
3.2 Cells 
3.2.1 Cell structure 
3.2.1.1 Structure of Eukaryotic Cells 
 
Content 

 
• The structure of eukaryotic cells, restricted to the structure and function of:  

o Cell-surface membrane  
o Nucleus (containing chromosomes, consisting of protein-bound, linear DNA, 

and one or more nucleoli)  
o Mitochondria  
o Chloroplasts (in plants and algae)  
o Golgi apparatus and Golgi vesicles  
o Lysosomes (a type of Golgi vesicle that releases lysozymes)  
o Ribosomes  
o Rough endoplasmic reticulum and smooth endoplasmic reticulum  
o Cell wall (in plants, algae and fungi)  
o Cell vacuole (in plants).  

• In complex multicellular organisms, eukaryotic cells become specialised for specific 
functions. Specialised cells are organised into tissues, tissues into organs and organs 
into systems.  

• Students should be able to: 
o Apply their knowledge of these features in explaining adaptations of 

eukaryotic cells.  
 

Eukaryotic cells are cells that have a distinct nucleus, with membrane bound organelles.  
 
Cell-surface membrane… All membranes around and within all cells have the same basic 
structure, called plasma membranes. The cell-surface membrane is specifically the name 
given to the plasma membrane that surrounds cells, and forms the boundary between the cell 
cytoplasm and environment. It therefore also controls the movement of substances in and out 
of the cell.  
 
The structure of the cell surface membrane begins with the phospholipid bilayer. This 
bilayer forms due to the hydrophobic and hydrophilic interactions that have been covered in 
the course already. So the hydrophobic tails face inwards, and the heads face outwards, 
forming the bilayer on water. This structure allows lipid soluble substances to diffuse across 
the membrane easily, but prevents water soluble substances entering and leaving the cell. 
This bilayer also makes the membrane very flexible, which explains the model of cell surface 
membranes called ‘The fluid mosaic model’.  
 
Within this bilayer you will find many structures, one of the main ones being proteins. These 
proteins sit intermittently within the bilayer. They come in two forms, intrinsic and extrinsic. 
Intrinsic proteins span the layer completely; some are protein channels which form water-
filled tubes to allow water-soluble ions to diffuse across the membrane. Others are carrier 
proteins that bind to ions or other molecules like glucose or amino acids, and then change 
shape in order to move these molecules across the membrane. These carrier proteins therefore 



allow active transport across the membrane. And then if you look at extrinsic proteins, these 
occur at the surface of the bilayer and do not extend across the whole membrane. They either 
act as mechanical support, or act as cell receptors in conjunction with glycolipids, for things 
like hormones. 
 
Furthermore, within the bilayer you will find cholesterol, which adds strength to the 
membranes. Cholesterol molecules are also hydrophobic so play a hugely important role in 
preventing loss of water and dissolved ions from the cell. Also they pull together the fatty 
acid tails of the phospholipid molecules, so limit their movement without making the 
membrane too rigid.  
 
On the surface of the membranes, you will find glycolipids made up of carbohydrates bonded 
covalently to lipids. The carbohydrate portion extends from the phospholipid bilayer into the 
environment outside of the cell, where it acts as a receptor for specific chemicals. They also 
maintain the stability of membranes and help cells to attach to one another, forming tissues. 
 
The final structure required are glycoproteins, which are carbohydrates joined to proteins. 
These also act as receptors on the surface of cells, for hormones and neurotransmitters. They 
therefore also help cells to attach to one another and form tissues, and also allow cells to 
recognise one another. 
 
The diagram below shows ‘The Fluid Mosaic Model’. The fluid name comes from the fact 
the phospholipid molecules can move relative to each other. The mosaic names come from 
the fact the proteins are regularly embedded within the bilayer, almost like the way objects 
are arranged in a mosaic. This is the accepted model of cell-surface membranes. 
 

 

 

 

 

 

 

 

 

 

 

 

 



Nucleus... (containing chromosomes, consisting of protein-bound, linear DNA, and one or 
more nucleoli). The nucleus is enclosed by a nuclear envelope, and consists of a double 
membrane perforated by small nuclear pores. The pores control the exchange of materials 
from the nucleus to the cytoplasm and vice versa. The nucleus also contains chromatin, 
which is the form chromosomes take when not dividing, and these contain DNA. DNA in the 
nucleus is linear, so is essentially arranged in straight lines, as opposed to circular DNA 
found in eukaryotic cells. The DNA is also protein bound in the chromosomes. Another 
structure you will find in a nucleus is the nucleolus, in fact some nuclei will have many 
nucleoli. The nucleolus manufactures ribosomal RNA, and assemble ribosomes.  

 

 

 

 

 

 

Mitochondria… are the site of aerobic respiration, and produce ATP from glucose. 
Mitochondria consist of a double membrane, with the inner membrane folded into crista, in 
order to increase the surface area of the cell. The matrix makes up the remainder of the 
mitochondrion, containing ribosomes and DNA. This allows the mitochondria to manufacture 
their own proteins, also many enzymes used in respiration are found in the matrix.  

 

 

 

 

 

Chloroplasts… are found in plant cells, and are the site for photosynthesis, which provides 
plants with food in the form of organic compounds like glucose. They have a double 
membrane, and within this contain grana and stroma. The grana are stacks of thylakoid 
membranes, which are disc like structures. Within these thylakoids you find the pigment 
chlorophyll, which is essential to photosynthesis. The stroma is a fluid filled matrix, where 
you will find other structures like starch grains. Chloroplasts are adapted to their functions in 
photosynthesis, for example the fluid of the stroma possesses all the enzymes needed to make 
sugars in the second stage of photosynthesis.  

 



They also contain DNA and ribosomes so can manufacture proteins needed for 
photosynthesis quickly.  

 

 

 

 

Golgi Apparatus and Golgi Vesicles… The Golgi apparatus, sometimes referred to as the 
Golgi body, has a role in receiving proteins in vesicles (packages) from the endoplasmic 
reticulum. It then modifies them by for example adding carbohydrates, and then packages 
them in a new vesicle, labels them to ensure they go to the correct destination, and then sends 
them out. The apparatus can also transport, modify and store lipids. The Golgi body is made 
of cisternae, which are flattened sacs. Vesicles are made by the cisternae, which essentially 
breaks off into a circular shaped package containing either proteins, carbohydrates or lipids. 
The Golgi apparatus also makes lysosomes. 

 

 

 

 

 

 

Lysosomes… are formed when the Golgi apparatus produces vesicles with enzymes like 
proteases and lipases. They also contain lysozymes, which are enzymes that hydrolyse the 
cell walls of certain bacteria in order to digest them, i.e. if they are worn out or can be reused 
chemically. There may be as many as fifty enzymes in a lysosome, and these can hydrolyse 
material that has been ingested by phagocytic cells, like white blood cells. They also then 
release enzymes to the outside of the cells to destroy material around the cell that may be 
trying to attack the cell. They also play a part in breaking down cells after they have died 
(autolysis). 

Ribosomes… are small granules found in all cells. The size of them differs dependent on if 
they are in prokaryotic or eukaryotic cells. Eukaryotic cells have 80S ribosomes, whereas 
prokaryotic cells have 70S ribosomes. Ribosomes can also be associated with the rough 
endoplasmic reticulum, namely ‘rough’ due to the ribosomes on their surface. Ribosomes are 
made of two sub units, one large and one small.  

 

 



They each contain ribosomal RNA and protein, and are the site of protein synthesis.   

 

 

 

 

 

Rough Endoplasmic Reticulum and Smooth Endoplasmic Reticulum… The two forms of 
the endoplasmic reticulum are the smooth and rough type. The rough endoplasmic reticulum 
has ribosomes on its surface, whereas the smooth endoplasmic reticulum does not. The 
endoplasmic reticulum is basically a system of membranes, enclosing a network of tubules 
and flattened sacs called cisternae.  
 
The rough endoplasmic reticulum has the purpose of providing a large surface area for the 
synthesis of proteins and glycoproteins, and providing a pathway for materials throughout the 
cell i.e. proteins.  
 
The smooth endoplasmic reticulum has the purpose of synthesising, storing and transporting 
both lipids and carbohydrates.  

 

 

 

 

 

 

Cell Wall… part of every plant cell, and consists mainly of the polysaccharide cellulose. 
Cellulose microfibrils are very strong so add to the integrity of the cell. Ultimately the cell 
wall provides strength to the cell, so that it will not burst under the pressure created by water 
entering by osmosis. Cell walls are also present in algae and fungi. The cell walls of algae are 
made up of either cellulose or glycoproteins, or a mixture of both. Cell walls of fungi do not 
contain cellulose, only polysaccharides chitin and glycan, or glycoproteins.  

