
Cell Biology

Biology Paper 1 
Triple
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Eukaryotes and Prokaryotes

1 The correct definition is statement 2: Eukaryotic cells contain their genetic material (DNA) 
enclosed in a nucleus.


Statement 1 is a correct statement but it is not the correct definition of a eukaryotic cell.


Statement 3 is incorrect. Eukaryotic cells do not contain their genetic material in the 
cytoplasm.

2

3 Statement 1 is correct. Eukaryotic cells do contain a cytoplasm.


Statement 2 is incorrect. In eukaryotic cells, the cytoplasm is not enclosed within a cell wall. 
This is a very common mistake for students to make. The correct version of this statement is:


In eukaryotic cells, the cytoplasm is enclosed in a cell membrane. 

Statement 3 is also incorrect. In eukaryotic cells the genetic material is found in the nucleus 
not the cytoplasm. The correct version of this statement is:


In eukaryotic cells, the genetic material is found in the nucleus.

4 In prokaryotic cells, the genetic material (DNA) is not enclosed in a nucleus.

5a

5b The genetic material in a prokaryotic cell are the loop of DNA and the plasmids. Remember 
that plasmids are small circles of DNA. We'll be seeing plasmids in a later topic.

6 The main difference between eukaryotic cells and prokaryotic cells is the location of the 
genetic material (DNA). In eukaryotic cells, the genetic material is found in the nucleus. 
However, prokaryotic cells do not have a nucleus. Their genetic material (both the loop of DNA 
and the plasmids) are located in the cytoplasm.


The second difference is that prokaryotic cells are much smaller than eukaryotic cells.
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Sizes of Cells

1 All sizes in science are based on the metre.

2a There are 100 centimetres in 1 metre.

2b A wasp is around 2 cm in length. 2 cm is 2 x 10-2 m in standard form.

3a There are 1000 millimetres in 1 metre.

3b 1 mm in standard form is 1 x 10-3 m.

4a There are 1 000 000 micrometres in 1 metre.

4b 6 µm in standard form is 6 x 10-6 m.

4c The diameter of a typical human cell is around 10-20 µm.

5 Number of nanometres in 1 metre = 1 000 000 000


1 nm in standard form is 1 x 10-9 m
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Order of Magnitude

1 The same order of magnitude means approximately the same size.

2 Remember that one order of magnitude is 10x. 


The correct statement is statement 3. The diameter of the grapefruit is around one order of 
magnitude larger than the grape. In other words the diameter of the grapefruit is around 10x 
larger than the diameter of the grape.


Statement 1 is incorrect. This statement says that the diameter of the grapefruit is around one 
order of magnitude smaller than the grape. Although the order of magnitude is correct, the 
comparison is wrong. A grapefruit is larger than a grape.


Statement 2 is incorrect. The statement says that the diameter of the grape is around two 
orders of magnitude smaller than the grapefruit. In this case, although the comparison is 
correct (the grape is smaller than the grapefruit), the order of magnitude is wrong. Two orders 
of magnitude means 100x. The diameter of the grape is actually only 10x smaller than the 
grapefruit (ie one order of magnitude).

3 The length of the mouse is around 0.07 m. The elephant is 100x longer than the mouse. This 
means that the elephant is two orders of magnitude longer than the mouse.

4 If we know how many times larger (or smaller) one object is compared to another, then we can 
easily work out the order of magnitude difference. To do this, we count the zeros.


Imagine that one object is 10x larger than another. 10 has one zero. So the object is 1 order of 
magnitude larger than the other object.


Imagine that an object is 100x larger than another. 100 has two zeros. So the object is 2 orders 
of magnitude larger than the other object.

5 The bottom arrow is 10x shorter than the top arrow. Remember that 10x is one order of 
magnitude. So the bottom arrow is one order of magnitude shorter than the top arrow.
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Animal Cells

1 Animal cells are eukaryotic. This means that their genetic material (DNA) is enclosed in a 
nucleus. The whole cell is enclosed within a cell membrane which controls which molecules 
can enter and leave the cell. The cytoplasm is a watery solution where chemical reactions take 
place (for example the first stage of respiration). Animal cells also contain mitochondria and 
ribosomes. Aerobic respiration takes place in mitochondria. Ribosomes are where proteins 
are synthesised.

2 Ribosomes are extremely small which means that they are too small to be seen with a light 
microscope. They can only be seen with an electron microscope (which has a much greater 
magnification than a light microscope). We will be looking at electron microscopes in a later 
topic.


Mitochondria are also small but they can be seen under a good light microscope if the sample 
is prepared correctly.

3

4a The diameter of the nucleus on the diagram is 33 mm.

4b The length of a mitochondrion on the diagram is 6 mm.

4c The nucleus is around 5x larger than a mitochondrion. However, I need to point out that both 
the size of the nucleus and the sizes of mitochondria do vary quite widely from one cell to 
another. These sizes are just for illustration only and you do not have to memorise them.

4d The diameter of a nucleus is around 10 µm. We know from question 4c that the nucleus is 
around 5x larger than a mitochondrion. This means that the length of a mitochondrion is 10 / 5 
= 2 µm.

4e The size of the nucleus is 10 µm. Remember that 1 µm is 1 / 1 000 000th (one millionth) of a 
metre (we saw that in the topic "Sizes of Cells"). In standard form, one millionth is 1 x 10-6. This 
means that we could write 10 µm as 10 x 10-6 m. However, in standard form our first number 
must be at least 1 and less than 10. So it is more correct to write 1 x 10-5 m rather than 10 x 
10-6 m.


Looking at question 4d, we can see that the size of the mitochondrion is 2 µm. In standard 
form, this is 2 x 10-6 m.
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Animal Cells

5
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Plant Cells

1 Statement 1: This is incorrect. Plant cells cannot easily change their shape once they are 
formed.


Statement 2: This is correct. Most animal cells do not have a rigid, fixed shape. This is because 
animal cells do not have a cell wall. 


Statement 3: This is correct. A plant cell has a fixed shape which it cannot change.

2a

2b Plant cells are eukaryotic because they contain their genetic material (DNA) enclosed within a 
nucleus.

2c The plant cell in the diagram is found in leaves. Sunlight hits leaves from the top surface. We 
can see from the diagram that the chloroplasts are located near the top of the cell, where they 
can trap the maximum amount of light energy in photosynthesis.

3

4a Chloroplasts contain the green pigment chlorophyll. Chlorophyll traps the light energy needed 
for photosynthesis (we will see more on this in the topic on Bioenergetics).

4b The plant cell wall is made of cellulose. The job of the plant cell wall is to strengthen the cell.

4c The vacuole is packed full of a fluid called cell sap. The full vacuole helps to give the plant cell 
its shape (imagine the full vacuole pushing outwards on the cell, keeping it firm).
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Animal Cell Specialisation

1 Most animal cells are specialised. This means that they have adaptations which help them to 
carry out their function. When cells become specialised, scientists call that differentiation.

2a During fertilisation, a sperm cell joins with an ovum (egg) cell. The genetic material of the 
sperm cell and the ovum combine.

2b Both sperm and ovum cells only contain half of the genetic information of normal adult cells. 
This means that when the genetic information combines during fertilisation, the cell that is 
produced now has the correct amount of genetic information.

3a

3b Long tail: Allows the sperm cell to swim to the ovum.


Streamlined cell shape: Makes it easier for the sperm to swim to the ovum.


Lots of mitochondria: Carry out respiration to provide the energy required for swimming (note - 
never say "makes energy" as this will not be accepted).


Enzymes near nucleus: Required to digest the outer layer of the ovum so that the sperm's 
nucleus can pass into the ovum.

4a Nerve cells (neurones) send electrical impulses around the body.

4b

Copyright Shaun Donnelly. Copying of this workbook is strictly prohibited.

© fre
es

cie
nc

ele
ss

on
s

© fre
es

cie
nc

ele
ss

on
s



9

Animal Cell Specialisation

4c

5a Muscle cells contain protein fibres which can change their length (getting shorter). 

5b Muscle cells contain a large number of mitochondria. These carry out respiration, providing the 
energy required for muscle contraction.

5c Muscle cells working together is called muscle tissue.
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Plant Cell Specialisation

1 The vacuole, chloroplast and cell wall are only found in plant cells.


I should point out that in some textbooks, you might see the idea of vacuoles in animal cells. 
This is correct. Animal cells do have temporary, short-lived vacuoles. However, we only find a 
permanent vacuole in plant cells and the AQA specification only requires you to know about 
these.

2a The function of a root hair cell is to absorb water and minerals into the plant root.

2b

2c The root hair increases the surface area of the cell, allowing it to absorb water and dissolved 
minerals more effectively.

2d Chloroplasts use light energy to carry out photosynthesis. The root hair cells are found 
underground, where there is no light. This means that root hair cells do not have chloroplasts.

3a The xylem carries water and dissolved minerals up the stem from the roots to the leaves.

3b

3c
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Plant Cell Specialisation

4a Phloem tubes transport dissolved sugars up and down the plant stem.

4b Phloem vessel cells have no nucleus and very limited cytoplasm. The end walls have pores 
called sieve plates. Both of these adaptations allow dissolved sugars to pass easily through 
the phloem.

4c Phloem vessel cells have very few mitochondria. However, transport of sugars up and down 
the phloem requires energy. The companion cells contain a large number of mitochondria. 
These provide the energy that the phloem vessel cells require.
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Required Practical 1: Microscopes

1a

1b

2a The clips prevent the slide from moving around while we are observing the specimen.

2b The lowest power objective lens is 4x (but remember that the objective lens works with the 
eyepiece lens - see question 3).

2c The coarse focussing dial moves the stage towards / away from the objective lenses. By 
looking from the side, we can see how close the slide is from the objective lenses. If we were 
to look down the eyepiece, there is a risk that the slide could hit the objective lens. This could 
break the slide.

2d The role of the fine focussing dial is to move the stage by only tiny amounts. This allows us to 
focus very precisely on the specimen that we are viewing. This can be extremely useful when 
observing small details within the cell.

2e The total magnification for a microscope is found by multiplying the magnification of the 
eyepiece lens (which is usually 10x in most light microscopes) by the magnification of the 
objective lens (which in the question is 10x). 10 x 10 gives us a total magnification of 100x.

3
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Required Practical 1: Microscopes

3b When viewing a plant cell with light microscope at school, we should be able to see the cell 
wall, the cytoplasm and the nucleus. Depending on the type of cell, we might also be able to 
see the vacuole and chloroplasts. Generally, mitochondria are very difficult to see in plant cells 
using a light microscope. This is because the vacuole takes up a large amount of the cell 
volume, pushing the cytoplasm (containing the mitochondria) to the edges. 

3c To produce a scale bar, we need to know the diameter of our field of view. First, we remove any 
slide that we are looking at. We then place a clear plastic ruler onto the stage and measure the 
field of view in mm. We then draw the scale bar onto our diagram.

3d The length of the cell shown is 15 mm.


Magnification = image size / object size


Magnification = 15 / 0.1


Magnification = 150x 
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Microscopy

1 Light microscopes allow us to magnify. This means that the image is much larger than the 
object we are looking at. Light microscopes have two main disadvantages. Firstly, they have a 
limited magnification. This means that they cannot view very small structures inside a cell. 
Secondly, light microscopes have a limited resolution. Because of this, images can appear 
blurred and we cannot make out fine detail.

2 Electron microscopes have a greater magnification and a greater resolution than light 
microscopes. This means that we can view extremely small structures within cells and we can 
view them very clearly (in other words the images are not blurred).

3a + b The length of the nucleus is 20 mm. 


Magnification = image size / object size


Magnification = 20 / 0.01 = 2000 x

4a The length of the tail is 80 mm.

4b 1 mm is 1000 µm. To convert from mm to µm, we multiply by 1000.


80 x 1000 = 80 000 µm.

4c Magnification = image size / object size


Magnification = 80 000 / 50 = 1600 x

5a The length of the mitochondrion is 34 mm.

5b 1 mm is 1000 µm. To convert from mm to µm, we multiply by 1000.


34 x 1000 = 34 000 µm.

5c Magnification = image size / object size


We can rearrange this equation to find the object size.


Object size = image size / magnification


Object size = 34 000 / 17 000 = 2 µm
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Bacterial Division

1a Binary fission is when one bacterium splits into two bacteria.

1b If there are enough nutrients and an appropriate temperature, bacteria can carry out binary 
fission every 20 minutes.

1c The rate of binary fission could slow if the temperature decreases (as this would cause the 
enzymes in the bacteria to work at a slower rate) and if the amount of nutrients decreases (this 
is because bacteria need the nutrients to build new molecules and to generate the energy 
needed for binary fission).


The first point is incorrect. If the amount of nutrients increases then this could increase the rate 
of binary fission (if the amount of nutrients was initially too low).

2a The type of bacterium can undergo binary fission every 20 minutes. One hour contains 60 
minutes, in other words 3 rounds of binary fission can take place every hour. This means that in 
6 hours, there will be 18 rounds of binary fission.

2b Number of bacteria = 2n (where n is the number of rounds of binary fission).


If we start with a single bacterium, then after 18 rounds of binary fission, the number of 
bacteria will be


218 = 262 144 bacteria

2c 2.62 x 105 (to 3 significant figures)

3 If the bacteria undergo binary fission every 20 minutes, then it will take 7 rounds of binary 
fission to produce 128 bacteria. We can see that as follows


Number of rounds of binary fission                Number of bacteria

                          0 (start)                                                1

                          1                                                          2

                          2                                                          4

                          3                                                          8

                          4                                                          16

                          5                                                          32

                          6                                                          64

                          7                                                          128


To calculate the time taken, we need to multiply 20 minutes by 7. This gives us a time taken of 
140 minutes (ie 2 hours and 20 minutes).
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Required Practical 2: Culturing Microorganisms

1a After several hours, the bacteria will have underwent a number of rounds of binary fission. This 
means that the number of bacteria will be large and this makes the nutrient broth appear 
cloudy.

