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Figure 1 shows part of a bacterium. 
 

Figure 1 
 

 
 

  Structures A and B contain different molecules. 
 
Name the main molecule found in:    

[2 marks] 
  

Structure A 
  

  
Structure B 

 

 
 

0 1 
 

. 2 
 

State one function of the capsule and one function of the pilus. 
 [2 marks] 

  
Capsule 

 

   

  
Pilus 

 

   

 
 
 
 
 
 

Phospholipid (lipid)

Peptidoglycan (murein)

Protects the bacterium from drying out and from phagocytosis;

also attaches it to surfaces or other cells.

Attachment to surfaces or other cells, and exchange of plasmids

(conjugation).
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Calculate the actual length of X–Y in Figure 1. 
 
Give your answer in nm, to the nearest whole number.  

 [2 marks] 
  

 
 

 
  

 
 

 
  

 
 

 
  

Actual length of X–Y = 
 

nm 
 
 
  A scientist estimates the number of bacterial cells in 10 cm3 of a suspension of 

bacteria. 
 The scientist: 
 
1. transfers 0.1 cm3 of the suspension into a beaker 
2. adds 99.9 cm3 of a dilute salt solution to the beaker 
3. transfers 0.1 cm3 of the diluted suspension to a microscope slide 
4. adds a stain to the diluted suspension on the microscope slide 
5. counts the number of bacterial cells on the microscope slide. 

 
 

0 1 
 

. 4 
 

The scientist counts 36 cells on the slide.   
 
Calculate the number of bacterial cells in 10 cm3 of the original suspension. 
 
Give your answer in standard form. 

[2 marks] 
  

 
  

 
  

 
  

Answer =  
 
 

0 1 
 

. 5 
 

Suggest one reason why the calculated number of cells in the suspension may not  
be accurate.  

[1 mark] 
   

   

   

 
Question 1 continues on the next page 

The slide may not be a representative sample, as the cells are not

mixed evenly (cells may overlap), so a difference of a few cells is

multiplied by the dilution.

Measured length of X–Y = 25 mm = 25 000 µm = 25 000 000 nm

Actual length = image size ÷ magnification

= 25 000 000 ÷ 670 000 = 37.3 nm

37

Dilution: 0.1 cm3 in 100 cm3 = 1 in 1000
36 cells in 0.1 cm3 = 360 cells per cm3 of diluted suspension
360 × 1000 = 360 000 cells per cm3 of original suspension
In 10 cm3: 360 000 × 10 = 3 600 000

3.6 × 106 cells
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Eukaryotic cells and prokaryotic cells have differences in their cell walls. 
 
Give three other differences between eukaryotic cells and prokaryotic cells. 

 [2 marks] 
  

1 
 

   

   

  
2 

 

   

   

  
3 

 

   

   

 

 
11 

 

Eukaryotic cells have a nucleus (and nucleolus); prokaryotic cells have

no nucleus, the DNA is free in the cytoplasm.

Eukaryotic cells have larger (80S) ribosomes; prokaryotic cells have

smaller (70S) ribosomes.

Eukaryotic cells have linear DNA (chromosomes) with histones;

prokaryotic cells have circular DNA with no histones (and plasmids).
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 Seed producers are developing varieties of seeds that can grow in salt water. 
 
Figure 2 shows the mean yield of three different plant species grown in different 
concentrations of salt. 
 

Figure 2 
 

 
 
 

0 2 
 

. 1 
 

The tolerance point of a plant is the highest concentration of salt that does not cause 
a decrease in mean yield. 
 
Give two conclusions you can make from the information in Figure 2. 

 [2 marks] 
  

1 
 

   

   

  
2 

 

   

   

 
 

Question 2 continues on the next page

Salt concentration does not decrease yield by the same amount in

each species: potato has the largest decrease in yield.

Different species have different tolerance points: onions have the

highest tolerance point, and species with lower tolerance points decrease

in yield faster.
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. 2 
 

Each plant species has several varieties. 
 
For each species, the seed producers use plants of only one variety in the 
investigation. 
 
Suggest why. 

[1 mark] 
  

  
  

 
  

 
 
 

  Some students investigate the effect of the concentration of salt on the growth of 
strawberries. 
 
Figure 3 shows a strawberry plant. 
 