Cell Vacuole… is a fluid filled sac found in plant cells. The membrane surrounding the 
vacuole is called a tonoplast. The fluid within the vacuole contains a solution of mineral salts, 
amino acids, sugars, and waste products. They also have a purpose of making cells turgid.  



In complex multicellular organisms, eukaryotic cells become specialised for specific 
functions. Specialised cells are organised into tissues, tissues into organs and organs into 
systems.  

 
 
 
 
 
 
 
 

AQA A Level Specimen (set 2) Q10.3 
 

Question: 

Contrast the structure of a bacterial cell and the structure of a human cell. 

Answer: 

Any five contrasting statements, eg  

1. Bacterial cell is much smaller than a human cell;  
2. Bacterial cell has a cell wall but human cell does not;  
3. Bacterial cell lacks a nucleus but human cell has a nucleus;  
4. Bacterial cell lacks membrane-bound organelles but human cell has membrane- 

bound organelles;  
5. Bacterial ribosomes smaller than human ribosomes / bacteria have 70S ribosomes 

whereas humans have 80S ribosomes;  
6. Bacterial DNA is circular but human DNA is linear;  
7. Bacterial DNA is ‘naked’ whereas human DNA is bound to histones/proteins;  

 

 
 
 
 
 
 
 
 
 
 
 
 



3.2.1.2 Structure of prokaryotic cells and of viruses 
 
Content  
 

• Prokaryotic cells are much smaller than eukaryotic cells. They also differ from 
eukaryotic cells in having:  

o Cytoplasm that lacks membrane-bound organelles  
o Smaller ribosomes  
o No nucleus; instead they have a single circular DNA molecule that is free in 

the cytoplasm and is not associated with proteins  
o A cell wall that contains murein, a glycoprotein.  

• In addition, many prokaryotic cells have:  
o One or more plasmids  
o A capsule surrounding the cell  
o One or more flagella.  

• Details of these structural differences are not required. 
• Viruses are acellular and non-living. The structure of virus particles to include genetic 

material, capsid and attachment protein.  
 
Prokaryotic cells are smaller than eukaryotic cells. They also have a cytoplasm that lacks 
membrane bound organelles. So whereas eukaryotic cells contain things like 
mitochondria/chloroplasts that are membrane bound, prokaryotic cells do not. Also, they 
have smaller ribosomes (70S), as well as not having a nucleus. Instead of a nucleus, 
prokaryotic cells have a single circular DNA molecule that floats free in the cytoplasm. Their 
cell walls also contain murein, which is a glycoprotein. Prokaryotic cells will also have one 
or more plasmids, a capsule that surrounds the cell, and one or more flagella. An example of 
a prokaryotic cell is given below, as well as a comparison between prokaryotic cells and 
eukaryotic cells. 
 
 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

The table below shows the different structures of a prokaryotic cells, and gives their 
respective roles within the cell. 

 

 

 

 

 

 

 

 

 

 

Viruses are acellular and non-living. Acellular basically means they are ‘cell free’ so not 
contained within a cell. The structure of HIV, a type of virus, is shown below.  

 

 

 

 



The features required for the course are the attachment proteins, genetic material and capsid. 
Viruses also contain nucleic acids like RNA, but they can only multiply inside living host 
cells. These nucleic acids are enclosed within the capsid. HIV has a further lipid envelope 
however, which is what the attachment proteins are attached to, but in some viruses this lipid 
envelope is not present so the attachment proteins are attached to the capsid. The attachment 
proteins are essential in allowing the virus to identify and attach to a host cell. 

 

 
 
 
 
 
 
 
 
 
 
 



AQA Jan 2012 Unit 1 Q3 
 

Question: 
 

Complete the table. 

 
Answer: 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



3.2.1.3 Methods of studying cells 

Content 

• The principles and limitations of optical microscopes, transmission electron 
microscopes and scanning electron microscopes.  

• Measuring the size of an object viewed with an optical microscope. The difference 
between magnification and resolution.  

• Use of the formula:  
 

• Principles of cell fractionation and ultracentrifugation as used to separate cell 
components.  

• Students should be able to: 
o Appreciate that there was a considerable period of time during which the 

scientific community distinguished between artefacts and cell organelles.  

Opportunities for Skills Development 

• Students could use iodine in potassium iodide solution to identify starch grains in 
plant cells.  

Optical Microscopes… These use light to create a magnified image of the objects being 
studied. However their main limitation is that they can only distinguish between objects 
0.2µm or further apart. This is due to the relatively long wavelength of light, so the resolving 
power of optical microscopes is poor. Although optical microscopes do give a real colour 
image which is a positive. 
 
Transmission Electron Microscope (TEM)… This microscope uses a beam of electrons to 
create an image. The specimen is stained, and as electrons pass through certain parts will 
absorb more than others, and so appear darker. This builds up a 2-D image of the specimen. 
This microscope has a much better resolving power, and can distinguish between objects 
0.1nm apart, over 2000x better than an optical microscope. The reason for this is because 
electrons have a much shorter wavelength. However there are many limitations to this type of 
microscopy.  

1. The beam of electrons is of very high energy, thus can damage the specimen.  
2. The whole system needs to be in a vacuum, otherwise the electrons will be deflected 

by molecules in the air. 
3. The preparation of the specimen involves a staining process, which can cause 

artefacts in the images produced. Artefacts are objects that should not be present, and 
may have resulted from the staining of the specimen, but it is difficult to distinguish 
between artefacts and what actually should be there. 

4. This staining process, and the need for a vacuum also means specimens cannot be 
alive when they are analysed.  

5. The image is also only a black and white image 
6. The specimen must be very thin to allow electrons to pass through, so this only 

provides a flat, 2-D image. To overcome this the scanning electron microscope was 
put into practice.  

 



Scanning Electron Microscope (SEM)… These use a beam of electrons firing onto the 
specimen from above on the surface, as opposed to below in the TEM. The beam is passed 
back and forth on the surface of the specimen, which scatters electrons and shows a pattern 
dependent on the contours in the specimen. This can be used to build up an image, however 
the resolving power is slightly lower at 20nm, but still ten times better than the optical 
microscope. In terms of limitations, these are the same as in a transmission electron 
microscope.  
 
How to measure the size of an object using an optical microscope. An eyepiece graticule and 
stage micrometer is used. The eyepiece graticule is calibrated using a stage micrometer, as 
the stage micrometer is an accurate slide. The reason the eyepiece graticule is not, is due to 
the fact when you change the magnification of the microscope, it will change the 
magnification of the scale.  

 

 

 

 

 

 

 

The stage micrometer will usually be around 2mm long, with around 0.01mm sub-divisions 
at its smallest. Once you line up the stage micrometer and graticule, you are able to calculate 
the actual length of the specimen. For example, if 10 units on the micrometer scale is equal to 
40 on the graticule scale, then 1 unit on the micrometer equals 4 on the graticule. So as each 
unit on the micrometer equals 10µm, each unit on the graticule equals 10 divided by 4, so 
2.5µm. From this you could work out the actual length of the specimen that you are 
analysing.  

Magnification is the increase in size of an object. 
Resolution is the ability to distinguish between two objects.   
 
Using the equation below, you can calculate the actual size of an object if given a question in 
the exam.            

 



An example of a typical question is given below.  

 

 

 

 

 

The question asks what the actual size of the object is. In the question you are given 
magnification. Although sometimes you could be given a scale which allows you to work out 
the actual size of the image, and you could be asked to find the magnification. 

The size of the real object equals the size of the image divided by the magnification. So in 
this question, the size of the image is say 10cm. So the size of the real object would be 
0.1m/25,000 = 4 x 10-6m or 4µm, where µ = 10-6.  

In order to study the ultrastructure of cells, and what they are actually composed of, we use a 
process of cell fractionation followed by ultracentrifugation. 

Cell fractionation  

This is the process by which cells are broken up and the different organelles contained are 
separated out. Before the cells can be broken up, the tissue needs to be in a cold, buffered, 
isotonic solution.  

Cold to reduce enzyme activity thus preventing activity that may break down the organelles. 
Buffered to maintain a constant pH, preventing the enzymes in the organelles denaturing or 
causing a change in structure of the organelle.  
Isotonic to prevent organelles shrinking or bursting due to the osmotic gain/loss of water, and 
so maintaining a constant water potential.  
 