1b

2 In the first part of this required practical, we need to prepare an uncontaminated agar gel 
plate. The environment contains naturally occurring bacteria and fungi. We need to make sure 
that these are destroyed before culturing our desired bacterium. To do this, we first sterilise 
our Petri dishes, nutrient broth and agar. We also need to sterilise our inoculating loop by 
passing it through a Bunsen burner flame.

3a The tape prevents the lid from falling off (and unwanted bacteria and fungi contaminating our 
bacterial culture). We only loosely secure the lid because we need to allow oxygen to enter. If 
we prevented oxygen from entering, we could culture harmful microbes.

3b Agar gel plates are always stored upside down. This is because during the incubation period, 
water droplets can form on the inside of the lid. If we place the agar gel plates the right way 
up, then these water droplets can drip onto the agar gel. This would prevent the bacteria from 
growing. By incubating the plates upside down, we prevent the water from dripping onto the 
bacteria.

3c We incubate the agar gel plates at 25oC in school laboratories because this reduces the risk of 
pathogenic microorganisms (harmful bacteria) from growing. 

4 Stage 1: Clean the bench with disinfectant to kill any microorganisms that could contaminate 
our culture.

Stage 2: Open a sterile agar gel plate near a Bunsen burner flame. The flame kills bacteria in 
the air.

Stage 3: Sterilise an inoculating loop by passing it through a Bunsen burner flame.

Stage 4: Use the inoculating loop to spread the chosen bacteria evenly over the plate.

Stage 5: Place sterile filter paper discs containing antibiotic / antiseptic onto the plate.

Stage 6: Place the plate upside-down in an incubator at 25oC.
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Required Practical 2: Culturing Microorganisms

5a

5b A. The diameter of the zone of inhibition is 12 mm. The radius is 6 mm. Area = ∏r2. Area = 
3.142 x (6)2. Area = 113.1 mm2 (to 1 dp).


B. The diameter of the zone of inhibition is 7 mm. The radius is 3.5 mm. Area = ∏r2. Area = 
3.142 x (3.5)2. Area = 38.5 mm2 (to 1 dp).


D. The diameter of the zone of inhibition is 21 mm. The radius is 10.5 mm. Area = ∏r2. Area = 
3.142 x (10.5)2. Area = 346.4 mm2 (to 1 dp).

5c Antibiotic D was most effective at prevent bacterial growth as it had the largest zone of 
inhibition.

5d Antibiotic C had no effect on the bacteria as it had no zone of inhibition.
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Cell Division by Mitosis

1a

1b In the nucleus of cells, we find chromosomes. These are made of the molecule DNA. The cell 
in the diagram contains 6 chromosomes. In body cells, chromosomes are pairs. Human body 
cells contain 23 pairs of chromosomes.

1c

1d Chromosomes are not paired in gametes. We will look at gametes in a later topic.

1e Our inherited features are determined by the genes that we inherit from our parents. We find 
genes on chromosomes.

2 Stage 1: The DNA replicates to form two copies of each chromosome. The cell grows and 
copies its internal structures such as mitochondria and ribosomes.


Stage 2: This is mitosis. One set of chromosomes is pulled to each end of the cell. The nucleus 
also divides.


Stage 3: The cytoplasm and cell membrane divide to form two identical cells.

3 There are three functions of cell division by mitosis. 


1. Mitosis is required for growth and for development (for example when a foetus grows and 
develops in the uterus). This is the case in multicellular organisms (plants and animals including 
humans).

2. Mitosis is required for repair of body tissue. For example, if you cut yourself, the cut forms a 
scab. After a week or so, the scab falls off, leaving behind repaired skin. The skin has repaired 
by mitosis.

3. Mitosis takes place during asexual reproduction. This is when an organism reproduces 
without the need for a partner. We see this in a large number of plants and in some animals (for 
example green fly).
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Stem Cells

1a

1b A stem cell is an undifferentiated cell which can give rise to more cells of the same type and 
can differentiate to form other types of cells.


This definition is worth learning and could come up in the exam as a three mark question. 
Remember that differentiate means change to a cell which is specialised (for example a muscle 
cell or a neurone). Stem cells are undifferentiated (in other words they have not yet 
specialised). Stem cells can produce more stem cells by undergoing mitosis. Stem cells can 
also differentiate into specialised cells.

1c The correct answer is statement number 2. Bone marrow stem cells can only differentiate to 
form a small number of different cell types.


Statements 1 and 3 are false.

1d Bone marrow stem cells can only differentiate to form blood cells for example red blood cells, 
white blood cells and platelets

2 Cancer of the bone marrow is called leukaemia. This is treated with a bone marrow 
transplant. First, radiation is used to destroy the patient's existing bone marrow. Bone 
marrow from a live donor is then transplanted into the patient. The donated stem cells now 
undergo mitosis. forming new bone marrow as well as differentiating to form new blood cells. 
We need to use a compatible donor to prevent the white blood cells from attacking the 
patient's body. Donated bone marrow also carries the risk of infecting the patient with viruses.

3a Stem cells produced by therapeutic cloning can be transplanted into the patient without the 
risk of being rejected by the patient's immune system.


If any cell or tissue is transplanted into your body, then it is likely that the immune system will 
recognise that this is foreign and will attack it. However, stem cells produced by therapeutic 
cloning have the same genes as the patient. This means that the patient's immune system will 
not see these stem cells as foreign and will not reject them. 

3b Some people object to using stem cells produced by therapeutic cloning. This is due to ethical 
or religious objections. For example, a person with strong ethical or religious beliefs might 
object to the idea of an embryo being created solely to provide cells for another person since 
the embryo is destroyed once the stem cells have been extracted.

4a Plant stem cells from meristem tissue are different to adult stem cells in humans. This is 
because plant stem cells can differentiate into any type of plant tissue. Adult stem cells in 
humans cannot do this. They can only differentiate to produce a narrow range of cells.

4b Plant meristem tissue can be used to produce clones of a plant quickly and cheaply. We can 
use this to prevent a rare plant from going extinct. We can also produce cloned crop plants for 
farmers, for example plants which are resistant to diseases.
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Diffusion

1a Diffusion is the spreading out of particles resulting in a net movement from an area of higher 
concentration to an area of lower concentration.


Diffusion is such a central idea in Biology that the definition is frequently asked in exams. It's worth 
learning.

1b The words "net movement" mean the overall movement. Imagine that we have particles on both 
sides of a membrane. Because particles move randomly, there will always be some particles moving 
in one direction and other particles moving in the opposite direction. However, if we have a 
difference in concentration (in other words more particles on one side than the other), then there will 
a greater movement in one direction than the other. So the words "net movement" refer to the overall 
movement, bearing in mind that particles will move in both directions.

1c In the top diagram, we have a higher concentration of particles outside the cell, so the direction of 
net movement (ie diffusion) will be into the cell.


In the central diagram, we have a greater concentration of particles inside the cell, so the direction of 
net movement (ie diffusion) will be out of the cell.


In the lower diagram, the concentration of particles is the same both inside and outside the cell. This 
means that there will be no net movement of particles by diffusion. 

2a The concentration of oxygen inside the cell is low because oxygen is used in the mitochondria for 
aerobic respiration. The concentration of oxygen outside the cell is high because fresh oxygen is 
constantly being delivered to the cells by the red blood cells travelling in the bloodstream.


The concentration of carbon dioxide inside the cell is high because carbon dioxide is constantly 
produced by aerobic respiration. The concentration of carbon dioxide outside the cell is low because 
it is constantly being removed by the bloodstream.

2b

2c Urea diffuses out of cells into the blood plasma (you will see blood plasma later in the topic on 
Organisation). That's because urea is in a higher concentration in the cells than in the plasma. The 
urea is then carried to the kidneys, where it is excreted.
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Diffusion

3a The concentration gradient is the difference in concentration. If the concentration is very different in 
one region than another, then we say that there is a high concentration gradient.

3b In the top diagram, the particles have a high 
concentration gradient (ie there is a large 
difference in concentration on either side of the 
membrane). This means that the rate of diffusion 
is very high.


In the bottom diagram, the concentration 
gradient is smaller therefore the rate of diffusion 
will be lower than in the top diagram.

3c At higher temperatures, particles have more (kinetic) energy so they move more rapidly. This 
increases the rate of diffusion.

3d The rate of diffusion will be greater in cell A than cell B. This is because cell A has a greater surface 
area than cell B. The greater the surface area, the greater the rate of diffusion.
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Surface Area : Volume Ratio

1a The correct statements are:


Amoeba can rely on diffusion to transport molecules in and out of the cell.


Amoeba are single-celled organisms.


Amoeba have a large surface area : volume ratio

1b Organism A 

Length of side = 1 cm

Surface area = (1 x 1) x 6 = 6 cm2

Volume = 1 x 1 x 1 = 1 cm3


Surface area : volume ratio = 6 : 1


Organism B

Length of side = 2 cm

Surface area = (2 x 2) x 6 = 24 cm2

Volume = 2 x 2 x 2 = 8 cm3


Surface area : volume ratio = 3 : 1


Organism C

Length of side = 3 cm

Surface area = (3 x 3) x 6 = 54 cm2

Volume = 3 x 3 x 3 = 27 cm3


Surface area : volume ratio = 2 : 1

1c As organisms get larger, their surface area :  volume ratio falls sharply. 

2a A multicellular organism is an organism with more than one cell. All mammals, birds, amphibians, 
reptiles, fish and insects are multicellular organisms (along with many others). Single celled 
organisms include amoeba and bacteria.

2b Multicellular organisms have a very small surface area : volume ratio. This means that a large number 
of the organism's cells are not on the surface and cannot rely on diffusion alone to get the oxygen 
gas that they need for respiration.

2c Multicellular organisms solve the problem of a low surface area : volume ratio in two ways. Firstly, 
they have specialised structures for gas exchange. For example, mammals have lungs and fish have 
gills. Both of these have a very high surface area. Secondly, they have a specialised transport 
system to carry the oxygen directly to the cells (in the case of both mammals and fish, this transport 
system is the bloodstream).

3a Fish take water into their mouth. This water contains dissolved oxygen. The water then passes 
through the gills where the oxygen diffuses into the bloodstream. The gills are covered with a large 
number of fine filaments where gases can pass in and out of the blood.

3b

3c Filaments increase the rate of diffusion in three ways. Firstly, they present a very large surface area 
for gas exchange. Secondly, the thin membrane makes the diffusion distance short. Lastly, the 
efficient blood supply rapidly carries the oxygenated blood away. This ensures that the diffusion 
gradient is always high. All of these factors increase the rate of diffusion.
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Osmosis

1a The concentration of a solution depends on the number of water molecules in a given volume. 
Looking at the two solutions, we can see that solution A contains a large number of water molecules 
whereas solution B contains a much smaller number of water molecules in the same volume. This 
means that solution B is more concentrated than solution A.

1b Generally, in osmosis, a partially permeable membrane allows water molecules to pass through but 
prevents other molecules (eg sugars) from passing through.

1c

1d Osmosis is the diffusion of water from a dilute solution to a concentrated solution through a partially 
permeable membrane. In the example shown, the solution on the left hand side is a dilute solution 
(as it contains a large number of water molecules). The solution on the right hand side is a more 
concentrated solution (as it contains a smaller number of water molecules). This means that water 
molecules will move by osmosis from the left side to the right side through the partially permeable 
membrane.

2a The correct statement is "The cytoplasm of cells contains a small amount of water.".

2b In the dilute solution, there are more water 
molecules outside the cell than in the cytoplasm. 
This means that water molecules move into the 
cell by osmosis (remember that osmosis is 
simply the diffusion of water). In this case the cell 
expands (in extreme cases, an animal cell would 
burst if too much water moved in).


In the concentrated solution, there are more 
water molecules in the cytoplasm than outside 
the cell. This means that water molecules move 
out of the cell by osmosis and the cell shrinks.

2c In the more dilute solution, the plant cell swells and becomes turgid. Remember that turgid means 
swollen.


In the more concentrated solution, the plant cell shrinks and becomes flaccid.

2d In the more dilute solution, water moves by osmosis into the cell (causing the cell to swell and 
become turgid).


In the more concentrated solution, water moves by osmosis out of the cell (causing the cell to shrink 
and become flaccid).

2e The plant cell wall is extremely strong. This means that in a very dilute solution, a lot of water 
molecules can move into the plant cell by osmosis without the plant cell bursting (remember that 
animal cells do not have a cell wall, so animal cells will swell and burst if placed into a very dilute 
solution).
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Required Practical 3: Effect of Osmosis on Plant Tissue

1a The skin on a potato may interfere with osmosis, preventing water from moving in or out of the 
tissue inside the potato. Therefore it is important that we peel the potato before we start.

1b When we use a cork borer, this produces potato cylinders all of the same diameter. This is important 
as the diameter of the potato cylinder could affect the rate of osmosis.

1c We are going to measure the mass change or length change of the potato cylinders when they have 
been left in different concentrations of sugar solution overnight. Some cylinders will gain mass, as 
water moves in by osmosis and some cylinders will lose mass, as water moves out by osmosis. 
However, if the potato cylinders are too short, then the amount of osmosis that takes place may be 
very small and the mass / length of the cylinders may not change enough to measure. This is why 
we need to make sure that the potato cylinders are not too short.

1d Both the diameter and length of the potato cylinders are examples of control variables. Control 
variables are variables that we keep the same in our experiment. We must make certain that the 
diameter and length of the potato cylinders are the same. If they are not, then this could affect how 
much osmosis changes the mass / length of the cylinders.

