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Instructions

•	Use black ink or ball-point pen.
•	Fill in the boxes at the top of this page with your name,  

centre number and candidate number.
•	Answer all questions.
•	Show your working in any calculation questions and include units in your answer 

where appropriate.
•	Answer the questions in the spaces provided  

– there may be more space than you need.
•	You may use a scientific calculator.
•	In questions marked with an asterisk (*), marks will be awarded for your ability to 

structure your answer logically showing how the points that you make are related or 
follow on from each other where appropriate.

Information

•	The total mark for this paper is 90. 
•	The marks for each question are shown in brackets 

– use this as a guide as to how much time to spend on each question.

Advice

•	Read each question carefully before you start to answer it.
•	Try to answer every question.
•	Check your answers if you have time at the end.
•	Good luck with your examination.
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Answer ALL questions.

Some questions must be answered with a cross in a box .  If you change your mind about an 
answer, put a line through the box  and then mark your new answer with a cross .

1	 The polymerase chain reaction (PCR) and gel electrophoresis are used to produce 
DNA profiles. 

	 The diagram shows DNA profiles, from an adult female, an adult male and each of 
four children.

Adult 
female

Adult 
male

Child 
1

Child 
2

Child 
3

Child 
4

	 (a)	 Explain why PCR is used before gel electrophoresis to produce these DNA profiles.
(2)

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

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

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

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

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

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

Only small samples of DNA are taken, so the DNA needs to be amplified (replicated)

by PCR to produce enough DNA to be seen on the gel.

All the copies of the DNA produced are identical to the original sample.
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	 (b)	 Explain why gel electrophoresis produces individual DNA profiles.
(2)

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

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

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

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

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

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

	 (c)	 Which of the children have both of these adults as their parents?
(1)

	 A	 child 1 and child 2

	 B	 child 1 and child 3

	 C	 child 2 and child 3

	 D	 child 2 and child 4

(Total for Question 1 = 5 marks)

Each individual's DNA is unique, because of differences in the hypervariable regions

(short tandem repeats).

So restriction enzymes / PCR produce DNA fragments of different lengths, and in

electrophoresis the different fragments are separated out: smaller fragments move further

and faster through the gel.
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2	 An investigation was carried out to compare the aerobic respiration of different sugars 
by yeast.

	 A suspension of yeast was used to produce three cultures, each one with a different sugar. 

	 A control was set up that had a suspension of yeast cultured with water only.

	 The volume of carbon dioxide produced was measured.

	 The mass of yeast and the concentration of each sugar were controlled.

	 The graph shows the results of this investigation.
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carbon dioxide 
produced / cm3

0 10 20 30 40 50 60

25

20

15

10

5

0

Time / mins

maltose

glucose

water
lactose�

	 (a)	 (i)	 Give one difference between the structure of glucose and the structure of maltose.
(1)

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

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

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

Glucose is a monosaccharide, whereas maltose is a disaccharide made of two glucose

molecules joined by a glycosidic bond.
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		  (ii)	 Explain the results for the yeast cultured with glucose and the yeast cultured 
with maltose.

(2)

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

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

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

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

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

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

	 (b)	 Explain the results for the yeast cultured with lactose.
(2)

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

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

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

(Total for Question 2 = 5 marks)

Neither sugar is respired immediately as the yeast need to adjust to the conditions; the

delay is longer for maltose as enzymes (maltase) need to be synthesised to break

maltose down into glucose.

Maltose is then respired faster than glucose, as maltose has twice the number of

glucose units, so more CO2 is released.

Lactose is not respired, as the yeast do not produce the appropriate enzyme (lactase),

so they cannot break lactose down.

The small volume of CO2 is the same as the water control, as it comes from respiration

of sugars already in the yeast cytoplasm.
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3	 The structure of a lipid relates to its role in living organisms. 

	 (a)	 Triglycerides are lipids.

		  (i)	 The diagram shows part of a glycerol molecule and part of a fatty acid.

			   Complete the diagram to show the ester bond joining the fatty acid to the 
glycerol molecule.

(1)

CC

O

rest of fatty acid molecule

rest of 
glycerol 

molecule

		  (ii)	 The table shows the relative atomic mass of some elements.

Element Relative atomic mass

carbon 12

hydrogen   1

nitrogen 14

oxygen 16

			   A triglyceride is made from a glycerol molecule and three fatty acids.

			   The molecular mass of the glycerol is 92 and the total molecular mass of the 
three fatty acids is 362.

