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• a ruler with millimetre measurements 
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. 1 
 

The digestion and absorption of lipids involves: 
 
• emulsification by bile salts 
• micelles. 
 
Explain each of the following. 

[4 marks] 
  The importance of emulsification in the digestion of lipids 

 

   

   

   

   

   

  The role of micelles in the absorption of lipids 
 

   

   

   

   

   

 
 

0 1 
 

. 2 
 

Describe and explain the arrangement of phospholipid molecules in the cell-surface 
membrane. 

[2 marks] 
   

   

   

   

   

   

  

 
6 

 

Bile salts break large

lipid droplets into many smaller droplets, which increases the surface

area of lipid exposed to lipase.

So lipase can hydrolyse the lipids (triglycerides) faster, increasing the

rate of lipid hydrolysis.

Micelles carry fatty acids and

monoglycerides to the cell-surface membrane of the epithelial cells lining

the ileum, keeping their concentration high there.

This makes the fatty acids and monoglycerides more soluble, so they can

diffuse into the epithelial cells.

The phospholipids are arranged in a bilayer.

The hydrophilic phosphate heads point outwards towards the water

(tissue fluid and cytoplasm), while the hydrophobic fatty acid tails point

inwards, away from the water.
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. 1 
 

Describe how mRNA is obtained from pre-mRNA. 
[1 mark] 

   

   

   

 
 

0 2 
 

. 2 
 

Describe how RNA polymerase joins RNA nucleotides. 
[2 marks] 

   

   

   

   

   

   

 
 
 
 

Question 2 continues on the next page 
  

The introns are removed from pre-mRNA by splicing and the exons are

joined together.

RNA polymerase joins adjacent RNA nucleotides by condensation

reactions,

forming phosphodiester bonds between the phosphate of one nucleotide

and the ribose of the next.

stemup.co.uk

https://stemup.co.uk


4 
 

 
*04* 

IB/M/Jun25/7402/1 
 

Do not write 
outside the  

box 
 

0 2 
 

. 3 
 

Figure 1 shows the energy contained in molecules during an enzyme-controlled 
reaction. 

   
  Figure 1 
   
  

 
 

  Which expression represents the activation energy (Ea) of this reaction? 
 
Tick () one box. 

[1 mark] 
 

  

      A – C 
 
 

      D – C 
 
 

D – C 
       B 

 
 

 D 
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In 1914, a group of scientists investigated enzyme action. 
 
After studying their results, the scientists reached the following conclusions: 

   
  An enzyme is a substance which causes a reaction to occur at “ordinary” 

temperatures by being present, but not by its ability to combine with another 
substance.  An enzyme changes the rate of a reaction without itself being changed 
by that reaction. 

 
  Our current understanding of enzyme action is based on the induced-fit model. 

 
Describe similarities and differences between the conclusions from 1914 and our 
current understanding of enzyme action. 

[4 marks] 
  Similarities 

 

   

   

   

   

   

  Differences 
 

   

   

   

   

   

 
 
 
 

Turn over for the next question 
  

 
8 

 

Both say that the enzyme is not changed by the reaction, so

it can be reused.

Both say enzymes allow reactions to happen at ordinary (normal)

temperatures, by lowering the activation energy so the rate of reaction

increases.

In the induced-fit model the enzyme does combine with the

substrate: the substrate binds to the active site, forming an

enzyme-substrate complex.

Also, in the induced-fit model the active site changes shape slightly as

the substrate binds, which the 1914 conclusions do not mention.
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Complete Table 1 by adding a tick () if the feature is present in the biological 
molecules. 

   
Table 1 

   

 Biological molecule 

Feature Glycogen Sucrose DNA 

Contains glucose    

Contains galactose    

Contains fructose    

Contains phosphate    

Formed by condensation reaction(s)    

Is a polymer    
 

  [3 marks] 
 
 

0 3 
 

. 2 
 

Lactase catalyses the hydrolysis of lactose. 
 
A student investigated the effect of galactose on lactase activity. 
 
The student used the following method. 
 
1. Mix together (in tube X) solutions of lactose, galactose and lactase in a 15 : 3 : 1 

volume ratio so that the total volume is 90 cm3 
2. Leave the mixture at 30 °C for 10 minutes. 
3. Measure the glucose concentration in the mixture. 
4. Repeat steps 1 to 3 with two different mixtures. 
 
