I know that I have
been guilty of teaching a very simple version of, for example,
enzyme biology at GCSE, and then saying to my A-level
students that what they had been taught earlier was not
quite correct, what really happens is.... Then, when a student
drops in at the end of his or her first term at university, I am
told, “You know what you told us about XorY, well it isn’t
correct. It is actually....” What I want to emphasise in this
column is that, in order to understand basic principles, it is
sometimes necessary to simplify issues. Oversimplification,
however, can lead to some of the misunderstandings that
become apparent in A-level examination papers.

We will concentrate on a topic that forms part of all A-level
biology courses — enzymes. If, as your teacher, I wanted you
to investigate the properties of enzymes, then I would look for
one that is easy to obtain, and catalyses a reaction that is casy
Lo monitor. Catalase is ideal. It can be found in almost all
living material and the reaction that it catalyses — the break-
down of hydrogen peroxide to water and oxygen — is easily
monitored. All we need to do is to measure the rate of produc-
tion of oxygen. By using crushed potato as our source of
catalase and adding it to hydrogen peroxide in a test tube, we
can investigate the effect of such factors as temperature, pH
and substrate concentration on enzyme action, and we can
learn a lot of basic biology. It is easy to forget, however, that
the situation in living organisms is more complex and involves
much more than catalase catalysing the breakdown of
hydrogen peroxide.
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Glass wall of test
tube allows nothing
to pass out and
Contents at 37°C — nothing to go in
and a pH of 7

Single enzyme and a
single substrate

Figure 1 The test tube, the ‘organism’ most frequently studied in A-level
biology. Test-tube biology differs from the biology of cells in a number of
important ways.

Figure 1 shows some features of the biology of a test-tube
reaction. Think about how the biology of living cells differs
from this situation. A test tube is usually used in an investi-
gation and is likely to contain a single enzyme and a single
substrate. A typical plant or animal cell, on the other hand,
synthesises thousands of proteins, and a lot of these are
enzymes. Figure 2 shows another way of looking at this. It is
a simple diagram of just some of the chemical reactions that
take place in a cell. Each of the black dots represents a
different substance and the lines joining them show chemical
reactions. Each reaction is controlled by an enzyme so you
should be able to see that cell biology is a lot more complex
than test-tube biology.

One of the questions we might ask ourselves is why don’t
all these chemical reactions interfere with each other? Part of
the answer to this involves a very basic idea. Enzymes are
specific. The sequence of amino acids that makes up the
primary structure of each enzyme is unique. Because of this,
an enzyme molecule folds in a particular way. The net result
is a specific tertiary structure with a specifically shaped active
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[image: image2.jpg]site (see pp. 10-13 and 21-25). In 1894, the
German chemist Emil Fischer produced a model to
explain the specificity of enzymes. His model is
known as the lock and key model. He suggested
that the active site of an enzyme is similar to a lock
and the substrate is like a key. In the same way
that only one key will fit a particular lock, so only
one substrate will fit into the active site of a partic-
ular enzyme.

At A-level, some textbooks have been guilty of
oversimplification and hanging on to the idea that
the active site of the enzyme is a rigid lock’ into
which a substrate molecule fits a bit like a key. We
know a lot more about proteins than Fischer did.
For example, new techniques reveal that proteins
are not the rigid structures that the idea of a lock
suggests. We have found out that various parts of
an enzyme molecule move. Some of these move-
ments are small. Others are quite large, and may
happen when the substrate binds to the enzyme.
A new model was suggested. This is the induced fit model.
In this model, the active site moulds around the substrate
molecule. It is more like the way a sock moulds round a foot
than a key fitting a lock.

A test tube is made of glass, and glass is impermeable. Its
walls let nothing in and nothing out. Cells are different —
they are surrounded by plasma membranes which, by such
processes as diffusion and active transport, regulate the entry
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Figure 3 The echidna is an egg-laying mammal. It has a core body
temperature of about 32°C.

and exit of different substances. If we are using a test tube to
investigate the effect of catalase on the breakdown of
hydrogen peroxide, the reaction will slowly decrease as the
substrate is used in the reaction. The rate of a chemical reac-
tion inside a cell, such as one of those associated with respi-
ration, may decrease, but it could also stay the same, or even
increase. Chemical reactions such as these may be influenced
by the supply of glucose or oxygen to the cell.

Temperature and pH
Because 37°C is the average core temperature of a human, we
are inclined to think that all enzymes function best at this
temperature. There is nothing magic about 37°C, however,
and many enzymes are different. The egg-laying echidna from
Australia (see Figure 3) is a mammal but its core body temper-
ature is considerably lower than this, around 32°C. Its
enzymes must therefore work efficiently at this temperature.
Some species of bacteria are found in hot springs, where
the temperature of the water is only just below boiling point.
Their enzymes must function at these high temperatures.
Clearly, we should not be thinking of enzymes only working
at 37°C. In addition to this, we should appreciate that
although particular enzymes are often found in a wide variety
of organisms, they may vary slightly from one organism to
another. Take acetylcholinesterase, for example. This is an
enzyme that plays an important role in the nervous system.
Table 1 shows the temperatures at which this enzyme works
at its fastest in some different species of fish.

