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FREE SAMPLE: THE FIRST QUESTION
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ANSWER ALL THREE QUESTIONS
53 marks in all

Answer in full sentences where the question asks you to explain, discuss or compare. Use biological
vocabulary correctly and link cause and effect. Show all working for calculations.

Formula sheet
Useful relationships: percentage change = (final − initial) ÷ initial × 100; rate = amount ÷ time; SA of a cube =
6L² and V = L³; RQ = CO₂ released ÷ O₂ used; aerobic respiration yields 36 ATP per glucose and anaerobic
respiration yields 2 ATP per glucose.

Question One (16 marks)

(a) Two cubic cells have side lengths of 15 µm (cell X) and 100 µm (cell Y).

(i) Calculate the surface area, the volume and the surface area to volume ratio (SA:V) of each
cell.

(ii) Explain which cell can exchange materials with its surroundings more efficiently, and why.

(iii) Explain how a large cell such as a bacterial cell can overcome the problem of a small SA:V
ratio.

[8 marks]

(b) Potato cylinders were weighed and placed in sucrose solutions of different concentrations for 24
hours, then blotted dry and weighed again. The results are shown in the table.

(i) Calculate the percentage change in mass of the potato cylinder in each solution.

(ii) Use your results to estimate the sucrose concentration that is isotonic with the potato cells
(no net change in mass).

(iii) Explain, using the movement of water (osmosis), the change in mass in the 0.0 mol L⁻¹
solution and in the 1.0 mol L⁻¹ solution.

Sucrose concentration (mol L�¹) 0.0 0.2 0.4 0.6 0.8 1.0

Initial mass (g) 2.50 2.50 2.50 2.50 2.50 2.50

Final mass (g) 2.95 2.80 2.65 2.50 2.35 2.20

[8 marks]
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(a) An experiment measured the activity of the enzyme pepsin on protein at six temperatures. The
table shows the amount of peptides produced in 5 minutes at each temperature.

(i) Calculate the rate of the reaction (mg of peptide per minute) at 20°C and 30°C.

(ii) Calculate the temperature coefficient Q₁₀ for the rise from 20°C to 30°C (rate at 30°C ÷ rate
at 20°C).

(iii) Explain the shape of the graph of rate against temperature: the increase up to 40°C, and
the decrease above 40°C.

Temperature (°C) 10 20 30 40 50 60

Amount of product after 5 minutes (mg of peptide) 7.5 18.8 46.9 117.2 35.2 0.0

[7 marks]

(b) A student measured the rate of photosynthesis of Cabomba (water plant) by counting the
bubbles of oxygen released per minute at different light intensities. Carbon dioxide concentration
and temperature were kept constant.

(i) State the light intensity above which an increase in light does not increase the rate, and
name the limiting factor at low light intensities.

(ii) Calculate the percentage increase in the rate when the light intensity increases from 20 to
30 units.

(iii) Explain why the rate stops increasing, and name one factor that could be limiting at the
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WORKED SOLUTIONS
Answers & worked solutions

ANSWER ALL THREE QUESTIONS

Question 1 (16 marks) [Cells and transport]

(a) Two cubic cells have side lengths of 15 µm (cell X) and 100 µm (cell Y). (i) Calculate the surface
area, the volume and the surface area to volume ratio (SA:V) of each cell. (ii) Explain which cell can
exchange materials with its surroundings more efficiently, and why. (iii) Explain how a large cell such as
a bacterial cell can overcome the problem of a small SA:V ratio.

(a) Answer: (i) X: SA:V = 0.400, Y: SA:V = 0.0600; (ii) the smaller cell X exchanges materials
faster

• Evidence level: Excellence (surface area = 6 × side² for a cube; volume = side³; ratio = SA ÷ V).

• (i) Cell X: SA = 6 × 15² = 1350 µm²; V = 15³ = 3375 µm³; SA:V = 1350 : 3375 = 0.400 : 1. Cell Y: SA
= 6 × 100² = 60000 µm²; V = 100³ = 1000000 µm³; SA:V = 0.0600 : 1.

• Achievement: (ii) States that cell X has the greater SA:V ratio.

• Merit: Links to diffusion: materials enter and leave through the surface, so a larger surface for each
unit of volume exchanges materials faster.

• Excellence: Full explanation: the SA:V of cell X (0.400 : 1) is greater than that of cell Y (0.0600 : 1);
as a cell gets bigger its volume (and need for oxygen and nutrients, and its waste production)
increases faster than its surface area, so in the larger cell the distance for diffusion is greater and the
membrane surface per unit volume is smaller, and diffusion is too slow to supply the whole cell.

• Achievement: (iii) States that the cell can have folds or microvilli.

• Merit: Links to surface: folding the membrane increases the surface area without increasing volume.

• Excellence: Full explanation: a large cell can increase its SA:V by flattening or elongating its shape,
folding its membrane into microvilli or invaginations to increase the surface area, and by having
transport systems (cytoplasmic streaming, a transport network) or by dividing into smaller cells, so
exchange keeps pace with the needs of the whole volume.

KEY TAKEAWAY
SA:V: for a cube SA = 6L², V = L³, SA:V = 6/L, so ratio falls as cells grow; exchange across the surface
cannot keep up with the needs of a large volume.

(b) Potato cylinders were weighed and placed in sucrose solutions of different concentrations for 24
hours, then blotted dry and weighed again. The results are shown in the table. (i) Calculate the
percentage change in mass of the potato cylinder in each solution. (ii) Use your results to estimate the
sucrose concentration that is isotonic with the potato cells (no net change in mass). (iii) Explain, using the
movement of water (osmosis), the change in mass in the 0.0 mol L⁻¹ solution and in the 1.0 mol L⁻¹
solution.