Calculate the volume of galactose solution used in tube X. 

[1 mark] 
   

   

   

   

   
                 Volume of galactose = 

  
cm3 

  

Total parts = 15 + 3 + 1 = 19

Galactose = (3 ÷ 19) × 90 = 14.21

14.2
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  Table 2 shows the student’s results. 
   
  Table 2 
   
  

Tube Mixture Glucose concentration after 
10 minutes / mg dm–3 

X Lactose, galactose, lactase 100 

Y Lactose, water, lactase 180 

Z Galactose, water, lactase     0 
 

 
0 3 

 

. 3 
 

Galactose is a competitive inhibitor of lactase. 
 
Use this information and your knowledge of enzymes to explain the results obtained in 
Table 2. 

[4 marks] 
  Tube X  

   

   

   

  Tube Y 
 

   

   

   

  Tube Z 
 

   

   

   

 
 
 

Question 3 continues on the next page 
  

Galactose has a similar shape to lactose, so it binds to the active

site of lactase. This means fewer enzyme-substrate complexes form, so

less lactose is hydrolysed and less glucose is produced (100 mg dm-3).

There is no inhibitor, so all the active sites are available to

lactose. More lactose is hydrolysed, so more glucose is produced (180 mg

dm-3).

There is no lactose (substrate) in tube Z, and galactose is not a

substrate of lactase, so it is not hydrolysed and no glucose is produced.
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Give: 
 
• one change the student could make in tube X to confirm that galactose is a 

competitive inhibitor 
• the result you would expect. 

[2 marks] 
  Change  

   

   

  Result 
 

   

   

  

 
10 
 

Increase the concentration of lactose (substrate) in tube X,

keeping the galactose concentration the same.

More glucose would be produced (faster rate of reaction), because

the lactose outcompetes the galactose for the active sites.
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Name three structures that are found in some prokaryotic cells but are not found in 
all prokaryotic cells. 

[2 marks] 
  1   

  2 
  

  3 
  

 
 

0 4 
 

. 2 
 

Table 3 shows the resolution of three types of microscope. 
   
  Table 3 
   
  

Microscope Resolution / μm 

Optical 0.25 

Scanning electron (SEM) 0.02 

Transmission electron (TEM)     0.0002 
 

 
  Table 4 shows information about yeast cells and mitochondria. 
   
  Table 4 
   
  

 Mean diameter / μm 

Yeast cells 3.0 

Mitochondria   0.22 
 

  

Capsule

Plasmids

Flagellum
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  Identify the correct microscope to use in each of the following investigations. 
 
Use your knowledge of microscopes and information in Table 3 and Table 4. 
 
Give two reasons for each choice of microscope. 

[4 marks] 
   
  Investigation 1 – to study the living cells in a yeast culture that contains both living 

cells and dead cells.  The living cells remain colourless and the dead cells are stained 
blue when a dye is added.   

   

  Type of microscope 
 

  Reason 1 
 

   

   

  Reason 2 
 

   

   

   
  Investigation 2 – to observe the three-dimensional structure of mitochondria. 
   

  Type of microscope 
 

  Reason 1 
 

   

   

  Reason 2 
 

   

   

 
 
 
 
 

Turn over for the next question 
  

 
6 

 

Optical (light) microscope

It can be used to view living cells, whereas electron

microscopes need dead specimens in a vacuum.

It shows colour, so the blue stained dead cells can be told

apart, and its resolution (0.25 µm) is enough to see yeast cells (3.0

µm).

Scanning electron microscope (SEM)

Its resolution (0.02 µm) is high enough to see mitochondria,

which are only 0.22 µm across (smaller than optical resolution).

It produces three-dimensional images of the surface structure,

which a TEM cannot do.
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Pears are a type of fruit. 
 
When pears ripen, the: 
 
• fructose concentration increases in cell vacuoles 
• volume of cell vacuoles increases. 
 
Figure 2 shows information about a pear cell’s vacuole membrane. 
 
• Carrier protein X is linked to an ATP hydrolase enzyme. 
• Carrier protein Y co-transports H+ ions and fructose molecules in opposite 

directions. 
   