			   Which is the molecular mass of this triglyceride? 
(1)

	 A	 400

	 B	 436

	 C	 448

	 D	 454

O

stemup.co.uk

https://stemup.co.uk


*P65455A0832*
8

	

	

	 (b)	 The type of lipid in the diet of a person can affect their risk of developing 
atherosclerosis.

		  The table shows the percentage content of different lipids in some products used 
to cook food.

Product Source of 
product

Saturated 
lipids

Monounsaturated 
lipids

Polyunsaturated lipids Other 
lipidsOmega-6 Omega-3

Beef fat animal 45 39   3  1 12

Butter animal 52 24   2  1 21

Rapeseed oil plant   7 59 20  9   5

Safflower oil plant 10 15 75  0   0

		  (i)	 The pie chart shows the approximate ratio of the lipids in beef fat.

monounsaturated

saturated

polyunsaturated

other

			   Complete the pie chart to show the approximate ratio of the lipids in safflower oil. 
(1)

polyunsaturated

monounsaturated

saturated
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		  (ii)	 Calculate the difference in mass of polyunsaturated lipid in 500 g of safflower oil 
and 500 g of beef fat.

(2)

Answer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  g

		  (iii)	Explain why cooking food using plant products rather than animal products 
could lower the risk of developing atherosclerosis.

(2)

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

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

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

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

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

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

	 (c)	 Cell membranes contain lipids that have a phosphate group attached to the 
glycerol, instead of one of the fatty acids.

		  Explain the importance of the phosphate group in these lipids.
(2)
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

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

(Total for Question 3 = 9 marks)

Plant products contain less saturated lipid and less cholesterol than animal products

(and more polyunsaturated lipids).

Therefore there will be less cholesterol in the blood stream to build up and form a

plaque (atheroma) in the artery wall.

The phosphate head is polar (hydrophilic), so it can interact with the aqueous

environment, i.e. water in the cytoplasm and tissue fluid.

Otherwise the lipids would form micelles and would not form a bilayer enclosing the

cytoplasm.

polyunsaturated in 500 g beef fat = (3 + 1) × (500 ÷ 100) = 20 g

polyunsaturated in 500 g safflower oil = 75 × (500 ÷ 100) = 375 g

difference = 375 − 20 = 355 g

355
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4	 Transpiration moves water and mineral ions from the roots to the leaves of plants.

	 (a)	 Which box in the table shows the mineral ions needed to make an amino acid and 
which box shows those needed to make DNA?

(2)

Molecule

Mineral ions needed to make the molecule

nitrate ions 
only

phosphate ions 
only

both nitrate and 
phosphate ions

neither nitrate nor 
phosphate ions

amino acid

DNA

	 (b)	 Water enters the root hair cells and moves through the root tissues by the 
apoplastic and symplastic pathways.

		  (i)	 Root hairs have a large surface area that increases the rate of uptake of water.

			   The surface area of a root hair is rounded up to 3.14 × 105 µm2.

			   Which is the actual surface area of this root hair?
(1)

	 A	 31 460 µm2

	 B	 314 600 µm2

	 C	 313 900 µm2

	 D	 3 139 000 µm2
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		  (ii)	 Which row of the table shows the movement of water through the apoplastic 
and symplastic pathways?

(1)

Apoplastic pathway Symplastic pathway

	 A

	 B

	 C

	 D

		  (iii)	Water moves through the root tissue due to a difference in water potential 
between one cell and the next cell.

			   Which row of the table describes this movement?
(1)

Direction of water 
movement with respect to 

water potential

Direction of water 
movement with respect to 
concentration of solutions

	 A higher to lower concentrated to dilute

	 B higher to lower dilute to concentrated

	 C lower to higher concentrated to dilute

	 D lower to higher dilute to concentrated
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	 (c)	 Explain how transpiration depends on the dipole nature of water.
(3)

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

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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(Total for Question 4 = 8 marks)

Water is a dipole: it has a small positive charge on the hydrogens and a small negative

charge on the oxygen.

Therefore hydrogen bonds form between water molecules, so water molecules are held

together by cohesion and move up the xylem as a continuous column when water

evaporates from the leaves.

Water is also attracted to the walls of the xylem (adhesion), which helps water move

upwards.

stemup.co.uk

https://stemup.co.uk


*P65455A01332* Turn over     

13

	

	

5	 Some antibiotics work by inhibiting the production of ribosomes in bacteria. 

	 The structure of ribosomes in bacteria is similar to the structure of ribosomes in mitochondria.

	 (a)	 (i)	 Describe the structure of a ribosome.
(2)
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		  (ii)	 Describe the role of ribosomes in protein synthesis.
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A ribosome is composed of protein and RNA (rRNA).

