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Answer all questions. Answers must be written within the answer boxes provided.

1.  Beetroot (Beta vulgaris) tissue was cut into pieces of similar size and shape. The masses
of the individual pieces were measured. Three pieces of beetroot were placed in each of six
sucrose solutions of different concentrations.

After three hours, the pieces of beetroot were removed from the solutions, surface dried
and their masses recorded. The mean percentage change in mass of the beetroot in each
solution was calculated and displayed in the graph.
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(Question 1 continued)

(@) (i) State the independent variable in this experiment. [

(i)  Outline the reason that beetroot pieces of similar size and shape are needed in
order to obtain reliable results. [2]

(b) Suggest a reason for expressing the changes in mass as percentages. [1

(c) Explain the effect of the 0.0mol dm™ sucrose solution on the water potential of the
beetroot pieces. [3]
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2. In an experiment investigating the secretion of proteins by gland cells, researchers supplied

radioactively labelled amino acids to a sample of pancreas cells that secrete digestive enzymes.

The graph shows the relative abundance of radioactively labelled proteins in three different
organelles during the period after the cells were exposed to the radioactively labelled amino acids.

Key: Administration of radioactively labelled amino acids
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(@) Suggest a reason for using amino acids that were radioactively labelled. 1
(b) (i) Xis a membrane-bound organelle. Identify X. [
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(Question 2 continued)

(i)  Explain the role of ribosomes located on X. [2]

(ii)  Outline the evidence provided by the data that molecules containing radioactively
labelled amino acids move from X to the Golgi apparatus. [1]

(c) Gland cells that secrete large volumes of fluid typically have many aquaporins in their
plasma membranes. Suggest a reason for this. [1]

(d) After synthesis, globular proteins assume their final tertiary structure. Explain the
relationship between the sequence of amino acids and the tertiary structure of
globular proteins. [4]
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3.  Rhizobium is a genus of bacteria that live in the roots of flowering plants in the family
Fabaceae. The plants form nodules surrounding a population of Rhizobium. The bacteria
fix nitrogen from the air into nitrogen compounds, especially ammonium, which are made
available to the host plant.

NS

The graph shows changes in the diameter of root nodules for plants grown in a nitrate-
enriched environment and a control group grown in a nitrate-free environment.

Key:
— control . nitrate-enriched environment
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(@) Outline the concept of mutualism with respect to this example. [2]

(This question continues on the following page)
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(Question 3 continued)

(b) Distinguish between the cells in Rhizobium and Fabaceae. [2]

(c) Suggest a reason that mutualistic relationships often involve species from distantly
related groups of organisms. [1]

(d) Analyse the results of the experiment. [3]
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4, Before the structure of DNA was known, researchers analysed the ratios of the DNA bases

found in cells of different species. The tetranucleotide hypothesis, formulated in 1910,
proposed that DNA was made up of equal amounts of adenine, guanine, cytosine and thymine.

This hypothesis was revised following the publication of Chargaff’s paper in 1951, from which
data is shown in the table.

Ratios

Source A:G T:C AT G:C purines:pyrimidines

Ox 1.29 143 1.04 1.00 1.10

Human 1.56 1.75 1.00 1.00 1.00

Chicken 1.45 1.29 1.06 0.91 0.99

Salmon 1.43 143 1.02 1.02 1.02

Wheat 1.22 1.18 1.00 0.97 0.99

Yeast 1.67 1.92 1.03 1.20 1.00
(a) State one example of a purine. M
(b) Explain how these results falsify the tetranucleotide hypothesis. [2]

(c) Using these data, evaluate the hypothesis that the ratio of purines to pyrimidines in
DNA in all organisms is 1.00. [1]
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(Question 4 continued)

(d) Discuss how these results are consistent with the existence of a last universal common
ancestor (LUCA). [2]

(e) Discuss the evidence of the relationship between genome size and the complexity
of organisms. [4]
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