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Materials 
For this paper you must have: 
• 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. 
 

Please write clearly in block capitals. 
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 A scientist used microelectrodes to measure the maximum membrane potential of a 
Pacinian corpuscle and a sensory neurone when different pressures were applied to a 
fingertip.   
 
Figure 1 shows the Pacinian corpuscle, sensory neurone and positions of two 
microelectrodes, P and S. Microelectrode S is at the base of the finger. 

   
Figure 1 

   
 

   
 
  Table 1 shows the scientist’s results. 
   

Table 1 
 

Relative amount of 
pressure applied 

to fingertip 

Membrane potential recorded by 
microelectrode P / millivolts (mV) 

Membrane potential recorded by 
microelectrode S / millivolts (mV) 

None −74 −74 

Light −52 −74 

Medium −46 +37 

Heavy −40 +37 
 

   
 

0 1 
 

. 1 
 

Explain how the resting potential of –74 mV is maintained in the sensory neurone 
when no pressure is applied. 

[2 marks] 
   

 
   

   

   

   
  

Na+ ions are actively transported (pumped) out and K+ ions pumped in

by the sodium-potassium pump.

The membrane is more permeable to K+ and less permeable to Na+ (Na+

channels stay closed).
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0 1 
 

. 2 
 

Explain how applying pressure to the Pacinian corpuscle produces the changes in 
membrane potential recorded by microelectrode P in Table 1. 

 [3 marks] 
   

 
   

   

   

   

   

   

   

   
 
 

0 1 
 

. 3 
 

The membrane potential recorded by microelectrode S in Table 1 is the same 
whether medium or heavy pressure is applied to the fingertip.   
 
Explain why. 

[2 marks] 
   

 
   

   

   

   

   

   
 

 
 
 
 
 
 
 
 

Question 1 continues on the next page 
 
  

The pressure causes the membrane (lamellae) of the Pacinian corpuscle

to become deformed (stretched).

This opens stretch-mediated sodium ion (Na+) channels in the

membrane, so Na+ diffuse in.

Greater pressure means more Na+ channels open, so more Na+ diffuse in.

So the inside of the neurone becomes less negative (more positive)

than the outside: the potential increases from −74 mV to −52, −46

and then −40 mV.

With both medium and heavy pressure the threshold has been reached

at electrode S.

Any stimulus at or above threshold causes the maximum depolarisation

(+37 mV), so the size of the action potential is the same: the

all-or-nothing principle.
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  Figure 2 shows the electrical activity simultaneously recorded from the Pacinian 

corpuscle and sensory neurone when medium and heavy pressure is applied to the 
fingertip.  The time was measured in milliseconds (ms). 

   
Figure 2 

   
 

 

 
0 1 

 

. 4 
 

Complete Figure 2 to show the electrical activity recorded by microelectrode S when 
heavy pressure is applied to the fingertip. 

[2 marks] 
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. 5 
 

Medium pressure is applied to the fingertip.   
 
Using information from Figure 2, calculate the delay between the maximum 
depolarisation recorded by microelectrode P and the first depolarisation recorded by 
microelectrode S.  
 
Give your answer to one significant figure.  

[1 mark] 
   

   

   

   

  Delay = 
 

ms 
 

   
 
 

0 1 
 

. 6 
 

The distance between microelectrodes P and S in Figure 1 was 10.3 cm.   
 
Use this value and your answer to 01.5 to calculate the speed of the electrical impulse 
along the sensory neurone when medium pressure is applied.   
 
Give your answer in metres per second (ms−1) to 1 decimal place. 

[2 marks] 
   

   

   

   

  Speed of impulse = 
 

ms−1 
 

   
 
 
 
 
 
 

 
Question 1 continues on the next page 

  

Maximum depolarisation at P = 2.2 ms

First depolarisation at S = 3.1 ms

Delay = 3.1 − 2.2 = 0.9 ms

0.9

Distance = 10.3 cm = 0.103 m

Time = 0.9 ms = 0.0009 s

Speed = 0.103 ÷ 0.0009 = 114.44 = 114.4 m s-1

114.4
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. 7 
 

Most of the sensory neurone in Figure 1 is covered by a myelin sheath.  
Neuromyelitis optica is a disease in which parts of a myelin sheath surrounding a 
neurone in the optic nerve of the eye become destroyed.  
 
Explain how this can cause slower responses to stimuli. 

