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BIOZONE’s OCR Biology student workbooks have been fully 
revised and written for the new OCR Level 3 AS and A-Level 
GCE in Biology. A flexible, innovative resource that scaffolds 
learning and encourages achievement in students of all abilities.

 • 450+ engaging activities provide ample opportunity for students to 
explore and test their understanding of content.

 • Easy to follow modular structure follows the specification, with a wealth 
of illustrative examples to support the required content.

 • New features to enhance student engagement and learning include 
two colour format, targeted learning outcomes, and a succinct  
key idea per activity. 

 • Mathematical and practical skills requirements, including the  
12 Practical Activity Groups, are well supported.

 • BIOZONE’s unique tab system identifies relevant online resources and 
connections to related concepts across the entire specification.

Features & Benefits

We find these books extremely useful... for 
reinforcing what we have covered in lessons 
and is often set for homework. Pupils  
find it useful for revision.

Philippa Crick, The Dixie Grammar School

❝
❞

Evaluate student performance 
with Model Answers

Explain Classroom Guide 
provides teaching strategies

Engage students with write-on 
activities directly in the Workbook

Explore extra content with 
comprehensive weblinks

Elaborate on and review ideas 
using the Teacher’s Digital Edition 
with “reveal answers” feature 

Enhance workbook activities with 
Presentation Media - editable PowerPoint 
slides (coming 2016)



Disease and the 
Immune System

Module

4.1.1

•	 The	Lymphatic	
System	&	Immunity

Key terms
active immunity

antibody 
(=immunoglobulin)

antigen

autoimmune disease

B cell (=B lymphocyte)

bacteria

cell-mediated 
immunity

clonal selection

cytokines

fungi

humoral immunity

immunity

immunological 
memory

infection

inflammation

leucocyte

lymphocyte

macrophage

MHC

monoclonal antibody

non-specific defences 
(=innate immunity)

opsonins

passive immunity

pathogen

phagocyte

primary response

protoctistans

secondary response

specific (=adaptive) 
immune response

T cell (=T lymphocyte)

vaccination

viruses

Types and transmission of pathogens Activity 
number

Learning outcomes

c 1 Describe the range of pathogens in plants and animals and give examples of 
the communicable diseases that they cause. Include reference to bacteria, 
viruses, protoctistans, and fungi. 

173-175  

c 2 Explain how plant and animal pathogens are transmitted between hosts, 
including by direct and indirect transmission. Using examples, explain the role 
of vectors, spores, climate, and social factors (e.g. living conditions) in the 
transmission of some communicable diseases.

173-175

Controlling disease Activity 
number

Learning outcomes

c 11 Describe sources and potential applications of new medicines, including 
personalised medicines and synthetic drugs.

188

c 12 Describe the benefits and risks of antibiotic use. Include reference to the early 
discovery and use of antibiotics and the current rise in antibiotic resistance.

189

Defence mechanisms in plants Activity 
number

Learning outcomes

c 3 Describe the defence mechanisms of plants, including active and passive 
defences (e.g. physical and chemical barriers, cellular defences, and responses 
that limit the spread of the pathogen, such as the deposition of callose).

176

Defence mechanisms in animals Activity 
number

Learning outcomes

c 4 Describe non-specific (innate) defences against pathogens in animals. Describe 
the nature and role of the first (a) and second (b) lines of defence:
(a) Skin, mucous membranes, body secretions, expulsive reflexes.
(b) Inflammation, blood clotting and wound repair, the action of phagocytes, and 

the role of natural anti-microbial proteins (cytokines and opsonins).

177-181

c 5  PAG1  Examine and draw cells observed in blood smears. 180

c 6 Describe the structure and roles of B and T lymphocytes in the specific immune 
response. Describe clonal selection and the basis of immunological memory. 

182  183

c 7 Describe the structure and role of antibodies, outlining the action of opsonins, 
agglutinins, and anti-toxins in the antibody action.

184

c 8 Using examples, distinguish between naturally acquired and artificially acquired 
immunity and between active and passive immunity. Distinguish the primary and 
secondary immune responses.

185

c 9 Describe the basis of autoimmune diseases, e.g. lupus and rheumatoid arthritis. 186

c 10 Explain the basis of vaccination and the role of vaccination in public health 
programmes and the prevention of epidemics.