Homogenisation is the process by which cells are broken up by a homogenizer, which 
releases the organelles into a resultant fluid (homogenate). This is then filtered to remove 
debris and leave the organelles.  
 
Ultracentrifugation involves spinning the organelles in the homogenate at different speeds 
in a centrifuge. This results in the densest organelles collecting at the bottom of the container 
when the speed is at its lowest, this densest organelle happens to be the nucleus. The 
separated pellet of nuclei is left in the tube and the remaining supernatant is poured into a 
new tube for the process to be repeated. At a slightly faster speed the mitochondria will 
collect at the bottom, then at the fastest speed you will get ribosomes. 
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Question: 
 
Give one advantage of using a TEM rather than a SEM 
 

Answer: 

Higher resolution / higher (maximum) magnification / higher detail (of image);  

OR  

Allows internal details / structures within (cells) to be seen / cross section to be taken;  

 
Question: 

 
Give one advantage of using a SEM rather than a TEM. 
 

Answer: 

Thin sections do not need to be prepared / shows surface of specimen / can have 3-D images;  

 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



3.2.2 All cells arise from other cells  
 
Content: 
 

• Within multicellular organisms, not all cells retain the ability to divide.  
• Eukaryotic cells that do retain the ability to divide show a cell cycle.  

o DNA replication occurs during the interphase of the cell cycle.  
o Mitosis is the part of the cell cycle in which a eukaryotic cell divides to 

produce two daughter cells, each with the identical copies of DNA produced 
by the parent cell during DNA replication.  

• The behaviour of chromosomes during interphase, prophase, metaphase, anaphase 
and telophase of mitosis. The role of spindle fibres attached to centromeres in the 
separation of chromatids.  

• Division of the cytoplasm (cytokinesis) usually occurs, producing two new cells.  
• Meiosis is covered in section 3.4.3  
• Students should be able to:  

o Recognise the stages of the cell cycle: interphase, prophase, metaphase, 
anaphase and telophase (including cytokinesis)  

o Explain the appearance of cells in each stage of mitosis.  
• Mitosis is a controlled process. Uncontrolled cell division can lead to the formation of 

tumours and of cancers. Many cancer treatments are directed at controlling the rate of 
cell division.  

• Binary fission in prokaryotic cells involves:  
o Replication of the circular DNA and of plasmids  
o Division of the cytoplasm to produce two daughter cells, each with a single 

copy of the circular DNA and a variable number of copies of plasmids.  
• Being non-living, viruses do not undergo cell division. Following injection of their 

nucleic acid, the infected host cell replicates the virus particles.  
 
There are many cells in the human body that will not divide, for example your nerve cells, 
brain cells or heart muscle cells. If these were to die, they will not come repair and come 
back. This is partly due to the fact that more divisions mean more chance for mutations, so 
more chance of cancerous cells forming.  
 
However, many eukaryotic cells are able to divide, and undergo a cell cycle in which this 
division occurs. The cell cycle is the overarching name for how cells divide, and this is 
including the process of mitosis. The stages of the cell cycle in order are interphase, 
prophase, metaphase, anaphase, telophase and cytokinesis. Mitosis however, does not strictly 
include interphase, as interphase is essentially preparation for mitosis. Also, cytokinesis is not 
strictly included in the process of mitosis, since mitosis is defined as the process by which a 
cell divides to produce two genetically identical daughter cells (unless a mutation occurs).   
 
Interphase… is the stage of the cell cycle that the cell replicates its DNA in preparation for 
mitosis. This forms chromosomes, which are two chromatids joined together by a 
centromere. In this stage the nucleus, nucleoplasm, nuclear envelope etc. are all still visible. 



 

 

 

 

 

Prophase is where chromosomes become visible, as chromatin condenses to chromosomes, 
also the nucleus and nucleolus disappear. Spindle fibres begin to develop at each pole, 
chromosomes also begin to move towards equator (middle) of cell. 

Metaphase is where chromosomes line up at the equator of the cell and spindle fibres attach 
to the centromeres of the chromosomes.  

Anaphase is where spindle fibres pull one half of each chromosome in each direction, and 
each half moves towards opposite poles of the cells. Also, the centromere divides into two 
and moves towards each pole. The energy for this movement comes in the form of ATP from 
mitochondria. 

Telophase and Cytokinesis… Telophase involves the chromosomes reaching each pole and 
two daughter cells starting to appear. The nucleus, nuclear envelope and nucleolus all reform 
in each cell, and the chromosomes return back to their resting form of chromatin. The 
chromosomes become longer and thinner when changing back to chromatin, thus they can no 
longer be seen. The spindle also disintegrates. Finally, the cytoplasm will divide and you are 
left with two daughter cells, in the last stage called cytokinesis.  

It is possible that questions will ask you to identify the different stages of mitosis, an example 
of this is shown below.  

 

 

 

 

 

 

 



To give an idealised version of the cell cycle including mitosis, the diagram below shows 
this.  

 

 

 

 

 

 

 

 

 

Mitosis is a controlled division, as many uncontrolled divisions can result in cancers and 
tumours. Therefore many cancer treatments are aimed at controlling the rate of cell division.  

Binary fission is the process by which prokaryotic cells divide, and is basically asexual 
reproduction. It begins by replication of the circular DNA and plasmids. Both copies of the 
circular DNA attach to the cell membrane, and then the cell membrane begins to grow 
between these two DNA molecules. The cytoplasm is the pinched inwards, dividing the 
cytoplasm in two. This produces two daughter cells, both with a single copy of the circular 
DNA and a variable number of plasmids.  

Viruses, being non-living, do not undergo cell division. Following injection of nucleic acid 
of the virus, the infected host cell replicates the virus particles for it. The viruses attach the 
host cells on the attachment proteins and inject their nucleic acids. This then provides the 
instructions for the host cell to start producing the viral components. 
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Question: 

Figure 4 shows that Rhizopus is able to reproduce both asexually and sexually. Suggest and 
explain one advantage of asexual reproduction and one advantage of sexual reproduction in 
this life cycle  

Answer: 

• Asexual  
• Fewer stages so quicker OR  
• Only one parent involved so can colonise new environment  
• OR  
• Produces clone so successful (geno/pheno)type maintained;  
• Sexual  
• increases genetic diversity so greater chance of survival/success;  

 
  



3.2.3 Transport across membranes 
 

Content 
 

• The basic structure of all cell membranes, including cell-surface membranes and the 
membranes around the cell organelles of eukaryotes, is the same.  

• The arrangement and any movement of phospholipids, proteins, glycoproteins and 
glycolipids in the fluid-mosaic model of membrane structure. Cholesterol may also be 
present in cell membranes where it restricts the movement of other molecules making 
up the membrane.  

• Movement across membranes occurs by:  
o Simple diffusion (involving limitations imposed by the nature of the 

phospholipid bilayer)  
o Facilitated diffusion (involving the roles of carrier proteins and channel 

proteins)  
o Osmosis (explained in terms of water potential)  
o active transport (involving the role of carrier proteins and the importance of 

the hydrolysis of ATP)  
o co-transport (illustrated by the absorption of sodium ions and glucose by cells 

lining the mammalian ileum).  
• Cells may be adapted for rapid transport across their internal or external membranes 

by an increase in surface area of, or by an increase in the number of protein channels 
and carrier molecules in, their membranes.  

• Students should be able to: Explain the adaptations of specialised cells in relation to 
the rate of transport across their internal and external membranes  

• Explain how surface area, number of channel or carrier proteins and differences in 
gradients of concentration or water potential affect the rate of movement across cell 
membranes.  

The basic structure of all cell membranes, including cell-surface membranes and the 
membranes around the cell organelles of eukaryotes, is the same. These membranes are 
composed of the phospholipid bilayer that has been covered already in topic 3.2.1.1. To 
recap: 

Cell-surface membrane… All membranes around and within all cells have the same basic 
structure, called plasma membranes. The cell-surface membrane is specifically the name 
given to the plasma membrane that surrounds cells, and forms the boundary between the cell 
cytoplasm and environment. It therefore also controls the movement of substances in and out 
of the cell.  
 
The structure of the cell surface membrane begins with the phospholipid bilayer. This 
bilayer forms due to the hydrophobic and hydrophilic interactions that have been covered in 
the course already. So the hydrophobic tails face inwards, and the heads face outwards, 
forming the bilayer on water. This structure allows lipid soluble substances to diffuse across 
the membrane easily, but prevents water soluble substances entering and leaving the cell. 
This bilayer also makes the membrane very flexible, which explains the model of cell surface 
membranes called ‘The fluid mosaic model’.  
 