  Figure 2 
   
  

 
 

  Explain why the volume of the vacuoles in pear cells increases when pears ripen. 
 
Your answer should refer to the role of: 
 
• ATP hydrolase 
• carrier protein X and carrier protein Y. 

[4 marks] 
   

   

   

   

   

   

   

   

  

ATP hydrolase hydrolyses ATP into ADP and Pi, which releases energy.

Carrier protein X uses this energy to actively transport H+ ions into the

vacuole, so the H+ concentration in the vacuole becomes high.

H+ ions then diffuse out of the vacuole through carrier protein Y, and

this co-transports fructose into the vacuole.

The fructose concentration in the vacuole increases, which lowers (makes

more negative) the water potential of the vacuole, so water moves into

the vacuole by osmosis and its volume increases.
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. 2 
 

A respiratory inhibitor caused a change in pH of the solution within the vacuole. 
 
Use information in Figure 2 to explain how. 

[3 marks] 
   

   

   

   

   

   

   

   

   

 
 

0 5 
 

. 3 
 

Explain how a change in the expression of the genes coding for the carrier proteins 
can increase the rate of ripening of pears. 

[2 marks] 
   

   

   

   

   

   

  

 
9 

 

The respiratory inhibitor means less ATP is produced (by respiration).

So less ATP is hydrolysed by ATP hydrolase and less energy is released

for carrier protein X.

So fewer H+ ions are actively transported into the vacuole, while H+ ions

are still co-transported out through Y, so the H+ concentration in the

vacuole falls and the pH increases (becomes less acidic).

Increased expression (transcription and translation) of these genes

produces more carrier proteins X and Y in the vacuole membrane.

So there is faster active transport of H+ into the vacuole and faster

co-transport of fructose into the vacuole, so the vacuole gains water and

enlarges faster.
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Crab blood contains the respiratory pigment haemocyanin. 
 
Figure 3 shows the dissociation curve for oxyhaemocyanin in a species of crab at two 
temperatures. 

   
  Figure 3 
   
  

 
 

  Crabs use gills for gas exchange. 
 
Use Figure 3 to explain how the increase in temperature affects the ability of 
haemocyanin to load or unload oxygen at the gills and in tissues. 
 
Refer to high pO2 and low pO2 in your answer. 

[2 marks] 
   

   

   

   

   

   

  

At low pO2 (in the tissues, e.g. 2 kPa), haemocyanin unloads more

oxygen at 15 °C than at 4 °C, because it has a lower affinity for

oxygen at the higher temperature.

At high pO2 (at the gills, above about 10 kPa), the temperature has no

effect on loading, as haemocyanin is almost 100% saturated at both

temperatures.
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Figure 4 shows the colour of haemocyanin with increasing concentrations of oxygen. 
   
  Figure 4 
   
  

 
 

  A calibration curve can be used to determine the percentage oxygen saturation of 
haemocyanin in a sample of crab blood. 
 
You are given samples of crab blood in which the percentage oxygen saturation of 
haemocyanin is known. 
 
Use all the information provided to: 
 
• describe how you could produce a calibration curve for the percentage oxygen 

saturation of haemocyanin in crab blood 
• identify one control variable used in the procedure to obtain data for the calibration 

curve. 
[3 marks] 

  Description 
 

   

   

   

   

   

  One control variable 
 

   

   

 
 
 
 

Question 6 continues on the next page 
  

Use a colorimeter (with a red filter) to measure the

absorbance of each blood sample of known percentage oxygen saturation,

zeroing it with a colourless (deoxygenated) sample.

Plot absorbance on the y-axis against percentage oxygen saturation on

the x-axis and draw a line of best fit.

The volume of each blood sample in the cuvette (or

the same temperature, or the same filter / wavelength of light).
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Ghost crabs live on sandy beaches. 
 
Ghost crabs can run for a long time before they get tired and have to stop. 
 
A scientist calculated the mean time ghost crabs could run for at different speeds 
before they stopped. 
 
Figure 5 summarises the scientist’s results. 

   
 Figure 5 
   
 

 
 

  A ghost crab running at 0.14 m s–1 covered a distance of 504 m in 1 hour. 
 
Use Figure 5 to calculate the extra distance this crab could cover if it continued 
running at 0.14 m s–1 before it stopped running. 
 