187
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Viable (or vital) stains do not immediately harm 
living cells. Trypan blue is a vital stain that 
stains dead cells blue but is excluded by live 
cells. It is also used to study fungal hyphae.
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Staining a Slide30

Some commonly used stains

Stain Final colour Used for

Iodine solution blue-black Starch

Crystal violet purple Gram staining

Aniline sulfate yellow lignin

Methylene blue blue Nuclei

Hematoxylin and 
eosin (H&E)

H=dark blue/violet
E=red/pink

H=Nuclei
E=Proteins

Iodine stains starch-containing organelles, such 
as potato amyloplasts, blue-black.

1.  What is the main purpose of using a stain?  

2.  What is the difference between a viable and non-viable stain?  

 

3. Identify a stain that would be appropriate for distinguishing each of the following:

 (a) Live vs dead cells: (c) Lignin in a plant root section:

 (b) Red blood cells in a tissue preparation: (d) Nuclei in cheek cells:

If a specimen is already mounted, a drop of stain can be 
placed at one end of the coverslip and drawn through 
using filter paper (below). Water can be drawn through in 
the same way to remove excess stain.

How to apply a simple stain

Irrigation
Specimen Coverslip

Filter paper

1 2

The light micrographs 1 and 2 (above) illustrate how the use of a stain can 
enhance certain structures. The left image (1) is unstained and only the cell 
wall is easily visible. Adding iodine (2) makes the cell wall and nuclei stand out.

Key Idea: Staining material to be viewed under a microscope 
can make it easier to distinguish particular cell structures. 
Stains and dyes can be used to highlight specific components 
or structures. Most stains are non-viable, and are used on 
dead specimens, but harmless viable stains can be applied 

to living material. Stains contain chemicals that interact 
with molecules in the cell. Some stains bind to a particular 
molecule making it easier to see where those molecules are. 
Others cause a change in a target molecule, which changes 
their colour, making them more visible. 

Iodine stain

H&E stain is one of the most common 
histological stains. Nuclei stain dark blue, 
whereas proteins, extracellular material, and 
red blood cells stain pink or red.

M
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Methylene blue is a common temporary stain for 
animal cells, such as these cheek cells. It stains 
DNA and so makes the nuclei more visible. It is 
distinct from methyl blue, a histological stain.

Pink
Red
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Calculating Linear Magnification32
Key Idea: Magnification is how much larger an object 
appears compared to its actual size. It can be calculated from 
the ratio of image height to object height. 
Microscopes produce an enlarged (magnified) image of an 
object allowing it to be observed in greater detail than is 
possible with the naked eye. Magnification refers to the 
number of times larger an object appears compared to its 

actual size. Linear magnification is calculated by taking a ratio 
of the image height to the object's actual height. If this ratio is 
greater than one, the image is enlarged. If it is less than one, 
it is reduced. To calculate magnification, all measurements 
are converted to the same units. Often, you will be asked to 
calculate an object's actual size, in which case you will be told 
the size of the object and the magnification. 

1.0 mm

1. The bright field microscopy image on the left is of onion epidermal cells. 
The measured length of the onion cell in the centre of the photograph is 
52 000 µm (52 mm). The image has been magnified 140 x. Calculate the 
actual size of the cell:

2. The image of the flea (left) has been captured using light microscopy.
  

(a) Calculate the magnification using the scale line on the image:

 

 (b) The body length of the flea is indicated by a line. Measure along the   
 line and calculate the actual length of the flea:

3. The image size of the E.coli cell (left) is 43 mm, and its actual size is  
2 µm. Using this information, calculate the magnification of the image:

x 140

Calculating linear magnification:  
a worked example

Measure the body length of the bed bug image (right). Your 
measurement should be 40 mm (not including the body 
hairs and antennae).

Measure the length of the scale line marked 1.0 mm. You will 
find it is 10 mm long. The magnification of the scale line can 
be calculated using equation 1 (below right). 

Calculate the actual (real) size of the bed bug using 
equation 2 (right):

The magnification of the scale line is 10 (10 mm ÷ 1 mm)

The actual size of the bed bug is 4 mm  
(40 mm ÷ 10 x magnification) 

1

2

3

*NB: The magnification of the bed bug image will also be 
10x because the scale line and image are magnified to the 
same degree.

0.5 mm

Microscopy equations

1.  Magnification   =

2.  Actual object size   = 
 size of the image

  magnification

measured size of the object

actual size of the object
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Microfilaments are long polymers of the protein 
actin. Microfilaments can grow and shrink as 
actin subunits are added or taken away from 
either end. Networks of microfilaments form 
a matrix that helps to define the cell's shape. 
Actin microfilaments are also involved in cell 
division (during cytokinesis) and in muscle 
contraction.

