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Introduction
This Teacher’s Resource Pack supports the second edition of Cambridge International AS & A Level 
Biology by C J Clegg and the Cambridge International AS & A Level Biology Practical Skills Workbook 
by Salma Siddiqui, and helps teachers to deliver the course effectively. It comprises this print book 
and a set of online resources, available online at http://boost-learning.com

Print book
The print book features resources to help you plan and deliver your teaching, including:
» Crucial information from the syllabus for Cambridge International AS & A Level Biology (9700), 

such as the key concepts and learner attributes.
» The full glossary from the Student’s Book.
» Guidance on preparing students for studying at AS and A Level.
» Advice on teaching students whose first language is not English. This includes both strategies 

for teachers and students, and techniques to help boost student confidence in comprehending 
biology texts. Frameworks for how to design reading lessons that will help students learn 
biology and develop their language skills simultaneously are also provided.

» A set of 50 lesson plans targeting some of the most crucial and often challenging topics. These 
detail activities, practical investigations and discussions to be conducted in the classroom. 
They also list the learning outcomes covered by each lesson, the key vocabulary and resources 
required, and give ideas for homework tasks. Many of the lesson plans include suggestions 
of online videos that effectively illustrate or explain the topics being discussed; however, 
it should be noted that these videos have not been designed specifically for use with the 
Cambridge International syllabus and some terminology may diverge from that used therein. A 
blank template for lesson plans has been provided as part of the online resources so that you 
can create further lessons in the same style and keep them for future reference.

» A set of questions taken from Cambridge International past question papers with example 
strong and weak answers written by the author. The author has provided explanatory comments 
for their marking.

Online resources
The following additional resources are available online at http://boost-learning.com:
» A Scheme of Work detailing a teaching plan designed to cover the AS Level material over 180 

hours, and the complete A Level course over 360 hours, in a two-year period. The Scheme of 
Work is designed to provide an at-a-glance overview of the knowledge and skills required by 
each syllabus section, and the Hodder Education resources provided to support your teaching. 
The following information is included for each syllabus section: the number of teaching hours 
required, the learning outcomes listed in the syllabus, the relevant pages in the Student’s Book, 
new vocabulary associated with each topic and suitable practical activities. The scheme of work 
is provided as an editable Word document and also contains space for your own notes, so you 
can tailor it to your own needs, depending on how you are approaching the syllabus.

» The assessment objectives for Cambridge International AS & A Level Biology (9700). 
» Guidance for students on approaching their studies at AS and A Level, and the prior knowledge 

required for studying Cambridge International AS & A Level Biology (9700).
» Background chemistry for biologists and advice for students on carrying out investigations, 

handling data and using statistics. These can be printed and given to students at the start of 
the course as references they can return to; however, you may also want to familiarise yourself 
with the content, so that you can draw attention to relevant sections at pertinent points in 
your teaching.

» Advice for students on preparing for their assessments and a glossary of command words.
» A summary and revision checklist for each topic. The checklists are available as Word documents 

and can be edited by students to keep track of their revision and make notes about useful 
resources they may want to revisit.
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Enzymes

Lesson 9 The effect of temperature on the rate of an 
enzyme-catalysed reaction

3.2 Factors that affect enzyme action

Learning 
outcomes

3.2.1	 Investigate	and	explain	the	effects	of	the	following	factors	on	the	rate	of	enzyme-
catalysed	reactions:	temperature

Lesson 
outcomes

At	the	end	of	the	lesson	students	should	be	able	to:
•	 follow	and	describe	a	method	to	investigate	the	effect	of	temperature	on	the	rate	of	an	

enzyme-catalysed	reaction
•	 explain	how	temperature	affects	the	rate	of	an	enzyme-catalysed	reaction.

Overview Students	will	identify	the	different	factors	that	can	be	monitored	in	an	enzyme-catalysed	
reaction	to	monitor	its	progress,	such	as	disappearance	of	the	substrate	and	appearance	of	
the	product.	They	will	follow	a	method	to	investigate	the	effect	of	temperature	on	the	rate	of	
an	enzyme-controlled	reaction,	manipulate	the	data	collected,	draw	a	conclusion	and	evaluate	
the	method.