(b) Answer: (i) 0.0: 18.0%; 0.2: 12.0%; 0.4: 6.00%; 0.6: 0%; 0.8: −6.00%; 1.0: −12.0%; (ii) about
0.60 mol L⁻¹; (iii) water in at 0.0, out at 1.0

• Evidence level: Excellence (percentage change = (final − initial) ÷ initial × 100; the isotonic
concentration is where the change is zero).

• (i) 0.0 mol L⁻¹: 18.0%; 0.2 mol L⁻¹: 12.0%; 0.4 mol L⁻¹: 6.00%; 0.6 mol L⁻¹: 0%; 0.8 mol L⁻¹: −6.00%;
1.0 mol L⁻¹: −12.0%.

• (ii) The percentage change crosses zero between 0.6 and 0.8 mol L⁻¹; by linear interpolation the
isotonic concentration ≈ 0.6 + (0 ÷ (0 − (−6.00))) × 0.2 = 0.60 mol L⁻¹.
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• Achievement: (iii) States that water entered the cells in pure water and left in 1.0 mol L⁻¹ sucrose.

• Merit: Links to water potential: water moves from the solution with the higher water potential to the
lower.

• Excellence: Full explanation: in 0.0 mol L⁻¹ (pure water) the solution has a higher water potential than
the cell contents, so water moves into the cells by osmosis through the partially permeable membrane
and the cylinder gains mass (the cell becomes turgid); in 1.0 mol L⁻¹ sucrose the solution has a lower
water potential than the cells, so water moves out of the cells by osmosis and the cylinder loses mass
(the cells become flaccid / plasmolysed).

KEY TAKEAWAY
Osmosis data: percentage change = change ÷ initial × 100; the isotonic concentration is where the
percentage change is zero (read or interpolate); water moves to the lower water potential through a
partially permeable membrane.

LOS: Cells and transport (91156)

Question 2 (21 marks) [Enzymes and energy]

(a) An experiment measured the activity of the enzyme pepsin on protein at six temperatures. The table
shows the amount of peptides produced in 5 minutes at each temperature. (i) Calculate the rate of the
reaction (mg of peptide per minute) at 20°C and 30°C. (ii) Calculate the temperature coefficient Q₁₀ for
the rise from 20°C to 30°C (rate at 30°C ÷ rate at 20°C). (iii) Explain the shape of the graph of rate
against temperature: the increase up to 40°C, and the decrease above 40°C.

(a) Answer: (i) 3.76 and 9.38 per minute; (ii) Q₁₀ = 2.49; (iii) kinetic energy up to the optimum,
then denaturation

• Evidence level: Excellence (rate = amount of product ÷ time; Q₁₀ = rate(T + 10) ÷ rate(T); explain with
kinetic energy and denaturation).

• (i) At 20°C: 18.8 ÷ 5 = 3.76 per minute. At 30°C: 46.9 ÷ 5 = 9.38 per minute.

• (ii) Q₁₀ = 9.38 ÷ 3.76 = 2.49 (the rate increases by about 2.5 times for each 10°C rise).

• Achievement: (iii) States that the rate rises to an optimum and then falls because the enzyme is
denatured.

• Merit: Links to the enzyme and the substrate: rising temperature gives more collisions between
enzyme and substrate; above the optimum the active site changes shape.

• Excellence: Full explanation: as temperature rises the molecules have more kinetic energy, so
enzyme and substrate collide more often and with more energy, so more enzyme–substrate
complexes form and the rate increases (about doubling per 10°C); above the optimum (40°C) the high
energy breaks the hydrogen and ionic bonds that hold the enzyme's tertiary structure, so the active
site changes shape and no longer fits the substrate (the enzyme is denatured), and the rate falls
sharply to zero.

KEY TAKEAWAY
Enzymes and temperature: rate = product ÷ time; rate roughly doubles per 10°C (Q₁₀ ≈ 2) until the
optimum; beyond it the enzyme is denatured because its tertiary structure is destroyed.

(b) A student measured the rate of photosynthesis of Cabomba (water plant) by counting the bubbles of
oxygen released per minute at different light intensities. Carbon dioxide concentration and temperature
were kept constant. (i) State the light intensity above which an increase in light does not increase the
rate, and name the limiting factor at low light intensities. (ii) Calculate the percentage increase in the rate
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LIKED THIS SAMPLE?

The full paper is the real thing.

THIS FREE SAMPLE

A short extract: the opening questions of Paper
1, then their worked answers. 4 pages in all.

THE FULL PAPER

Three questions made of several multi-part
problems answered in writing (constructed
response, no multiple choice), with a worked
solution for every part that shows whether it is
aimed at Achieved, Merit or Excellence. 13
pages, with a worked solution for every question.

What you get with each paper

A complete, timed paper in the real exam layout, not just a taste of it.

A worked solution for every question: numbered steps, why each wrong option is wrong, and a key
takeaway.

20 different papers in this set. Every one uses new questions, so each extra paper is new practice,
not a repeat.

An A4 PDF emailed straight after payment, made for printing.

Get Paper 1 now
A$11.99 one-off, instant PDF download. Tap or click here.

Or see all 20 NCEA Level 2 Biology 91156 Cells papers:
testpapershub.com/collections/ncea-level-2-biology-91156-cells/

Getting the most from a practice paper

1 Print it and set the timer shown on the cover. Answer every question before looking at any
solution.

2 Mark it against the worked solutions and note the topics that cost you marks.

3 Retry the questions you missed a day later, then use the next paper to check the fix held.

Not sure which paper to start with, or have a question before you buy? Email support@testpapershub.com and a real person
will reply, normally within one business day. These are original practice papers, not official past papers, and are not affiliated
with any exam authority.
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