Intermediate filaments can be composed of 
a number of different fibrous proteins and are 
defined by their size rather than composition. 
The protein subunits are wound into cables 
around 10 nm in diameter. Intermediate 
filaments form a dense network within and 
projecting from the nucleus, helping to anchor 
it in place. 

Microtubules are the largest cytoskeletal 
components and grow or shrink in length 
as tubulin subunits are added or subtracted 
from one end. The are involved in movement 
of material within the cell and in moving 
the cell itself. This EM shows a cilia from 
Chlamydomonas, with the 9+2 arrangement of 
microtubular doublets.

Actin microfilaments 
in mouse embryo cells

Central pairCentral pair

Microtubule doubletMicrotubule doublet
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Key Idea: The cell's cytoskeleton is a dynamic network of 
protein fibres, and functions in cell support and movement. 
The cell's cytoplasm contains a complex network of fibres 
called the cytoskeleton. The cytoskeleton resists tension 
and so provides structural support to maintain the cell's 
shape. The cytoskeleton is made up of three proteinaceous 
elements, microfilaments, intermediate filaments, and 
microtubules, each with a specific role in cytoskeletal 
function. Cilia and flagella are made up of microtubules and 
are also considered to be part of the cytoskeleton.

The elements of the cytoskeleton are dynamic; they move 
and change to alter the cell's shape, move materials 
within the cell, and move the cell itself. This movement 
is achieved through the action of motor proteins, which 
transport material by 'walking' along cytoskeletal 'tracks', 
hydrolysing ATP at each step. 

The Cell's Cytoskeleton

Actin subunit

7 nm 8-12 nm 25 nm

Tubulin dimerb a
Microfilaments Intermediate filaments Microtubules

Protein subunits Actin Fibrous proteins, e.g. keratin a and b tubulin dimers

Structure Two intertwined strands Fibres wound into thicker cables Hollow tubes

Functions

• Maintain cell shape
• Motility (pseudopodia)
• Contraction (muscle)
• Cytokinesis of cell division

• Maintain cell shape
• Anchor nucleus and organelles

• Maintain cell shape
• Motility (cilia and flagella)
• Move chromosomes (spindle)
• Move organelles

Intermediate filaments

Microtubules

Microfilaments

Nucleus

Microtubule

Intermediate filament

Microfilament

Rough ER

Plasma membrane

Intermediate filaments 
surrounding nucleus

1. Describe the role that all components of the cytoskeleton have in common:

2. Explain the importance of the cytoskeleton being a dynamic structure:

3. Explain how the presence of a cytoskeleton could aid in directing the movement of materials within the cell:

41
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Key Idea: The synthesis, packaging and movement of 
macromolecules inside the cell involves many membrane-

bound organelles. These organelles provide compartments 
where the enzyme systems involved can be isolated.

Packaging Proteins

1. Using examples, explain what is meant by a macromolecule:

2. Why are polypeptides requiring transport synthesised by membrane-bound (rather than free) ribosomes?

3. Why are most proteins destined for secretion from the cell glycoproteins?

4. Briefly describe the roles of the following organelles in the production of macromolecules:
 
 (a) Rough ER:

 (b) Smooth ER:

 (c) Golgi apparatus:

 (d) Transport vesicles:

The Golgi is made up of stacks of flattened membranes in the shape 
of curved sacs. At its cis- face, the Golgi receives transport vesicles 
from the ER. Transported substances are modified, stored and shipped 
from the trans- face to the surface of the cell or other destinations.

Creating proteins for secretion
1. A polypeptide chain grows from a bound ribosome.

2. The chain is threaded through the ER membrane into the 
cisternal space, possibly through a pore.

3. As it enters the cisternal space inside the ER, it folds up into 
its correct 3-dimensional shape.

4. Most proteins destined for secretion are glycoproteins (i.e. 
they are proteins with carbohydrates added to them). The 
carbohydrate is attached to the protein by enzymes.

5. The ER membrane keeps proteins for secretion separate from 
proteins made by free ribosomes in the cytosol.

6. Proteins destined for secretion leave the ER wrapped in 
transport vesicles which bud off from the end of the ER.

7. These vesicles are received by the Golgi apparatus, modified, 
stored and eventually shipped to the cell's surface, where they 
can be exported from the cell by exocytosis.