Show your working. 

[2 marks] 
   

   

   

   

   

   
                              Extra distance 

 
m 

From Figure 5, at 0.14 m s-1 the crab can run for 1.8 h

Total distance = 0.14 × 1.8 × 3600 = 907.2 m

Extra distance = 907.2 − 504 = 403.2 m

403.2
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Figure 6 shows the data points from individual crabs that were used to plot the curve 
in Figure 5. 

   
 Figure 6 
   
 Figure 6 not reproduced here due to third-party copyright restrictions. 

The figure is adapted from Figure 1 in 
https://journals.co.za/doi/pdf/10.10520/AJA00445096_586 

 
 

  The scientist selected the crabs at random from one sandy beach.  Before the 
investigation, the crabs were equally rested and fed identical diets. 
 
Use information in Figure 6 to suggest why the line of best fit in Figure 5 is not a 
good indicator of the time ghost crabs can run for. 

[3 marks] 
   

   

   

   

   

   

   

   

   

 
  

 
10 
 

Only a limited number of speeds (three) were actually investigated, so

the line between them is an estimate.

The number of crabs tested was different at each speed, and the

sample size was small (few crabs).

The range (spread) of times the crabs could run for was very different

at different speeds, so the mean line hides lots of variation between

individual crabs.
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Figure 7 shows how human sperm cells are produced in the testes from diploid A1 
epithelial cells. 

   
  Figure 7 
   
  

 
 

  Use Figure 7 to calculate the minimum number of A1 cells needed to produce  
1.5 × 107 sperm cells. 
 
Give your answer in standard form. 
 
Show your working. 

[2 marks] 
   

   

   

   

   

   

   
                                        Answer 

 
 A1 cells 

  

Six mitotic divisions: 26 = 64 PS cells per A1 cell

Each PS cell gives 4 sperm: 64 × 4 = 256 sperm per A1 cell

1.5 × 107 ÷ 256 = 58 593.75 (= 58 594 cells)

5.86 × 104
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A PS cell goes through interphase before a meiotic division. 
 
A scientist determined that the mass of DNA in one PS cell at the start of interphase 
is 8 arbitrary units. 
 
Draw a bar chart in Figure 8 showing the mass of DNA in one cell in each of these 
phases: 
 
• at the start of interphase 
• at the end of interphase 
• at the end of the first meiotic division 
• at the end of the second meiotic division. 

   
  Figure 8 
   
  

 
  [3 marks] 

 
 
 
 

Question 7 continues on the next page 
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A PS cell contains 46 chromosomes. 
 
Figure 9 shows the appearance of six of those chromosomes just as a PS cell enters 
meiosis. 

   
  Figure 9 
   
  

 
 

  Using the information in Figure 9, draw chromosomes in Figure 10 as they would 
appear in one cell at the end of the first meiotic division. 

   
  Figure 10 
   
  

 
  [1 mark] 
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A mutation can produce a gamete with one extra chromosome. 
 
Name the type of mutation that produces a gamete with one extra chromosome. 
 
Explain how meiosis can produce a gamete with one extra chromosome. 

[3 marks] 
  Type of mutation  

  Explanation 
 

   

   

   

   

   

 
 
 
 

Turn over for the next question 
  

 
9 

 

Non-disjunction

During meiosis I, a pair of homologous chromosomes fails to

separate (or in meiosis II, the sister chromatids fail to separate).

So both chromosomes (chromatids) are pulled to the same pole of the

cell, e.g. as they are not attached properly to the spindle fibres, so one

gamete gets an extra chromosome.
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Strains of bacteria with antibiotic resistance are common in hospitals. 
 
Use your knowledge of selection to explain why. 

[3 marks] 
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. 2 
 

Antibiotic resistance alleles are located in plasmids. 
 
There are 11 different types of plasmid inside cells of the bacterium  
Bacillus thuringiensis. 
 
A scientist determined the: 
 
• length of each type of plasmid in kilobase pairs (kbp) 
• mean plasmid copy number (mean number of each type of plasmid per cell). 

  

Antibiotics are used very often in hospitals, and bacteria spread easily

between patients.

A random mutation gives some bacteria an allele for antibiotic

resistance. When antibiotics are used, these bacteria survive while

non-resistant bacteria are killed.