[2 marks] 
   

 
   

   

   

   
 
 

0 1 
 

. 8 
 

The rate of ATP consumption in a non-myelinated neurone is greater than that of a 
myelinated neurone when conducting electrical impulses at the same frequency.  
 
Explain why. 

[2 marks] 
   

 
   

   

   

 
  

 
16 

 

The myelin is destroyed, so there is less saltatory conduction: the

impulse cannot jump from node (of Ranvier) to node.

So depolarisation must occur over a greater length (area) of the axon

membrane, which takes longer.

In a non-myelinated neurone there is greater entry of Na+ (and exit of

K+) as the whole membrane depolarises, not just the nodes.

More ions must be returned by active transport (sodium-potassium

pumps), which uses ATP.
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 A student investigates tropisms in the roots of tomato plants.  
 
 

0 2 
 

. 1 
 

What is a tropism? 
[2 marks] 

   
 

   

   

 
 

  The student:  
 
1. places four tomato plant seeds of the same variety in a solution of dilute bleach for 

five minutes 
2. rinses the seeds in sterile distilled water 
3. uses sterile forceps to gently press two seeds onto a sterilised agar plate that 

contains no salt 
4. uses sterile forceps to gently press the other two seeds onto a different, sterilised 

agar plate that contains no salt in the top half of the agar but salt in the bottom 
half 

5. places the agar plates in a 45º position in a well-lit area for 48 hours 
6. observes the tropism of the roots. 
 
Figure 3 shows the two agar plates at steps 3 and 4. 
 

Figure 3 
   

 

 
 

0 2 
 

. 2 
 

Why are sterile conditions important in this investigation? 
[2 marks] 

   
 

   

   

  

A growth response of a plant to a directional stimulus,

growing towards or away from the stimulus.

To prevent the growth of micro-organisms (bacteria, fungi, pathogens),

which could prevent the seeds germinating, or kill (rot) the seedlings

and limit their growth.
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0 2 
 

. 3 
 

Suggest why the seeds are gently pressed onto the agar but are not completely 
covered with the agar. 

[2 marks] 
   

 
   

   

   

 
 
  Figure 4 shows the observed tropisms of the tomato plant roots after being placed in 

in a 45º position (steps 5 and 6 in the method).  
   

Figure 4 
   

 

   
 

0 2 
 

. 4 
 

What do these results suggest about the tropisms of the roots of tomato plants? 
[3 marks] 

   
 

   

   

   

   

   

 
  

So the seeds stick to the agar and stay in a fixed position, and do not

fall off when the plate is placed at 45°.

So the seeds can still obtain oxygen for aerobic respiration and the

roots can grow without being damaged.

The roots grow downwards in the direction of (towards) the pull of

gravity: they are positively gravitropic.

The roots grow away from the salt: they are negatively chemotropic.

Salt has more of an effect than gravity, as on the salt plate the roots

grow sideways, away from the salt, instead of down.
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. 5 
 

Give two reasons why the results may not be valid. 
[2 marks] 

  1 
 

   

  2 
 

   

   
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Turn over for the next question 
 
 
  

 
11 

 

Small sample size (only four seeds), so not representative; the

experiment was only done once.

Only one variety of tomato plant was used; other varieties may

respond in a different way.
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0 3 
 

 Read the following passage.  
 

  The discovery of stem cells in the 1950s prompted suggestions that they could 
be used clinically in medical treatments.  Stem cells are described as being 
potent and immortal.  
 
Human stem cells are found in both embryos and in adult tissues.  Tissue 
grown from stem cells can be transplanted into patients to replace damaged 
tissue.  
 
In vitro fertilisation (IVF), a technique used for helping infertile couples 
reproduce, often results in several embryos being produced that are no longer 
needed for reproduction.  Such ‘spare’ embryos can be used to obtain 
embryonic stem cells. 
 
‘Spare’ embryos, however, are not an ideal source of embryonic stem cells for 
medical treatments on patients. 
 
In 2006, a technique was developed by one scientist to genetically 
reprogramme specialised adult cells to become undifferentiated, induced 
pluripotent stem cells (iPSCs).  This new technique may make the use of 
embryo stem cells unnecessary.  
 
Use information from the passage and your own knowledge to answer the 
questions. 

