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Delivery guides are designed to represent a body of knowledge about teaching a particular 
topic and contain:
• Content: A clear outline of the content covered by the delivery guide;

• Thinking Conceptually: Expert guidance on the key concepts involved, common difficulties 
students may have, approaches to teaching that can help students understand these 
concepts and how this topic links conceptually to other areas of the subject;

• Thinking Contextually: A range of suggested teaching activities using a variety of themes so 
that different activities can be selected which best suit particular classes, learning styles or 
teaching approaches.

If you have any feedback on this Delivery Guide or suggestions for other resources you 
would like OCR to develop, please email resources.feedback@ocr.org.uk.
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The content from the specification that is covered by this delivery guide is:

(a)  (i)  the basic structure of an amino acid and the 
formation of peptide bonds

 (ii)  the use of chromatography in the separation and 
identification of amino acids

 
 
Practical work to be carried out in accordance with current 
CLEAPSS® guidelines with regards to the risks associated with 
the use of ninhydrin. Also see Section 5. PAG6

(b) the molecular structure of globular proteins 
as illustrated by the structure of enzymes and 
haemoglobin

To include primary, secondary and tertiary structure in 
relation to enzymes, and quaternary structure and prosthetic 
groups in relation to haemoglobin.

(c) how the structure of globular proteins enables enzyme 
molecules to catalyse specific metabolic reactions 

To include the role of tertiary structure in the specificity of 
the active site, the formation of enzyme substrate complexes 
and the lowering of the activation energy.

(d) (i)  the factors affecting the rate of enzyme-catalysed 
reactions

 (ii)  practical investigations into the factors affecting the 
rate of enzyme-catalysed reactions

M0.1, M1.2, M1.3, M1.11, M3.1, M3.2, M3.3, M3.5, M3.6
PAG4
HSW3, HSW4, HSW5, HSW6, HSW8 

(e) (i)  the role of proteins in blood clotting, and blood 
clotting as an enzyme controlled process

 (ii)  the first-aid procedure to assist the blood clotting 
process and prevent excessive blood loss

To include the role of platelets, damaged tissue, 
thromboplastin, calcium ions, prothrombin, thrombin, 
fibrinogen and fibrin.  
HSW10, HSW11, HSW12

(f ) the use of enzymes and inhibitors in medical diagnosis 
and treatment

To include diagnostic enzymes (e.g. blood amylase and LDH) 
and enzymes and inhibitors used in medical treatment (e.g. 
streptokinase, aspirin and warfarin).

(g) the donation of blood, and the types and uses of 
stored blood products.

To include blood groups and a consideration of the other 
issues affecting blood donation AND the collection and use of 
whole blood, leuco-depleted blood, packed red cells, platelets, 
clotting factors and plasma. HSW9, HSW10, HSW11, HSW12
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Throughout history, ‘the workings of the blood’ have invoked great interest, even Samuel Pepys’ diary in 1666 refers to a blood 
transfusion between animals.

This topic begins with detail of protein biochemistry with focus also being on enzyme activity with reference to the blood 
clotting process.  

Students will have the opportunity to make molecular representations of key biochemicals to demonstrate their 
understanding of the basic structure of amino acids and polypeptides, to include levels of protein structure. They will also be 
expected to undertake practical work in aspects of paper chromatography.

Students will develop an understanding of the role of the active site in enzyme action including the formation of enzyme-
substrate complexes. Enzyme-catalysed reactions can be explored using a variety of practical investigations covering the 
effects of factors such as temperature, pH, enzyme concentration and substrate/inhibitor concentration on reaction rate.

 - Practical investigations into the factors affecting the rate of enzyme-catalysed reactions

Plotting graphs and simple rate calculations are included providing opportunities for embedding mathematical skills.

Students will then be encouraged to apply knowledge from previous lessons in this topic to study the reactions involved in 
blood clotting, including the importance of named proteins and enzymes contained in blood plasma. 