Within this bilayer you will find many structures, one of the main ones being proteins. These 
proteins sit intermittently within the bilayer. They come in two forms, intrinsic and extrinsic. 
Intrinsic proteins span the layer completely; some are protein channels which form water-
filled tubes to allow water-soluble ions to diffuse across the membrane. Others are carrier 
proteins that bind to ions or other molecules like glucose or amino acids, and then change 
shape in order to move these molecules across the membrane. These carrier proteins therefore 
allow active transport across the membrane. And then if you look at extrinsic proteins, these 
occur at the surface of the bilayer and do not extend across the whole membrane. They either 
act as mechanical support, or act as cell receptors in conjunction with glycolipids, for things 
like hormones. 
 
Furthermore, within the bilayer you will find cholesterol, which adds strength to the 
membranes. Cholesterol molecules are also hydrophobic so play a hugely important role in 
preventing loss of water and dissolved ions from the cell. Also they pull together the fatty 
acid tails of the phospholipid molecules, so limit their movement without making the 
membrane too rigid.  
 
On the surface of the membranes, you will find glycolipids made up of carbohydrates bonded 
covalently to lipids. The carbohydrate portion extends from the phospholipid bilayer into the 
environment outside of the cell, where it acts as a receptor for specific chemicals. They also 
maintain the stability of membranes and help cells to attach to one another, forming tissues. 
 
The final structure required are glycoproteins, which are carbohydrates joined to proteins. 
These also act as receptors on the surface of cells, for hormones and neurotransmitters. They 
therefore also help cells to attach to one another and form tissues, and also allow cells to 
recognise one another. 
 
The diagram below shows ‘The Fluid Mosaic Model’. The fluid name comes from the fact 
the phospholipid molecules can move relative to each other. The mosaic names come from 
the fact the proteins are regularly embedded within the bilayer, almost like the way objects 
are arranged in a mosaic. This is the accepted model of cell-surface membranes. 
 



 

 

 

 

 

 

 

 

 

 

 

 

 

Movement across this membrane occurs in many ways, which are as follows: 

• Simple diffusion… this can only occur for lipid soluble substances, for example CO2 
or O2, these molecules are also non polar and so can diffuse across. Simple diffusion 
does not require energy, and is a net movement that occurs down a concentration 
gradient (moves from a high concentration to a low concentration).  

• Facilitated diffusion… also does not require energy, and occurs down a 
concentration gradient. However facilitated diffusion is for molecules/ions that are 
charged so non polar that cannot pass due to the hydrophobic nature of the fatty acid 
tails. The process of facilitated diffusion occurs down transmembrane carrier proteins 
or protein channels, hence facilitated diffusion as the proteins facilitate it.  

o Protein Channels… are channels filled with water, a hydrophilic channel. It 
will allow water soluble ions to pass. The channels are selective and will only 
open to specific ions, so can control the passage of substances across the 
membrane. The ions bind to one side, which changes the shape of the protein 
so that it can be released on the other side. 

o Carrier Proteins… When molecules like glucose are specific to the protein 
present, it causes a change in the shape of the protein that allows the molecule 
to pass out on the other side.  

• Osmosis… is simply the movement of water from a high water potential to a lower 
water potential through a semi permeable membrane. Water potential is represented 
by the symbol Y, and is measured in kiloPascals (kPa). Water potential is just the 
pressure created by water, and so at 25 degrees, with a pressure of 100kPa, pure water 
is said to have a water potential of 0. 



o A solute is anything that is dissolved in a solvent, in this case water is the 
solvent and so things that dissolve in water are called solutes. If solutes are 
added to water, the water potential decreases, so if there is a solution of 
solutes and water, then the water potential will be negative.  

o If you wanted to find the water potential of cells/tissue, then you could place 
them in solutions of different water potentials. Where there is no net gain/loss 
of water from the cells/tissues, their water potential must have been the same 
as this. 

o The image below shows a simplified version of the process of osmosis. In the 
diagram there is a partially permeable membrane, that will only allow water to 
pass. So on the left side there is a high water potential, and on the right there is 
clearly a low water potential as there are few water molecules (in red). So the 
water molecules move across to equalise the water potential, Since the solute 
potential on either side cannot change as the membrane will not allow that, the 
only thing that can change is the water potential, hence the movement of water 
from the left side to the right side. The diagram isn’t perfect but it shows the 
basic idea. The highest value of water potential is 0, and once the water has 
moved down the water potential gradient and finally equalised the potential, 
there is no net movement.  

 

 

 

• Active transport… is the movement of molecules/ions against a concentration 
gradient (from an area of low concentration to high concentration), using energy from 
ATP and through carrier proteins. Energy from ATP is used to directly move the 
particles, and the substances that are transported are very specific. The process of 
active transport is as follows: 

o Carrier proteins span the plasma membrane and bind to the molecule or ion 
that is being transported.  

o On the inside of the cell or organelle, ATP binds to the protein which causes it 
to split to ADP + Pi. As a result, the carrier protein changes shape and opens to 
the opposite side of the membrane.  

o The molecule or ion is then released onto the other side. 
o The phosphate is then released from the protein, and this causes the protein to 

revert back to its original shape, so the process can be repeated. The phosphate 
can then phosphorylate ADP again during respiration.  

 

The processes of passive transport (simple diffusion and facilitated diffusion) are shown 
below, and also the process of active transport to give a comparison.  



 

 

 

 

 

 

 

 

 

Co-transport… is a process in which two substances are simultaneously transported across a 
membrane by one protein, or protein complex, in the same direction, and does not necessarily 
require energy from ATP.  
It can be illustrated by the absorption of sodium ions and glucose by cells lining the 
mammalian ileum (the final part of the small intestine).  
Epithelial cells form a lining on the ileum, and possess microvilli, which are millions of tiny 
projections made from the cell surface membranes. These microvilli increase the surface area 
and increase the number of carrier proteins within the membrane, which can be used for 
diffusion, facilitated diffusion or Since carbohydrates and proteins are always being digested, 
you will usually find there is a concentration by which glucose moves down by facilitated 
diffusion from the ileum to the blood. Glucose is constantly being used by cells in respiration 
and moved around so the concentration gradient is usually maintained. However the 
facilitated diffusion will only equalise the amount of glucose on either side, which is not 
good as the body needs to absorb as much glucose as possible. To ensure that almost all of 
the glucose is moved into the blood from the ileum, the body uses a process called co-
transport: 

1. First of all, sodium ions are actively transported from the epithelial cells into the 
blood, by the sodium-potassium pump. This causes a lower concentration of 
sodium ions, and a higher concentration of potassium ions. The active transport 
occurs through a carrier protein in the cell-surface membrane. 

2. There is now a low concentration of sodium ions in the epithelial cell, and a much 
higher concentration in the lumen of the ileum. 

3. Sodium ions diffuse into the epithelial cells down a concentration gradient, 
through a different type of protein carrier called a co-transport protein found in the 
cell-surface membrane. As the sodium ions diffuse across, they carry glucose 
molecules with them (and sometimes amino acid molecules).  

4. Therefore there is now a higher concentration of glucose in the epithelial cell than 
in the blood, so the glucose (or amino acids) move by facilitated diffusion into the 
blood plasma through a carrier protein.  

The movement of sodium ions down their concentration gradient provides the power for the 
movement of glucose and the amino acids into the cells. The diagram below illustrates the 



processes that like place in the co-transport of glucose from the ileum into the epithelial cells 
and then blood plasma. There are two diagrams given below, both illustrating the process. 

 

 
 
Cells may be adapted for rapid transport across their internal or external membranes by an 
increase in surface area of, or by an increase in the number of protein channels and carrier 
molecules in, their membranes. This is illustrated in the epithelial cells lining the ileum, 
which contain microvilli to increase the surface area, and also increase the number of protein 
channels and carrier proteins in their membranes. 

 
  



AQA June 2012 Q7abcde 
‘Read the following passage. Gluten is a protein found in wheat. When gluten is digested in 
the small intestine, the products include peptides. Peptides are short chains of amino acids. 
These peptides cannot be absorbed by facilitated diffusion and leave the gut in faeces.  

Some people have coeliac disease. The epithelial cells of people with coeliac disease do not 
absorb the products of digestion very well. In these people, some of the 5 peptides from 
gluten can pass between the epithelial cells lining the small intestine 
and enter the intestine wall. Here, the peptides cause an immune response that leads to the 
destruction of microvilli on the epithelial cells.  

Scientists have identified a drug which might help people with coeliac disease. 
It reduces the movement of peptides between epithelial cells. They have 10 carried out trials 
of the drug with patients with coeliac disease.  