 
Figure 3 

 

 
 

 
  The students: 

 
• plant 50 strawberry seeds into individual containers 
• choose 20 plants 21 days after planting the seeds 
• grow 10 plants in soil with distilled water for 70 days 
• grow the other 10 plants in soil with 0.4% salt solution for 70 days 
• measure the mass of the strawberries from each plant and calculate the mean 

mass 
• dry the strawberries in an oven 
• measure the mass of the strawberries again and calculate the mean dry mass. 

 

So the plants are genetically similar, with similar salt tolerance, so only

the salt concentration affects yield.
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The students grow the strawberry plants at a constant temperature of 20°C 
 
State two other factors that should be controlled. 

 [2 marks] 
  

1 
 

   

  
2 

 

   

 
 

0 2 
 

. 4 
 

Suggest two reasons why 50 strawberry seeds are planted but the students choose 
only 20 plants for the investigation. 

 [2 marks] 
  

1 
 

   

   

  
2 

 

   

   

 
 
 
 
 
 

Question 2 continues on the next page  
 
 
 

Volume of (salt solution or distilled) water given to each plant.

Light intensity (duration of light), and the mineral ion concentration

(pH) of the soil.

Not all the seeds will germinate (some may die or be diseased).

So the plants chosen are the same height (size), with the same

starting point, so that a fair comparison can be made.
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Table 1 shows the results of the students’ investigation.  
 

  Table 1 
 

  Solution added to the 
soil 

Mean mass of 
strawberries per plant / g 

Mean dry mass of 
strawberries per plant / g 

Distilled water 214 19 

0.4% salt solution 120 18 
 

 
 

  Describe the effect of 0.4% salt solution on the strawberries. 
 

Use information from Table 1. 
[2 marks] 

  
 

   

  
 

  
 

  
 

  
 

 
 
 
 
 
 

The 0.4% salt solution decreases the mean mass of strawberries per

plant, from 214 g to 120 g (a decrease of 94 g).

But it has very little effect on the mean dry mass of strawberries,

which is only 1 g different (19 g compared with 18 g).
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Name a statistical test the students could use to analyse the data in Table 1. 
 
Give a reason for your answer. 

 [1 mark] 
  

Statistical test 
 

   

  
Reason 

 

   

 
0 2 

 

. 7 
 

The students place a strawberry into a beaker containing concentrated salt solution 
and wait for 24 hours. 
  
Explain what effect the concentrated salt solution has on the cells inside the 
strawberry. 
 
Use your knowledge of water potential. 

 [3 marks] 
  

  
  

 
  

 
  

 
  

 
  

 
  

 
  

 
  

 
 
 
 

 
13 

 

t-test (or standard error and 95% confidence limits)

It allows a significant difference between two means to be

seen.

The cells shrink because water leaves the cells by osmosis.

The concentrated salt solution has a lower (more negative) water

potential than the cytoplasm (vacuole) of the cells, so the water

potential is higher in the cells.

Water moves down the water potential gradient, from a higher to a

lower water potential, out through the partially permeable cell

membrane.
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A scientist researches the effect of a herbicide on the abundance of different species 
of plant.  The scientist collects data from two fields.  One field is treated with herbicide 
and the other is not treated with herbicide. 

 
 

0 3 
 

. 1 
 

Describe a method to sample the fields randomly. 
[3 marks] 

    

   

   

   

   

   

   

   

   

 
 

0 3 
 

. 2 
 

The scientist collects a large number of random samples from each field.   
 
Explain why the scientist collects: 

 [2 marks] 
  a large number of samples  

   

   

   

  random samples  

   

   

   

 
 
 

Question 3 continues on the next page

Use a tape measure to set out a grid (co-ordinates) dividing each field

into squares.

Use a random number generator to select co-ordinates on the grid.

Place a quadrat at each pair of co-ordinates and use a key to identify

each species of plant, and count the number of plants of each species

in the quadrat.

To minimise the effect of an anomalous result,

so that a reliable mean can be calculated (and statistical tests such as

a t-test can be carried out).

Random samples avoid (sampling) bias, so the samples

are representative of the whole field.
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  The scientist finds the abundance of each species of plant by calculating the mean 
number of plants of each species from each of the samples. 
 
Figure 4 shows the abundance of six species of plant (A–F) in the two fields. 
 