 - The role of proteins in blood clotting, and blood clotting as an enzyme-controlled process

The roles of platelets (cellular organelles) and calcium ions (cofactors) are also discussed and then contextualised further in 
the topic when studying the uses for types of blood product. This is where the topic moves into the realms of medicine and 
diagnostics with student interest being stimulated by real life issues for example, blood donation and the use of drugs such 
as aspirin for treating blood clots.

 - The use of inhibitors in medical diagnosis and treatment…….the donation of blood (to include blood groups)

Additionally, students will study how first-aid procedures can be used to prevent excessive blood loss and aid the blood 
clotting process when blood vessels are damaged.
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A history of donation, transfusion and transplantation, NHS Blood and Transplant

https://www.nhsbt.nhs.uk/who-we-are/a-history-of-donation-transfusion-and-
transplantation/

This webpage summarises the history of blood donation and transfusion as well as organ 
transplantation. 

Extract from Samuel Pepys’ diary

http://www.pepysdiary.com/diary/1666/11/14/

This extract discusses the transfusion of blood between dogs in 1666. 

Amino acid structure/animation, John Kyrk 

http://www.johnkyrk.com/aminoacid.html

This models amino acids and proteins.

Diagnostic applications of enzymes, Chem4students

https://www.youtube.com/watch?v=DHzWihgOkoI

This video gives detailed information on how the level of enzymes are used in the 
diagnosis of different diseases.

How does warfarin work? British Heart Foundation

https://www.youtube.com/watch?v=P-O0DfjILsM

This short video uses an animation to outline how warfarin prevents blood clotting. 

The 50-year quest to replace warfarin, Nature Video

https://vimeo.com/316185026

This 6 minute video summarises the history of warfarin, it’s role in the clotting cascade and 
how new drugs are being developed to replace warfarin. 

Activities

https://www.nhsbt.nhs.uk/who-we-are/a-history-of-donation-transfusion-and-transplantation/
https://www.nhsbt.nhs.uk/who-we-are/a-history-of-donation-transfusion-and-transplantation/
http://www.pepysdiary.com/diary/1666/11/14/
http://www.johnkyrk.com/aminoacid.html
https://www.youtube.com/watch?v=DHzWihgOkoI
https://www.youtube.com/watch?v=P-O0DfjILsM
https://vimeo.com/316185026
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A firm grasp of the biochemical concepts regarding proteins is vital to the progression of 
this unit and those found later in the course. A hands-on approach to teaching using models 
and 3D images will allow students to gain confidence in how macromolecules are formed 
and how their structure determines how they function. The levels of protein structure is a 
commonly misunderstood topic and students who are often able to recite a sentence to 
describe each level, fail to understand what is actually happening at the molecular level 
particularly with regards to bonding. This hinders their ability to apply knowledge when 
considering the effects of factors such as pH and temperature on enzyme activity.

The study of enzymes can be taught using a practical activity at each stage. Simple starters, 
such as putting pieces of liver or potato into solutions of hydrogen peroxide and explaining 
the ‘fizzing’, gains interest and promotes discussion about reaction rates and the role of 
enzymes in living organisms. Despite being taught that enzymes are globular proteins, 
students often fail to consider this concept when studying the active site and specificity; 
continued reference to tertiary structure and examples of computerised animations will aid 
understanding. 

Enzyme theory, including the formation of enzyme-substrate complexes and lowering 
activation energy can also give rise to misconception and teaching these concepts through 
a series of animations and constant reference to the key terms will support students in 
consolidating knowledge.