 
 
 
 
 
5 
 
 
 
 
 
10 
 
 
 
 
 
 
15 
 
 

    
 

0 3 
 

. 1 
 

Explain why stem cells are described as being: 
[2 marks] 

  potent (line 3) 
 

   

   

  immortal (line 3) 
 

   

   

   
 
  

They have the potential (ability) to differentiate into

specialised (different) cell types.

They can divide (by mitosis) indefinitely, constantly

replacing themselves.
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0 3 
 

. 2 
 

Human stem cells are found in both embryos and adult tissues (line 4). 
 
Which of the following stem cell types are only found in embryos? 

[1 mark] 
  Tick ( ) one box. 
   

  

Multipotent and unipotent 
 

 

Pluripotent and multipotent 
 

 

Totipotent and multipotent 
 

 

Totipotent and pluripotent 
 

 

 

 
 

0 3 
 

. 3 
 

Suggest why ‘spare’ embryos are not an ideal source of embryonic stem cells for 
medical treatments on patients (lines 11–12). 

[4 marks] 
   

 
   

   

   

   

   

   

   

   

   

 
  

The embryo cells have non-self antigens (they are not genetically

identical to the patient),

so the transplanted tissue can cause an immune reaction and be

rejected; the patient would need immunosuppressant drugs, making them

more susceptible to infection.

It is unethical, as the embryos are destroyed (killed) in the process and

an embryo may have a right to life.

Availability is limited and unreliable: it relies on couples having IVF and

giving informed consent, and some countries have banned their use.
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0 3 
 

. 4 
 

The creation of iPSCs may make the use of embryonic stem cells unnecessary  
(lines 15–16). 
 
Suggest why we cannot be certain that the creation of iPSCs will make the use of 
embryonic stem cells unnecessary. 

[1 mark] 
   

 
   

   

 
  

 
8 

 

It is unknown how similar iPSCs are to embryonic stem cells: iPSCs

may not be able to form every type of cell, and the technique is still

at the research stage, not tested on a large scale.
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0 4 
 

 Tissue within the heart is able to control the regular contraction of the atria and 
ventricles. 

  
0 4 

 

. 1 
 

Describe how tissue within the heart coordinates the cardiac cycle.  
[5 marks] 

   
 

   

   

   

   

   

   

   

   

   

 
 

0 4 
 

. 2 
 

The rate of respiration increases during exercise. 
 
Explain how this causes the heart rate to increase.  

[5 marks] 
   

 
   

   

   

   

   

   

   

   

   

  

 
10 

 

The SAN (sinoatrial node) generates a wave of electrical activity

(impulses) that spreads across the atria, causing atrial contraction.

Non-conducting (fibrous) tissue between atria and ventricles prevents

the wave reaching the ventricles immediately, so the wave can only pass

to the ventricles via the AVN (atrioventricular node).

The AVN imposes a delay, which ensures the atria empty and the

ventricles fill before the ventricles contract.

The AVN sends the wave down the Bundle of His; it spreads out

through the Purkinje fibres to the ventricular cardiac muscle, so the

ventricles contract from the apex (base) upwards.

More respiration produces more carbon dioxide, so the CO2 concentration

in the blood increases (blood pH falls).

This is detected by chemoreceptors in the aortic and carotid bodies

(and in the medulla).

The chemoreceptors send impulses to the cardiovascular centre in the

medulla (oblongata).

This increases the frequency of impulses sent from the medulla along

the sympathetic nervous system to the SAN,

so the SAN sends out waves of electrical activity more frequently and

the heart rate increases.
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 Figure 5 shows the daily fluctuations in body temperature in one student.  Curve A 
shows the mean core body temperature.  Curve B shows variations from the mean. 

   
Figure 5 

   
 

 
   
 

0 5 
 

. 1 
 

Why is it important to maintain a stable core body temperature? 
[1 mark] 

   
 

   

 
 

0 5 
 

. 2 
 

A student states that Curve A is evidence of positive feedback.  
Use information from Figure 5 to explain why the student is not correct. 

[2 marks] 
   

 
   

   
 

   

 
  

So that enzymes work at (near) their optimum temperature for efficient

metabolism and are not denatured.

The temperature does not continue to rise (or fall) indefinitely, as it

would with positive feedback;

after each rise or fall the temperature returns towards 37 °C, the set

point (norm), which shows negative feedback.
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0 5 
 

. 3 
 

With reference to Curve B in Figure 5, suggest two physiological changes that could 
be occurring at Point X. 