Key terms active	site,	denatured,	enzyme,	enzyme–substrate	complexes,	kinetic	energy,	maximum	rate	
of	reaction,	optimum	temperature,	rate	of	reaction

Suggested activities

Starter:	In	small	groups,	students	identify	how	we	can	see	that	a	chemical	reaction	is	taking	place	and	share	
ideas	in	a	teacher-led	discussion.

Main:
•	 Teacher-led	discussion	of	how	the	progress	of	an	enzyme-catalysed	reaction	can	be	monitored,	to	include	

the	disappearance	of	the	substrate	and	appearance	of	the	product,	and	how	these	can	be	measured.
•	 Give	students	a	method	for	an	experiment	to	investigate	the	effect	of	temperature	on	the	rate	of	an	enzyme-

catalysed	reaction.	They	discuss	the	method	in	pairs	and	then	share	ideas	as	a	class.	Students	sketch	a	
graph	to	predict	the	results	and	write	a	hypothesis.

•	 In	pairs	or	small	groups,	students	carry	out	the	experiment,	recording	their	results	in	a	suitable	table.	
Teacher-led	discussion	of	the	results	to	identify	the	trend	and	assess	whether	the	results	support	the	
students’	hypotheses.

•	 Students	calculate	the	rate	of	reaction,	plot	a	graph	of	rate	vs	temperature,	draw	a	conclusion,	evaluate	the	
method	to	identify	significant	sources	of	error	and	suggest	improvements	to	the	method.	They	then	peer	
assess	their	written	reports	in	small	groups.

•	 Students	recall	the	effect	of	pH	on	the	rate	of	an	enzyme-controlled	reaction.	(This	will	be	discussed	in	more	
detail	in	Lesson	10.)	Teacher-led	discussion	to	suggest	how	this	could	be	investigated	using	the	enzyme	
catalase.

Plenary: Students	match	key	terms	to	definitions	in	a	question	loop	activity.	A	question	loop	consists	of	a	series	
of	questions	and	answers	on	cards.	Each	card	is	divided	in	half	–	on	one	half	of	the	card	is	the	answer	to	a	
question	and	on	the	other	half	is	a	question.	Students	need	to	match	each	question	to	the	correct	answer	to	form	
a	‘loop’.	In	this	case,	key	terms	and	definitions	need	to	be	matched,	rather	than	questions	and	answers.

Homework 
suggestions

Students	plan	an	investigation	of	the	effect	of	pH	on	the	activity	of	catalase.

Resources and 
materials

Student’s	Book	(pages	69–71)

Teacher to provide:

Method	for	investigating	the	effect	of	temperature	on	the	rate	of	an	enzyme-catalysed	
reaction

Suggested	practical	apparatus	(dependent	on	enzyme	chosen):	potato	discs	(1	mm	in	
thickness),	cork	borer,	scalpel,	hydrogen	peroxide	solution	(10	vol),	boiling	tube,	2	cm3	and	
5	cm3	syringes/pipettes,	stopwatch,	delivery	tube	and	measuring	cylinder	in	a	trough	of	
water	or	gas	syringes,	water	baths,	thermometers

Key	terms	and	definitions	for	‘loop’	activity

 3 
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Lesson 10 The effect of factors on enzyme activity and the 
Michaelis–Menten constant

3.2  Factors that affect enzyme action

Learning 
outcomes

3.2.1	 	Investigate	and	explain	the	effects	of	the	following	factors	on	the	rate	of	enzyme-
catalysed	reactions:	temperature,	pH	(using	buffer	solutions),	enzyme	concentration,	
substrate	concentration

3.2.2	 	Explain	that	the	maximum	rate	of	reaction	(Vmax)	is	used	to	derive	the	Michaelis–Menten	
constant	(Km),	which	is	used	to	compare	the	affinity	of	different	enzymes	for	their	substrates

Lesson 
outcomes

At	the	end	of	the	lesson	students	should	be	able	to:
•	 sketch	a	graph	to	show	the	effect	of	temperature,	pH,	enzyme	concentration	and	substrate	

concentration	on	the	rate	of	an	enzyme-catalysed	reaction
•	 explain	the	changes	in	the	shape	of	a	graph	showing	the	effect	of	temperature,	pH,	enzyme	

concentration	and	substrate	concentration	on	the	rate	of	an	enzyme-catalysed	reaction
•	 describe	the	relationship	between	Vmax	and	the	Michaelis–Menten	constant	(Km)	and	explain	

how	this	constant	is	used	to	describe	the	affinity	of	an	enzyme	for	its	substrate.