The theme of blood biochemistry neatly brings the learning outcomes together and 
it is essential that students have sufficient grasp of enzyme activity to enable them to 
understand how this can be applied to blood clotting. Consideration of the clotting process 
as a series of enzyme-controlled reactions allows students to secure knowledge of enzymes 
and substrates at each stage and background reading about the ‘clotting cascade’ will 
challenge them to think in more depth. It is common for students to misunderstand the 
concept of the product from one reaction being the enzyme needed for the next.
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concept of the product from one reaction being the enzyme needed for the next.
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Blood donation and transfusion including knowledge of blood groups can be taught using 
the wealth of material provided by donation organisations and synthetic blood group 
identification kits are available for use in school laboratories. Whilst the study of antigen 
and antibody is not needed in detail at this stage, the early introduction and relevance in 
this case will aid understanding when the topic is considered later in the course. Types of 
blood product and their use can be taught using case studies. Students will almost certainly 
be familiar with the key concepts and some may have personal experience of some of the 
elements discussed, as always consideration should be given to the sensitive nature of any 
discussion involving case studies and scenarios. There are few misconceptions involved 
when studying blood products, but once again the need to refer to protein structure when 
considering the storage conditions of products will strengthen the ability to apply acquired 
knowledge.

Knowledge of first-aid is actively encouraged and schools may wish to consider first-aid 
courses for students. Certainly, the topic should be taught using up-to-date material 
which is revised on a regular basis on the websites of appropriate agencies. 

Activities
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Coagulation cascade animation, Thrombosis Adviser

https://www.youtube.com/watch?v=cy3a__OOa2M&feature=emb_logo

This 2.5 minute video summarises the coagulation cascade. 

Using blood samples in the lab for investigations, CLEAPPS

http://science.cleapss.org.uk/Resource/GL200-Studying-blood.pdf

This guidance document details how blood can be studied in schools and colleges, 
including to identify blood group type.

Investigating blood types, Science in School

https://www.scienceinschool.org/content/investigating-blood-types

This experiment mimics how blood group type can be tested.

Activities

https://www.youtube.com/watch?v=cy3a__OOa2M&feature=emb_logo
http://science.cleapss.org.uk/Resource/GL200-Studying-blood.pdf
https://www.scienceinschool.org/content/investigating-blood-types
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A variety of activities is available to consolidate and broaden knowledge and understanding 
of the learning outcomes included in this topic. Learning outcomes can also be linked to 
demonstrate progression, for example in using MolyMods® in building amino acids, then 
dipeptides, and then studying the levels of protein structure (Learner Activity 1). Significance 
of the different ‘R’ groups can also be explored when modelling the secondary and tertiary 
structures of proteins in relation to their function as enzymes. Use of coloured jelly sweets and 
cocktail sticks can be used by schools/colleges that do not have access to MolyMods®.

Chemistry concepts are linked within the paper chromatography practical (Learner Activity 
2). The activity also allows for consideration of risk assessment and safe practice (1.2.1b) and 
for R

f
 values to be calculated providing an opportunity for simple mathematical calculations 

(M0.3). In addition this is a great opportunity to do practical work relating to PAG6 towards 
the practical endorsement for students continuing to A Level.

There are many practical activities for studying enzyme activity and factors affecting reaction 
rate (temperature, pH, substrate/enzyme/inhibitor concentration) and Learner Activity 3 
provides one example. For students continuing to A Level this work relates to PAG4 of the 
practical endorsement. Recording the time taken for the reaction to complete is an example 
of the quantitative measurement required. 

The concepts learned can then be linked to blood clotting and the issues surrounding 
storing donated blood. Construction of tables and graphs plus calculation of rate provides 
opportunity for mathematical skills to be tested (M0.1, M1.2-1.3, M3.1-3.3, M3.5-3.6).

Learner Activities 4-6 give depth to understanding the context of some of the learning 
outcomes by using modelling techniques and real scenarios to study how scientific 
knowledge underpins medical diagnoses and treatments. Knowledge of First Aid procedures 
is a valuable additional skill and teachers and students can receive up to date information via 
appropriate websites.