Use the information in the passage and your own knowledge to answer the following 
questions.’ 

a) Name the type of chemical reaction which produces amino acids from proteins. 

• Hydrolysis (reaction)  

b) The peptides released when gluten is digested cannot be absorbed by facilitated 
diffusion (lines 2 – 3). Suggest why.  

• Too big/ wrong shape;  
• To fit/ bind/ pass through (membrane/ into cell/through carrier/ channel protein);  
• Carrier / channel protein;  

c) The epithelial cells of people with coeliac disease do not absorb the products of 
digestion very well (lines 4 – 5). Explain why.  

• Villi /microvilli damaged/ destroyed;  
• Reduced surface area;  
• For (facilitated) diffusion/ active transport;  

d) Explain why the peptides cause an immune response (lines 7 – 8).  

• Foreign, they act as antigens. 

e) Scientists have carried out trials of a drug to treat coeliac disease (lines 10 – 11). 
Suggest two factors that should be considered before the drug can be used on patients 
with the disease.  

• Dose to be given; 
• No (serious) side effects;  
• How effective; 
• Cost of drug;  



AQA June 2013 Unit 1 Q5 
Question: 

 

 

 

 

 

 

 

 

The scientists measured the rate of uptake of imatinib in μg per million cells per hour. 
Explain the advantage of using this unit of rate in this investigation.  

Answer: 

1. To allow comparison;  
2. Because different number of cells in samples / different times for incubation / 

numbers become easier to manipulate;  

Question: 

Calculate the percentage increase in the mean rate of uptake of imatinib when the 
temperature is increased from 4°C to 37°C at a concentration of imatinib outside the cells of 
1.0 μmol dm.  

Give your answer to one decimal place.  

32.5 – 10.7 = 21.8 then 21.8/10.7 x 100 = 203.7%. 

Question: 

The scientists measured the rate of uptake of imatinib in μg per million cells per hour. 
Explain the advantage of using this unit of rate in this investigation  

Answer: 

1. (At every concentration) uptake is faster at 37°C/at higher temperature;  
2. Due to faster respiration/ATP production;  



 

Question: 

Explain how the data for concentrations of imatinib outside the blood cells at 
50 and 100 μmol dm-3

 

at 37°C support the statement that imatinib is taken up by active 
transport.  

Answer: 

1. Uptake at 37C only small increase /levelling off/almost constant;  
2. As carrier proteins full;  
3. Concentration of imatinib is not the limiting factor;  

 

AQA June 2013 Q7bii 
Question: 

Microfold cells take up the antigens and transport them to cells of the immune system (lines 6 
- 7). Antigens are not able to pass through the cell-surface membranes of other epithelial 
cells. Suggest two reasons why.  

Answer: 

1. Not lipid soluble;  
2. Too large (to diffuse through the membrane);  
3. Antigens do not have the complementary shape/cannot bind to 

receptor/channel/carrier proteins (in membranes of other epithelial cells);  

 

 

 

 

 

 

 

 

 



 

AQA Jan 2013 Unit 1 Q9a 
Question 

Some substances can cross the cell-surface membrane of a cell by simple diffusion through 
the phospholipid bilayer. 
Describe other ways by which substances cross this membrane  

Answer: 

By osmosis (no mark)  

1. From a high water potential to a low water potential/down a water potential gradient;  
2. Through aquaporins/water channels;  

By facilitated diffusion (no mark)  

3. Channel/carrier protein;  
4. Down concentration gradient;  

By active transport (no mark)  

5. Carrier protein/protein pumps;  
6. Against concentration gradient;  
7. Using ATP/energy (from respiration);  

By phagocytosis/endocytosis (no mark)  

8. Engulfing by cell surface membrane to form vesicle/vacuole;  

By exocytosis/role of Golgi vesicles (no mark)  

9. Fusion of vesicle with cell surface membrane  

 

 

 

 

 

 

  



3.2.4 Cell recognition and the immune system 
 
Content 
 

• Each type of cell has specific molecules on its surface that identify it. These 
molecules include proteins and enable the immune system to identify: 

o Pathogens 
o Cells from other organisms of the same species 
o Abnormal body cells 
o Toxins. 

• Definition of antigen. The effect of antigen variability on disease and disease 
prevention. 

• Phagocytosis of pathogens. The subsequent destruction of ingested pathogens by 
lysozymes. 

• The response of T lymphocytes to a foreign antigen (the cellular response). 
o The role of antigen-presenting cells in the cellular response. 
o The role of helper T cells (TH cells) in stimulating cytotoxic T cells (Tc cells), 

B cells and phagocytes. The role of other T cells is not required. 
• The response of B lymphocytes to a foreign antigen, clonal selection and the release 

of monoclonal antibodies (the humoral response). 
o Definition of antibody. 
o Antibody structure. 
o The formation of an antigen-antibody complex, leading to  
o The destruction of the antigen, limited to agglutination and phagocytosis of 

bacterial cells. 
o The roles of plasma cells and of memory cells in producing primary and 

secondary immune responses. 
• The use of vaccines to provide protection for individuals and populations against 

disease. The concept of herd immunity. 
• The differences between active and passive immunity. 
• Structure of the human immunodeficiency virus (HIV) and its replication in helper T 

cells. 
• How HIV causes the symptoms of AIDS. Why antibiotics are ineffective against 

viruses. 
• The use of monoclonal antibodies in: 

o Targeting medication to specific cell types by attaching a therapeutic 
drug to an antibody 

o Medical diagnosis. 
• Details of the commercial or scientific production of monoclonal antibodies are not 

required. 
• Ethical issues associated with the use of vaccines and monoclonal antibodies. 
• The use of antibodies in the ELISA test. 
• Students should be able to:  

o Discuss ethical issues associated with the use of vaccines and monoclonal 
antibodies 

o Evaluate methodology, evidence and data relating to the use of vaccines and 
monoclonal antibodies. 

 



Every cell has specific molecules on its surface that identify it, these molecules include 
proteins and enable the immune system to identify: pathogens, cells from other organisms of 
the same species, abnormal body cells and toxins. Pathogens are microorganisms that cause 
disease and harm to a body, which produces an immune response. 
 
Antigens are substances that cause an immune response and production of antibodies, they 
exist on the surfaces of cells and are usually proteins. The nature of proteins, and the tertiary 
structure of proteins is very specific, so this enables the immune system to differentiate 
between different threats. Antigenic variability can occur when pathogens mutate frequently, 
which causes their antigens to change rapidly. This is dangerous as it means that all previous 
immunity to the pathogen will be lost, so a previous vaccine will now be ineffective as the 
immune system will not produce antibodies that kill the pathogen. The Influenza virus is an 
example of where antigenic variability occurs frequently, which means that people can 
experience many isolated bouts of influenza in their lifetime.  Antigenic variability also 
makes it difficult to vaccinate against every type of pathogen. For example, the common cold 
has hundreds of different forms of pathogens each carrying different antigens, of which most 
are constantly evolving as well. This makes it almost impossible to vaccinate against.  
 
Phagocytosis is a non-specific response to pathogens, where large particles, like some types 
of bacteria, can be engulfed by cells in vesicles formed by their cell-surface membrane. 
Ultimately, phagocytosis of pathogens causes the subsequent destruction of ingested 
pathogens by lysozymes. Some phagocytes travel in the blood but can move out of the blood 
vessels into other tissues.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The process is illustrated above, and follows the steps:  



1. Chemical products released by the pathogen attract the phagocyte.  
2. The phagocytes have receptors that attach to the pathogens. 
3. They engulf the pathogen; this forms a vesicle called a phagosome. 
4. Lysosomes move towards the phagosome and fuse with it; they then release the 

enzymes called lysozymes into the phagosome. These enzymes destroy the ingested 
bacteria by hydrolysis of their cell walls. 

5. The soluble products from the breakdown of the pathogen are absorbed into the 
cytoplasm of the phagocyte.  

The immune response from phagocytes is non-specific, so will always occur. However there 
are things that provide a specific response, a type of white blood cell called a lymphocyte. 
Lymphocytes are produced by stem cells in the bone marrow. There are two types of 
lymphocyte: 
 

• T lymphocytes (T cells), provide a cellular response to foreign antigens. They are 
called T cells because they mature in the thymus gland. They provide cellular 
response, so respond to immunity involving body cells. 

• B lymphocytes (B cells), play a role in the humoral response to foreign antigens, as 
they are involved with antibodies that are in body fluids like blood plasma. They are 
called B cells as they mature in the bone marrow.  