2 Remember that the resolution is the smallest value that can be measured by an instrument. In this 
case, we can see that the resolution of the balance shown is 0.01 g. 

3 In this practical, osmosis will cause water to move in or out of the potato cylinders (depending on 
the concentration of sugar solution that the cylinders are in). Osmosis takes time to happen. If we 
left the cylinders in the solution for only one hour, then this would not be enough time for osmosis to 
fully take place. Because of this, the potato cylinders might not change their mass / length enough 
to measure. This is why we leave them in the sugar solution overnight.

4 When we take the potato cylinders out of the sugar solution, the cylinders will be wet. If we weighed 
them at this stage, then their masses would include the water on the surface. To remove this, we 
gently roll the cylinders across paper towel. However, if we pressed on the potato cylinders, then we 
could force water out of the potato cells and this would give us inaccurate mass changes.
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Required Practical 3: Effect of Osmosis on Plant Tissue

5a Potato cylinder 1. Percentage mass change = (0.35 / 2.75) x 100 = +12.7% (to 1 decimal place). Note 
that this value is positive as the potato cylinder gained mass.


Potato cylinder 2. Percentage mass change = (0.64 / 2.78) x 100 = -23.0% (to 1 decimal place). Note 
that this value is negative as the potato cylinder lost mass.


For potato cylinders 3 and 4, you have to calculate the mass change before you can use this to 
calculate the percentage mass change.


Potato cylinder 3. Mass change = 2.82 - 2.26 = 0.56 g mass lost.

Percentage mass change = (0.56 / 2.82) x 100 = -19.9% (to 1 decimal place). Note that this value is 
negative as the potato cylinder lost mass.


Potato cylinder 4. Mass change = 3.40 - 2.73 = 0.67 g mass gained.

Percentage mass change = (0.67 / 2.73) x 100 = +24.5% (to 1 decimal place). Note that this value is 
positive as the potato cylinder gained mass.

5b Percentage change in mass takes into account the different start masses of the potato cylinders.

5c

5d Where the line crosses the x axis, the 
potato cylinder has not changed 
mass. This means that there has 
been no overall movement of water in 
or out of the potato cylinder by 
osmosis. Because of this, we know 
that at this point the concentration of 
the solutions inside and outside of 
the potato cylinder are the same.

5e
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Active Transport

1a A concentration gradient is where we have a high concentration of a particle in one area and a lower 
concentration of the same particle in a different area (for example on the other side of a cell 
membrane, as shown in the diagrams).

1b

1c Diffusion will be faster in the cell on the left. This is because the size of the concentration gradient 
determines the rate of diffusion. Because the cell on the left has a larger concentration gradient, it will 
have a larger rate of diffusion (this assumes that all other factors are the same, such as the 
temperature and the thickness of the cell membrane).

2a Active transport is the movement of substances from a more dilute solution to a more concentrated 
solution (ie against the concentration gradient). Active transport requires energy from respiration.

2b

2c In the example above, particles are moving from a dilute solution (outside the cell) to a more 
concentrated solution (inside the cell), ie against the concentration gradient. This is active transport.

3 Diffusion: Particles move down the concentration gradient. Does not require energy from respiration.


Active Transport: Particles move against the concentration gradient. Does require energy from 
respiration.

4a

4b In diffusion, particles move down the concentration gradient. In this case, glucose cannot move into 
the cell by diffusion as there is a higher concentration of sugars inside the cell than outside. 

4c Sugars move into the cell by active transport which requires energy from respiration. This means that 
the cells contain a large number of mitochondria as mitochondria are the parts of the cell where 
aerobic respiration takes place (we'll see exactly what is meant by aerobic respiration in the 
Bioenergetics topic).
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Active Transport

5a The concentration of magnesium ions in the soil is less than the concentration inside the cell. This 
means that the ions cannot move by diffusion into the cell as diffusion is from a high concentration to 
a lower concentration.

5b Plants need magnesium ions to make chlorophyll for photosynthesis.

5c Root hair cells contain a large number of mitochondria. These carry out aerobic respiration, providing 
the energy required for active transport.
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The Digestive System

1a The function of muscle cells is: Muscle cells contract (get shorter).


The first option is incorrect. Nerve cells (neurones) send electrical impulses around the body.

The second option is also incorrect. Sperm cells fertilise an ovum during reproduction.

1b Muscle cells contain special protein fibres. These can shorten, making the muscle cell contract. This 
process requires a lot of energy so muscle cells also contain a large number of mitochondria which 
carry out respiration.

1c

2 Food molecules such as carbohydrates, lipids and proteins are too large to be absorbed directly into 
the bloodstream. Because of this, they have to be digested. In digestion, enzymes are used to break 
down large food molecules into smaller soluble molecules. These smaller molecules can then be 
absorbed into the bloodstream.

3
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The Digestive System

4a The enzymes in the saliva begin to digest starch into smaller sugar molecules.

4b The oesophagus carries food from the mouth to the stomach.

4c Protein molecules start their digestion in the stomach.

4d In the stomach, hydrochloric acid helps the enzymes digest the proteins.

4e In the stomach, the food is churned into a fluid. This increases the surface area for enzymes to digest, 
increasing the rate of digestion.

4f Pancreatic fluid contains enzymes which continue with the digestion of starch (started in the mouth) 
and proteins (started in the stomach). The enzymes also start the digestion of lipids (fats).

4g Bile helps to speed up the digestion of lipids (fats). Bile also neutralises the acid released from the 
stomach. This is important as the enzymes which operate in the small intestine work best under 
alkaline conditions.

4h The walls of the small intestine release enzymes which continue the digestion of proteins and lipids.

4i In the small intestine, the products of digestion are absorbed into the bloodstream. This takes place 
by diffusion or by active transport.

4j The role of the large intestine is to absorb the water contained in the fluid passing through the 
digestive system. As the fluid passes through the large intestine, it turns into solid faeces.

5 Once the products of digestion are absorbed into the bloodstream, they are carried off to the body 
cells. Here the molecules are used to build new carbohydrates, lipids and proteins. Also, some of the 
glucose is used to release energy in respiration.
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Digestive Enzymes

1a

1b In order for an enzyme to break down a substrate, the substrate molecule must fit perfectly into the 
active site. In the diagram we can see that the shape of the substrate does not fit into the active site, 
so the enzyme will not be able to break down this substrate.

1c The lock and key theory states that enzymes are specific because the substrate must fit perfectly into 
the active site. If a substrate does not fit perfectly into the active site, then the enzyme will not be able 
to break it down.

2a

2b When the above protein chain is digested, four different amino acids will be released. From the 
diagram, we can see that amino acid 2 and amino acid 5 are the same.

2c Protease enzymes are found in the stomach, the pancreatic fluid and the small intestine. 

2d Once the amino acids have been absorbed into the bloodstream, they are carried to the body cells. 
The body cells join the amino acids back together in a different order to make human proteins.

3a A starch molecule is a long chain of glucose molecules joined together.

3b In the human body, carbohydrates including starch are digested by enzymes called carbohydrase.

3c Amylase is found in the saliva and in the pancreatic fluid.

4a

4b Lipase is found in the pancreatic fluid (which is released into the small intestine). Lipase is also 
released directly from the cells of the small intestine.

4c Bile is produced in the liver and is stored in the gall bladder.

4d Bile emulsified lipids. This means that bile converts large lipid droplets into small lipid droplets. This 
increases the surface area for the enzyme lipase to act on which increases the rate of lipid 
breakdown. Remember that bile is not an enzyme.

4e The enzyme lipase works best in alkaline conditions. However, the stomach releases acidic fluid 
directly into the small intestine. Because bile is alkaline, it neutralises the stomach acid, allowing the 
lipase in the small intestine to work effectively.
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Required Practical 4: Food Tests

1a This required practical uses a number of chemicals which are hazardous. Therefore we need to wear 
safety goggles to protect our eyes from splashes.

1b We stir the sample to ensure that the molecules present in the food dissolve in the distilled water.

1c We pass the solution through a filter to remove any undissolved food particles. These could make the 
sample cloudy and make any colour changes difficult to see.

2a Iodine solution is an orange colour.

2b If starch is present in our food sample, then we would see the iodine turn to a blue-black colour.

3a Benedict's solution is blue.

3b If the Benedict's solution turns green then that tells us that our food sample contains only a small 
amount of reducing sugar. However, if the Benedict's solution turns yellow then that tells us that this 
sample contains more reducing sugar. If the Benedict's solution turns brick-red, then that means that 
there is a lot of reducing sugar in our sample.

3c Sucrose is an example of a non-reducing sugar.

4a Biuret solution is a blue colour.

4b If protein is present, then the Biuret solution turns to a lilac colour. Lilac is a shade of purple but it's 
best to say lilac rather than purple for this test.

5 When testing for lipids, we do not filter our food solution. This is because any lipids present will be 
absorbed onto the filter paper.
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Effect of Temperature and pH on Enzymes

1a As we increase the temperature, the reaction gets faster as the activity of the enzyme increases. At 
higher temperatures, the enzyme and substrate are moving faster. This means that there are more 
collisions per second between the substrate and the active site. At the optimum temperature, the 
enzyme is working at its fastest rate and there are the maximum frequency of collisions between the 
substrate and the active site. Past the optimum temperature, the activity of the enzyme falls to zero. This 
is because at high temperatures the enzyme molecules vibrate and the active site changes shape. 
Scientists say that the enzyme is denatured. Now the substrate no longer fits perfectly into the active 
site so the reaction stops.

1b

2 High temperature: At high temperatures, the enzyme molecule 
vibrates. The shape of the active site changes. Now the substrate 
no longer fits perfectly into the active site so the enzyme no longer 
functions.

3a

3b 
+ c

3d Stomach enzymes such as protease work better in acidic conditions. However, enzymes found in the 
small intestine such as lipase work best in alkaline conditions.

3e If the pH is more acidic or more alkaline than the optimum pH for an enzyme, then this causes the active 
site to denature. Because the active site has changed shape, it no longer fits the substrate perfectly so 
the enzyme does not work.
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Required Practical 5: Effect of pH on Amylase

1 The role of amylase in the digestive system is to break down starch molecules into simple sugar 
molecules. We find amylase in the saliva and in the small intestine (as it is present in pancreatic fluid).

2a In the presence of starch, iodine goes from orange to blue / black.

2b A buffer solution has a set pH which we decide when we make it. We use buffer solutions in biology to 
control the pH. 

2c By leaving our test tubes in the water bath for ten minutes, we make certain that the solutions in the test 
tubes reach the same temperature as the water bath.

2d Initially the colour of the iodine solution will turn blue / black. This is because the amylase will not have 
had time to break the starch down. Because our solution still contains a high level of starch, this will turn 
the iodine blue / black.

2e We can tell when there is no more starch present because when we add a sample of our solution to the 
iodine solution, the iodine will not turn blue / black but will stay orange instead.

3a Because we are taking samples every thirty seconds, it is only possible to state when the starch was all 
broken down to the nearest thirty seconds. This makes our experiment inaccurate. A way to address this 
is to take samples more frequently, for example every ten seconds.

3b It can be difficult to see when the reaction has finished as the blue / black colour of the iodine solution  
tends to show a gradual change. There is no clear cut-off point where the iodine solution stays orange 
showing that the starch has all been broken down. We can address this problem by asking several 
people to look at the spotting tile and decide when the reaction has completed. We can take a mean of 
their answers.

4a The independent variable is the pH of the amylase solution. 


The dependent variable is the time taken for the starch to be broken down to simple sugars.

4b There are several control variables in this experiment. These include the volume of starch solution, the 
volume of amylase, the volume of iodine and the temperature. We should also not change the 
concentration of any of our solutions.
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Absorption in the Small Intestine

1a The length of the small intestine in humans is 5 metres.

1b Because the human small intestine is so long, this provides a very large surface area for absorption of the 
small soluble molecules produced in digestion. Also, it takes several hours for the molecules to make 
their way down the small intestine. This means that there is plenty of time for the molecules to be 
absorbed into the bloodstream.

2a

2b Villi and microvilli massively increase the surface area for the absorption of the products of digestion.


The good blood supply rapidly takes away the molecules that are absorbed into the bloodstream. This 
makes the concentration gradient very steep, which makes diffusion faster.


The thin membrane on the villi make the pathway for diffusion very short. This increases the rate of 
diffusion.

2c The cells lining the surface of the villi have a large number of mitochondria. This is because they use 
active transport to move certain molecules from the small intestine into the bloodstream. Active transport 
requires energy from respiration. The large number of mitochondria ensure that there is always a large 
amount of energy available for active transport.
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The Heart and Circulation

1a 
+ b

1c Fish have a single circulatory system. This is because the blood only passes through the heart once per 
cycle before going to the gills to collect oxygen and then on to the body organs.

1d When the blood passes through the gills, the red blood cells collect oxygen. The blood is now 
oxygenated.

1e When the blood passes through the organs, the red blood cells give up their oxygen. The oxygen diffuses 
from the blood to the cells of the organs where it is used for respiration. This means that the blood 
becomes deoxygenated.

1f The main disadvantage of the single circulatory system is that the blood loses pressure as it passes 
through the gills. This means that the blood travels relatively slowly from the gills to the organs. Because 
of this, the blood cannot deliver oxygen rapidly to the organs.

2a 
+ b

2c This is a double circulatory system as the blood passes through the heart twice per cycle. First 
deoxygenated blood passes from the heart to the lungs, where it collects oxygen. The oxygenated blood 
now passes from the lungs back to the heart. The heart now pumps the oxygenated blood to the organs, 
where the blood loses its oxygen. Finally the deoxygenated blood passes back to the heart from the 
organs to begin the cycle.

