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Materials 
For this paper you must have: 
• a pencil 
• a ruler with millimetre measurements 
• a scientific calculator, which you are expected to use where appropriate. 

 

Instructions 
• Use black ink or black ball-point pen. 
• Fill in the boxes at the top of this page. 
• Answer all questions. 
• You must answer the questions in the spaces provided.  Do not write 

outside the box around each page or on blank pages. 
• All working must be shown. 
• Do all rough work in this book.  Cross through any work you do not want 

to be marked. 
 

Information 
• The marks for questions are shown in brackets. 
• The maximum mark for this paper is 75.  
• In question 6, 2 marks will be awarded on the quality of your written  

communication. 
You will be marked on your ability to: 
– use good English 
– organise information clearly 
– use specialist vocabulary where appropriate. 
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  Answer all questions in the spaces provided. 

 
0 1 

 

 Figure 1 is an electron micrograph of part of a myofibril from a relaxed skeletal 
muscle.     
 

Figure 1 
   

 

   Magnification × 40 000 
 
 
 
 

0 1 
 

. 1 
 

Label Figure 1 using the letters A, B and C to show: 
 
A  a region containing only actin filaments 
B  a region containing only myosin filaments 
C  a region containing both actin and myosin filaments. 

[2 marks] 
 
 

0 1 
 

 . 2 
 

Draw an unlabelled diagram of one complete sarcomere from Figure 1. 
 

Do your drawing to scale on the graph paper in Figure 2. 
Draw the sarcomere 100 mm in length. 

[3 marks] 
Figure 2 

   

 
   

 
 
  

AB C
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0 1 

 

. 3 
 

The magnification of the myofibril in Figure 1 is × 40 000 
 
Calculate the magnification of your drawing in Figure 2. 

[2 marks] 
   

   

   

   

  Magnification of drawing in Figure 2  = 
 

 

 
 

  

 
 

 

 

 

 

 

 

Question 1 continues on the next page 

  

length of one sarcomere in Figure 1 = 80 mm

length of drawing in Figure 2 = 100 mm

magnification = 100 × 40 000 ÷ 80

× 50 000
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  The electron micrograph in Figure 1, on page 2, was produced using a transmission 

electron microscope. 
 
The resolution of a microscope is proportional to the wavelength of the radiation used 
for producing the image and is given by the following formula: 
  

   resolution =  
wavelength

2
 

 
The wavelength of visible light is approximately 500 nm 
  

 
0 1 

 

. 4 
 

Would it be possible to see the pattern of light and dark bands shown in Figure 1 
using an optical microscope? 
 
Justify your answer using suitable calculations. 

[3 marks] 

   

   

   

   

   

   

   

   

   

   

   

   

   

   
 
  

 
10 
 

Yes, it would be possible.

Resolution of an optical microscope = 500 ÷ 2 = 250 nm (0.25 μm).

I-band in Figure 1 = 32 mm = 32 000 μm, so actual width = 32 000

÷ 40 000 = 0.8 μm = 800 nm (A-band: 48 mm ÷ 40 000 = 1.2 μm

= 1200 nm).

So it is possible to see the bands, as their separation (800 nm) is

greater than the resolution of 250 nm.
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 Plants produce growth substances called auxins. 
 
Figure 3 shows a 4-day-old oat seedling. 
  

  Figure 3 
   
   

 

   
  The oat seedling produces an auxin called indoleacetic acid (IAA).    

 
The concentration of IAA in different parts of the seedling varies but is never more 
than a few parts per million (ppm). 
 
You are provided with: 
 
• 100 oat seedlings, all 4 days old 
• some IAA solution with a concentration of 100 mg dm−3 (100 ppm) 
• any other laboratory apparatus you may need. 
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. 1 
 

Plan an investigation to find the effect of six different concentrations of IAA, between  
10−3 ppm and 100 ppm, on the growth of the oat coleoptiles. 
 
You should include: 
 
• how you would change the independent variable 
• steps you would take to make sure any other variables are kept constant 
• details of a control you would set up 
• how you would measure the dependent variable. 

[6 marks] 

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

Independent variable: make a serial dilution of the 100 ppm IAA solution

to give six concentrations: 100, 10, 1, 10-1, 10-2 and 10-3 ppm.