 
T lymphocytes respond to infection within cells, and can distinguish between normal cells 
and invader cells as phagocytes that have engulfed and hydrolysed a pathogen will present 
some of the pathogen’s antigens on their own cell-surface membrane. Also body cells 
invaded by viruses will present the viral antigens on their own cell-surface membrane. They 
will also identify different antigens on the cell-surface membrane of transplanted cells. 
Moreover, cancerous cells will also present antigens on their cell-surface membrane, which 
are different from normal body cells.  
 
However, T cells will only respond to antigens present on a body cell, which is the cellular 
response, referred to as cell mediated immunity. T cells have receptors which will only 
respond to a single antigen. The way that T cells respond to infection is shown below:  
 

1. Either pathogens will invade body cells, or will be taken in by phagocytes. 
2. These phagocytes, or the body cells will then place the antigens from the pathogen on 

their cell-surface membrane. 



3. Helper T cells (TH) will come and attach to the antigens that have been placed on the 
cell-surface membrane, providing there is a complementary fit.  

4. Once they have attached, the TC cell will divide rapidly by mitosis, and form 
genetically identical clones.  

5. These cloned T cells can do one of four things that are shown on the diagram above. 
• They can develop into memory cells. These memory cells will stay in the 

blood and tissue fluid, ready to respond to a future infection by the same 
pathogen. 

• They can stimulate B cells to divide (B cells are covered next) 
• They can stimulate phagocytosis by phagocytes.  
• They can activate cytotoxic T cells (TC cells) which kill infected cells by 

making holes in their cell-surface membranes. They do this by producing a 
protein called perforin, which makes these holes. Since the cell now becomes 
open to any substance that is passing, the cell loses its integrity and will die as 
a result.  

 
T cells are therefore most effective against viruses, as viruses replicate inside cells, so T cells 
are able to fight off the virus.  
 
Some of the T cells stimulate the division of B cells, and it is these B lymphocytes that are 
involved with the humoral immunity. Humoral immunity involves antibodies; B cells 
produce a specific antibody to attack a certain antigen. When an antigen is presented on the 
surface of a cell that seems to pose a threat, there will be one B cell with a complementary 
shape to fit the antigen. This antigen then enters the B cell by endocytosis, and is then 
presented on the surface of the B cell. 
 
Helper T cells (TH) bind to these processed antigens and simulate the B cells to divide by 
mitosis. Now you have cloned B cells that produce the antibody specific to the foreign 
antigen. This process is referred to as clonal selection.  
 
However, most pathogens will present many different proteins on their surface, and some 
pathogens like cholera will also produce toxins which also act as antigens. This means that B 
cells have to make clones, each of which produces its own type of antibody. This concept is 
called monoclonal antibodies as each clone produces one specific antibody. When the B 
cells are cloned they will develop into one of two types of cell: 
 

• Plasma cells which secrete antibodies into the blood plasma. These plasma cells are 
called plasma cells simply because they will move around in the blood plasma. They 
last only a few days but can make over 2000 antibodies a second. Antibodies cause 
the destruction of pathogens, and so plasma cells are involved in the immediate 
defence of the body against infection (The primary immune response). 

• Memory cells last much longer than plasma cells, they can be present for decades, 
but do not produce antibodies directly. However if they come into contact with the 
same antigen at another point, they will divide rapidly to form plasma cells and more 
memory cells. Memory cells provide long-term immunity to pathogens, and provide 
the secondary immune response. 
 



 
 
  
 
 
 
 
 
 

 
 
 
 
 
The action of B cells is shown above, and follows: 

1. B cells will take in antigens from the pathogens in a process called 
endocytosis.  

2. The B cells will then process these antigens and present them on their surface. 
3. COMPLEMENTARY helper T cells will come and bind to the antigens that 

the B cells have presented on their surface. This process activates the B cells. 
4. The B cell now divides by mitosis to produce either plasma cells or memory 

cells.  
5. Plasma cells produce and secrete the specific antibody that fits exactly into the 

antigen on the pathogens surface. These antibodies attach to the antigens on 
the pathogens and destroy the pathogens. 

6. The memory cells that have been produced will remain dormant until they 
come into contact with the same antigen again in the future. When they do 
come into contact with the same antigen, they can divide rapidly to form 
plasma cells which will then produce antibodies. (Secondary immune 
response). 

Antibodies are proteins that have specific binding sites that have been produced by B cells in 
order to target a specific antigen. The binding sites of the antibody are therefore said to be 
complementary to that of the antigen. The diagram blow shows the structure of an antibody. 
It has antigen-binding sites, two light chains and two heavy chains, a constant region, 
receptor binding site, as well as a variable region that is different for each antibody, 
depending on the antigen they are targeting. 



 
 
 

 
 
 
 
 
 
 
 
 
 

 
 
Antibodies only prepare the antigen for destruction, and so do not destroy it directly. First of 
all they form an antigen-antibody complex, which then leads to the destruction of the antigen. 
This is achieved by agglutination and then phagocytosis of bacterial cells.  
 

• Agglutination of bacterial cells is where the antibodies will attach to the antigens on 
the pathogens. Since they have two binding sites, they can bind to the antigens on two 
pathogens. Therefore you will get pathogens with more than one antibody binding to 
its surface. This forms a compact structure where all of the pathogens are brought 
together in one small area (agglutination).  

• Once agglutination of these bacterial cells has occurred, they act as a marker, and 
phagocytes will engulf the bacterial cells attached to the antibodies, causing 
phagocytosis of the bacterial cells and consequent destruction. 
 

Vaccines provide protection for individuals and populations against disease. Vaccination is 
the process of introducing an antigen into the body, either by injection or mouth. The 
intention is to stimulate an immune response against a particular disease. The material 
introduced is called a vaccine, and contains one or more types of antigen from the pathogen. 
This stimulates an immune response, however the amount introduced is not that vast. The 
main thing is that memory cells are produced, as these remain in the blood and allow a much 
greater, quicker response if the pathogen returns. So this means that if the pathogen does 
enter the body, the response will be so fast that few symptoms should be felt. 
 
On a large scale this provides something called herd immunity. This arises when a 
sufficiently large proportion of the population has been vaccinated. Since pathogens are 
passed from individual to individual, so if you reduce the number of individuals that are 
susceptible to the pathogen (due to immunity), then there is less chance of a person coming 
into contact with someone that is infected. This concept is very important, as in large 
populations it is difficult to vaccinate everyone, for example babies whose immune system is 
not yet fully functional, or those that are ill/have compromised immune systems. To 
conclude, the definition of herd immunity is where enough people have been vaccinated to 
significantly reduce the spread of the pathogen through the population, by reducing the 
chance of an infected person meeting someone that is not vaccinated. 
 
Immunity can come in two different forms, active and passive immunity.  
 



• Active immunity is produced by stimulating the production of antibodies by the 
individuals own immune system. This requires direct contact with a pathogen and its 
antigen. Active immunity is of two types: 

o Natural active immunity, which is as a result of an individual becoming 
infected directly by the pathogen.  

o Artificial active immunity, which is essentially vaccination. This involves 
actually inducing an immune response in an individual.  

• Passive Immunity is the process by which antibodies are introduced into an 
individual from an outside source, so no contact between pathogens or their antigens 
are required. This means that no memory cells are created, so no more antibodies are 
produced once the antibodies have been broken down. An example of this is anti-
venom, or the immunity required by the fetus when antibodies pass across the 
placenta from the mother. 

 
Vaccinations, to be successful, must meet a whole plethora of requirements. For example 
they must be economically available in sufficient quantities to actually immunise most of the 
population. There must also be few side effects, a means of producing, storing and 
transporting the vaccine must also be available. There must be a means of administering the 
vaccine properly at the appropriate time, which involves training staff with appropriate skills 
around the population. Also it must be possible to vaccinate the vast majority of the 
vulnerable population to produce herd immunity. 
 
However, one of the biggest reasons that vaccinations can be ineffective is due to the 
antigenic variability. This concept was covered at the beginning of this topic. Also for people 
with immune systems that are defective, it will not induce immunity, or those that develop 
the disease immediately after the vaccination, so immunity levels are not high enough. Some 
pathogens will conceal themselves from the body’s immune system i.e. cholera within the 
intestines. People may also object on ethical, medical or religious grounds to vaccination.  
 