Activities
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Practical activities for studying enzyme action, Nuffield Foundation
http://www.nuffieldfoundation.org/practical-biology/factors-affecting-enzyme-activity 
Good website for practical ideas for studying factors that affect enzyme-controlled 
reactions

Learner Activity 1  
Getting to know amino acids!
An activity to aid student understanding of molecular structures and knowledge of 
the different ‘R’ groups. The activity can be completed in pairs or groups dependent on 
resources available. Requires cooperation of several groups towards the end of the activity.

Students use Learner Resource 1 and MolyMods® or jelly sweets to:

1) build two different amino acids per group;

2) link the two amino acids to form a dipeptide (demonstrating a condensation 
reaction); 

3) link two or more dipeptides to form a small polypeptide.

Students can then see how the molecule twists and consider where e.g. Hydrogen bonds 
could occur when forming the secondary and tertiary structure of the protein.

Learner Activity 2 
Separating and identifying amino acids using paper chromatography.  
(Relates to PAG 6)
Students can produce individual chromatograms if sufficient materials are available as 
more than one chromatogram can be placed in the solvent tanks. 

4)  Draw a pencil line 2 cm from the bottom of the chromatography paper strip.

5)  Using capillary tubing add samples of known amino acids and an unknown sample 
mixture along the pencil line. Label in pencil.

6)  Hang in chromatography tank (already containing suitable solvent- e.g. butan-1-ol 
/ ethanoic acid /water in ratio 60 : 15 : 25 at 1cm depth). Ensure that the bottom of 
the paper strip is in the solvent but the pencil line of samples remains out of the 
solvent.

7)  Place a lid on the tank and leave for about 1 hour. The chromatograms must be 
checked regularly to ensure that the solvent does not run off the top of the paper 
strips.

8)  Wearing gloves remove the chromatograms and mark in pencil a line where the 
solvent has reached.

9)  Allow to dry in a fume cupboard and then spray with ninhydrin (follow CLEAPSS® 
guidelines).

10)  Calculate Rf values and identify amino acids in unknown sample. (M 0.3)

Activities

http://www.nuffieldfoundation.org/practical-biology/factors-affecting-enzyme-activity
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Learner Activity 3  
The effect of temperature on an enzyme-catalysed reaction (Relates to PAG 4)
Powdered milk contains the protein casein. A white suspension of powdered milk in water 
loses its opaqueness when it is acted on by the enzyme, trypsin. A black cross drawn on 
white card acts to record the activity. 

11)  Place 5cm3 powdered milk suspension and 5cm3 distilled water in a test tube. 
Observe the black cross through the mixture.  This is a colour standard and is used 
to indicate what the absence of enzyme activity looks like.

12)  Place 5cm3 powdered milk suspension and 5cm3 trypsin into a test tube at room 
temperature and record how long it takes for the mixture to clear.

13)  Set up a water bath and maintain it at 10oC

14)  Place 5cm3 powdered milk suspension and 5cm3 trypsin into two different test 
tubes and place into the water bath.  

15)  Allow approx. 5 minutes for them to reach target temperature then add the trypsin 
to the milk suspension.  Record time taken for the mixture to clear.  

16)  Repeat steps 2-5 above at 30oC, 50oC, 70oC and 90oC.

Learner Activity 4 
Modelling the effect of aspirin on blood clots

This activity provides students with the opportunity to use modelling techniques. In this 
model the effect of warm water on margarine mimics the effect of aspirin on blood clots.

Coloured water represents blood and straws are used to represent blood vessels. 

Straws can be set up to model:

•  A healthy blood vessel;

•  A blood vessel containing a blood clot;

•  A blood vessel containing a blood clot being treated with aspirin.

Students measure the time taken for the ‘blood’ to pass through the ‘blood vessels’ and use 
their knowledge to decide which straw is modelling which scenario.

Modelling the effects of aspirin, Nuffield Foundation 
https://practicalbiology.org/health-and-disease/how-medicines-work/modelling-effect-of-
aspirin-on-blood-clots

Good website for details of practical and how to organise it

Learner Activity 5 
First aid procedures for blood loss
This activity is one which students can undertake as part of a First Aid qualification or 
simply practice in the classroom.