It is arranged in two subunits, a large and a small subunit (80S ribosome: 60S and

40S; 70S in bacteria: 50S and 30S).

Ribosomes are the site of translation.

They hold the tRNA (anticodon) on the mRNA (codon) whilst peptide bonds form to

join adjacent amino acids together.
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	 (b)	 These antibiotics can destroy cancer cells in humans.  

		  The diagram shows the membranes of a mitochondrion from a cancer cell treated 
with these antibiotics. 

		  (i)	 Give one difference in the membranes of this mitochondrion compared with 
the membranes of a mitochondrion from an untreated cancer cell.

(1)
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		  (ii)	 Some cancer cells depend on oxidative phosphorylation for ATP production.

			   Explain why the antibiotics that inhibit the production of ribosomes prevent 
oxidative phosphorylation when used to treat cancer cells.
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It has fewer cristae (less folding of the inner membrane, so a reduced surface area).

Mitochondrial ribosomes are prevented from synthesising proteins such as ATPase (ATP

synthase) and electron transport molecules.

So with fewer cristae there is a reduced electron transport chain, and no ATPase

channels for protons to pass through to phosphorylate ADP.
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		  (iii)	Some scientists suggested that inhibiting both glycolysis and mitochondrial 
respiration may be an effective way of treating cancer cells. 

			   Explain why this suggestion may be an effective way of treating cancer cells.
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(Total for Question 5 = 9 marks)

If both glycolysis and mitochondrial respiration are inhibited, no ATP will be produced at

all.

Therefore there is no ATP (energy) for metabolic processes such as protein synthesis

and cell division, so the cancer cells cannot divide and die.
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6	 Macroalgae and microalgae are photosynthetic organisms.

	 Seaweeds are macroalgae that live attached to rock in coastal areas.

	 Some seaweeds are green, some are brown and some are red. 

	 The colour of seaweeds depends on the photosynthetic pigments contained in their cells.

	 Green seaweeds contain chlorophyll, brown seaweeds contain chlorophyll and 
fucoxanthin and red seaweeds contain chlorophyll and phycoerythrin.

	 (a)	 (i)	 Explain why these seaweeds have different absorption spectra and action spectra.
(3)
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Each pigment absorbs (and reflects) different wavelengths of light, e.g. chlorophyll

absorbs red and blue light and reflects green light.

Each pigment also absorbs different amounts of light at each wavelength, so the

absorption spectra differ.

The action spectra are different because the seaweeds are absorbing different

wavelengths of light, so the rate of photosynthesis will be different at each wavelength.
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		  (ii)	 The diagram shows the position that these seaweeds occupy on submerged rock 
and the depth to which different wavelengths of light penetrate into the water.

green seaweed

brown seaweed

red seaweed

water level

red
light

green
light

blue
light

submerged rock

			   Explain why the seaweeds occupy different positions on the submerged rock.
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Green seaweeds are found in shallow water as they can absorb red light (and cannot

absorb green light), and red light only penetrates a short distance.

Brown and red seaweeds can absorb green and blue wavelengths of light using

fucoxanthin and phycoerythrin, so they are positioned further down, as these

wavelengths penetrate further.

So each seaweed is positioned where it can absorb light for photosynthesis

(light-dependent reactions), and avoids competition with the other types of seaweed.
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	 (b)	 Fucoxanthin is found in both macroalgae and microalgae.

		  Fucoxanthin has anti-inflammatory, anti-tumour, anti-diabetes, anti-malarial and 
anti-obesity activity in humans.

		  The diagram outlines the steps taken to extract fucoxanthin from microalgae.

Cells of microalgae grown in a 
culture in a laboratory

Cells washed 

Fucoxanthin extracted 

		  The table shows three methods used for washing the cells and extracting the fucoxanthin.

Method Liquid used for 
washing cells 

Chemical used to 
extract fucoxanthin

A water ethanol

B culture media ethanol

C culture media water
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		  The graph shows the mass of fucoxanthin extracted from 1 dm3 of cell culture.
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		  (i)	 Calculate how many times more fucoxanthin was extracted using method A 
compared with method B.

(1)

Answer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

		  (ii)	 Explain why different masses of fucoxanthin were extracted using these three methods.
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(Total for Question 6 = 10 marks)

Water is more effective than culture media for washing: water enters the cells by

osmosis, causing the cells to burst, so more fucoxanthin was extracted in method A

than method B.

Ethanol is the solvent for fucoxanthin (water is not), and ethanol increases the

permeability of (disrupts) the cell membranes, so fucoxanthin is released.

So method C, using water to extract, gave the least fucoxanthin.