[2 marks] 
  1 

 

   

   

  2 
 

   

   

   
 
 

0 5 
 

. 4 
 

Suggest an explanation for the daily fluctuations in body temperature shown in Curve 
A in Figure 5. 

[2 marks] 
   

 
   

   

   

 
 
 
 
 

Turn over for the next question 
  

 
7 

 

Increase in sweating, so more heat is lost by evaporation of sweat

from the skin.

Vasodilation of arterioles near the skin, so more blood flows near the

surface and more heat is lost by radiation.

Body temperature is a result of metabolic heat (a by-product of aerobic

respiration);

metabolic rate naturally fluctuates over a 24-hour (daily) cycle: it is

highest in the daytime during activity and lowest at night during sleep.
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 Diabetes is a condition caused by a failure of glucose homeostasis.  There are two 
forms of the condition, Type 1 and Type 2.  
 
People with Type 2 diabetes have cells with low sensitivity to insulin.  About 80% of 
people with Type 2 diabetes are overweight or obese.  Some people who are obese 
have gastric bypass surgery (GBS) to help them to lose weight. 
 
Doctors investigated whether GBS affected sensitivity to insulin.  They measured 
patients’ sensitivity to insulin before and after GBS.  About half of the patients had 
Type 2 diabetes.  The other half did not have diabetes but were considered at high 
risk of developing the condition. 
 
Table 2 below shows the doctors’ results.  The higher the number, the greater is the 
sensitivity to insulin.  
 

Table 2 
   

 

Patients 

Mean sensitivity to insulin / 
arbitrary units (± SD) 

Before gastric 
bypass 
surgery 

1 month after 
gastric bypass 
surgery 

Did not have 
diabetes 

0.55 
(± 0.32) 

1.30 
(± 0.88) 

Had Type 2 
diabetes 

0.40 
(± 0.24) 

1.10 
(± 0.87) 

 

   
 

0 6 
 

. 1 
 

The doctors concluded that many of the patients who did not have Type 2 diabetes 
were at high risk of developing the condition. 
 
Use the data in Table 2 to suggest why they reached this conclusion. 

[2 marks] 
   

 
   

   

   

 
  

The mean insulin sensitivity of those without diabetes (0.55) is similar

to that of those with Type 2 diabetes (0.40),

and the SDs overlap (0.23 to 0.87 compared with 0.16 to 0.64).
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. 2 
 

A journalist reported that GBS cured many patients’ diabetes. 
 
Do the data in Table 2 support this conclusion?   
 
Give reasons for your answer. 

[4 marks] 
   

 
   

   

   

   

   

   

   

 
 

0 6 
 

. 3 
 

Many people who suffer from Type 2 diabetes often have high blood pressure.   
 
Explain why. 

[3 marks] 
   

 
   

   

   

   

   

 
 
 
 
 
 

Question 6 continues on the next page  

Partly: mean sensitivity to insulin does increase after GBS, e.g. from

0.40 to 1.10 in those with Type 2 diabetes.

But the SD is large and increases after surgery (± 0.24 to ± 0.87),

showing large variation,

and the SDs overlap before and after GBS (0.16 to 0.64 and 0.23 to

1.97), so some patients show no or little change (some may get worse).

We do not know the insulin sensitivity of non-diabetics who are not

obese (normal), so we cannot tell if it returned to normal (was cured).

People with Type 2 diabetes have excess (high) glucose concentration in

the blood,

which lowers the water potential of the blood,

so water moves by osmosis out of the cells (tissue fluid) into the

blood, increasing blood volume and so blood pressure.
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  Other doctors studied a large group of different people in one country.  They recorded 

the death rates for: 
 
• non-diabetic people 
• people that had not been diagnosed with diabetes, but were later found to have the 

condition – undiagnosed diabetics 
• people that had been diagnosed with diabetes – diagnosed diabetics. 
 
They gave the death rates as deaths per 100 000 people. 
 
Figure 6 shows the death rates. 

   
Figure 6 

 
 
 

 
 

0 6 
 

. 4 
 

Suggest why the death rate was given per 100 000 people. 
 [1 mark] 

   
 

   

 
  

To allow comparison between groups of different sizes (as a standard

rate).
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0 6 
 

. 5 
 

Using information from Figure 6, calculate the ratio of the death rate of diagnosed 
diabetics to undiagnosed diabetics.   
 
Give the ratio in its simplest form. 