For each dilution, use a graduated pipette to add 1 cm3 of the previous

solution to 9 cm3 of distilled water and mix thoroughly (a tenfold

dilution each time).

Cut sections of coleoptile all the same length, e.g. 10 mm, from the

same region of each seedling (just below the tip, removing the tip),

using a scalpel and ruler.

Use batches of 10 coleoptile sections for each IAA concentration, in

labelled Petri dishes.

Control variables: add the same volume (e.g. 10 cm3, an excess) of IAA

solution to each batch; keep all dishes at the same temperature, e.g. 25

°C, in an incubator, in the dark (constant light), in sterile conditions,

and leave for the same length of time, e.g. 2 days.

Control: a batch of 10 sections in distilled water only (no IAA), treated

in exactly the same way.

Dependent variable: measure the length of each section with a ruler

(mm) at the start and at the end (or the mass with a balance after

blotting dry), and calculate the percentage change in length for each

section and the mean for each concentration.
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  You could use a graph and a statistical test to analyse your results. 

 
 

 

0 2 
 

. 2 Describe how you would present your results in a graph.  Give a reason for your 
choice.  

[4 marks] 

   

   

   

   

   

   

   

   

   

   

   

   

   
 
 

0 2 
 

. 3 
 

What type of statistical test would you use to compare the highest and lowest growth 
rate?  Give a reason for your choice.   

 [2 marks] 
  Statistical test 

 

   

  Reason  
 

   

   

   

   
 
  
  

 
12 
 

Plot a line graph of mean percentage change in length (growth) of the

coleoptiles on the y-axis against IAA concentration on the x-axis (using

a log scale), with the change in the water control subtracted.

Plot the mean values for each concentration, with error bars to

represent the standard deviation (or standard error) about each mean.

A line graph is used because both variables, IAA concentration and

growth, are continuous variables.

Because I am looking for a significant difference between two

mean values (highest and lowest growth), to find the probability that

the difference is due to chance, i.e. whether P < 0.05.

Student's t-test
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 The freshwater shrimp, Gammarus pulex, lives under stones on the bottom of streams 
and rivers. 
 
Some students investigate the effect of water flow rate on the distribution of 
freshwater shrimps in a stream. 
 
The students: 
  
• place a 50 cm × 50 cm square metal quadrat frame on the stream bed 
• place a net along the downstream edge of the quadrat 
• disturb the stones in the quadrat with their hands for 30 seconds 
• count the number of shrimps that have been washed into the net 
• measure the water flow rate by floating an orange in the stream and recording how 

long it took to move 2 metres. 
 
They repeat this procedure at 11 more sites along the stream. 
 

 
0 3 

 

. 1 
 

The students place the quadrat at random locations in the stream. 
 
Why is it important to place the quadrat at random? 

[1 mark] 
   

 
   

   

 
 

0 3 
 

. 2 
 

The students measure water flow rate by timing how long it takes an orange to float  
two metres down the stream. 
 
Give one disadvantage of this method for studying the effect of flow rate on the 
distribution of freshwater shrimps in the stream. 

 [1 mark] 
   

 
   

   

 
 

 

Question 3 continues on the next page  

To avoid bias, so that the results are more valid and representative of

the stream.

It measures the flow rate at the surface, whereas the shrimps live at

the bottom under stones (and over 2 m rather than the 0.5 m

quadrat).
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  Figure 4 shows the students’ results. 

 
Figure 4 

 
 

 
 

 
 

  The students use the data to calculate a Spearman rank coefficient, r = –0.87 
   
0 3 

 

. 3 
 

The students conclude that freshwater shrimps prefer slow-flowing water. 
Evaluate this conclusion. 

 [3 marks] 
   

   

   

   

   

   

   

   

Supports: as flow rate increases, the number of shrimps decreases, so

there is a negative correlation; r = −0.87 is close to −1, so it is a very

good (strong) correlation.

However, correlation does not necessarily indicate a causal relationship;

other environmental factors could be involved, e.g. food availability,

predators or O2 concentration.

Also there is wide variation at low flow rates and only 12 results (small

sample).
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. 4 
 

Freshwater shrimps live under the stones on the stream bed. 
 
Suggest two advantages for the shrimps of living under the stones rather than above 
them. 

[2 marks] 

  1 
 

   

   

  2 
 

   

   

   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Turn over for the next question 
  

 
7 

 

Not washed away by the stream, as they are sheltered from the water

flow.