87 ÷ 45 = 1.93
1.93 times
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7	 Bacteria are becoming increasingly resistant to antibiotics.

	 Controlling the spread of antibiotic resistance is necessary.

	 (a)	 Many types of bacteria are resistant to penicillin and tetracycline.

		  (i)	 Which row of the table shows the part of a bacterial cell affected by these antibiotics?
(1)

Penicillin Tetracycline

	 A cell wall cell wall

	 B cell wall ribosome

	 C ribosome cell wall

	 D ribosome ribosome

		  (ii)	 Which row of the table describes the action of penicillin and tetracycline?
(1)

Penicillin Tetracycline

	 A bactericidal bactericidal

	 B bactericidal bacteriostatic

	 C bacteriostatic bactericidal

	 D bacteriostatic bacteriostatic
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	 (b)	 One method of controlling the spread of antibiotic resistance is to avoid 
unnecessary prescriptions of antibiotics.

		  The table shows some illnesses and whether a prescription for antibiotics is 
recommended.

Illness Antibiotic prescription

Bronchitis may be recommended

Ear infection may be recommended

Influenza not recommended

Fluid in the ear not recommended

Strep throat recommended

Urinary tract infection recommended

		  Explain why these recommendations could reduce the spread of antibiotic resistance.
(2)
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Antibiotics are only prescribed if the illness could be caused by bacteria, and not if it

is caused by viruses only (e.g. influenza), so the use of antibiotics is reduced.

Antibiotics act as a selection pressure for resistant bacteria, so fewer resistant bacteria

are selected for.
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	 (c)	 In an investigation, E.coli bacteria were isolated from animals reared for food and 
from some wild animals. 

		  The mean percentage of the E. coli isolated from each type of animal that were 
resistant to different types of antibiotics was determined.

		  The table shows the results of this investigation, where n is the number of each 
type of animal. 

Antibiotic

Mean percentage of resistant E.coli 
isolated from animals reared for food 

(%)

Mean percentage of resistant 
E.coli isolated from wild animals 

(%) 

Broiler 
chicken 
n = 45

Village 
chicken 
n = 45

Cattle
n = 12

Bat
n = 13

Rodent
n = 35

Ampicillin 50.00   8.89   8.33   0.00   8.57

Cephalothin 14.29   8.89   8.33 20.00 14.58

Chloramphenicol 46.43   0.00   0.00   0.00   0.00

Neomycin 50.00   2.22 25.00   0.00   5.71

Tetracycline 95.86 55.56 25.00   0.00   2.86

		  (i)	 Calculate the ratio of tetracycline-resistant E.coli in all the chickens to 
tetracycline-resistant E.coli in cattle.

(2)

Answer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

		  (ii)	 There was a total of 2 × 108 E.coli isolated from cattle and 6 × 109 E.coli isolated 
from rodents.

			   Calculate how many more E.coli are resistant to cephalothin in rodents than in cattle.
(2)

Answer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

mean % in chickens = (95.86 + 55.56) ÷ 2 = 75.71

ratio = 75.71 : 25.00

3.03 : 1

cattle: 8.33% of 2 × 108 = 1.666 × 107

rodents: 14.58% of 6 × 109 = 8.748 × 108

difference = 8.748 × 108 − 0.1666 × 108

8.58 × 108
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		  (iii)	Antibiotics can be added to animal feed. 

			   It is thought this use of antibiotics has contributed to the spread of antibiotic resistance.

			   Evaluate the extent to which the results of this investigation support this idea. 
(4)
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(Total for Question 7 = 12 marks)

The idea is supported because overall there are more resistant bacteria in the animals

reared for food, e.g. 95.86% tetracycline resistance in broiler chickens compared with

2.86% in rodents.

However, it is not entirely supported, because the bacteria in wild animals are more

resistant to cephalothin (20.00% in bats compared with 8.33% in cattle).

The number of animals in each group is very small (e.g. n = 12 cattle), and the

number of different types of animal and antibiotic is limited, so the data may not be

representative.

No standard deviations are shown, so the spread of the data is unknown.
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8	 Infections caused by Chlamydia and human papillomavirus (HPV) are sexually transmitted.

	 The HPV is a non-enveloped DNA virus.

	 Chlamydia infection is caused by the bacterium, Chlamydia trachomatis.

	 (a)	 Compare and contrast the structure of a bacterial cell with the structure of HPV.
(3)
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	 (b)	 Some people with HPV infections have no symptoms but others develop warts 
and some types of cancer.

		  Over 99% of cervical cancers are caused by HPV.

		  Girls in the UK are offered an HPV vaccine.

		  (i)	 Explain how an HPV vaccine protects girls from developing cervical cancer.
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Similarity: both contain DNA.

