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AQA Biology
BIOZONE’s AQA Biology student workbooks have been fully 
revised and written for the new AQA AS and A Level Biology 
specification. Features include clear diagrams and explanations, 
straightforward language, and targeted learning outcomes drawn 
from the specification content. A flexible, innovative resource that 
encourages achievement in students of all abilities.

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

 • Series structure follows the specification, with a variety of engaging 
contexts providing relevance to today’s learners.

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

 • Comprehensive support for mathematical and practical skills requirements, 
including the 12 required practicals.

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

Features & Benefits

, 
The questions are making my students apply 
what they have learnt in class and I am certain 
that this will have a positive impact on  
their performance in the exams.

Lesley Hawksworth,  
Head of Science, The Samuel Lister Academy

NEW
2015 Editions

❝
❞

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)
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2.1 Cell structure Activity 
number

Learning outcomes

c 1 Appreciate that all life on Earth exists as cells. Outline the cell theory and the 
evidence supporting it.

60  61

c 2  Describe the structure of eukaryotic cells, including the organelles and 
structures found in plant and animal cells and their functions.

62-68

c 3 Using examples, describe how the cells of multicellular eukaryotes are 
specialised to perform specific roles.

69  70

c 4 Describe the hierarchy of organisation in multicellular organisms, using 
examples to show how specialised cells are organised into tissues, tissues into 
organs, and organs into organ systems.  

71  72  73

c 5  Describe the structure and characteristic features of prokaryotic cells, including 
reference to the cell wall, ribosomes, and bacterial chromosome.  

74

c 6 Describe the structure of viruses as acellular, non-living particles. 75

c 7 Describe the principles and limitations of optical microscopes, transmission 
electron microscopes, and scanning electron microscopes. Include reference to 
magnification, resolution, and features of the images produced.

76  77

c 8  PR-2 Prepare and stain a tissue sample for viewing with an optical microscope.  77  78

c 9  AT Calculate the magnification of drawings and the size of cell structures in 
light and electron micrographs and in drawings.

80

c 10 Explain how cell fractionation and ultracentrifugation are used to separate 
cellular components. 

81

2.2 All cells arise from other cells Activity 
number

Learning outcomes

c 1 Understand that cells can only form by division of pre-existing cells but that, 
within multicellular organisms, not all cells retain the ability to divide. Describe 
the outcome of mitotic division and explain its role in eukaryotes.

60  82

c 2 Describe the cell cycle including the events in interphase, mitosis, and 
cytokinesis. Describe the behaviour of chromosomes during prophase, 
metaphase, anaphase, and telophase of mitosis.

83

c 3  PR-2 Calculate mitotic index in a stained root tip squash. 84

c 4 Describe the cell cycle as a controlled process and explain the consequences 
of uncontrolled cell division. Explain why many cancer treatments focus on 
controlling the rate of cell division.   

85  86  87

c 5   Describe the process and purpose of binary fission in prokaryotes. 86

c 6   Describe replication in a virus, recognising the essential differences between viral 
replication and the division of cells.

88
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2.3 Membrane transport Activity 
number

Learning outcomes

c 1 Describe the roles of membranes in cells. 89

c 2 Describe the fluid mosaic model of the plasma membrane, including reference 
to the roles of cholesterol and embedded proteins.

90  91

c 3  PR-4 Investigate the effect of a named variable (e.g. temperature) on the 
permeability of the cell surface membrane. 

92

c 4 Explain how molecules move across membranes by diffusion, facilitated 
diffusion, and osmosis. Explain how surface area, number of channel or carrier 
proteins, and differences in water potential affects the rate at which molecules 
move across membranes by passive transport processes.

93-96  

c 5  PR-3 Use a dilution series of a solute to produce a calibration curve to identify 
the water potential of plant tissue. 

97

c 6 Describe and explain how molecules are transported across membranes by 
active transport. Include reference to ion pumps, co-transport, and cytosis.

98-100

2.4 Cell recognition and the immune system Activity 
number

Learning outcomes

c 1 Describe the nature of self recognition, explaining how the immune system 
distinguishes the body's own cells from foreign cells and antigens.

101    

c 2 Describe the effect of antigenic variability on disease and disease prevention. 102

c 3 Recognise non-specific (innate) defences against pathogens in animals. 
Describe the action of phagocytes in ingesting and destroying pathogens.