Overview Students	will	recall	the	lock-and-key	hypothesis	and	induced-fit	hypothesis	of	enzyme	action	
to	explain	specificity.	The	concept	of	kinetic	energy	and	enzymes	as	protein	molecules,	and	
therefore	as	buffers,	needs	to	be	emphasised.	Students	will	view	graphs	of	rates	of	reaction	
for	enzyme-catalysed	reactions	to	describe	and	then	explain	the	effects	of	the	named	factors	
on	enzyme	activity.	They	will	recognise	that	an	enzyme-catalysed	reaction	has	a	maximum	
rate	(Vmax)	and	will	be	able	to	describe	the	relationship	between	Vmax	and	the	Michaelis–Menten	
constant	(Km)	through	the	use	of	graphs.

Key terms active	site,	denatured,	enzyme,	enzyme–substrate	complexes,	induced-fit	hypothesis	of	
enzyme	activity,	ionisation	of	the	enzyme,	lock-and-key	hypothesis	of	enzyme	activity,	
maximum	rate	of	reaction	(Vmax),	Michaelis–Menten	constant	(Km),	optimum	pH,	optimum	
temperature,	rate	of	reaction

Suggested activities

Starter: Students	sketch	and	annotate	diagrams	to	show	the	lock-and-key	and	the	induced-fit	hypotheses	of	
enzyme	activity.	This	is	to	recall	specificity	of	enzyme	action	and	the	concept	of	the	importance	of	the	shapes	of	
the	active	site	and	the	substrate	molecule.	Students	then	discuss	in	pairs	to	peer-assess.

Main:
•	 Students	discuss	in	pairs	the	concept	of	kinetic	energy	and	the	idea	that	molecules	are	always	in	motion.	This	

could	be	introduced	with	a	question:	‘What	is	kinetic	energy	and	how	does	it	relate	to	molecules?’.
•	 Students	recall	and	explain	how	an	enzyme–substrate	complex	is	formed	–	the	idea	of	successful	collisions	

is	important	here.	Students	can	add	this	to	their	diagrams	from	the	starter	activity.
•	 Show	the	class	an	online	video	to	explain	the	effect	of	temperature,	pH	and	substrate	concentration	on	

enzyme	activity	(such	as	Stephanie Castle 3.6.3 Explain factors affecting enzyme activity	or	Miss Estruch Factors 
Affecting Enzymes: Temperature, pH, substrate & enzymes concentration and Inhibitors).	Students	make	notes	or	
answer	a	video	worksheet.	Teacher-led	discussion	of	the	key	points	or	answers	to	the	worksheet.

•	 Students	sketch	graphs	to	show	the	effect	of	temperature,	pH	and	substrate	concentration	on	the	rate	of	an	
enzyme-catalysed	reaction	and	annotate	these	to	explain	the	shape	of	the	graphs,	to	include	the	key	concepts	
and	terms:	kinetic energy,	optimum temperature/pH,	ionisation,	denatured,	free active sites and	maximum rate of 
reaction.

•	 Students	sketch	and	annotate	a	graph	to	predict	and	explain	the	effect	of	enzyme	concentration	on	the	rate	of	
an	enzyme-catalysed	reaction.	Students	justify	their	graph	and	annotations	in	a	teacher-led	discussion.

•	 Students	identify	the	maximum	rate	of	reaction	on	one	of	the	graphs	and	research	the	concept	of	the	
Michaelis–Menten	constant	(Km)	in	relation	to	Vmax.	They	explain	how	the	Michaelis–Menten	constant	is	used	
to	describe	the	affinity	of	an	enzyme	for	its	substrate	(Student’s	Book	pages	73–4).