2d The advantage of the double circulatory system is that the blood passes through the heart twice per 
cycle. First the blood is pumped from the heart to the lungs. In the lungs, the blood loses pressure and 
slows down. Now the blood returns to the heart where it is pumped to the organs. This means that the 
blood is now travelling with a higher pressure and is able to deliver oxygen rapidly to the organs. 

3a The heart is formed from muscle tissue.

3b
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The Heart and Circulation

3c

3d Blood first enters the left atrium and right atrium. Remember that the right atrium 
receives deoxygenated blood from the body and the left atrium receives 
oxygenated blood from the lungs.

The atria now contract, forcing blood into the ventricles.

The ventricles now contract, forcing blood out of the heart. Remember that blood 
travels from the right side of the heart to the lungs and from the left side of the 
heart to the body (this explains why the left ventricle has a thicker muscular wall 
than the right ventricle since the left ventricle pumps blood around the entire 
body).

3e When the atria contract, the valves are forced open, allowing blood to pass down to the ventricles. When 
the ventricles contract, the valves shut. This means that the blood passes out of the ventricles (to either 
the lungs or the body), without the blood passing back up into the atria.

3f The coronary artery runs directly from the aorta and passes through the heart muscle. The job of the 
coronary artery is to provide the heart's muscle tissue with oxygen. The oxygen is used by the muscle 
cells to carry out respiration. This releases the energy needed for the heart to contract.

4 The pacemaker is a collection of cells in the right atrium. This controls the natural resting heart rate.


Sometimes, the pacemaker does not work correctly. This can cause the heart rate to become irregular. In 
this case, doctors can implant an artificial pacemaker into the patient. An artificial pacemaker senses 
when the heart rate is irregular and sends electrical signals to the heart muscle to trigger it to beat in a 
regular pattern.
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Arteries, Veins and Capillaries

1a

1b Arteries carry oxygenated blood (the only exception to this is the pulmonary artery which carries 
deoxygenated blood from the heart to the lungs).


Veins carry deoxygenated blood (the only exception to this is the pulmonary vein which carries 
oxygenated blood from the lungs to the heart).

1c Capillaries are found in the organs. Capillaries are connecting vessels between arteries and veins (strictly 
speaking it is slightly more complicated than that but you do not need to know about it for GCSE).

2a The following statements are true about blood flow through the arteries:


1. Blood flows from the heart to the organs.

2. Blood is at a high pressure.

3. Blood travels in surges (pulses).

2b Arteries have thick muscular walls to withstand the high pressure of the blood flowing through them. The 
walls of arteries also contain elastic fibres. These stretch when the surge (pulse) of blood passes through 
them and then return to their original length between pulses. This keeps the blood flowing smoothly.

3a Capillaries are where molecules diffuse from the blood to the body cells (for example glucose and 
oxygen) and also from the body cells to the blood (for example carbon dioxide and the waste product 
urea which we saw in the chapter on Cell Biology).

3b Capillaries have walls which are extremely thin (infact they are only one cell thick). This makes the 
diffusion distance very short so molecules diffuse extremely rapidly.

4a Veins have thin walls because the blood flowing through the veins is travelling slowly and at low pressure 
(remember that the blood flowing through veins has already passed through a huge number of 
capillaries).

4b Because the blood flowing through veins moves slowly and at low pressure, there is the risk that the 
blood stops flowing and starts moving backwards (this is most likely a problem in the legs where the 
blood is flowing upwards towards the heart). Valves in the veins prevent this from happening. When the 
blood starts to flow backwards, the valves close to stop this.
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The Blood

1 The blood plasma is the liquid part of the blood. The purpose of blood plasma is to transport dissolved 
substances around the body. Molecules produced during digestion are transported from the small 
intestine to body cells. This includes glucose which is produced when starch is digested. Carbon 
dioxide is also transported in blood plasma. Carbon dioxide is produced by cells when they carry out 
aerobic respiration. The carbon dioxide is carried to the lungs where it is breathed out. Finally, blood 
plasma carries the waste product urea. This is produced by the liver and transported in the plasma to 
the kidneys to be excreted in urine.

2a

2b Red blood cells have no nucleus. This means that they have more room for haemoglobin (ie they can 
carry more oxygen).


Red blood cells have a biconcave disc shape (in other words dimples). This increases their surface area, 
which means that oxygen can diffuse in and out faster.

3a White blood cells form part of the immune system. For example, certain white blood cells produce 
antibodies and other white blood cells ingest microbes (you'll see more on this in the topic Infection and 
Response).

3b The nucleus contains the cell's DNA. This encodes the instructions that the white blood cells need to do 
their job (eg make antibodies).

4a The function of platelets is to help the blood to clot.

4b If the number of platelets in the blood falls (eg in certain types of leukaemia), then the blood cannot clot 
properly. This means that if a person cuts themselves, they might bleed for longer than they should.

5a Three uses of blood and blood products include:


1. Blood transfusions to replace blood lost during an injury (or an operation).

2. Platelets can be extracted from donated blood and given to patients whose blood may not clot 
effectively.

3. Proteins (such as antibodies) can be extracted from blood and given to patients who require them.

5b The first risk is with blood transfusions. Every person has a blood type. This means that any donated 
blood has to be matched so that it is not incompatible with that person's blood type. If the blood is 
incompatible, the transfusion will be rejected by the person's immune system and that can be fatal.


The second risk is that blood-borne infections can be passed to patients who receive a blood 
transfusion or a blood product. However, donated blood is screened in the UK to prevent infections.
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Cardiovascular Diseases

1a Non-communicable diseases cannot be passed from one person to another by a pathogen. They are not 
infectious diseases.

1b The coronary arteries branch out of the aorta and provide oxygen to the muscle cells of the heart.

1c If the coronary arteries are blocked, not enough oxygen can be delivered in the blood to the heart 
muscles. This means that the heart may not be able to contract effectively.

1d In coronary heart disease, fatty substances build up inside the coronary arteries. This causes the space 
(lumen) to narrow, restricting the amount of blood that can flow. The effect of this is to reduce the 
amount of oxygen that can be delivered to the heart muscle cells. If this becomes extreme, then the 
patient is suffering from a heart attack (where the heart muscle is starved of oxygen). A heart attack can 
be fatal.

1e Statins reduce the level of certain types of cholesterol in the bloodstream. This slows down the rate that 
fatty materials build up in the arteries. Statins have been proven to reduce the risk of developing 
coronary heart disease.


However, statins do have unwanted side effects for example they can cause liver problems.

1f A stent can be used to treat people who have an almost total blockage of a coronary artery. A stent is a 
tube which is inserted into the coronary artery to keep it open. This allows the blood to flow normally 
through the artery.

1g A stent does not treat the underlying causes of coronary heart disease so a person who has been fitted 
with a stent can still have narrowing of other regions of the coronary arteries.

2a Heart valves do not fully open when the atria contract. In this case, the heart has to work extra hard to 
force the blood out of the atria and into the ventricles. This can make the heart become enlarged.


Heart valves that leak blood when the ventricles contract. In this case, oxygenated blood is not pumped 
effectively to the body. Because of this, the patient may feel weak and tired.

2b Mechanical valves: 

These can last a lifetime.

Risk of blood clotting. Patient needs to take anti-clotting drugs for rest of life.


Valves from animals:

Do not last as long and may need to be replaced.

Patients are not required to take drugs with this type of valve. 

3a In heart failure, the heart cannot pump enough blood around the body.

3b Patients with heart failure may be treated with a heart transplant or with a heart-lung transplant. The 
problems here are:

1. There are not enough donated hearts / heart-lungs so there is a long waiting list.

2. The patient must take drugs to stop the donated heart from being rejected by the body's immune 
system. These drugs must be taken for the rest of the patient's life.

3c Artificial hearts can only be used for a relatively short time because they increase the risk of blood 
clotting in the patient.
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Gas Exchange in the Lungs

1

2a

2b The gases move in and out of the bloodstream by diffusion.

2c Each lung contains millions of alveoli: This means that there is a huge surface area to volume ratio for 
diffusion of gases in and out of the blood so the rate of diffusion is high.


Alveoli have very thin walls. This makes the diffusion pathway very short, which increases the rate of 
diffusion.


Alveoli have a very efficient blood supply. This ensures that once oxygen diffuses into the blood, it is 
rapidly removed. This means that the concentration gradient for oxygen is very steep, which keeps the 
rate of diffusion high. The same applies to carbon dioxide. By constantly providing more carbon dioxide, 
this ensures the maximum rate of diffusion from the bloodstream into the air.


Breathing brings in oxygen and takes away carbon dioxide. This has a similar effect to point 3. By 
bringing fresh air into the alveoli, breathing ensures that the concentration gradients for oxygen and 
carbon dioxide are as high as possible. Again, this ensures that the rate of diffusion of these two gases 
is extremely high.
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Cancer

1a In cell division by mitosis, one cell is copied into two identical cells. Mitosis takes place during growth 
and during repair eg after an injury. Mitosis is very tightly controlled by genes which are found in the 
nucleus. These genes tell the cell when to divide and when to stop dividing.

1b A tumour is an uncontrolled growth of cells. This forms a mass (or lump) of tissue.

1c Benign tumours do not spread to other parts of the body. This means that generally a benign tumour is 
less likely to be harmful than a malignant tumour (since malignant tumours spread).

1d Benign tumours are surrounded by a membrane. The membrane means that benign tumours remain in 
one location.

1e With malignant tumours, cancerous cells can detach from the main tumour and then travel in the 
bloodstream to new locations, forming new tumours.

1f A secondary tumour is when a malignant tumour has spread from its original location to a new location. 
The tumour at the new location is called the secondary tumour.

1g Benign tumours can be relatively harmless and so are not classed as cancers. Malignant tumours on the 
other hand are potentially very harmful so these are classes as cancers.

2a With cancers that are linked to genetics, we inherit an increased risk of developing these cancers from 
the genes that we receive from our parents.

2b Three lifestyle factors that increase our risk of developing cancer are smoking (lung cancer), excessive 
exposure to ultraviolet light (skin cancer) and consuming excessive amounts of alcohol (several cancers).

2c The true statement is: Radon is a radioactive gas that we breathe in.

2d Atoms of radon release ionising radiation (this is covered in Physics 1). Ionising radiation can damage 
the DNA in our cells. If certain genes are damaged, this can cause the cells to undergo uncontrolled cell 
division by mitosis and this can lead to cancer.

2e

In question 2e, it is important to appreciate that many cancers have several risk factors. For example, 
although breast cancer is strongly linked with certain genes, the risk of developing breast cancer is also 
increased by other factors such as excessive alcohol consumption.
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Communicable and Non-Communicable Diseases

1 Good health involves a state of both physical and mental well being. Poor health can be caused by 
both communicable and non-communicable diseases. Communicable diseases can be passed from 
person to person via pathogens such as bacteria or viruses. A good example of a communicable 
disease is measles. Non-communicable diseases cannot be spread from person to person. A good 
example of a non-communicable disease is coronary heart disease. Poor health can also be caused 
by stress, a poor diet or other factors eg pollution.

2

3a Most people who are exposed to the TB bacterium do not catch TB. That's because their immune 
system can fight off the bacterium before it can cause tuberculosis.

3b People who have HIV can have a weakened immune system. This means that they are less able to 
fight off the TB bacterium if they are exposed to it. Because of this, TB can be a serious infection in 
people who have HIV.

4 HPV is a relatively harmless communicable disease caused by a virus. In women, infection with HPV 
can increase the risk of developing cancer of the cervix.

5a Asthma and dermatitis are both examples of allergies.

5b Allergies can sometimes be triggered when we are exposed to a pathogen. The immune system fights 
off the pathogen, but in the process the person can develop an allergy for example to harmless dust 
particles.

6a A mental illness affects the mind rather than the body (illnesses which affect the body are called 
physical illnesses).

6b People who develop the physical illness arthritis can sometimes (but not always) go on to develop 
depression. That is because arthritis can make movement extremely painful. This can make it difficult 
for people with arthritis to lead a normal life, for example going out to meet friends or family. Because 
of this, they can feel isolated which can lead to depression.
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Correlating Risk Factors

1a Scientists cannot carry out experiments on humans (for example deliberately trying to give people lung 
cancer) as this would be unethical. Scientists can carry out some experiments on human volunteers but 
these must be carefully controlled to ensure that the volunteers are not placed under risk. 

1b Epidemiology is looking at patterns of disease to attempt to narrow down risk factors.

1c With a positive correlation, as one factor (eg number of years smoking) increases, another factor also 
increases. We can see a positive correlation in both of the scattergraphs. As the number of cigarettes 
smoked per day increases, the risk of developing lung cancer also increases and as the number of years 
of smoking increases, so does the risk of lung cancer. 


With a negative correlation, as one factor increases another factor decreases. For example, as the 
amount of exercise taken by a person increases, their risk of developing coronary heart disease 
decreases.

1d A key idea that you need to learn is that a correlation does not prove a cause. The scattergraphs show 
that smoking is correlated to increased risk of developing lung cancer. However, this does not prove that 
lung cancer is caused by smoking. From the 1930s, the number of smokers increased and the number of 
lung cancer cases also increased. However, the number of people driving cars increased at the same 
time. So theoretically, the risk of lung cancer could be increased by driving cars. As we can see, 
correlation does not prove a cause.

1e A causal mechanism is a scientific explanation of how one factor could cause another. Cigarette smoke 
contains a number of chemicals that damage DNA. Damaging DNA can lead to uncontrolled cell division 
by mitosis (increasing the risk of cancer).