Table 1 The temperature at which the enzyme acetylcholinesterase works
most rapidly in different species of fish

Temperature at which the rate of

Figure 2 In this diagram, each of the black dots represents one of the
substances found in a cell. The lines joining dots show chemical reactions.
Each reaction is controlled by a specific enzyme so you can see that, within
a single cell, there are many different enzymes.
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Species reaction is at a maximum/°C
Antarctic ice fish -2

Brown trout 2and 18

Grey mullet 25

19
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[image: image3.jpg]The Antarctic ice fish lives in water that is only a little
above freezing point. The brown trout is found in a wide
variety of habitats from cold mountain streams to the warmer
water of lowland lakes. It has two forms of the enzyme. One
works fastest at 2°C and the other works fastest at 18°C. The
grey mullet is a Mediterranean species. Each species has a
form of acetylcholinesterase that is adapted for the condi-
tions in which it normally lives. These differences are brought
about by slight differences in the sequence of amino acids that
make up the primary structure.

At some stage in your studies, you will probably come
across amylase. Amylases are enzymes that break down
starch. They are widespread among living organisms. Humans
produce amylases in saliva and in the pancreas. If you use
amylase in a practical laboratory investigation, it will probably
come from fungi or from bacteria. Just as with acetyl-
cholinesterase, amylases produced by different organisms
have slightly different amino acid sequences and, as a result,
slightly different properties. Table 2 shows pH values at which
the rate of reaction of different amylase enzymes is at a
maximum.

Table 2 The pH at which amylases work most rapidly in different species

of animals.
pH at which the rate of
Species reaction is at a maximum
Cockroach 59
Human i)
Silkworm 95

Denaturing enzymes

Figure 4 shows in general terms how temperature affects the
rate of reaction of an enzyme. Once you have completed
your first AS biology unit, you should be able to explain the
shape of this curve. At first, an increase in temperature is
associated with an increase in rate of reaction. A higher
temperature means that the molecules of the enzyme and its
substrate have more kinetic energy. As a result they move
faster and collide more frequently. As the temperature rises
[urther, the rate of reaction falls dramatically. The increase in
kinetic energy causes the bonds that hold the enzyme’s
tertiary structure to break. The active site loses its shape and
the substrate no longer fits. The enzyme is said to be

Rate of
reaction

Temperature

Figure 4 Graph showing the effect of temperature on the rate of reaction
of an enzyme. As this is a generalised graph, specific values are not given.
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Figure 5 The amount of product formed by an enzyme at two different
temperatures — 40°C and 60°C.

denatured. The important thing to appreciate with denaturad
tion is that it is not an instant process that happens th
moment an enzyme reaches 37°C. If you think about las|
time you had an infection, you will realise that this cannot b
the case. Infections often result in a rise in body temperature|
which may increase from a healthy 37°C to somewhere neaf
40 or 41°C. You may not feel too wonderful, but you will
survive. Your enzymes do not instantly denature. Keep this in
mind when you look at Figure 5.

In the curve for 40°C, as time passes, more and more
substrate molecules are converted to product, so the curve
rises. Now look at the curve for 60°C. At first it rises more
steeply than that for 40°C. You ought to expect this. There is
more Kinetic energy, so molecules are moving faster and
collide more frequently. But at 60°C, molecules of the enzyme
are denaturing faster than they are at 40°C, so the rate of reac-
tion slows down. Fewer and fewer product molecules are
formed and the curve flattens out.

Where does this leave you?

You should know by now that examiners are not out to trick
you. They do need, however, to test not only your knowledge
and understanding but also your ability to apply these prin-
ciples to unfamiliar situations. Inevitably this means that you
are going 1o see questions based on material that you have not
previously encountered. Keep these points in mind:

© Learn the essentials thoroughly. You won't get far without
a sound knowledge and understanding of the principles
involved.

® Think carefully before you answer. If you are provided
with data, make sure that you have really understood what
the graph or table is about before you start your answer.

® Locks and keys might help you to understand how
enzymes work but there aren’t any locks or keys in a living
organism. You would do much better to base your answers to
questions about enzymes on the induced-fit model.

® Living organisms vary and their molecules vary. Different
enzymes have different temperatures and pH values at which
they work most rapidly. They don’t all work fastest at a
temperature of 37°C and pH of 7.

Bill Indge has had many years’ experience as a Chief Examiner
in A-level biology. He is a member of the BIoLoGICAL SCIENCES
Review Editorial Board and the author of a number of books,
including AQA Biology for AS. Visit www.hoddereducation.co.uk
for more information and to see Bill's other publications.
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