The resistant bacteria reproduce by binary fission and pass on the

resistance allele, so the frequency of the resistance allele in the

population increases over generations.
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 Table 5 shows the scientist’s results for 5 of these plasmids. 
  
 Table 5 
   
 

Plasmid 
identity 

Plasmid 
length / kbp 

Mean 
plasmid 

copy 
number 

Rank of 
plasmid 
length 

Rank of 
mean 

plasmid 
copy 

number 

Squared 
difference 
between 

ranks (d2) 

A     8 172 2 5   9 

B   95     6 4 2   4 

C   12   35 3 3   0 

D     2 139 1 4   9 

E 294     3 5 1 16 
 

 
  The Spearman rank correlation coefficient (rs) between plasmid length and mean 

plasmid copy number is determined using this equation. 
 

rs = 1 − 
6∑ d2

n (n2 − 1)
 

 
where 
             Σd2 = the sum of all d2 figures 
             n = 5 (the highest rank number) 
 
Use information in Table 5 and the formula to calculate the rs value for this set of data. 
 
Show your working. 

[2 marks] 
   

   

   

   

   

   

   
                                               rs = 

 

  

∑d2 = 9 + 4 + 0 + 9 + 16 = 38

rs = 1 − (6 × 38) ÷ (5 × (52 − 1)) = 1 − 228 ÷ 120

rs = 1 − 1.9 = −0.9

−0.9
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The scientist determined that the rs value between plasmid length and mean plasmid 
copy number for all 11 types of plasmid is –0.94 
 
What can you conclude from this rs value? 

[1 mark] 
   

   

   

 
 

0 8 
 

. 4 
 

The length of the single circular (non-plasmid) DNA molecule in a B. thuringiensis cell 
is 5400 kbp 
 
The total length of all plasmid DNA molecules in a B. thuringiensis cell is 65% greater 
than the length of the single circular DNA molecule. 
 
Calculate the total number of kbp in all the plasmid molecules in a B. thuringiensis 
cell. 
 
Show your working. 

[2 marks] 

   

   

   

   

   

   

   
                                        Answer 

 
 kbp 

  

There is a strong, significant negative correlation: the longer the plasmid,

the lower its mean copy number.

65% greater, so multiply by 1.65

5400 × 1.65 = 8910 kbp

(5400 + 3510 = 8910)

8910
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A growing population of B. thuringiensis cells includes a: 
 
• germination phase 
• growth phase 
• dormant phase. 
 
A scientist incubated a culture of B. thuringiensis cells at 20 °C 
 
At intervals, the scientist: 
 
• measured the cloudiness of the culture 
• determined the mean plasmid B copy number per cell. 
 
Cloudiness is a measure of the number of cells in a culture. 
 
Figure 11 shows the scientist’s results. 

   
 Figure 11 
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  Using information in Figure 11, what can you conclude about binary fission and the 
replication of plasmid B in the different phases of a growing population of  
B. thuringiensis? 

[3 marks] 

   

   

   

   

   

   

   

   

   

 
 
 
 

Turn over for the next question 
  

 
11 
 

Germination (0 to 5 h): cloudiness is constant so no binary fission, and

the copy number falls then stays constant, so no plasmid B replication.

Growth (5 to 10 h): binary fission and plasmid B replication both occur;

after about 8 h the copy number rises, so the rate of plasmid

replication increases.

Dormant (after 10 h): no binary fission (cloudiness constant), but the

copy number rises to 6, so plasmid B replication still occurs.
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Scientists investigated chloroplasts taken from leaf cells of the species  
Nicotiana tabacum. 
 
The scientists took chloroplasts from leaf cells of a healthy plant and from leaf cells of 
a mutant plant. 
 
Chloroplasts are contained in several different types of specialised cells in N. tabacum 
leaves. 
 
What terms are used to describe an organisation of specialised cells in an organism 
when: 
 
• all the cells are of one type 
• the cells are of more than one type? 

[1 mark] 
  Cells of one type  

  Cells of more than one type 
 

 
 

0 9 
 

. 2 
 

Figure 12 shows images of chloroplasts from N. tabacum cells observed with an 
electron microscope. 

