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Energy
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Activation energy (Ea)
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Figure	1.16 The effect of enzymes on activation energy

Now	test	yourself
8	 Explain	how	enzymes	are	able	to	speed	up	chemical	reactions.
9	 On	Figure	1.16,	label	the	point	at	which	the	transition	state	is	achieved.

Answers	on	p.	108

The lock and key and induced-fit models
The lock and key model states that the active site and the substrate are an 
exact match — they fit together perfectly (Figure 1.17). The active site is 
the lock and it only fits one key — the substrate. They come together to 
form an enzyme–substrate complex. Once formed, the reaction can be 
completed.

Enzyme and
substrate

A complex of enzyme 
and substrate 
allows reaction

Products are released and the 
enzyme is free to accept a new 
substrate molecule

Figure	1.17 The lock and key model of enzyme action

The induced-fit	model is slightly different from the lock and key 
hypothesis. The active site does not exactly match the substrate, but it 
alters its shape slightly when the substrate attaches. It is as if the active site 
moulds itself around the substrate (Figure 1.18).

As the enzyme and
substrate bind, a change 
of shape occurs

The reaction proceeds 
as the enzyme and 
substrate bind

Products are released 
and the enzyme returns 
to its original shape

Figure	1.18 The induced-fit model of enzyme action

The	induced-fit	model	is	a	
hypothesis	that	modifies	the	
lock	and	key	model.	It	helps	
to	explain	how	enzymes	are	
specific	to	their	substrate.
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Most scientists now accept that the induced-fit model is a more accurate 
model of what really happens. The lock and key hypothesis suggests that 
the active site is rigid, but we know from the action of non-competitive 
inhibitors that the shape of active site can change. Techniques such as 
computer modelling have further supported the idea that the active site is 
f lexible and that the catalysis is brought about by a complex interaction of 
the substrate and the amino acids at the active site.

Now	test	yourself
10	 Usually,	one	enzyme	catalyses	just	one	reaction.	Explain	why	enzymes	are	so	specific.
11	 Explain	how	the	lock	and	key	model	of	enzyme	action	differs	from	the	induced-fit	model.

Answers	on	p.	108

The effects of surrounding conditions on 
enzyme activity

Enzyme	concentration
The higher the enzyme concentration, the greater the rate of reaction 
until substrate becomes the limiting factor. In living cells, however, 
enzymes exist in active and inactive forms. An enzyme is converted into 
its active form — effectively increasing its concentration — when the 
product it makes is needed. When the product is no longer needed, the 
enzyme is deactivated, effectively lowering its concentration again. It is a 
really clever self-regulating mechanism. 

Substrate	concentration
In a similar way to enzyme concentration, Figure 1.19 shows that the 
more substrate there is, the faster the enzyme will work until all the 
active sites are full all the time. After that, no matter what the substrate 
concentration, the reaction will not go any faster. All enzymes have a 
maximum rate at which they can work.

Enzyme
activity

Substrate concentration

Increasing 
number of active 
sites occupied at 
any moment

All active sites occupied 
at any moment

Figure	1.19 The effect of substrate concentration

Competitive	and	non-competitive	inhibitors
Inhibitors are substances that slow down or stop enzyme action:
l Competitive inhibitors (Figure 1.20) are similar in shape to the 

substrate. They fit into the active site but cannot be converted into the 
product, so they simply get in the way.

Typical	mistake

The	active	site	and	the	
substrate	are	not	the	
same	shape.	They	are	
complementary	—	one	fits	
into	the	other.
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l Non-competitive inhibitors (Figure 1.21) bind to the enzyme away 
from the active site, but they alter the shape of the enzyme so that the 
substrate cannot fit into the active site. Effectively, non-competitive 
inhibitors switch off enzymes. If the inhibitor is removed, the enzyme 
functions as normal.

Enzyme Enzyme–inhibitor
complex

Substrate

Competitive
inhibitor

Figure	1.20 A competitive inhibitor competes with substrate molecules 
for the active site of the enzyme

Enzyme Enzyme–inhibitor
complex

Substrate is
unable to enter

active site

Substrate

Non-competitive
inhibitor

Figure	1.21 Non-competitive inhibitors bind to the enzyme somewhere 
other than the active site. This causes the active site to change shape

The key difference between the two types of inhibitor is that the effects 
of competitive inhibitors can be overcome by adding more substrate. 
It is simply a matter of improving the chances of a collision between 
enzyme and substrate compared with enzyme and inhibitor. With 
non-competitive inhibitors, on the other hand, it does not matter how 
much substrate is added — nothing can fit into the active site so there 
is no activity.

pH
The pH scale is a measure of acidity. On a scale of 1 to 14, pH 7 is 
neutral. A pH lower than 7 is acidic — there are a lot of H+ ions. A pH 
of more than 7 is basic — there are more OH− ions.

Every enzyme has an optimum pH. Most enzymes work inside cells and 
their optimum pH is around neutral. Some enzymes in the digestive 
system are exceptions; the stomach enzymes work best at around pH 2, 
whereas those that work in the small intestine have their optimum at 
about pH 8.

At optimum pH, the positive and negative charges on the active 
site and substrate are complementary. Away from this pH, the H+ 
or OH− ions neutralise the charges so that enzyme and substrate 
are no longer complementary. In addition, extremes of pH can 
denature enzymes.

Exam	tip

If	the	hydrogen	ion	
concentration	of	a	solution	
is	known,	the	pH	can	be	
calculated	by	substituting	the	
hydrogen	ion	concentration	
into	this	formula:	

pH = −log10[H
+]
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Temperature
Figure 1.22 shows the relationship between enzymes and temperature. 
As the temperature increases, the rate of reaction increases because all the 
molecules bounce around faster and there is more chance of a collision 
between the enzyme and the substrate. Therefore, more enzyme−substrate 
complexes form, resulting in a product being formed more quickly.

Enzyme
activity

Temperature/°C

0 10 20 30 40 50 7060

Greatly increased
denaturation
outweighs
increased number
of collisions

Increased number
of collisions
outweighs
denaturation
effect

Optimum temperature

Figure	1.22 As temperature increases, the rate of reaction increases 
until the enzyme becomes denatured. It is often said that enzymes are 
denatured above 37°C, but most are more tolerant of heat. Individual 
enzymes have different optimums, but many are in the 45–55°C region

However, when the temperature gets too high, the enzyme molecules 
vibrate more vigorously and the weaker bonds, such as hydrogen bonds, 
break. The shape of the enzyme changes and the active site and substrate 
are no longer complementary. The enzyme is denatured and this process 
is permanent. Lowering the temperature will not make any difference — 
the enzyme will not revert back to normal.

Now	test	yourself
12	 Describe	what	happens	when	an	enzyme	is	denatured.	Make	sure	you	use	precise,	A-level	language.

Answer	on	p.	108

Nucleic acids are important 
information-carrying molecules
In this section we will look at the basic structure of the nucleic acids. 
The role of nucleic acids in making proteins is covered later in the 
specification and can be found on pp. 89–94.

The structure of DNA and RNA

DNA
Deoxyribonucleic	acid	(DNA) has two vital properties:
l it holds the genetic information for making all the proteins that an 

organism needs
l it can copy itself exactly, time after time (replication — see p. 86)

You cannot have life without a molecule that can do this.

Deoxyribonucleic	acid	
(DNA)	is	an	information-
carrying	molecule	that	
forms	the	genetic	material	
in	all	living	organisms.
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