Less easily detected by predators, e.g. fish (and food is found beneath

stones).
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 Beta-thalassaemia is an inherited condition in which the body makes an abnormal 
form of haemoglobin.  The abnormal haemoglobin affects the osmotic properties of 
the red blood cells. 
 
A scientist tests the effect of different concentrations of sodium chloride solution on 
the red blood cells in samples of blood taken from two people: 
 
• a healthy person 
• a person with beta-thalassaemia. 
 
The scientist: 
  
• dilutes 0.1 cm3 blood to a volume of 100 cm3 with 0.60% sodium chloride solution 
• places a drop of the diluted blood on the counting grid of a haemocytometer slide, 

as shown in Figure 5 
• places a special, thick coverslip over the diluted blood to give a depth of 0.1 mm of 

diluted blood 
• places the haemocytometer slide on the stage of a microscope 
• counts the number of red blood cells in a 0.2 mm × 0.2 mm square on the slide. 

 
Figure 5 
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  The scientist counts the red cells in blood diluted by a factor of 1/1000 with  

0.60% sodium chloride solution.  He does this in order to calculate the number of red 
blood cells per mm3 of the person’s blood. 
  

 
0 4 

 

. 1 
 

Give the reason why the scientist dilutes the blood before counting the red blood cells. 
 
Use information from Figure 5. 

 [1 mark] 
   

 
   

   

 
 

0 4 
 

. 2 
 

The water potential of 0.60% sodium chloride solution is slightly lower than the water 
potential of the cytoplasm of the red blood cells. 
 
Explain why the scientist uses 0.60% sodium chloride solution, and not water, to dilute 
the blood. 

 [2 marks] 
   

 
   

   

   

   

   

 
 

0 4 
 

. 3 
 

Use the following procedure to count the number of red blood cells in the  
0.2 mm × 0.2 mm square in Figure 5: 
 
• count all cells that are completely within the 0.2 mm × 0.2 mm square 
• count cells that are touching the left side and the lower side of the square 
• do not count cells that are touching the right side or the upper side of the square. 

[1 mark] 
   
  

Number of red blood cells in the 0.2 mm × 0.2 mm square =  
 

 

 
 
 

Question 4 continues on the next page  

Otherwise there would be too many cells to count (about 20 000 cells

in the square if undiluted).

In 0.60% sodium chloride only a small amount of water leaves the cells

by osmosis, so the cells remain intact and can be counted.

In water, much water would enter the cells by osmosis (down the water

potential gradient) and the cells would burst.

20
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0 4 

 

. 4 
 

Estimate the number of red blood cells in 1.0 mm3 of undiluted blood. 
 
Use your answer from question 04.3 
Give your answer in standard form. 

 [3 marks] 

   

   

   

   

   

  
Number of red blood cells in 1.0 mm3 of undiluted blood =  

 
 

 

 
 

0 4 
 

. 5 
 

The scientist uses a special, thick coverslip over the sample of diluted blood.   A 
normal, thinner coverslip would have been pulled down slightly by the surface tension 
of the liquid beneath it. 
 
Explain what effect the use of a normal, thinner coverslip would have had on your 
answer to question 04.4 

[2 marks] 
   

 
   

   

   

   

   

   
 

0 4 
 

. 6 
 

What else could the scientist do to increase the accuracy of the estimate of the 
number of red blood cells? 

 [1 mark] 
   

 
   

   

   
 
  

It would give too low an estimate of the number of red blood cells.

Because the depth, and so the volume of diluted blood above the square,

would be reduced slightly, so fewer cells counted; this error is amplified

(× 250 000) in the calculation.

Repeat the count several times (other squares and samples) and

calculate a mean.

volume of square = 0.2 × 0.2 × 0.1 = 0.004 mm3

allow for dilution: 20 × 1000 = 20 000 cells in 0.004 mm3

allow for volume: 20 000 ÷ 0.004 = 5 000 000

= 5 × 106 cells per mm3

5 × 106
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The scientist then investigates the effect of other concentrations of sodium chloride 
solution on the red blood cells.  The scientist uses the same method as described 
previously in Figure 5 on page 12.   
 