Figure 4 
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Calculate the index of diversity for the untreated field using the equation below: 
 

 
 
N = the total number of plants of all species  
n = the total number of plants of each species 
  
Give your answer to 2 significant figures. 

 [3 marks] 
   

  
Index of diversity =   

 
 

0 3 
 

. 4 
 

The scientist investigates the effect of the herbicide by comparing the treated and 
untreated fields. 
 
The scientist uses the index of diversity rather than using species richness. 
  
Explain why. 

 [2 marks] 
   

   

   

   

   

   

 
 

Question 3 continues on the next page

Species richness is only the total number of different species, so it

could be similar in both fields.

The index of diversity uses the total number of different species and

also the number of individuals in each species, so it shows the change

in abundance of each species caused by the herbicide.

Untreated: N = 12 + 11 + 9 + 11 + 7 + 9 = 59

N(N − 1) = 59 × 58 = 3422

Σn(n − 1) = (12×11) + (11×10) + (9×8) + (11×10) + (7×6) + (9×8)

= 132 + 110 + 72 + 110 + 42 + 72 = 538

d = 3422 ÷ 538 = 6.36

6.4
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Scientists can classify a plant by collecting and analysing its DNA. 
 
Name two other molecules that can be used to classify a species. 

 [2 marks] 
  

1 
 

  
2 

 

 
 

0 3 
 

. 6 
 

A second scientist samples the fields and finds that the untreated field has a higher 
biodiversity of animals. 
  
Suggest why. 

 [2 marks] 
   

   

   

   

   

   

 
 

 
14 

 

mRNA

Protein (amino acid sequence of a polypeptide)

The untreated field has a greater variety of plants, so there is a greater

variety of food for animals.

There is a greater number of habitats (niches), and the herbicide may

be toxic to animals.
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 Figure 5 shows a hydrolysis reaction catalysed by an enzyme. 
 

Figure 5 
 

 
 

  Use Figure 5 to answer Questions 04.1, 04.2 and 04.3.  
 
 

0 4 
 

. 1 
 

Name region J. 
 [1 mark] 

  
 

 
 

0 4 
 

. 2 
 

Name reactant K.  
 [1 mark] 

   

 
 

0 4 
 

. 3 
 

Name the structure shown in stage 2.  
 [1 mark] 

  
 

 
 

0 4 
 

. 4 
 

Explain the importance of the tertiary structure of an enzyme.  
[2 marks] 

  
 

  
 

   

   

   

   

Active site

Water (H2O)

Enzyme-substrate complex (ES complex)

The tertiary structure provides the specific shape of the active site.

So that the substrate fits into (is complementary to and binds to) the

active site, forming an enzyme-substrate complex. If the tertiary

structure changes the substrate can no longer bind.
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Protein kinase CK2 is an enzyme that can act on 100 different substrates. 
This fact supports a model of enzyme action. 
 
Name the model. 
 
Give the reason for your answer. 

 [2 marks] 
  

Model 
 

  
Reason 

 

  
 

  
 

 
 

 
 
 

Turn over for the next question 
 
 
 
 
 

 

 
7 

 

Induced fit model

The active site changes shape to become complementary to

(and bind) each substrate; a fixed active site could not fit the exact

shape of just one substrate.
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 Gametes are formed by meiosis. 
 

 
 

0 5 
 

. 1 
 

Complete Table 2.  
 
Tick () one box that shows the total number of cell divisions and the type of cells 
produced by meiosis. 

[1 mark] 
 

  Table 2 
   
  

Type of cells produced 
Number of cell divisions 

1 2 

Haploid   

Diploid   
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Figure 6 shows the positions of the dominant and recessive alleles of three genes on 
two pairs of homologous chromosomes.  

   
Figure 6 

 

 
 

  Crossing over and independent segregation of homologous chromosomes cause 
genetic variation in the gametes. 
 
Describe how. 
 
Use information from Figure 6 to give examples. 

[4 marks] 
  

Crossing over 
 

  
 

  
 

  
 

  
 

  
 

  
Independent segregation 

 

  
 

  
 

   

   

   

Question 5 continues on the next page 

Chromatids are produced with new (different) combinations

of alleles, as sections of non-sister chromatids of homologous

chromosomes are exchanged at chiasmata.