1f In epidemiology, we would ideally look at everyone but that's not possible. So instead we take a sample 
population and look at them. This sample population must represent the whole population as closely as 
possible but that can be difficult to achieve. If we take a small sample, we might find that we've selected 
people who are not typical (for example they could all have been exposed to chemicals in their drinking 
water that we do not take into account). The same applies if we take a sample from a small area. In both 
of these cases, the sample population may be biased. So to reduce the risk of bias, the ideal sample is 
very large and random. If we were sampling the UK, we would aim to take a very diverse cross-section 
of people from lots of different places.
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Lifestyle and Disease

1a If you consume a diet which is high in fat and low in vegetables, this increases the levels of certain types 
of cholesterol in the bloodstream. The effect of this is to increase the rate that fatty materials build up in 
the arteries, leading to coronary heart disease.


A diet which is high in salt can cause blood pressure to increase. High blood pressure is a major risk 
factor for cardiovascular diseases.

1b Smoking: increased risk of cardiovascular diseases.


Regular exercise: Decreased risk of cardiovascular diseases.

2a A carcinogen is a chemical which can trigger cancer. Cigarette smoke contains a large number of 
carcinogens.

2b Another non-communicable disease caused by smoking is emphysema.

2c Smoking while pregnant can have a range of ill effects on the unborn child. These include:

• Increased risk of miscarriage. A miscarriage is when the fetus is expelled from the uterus before 23 

weeks of pregnancy. The effect of miscarriage is that the fetus does not survive.

• Increased risk of premature birth. This can cause a baby to be delivered before it has completed its 

development in the uterus. Although many babies survive premature birth, it can be dangerous and 
some babies do not survive.


• Increased risk of the baby being born with a low body-mass.

3a Drinking alcohol when pregnant can lead to the fetus developing fetal alcohol syndrome. When a child is 
born with fetal alcohol syndrome, they have learning difficulties and other mental or physical problems.

3b Excessive alcohol consumption in adults can lead to:

• Increased risk of liver cirrhosis. In liver cirrhosis, healthy liver tissue is gradually replaced with scar 

tissue. Over time, liver function is reduced and eventually the liver can die.

• Increased risk of liver cancer.

• Effects on the brain including memory loss and addiction.

4a People with type 2 diabetes experience difficulty in controlling their blood glucose levels.

4b People who consume excessive alcohol can become obese. As obesity is a major risk factor for type 2 
diabetes, excessive alcohol consumption can lead to type 2 diabetes.
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Plant Tissues

1

2a The epidermal tissue protects the upper and lower surfaces of the leaf.

2b The upper epidermis is transparent. This is because light passes through the upper epidermis, to the 
palisade mesophyll where it is used in photosynthesis. If the upper epidermis was not transparent, then 
this would prevent light from reaching the palisade mesophyll.

2c The upper epidermis is covered by a waterproof waxy cuticle. This reduces the loss of water by 
evaporation from the upper surface of the leaf.

2d Stomata on the lower epidermis allow carbon dioxide gas to diffuse into the leaf, where it is used in 
photosynthesis. Oxygen gas (which is produced by photosynthesis) can also diffuse out of the leaf 
through the stomata.


Stomata also allow water vapour to diffuse out of the leaf (we will look at this in the next section).

3a The palisade mesophyll is where most of the photosynthesis takes place in the leaf.

3b Remember that the function of palisade mesophyll cells is to carry out photosynthesis. As you can see 
from the diagram, palisade mesophyll cells are packed full of chloroplasts. Chloroplasts contain 
chlorophyll, which is used to trap light energy for photosynthesis. You can see that the chloroplasts tend 
to be found in the upper part of the palisade mesophyll cell. This is the part of the cell that receives the 
most light.

3c Palisade mesophyll cells are found in the top of the leaf. This is because the top of the leaf receives the 
most light energy and is the main site of photosynthesis.

3d The function of the spongy mesophyll is to allow carbon dioxide to diffuse from the stomata to the 
palisade mesophyll cells (for photosynthesis) and to allow oxygen to diffuse from the palisade mesophyll 
cells to the stomata. To allow this to happen, the spongy mesophyll contains large air spaces.

3e Please note that both oxygen and 
carbon dioxide can diffuse through 
all the stomata at the same time. 
The diagram on the right is 
simplified to make it easier to show 
the diffusion of gases.
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Plant Tissues

4a Some of the water which passes into the leaves is used in photosynthesis (we'll be looking at 
photosynthesis in the topic on Bioenergetics).

Some of the water passes out of the leaf as water vapour (we'll be exploring this in the next section).

4b An example of a dissolved mineral transported in the xylem is the magnesium ion Mg2+. Magnesium is 
used to make chlorophyll.

4c Translocation is the transport of dissolved sugars (and other molecules such as amino acids) in the 
phloem.

4d Some of the sugars carried in the phloem are used to release energy in respiration (for example 
glucose). Some of the sugars can be stored as starch and then used later.

5a Meristem tissue is found in growing tips for example shoots and roots.

5b Stem cells can differentiate into other types of tissue. We looked at stem cells in humans in the topic on 
Cell Biology.
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Transpiration

1 Transpiration is when water vapour evaporates from a leaf and diffuses out through stomata.

2a-d

3a The transpiration stream describes how water moves from the soil, into the root hair cells, into the 
xylem, up the xylem to the leaves, then evaporates from the surface of cells in the leaves and then 
diffuses out of the stomata.

4 The transpiration stream brings water to the leaf. This is needed for the process of photosynthesis. 
The water contains dissolved mineral ions such as magnesium. Magnesium ions are used by the plant 
to make chlorophyll. Finally, transpiration plays an important role in cooling the plant. When the water 
vapour evaporates from the leaf, this carries away energy, which reduces the plant's temperature. This 
is especially important in conditions where the weather is warm.

5 Evaporation is faster at higher temperatures. This increases the rate of transpiration as more water 
evaporates from the surface of cells in a given time.


In dry conditions, the air is not humid (ie the air does not contain a large amount of water vapour). This 
also increases the rate of evaporation, increasing the rate of transpiration.


Windy conditions also increase the rate of transpiration. This is because the wind carries away any 
water vapour from the surface of the leaf. This allows more water vapour to evaporate.


In conditions of high light intensity (during the day), plants open their stomata to allow carbon dioxide to 
diffuse into the leaf (for photosynthesis). However, this also allows water vapour to diffuse out of the 
leaf, increasing the rate of transpiration.

6a

6b In high light intensity, the guard cells swell and change shape. This opens the stomata.

6c In hot conditions, a large amount of water vapour can diffuse out of the stomata. This could be 
dangerous for a plant. To reduce this, plants close many of their stomata to reduce the rate of 
transpiration. However, the problem now is that carbon dioxide gas cannot diffuse into the plant fast 
enough for photosynthesis to take place.

6d Plants are at risk of losing a great deal of water by transpiration in the hot and dry conditions of the 
desert. To reduce this, desert plants often have fewer stomata than other plants.
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Communicable and Non-Communicable Diseases

1 Good health involves a state of both physical and mental well being. Poor health can be caused by 
both communicable and non-communicable diseases. Communicable diseases can be passed from 
person to person via pathogens such as bacteria or viruses. A good example of a communicable 
disease is measles. Non-communicable diseases cannot be spread from person to person. A good 
example of a non-communicable disease is coronary heart disease. Poor health can also be caused 
by stress, a poor diet or other factors eg pollution.

2

3a Most people who are exposed to the TB bacterium do not catch TB. That's because their immune 
system can fight off the bacterium before it can cause tuberculosis.

3b People who have HIV can have a weakened immune system. This means that they are less able to 
fight off the TB bacterium if they are exposed to it. Because of this, TB can be a serious infection in 
people who have HIV.

4 HPV is a relatively harmless communicable disease caused by a virus. In women, infection with HPV 
can increase the risk of developing cancer of the cervix.

5a Asthma and dermatitis are both examples of allergies.

5b Allergies can sometimes be triggered when we are exposed to a pathogen. The immune system fights 
off the pathogen, but in the process the person can develop an allergy for example to harmless dust 
particles.

6a A mental illness affects the mind rather than the body (illnesses which affect the body are called 
physical illnesses).

6b People who develop the physical illness arthritis can sometimes (but not always) go on to develop 
depression. That is because arthritis can make movement extremely painful. This can make it difficult 
for people with arthritis to lead a normal life, for example going out to meet friends or family. Because 
of this, they can feel isolated which can lead to depression.
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Pathogens

1a The correct definition of a pathogen is "A microorganism that causes an infectious disease".

1b The four common categories of pathogens are bacteria, viruses, protists and fungi.

1c

1d 819200 is 8.192 x 105 in standard form.


81.92 x 104 is incorrect. This is because the first part of standard form must be a number between 
1-9.


8.192 x 10-5 is incorrect. This is an extremely small number (0.00008192).

1e Bacteria multiply extremely rapidly. Bacteria do not have to enter a cell to multiply. So bacteria can 
easily multiply in our bloodstream and reach very large numbers very quickly. Many bacteria release a 
toxin. Toxins are chemicals which damage tissue and make us feel ill.

2a Viruses can only reproduce if they enter a host cell (viruses are very simple and lack the necessary 
structures to reproduce on their own). However, bacteria do not need to enter a cell to reproduce. 
Bacteria are capable of reproducing all on their own.

2b Stage 1: Virus invades (enters) host cell.

Stage 2: Virus reproduces inside the host cell.

Stage 3: Copies of virus leave host cell. In this case, the host cell bursts and is destroyed.

2c Viruses are very damaging to cells. Firstly, they can damage the host cell when they are reproducing 
inside it (for example a virus might use up essential molecules that the cell needs). Secondly, many 
viruses leave a cell by causing it to burst open. This destroys the cell.

3a

3b Ebola is a very highly infectious disease. It is very easily spread, unless very strict precautions are 
taken (for example wearing a protective suit). The best way to prevent the spread of diseases like this 
is to isolate the patients and not allow anyone to come into contact (apart from medical staff who 
need to take precautions).

3c One of the most effective ways to prevent the spread of less infectious diseases (eg Measles) is to 
vaccinate people against them. Because they cannot catch the disease themselves, they cannot 
spread it to other people. We'll see vaccination in a later chapter.
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Measles and HIV

1a The first symptom of measles is a fever (high temperature).


The second symptom (after three days) is a red skin rash.

1b Measles is spread from person to person in droplets. When an infected person coughs or sneezes, 
tiny droplets of water are released, containing the measles virus. When these droplets are then inhaled 
by another person, the virus is passed on.

1c The two parts of the body which can be damaged by measles are the breathing system and the brain.

1d Measles is not very common (in the UK) as children are vaccinated against measles when they are 
very young.

2a 1: Initial infection with HIV

2: A 'flu-like illness lasting one to two weeks

3: Virus attacks cells of the immune system

4: Immune system becomes severely damaged

5: Patient may catch infectious disease eg TB or develop cancer

6: Late stage HIV / AIDS can be fatal

2b Antiretroviral drugs stop the virus from multiplying. This prevents the patient's immune system from 
being damaged by the virus. The patient must take these drugs for the rest of their life.

2c HIV is transmitted by body fluids. It can be transmitted through unprotected sexual intercourse (ie not 
using a condom) or by intravenous drug users sharing needles (which transmits infected blood).

3 Neither measles nor HIV can be treated using antibiotics. Viruses are not killed by antibiotics (this is an 
extremely important detail about viruses which you need to learn).
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Salmonella and Gonorrhoea

1 Bacteria are killed by antibiotics but viruses are not affected by antibiotics.

2a Salmonella food poisoning is caused by bacteria. A person can become infected by ingesting (ie 
eating) food which contains salmonella bacteria (for example raw chicken). This can happen for 
example if raw chicken is prepared on a chopping board and then the same chopping board is not 
cleaned before it is used to prepare other foods eg a salad. Any salmonella bacteria in the chicken will 
be killed when it is cooked. However, the salmonella bacteria which have contaminated the salad will 
not be killed and can cause salmonella food poisoning.

2b The symptoms of salmonella food poisoning are fever, abdominal cramps, vomiting and diarrhoea.

2c When salmonella bacteria enter the human body, they release toxins. Toxins are chemicals which can 
damage cells. These toxins cause the symptoms of salmonella food poisoning.

2d Salmonella food poisoning is uncommon in the UK as all chickens are vaccinated against the bacteria 
which cause salmonella.

3a The symptoms of gonorrhoea are a yellow/green discharge from the penis or vagina.  Gonorrhoea can 
also lead to pain when urinating.

3b Gonorrhoea is no longer treated with the antibiotic penicillin. This is because the bacteria have 
become resistant to penicillin. What this means is that the bacteria have changed so they are no 
longer killed by penicillin. Many students say that bacteria have become "immune" to an antibiotic. 
This is incorrect, so it's important not to say this in your exam. We'll see antibiotic resistance in a later 
topic.

3c One way of preventing the spread of gonorrhoea is to use a condom during sexual intercourse. This 
prevents the bacterium from passing from one person to another. Another way of preventing the 
spread of gonorrhoea is to test people who have had unprotected sexual intercourse (and are 
therefore possibly infected with gonorrhoea). If a person is found to be positive for gonorrhoea, they 
should be given antibiotics to kill the bacteria.
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Malaria

1 Malaria is a communicable disease caused by a protist. However, unlike many other diseases, 
malaria cannot be passed directly from person to person. Instead, the malaria pathogen is spread via 
mosquitoes. First the mosquito bites an infected person. Blood and the malaria pathogen pass into 
the mosquito. The mosquito then bites an uninfected person, passing on the pathogen. Because the 
mosquito carries the pathogen from one person to another, scientists call it a vector.

2a Mosquitoes prefer to breed in areas of still water.

2b Method 1: Find areas of still water and drain them. This includes ponds and swamps.


Method 2: Spray areas of still water with insecticides to kill the mosquitoes.