[2 marks] 
   

   

   

  
 

  Ratio = 
 

 

   
 
 
 
 
 

Turn over for the next question 
 
  

 
12 

 

Diagnosed = 27, undiagnosed = 39 deaths per 100 000

27 : 39 = 9 : 13 = 0.69 : 1

0.69 : 1
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 Recombinant DNA technology involves using a vector to transfer a fragment of DNA 
from one organism to another. 
 
A scientist uses a vector called the R plasmid to attempt to transform some bacterial 
cells with fragments of human DNA.   
 
The scientist: 
 
• cuts a fragment of donor human DNA using a restriction endonuclease enzyme 
• copies the fragment of DNA many times using the polymerase chain reaction (PCR) 
• cuts R plasmids using the same restriction enzyme 
• mixes the copied fragments of human DNA with the cut R plasmids 
• then mixes the R plasmids with bacterial cells.  
 
Figure 7 shows the structure of the R plasmid that the scientist uses.  

   
Figure 7 

   
 

   
 

0 7 
 

. 1 
 

EcoRI, BamHI, SalI, PvuII and PstI are sites where different restriction enzymes cut 
the DNA. 
 
Give the reason why the EcoRI and BamHI restriction enzymes cut the DNA at 
different sites. 

[1 mark] 
   

 
   

 
  

Each enzyme's active site has a specific shape that is complementary to

(fits) a different base sequence.

stemup.co.uk

https://stemup.co.uk


21 

*21* 

Turn over ► 
 

IB/M/Jun18/BL04 

 

Do not write 
outside the 

box 
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. 2 
 

The scientist uses the polymerase chain reaction (PCR) to amplify one fragment of 
human DNA twenty times.   
 
How many polynucleotide strands will be produced?   

[2 marks] 
   

   

   

   

  Number of polynucleotide strands = 
 

 

   
 
 
 
 
 

 
 
 
 
 
 
 
 

Question 7 continues on the next page 
 
  

Each cycle doubles the DNA: one fragment gives 220 copies

Each copy is double stranded: 220 × 2 = 221

= 1 048 576 × 2 = 2 097 152 strands

2 097 152
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  The scientist uses the restriction enzyme PstI to cut the sample of human DNA and to 

cut the R plasmid.  When the scientist mixes the copied human DNA fragments with 
the cut R plasmids several products are formed.   
 
Figure 8 shows the method as well as the products A, B and C.  

   
Figure 8 

   
 

 
 

0 7 
 

. 3 
 

Name enzyme Y shown in Figure 8. 
[1 mark] 

   
 

 
 

0 7 
 

. 4 
 

Describe exactly what each of products A, B and C is composed of. 
[3 marks] 

  A is 
 

    

  B is 
 

    

  C is 
 

   
 

   
 
  

DNA ligase

a hybrid (recombinant) plasmid: an R plasmid with the human

DNA fragment inserted.

the original R plasmid, without the human DNA fragment (it has

re-joined).

a circle of human (donor) DNA made of three DNA fragments

joined together.
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  The scientist attempts to insert the copied human DNA fragments into the R plasmids 

by cutting each plasmid at the site of the ampicillin resistance gene shown in  
Figure 7.  The tetracycline resistance gene is not cut. 

 
 

0 7 
 

. 5 
 

The scientist mixes bacterial cells with the products, A, B and C, shown in Figure 8. 
 
The bacterial cells are then grown on a master plate containing the antibiotic 
tetracycline.   
 
Explain why. 

[2 marks] 
   

 
   

   

   

   
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Question 7 continues on the next page 
 
  

Not all the bacterial cells took up the R plasmid;

the tetracycline resistance gene is intact in every R plasmid, so only

cells that took up the plasmid grow: this selects (identifies) the cells

that took up the R plasmid.
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0 7 
 

. 6 
 

The bacterial cells grew to form colonies on the master plate.   
 
The scientist set up a replica plate containing the antibiotic ampicillin as shown in 
Figure 9. 

Figure 9 
   

 
  Give the letter of one bacterial colony that contained a plasmid with the human DNA 

fragment.  
 
Explain your answer. 

[2 marks] 
  

Colony containing plasmid 
 

  
Explanation  
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C grew on tetracycline but cannot grow on ampicillin (not

resistant to ampicillin), so C has human DNA in its ampicillin

resistance gene; its tetracycline resistance gene is intact.

C
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