For example, on chromosome pair 2 chromatids with Ef and eF are

produced.

Homologous chromosomes line up in pairs and

either chromosome of each pair can go to either pole, so different

combinations of maternal and paternal chromosomes (pairs 1 and 2) are

produced.

For example, the alleles EF could be in the same gamete as D or as d

(also ef with D or d).
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Each gamete has only one allele of each gene. 
 
Describe how this occurs. 

[3 marks] 
   

   

   

   

   

   

   

   

   
 
 
 
 

 
 
 
 

 
 

 
8 

 

In meiosis 1, homologous chromosomes (pairs) are separated from one

another, so each cell has one chromosome from each pair.

In meiosis 2, the sister chromatids are then separated from one

another.

Spindle fibres pull the chromosomes (chromatids) to opposite poles of

the cell. Each chromatid carries one allele of each gene, so each gamete

gets only one allele.
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Haemoglobin is a protein with quaternary structure. 
 
Define quaternary structure. 

[1 mark] 
  

 
   

   
 
 
 
 
 
 

Question 6 continues on the next page 
 
 
 
 
 
 

The molecule contains more than one polypeptide chain.
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The function of haemoglobin is to transport oxygen.  When fully saturated, each 
molecule of haemoglobin is attached to four molecules of oxygen. 
 
Figure 7 shows the oxygen-haemoglobin dissociation curve for rat haemoglobin.  
  

  Figure 7 
 

 
 

  The first molecule of oxygen to attach causes a change in the shape of the 
haemoglobin molecule. 
 
This change in shape of the haemoglobin molecule increases its affinity for oxygen 
and the next oxygen molecule attaches more readily. 

 
  Explain how Figure 7 shows this. 

 [2 marks] 
  

 
   

   

   

   

   
 

At low partial pressures of oxygen (between 0 and 2 kPa) there is little

increase in saturation of oxygen, as it is hard for the first oxygen to

bind.

At higher partial pressures of oxygen (between 2 and 12 kPa) there is a

larger (steeper) increase in saturation as the next oxygen molecules

attach more readily.
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State one advantage of the increase in the affinity of haemoglobin for oxygen.  
[1 mark] 

   

   

   

 
 

0 6 
 

. 4 
 

Scientists investigate the effect of tumours on the percentage saturation of 
haemoglobin in rats’ livers. 
 
Figure 8 shows some of the major blood vessels entering and leaving the liver. 
The arrows show the direction of blood flow. 
  

Figure 8 
 

 

 
  Name blood vessels X, Y  and Z in Figure 8.  

 [3 marks] 
  

X  
  

Y 
 

  
Z 

 

 
 

Question 6 continues on the next page 
 
 
 

It results in greater uptake (loading) of oxygen by haemoglobin in the

lungs (gas exchange surface).

Hepatic artery

Hepatic portal vein

Hepatic vein
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Scientists investigate the percentage saturation of haemoglobin with oxygen in the 
blood in Vessel Z.  They compare the percentage saturation in rats that have a  
tumour in the liver with the percentage saturation in healthy rats. 
 
Tumours are made up of cancer cells with faster than normal rates of cell division.  
 
Figure 9 shows their results. 
  

Figure 9 
 

 
 

  The partial pressure of oxygen in the blood in Vessel Z is different between rats with 
tumours and healthy rats. 
 
Calculate the difference. 
 
Use data from Figure 7 (on page 22) and Figure 9.  

 [2 marks] 
 
 
 
 

  
Difference =  kPa 

 

Rats with tumours: 31% saturation = 4.4 kPa
Healthy rats: 55% saturation = 6.4 kPa
6.4 − 4.4 = 2.0 kPa

2.0
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The percentage saturation of haemoglobin with oxygen in the blood entering the liver 
is the same for rats with tumours and healthy rats. 
 
The percentage saturation of haemoglobin with oxygen in Vessel Z is different in rats 
with tumours and healthy rats. 
 
Suggest one reason for this difference.  

[1 mark] 
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. 7 
 

Suggest three factors that the scientists should control in their investigation.  
[3 marks] 

  
1  

  
 

  
2 

 
 

  
 

  
3  

   
 

 
 

 
 
 
 

Turn over for the next question 
 

 
13 

 

The cancer cells (tumour) are more metabolically active, respiring more,

so they use more oxygen and less oxygen is left in the blood in Vessel

Z.