The red cells burst at certain concentrations of sodium chloride. 
When red cells burst they release haemoglobin into the surrounding solution.    
This process is called haemolysis.  The scientist calculates the percentage of cells 
haemolysed at each concentration of sodium chloride. 

 
 

0 4 
 

. 7 
 

Burst red blood cells are no longer visible in the microscope. 
 
Suggest how the scientist could determine the percentages of cells that are 
haemolysed. 

[2 marks] 
   

 
   

   

   

   

   

   
 
 
 

 
 
 
 
 
 

Question 4 continues on the next page 
  

Count the intact (visible) cells in the 0.2 mm × 0.2 mm square at

each new concentration of sodium chloride (n), in the same way as in

0.60% (N).

Then calculate the percentage haemolysed = (N − n) ÷ N × 100, i.e.

100 − (100n ÷ N).
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  Figure 6 shows the scientist’s results using blood from the healthy person and from 

the person with beta-thalassaemia. 
 

Figure 6 
   

 

   
  After counting cells in samples of blood in the different concentrations of sodium 

chloride, the scientist centrifuges each sample. 
 
Figure 7 shows the results, after centrifugation, for the healthy person. 
 

Figure 7 
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0 4 

 

. 8 
 

Explain how the results for the person with beta-thalassaemia would be different from 
those in Figure 7.    
 
Use information from Figure 6. 

[2 marks] 
   

 
   

   

   

   

   

   
 
 
 

 
 
 
 
 
 
 
 
 
 
 

Turn over for the next question 
  

 
14 
 

Deep red solution only in 0.10% and 0.20%, because most cells

haemolyse only at these low concentrations (curve shifted to lower

concentrations).

A red pellet would be seen at 0.20% and above, and a colourless

solution at 0.40% and above, because most cells are intact at these

concentrations.
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 Electrophoresis is a technique that can be used for separating molecules of  
different substances. 
 
A scientist separates amino acids and peptides in a solution as follows. 
 
The scientist: 
 
• places a drop of the solution in the middle of a large sheet of filter paper 
• makes the filter paper moist with a buffer solution at pH 7.0 
• places the paper into a tank with the ends of the paper dipping into more buffer 

solution at pH 7.0 
• connects an electrode to each end of the paper 
• applies a potential difference of 3 kV (kilovolts) across the paper for 30 minutes. 
  

  Figure 8 shows the apparatus. 
   

Figure 8 
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  Table 1 gives information about three substances the scientist separated. 

Table 1 
 

Substance Structure Molecular 
mass, M 

Electric 
charge, e 

Aspartate 
 

132 –1 

Peptide A 

                            

349  

Peptide B 

 

464  

 

   
 

0 5 
 

. 1 
 

Complete Table 1 to show the electric charge on peptide A and on peptide B.  
             [2 marks] 

   
 

 
 
 
 
 
 
 
 
 

Question 5 continues on the next page 
  

+1

−2
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  The scientist: 

 

• measures the distance moved along the paper by each substance 
• repeats the process for many more peptides of different mass and charge 
• calculates the ‘mobility’, , of each peptide as the distance moved by the peptide 

relative to the distance moved by aspartate (Asp). 
   
  Figure 9 shows the scientist’s results plotted on logarithmic graph paper. 
   
  Figure 9 
 

A

B
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0 5 

 

. 2 
 

Why does the scientist plot the mobility of each peptide relative to the distance moved 
by Asp instead of plotting the actual distance moved by each peptide? 

[2 marks] 
   

 
   

   

   

   

   

   
 

0 5 
 

. 3 
 

The mobility of Asp is shown on the graph in Figure 9. 
 
Plot the mobility of peptide A and the mobility of peptide B on Figure 9. 
 
Use data from Table 1 on page 19. 

 [2 marks] 
   

 
0 5 

 

. 4 
 

The scientist found that the mobility, , of each peptide was related to its charge, e, 
and its molecular mass, M, as shown by the following formula: 
 
         ∝  e M−2/3 
 
    or   log10   ∝  log10 e – 

2

3
 log10 M   

  
  The data in Figure 9 form three lines with the same slope. 

 
What is the slope of each line in Figure 9? 

[1 mark] 
  Tick ( ) one box. 
   

  

−
2
3
 

 

 

−
1
3
 

 

 

+
1
2
 

 

 

+
2
3
 

 

 

 

 
 

So that the results can be compared: the distance moved by Asp is

used as a standard.