103  104

c 4 Describe the general structure and roles of B and T lymphocytes in specific 
immunity. Describe clonal selection and the basis of immunological memory.

105  106

c 5 In more detail than #3, describe the cellular response to foreign antigens, 
including the role of antigen-presenting cells and the role of helper T cells in 
stimulating cells involved in specific immunity.

105

c 6 In more detail than #3, describe the response of B lymphocytes to foreign 
antigens. Include reference the structure and role of antibodies and the role of 
plasma cells and memory cells.

106  107

c 7 Using examples, distinguish between naturally acquired and artificially acquired 
immunity and between active and passive immunity. Distinguish the primary and 
secondary immune responses.

108

c 8 Explain the basis of vaccination and the concept of herd immunity. Discuss the 
role of vaccination in public health programmes and the prevention of epidemics.

109

c 9 Discuss ethical issues and evaluate evidence and data relating to the 
development and use of vaccines.

110

c 10 Describe the structure of human immunodeficiency virus (HIV) and its impact 
on the immune system. Explain how HIV causes the symptoms of AIDS and 
explain why antibiotics cannot to be used to combat this disease.

111

c 11 Describe the use of monoclonal antibodies in diagnostic and therapeutic 
medicine. Discuss ethical issues and evaluate evidence and data relating to the 
use of monoclonal antibodies.

112  113
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Meselson and Stahl's Experiment
Key Idea: Meselson and Stahl devised an experiment 
that showed DNA replication is semi-conservative. 
The anti-parallel, complementary structure of DNA suggested 
three possible mechanisms for its replication. The semi-
conservative model proposed that each strand served as 
a template, forming new DNA molecules that were half old 

and half new DNA. The conservative model proposed that 
the original DNA served as a complete template so that the 
new DNA comprised two new strands. The dispersive model 
proposed that the two new DNA molecules had new and old 
DNA mixed throughout them. Meselson and Stahl devised 
a simple experiment to determine which model was correct. 

E. coli were grown for several generations in a medium containing a heavy nitrogen isotope (15N). Once all the bacterial DNA contained 15N, 
they were transferred to a medium containing a light nitrogen isotope (14N). After the transfer, newly synthesised DNA would contain 14N and  
old DNA would contain 15N. 

Meselson and Stahl's experiment 

1. Describe each of the DNA replication models:

 (a) Conservative:

 

 (b) Semi-conservative:

 (c) Dispersive: 

2. Explain why the E. coli were grown in an 15N solution before being transferred to an 14N solution:

Conservative
Semi-

conservative Dispersive

Models for DNA replication

E. coli were grown in a nutrient solution 
containing 15N. After 14 generations, all the 
bacterial DNA contained 15N. A sample is 
removed. This is generation 0.

15N solution

E. coli

Generation 0 is added to a solution containing 
excess 14N (as NH4Cl). During replication, new 
DNA will incorporate 14N and be 'lighter' than 
the original DNA (which contains only 15N).

Excess 14N 

in solution

14N solution
(NH4Cl)

Every generation (~ 20 minutes), a sample is 
taken and treated to release the DNA. The DNA 
is placed in a CsCl solution which provides a 
density gradient for separation of the DNA.

Extracted DNA

DNA 
extraction

Sample

CsCl 
solution

Samples are spun in a high speed 
ultracentrifuge at 140,000 g for 20 hours. 
Heavier 15N DNA moves closer to the 
bottom of the test tube than light 14N 
DNA or intermediate 14N/ 15N DNA.

Extracted DNA in 
CsCl solution

RPM0

1000

2000

On/OffSpeed Timer

All the DNA in the generation 0 sample moved to the 
bottom of the test tube. All the DNA in the generation 
1 sample moved to an intermediate position. At 
generation 2 half the DNA was at the intermediate 
position and half was near the top of the test tube. 
In subsequent generations, more DNA was near the 
top and less was in the intermediate position.