Using up to date information from websites provided by e.g. St. John’s Ambulance or the 
Red Cross, students can study the procedures for dealing with severe and minor blood 
loss and can then be given scenarios to perform the procedures and justify their decision-
making to other students.

Bleeding, St John Ambulance
https://www.sja.org.uk/get-advice/first-aid-advice/bleeding/
This website gives first aid advice on how to treat minor and severe bleeding.

Learner Activity 6
Stored blood products-get them right!
Key blood products to be discussed in this activity:
whole blood
leuco-depleted blood
packed red cells
platelets
clotting factors
plasma

Cards can be used (see Learner Resource 3) to match product to use. The activity can be 
extended by offering students the opportunity to research at least two other uses for each 
product.

Handbook on the uses of stored blood products, WHO
http://www.who.int/bloodsafety/clinical_use/en/Handbook_EN.pdf
A good resource for identifying professional medicinal uses for stored blood products

https://practicalbiology.org/health-and-disease/how-medicines-work/modelling-effect-of-aspirin-on-blood-clots
https://practicalbiology.org/health-and-disease/how-medicines-work/modelling-effect-of-aspirin-on-blood-clots
https://www.sja.org.uk/get-advice/first-aid-advice/bleeding/
http://www.who.int/bloodsafety/clinical_use/en/Handbook_EN.pdf
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Type of 
amino acid Characteristics Example of R group Example of amino acid

non-polar the R group contains 
hydrophobic group(s)

-CH
3

alanine 

polar the R group contains 
hydrophilic group(s) they 
are not charged but there 
may be electronegative 

atoms within the R group 
that cause polarity

-CH
2
OH serine 

H
N C

CH2

CH

C
H

O

OH

H
H

N C

H

C
H

O

O H

CH3

H
N C

CH2

C

C
H

HO– O

O

OH

H H
N C

CH2

C
H

O

OH

H

CH2

CH2

CH2

NH2
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1 Learner resource 1 Getting to know amino acids
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Type of 
amino acid Characteristics Example of R group Example of amino acid

acidic the R group contains 
negatively charged group(s) 

for example a carboxylic 
group

-CH
2
COO–  (H+) aspartate

 

 
 

basic the R group contains 
positively charged group(s) 

for example an amino group

-CH
2
CH

2
CH

2
CH

2
NH

3
+ lysine

 
 

H
N C

CH2

CH

C
H

O

OH

H
H

N C

H

C
H
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O H

CH3

H
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CH2
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1 Learner resource 1 Getting to know amino acids
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Rf value = distance travelled by sample
    =  

x
 distance travelled by solvent  y

x

solvent front

origin of specimen

Following your experiment you will have a chromatogram similar to Figure 1 below.  Using Figure 2 as an example, use 
the formula below to determine the Rf value for your experiment.

Figure 1 A chromatogram showing separated 
amino acids stained with nihydrin.

Figure 2 A diagram of a chromatogram indicating the 
measurement to take for the solvent front (y) and the 
measurement to take for distance travelled by sample (x).

Le
ar

ne
r r

es
ou

rc
e 

2 Learner resource 2 An Amino Acid Chromatogram
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whole blood severe blood loss

leuco-depleted blood immuno-suppressed patients

packed red cells treatment of anaemia

platelets thrombocytopaenia

clotting factors Treatment of haemophilia A

plasma replacement of coagulation factors for 
e.g. liver disease / warfarin overdose

Le
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ne
r r
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ou

rc
e 

3

Answer sheet

Learner resource 3 Stored Blood Products-get them right!
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whole blood Treatment of haemophilia A

leuco-depleted blood treatment of anaemia

packed red cells thrombocytopaenia

platelets replacement of coagulation factors for 
e.g. liver disease / warfarin overdose

clotting factors severe blood loss

plasma immuno-suppressed patients
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e 

3

Student version

Learner resource 3 Stored Blood Products-get them right!
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