Same species, sex and age (size) of rats.

Same diet and same activity level.

Same environment (e.g. temperature) and no other diseases present.
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 Read the following passage: 
 
 
The modern technique of genetic sequencing has allowed scientists to research 
the bacteria, archaea, fungi and viruses that live in our digestive systems. 
  
A recent study found that 70% of the microbial populations (2000 species) had not 
been identified previously.  As scientists identify more species, the importance of 
these organisms in mental health and disease prevention is becoming clear. 
  
The majority of bacteria within the digestive system belong to four phyla.  These 
are Firmicutes, Bacteroidetes, Actinobacteria and Proteobacteria and they contain 
within them the seven most common genera.  Other species of bacteria, 
including Escherichia coli, Campylobacter coli and Campylobacter jejuni, belong to 
different genera. 
  
The diversity of the organisms living in the human digestive system is affected by 
many environmental factors including diet.  Diets with high proportions of meat and 
animal products promote the growth of bacteria linked to inflammation of the gut. 
Diets that include a high proportion of food from plant sources have been found to 
increase the variety of organisms in the digestive system.  These diets result in a 
greater number of bacteria of the genus Prevotella.  These bacteria are 
responsible for improved digestion of fibre.  Digestion of fibre by these bacteria 
forms short-chain fatty acids that are similar to some drugs prescribed to improve 
mental health.  It is thought that improved mental health could be associated with 
these short-chain fatty acids. 
 
 
Use information from the passage and your own knowledge to answer the 
questions. 

 
 
 
 
 
 
 
 
5 
 
 
 
 
 
10 
 
 
 
 
 
15 
 
 
 
 
20 
 

 
 

0 7 
 

. 1 
 

“A recent study found that 70% of the microbial populations (2000 species) had not 
been identified previously” (lines 3–4).    

 
 

  If 70% of the microbial populations contained 2000 species, how many species might 
be expected to be found in 100% of the populations? 

 [1 mark] 
  

Number of species =  
 
 

0 7 
 

. 2 
 

Two bacteria from the digestive system have their genes sequenced.  Their DNA is 
identical but the bacteria have different characteristics. 
 
Suggest one reason. 

 [1 mark] 
   

   

   

 

Differences in environmental factors (a combination of the effects of

genes and the environment).

2000 ÷ 70 × 100 = 2857
2857
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Escherichia coli, Campylobacter coli and Campylobacter jejuni are all mentioned in 
the article (line 9). 
 
State which two of these bacteria are the most closely related. 
 
Give the reason for your answer. 

 [2 marks] 
  

Mostly closely related  
  

and   
  

Reason  
  

 
  

 
 
 

0 7 
 

. 4 
 

E. coli and C. jejuni both share the same domain and phylum, but are in  
different classes. 
 
Name another taxon that they share. 

[1 mark] 
   

 
 

0 7 
 

. 5 
 

Many of the bacterial species in the digestive system have only recently been 
classified. 
 
Suggest why it might be difficult to give a species name to a bacterium. 

 [1 mark] 
   

   

   

 
 

0 7 
 

. 6 
 

Give a potential health benefit of eating a plant-based diet. 
 
Use the information from the passage. 

 [1 mark] 
   

   

   

 
Question 7 continues on the next page 

Campylobacter coli

Campylobacter jejuni

They share the same genus (Campylobacter), so they are more

closely related than E. coli.

Kingdom (Prokaryotae)

Bacteria reproduce asexually, so we cannot test whether they can

reproduce together to produce fertile offspring.

Less inflammation of the gut, and improved mental health (from

short-chain fatty acids).
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Scientists compare the effect of fibre intake on the diversity of organisms living in the 
human digestive system. 
 
Other factors could affect this diversity. 
 
Scientists would need to consider these other factors when analysing data from 
participants. 
 
Suggest two other factors that could affect diversity.  

[2 marks] 
  

1  
  

 
  

2 
 
 

  
 

 
 
 
 
 

END  OF  QUESTIONS 

 
9 

 

Diet, e.g. the amount of sugar, fat, alcohol or probiotics eaten.

Exposure to antibiotics (or lifestyle, e.g. exercise and sleep).
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