Plenary:	Quick	quiz	on	graphs	showing	the	rate	of	enzyme	reactions,	using	graphs	on	Student’s	Book	pages	70–3	
or	from	Multiple	choice	past	paper	exam	questions.	Students	identify	the	label	for	the	x-axis	for	each	graph.

Homework 
suggestions

Students	research	the	importance	of	the	Michaelis–Menten	constant	in	industry.

Resources and 
materials

Student’s	Book	(pages	69–74)

Teacher to provide:

Video	on	the	effect	of	temperature,	pH	and	substrate	concentration	on	enzyme	activity	and	
video	worksheet

Selection	of	Multiple	choice	past	paper	exam	questions	on	the	rate	of	enzyme	reactions
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Lesson 11 Competitive and non-competitive inhibitors
3.2 Factors that affect enzyme action

Learning 
outcomes

3.2.1	 	Investigate	and	explain	the	effects	of	the	following	factors	on	the	rate	of	enzyme-
catalysed	reactions:	inhibitor	concentration

3.2.3	 	Explain	the	effects	of	reversible	inhibitors,	both	competitive	and	non-competitive,	on	
enzyme	activity

Lesson 
outcomes

By	the	end	of	the	lesson	students	should	be	able	to:
•	 sketch	a	graph	to	show	the	effect	of	competitive	and	non-competitive	inhibitors	on	the	

rate	of	an	enzyme-catalysed	reaction
•	 explain	the	changes	in	the	shape	of	a	graph	showing	the	effect	of	reversible	competitive	

and	non-competitive	inhibitors	on	the	rate	of	an	enzyme-catalysed	reaction
•	 follow	a	method	to	investigate	the	effect	of	inhibitor	concentration	on	the	rate	of	an	

enzyme-catalysed	reaction,	to	include	serial	dilution	of	an	inhibitor	solution,	and	explain	
the	results

•	 identify	significant	sources	of	error	in	a	method	and	suggest	improvements	to	overcome	
these.

Overview Students	will	investigate	and	explain	the	relationship	between	competitive	and	non-
competitive	inhibitors	and	the	rate	of	reaction	of	an	enzyme-catalysed	reaction.	They	will	
evaluate	a	method	to	identify	significant	sources	of	error	to	recognise	how	the	quality	of	the	
data	collected	can	be	affected.

Key terms active	site,	allosteric	site,	competitive	inhibitor,	enzyme,	non-competitive	inhibitor,	rate	of	
reaction,	reversible	inhibitor

Suggested activities

Starter:	Students	describe	what	is	meant	by	the	terms	competitive	inhibitor	and	non-competitive inhibitor,	followed	
by	teacher-led	discussion	of	the	answers.

Main:
•	 Show	the	class	an	online	video	on	the	effects	of	competitive	and	non-competitive	inhibitors	on	the	rate	of	

an	enzyme-catalysed	reaction	(such	as	Miss Estruch Factors Affecting Enzymes: Temperature, pH, substrate & 
enzymes concentration and Inhibitors	or	SnapRevise Enzyme Inhibitors, A-level Biology).	Students	make	notes	or	
answer	a	video	worksheet.	Teacher-led	discussion	of	the	key	points	or	answers	to	the	worksheet.

•	 Show	students	a	graph	(Student’s	Book	page	75	Figure	3.16)	showing	the	rate	of	reaction	of	an	enzyme-
catalysed	reaction	without	an	inhibitor,	with	a	competitive	inhibitor	and	with	a	non-competitive	inhibitor.	
Students	identify	each	line	and	justify	their	choices.	Teacher-led	discussion	of	the	answers	–	the	key	concepts	
to	emphasise	are	the	position	on	the	enzyme	that	the	inhibitor	binds	to	(active	site	or	allosteric	site)	and	
that	the	substrate	concentration	can	reduce	the	effect	of	a	competitive	inhibitor	but	not	a	non-competitive	
inhibitor.

•	 Students	carry	out	an	investigation	into	the	effect	of	the	concentration	of	an	inhibitor	on	the	rate	of	an	
enzyme-catalysed	reaction	(copper	sulfate	or	lead	nitrate	can	be	used	as	an	inhibitor	to	monitor	the	effect	
of	an	inhibitor	on	the	activity	of	amylase).	This	can	be	carried	out	as	a	class	investigation	with	each	group	
responsible	for	testing	one	concentration	of	inhibitor	and	the	results	collated.

