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1 Baker’s yeast, Saccharomyces cerevisiae, has two metabolic pathways for the production of ATP, 
aerobic respiration and fermentation. Oxygen is not used in fermentation.

 These pathways are summarised in Fig. 1.1.

aerobic respiration fermentation

glucose

pyruvate

carbon dioxide

ATP

acetyl coenzyme A

carbon dioxide
and water

Krebs cycle
oxidative

phosphorylation

glycolysis ATP

ATP

carbon dioxide

glucose

pyruvate

ethanal

ethanol

glycolysis

Fig. 1.1

 Some students were researching details of the respiration of yeast. In their research, the students 
found information about the Crabtree effect. This effect occurs when yeast is kept in high 
concentrations of glucose. The yeast gains sufficient ATP from substrate-linked phosphorylation 
during glycolysis. Yeast does not carry out the Krebs cycle or oxidative phosphorylation and 
therefore does not use oxygen.

 The students wanted to investigate the effect of temperature on the activity of yeast and decided 
to use yeast solutions in which the yeast obtained all of its ATP by fermentation. 

• The students made a suspension of yeast from 1 g of dried yeast and 25 cm3 of water. 

• The suspension was left for 2 hours at 20 °C. 

• After 2 hours, 25 cm3 of glucose solution was added to the yeast suspension and the mixture 
was stirred.

• Some of the mixture was added immediately to the apparatus shown in Fig. 1.2.

 The students measured the volume of carbon dioxide produced by yeast fermentation.  
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 (a) (i) State the independent variable and the dependent variable in this investigation.

independent variable  .........................................................................................................

 ...........................................................................................................................................

dependent variable  ............................................................................................................

 ...........................................................................................................................................
 [2]

  (ii) Explain why the students stirred the mixture of yeast and glucose before adding it to the 
tube in the apparatus in Fig. 1.2.

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 .....................................................................................................................................  [1]
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  (iii) Describe a method using the apparatus, set up as shown in Fig. 1.2, that the students 
could use to find the temperature at which yeast carries out fermentation at its maximum 
rate.

    Your method should be set out in a logical order and be detailed enough for another 
person to follow. 

   You should not include details of how to make the yeast suspension or how to set up the 
apparatus.

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 .....................................................................................................................................  [7]
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  (iv) Complete the sketch graph to predict the results that you would expect from the method 
that you have given in part (iii). Include axes labels with units in your answer.

 [2]

www.dynamicpapers.com



6

9700/51/O/N/21© UCLES 2021

 (b) Scientists have discovered that some other species of yeast show the Crabtree effect. 

  The Crabtree effect means that in high concentrations of glucose and with oxygen present, 
pyruvate is not metabolised in mitochondria so aerobic respiration does not occur. 

  Yeast species that are able to maintain their levels of ATP production when conditions 
suddenly change and no oxygen is available show the Crabtree effect.

  An investigation compared S. cerevisiae with the yeast Candida tropicalis to see if this other 
species also shows the Crabtree effect.

  Three flasks containing suspensions of S. cerevisiae in a growth medium were initially kept in 
different conditions (conditions for growth).

  After a set time, the yeast in each flask was transferred to a flask containing a fresh medium 
with high glucose concentration and no oxygen (experimental conditions). All other conditions 
were standardised.

  The same procedure was repeated for C. tropicalis.

  The conditions for growth and the experimental conditions in the flasks are summarised in 
Table 1.1. 

Table 1.1

flask conditions for growth experimental conditions 

flask 1 high glucose concentration
with no oxygen

high glucose concentration
with no oxygen

flask 2 high glucose concentration
with oxygen

high glucose concentration
with no oxygen

flask 3 water (no glucose)
with oxygen

high glucose concentration
with no oxygen

  Samples taken from the flasks kept in the experimental conditions were put into the apparatus 
shown in Fig. 1.2 to measure the volume of carbon dioxide produced by the two yeast species.

  The results are shown in Fig. 1.3.