Ribosomes

Smooth ER
Enzymes in the smooth ER are important 
to the synthesis of fats, phospholipids, 
steroid hormones, and other lipids.

Rough ER
Proteins destined for secretion 
are assembled by ribosomes 
attached to the rough ER.

Golgi apparatus produces 
vesicles that are transported 

to the outside of the cell.

Typical cell

Endoplasmic 
reticulum (ER)

Transport 
vesicles

Ribosomes

Membrane 
of rough ER

Polypeptide chain 
being formed by 

the process of 
protein synthesis

Cisternal space 
(inside of ER)

Golgi apparatus

Vesicles enter 
the Golgi at the 

cis- face

Vesicles bud off 
the Golgi at the 

trans- face

Golgi apparatus receives 
transport vesicles from the ER 

containing substances for export
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1. Write the equation for the catalase reaction with hydrogen peroxide:

2. Complete the table above to summarise the data from the six trials:

 (a) Calculate the mean volume of oxygen for each stage of germination and enter the values in the table.

 (b) Calculate the standard deviation for each mean and enter the values in the table (you may use a spreadsheet).

 (c) Calculate the mean rate of oxygen production in cm3 per second per gram. For the purposes of this exercise, assume 
that the weight of germinating seed in every case was 10.0 g.

3. In another scenario, group (trial) #2 obtained the following measurements for volume of oxygen produced: 0.5 d: 4.8 cm3, 
2 d: 29.0 cm3, 4 d: 70 cm3, 6 d: 30.0 cm3, 10 d: 8.8 cm3 (pencil these values in beside the other group 2 data set).

 (a) Describe how group 2's new data compares with the measurements obtained from the other groups:

 (b) Describe how you would approach a reanalysis of the data set incorporating group 2's new data: 

Investigating Catalase Activity

Volume of oxygen collected after 30 s/cm3

Mean rate / 
cm3 s-1 g-1

1 2 3 4 5 6 Mean Standard 
deviation

0.5 9.5 10 10.7 9.5 10.2 10.5

2 36.2 30 31.5 37.5 34 40

4 59 66 69 60.5 66.5 72

6 39 31.5 32.5 41 40.3 36

10 20 18.6 24.3 23.2 23.5 25.5

Stage of 
germination / days

Trial #

Background

Germinating seeds are metabolically very 
active and this metabolism inevitably produces 
reactive oxygen species, including hydrogen 
peroxide (H2O2). H2O2 helps germination by 
breaking dormancy,  but it is also toxic. To 
counter the toxic effects of H2O2 and prevent 
cellular damage, germinating seeds also 
produce catalase, an enzyme that catalyses 
the breakdown of H2O2 to water and oxygen.

A class was divided into six groups with each 
group testing the seedlings of each age. Each 
group's set of results (for 0.5, 2, 4, 6, and 10 
days) therefore represents one trial.

The apparatus

In this experiment, 10 g germinating mung bean seeds (0.5, 2, 4, 6, or 10 days 
old) were ground by hand with a mortar and pestle and placed in a conical flask as 
above. There were six trials at each of the five seedling ages. With each trial, 20 cm3 

of 20 vol H2O2 was added to the flask at time 0 and the reaction was allowed to 
run for 30 seconds. The oxygen released by the decomposition of the H2O2 by 
catalase in the seedlings was collected via a tube into an inverted measuring 
cylinder. The volume of oxygen produced is measured by the amount of water 
displaced from the cylinder. The results from all trials are tabulated below:

The aim

To investigate the effect of germination age on 
the level of catalase activity in mung beans.

Oxygen 
produced by 
the break down 
of H2O2

10 g 
crushed 

germinating 
mung beans

Syringe with 20 cm3 
20 vol H2O2  

Tube transfers  
released 
oxygen

Syringe attached to 
tube into flask

Water in the 
cylinder is 
displaced by 
the oxygen

30 s reaction time

87
Key Idea: Catalase activity can be measured in germinating 
seeds. Activity changes with stage of germination. 
Enzyme activity can be measured easily in simple experiments. 
This activity describes an experiment in which germinating 
seeds of different ages were tested for their level of catalase 

activity using hydrogen peroxide solution as the substrate 
and a simple apparatus to measure oxygen production (see 
background). Completing this activity, which involves a critical 
evaluation of the second-hand data provided, will help to 
prepare you for making your own similar investigations.
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1. Use the information on the previous page to identify which stage of mitosis is shown in each of the photographs below:

  (a)   (b)   (c)   (d)  

Recognising Stages in Mitosis
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2. (a) The light micrograph (right) shows a section of cells 
in an onion root tip. These cells have a cell cycle of 
approximately 24 hours. The cells can be seen to be in 
various stages of the cell cycle. By counting the number 
of cells in the various stages it is possible to calculate 
how long the cell spends in each stage of the cycle. 