The actual distance moved is influenced by other factors, e.g. the time,

voltage and temperature, which may differ between runs.
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0 5 

 

. 5 
 

Paper chromatography is another method for separating amino acids and peptides. 
 
Describe how you could use paper chromatography to separate aspartate, peptide A 
and peptide B from a solution containing all three substances. 

 [4 marks] 

   

   

   

   

   

   

   

   

   

   

   

   

   
 

0 5 
 

. 6 
 

The Rf value is used as a measure of the mobility of a substance in paper 
chromatography. 
 
Give the equation for Rf. 

[1 mark] 
   

 
   

   
 
 

 

  

 
12 
 

Draw an origin line in pencil near one end of the chromatography paper.

Spot the solution onto the origin with a capillary tube, keeping the spot

as small as possible and allowing it to dry (solvent evaporates) between

applications.

Place the edge of the paper in the solvent with the meniscus below the

origin, in a container with a lid to prevent evaporation.

Allow the solvent to run up the paper, then remove the paper and mark

the solvent front in pencil; stain with ninhydrin to show the spots (or

turn through 90° and run in a second solvent).

Rf =
distance moved by substance
distance moved by solvent front
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 Transport of substances is important to plants and animals. 
 
 

0 6 
 

. 1 
 

Describe the different methods of transporting organic substances in and out of cells.  
Give examples in your answer. 

[7 marks] 

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

 

Question 6 continues on the next page 

Diffusion is the net movement of molecules from a region of high

concentration to a region of low concentration (down a concentration

gradient); it is passive. E.g. glucose and amino acids diffuse into the

epithelium of the small intestine after a meal, and into body cells from

the blood.

Facilitated diffusion is also down a concentration gradient and passive,

but through specific channel or carrier proteins, e.g. glucose into liver

and muscle cells through GLUT4 proteins. Glucose enters the intestinal

epithelium by co-transport with Na+ ions.

Active transport uses specific carrier proteins to move substances against

a concentration gradient, using energy from ATP, e.g. amino acids into

the epithelium of the small intestine, and sucrose into companion cells.

Endocytosis: the membrane engulfs material to form a vesicle, e.g.

phagocytosis of microbes by white blood cells, or pinocytosis of liquid.

Exocytosis: vesicles fuse with the cell surface membrane, e.g. secretion

of acetylcholine at the presynaptic membrane of a synapse, secretion of

digestive enzymes by the pancreas and release of chylomicrons in fat

absorption from the small intestine.
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0 6 

 

. 2 
 

Explain the importance of mass transport systems to large organisms.  
[5 marks] 

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   
 
 

 

 

 

  

Large organisms need substances to be transported over long distances,

between exchange surfaces and all the body cells.

Diffusion is only efficient over distances of less than 1 to 2 mm, so it

would be far too slow.

A larger organism has a smaller surface area to volume ratio, so its

body surface is too small for exchange.

A mass transport system, e.g. blood flow, maintains the concentration

gradients for adequate diffusion at exchange surfaces, such as the alveoli

and the villi, by constantly bringing and removing substances. It also

helps maintain body temperature.

Large animals are active (movement), so they have a high demand for

energy; O2 and glucose must be supplied and CO2 removed at a high

rate.
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0 6 

 

. 3 
 

What are the similarities and differences between the mass transport systems of 
plants and animals? 
             [6 marks] 

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

    
 

   
 
 

 
END  OF  QUESTIONS 

  

 
20 
 

 

Similarities: both carry substances in solution, e.g. water, mineral ions,

simple sugars and amino acids; both move fluid by mass flow; both use

a vascular system of tubes (blood vessels in animals, xylem and phloem

in plants).

Animals: blood in blood vessels transports organic and inorganic

substances. It is pumped by a contractile pump, the heart, whose output

varies with demand. O2 is combined with a pigment, haemoglobin, and

other substances are dissolved in the plasma. Insects use a tracheal

system for gas transport.

Plants: there is no pump. In the xylem the main force is transpiration

pull, which is passive; it carries water and mineral ions and is controlled

by opening and closing the stomata (and leaf wilting).

In the phloem the main force is active transport (loading of sucrose)

creating pressure flow due to osmosis; it carries small organic molecules,

e.g. sucrose and amino acids, in both directions.
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