The Human Immunodeficiency Virus (HIV) has the general structure shown below. It 
causes the disease Acquired Immune Deficiency Syndrome (AIDS) 
 
 
 
 
 

 
 
 
 
 
 

 
 
 
 
 
The capsid encloses the two single strands of RNA and some enzymes. One of these enzymes 
is reverse transcriptase, because it catalyses the production of DNA from RNA, so the reverse 



reaction to that carried out by transcriptase. The presence of this enzyme means that HIV 
belongs to a group of viruses called retroviruses.  
 
HIV is unable to replicate itself, as it is a virus. It instead invades body cells and uses its 
genetic material to instruct the host cell to produce the components required to make HIV. 
Therefore, HIV will enter the bloodstream and circulate around the body, it will then readily 
bind to a protein called CD4. This is a protein that predominantly occurs on helper T cells, so 
HIV attaches to helper T cells. The protein capsid then fuses with the cell-surface membrane, 
and the RNA and enzymes of the HIV enter the helper T cell. Once this stage is finished, the 
HIV reverse transcriptase converts the virus’s RNA into DNA. The DNA that has been made 
moves into the helper T cell’s nucleus, where it is inserted into the cell’s DNA.  
The HIV DNA in the nucleus creates messenger RNA (mRNA), using the cells enzymes, and 
this mRNA contains the instructions for making new viral proteins and the RNA to go into 
the new HIV. The mRNA passes out of the nucleus through a nuclear pore, and uses the 
cell’s protein synthesis mechanisms to make HIV particles. The HIV particles break away 
from the helper T cell with a piece of its cell-surface membrane surrounding them, which 
forms their lipid envelope.  
 
HIV replication usually goes into dormancy, and only recommences, which leads to AIDS, 
many years later. 
 
HIV causes AIDS by interfering with the normal functioning of helper T cells. It can reduce 
the number of helper T cells down to around one sixth of their normal value in some cases. 
Since helper T cells are vital in cell-mediated immunity, and in stimulating B cells to produce 
antibodies, or the cytotoxic T cells that kill cells infected by pathogens. Memory cells can 
also be infected and destroyed, so the body is unable to produce a sufficient immune response 
and becomes susceptible to all kinds of infections and cancers. Secondary diseases are the 
ultimate cause of death, as a result of the immune system becoming more and more 
suppressed.  
 
Why are antibiotics ineffective against viruses? Well, one way in which antibodies work is 
by preventing bacteria from making normal cell walls. In bacterial cells, their cell wall that 
surrounds them, made of murein, is a tough material that prevents the cells from bursting 
under osmotic pressure. So certain antibodies like penicillin inhibit certain enzymes required 
for the synthesis and assembly of the peptide cross-linkages in bacterial cell walls. This 
means the bacteria are unable to stand the pressure, and so the cell bursts under osmotic 
pressure and dies.  
 
However, viruses rely on the host cells to carry out their metabolic activities, so do not 
actually have their own metabolic pathways or structures. This means that antibiotics are 
ineffective as they cannot disrupt any structures or metabolic pathways. They also have a 
protein coat as opposed to murein cell wall, so do not have sites where antibiotics can work. 
Also when viruses are inside body cells, antibiotics are unable to reach them.  
 
Monoclonal antibodies are antibodies produced by a single cloned B cell. Therefore they 
are antibodies that recognise and attach to specific proteins produced by cells. Each 
monoclonal antibody recognises one particular protein. They work in different ways 
depending on the protein they are targeting. Monoclonal antibodies play a role in cancer 
treatments as these monoclonal antibodies will target a specific antigen. These antibodies can 
be given directly to patients, and they will attach to the receptors on the cancer cells which 



will inhibit the chemical signals and block the growth of the cancer cells. These monoclonal 
antibodies are good because they are so specific so produce few side effects. Also 
monoclonal antibodies can be used alongside a radioactive or cytotoxic drug so that when the 
antibody attaches to the cancer cells it kills them.  
 
They can also be used for diagnosis e.g. of influenza or chlamydia, or types of cancer. For 
example, men with prostate cancer will produce more of a protein called prostate specific 
antigen. This causes high levels in the blood, so by using a monoclonal antibody and seeing 
its interaction with this antigen, it is possible to measure the levels of the antigen in the blood. 
This can provide early detection.  
 
Pregnancy testing is another use of these monoclonal antibodies. They rely on the fact that 
the placenta produces a hormone called human chorionic gonadatrophin (hCG). This can be 
found in the urine of the mother, if hCG if present then it will bind to the antibodies present 
on a test strip of a pregnancy testing kit. The hCG-antibody-colour complex moves along the 
strip until it is trapped by a different type of antibody, creating a coloured line. 
 
There are many different ethical issues in the use of both monoclonal antibodies and 
vaccinations. For example, production of monoclonal antibodies uses mice, who are used to 
produce antibodies and tumour cells. This induces cancer in the mice, and so there are people 
that are against this from an ethical standpoint. There can also be dangers when using 
monoclonal antibodies, in some cases there have been deaths, so it is important that patients 
are informed of the risks and provide consent. Furthermore, the trials of these new types of 
drugs can have fatal consequences. 
 
These ethics of vaccines raise similar questions to that of the use and production of 
monoclonal antibodies. For example, the development uses animals which may be seen as 
unacceptable. Some vaccines also have side-effects which may cause long-term harm, so 
these may outweigh the actual risk of obtaining the infection. Furthermore, the trialing of 
vaccines can be dangerous, when the health risks may be unknown. These are some of the 
main objections when using vaccinations, and there are many others.  
 
The ELISA test stands for enzyme linked immunosorbant assay. It uses antibodies to detect 
the presence of a protein in a sample, and also the quantity. It is very sensitive so can detect 
small amounts of molecules. So the test aims to find a particular antigen and works as 
follows:  

 
• The sample is applied to a surface, i.e. a slide, to which all the antigens in the sample 

will attach.  
• Ensure the surface is washed to remove any unattached antigens. 
• Add the antibody that is specific to the antigen that is trying to be found, and leave the 

two to bind together. 
• Wash the surface to remove excess antibody. 
• Add a second antibody that binds with the first antibody, this second antibody has an 

enzyme attached to it.  
• Add the colourless substrate of the enzyme, this enzyme acts on the substrate the 

change it into a coloured product. 
• The amount of antigen present is relative to the intensity of the colour produced.  



 
In the AQA Specimen 1 (2014) Paper, they gave this description of the Elisa test. 

 

 
 
 
 



 
AQA Biology May 2011 Q8a 

Question: 

‘Different cells in the body have different functions.  

Some white blood cells are phagocytic. Describe how these phagocytic white blood cells 
destroy bacteria.’ 

Answer: 

• Phagocyte attracted to bacteria by chemicals/recognise antigens on bacteria as 
foreign;  

• Engulf/ingest bacteria into a phagosome 
• Bacteria in vacuole/vesicle (phagosome)  
• Lysosome fuses with/empties enzymes (lysozymes) into vacuole;  
• Bacteria digested/hydrolysed 

 
AQA Biology May 2012 Q5abc 

Question 

‘What is a pathogen?’ 

Answer: 

Microorganism that cause disease and harm to a body, also stimulating an immune response 

Question: 

‘When a pathogen enters the body it may be destroyed by phagocytosis. Describe how.’ 

Answer: 

• Phagocyte attracted by a substance/ recognises (foreign) antigen;  
• (Pathogen)engulfed/ ingested;  
• Enclosed in vacuole/ vesicle/ phagosome;  
• (Vacuole) fuses/joins with lysosome;  
• Lysosome contains enzymes;  
• Pathogen digested/molecules hydrolysed;  

Question: 

‘When a pathogen causes an infection, plasma cells secrete antibodies which destroy this 
pathogen.  



Explain why these antibodies are only effective against a specific pathogen.’ 

Answer: 

• Antigens on the pathogen are a specific shape, with a specific tertiary (3D) structure;  
• Antibody is complementary to antigen, ie an antibody-antigen complex forms;  

OR  

• Antibodies are a specific shape, as they have specific tertiary (3D) structure;  
• Antigens on the pathogen are complementary to the antibody, ie an antibody-antigen 

complex forms;  

 

AQA June 2013 Q7c 
Read the following passage.  

Microfold cells are found in the epithelium of the small intestine. Unlike other epithelial cells 
in the small intestine, microfold cells do not have adaptations for the absorption of food.  

Microfold cells help to protect against pathogens that enter the intestine. They have receptor 
proteins on their cell-surface membranes that bind to antigens on the 

 

surface of pathogens. 
The microfold cells take up the antigens and transport them to cells of the immune system. 
Antibodies are then produced which give protection against the pathogen.  

Scientists believe that it may be possible to develop vaccines that make use of 
microfold cells. These vaccines could be swallowed in tablet form. 