  The final volume of carbon dioxide produced by the sample of yeast from flask 1 at 30 minutes 
is shown as a maximum volume of 100% in Fig. 1.3. All other volumes were calculated as a 
proportion of this maximum. This allows a direct comparison to be made between the two 
species. 
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Fig. 1.3

  State and explain the evidence in Fig. 1.3 that supports the idea that C. tropicalis does not 
show the Crabtree effect.

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 .............................................................................................................................................  [3]

 [Total: 15]
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2 Species diversity is often used as a simple way to compare the biodiversity of different regions of 
the world. 

 A student read that species diversity decreases with increasing distance from the equator. The 
latitude at the equator is 0°. Latitudes increase north and south of the equator.

 The student selected data from a database which holds records of the annual bird count in North 
America. 

 This annual count is carried out each year during one day in the winter. Volunteers count all the 
species of birds that they observe in each location. The area of each location is the same size. 

 The student found data from 17 sample locations within the Delmarva Peninsula on the east coast 
of the USA for 2005. 

 Fig. 2.1 shows the 17 locations within the Delmarva Peninsula.
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Fig. 2.1

 The student used the data to see if there was any relationship between the latitudes of the sample 
locations and the number of species recorded at each location.

 The data are shown in Fig. 2.2.
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Fig. 2.2

 (a) Describe the trend shown by the scatter graph in Fig. 2.2.

 ...................................................................................................................................................

 ...................................................................................................................................................

 .............................................................................................................................................  [1]

 (b) The student analysed the data using Spearman’s rank correlation test. 

  (i) State three reasons why this statistical test is a suitable way to analyse the data about 
species diversity in Fig. 2.2. 

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 .....................................................................................................................................  [3]

  (ii) State the null hypothesis for this investigation.

 ...........................................................................................................................................

 .....................................................................................................................................  [1]
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  (iii) The student calculated the value of Spearman’s rank correlation coefficient, rs , as -0.359.

   Table 2.1 shows the probability table for Spearman’s rank correlation test.

Table 2.1

number of pairs of 
measurements

critical values

p = 0.05 (5%) p = 0.01 (1%)

15 0.521 0.654

16 0.503 0.635

17 0.485 0.615

18 0.472 0.600

19 0.460 0.584

20 0.447 0.570

   Discuss, with reference to Table 2.1, the conclusions that can be made from the analysis 
of the data collected by the student.

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 .....................................................................................................................................  [4]
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 (c) The student was investigating the statement ‘species diversity decreases with increasing 
distance from the equator’. 

  Discuss the limitations of the sampling method and of the data collected in supporting this 
statement.

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 .............................................................................................................................................  [3]

Turn over for question 2(d).

www.dynamicpapers.com



12

9700/51/O/N/21© UCLES 2021

Permission to reproduce items where third-party owned material protected by copyright is included has been sought and cleared where possible. Every 
reasonable effort has been made by the publisher (UCLES) to trace copyright holders, but if any items requiring clearance have unwittingly been included, the 
publisher will be pleased to make amends at the earliest possible opportunity.

To avoid the issue of disclosure of answer-related information to candidates, all copyright acknowledgements are reproduced online in the Cambridge 
Assessment International Education Copyright Acknowledgements Booklet. This is produced for each series of examinations and is freely available to download 
at www.cambridgeinternational.org after the live examination series.

Cambridge Assessment International Education is part of the Cambridge Assessment Group. Cambridge Assessment is the brand name of the University of 
Cambridge Local Examinations Syndicate (UCLES), which itself is a department of the University of Cambridge.

 Small birds such as the ruby-crowned kinglet, Regulus calendula, are found throughout North 
America.

 Fig. 2.3 shows a ruby-crowned kinglet caught in a mist net. Mist nets are used in surveys of bird 
populations. 

Fig. 2.3

 (d) Describe how the mark-release-recapture method can be used to estimate the population 
size of small birds, such as the ruby-crowned kinglet.

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 .............................................................................................................................................  [3]

 [Total: 15]
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