•	 Teacher-led	discussion	of	the	results	of	the	investigation	and	evaluation	of	the	method.

Plenary:	Students	draw	a	series	of	annotated	diagrams	to	explain	how	reversible	competitive	and	non-
competitive	inhibitors	reduce	the	activity	of	an	enzyme.	Discuss	‘What	is	the	difference	between	reversible	and	
irreversible	inhibitors?’.

Homework 
suggestions

Students	write	a	practical	investigation	report	on	the	effect	of	inhibitors	on	enzyme	activity,	
to	include	plotting	a	graph,	drawing	a	conclusion	and	evaluating	the	method	for	significant	
sources	of	error.

Resources and 
materials

Student’s	Book	(pages	74–5)

Teacher to provide:

Video	on	the	effects	of	competitive	and	non-competitive	inhibitors	on	the	rate	of	an	enzyme-
catalysed	reaction	and	video	worksheet

Practical	apparatus:	2%	amylase	solution,	3%	starch	solution,	different	concentrations	
of	lead	nitrate	or	copper	sulfate	solution	(0.2	to	1	mol/dm3),	test	tubes,	test-tube	rack,	
2	cm3	syringes/pipettes,	mass	balance	weighing	to	2	decimal	places,	filter	paper,	funnels,	
stopwatch
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Assessment

Past paper questions and 
example answers

Cambridge Assessment International Education bears no responsibility for the example answers to 
questions taken from its past question papers which are contained in this section. These have been 
written by the authors and may not fully reflect Cambridge International’s approach. In examinations, 
the way marks are awarded may be different.

AS Level structured questions

Questions

ANTIBODIES AND HYBRIDOMA CELLS

1	

Fig. 1.1

a	 Antibody	molecules	are	proteins	that	show	primary	structure,	secondary	structure,	tertiary	
structure	and	quaternary	structure.

	 Fig.	1.1	shows	a	ribbon	diagram	of	an	antibody	molecule.
	 Describe	how	Fig.	1.1	shows	the	secondary	structure	and	tertiary	structure	of	the	antibody	

molecule.	 [3]
b	 Fig.	1.2	is	a	transmission	electron	micrograph	of	a	hybridoma	cell.
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Assessment

X

Y

Fig. 1.2

i The	hybridoma	cell	in	Fig.	1.2	synthesises	and	secretes	molecules	of	a	monoclonal	antibody.
	 State	the	roles	of	the	structures	labelled	X	and	Y	in	the	production	of	antibody	molecules	

in	the	hybridoma	cell.	 [2]
ii	 The	hybridoma	method	for	the	production	of	monoclonal	antibodies	involves	a	number		

of	stages.	One	of	these	stages	is	the	formation	of	hybridoma	cells.
	 Outline	the	stage	in	which	hybridoma	cells	are	formed.	 [3]
iii	 Outline	the	use	of	monoclonal	antibodies	in	the	treatment	of	disease.	 [3]

 [Total: 11]

Cambridge International AS & A Level Biology (9700) Paper 21 Q1, May/June 2019

BIOLOGICAL MOLECULES INCLUDING ENZYMES

2	 Triglycerides	and	phospholipids	are	types	of	lipid.
	 Fig.	2.1	shows	the	structure	of	one	type	of	phospholipid	known	as	phosphatidylcholine.	F1	and	F2	are	

fatty	acid	residues.
CH3

CH2

CH2

O

PO
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F2F1
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O O
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O O
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Fig. 2.1
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Assessment

AS Level structured questions

Example	answers

Antibodies and hybridoma cells

Strong answer
1 a The secondary structure is shown by there being many alpha helixes and beta-pleated 

sheets.
 The tertiary structure is shown by the polypeptide chains being folded to form a  

globular structure.  
b i Site X is the rough endoplasmic reticulum which make proteins. 

