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Objective
Practise Topic 2 statements 2.1–2.3 with Core Practical 3: gas-exchange surface proper-
ties, the fluid mosaic membrane, and the model history the examiners love to test.

1 Key knowledge and worked examples

Three properties every exchange surface shares
Large surface area relative to volume, a short diffusion distance

(walls one or two cells thick), and a maintained concentration gradient
(blood flow, ventilation, or water flow sweeping one side).

The fluid mosaic model
A phospholipid bilayer (hydrophobic tails inside, fluid), intrinsic pro-
teins spanning the bilayer (channels, carriers), extrinsic proteins

on surfaces, cholesterol between tails controlling fluidity, glycolipids and
glycoproteins for recognition and adhesion. “Fluid”: molecules can move within the
layer. “Mosaic”: scattered protein shapes.

Model history – each step added evidence
Overton (lipid-soluble solutes cross) → Gorter and Grendel (enough lipid for two lay-
ers) → Davson–Danielli (proteins as coats) → Robertson (unit membrane) → Singer–
Nicolson 1972 (proteins within the bilayer; freeze–fracture electron microscopy showed
bumps inside, and membrane proteins varied in size and shape, which uniform coats
could not be).

Worked example: beetroot Core Practical 3
Cut identical beetroot cylinders, rinse, place in water at each of five temperatures for
the same time, read absorbance of the released betalain. Higher temperature disrupts
the bilayer (phospholipids gain kinetic energy, proteins denature), so pigment leaks
faster: absorbance rises. Controls: cylinder size, volume, time; rinse surface pigment
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first.

2 Practice
2.1 State three properties of an efficient gas-exchange surface and give the alveolus’s
version of each. [3]

2.2 Explain why the phospholipid bilayer is described as fluid. [2]

2.3 Name the evidence that finally overturned the Davson–Danielli protein-coat model.[2]
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3 Exam-style questions
3.1 The table shows the absorbance of betalain leaked from identical beetroot discs after
10 minutes at five temperatures.

Temperature / °C Absorbance / a.u.
20 0.04
40 0.09
60 0.31
80 0.62
100 0.88

Describe the trend, explain the rise in molecular terms, and predict with a reason what
would happen to the results if the discs were not rinsed before testing. [6]

3.2 Frog tadpoles exchange gases across their skin; adult frogs add lungs. Explain why
the adult needs the extra surface with reference to surface-area-to-volume ratio, and name
one property of skin that still makes it useful for exchange in both stages. [5]
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3.3 Explain why the membrane’s intrinsic transport proteins cannot diffuse out of the
bilayer, referring to their hydrophobic and hydrophilic regions. [4]

Pearson Edexcel ·International A-Level ·Biology • 1.8 Gas exchange surfaces and membrane structure 4