  Count and record the number of cells in the image that 
are in mitosis and those that are in interphase. Cells in 
cytokinesis can be recorded as in interphase. Estimate 
the amount of time a cell spends in each phase.

 

Stage No. of cells % of total 
cells

Estimated 
time in stage

Interphase

Mitosis

Total 100

 (b) Use your counts from 2(a) to calculate the mitotic index 
for this section of cells.

3. What would you expect to happen to the mitotic index of 
a population of cells that loses the ability to divide as they 
mature?

Onion root tip cells

111
Key Idea: The stages of mitosis can be recognised by the 
organisation of the cell and chromosomes.
Although mitosis is a continuous process it is divided into four 

stages (prophase, anaphase, metaphase, and telophase) 
to more easily describe the processes occurring during its 
progression. 

The mitotic index
The mitotic index measures the ratio of cells in mitosis 
to the number of cells counted. It is a measure of cell 
proliferation and can be used to diagnose cancer. In areas 
of high cell growth the mitotic index is high such as in plant 
apical meristems or the growing tips of plant roots. The 
mitotic index can be calculated using the formula:

     Mitotic index =  Number of cells in mitosis

          Total number of cells

Distance from root cap / mm

0.0

0

2

4

6

8

10

12

14

0.5 1.0 1.5 2.0

M
ito

tic
 in
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x 

/ 
%

The growing tip of a root has a high mitotic 
index. Further from the root, cell division is 
reduced and the mitotic index is lower.
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The Immune System

B-cell and  T-cell activation

Cytokines

Cytokines

Macrophage

Macrophage 
receptor

Antigen

Presented 
antigen

Other helper 
T-cells

Helper T-cell

Killer T-cell

B-cell

Helper T-cells are activated by direct cell-to-cell 
signalling and by signalling to nearby cells  
using cytokines from macrophages.

Macrophages ingest antigens, process them, 
and present them on the cell surface where 
they are recognised by helper T-cells. The 
helper T-cell binds to the antigen and to the 
macrophage receptor, which leads to activation 
of the helper T-cell.

The macrophage also produces and releases 
cytokines, which enhance T-cell activation. The 
activated T-cell then releases more cytokines 
which causes the proliferation of other helper 
T-cells (positive feedback) and helps to activate 
killer T-cells and antibody-producing B-cells.

Lymphocyte

B-cells recognise and bind antigens. Each B-cell 
recognises one specific antigen. Helper T-cells 
recognise specific antigens on B-cell surfaces and 
induce B-cell maturation and proliferation. A mature 
B-cell may carry as many as 100,000 antigenic 
receptors embedded in its surface membrane. B-cells 
defend against bacteria and viruses outside the cell 
and toxins produced by bacteria (free antigens).

B-cell

There are many different types of T-cells. They 
respond only to antigens that have been processed 
and presented by infected cells or macrophages 
(phagocytic cells) (below). They defend against:

• Intracellular bacteria and viruses

• Protozoa, fungi, flatworms, and roundworms

• Cancerous cells and transplanted foreign tissue

T-cellStem cell
Stem cells in the bone 

marrow and fetal liver give 
rise to T-cells and B-cells.  

1. Describe the general action of the two major divisions in the immune system:

 (a) Humoral immune system:

 (b) Cell-mediated immune system:

2. Explain how an antigen causes the activation and proliferation of T-cells and B-cells:

182
Key idea: The defence provided by the immune system is 
based on its ability to respond specifically against foreign 
substances and hold a memory of this response.
There are two main components of the immune system: 
the humoral and the cell-mediated responses. They work 
separately and together to provide protection against 
disease. The humoral immune response is associated with 

the serum (the non-cellular part of the blood) and involves 
the action of antibodies secreted by B-cell lymphocytes. 
Antibodies are found in extracellular fluids including lymph, 
plasma, and mucus secretions. They protect the body against 
viruses, and bacteria and their toxins. The cell-mediated 
immune response is associated with the production of 
specialised lymphocytes called T-cells. 
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