2c These methods have not been fully successful in preventing malaria. This is because it is virtually 
impossible to find every single area of still water. For example, a single bucket of water hidden away in 
an overgrown garden can be a massive source of mosquitoes. It would be extremely difficult to find 
every source of water like this.

2d As we've seen in 2c, it is extremely difficult to prevent mosquitoes from reproducing. Another way to 
reduce the spread of malaria is to prevent mosquitoes from biting people. Many people are bitten 
while they sleep so to prevent that, they should sleep under a mosquito net. Because mosquitoes 
cannot penetrate the net, they cannot bite the person sleeping. If we soak the mosquito net in 
insecticide, then any mosquito which lands on the net will also be killed.
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Non-specific Defence Systems

1 The skin prevents pathogens from entering the body in a number of ways. The outer part of the skin 
consists of a layer of dead skin cells. This is a thick barrier which is difficult for pathogens to 
penetrate. The skin is also covered in a layer of sebum which can kill bacteria. If the skin is damaged 
then pathogens can enter. To prevent this, the damaged area rapidly forms a scab to block the entry 
of pathogens.

2a Measles can enter through our breathing system.

2b The interior of the nose is covered with hairs and mucus. These trap pathogens that are breathed in, 
before they can pass down into the lungs.

2c

2d Cilia are tiny hairs which line the surface of the trachea and bronchi. The cilia are covered with a thin 
layer of mucus. When we inhale pathogens, they stick to the mucus. The cilia then waft the mucus 
upwards towards the throat, where the mucus is swallowed into the stomach. The stomach contains 
hydrochloric acid which kills the pathogens.

3 The stomach contains hydrochloric acid which kills any pathogens that enter on our food. However, 
sometimes pathogens are not effectively killed by the hydrochloric acid and can infect us. A good 
example is the bacteria which cause salmonella food poisoning.
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The Immune System

1a Stage One: In this stage, the white blood cell is attracted to chemicals released by the pathogens. 
This causes the white blood cell to move towards the pathogens.


Stage Two: The white blood cell now ingests the pathogens. "Ingest" means to take in. Never say 
"eats" in the exam as that would not get you the marking point.


Stage Three: The white blood cell now uses enzymes to destroy the pathogens.

1b The process shown in the diagram is called phagocytosis. This is a word that is on the specification 
and you are meant to know it. The white blood cells that carry this out are called phagocytes (but you 
are not required to know that for the AQA spec).

2a

2b Antibodies are protein molecules produced by white blood cells. Antibodies stick to pathogens and 
this triggers the pathogens to be destroyed.

2c Antibodies remain in the blood for a long time (so do the white blood cells that produced the 
antibodies). This means that once we have fought off an infection, for example with the measles virus, 
the antibodies protect us from future infections from the same disease.


Antibodies are extremely specific. This means that one type of antibody will only attach to one type of 
pathogen. So if we catch measles, the antibodies that we make towards the measles virus cannot 
protect us against other viruses.

2d Antibodies are protein molecules. Proteins are made on ribosomes so white blood cells that produce 
antibodies have a large amount of ribosomes.

3 Many bacteria release toxins. Toxins are chemicals that harm cells and make us feel very unwell. 
Antitoxins are proteins which attach to toxin molecules and prevent them from harming cells. 
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Infectious Diseases in Plants

1a The following statements are true:


TMV causes patches of discolouration.

TMV is caused by a virus.

TMV is not specific to one plant.


The following statements are incorrect:


TMV causes black spots on leaves. That disease is called Rose Black Spot.

TMV is caused by a fungus. The "V" in TMV stands for virus. Rose Black Spot is caused by a fungus.

TMV only affects tobacco plants. Despite its name (Tobacco Mosaic Virus), TMV actually affects a 
large number of different plant species.

1b When plants are infected with TMV, their leaves develop a patchy discolouration (scientists call this a 
mosaic). Patches of the leaves have less chlorophyll that normal. This means that the rate of 
photosynthesis is lower than it should be. Because the plant is photosynthesising less than it normally 
would, the plant grows more slowly.

2 Rose black spot is a communicable plant disease which is caused by a fungus. This is spread from 
plant to plant via water or the wind. When a plant becomes infected, the leaves develop spots which 
are black or purple. Eventually, infected leaves turn yellow and fall off the plant. This causes the plant 
to have a reduced rate of photosynthesis. Because of this, plants which are infected with rose black 
spot will grow more slowly than plants which are not infected. We can treat infected plants by 
removing infected leaves and destroying them eg by burning. We can also spray the plant with 
fungicides. These are chemicals which kill fungi.
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Vaccination

1a Stage 1: A small amount of dead or inactive pathogen is introduced into the body.


Stage 2: The white blood cells produce antibodies against the dead or inactive pathogen.


Stage 3: The white blood cells undergo mitosis to produce lots of identical copies


Stage 4: If the pathogen enters the body, antibodies are rapidly produced, preventing infection.

1b The vaccination contains the pathogen. However, the pathogen has been killed or inactivated 
(inactivated means that the pathogen has been treated with chemicals so that it cannot cause the 
actual disease).

2a

2b After vaccination, the number of antibodies rises fairly slowly and not to a very high level. However, 
after the live pathogen enters the body, the number of antibodies rises much more rapidly and to a 
much higher level. This is because after vaccination, the white blood cells undergo mitosis. This 
means that there is a larger number of white blood cells producing antibodies after the live pathogen 
has entered the body.

2c Remember that antibodies are specific. This means that vaccination against one pathogen does not 
protect us against a different pathogen.

3a When the entire population is vaccinated, no-one can be infected with the pathogen. If a new 
(unvaccinated) person enters the population, they will not be infected even though they have not been 
vaccinated. That is because there is no-one in the population who can infect them.

3b The kind of protection shown in 3a is called "herd immunity".
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Antibiotics

1a The diseases in the list caused by bacterial pathogens are salmonella and gonorrhoea.


Malaria is caused by a protist. HIV and measles are caused by viruses. Asthma is a non-
communicable disease so it is not caused by a pathogen.

1b In the 1940s, antibiotics were discovered. The first antibiotic that was commonly used was penicillin. 
Antibiotics kill bacteria inside the human body but they do not harm body cells. Over time, certain 
antibiotics were overused and stopped working. The bacteria had evolved and become resistant to 
the antibiotic. To avoid antibiotic resistance, doctors now use specific antibiotics for specific bacterial 
pathogens. Doctors are also careful to never prescribe antibiotics for viral infections for example 
measles.

2 Painkillers stop pain. However, they only stop the symptoms of a disease but not the actual disease 
itself. Painkillers have no effect on pathogens.

3 Viruses can only reproduce when they are inside a host cell (in this case human cells). This means that 
it is very difficult to develop drugs to treat diseases caused by viruses without also damaging the host 
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Testing Medicines

1a

1b Penicillin was discovered by the scientist Alexander Fleming.

2 Toxicity: This investigates whether the drug is toxic to humans or whether it is safe to use.


Effectiveness: This investigates whether the drug is an effective treatment for the disease which the 
drug is designed to target.


Dosage: This investigates the best dose to treat the disease with the minimum amount of unwanted 
side effects.

3a During preclinical testing, medicines are not tested on humans. They are tested in cells, tissues (for 
example samples of muscle tissue) or on live animals.

3b During the preclinical stage, we do not know how toxic the drug is to humans. This means that at this 
stage, the drug is not given to any humans.

4a In the first stage of clinical testing (ie on humans), the drug is given in tiny doses). This is because the 
drug could be very toxic. If it was given in large doses, it could potentially kill the human volunteers. 
So very low doses are given at this stage until we know how toxic the drug is.

4b The optimal dose is the dose that effectively treats the disease but with the minimum amount of side 
effects.

5a The placebo looks like the treatment but contains no drug. A lot of placebos are tablets. These are 
designed to look exactly like the tablets containing the active drug. Some placebos are injections.

5b A long time ago, doctors discovered that a lot of people recover from diseases if they think they are 
being treated even if they are not. This is because they believe that they are going to recover. This is 
called the placebo effect. When doctors are testing new drugs, they have to prove that the drug is 
more effective than simply giving people a placebo. This is the purpose of the placebo.

5c In a double-blind trial, one group receives the active drug and another group receives the placebo. 
The placebo looks exactly like the treatment but does not contain any active drug. Neither the patient 
nor the doctors know who is receiving the drug or the placebo. This is to prevent bias for example if 
the doctors gave more attention to patients that they knew were receiving the active drug.
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Monoclonal Antibodies

1 Antigens are foreign objects inside our body. For example a virus, a splinter of wood or an organ 
transplanted from another person would all be antigens in the human body.

2 Stage 1: First a mouse is injected with the antigen that we are making monoclonal antibodies against.


Stage 2: All of the lymphocytes are then extracted from the mouse.


Stage 3: Lymphocytes cannot undergo cell division by mitosis. So in this stage, we fuse (join) our 
lymphocyte with a tumour cell. Tumour cells can undergo mitosis indefinitely.


Stage 4: We have now produced a cell called a hybridoma. These produce antibodies and can 
undergo mitosis indefinitely. We select the hybridoma producing the antibody that we want.


Stage 7: We now allow our hybridoma to undergo mitosis. This produces a clone of identical 
hybridoma cells, all producing only the antibody that we want.


Stage 6: We now collect and purify a large amount of our monoclonal antibody.

3a

It's worth exploring the first statement in question 3a. Remember that a mouse will contain a large 
number of different lymphocytes. Most of these will not be producing antibodies targeted to our 
antigen. This is why, after making our hybridoma cells, we select the hybridoma cell that is making 
antibodies against our antigen. This hybridoma cell then undergoes mitosis to produce a large number  
of identical hybridoma cells, all producing antibodies against our antigen. We call this a hybridoma 
clone as all the cells are identical.

3b The correct statements are:


Lymphocytes cannot undergo cell division by mitosis.


When we fuse the lymphocyte with the tumour cell, we make a hybridoma cell.


One type of monoclonal antibody can target only one protein antigen.
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Uses of Monoclonal Antibodies

1a If the woman is pregnant then she will see a blue line appear in both panels. The hCG in her urine 
attaches to the free antibodies on the test strip. These antibodies are also attached to an enzyme. 
Because there is a large amount of free antibody, some antibodies will remain unattached to the hCG. 
The antibodies now make their way down the test strip. 


The first panel contains antibodies to hCG but these are immobilised (ie they cannot move). These 
attach to the hCG which is already attached to an antibody. So now we have a line of antibodies 
attached to hCG. This panel also contains a dye. This dye reacts with the enzyme on the antibodies, 
forming a blue line in the first panel.


As we said above, there is always going to be free antibody so these continue making their way down 
the test strip. When they reach the second panel, they now attach to immobilised antibodies (these 
antibodies have been made to attach to antibodies). The second panel also contains a dye. This dye 
reacts with the enzyme on the antibodies, forming a blue line in the second panel.


If a woman is not pregnant then she will see a blue line only in the second panel. The woman's urine 
will not contain any hCG. This means that when she urinates on the test strip, all the antibodies will 
remain free (ie not attached to any hCG). These antibodies now make their way down the test strip. 
The antibodies pass straight through the first panel without stopping (as they are not attached to 
hCG). This means that no line forms in the first panel. The antibodies continue to the second panel 
where they attach to the immobilised antibodies and form a blue line.

1b The second panel is a control. This shows that the test works. Imagine that the test is defective (for 
example it contains no antibodies to hCG). If a pregnant woman urinated on this test, then no lines 
would appear in either panel. This would show her that the test is defective. 

1c Pregnancy test kits based on monoclonal antibodies are cheap, easy to use and accurate.

2 Monoclonal antibodies are used to diagnose disease. For example, they can be used to detect 
pathogens in the blood. They can also detect whether the levels of hormones are too high or low. By 
attaching the antibody to a fluorescent dye, we can find the location of specific molecules in tissues 
or cells.

3a Cancer cells produce specific antigens on their surface (but in the case of cancer, the patient's 
immune system ignores them). We can make monoclonal antibodies which attach to these cancer-
specific antigens. We can make the monoclonal antibodies so that they are attached to a toxin or to a 
radioactive element. When we inject the antibodies into the patient's body, the antibodies will attach 
to the cancer cells. The toxin or the radioactive element will now kill the cancer cells.

3b In conventional chemotherapy, a cancer patient is given a toxic drug which is designed to kill cancer 
cells. However, chemotherapy drugs are also toxic to normal body cells. This means that conventional 
chemotherapy can be very damaging to the patient's body (for example they may feel extremely sick 
or lose their hair). However, if we attach the toxic drug to a monoclonal antibody, then this drug is 
delivered exactly to the cells that we are trying to kill. This makes it much less toxic to the rest of the 
body.


In conventional radiotherapy, the patient is given a powerful dose of radiation. This will kill cancer cells 
but also damage normal body cells, producing unwanted side effects. However, with monoclonal 
antibodies, the radiation is delivered specifically to the cancer cells. Again, this reduces the damaging 
effects on the rest of the body.

3c Clinical trials using monoclonal antibodies have produced some very severe side-effects. This is why 
there are not many drugs based on monoclonal antibodies at this time.
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Plant Diseases 2

1 Fungal plant pathogen = Rose black spot

Viral plant pathogen = Tobacco mosaic virus

2a Aphids insert their mouthpiece into the phloem of plants and extract nutrients including sugars (and 
also amino acids). When a plant is covered with hundreds of aphids (which can often be the case), 
then a very large amount of the sugars produced by photosynthesis are taken by the aphids. This 
means that the ability of the plant to release energy by respiration is reduced so the growth of the 
plant slows.

2b Aphids are not an example of a pathogen because aphids do not cause infectious diseases.