   
  Figure 12 
   
  

 
 

  Identify the parts labelled Q and R. 
[1 mark] 

  Q 
  

  R 
  

  

Tissue

Organ

Starch grain

Stroma
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Use the images in Figure 12 to predict how photosynthesis could be affected in the 
mutant plants. 
 
Justify your answer. 

[2 marks] 
   

   

   

   

   

   

 
 
 
 

Question 9 continues on the next page 
  

Photosynthesis would be lower (slower) in the mutant plants.

The mutant chloroplast has fewer and thinner grana (fewer thylakoids),

so there is less chlorophyll, so less light is absorbed and there is less of

the light-dependent reaction.
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Scientists investigated the rate of photosynthesis in healthy plants and in mutant 
plants. 
 
Table 6 shows the scientists’ results. 
 
Chlorophyll a and chlorophyll b are two types of chlorophyll molecules used in 
photosynthesis. 

   
 Table 6 
   
 

 
Chlorophyll 

concentration /     
μg cm–3 

Chlorophyll a : 
chlorophyll b             

ratio 

Rate of 
photosynthesis / 

arbitrary units 

Healthy plant 45 2 : 1 1 

Mutant plant   9 6 : 1 5 
 

 
  The scientists’ results did not support what they predicted from Figure 12 (on page 

28) would be the effect of the mutation on photosynthesis. 
 
Use information in Table 6 to describe and explain the effect of the mutation. 

[3 marks] 
   

   

   

   

   

   

   

   

   

  

 
7 

 

The mutant plant has much less chlorophyll (9 compared with 45 µg

cm-3) but a faster rate of photosynthesis (5 compared with 1 arbitrary

units).

This is because the mutation has increased the chlorophyll a :

chlorophyll b ratio from 2:1 to 6:1, so relatively more chlorophyll a is

present.

So the mutant absorbs more light (or a greater range of wavelengths)

that it uses in the light-dependent reaction, giving more ATP and

reduced NADP, so the rate of photosynthesis is higher.
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Describe the roles of ribosomes, tRNA and ATP in the process of translation. 
[6 marks] 

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

 
 
 
 

Question 10 continues on the next page 
  

The ribosome attaches to the mRNA and moves to the start codon

(AUG). The ribosome holds (covers) two codons at a time.

ATP is hydrolysed to provide energy to attach a specific amino acid to

its tRNA molecule.

Each tRNA brings its specific amino acid to the ribosome. The anticodon

on the tRNA binds by complementary base pairing to the codon on the

mRNA.

A second tRNA binds to the next codon, and a peptide bond forms

between the two amino acids by a condensation reaction. Energy from

the hydrolysis of ATP is used to form the peptide bond.

The first tRNA is released and can collect another amino acid. The

ribosome moves along the mRNA one codon at a time, adding amino

acids to form the polypeptide.

This continues until the ribosome reaches a stop codon, when the

polypeptide is released.
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Describe and explain the adaptations of leaves that maximise gas exchange. 
 
Do not refer to organelles in your answer. 

[4 marks] 
   

   

   

   

   

   

   

   

   

   

   

   

 

Leaves are thin, so there is a short diffusion distance (pathway) for

gases between the air and the cells.

Leaves are flat and broad, so they have a large surface area to volume

ratio, which increases the rate of diffusion.

There are many stomata on the leaf surface, which allow carbon dioxide

to diffuse in and oxygen to diffuse out.

The spongy mesophyll has many air spaces, so gases can diffuse quickly

through the leaf, and the mesophyll cells have a large surface area of

cell membranes in contact with the air for rapid diffusion.
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Describe the pathway taken by blood between a kidney and the coronary arteries. 
 
Include names of the major blood vessels (arteries and veins) and heart valves 
involved. 

[5 marks] 
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Blood leaves the kidney in the renal vein, which takes it to the vena

cava, and then into the right atrium.

It passes through the right atrioventricular (tricuspid) valve into the

right ventricle.

It is then pumped through the semi-lunar (pulmonary) valve into the

pulmonary artery to the lungs, and returns to the heart in the

pulmonary vein.

It enters the left atrium and passes through the left atrioventricular

(bicuspid / mitral) valve into the left ventricle.

Finally it is pumped through the semi-lunar (aortic) valve into the aorta,

and from the aorta into the coronary arteries.
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