 Site Y is a mitochondria which provides energy to the cell in the form of ATP. 
ii A plasma cell and a cancer cell are fused together using an electric shock. 
iii Monoclonal antibodies bind to specific antigens on the surface of diseased cells  

like cancer cells. The MABs can have radioactive isotopes attached to them to take  
to the cancer cells so we can see where the cancer cells are.

Weak answer
1 a There of lots of B-pleated sheets in the picture above which shows there is a 

secondary structure. It is also got a 3d shape in a ball because all the polypeptide  
chains react together. 

b i Site X is where the amino acids are joined to make proteins. 
 Site Y is where energy released to allow the cell to live.
ii Hybridoma cells are made when we stick the cells together. We can use lots of  

different cells to make hybridoma cells and sometimes we take cells from mice.  
To get the cells to mix we use electric shocks. 

iii Monoclonal antibodies are antibodies. This means they kill bacteria and not  
viruses. If we take too many antibodies then it will lead to antibody resistant  
which leads to super bugs. 

Biological molecules including enzymes

Strong answer
2 a When stung by a bee the venom destroys the phospholipid bilayer in the cell surface 

membrane. Once the cell surface membrane is damaged the cell will burst open and  
leak out its contents. 

b Both Fig 2.1 and triglycerides contain long chains of fatty acids which are attached to  
the molecule by ester bonds. Triglycerides don’t have a choline molecule whereas  
figure 2.1 has a choline molecule. Furthermore, the triglycerides have three fatty acids  
(tri) but fig 2.1 has two fatty acids.

c Fatty acids are made in the smooth endoplasmic reticulum which is found in the cytosol  
of the cell. They do not require ribosomes to make them as these are only found on the 
rough endoplasmic reticulum.

Weak answer
2 a The enzyme breaks the cell wall of the blood cells. This makes the blood cells burst  

and then they no longer carry oxygen.
b Both of the molecules are found in animals. They are both different shapes and sizes. 
c Lipids are made in the RER which is where the ribosomes are. The ribosomes bind to the 

amino acids and joins them together to make a lipid. The lipid can then leave the cell. 
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Assessment

AS Level structured questions

Commentary

Antibodies and hybridoma cells

Strong answer
1 a The student has given a concise and relevant answer which includes the specific 

terminology required to gain all of the available marks. The two types of secondary 
structure shown are named correctly with one mark available for identifying either  
of these structures. The idea that a tertiary structure is folded is included and  
that the polypeptide chain of the secondary structure is folded to form the  
tertiary structure. The idea that this is due to further folding of the polypeptide  
chain would clarify the concept. 3/3

b i The structures X and Y are correctly identified and their respective roles correctly  
stated to gain both of the available marks. 2/2

ii The student correctly identifies the two types of cells that are needed to form 
hybridoma cells, and uses the correct terminology in stating that these cells  
are fused together. Although the answer is brief it includes the key points  
required to gain all of the available marks. 3/3

iii The student has correctly described how monoclonal antibodies can be used to t 
reat disease. The answer refers to treating cancer cells, however, to gain the final  
mark the student needed to name a specific cancer which can be treated using 
monoclonal antibodies as this treatment is not yet used to treat all cancers. 2/3

 Total 10/11

Weak answer
1 a The student has identified that the secondary structure contains beta-pleated sheets 

which is not specific enough in order to gain the mark. The answer must include the 
correct terminology of beta-pleated sheets or alpha helixes. Students should be  
reminded of the need to use the relevant subject specific terminology in their  
answers. The idea that the tertiary structure is correct, however the idea of the 
polypeptide chains interacting is vague. The answer should have indicated that  
the polypeptide chains of the secondary structure, undergo further folding to  
form the tertiary structure. 1/3

b i Although structures X and Y are not named, the roles of each are correctly stated.  
The question did not require the student to name the structures and so the detail  
given was sufficient to gain all of the available marks. 2/2

ii The student has correctly identified that when cells are used to form hybridoma  
cells an electric shock is used. The student has not named the cells that are used  
and has not identified that these cells are fused together to form the hybridoma  
cells. This answer clearly lacks specific detail and terminology. 1/3

iii The student does not have a good grasp of what monoclonal antibodies are and  
appears to have confused antibodies with antibiotics. Consequently their answer  
does not contain any relevant details. 0/3

 Total: 4/11
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