2c Aphids can carry pathogens from one plant to another. This means that aphids are vectors for 
pathogens (in a similar way to mosquitoes acting as a vector for malaria which we saw earlier).

3 Symptoms of diseases in plants include:

1. Discolouration (for example the leaves changing colour).

2. Spots on leaves.

3. Stunted growth.

4. Decay / rot.

5. Growths.

6. Malformed stems or leaves (in other words stems or leaves which have not developed in the 
expected ways).

4 Once a gardener has identified symptoms of a disease in a plant, they can identify the disease by 
using a garden manual or a website. If they think that the disease is caused by a pathogen then they 
can send a sample of the plant to a laboratory to identify it. The laboratory could use a testing kit 
based on monoclonal antibodies to identify the pathogen.

5 Magnesium deficiency: Chlorophyll synthesis reduced - Leaves lose green colour - Less light is 
absorbed - Less glucose produced - Slow growth


Nitrate deficiency: Amino acid synthesis reduced - Protein synthesis is slowed - Slow growth
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Plant Defence Responses

1 Individual plant cells: All plant cells are protected by a cellulose cell wall. This makes it very difficult for 
pathogens such as viruses to penetrate and enter a plant cell.


Leaves: The top surface of a leaf is covered by the waxy cuticle. This protects the leaf from entry by 
pathogens. Many plant pathogens can be transmitted in water droplets falling onto leaves. However, 
even if this happens, many pathogens would struggle to pass through the waxy cuticle.


Stem: The stems of trees are covered in bark. Bark consists of a very thick layer of dead cells. If a 
pathogen manages to infect bark, it is unlikely to be able to penetrate through to the living tissue 
further in the stem. Over time, the outer layer of bark falls off so any pathogens on the bark will also 
come off the plant. 

2 Many plants contain poisons which deter animals which might eat the plant (for example bitter 
chemicals which make the plant very difficult for a herbivore to eat). Certain species of geranium 
contain a chemical which temporarily poisons beetles which have eaten the plant. While the beetles 
are paralysed, they are more likely to be eaten themselves by predators. This protects the plants from 
the beetles.

3a Thorns are physically painful for many herbivores to eat. Hairs can irritate the mouth of a herbivore 
causing it to cough or spit out the plant. Over time, herbivores learn not to eat these plants.

3b When mimosa leaves are touched, they rapidly droop. It is thought that this might deter herbivores by 
shocking them as herbivores are not used to plants which move suddenly. It is possible that by 
drooping, the leaves cause any beetles to fall off the plant, preventing an attack.

4 White dead nettles have evolved to look very much like stinging nettles. It is thought that herbivores 
might not eat white dead nettles as they would mistake them for stinging nettles and want to avoid 
being stung in the mouth.

© fre
es

cie
nc

ele
ss

on
s

© fre
es

cie
nc

ele
ss

on
s



Bioenergetics

Biology Paper 1 
Triple

Copyright Shaun Donnelly. Copying of this workbook is strictly prohibited.

© fre
es

cie
nc

ele
ss

on
s

© fre
es

cie
nc

ele
ss

on
sAnswers to Questions



66
Copyright Shaun Donnelly. Copying of this workbook is strictly prohibited.

Photosynthesis

1 Plants use light as their source of energy. To trap the light, plants carry out the process of 
photosynthesis. Because this takes in light energy, it is an endothermic reaction. Photosynthesis 
takes place in the leaves of the plant. These contain chlorophyll which can absorb light energy.

2a

2b

3a Initially when we increase the light intensity, the rate of photosynthesis increases. This is because 
photosynthesis requires light energy. As we are providing the plant with an increasing amount of light 
energy (ie light intensity), we increase the rate of photosynthesis.

3b A limiting factor is any factor which limits the rate of 
photosynthesis. If we look at the graph, as we initially 
increase the light intensity, the rate of photosynthesis 
increases. This means that light intensity was not high 
enough. When we increased the light intensity, the rate 
of photosynthesis increased as we were providing the 
plant with a greater amount of light.

3c
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Photosynthesis

3d

3e When the graph levels off, this tells us that some other factor is limiting. The two main limiting factors 
are light intensity and the level of carbon dioxide. So if we increase the light intensity to the point 
where it is no longer the limiting factor, then the new limiting factor is probably the level of carbon 
dioxide. If we are increasing the level of carbon dioxide and the graph levels off, then light intensity is 
likely to be the new limiting factor.

3f Variegated plants have a lower level of chlorophyll than non-variegated plants. This means that 
variegated plants can trap less light energy and will have a lower rate of photosynthesis.

4a When we initially increase the temperature, the enzymes required for photosynthesis work faster. This 
increases the rate of photosynthesis.

4b

4c When an enzyme denatures, the enzyme molecule vibrates. The active site changes shape and no 
longer fits the substrate.
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Uses of Glucose from Photosynthesis

1a The following statements are true:


Respiration is used by the cell to release the energy stored in glucose.


Respiration takes place in the mitochondria.


Respiration takes place all the time.


Photosynthesis can only take place during the day time when it is light.


The following statements are false:


Respiration takes place in the chloroplasts. This is not true as the chloroplasts are the site of 
photosynthesis.


Respiration only occurs during night time when the plant cannot photosynthesise. This is not true as 
respiration takes place all the time in every living organism including plants.

1b Plants only produce glucose by photosynthesis during the day, when it is light. The glucose is then 
used by respiration. However, remember that respiration takes place all the time, including at night 
when the plant cannot photosynthesise. This means that when the plant is carrying out 
photosynthesis, it must store some of the glucose to use at night for respiration. The glucose is stored 
as starch.

2 Many plants convert some of the glucose produced in photosynthesis into fats and oils. These are 
energy storage molecules and can be used by the plant as a source of energy. A good example are 
seeds. Many seeds contain oil. When the seed is first germinating, it cannot photosynthesise (as it 
does not yet have any leaves). So the seed uses the stored oil as a source of energy until it develops 
leaves and can photosynthesise.

3a The cell wall is made from cellulose (which is produced using some of the glucose from 
photosynthesis).

3b

4a Proteins are made when amino acids are joined together.

4b To make amino acids from glucose, plants need to absorb the mineral ion nitrate from the soil.
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Required Practical: Photosynthesis

1 Normal light bulbs emit a large amount of heat. This would increase the temperature of the pondweed 
and affect the rate of photosynthesis. An LED light source emits much less heat and is less likely to 
change the temperature of the pondweed.

2a Sodium hydrogen carbonate solution is a source of carbon dioxide, which the plant needs for 
photosynthesis. If we simply used water instead, then the pondweed might not have enough carbon 
dioxide (in other words carbon dioxide may be a limiting factor). This means that the rate of 
photosynthesis would be extremely slow and we would not be able to investigate how the rate of 
photosynthesis is affected by light intensity.

2b When the pondweed carries out photosynthesis, bubbles of oxygen gas will emerge from the cut end. 
By placing this at the top, it will be easier to count the bubbles. If we placed the cut end at the bottom, 
the bubbles could be difficult to count (for example passing behind the pondweed).

2c When we place the pondweed into the solution, it will take the pondweed a few minutes to adjust to 
the conditions and start to photosynthesise. If we counted the bubbles of oxygen produced during this 
time, then we could get an inaccurate result. By waiting five minutes, we give the pondweed time to 
acclimatise to the conditions.

3a The gas produced is oxygen which is a product of photosynthesis.

3b The anomalous result is repeat 3 (12). This value is much lower than the other two values.

3c To calculate the mean, we add up the numbers and then divide by the number of numbers. However, 
we must not include anomalous results when we calculate a mean. 


In the table, we have 36 and 40. This gives us a total of 76. Dividing 76 by 2 gives us a mean value of 
38.

4 The species of pondweed = control variable as we must not change it during the experiment. Different 
species of pondweed will carry out photosynthesis at different rates.

The concentration of sodium hydrogen carbonate solution = control variable. If we increase the 
concentration then the rate of photosynthesis could increase as more carbon dioxide is available.

The volume of sodium hydrogen carbonate solution = control variable. If we increase the volume, then 
more carbon dioxide will be available and the rate of photosynthesis could increase.

The distance between the LED light and the pondweed = independent variable. This is what we are 
varying in our experiment.

The LED light source = control variable. If we used a different LED light source, the light intensity could 
change and this could affect the rate of photosynthesis.

The temperature of the room = control variable. If the temperature of the room changed, this would 
affect the rate of photosynthesis. For example if the room temperature increased slightly, then the rate 
of photosynthesis could increase. We cannot control room temperature. However we could monitor it 
with a thermometer to check that it does not change.

The number of bubbles produced per minute = dependent variable. This is what we measure for each 
change in the independent variable (in other words, this is what we measure to get our result).

5a Problem 1: It is difficult to count the number of bubbles of oxygen accurately. This could be difficult 
when the light intensity is high (ie when the pondweed is close to the light source) as a lot of bubbles 
will be produced each minute.


Problem 2: The bubbles of oxygen are different sizes. This means that a tiny bubble will be counted the 
same as a very large bubble.

5b By using a funnel and upturned measuring cylinder, we can accurately measure the volume of oxygen 
produced in a given time. This overcomes the two problems mentioned above.

6a Number of bubbles at 10 cm = 120, at 20 cm = 30, at 40cm = 7.

6b The inverse square law means that when we increase the distance by x2, the number of bubbles per 
minute will decrease by x4 (ie 22). We can see this when we double the distance from 10 cm to 20 cm, 
the number of bubbles falls from 120 to 30 (ie 120 / 4). If we then double the distance from 20 cm to 40 
cm, the number of bubbles falls to 7 (ie approximately 30 / 4).

6c When we double the distance between the pondweed and the light source, the light intensity falls by a 
factor of 4x. Light is required for photosynthesis so this means that the rate of photosynthesis also falls 
by 4x.
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Limiting Factors

1a Light intensity is a limiting factor in part A of the graph. We can see this because the rate of 
photosynthesis increases when we increase the light intensity. This tells us that at this point, there was 
not enough light intensity for the plant to photosynthesise at its maximum rate.

1b At part B, light intensity is no longer the limiting factor. We can see this because the rate of 
photosynthesis no longer increases as we increase the light intensity. This tells us that the light 
intensity is now more than enough for the plant. At this point, the rate of photosynthesis must be 
limited by some other limiting factor. 

1c When light intensity is no longer limiting, the rate of photosynthesis could be limited by the carbon 
dioxide concentration, the temperature or the amount of chlorophyll in the leaves.

1d At high light intensity, when the concentration of carbon dioxide is increased, the rate of 
photosynthesis increases. This means that the concentration of carbon dioxide was the limiting factor 
at that point.

1e At point A, we have increased the concentration of carbon dioxide to a very high level (much higher 
than the concentration before). The rate of photosynthesis has not increased, telling us that another 
limiting factor (apart from light intensity and carbon dioxide concentration) must be acting at this point.

1f We can investigate whether temperature is now limiting by carrying out the exact same experiment but 
at a higher temperature. If the rate of photosynthesis increases, then the temperature was the limiting 
factor at that point. We should not increase the temperature too much though, as this could denature 
the enzymes in the plant and actually reduce the rate of photosynthesis.

1g Burning oil generates heat and also releases carbon dioxide. Both temperature and carbon dioxide 
concentration can be limiting factors so by using oil burners, we ensure that the rate of photosynthesis 
is very high. Light intensity can also be a limiting factor but in practise, during the day, the light 
intensity in a greenhouse is very high.

1h Burning oil is expensive so this adds to a gardener's costs (for example if they are producing crops to 
sell). However, burning oil should increase the yield of crops (in other words the amount of crops that 
can be grown in a given space). If the increased yield offsets the increased cost, then the gardener will 
make money. This is an economic (ie cost) argument.
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Respiration

1 Living organisms need energy for three main functions. Animals need energy for movement. Mammals 
such as humans need energy in order to keep their bodies warm. All organisms need energy for the 
chemical reactions which are used to build larger molecules from small ones. For example, it takes 
energy to build protein molecules from amino acids. Energy is released continually in all living 
organisms by the process of cellular respiration. Because respiration releases energy, it is an 
exothermic reaction.

2a

2b

2c In aerobic respiration, the glucose molecule is fully oxidised. This means that the atoms fully react 
with oxygen. This means that aerobic respiration releases a great deal of energy.

3a Muscle cells need a great deal of oxygen because they carry out contraction (for example during 
exercise) and this requires a great deal of energy, released by respiration.

3b

3c Anaerobic respiration does not require oxygen whereas aerobic respiration cannot take place without 
oxygen.

3d In anaerobic respiration, the glucose molecule is not fully oxidised (in other words the atoms do not 
fully react with oxygen). The product (lactic acid) still contains a great deal of energy. We will see what 
happens to the lactic acid in the next section on exercise.

4a

4b As we can see from question 4a, fermentation in yeast makes two products: ethanol and carbon 
dioxide.


When we make bread, the carbon dioxide produced by the yeast creates tiny bubbles. These cause 
the bread to rise.


Beer is also made using yeast. In this case, the ethanol is the alcohol in beer.
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Exercise

1 During exercise, the body needs more energy. To provide this, the rate of aerobic respiration 
increases. Now, body cells require more oxygen. To provide this, both the breathing rate and the 
breathing volume also increase. This means that we take deeper breaths and more breaths per 
minute. The heart rate also increases so that the oxygenated blood can be delivered more efficiently to 
the muscle cells.

2a When the body is exercising, the muscle cells require a great deal of oxygen. To provide this, the 
breathing rate and breathing volume increase. The heart rate also increases. However, even with these 
changes, not enough oxygen can be delivered to the muscle cells. Now the muscle cells have to carry 
out anaerobic respiration.

2b During intense exercise, anaerobic respiration takes place. This produces lactic acid which builds up in 
the muscle cells. The lactic acid prevents the muscle cells from contracting efficiently. This causes the 
muscles to become fatigued.