 

 

Use information from the passage and your own knowledge to answer the following 
questions.  

Question: 

Scientists believe that it may be possible to develop vaccines that make use of microfold cells 
(lines 9 -10). Explain how this sort of vaccine would lead to a person developing immunity to 
a pathogen.  

Answer: 

1. (Vaccine contains) antigen/attenuated/dead pathogen;  
2. Microfold cells take up/bind and present/transport antigen (to immune 

system/lymphocytes/T- cells);  
3. T-cells activate B-cells;  
4. B-cells divide/form clone/undergo mitosis;  
5. B-cells produce antibodies;  
6. Memory cells produced;  
7. More antibodies/antibodies produced faster in secondary response/on reinfection;  
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Question: 

Give one way in which antibiotics can prevent the growth of bacteria.  

Answer: 

Prevent cell wall formation / cause (cell) lysis / inhibit ribosomes / inhibit protein synthesis / 
prevent DNA replication / affect function of cell membrane;  

Question: 

Describe how bacteria can become resistant to antibiotics by vertical gene transmission.  

Answer: 

(Plasmid/genes transmitted through) cell division/reproduction/replication/generations  

 

  



AQA Jan 2013 Q8a 
The human immunodeficiency virus (HIV) leads to the development of acquired 
immunodeficiency syndrome (AIDS). Eventually, people with AIDS die because they are 
unable to produce an immune response to pathogens.  

Scientists are trying to develop an effective vaccine to protect people against HIV. There are 
three main problems. HIV rapidly enters host cells. HIV causes the death of T cells that 
activate B cells. HIV shows a lot of antigenic variability.  

Scientists have experimented with different types of vaccine for HIV. 
One type contains HIV in an inactivated form. A second type contains attenuated HIV which 
replicates in the body but does not kill host cells. A third type uses a different, non-
pathogenic virus to carry genetic information from HIV into the person’s cells. This makes 
the person’s cells produce HIV proteins. So far, these types of vaccine have not 
been considered safe to use in a mass vaccination programme 

Use the information in the passage and your own knowledge to answer the following 
questions.  

People with AIDS die because they are unable to produce an immune response to pathogens 
(lines 2– 4).  

Question: 

Explain why this leads to death.  

Answer: 

1. Infected by/susceptible to (other) pathogen(s)/named disease caused by a pathogen 
(from environment);  

2. Pathogen(s) reproduce/cause disease (in host);  
3. Damage cells/tissues/organs;  
4. Release toxins;  

Question: 

Explain why each of the following means that a vaccine might not be effective against HIV.  

HIV rapidly enters host cells (lines 6 –7).  

Answer: 

1. (HIV enters cells) before antibodies can bind to/destroy it;  
2. Antibodies cannot enter cells (to destroy HIV)/stay in blood;  

OR  



3. (Enters cells) before (secondary) immune response caused/before memory cells have 
time to respond;  

4. So no antibodies present (to attack HIV);  

OR  

5. Vaccine taken up too quickly to cause immune response;  
6. So no antibodies/memory cells formed;  

Question: 

HIV shows a lot of antigenic variability (lines 7– 8).  

Answer: 

1. Antigen (on HIV) changes;  
2. (Specific) antibody/receptor no longer binds to (new) antigen;  

OR  

3. Many different strains of HIV/many antigens present on HIV;  
4. Not possible to make a vaccine for all antigens/vaccine may not stimulate an antibody 

for a particular antigen;  

Question: 

So far, these types of vaccine have not been considered safe to use in a mass vaccination 
programme (lines 14 – 15).  

Suggest why they have not been considered safe.  

Answer: 

1. Inactive virus may become active/viral transformation;  
2. Attenuated virus might become harmful;  
3. Non-pathogenic virus may mutate and harm cells;  
4. Genetic information/protein (from HIV) may harm cells;  
5. People (may) become/test HIV positive after vaccine used;  
6. This may affect their work/life;  
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Question: 

Scientists use this antibody to detect an antigen on the bacterium that causes stomach ulcers. 
Explain why the antibody will only detect this antigen  

Answer: 

1. Antibody/variable region has specific amino acid sequence/primary structure;  
2. The shape/tertiary structure of the binding site;  
3. Complementary to/fits/binds with these antigens;  
4. Forms complex between antigen and antibody;  
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Question: 

Vaccines protect people against disease. Explain how. 

Answer: 

1. Vaccines contain antigens / antigens are injected;  
2. Dead pathogens / weakened pathogens;  
3. Memory cells made;  
4. On second exposure memory cells produce antibodies / become active / recognise 

pathogens;  
5. Rapidly produce antibodies / produces more antibodies;  
6. Antibodies destroy pathogens;  
7. Herd effect / fewer people to pass on disease;  
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Read the passage below.  

Most cases of cervical cancer are caused by infection with Human Papilloma Virus (HPV). 
This virus can be spread by sexual contact. There are many types of HPV, each identified by 
a number. Most of these types are harmless but types 16 and 18 are most likely to cause 
cervical cancer.  

A vaccine made from HPV types 16 and 18 is offered to girls aged 12 to 13. Three 5 
injections of the vaccine are given over six months. In clinical trials, the vaccine has proved 
very effective in protecting against HPV types 16 and 18. However, it will be many years 
before it can be shown that this vaccination programme has reduced cases of cervical cancer. 
Until then, smear tests will continue to be offered to women, even if they have been 
vaccinated. A smear test allows abnormal cells in 10 the cervix to be identified so that they 
can be removed before cervical cancer develops.  

The Department of Health has estimated that 80% of girls aged 12 to 13 need to be 
vaccinated to achieve herd immunity to HPV types 16 and 18. Herd immunity is where 
enough people have been vaccinated to reduce significantly the spread of 15 HPV through 
the population.  

Use information from this passage and your own knowledge to answer the following 
questions.  

Question: 

HPV vaccine is offered to girls aged 12 to 13 (line 5). Suggest why it is offered to this age 
group.  

Answer: 

Girls are not sexually active / not likely to carry HPV / vaccine may not work if already 
infected / few girls sexually active (at this age)  

Question: 
 

The vaccine is made from HPV types 16 and 18 (line 5). Explain why this vaccine may not 
protect against other types of this virus.  

Answer: 
 

• Other (HPV) types have different antigens;  
• No memory cells for other types / memory cells not activated;  
• Antibodies cannot attach to antigen / correct antibodies not produced / antibodies are 

not complementary  



Question: 

Three injections of the vaccine are given (lines 5 to 6). Use your knowledge of immunity to 
suggest why.  

Answer: 

• More antigen 
• More memory cells;  
• So more antibodies produced / antibodies produced quicker (if infected);  

Question: 

It will be many years before it can be shown that this vaccination programme has reduced 
cases of cervical cancer (lines 7 to 9). Suggest two reasons why.  

Answer: 

• Cancer takes years to develop / develops later in life;  
• Takes time for females to become sexually active / females must become sexually 

active to obtain data;  
• Few people / only teenagers vaccinated  

Question: 

Smear tests will continue to be offered to women, even if they have been vaccinated (lines 9 
to 10). Suggest why women who have been vaccinated still need to be offered smear tests.  

Answer: 

• (Cervical cancer) can be caused by other types of HPV / other factors / example 
given;  

• OR  
• (Some) women may have been infected (with HPV) before receiving the vaccine;  
• OR  
• (As a precaution) in case vaccine does not work / a way of monitoring if the vaccine 

has worked ;  

Question: 

Suggest one reason why vaccinating a large number of people would reduce significantly the 
spread of HPV through the population (lines 14 to 16).  

Answer: 

• Virus cannot replicate / is destroyed / is not carried (in vaccinated people);  
• Non-vaccinated people more likely to contact vaccinated people  

 



AQA A Level Specimen (set 2) Q10.1 
Question: 

Bacterial meningitis is a potentially fatal disease affecting the membranes around the brain. 
Neisseria meningitidis (Nm) is a leading cause of bacterial meningitis.  

In the UK, children are vaccinated against this disease. Describe how vaccination can lead to 
protection against bacterial meningitis.  

Answer: 

1. Antigen/epitope on surface of N. meninigitidis / bacterium binds to surface protein / 
surface receptor on a (specific/single) B cell;  

2. (Activated) B cell divides by mitosis / produces clone;  
3. (Division) stimulated by cytokines / by T cells;  
4. B cells/plasma cells release antibodies;  
5. (Some) B cells become memory cells;  
6. Memory cells produce plasma / antibodies faster  

 

 