RPM0

1000

2000

On/OffSpeed Timer

Generation     0           1           2
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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 Slide78

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

Blue

P
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S Lung tissue
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Calculating Linear Magnification80
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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Binary Fission

Cell elongation  
occurs and the 
chromosome is 
duplicated 

The cell wall and 
cell membrane 
begin to grow 
inwards forming a 
cross wall

Cross wall 
forming

The ingrowing cell 
walls meet and 
two identical cells 
are formed

Cell wall

Plasma 
membrane

DNA

C
D

C

Most bacteria reproduce asexually by binary fission 
(left). The cell’s DNA is replicated and each copy 
attaches to a different part of the plasma membrane. 
When the cell begins to pull apart, the replicate and 
original chromosomes are separated. Binary fission in 
bacteria does not involve mitosis or cytokinesis. 

This gram positive 
coccus (right) is 
in the process of 
binary fission. A 
cross wall (arrow) 
has formed.

This Salmonella 
typhimurium 
bacterium (left) 
has completed 
cell division. The 
separation between 
the two cells can be 
clearly seen (arrow).

Generation time 
/ minutes

Population 
size

0 1

20 2

40 4

60 8

80

100

120

140

160

180

200

220

240

260

280

300

320

340

360

1. What is binary fission?

2. Explain why the formation of the cross wall is important in binary fission:  
 

3. Explain the term generation time:

4. A species of bacteria reproduces every 20 minutes. Complete the table (left) by 
calculating the number of bacteria present at 20 minute intervals.

5. State how many bacteria were present after:
 
 (a) 1 hour: 

 (b) 3 hours:

 (c) 6 hours:

Key Idea: Binary fission involves division of the parent body 
into two, fairly equal, parts to produce two identical cells. 
Binary fission is a form of asexual reproduction carried out 
by most prokaryotes, some eukaryotic organelles, such as 
chloroplasts, and some unicellular eukaryotes (although 

the process is somewhat different in eukaryotic cells). The 
time required for a bacterial cell to divide, or for a population 
of bacterial cells to double, is called the generation time. 
Generation times may be quite short (20 minutes) in some 
species and as long as several days in others.
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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:

105
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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Antibodies

1. Describe the structure of an antibody, identifying the specific features of its structure that contribute to its function: 

2. Discuss the various ways in which antibodies inactivate antigens:

 

107
Key idea: Antibodies are large, Y-shaped proteins, made by  
plasma cells, which destroy specific antigens.
Antibodies and antigens play key roles in the response of 
the immune system. Antigens are foreign molecules which 
promote a specific immune response. Antigens include 
pathogenic microbes and their toxins, as well as substances 
such as pollen grains, blood cell surface molecules, and 

the surface proteins on transplanted tissues. Antibodies 
(or immunoglobulins) are proteins made in response to 
antigens. They are secreted into the plasma where they can 
recognise, bind to, and help destroy antigens. There are 
five classes of antibodies, each plays a different role in the 
immune response. Each type of antibody is specific to only 
one particular antigen. 
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Enhances phagocytosis Enhances inflammation Enhances inflammation

Light chain (short)

Heavy chain (long)

Detail of
antigen
binding site

Antibody

Symbolic form
of antibody

Hinge region connecting 
the light and heavy chains. 
This allows the two chains 
to open and close.

Most of the molecule 
is made up of 
constant regions 
which are the same for 
all antibodies of the 
same class.

Variable regions form 
the antigen-binding sites. 
Each antibody can bind 
two antigen molecules.

Antigen
Most antigens are proteins or 
large polysaccharides and are 
often parts of invading microbes. 
Examples include cell walls, 
flagella, toxins of bacteria, viral 
coats, and microbial surfaces.

The specific site on the 
antigen that is recognised 
by the immune system is 
called the epitope or 
antigenic determinant. 

The antigen-binding sites differ from one type of 
antibody to another. The huge number of antibody 
types is possible only because most of the 
antibody structure is constant. The small variable 
portion is coded by a relatively small number of 
genes that rearrange randomly to produce an 
estimated 100 million different combinations.

How antibodies inactivate antigens

Activation of 
complement

Precipitation of
soluble antigens

Sticking together
particulate antigensNeutralisation

Virus

Toxin

Bacterial 
cell 

Complement

Tags foreign cells for destruction 
by phagocytes and complement.

Soluble antigens are stuck 
together to form precipitates.

Solid antigens such as bacteria 
are stuck together in clumps.

Antibodies bind to viral binding 
sites and coat bacterial toxins.

Bacterial 
cell 

Soluble 
antigens
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