2c The lactic acid is carried in the bloodstream from the muscle cells to the liver.

2d Once the lactic acid is taken to the liver, it is converted back to glucose. However, this requires oxygen. 
The extra oxygen that the body needs during this period is called the oxygen debt. This means that, 
even though a person has finished exercising, their body still needs more oxygen than they normally 
would. Because of this, they breathe more rapidly and deeply than normal for some time after exercise.
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Metabolism

1 The correct definition of metabolism is "All the chemical reactions in a cell or the body".

2a

2b To make amino acids from glucose, plants need the mineral ion nitrate. This is taken into the plant from 
the soil by root hair cells.

3a The glucose storage molecule in animals is called glycogen. We'll be looking at glycogen in more detail 
in the Biology 2 topic Homeostasis.

3b

3c Lipids are found in the cell membrane.

3d Excess proteins are broken down to urea which is excreted by the kidneys.
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Question Answers Mark Extra information Workbook 
page

1.1 A disease that cannot be 
passed from one person to 
another / not caused by a 
pathogen

1 Communicable diseases are spread by a 
pathogen.

Organisation

page 66

1.2 1 It is important to be accurate when 
completing a graph or chart. There will be 
a small margin of error allowed but you 
need to be careful to be accurate.

Graph skills 
are not 

specifically 
addressed in 
any chapter 

but are 
covered 

throughout 
the book.

1.3 The data shown in Figure 1 are 
for men only. The data for 
women may be different.

1 Watch out for data which is specific to a 
group. It is not always possible to draw 
general conclusions from data such as 
this.

Organisation 
page 68

1.4 As the number of years of 
cigarette smoking increases, 
the risk of developing lung 
cancer also increases.

1 Be careful to link these two statements 
together. You would not get the mark if 
you simply stated that the risk of 
developing lung cancer increases.

Organisation 
page 68

1.5 A correlation does not prove a 
cause.

1 This is a very important idea in Biology. 
Correlation does not prove a cause. For 
example, people may start other habits 
around the same time that they start 
smoking (for example drinking alcohol). In 
order to prove that smoking causes lung 
cancer, we would need more evidence for 
example a causal mechanism.

Organisation 
page 68

1.6 If we sample a small number of 
people, then our results may 
show bias.

1 Sampling only provides reliable data if it is 
based on large numbers. If we sampled a 
small number of people, it is possible that 
these people do not represent the overall 
population. For example, they may be 
exposed to certain specific risk factors 
due to their occupation or where they live.

Organisation 
page 68

1.7 Carcinogens 1 Remember that carcinogens do not have 
to be chemicals. Ionising radiation is also 
a carcinogen.

Organisation 
page 69

1.8 Genes that control cell division 
change (accept mutate).


Cell undergoes uncontrolled 
division.


Malignant cancers spread to 
different parts of the body.


Forming secondary tumours.

1


1


1


1

Remember that sometimes a cell 
undergoes uncontrolled division and 
forms a tumour but this does not spread. 
This is called a benign tumour. A benign 
tumour is not classed as a cancer.

Organisation 
page 64
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2.1 Size of image measured as  
11.0 cm +/- 3 mm


Converts image size to 
millimetres = 110 mm


Correctly calculates 
magnification as 55 000x

1


1


1

Accept converts real size to centimetres = 
0.0002 cm.


Cell Biology 
page 24

2.2 Higher resolution 1 Remember that resolution is the ability to 
clearly distinguish between two different 
objects. A high resolution image is less 
blurred than a low resolution image.

Cell Biology 
page 24

2.3 Virus is measured as 1/10 the 
length of the bacterial cell


Length of virus = 1/10 the 
length of the bacterial cell = 
0.0002 mm.

1


1

This is a simple size comparison question. Cell Biology 
page 12

2.4 Viruses live / reproduce inside 
cells


Drugs which kill viruses can 
damage / kill healthy cells

1


1

Remember that viruses cannot be killed 
by antibiotics.

Infection 
and 

Response 
page 88

2.5 Initial flu-like illness


Virus attacks body's immune 
cells


When immune system is very 
badly damaged it cannot deal 
with infections / cancer

1


1


1 This stage is referred to as late stage HIV 
or AIDS.

Infection 
and 

Response 
page 79
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3.1 Diameter of zone of inhibition = 
24 mm or radius = 12 mm


Area = ∏r2


Correct answer = 453 mm2 to 3 
significant figures

1


1


1

Cell Biology 
page 28

3.2 Antibiotic A produces the 
smallest zone of inhibition


Antibiotic A is least effective at 
killing bacteria out of the three

1 This must be a comparison. Do not 
accept "produces small zone of 
inhibition".


Accept reference to antibiotic A having 
the smallest region around it where 
bacteria have not grown.

Cell Biology 
page 28

3.3 Zones of inhibition overlap


Leave bacterial plate for less 
time in incubator

1


1
 Accept 

• use lower concentrations of antibiotics

• use lower temperature

• space discs further apart

Cell Biology 
page 28

3.4 Step 2: sterilise loop


Step 3: so it does not kill 
bacteria being added to the 
agar plate

1


1

Accept to kill microbes / bacteria Cell Biology 
page 27

3.5 To prevent anaerobic 
conditions 


Which could cause harmful 
bacteria to grow

1


1

Accept description eg "so that oxygen 
can get into the plate"

Cell Biology 
page 27
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4.1 C6H12O6 1 In the specification, you are not required 
to state the formula for glucose but you 
are required to recognise it

Bioenergetics 
page 98

4.2 Energy is transferred 


by light


to the chloroplasts

1


1


1 Accept chlorophyll

Bioenergetics 
page 98

4.3 Point A: increasing light 
intensity increases the rate of 
photosynthesis


Point B: increasing light 
intensity has no effect on the 
rate of photosynthesis

1


1

Remember that there is always a limiting 
factor. If light intensity is not the limiting 
factor, then something else will be such 
as carbon dioxide.

Bioenergetics 
page 104

4.4 Carbon dioxide was the limiting 
factor at that light intensity.


As increasing the 
concentration of carbon 
dioxide increased the rate of 
photosynthesis

1


1

This is how we test the effects of two 
different conditions at the same time.

Bioenergetics 
page 104

4.5 The higher the concentration of 
carbon dioxide, the greater the 
yield of lettuce


Uses data to support this


After 0.12% carbon dioxide, 
yield is now maximum at 4.64 
kg/m2


Increasing concentration of 
carbon dioxide involves 
increased cost


At higher concentration, 
increasing cost does not 
produce large increase in yield

1


1


1


1


1

eg at 0.06% carbon dioxide, the yield 
was 4.4 kg/m2 but at 0.09% carbon 
dioxide the yield increased to 4.58 kg/m2


Questions like this are common at GCSE. 
As you can see, the data provided are 
quite complex. You are expected to 
identify that the argument is not 
straightforward.


Bioenergetics 
page 104
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5.1 Digest food into small soluble 
molecules


So they can be absorbed into 
the bloodstream

1


1

This is a straightforward definition Organisation 
page 45

5.2 Mouth / small intestine 1 Accept saliva or pancreatic fluid. Organisation 
page 48

5.3 Simple sugars 1 Amylase digests starch to the sugar 
maltose. The maltose is then digested to 
glucose by another enzyme. However, this 
is beyond the AQA GCSE specification.

Organisation 
page 48

5.4 Accept one similarity eg


In both models, the substrate 
fits to the active site


or


In both models, bonds are 
broken (or formed)


However, in the lock and key 
model the active site does not 
change shape


Whereas in induced fit, active 
site changes shape to fit 
substrate more closely

1


1


1

You are expected to use other models to 
explain enzyme action apart from the lock 
and key theory. The most common other 
model is the induced fit model.

Organisation 
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5.5 Please note that long answer 
questions such as this are 
often marked on a "best fit" 
basis rather than a tick list of 
correct answers.


However, marking on a "best 
fit" basis is a skill that requires 
a lot of practise and guidance. 
So rather than this, this mark 
scheme uses a tick list 
approach


• Place amylase, starch and 
pH buffer into test tubes


• Place in water bath at 35oC

• Allow temperature of 

solutions to reach 
temperature of water bath


• Place 1 drop of iodine 
solution into wells of 
spotting tile


• Mix amylase solution with 
starch and pH buffer


• Start timing

• Every ten seconds, test 

reaction with iodine solution

• If starch is present, iodine 

solution will turn blue-black

• Stop when starch is 

digested

• When starch is digested, 

iodine solution will not 
change colour / stay orange


• Repeat experiment with 
different pH buffers


• States control variable (eg 
temperature, volume / 
concentration of amylase, 
starch, iodine solution)

6 This is a relatively straightforward recall 
question based on required practical 5.


To achieve full marks, the method should 
be a logical sequence of steps similar to 
that shown on the left.


Accept description eg using beaker of 
water, Bunsen burner and thermometer.


The use of iodine solution to test for the 
presence of starch is a food test that you 
are expected to know.

Organisation 
page 53

5.6 Biuret solution


Turns lilac

1


1

This is another food test. In the test for 
proteins, the positive test is lilac (purple 
may not be accepted as an answer).

Organisation 
page 50

5.7 Most likely location = stomach


Optimum pH = 2


Which shows that the protease 
is most likely found in an acidic 
environment

1


1


1

Accept description eg enzyme reacts 
fastest at pH 2

Organisation 
page 52
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6.1 Deoxygenated blood is 
pumped from the heart to the 
lungs


The blood collects oxygen in 
the lungs


The oxygenated blood returns 
to the heart and is pumped 
around the body

1


1


1

Some organisms such as fish have a 
single circulatory system. You could be 
asked to compare the two different types 
of circulatory system.

Organisation 
page 56

6.2 A blood vessel carrying blood 
to the lungs = B


A blood vessel carrying blood 
to the body = C


The vena cava = A

1


1


1

You are expected to know the names and 
functions of the major blood vessels of 
the heart.

Organisation 
page 57

6.3 Prevents blood flowing 
backwards into left atrium 
when left ventricle contracts

1 Prevents blood flowing backwards is not 
enough for this mark.

Organisation 
page 57

6.4 Mechanical valve = increased 
risk of blood clots


Biological valve = do not last 
as long

1


1

Accept that patient must take anti clotting 
drugs.


Accept that the valve may need to be 
replaced.

Organisation 
page 62

6.5 Fatty material reduces blood 
flow


Less oxygen provided to heart 
muscle cells


(Aerobic) respiration is reduced

1


1


1

This is a question where you are shown a 
new situation and expected to work out 
what could be happening. You can expect 
this style of question in your exam.

Organisation 
page 61

6.6 A stent is a tube inserted into 
the artery to keep it open


Allowing normal rate of blood 
flow

1


1

This is a straightforward recall question. Organisation 
page 61

6.7 Statins reduce the level of 
cholesterol in the blood


Slowing down the rate of build 
up of fatty material in the 
arteries

1


1

Statins are used very widely so don't be 
surprised to see a question on them.

Organisation 
page 61

6.8 Placebo


Exactly the same appearance 
as the actual treatment


With no active drug

1


1

Drug testing is a relatively large topic 
involving several stages. It's important 
that you learn the purpose of each stage.

Infection 
and 

Response 
page 90
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Double blind trial


Neither the patients nor the 
medical staff know who is 
receiving active drug or 
placebo


Reduces the risk of bias

1


1

Infection 
and 

Response 
page 90
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7.1 % mass change = (mass 
change / start mass) x 100


Correct answer = -1.3


Rounded to 2 significant 
figures

1


1


1

This mark can also be awarded if the 
equation is used rather than simply 
stated.


Do not award second mark if negative 
sign is omitted.


Cell Biology 
page 40

7.2 Percentage mass change takes 
into account the different start 
masses

1 We often use percentage mass change for 
example in the required practical on 
osmosis in plant tissue.

Cell Biology 
page 40

7.3 The plastic bag prevents water 
evaporating from the soil.


Evaporation of water from the 
soil would make the rate of 
transpiration appear greater 
than the actual value. 

1


1

This is a relatively high demand question 
so you are expected to think about the 
design of the mass potometer even 
though you may never have seen one.

The 
potometer is 

not a 
required 
practical 

and is not in 
the 

workbook

7.4 Plant B


Has the lowest number of 
stomata per cm2.


To reduce water loss in dry 
conditions of desert.

1


1


1

Plants which are found in the desert often 
have a relatively low number of stomata.

Organisation 
page 73

7.5 Concentration increases inside 
guard cells.


Water enters by osmosis.


Guard cells swell and change 
shape.

1


1


1

This is a high demand question requiring 
you to realise that the stomata open due 
to osmosis. The clue was in the idea of 
ions moving into the guard cell.

Organisation 
page 73

7.6 Less carbon dioxide diffuses 
into leaf.


Rate of photosynthesis falls.


Less glucose is produced.


Growth is reduced.

1


1


1


1

Again another high demand question. 
This requires you to realise that closing 
stomata will reduce the rate of 
photosynthesis as well as the rate of 
water loss.

Organisation 
page 73
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Suggested Level Boundaries

Please note that the level boundaries shown below are very approximate. 

In the real GCSE Science exams, the level boundaries are determined 
when all of the candidates' papers have been marked. This allows the 
exam boards to adjust the grade boundaries up (if the exam appeared 
slightly easier than usual) or down (if the exam appeared slightly harder 
than usual).

Mark / 100 Level

75 9

66 8

56 7

46 6

36 5

26 4

16 3

This is because the paper above is a specimen paper. Real exam papers 
go through a long process of review where questions are analysed and 
modified before being issued.

I do not offer any guarantee that the level you achieve in this specimen 
paper is the level that you will achieve in the real exam.
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