Differences: HPV is surrounded by a protein capsid, whereas Chlamydia is surrounded by

a cell wall (peptidoglycan).

HPV is hollow apart from its DNA, whereas Chlamydia has a cell membrane, cytoplasm,

ribosomes and plasmids, which HPV does not.

The vaccine contains HPV antigens (inactive or harmless fragments of the virus).

These stimulate a primary immune response and the production of memory cells.

Therefore, on infection, a faster secondary immune response occurs: antibodies are

released quickly so phagocytes destroy HPV before it damages cells and causes cancer.

stemup.co.uk

https://stemup.co.uk


*P65455A02532* Turn over     

25

	

	

Turn over    

		  (ii)	 Explain why the HPV vaccine will not protect girls from infection with Chlamydia.
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		   *(iii)	The HPV vaccination programme is being extended to boys.

			   Explain the advantages of offering the HPV vaccine to boys, as well as girls, in schools.
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(Total for Question 8 = 15 marks)

The immune response is specific, and Chlamydia has different antigens to HPV.

So on infection with Chlamydia there will be no memory cells (or antibodies) specific
to Chlamydia present.

A primary immune response will need to be initiated, so the Chlamydia will not be
destroyed before it causes disease.

Vaccinating both girls and boys protects the students themselves from becoming

infected, because of memory cells (active immunity), so the virus will be destroyed

before infection is caused.

As there will be no virus to pass on during intercourse, the virus is less likely to be

passed on. The more girls vaccinated, the fewer cases of cervical cancer; the more boys

vaccinated, the fewer cases of other conditions caused by HPV in boys (e.g. warts and
other cancers).

There is a greater chance of developing herd immunity, so there are fewer infected
people to pass the virus on to uninfected people, which helps to protect those who

cannot be vaccinated.
Vaccinating in schools means more boys and girls are likely to be vaccinated, because

they are not reliant on a doctor's appointment being made or available, and they do not
have to miss school for the appointment. Seeing others being vaccinated may also

encourage others to get vaccinated.

School children are likely to be vaccinated before they become sexually active, so they

are protected before any exposure.
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9	 Weddell seals spend a lot of their time swimming underwater, diving to find food and 
diving to avoid predators. 

	 However, they do have to come to the surface to breathe.

	 (a)	 The graphs give some information about dives by Weddell seals.
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Turn over   

		  Comment on the conclusions that can be made about the dives of these seals.
(4)

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

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

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

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

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

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

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

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

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

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

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

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

	 (b)	 Weddell seals carry higher concentrations of oxygen in their bodies than humans.

		  (i)	 The haemoglobin of Weddell seals is adapted to carry higher levels of oxygen 
than the haemoglobin of humans, at each partial pressure of oxygen.

			   Which row of the table describes the haemoglobin of the Weddell seal?
(1)

Position of oxygen 
dissociation curve compared 

with human haemoglobin

Affinity for oxygen compared 
with human haemoglobin

	 A to the left higher

	 B to the left lower

	 C to the right higher

	 D to the right lower

As the length of the dive increases and as the depth of the dive increases, the

percentage of dives decreases.

Most dives last less than 16 to 20 minutes (40% last 0 to 5 minutes), but some

dives can last as long as an hour; there is no information about how long the longest

dive lasts (60+).

Most dives are up to 100 to 200 metres deep, but some dives may be as deep as 600

metres, with a second smaller peak at 301 to 400 m.

There is no information on the length of time that dives at different depths last.
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		   *(ii)	 The table shows how much oxygen is stored in different parts of the body of 
humans and Weddell seals.

Part of body

Total oxygen stored / a.u. kg–1 
body tissue

humans Weddell seals

lungs 12  3

blood 10 58

muscle  2 23

body fluids, other than in the blood  2  2

			   Weddell seals also store erythrocytes in their spleen that are released into the 
bloodstream during deep dives.
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			   Analyse the data to explain the differences between these two mammals. 
(6)
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Less oxygen is stored in the seal's lungs (3 compared with 12 a.u.), so more oxygen is

delivered to the body and buoyancy is reduced for diving; lung oxygen cannot be

replenished while diving anyway, so the seal's lungs must diffuse oxygen into the blood

faster, with a larger surface area or faster blood flow.

The blood of the seal carries much more oxygen (58 compared with 10 a.u.), because

its haemoglobin has a higher affinity for oxygen and because erythrocytes are released

from the spleen during deep dives. Therefore more oxygen can be supplied to the

muscles for aerobic respiration, to release ATP for muscle contraction while swimming

underwater.

The muscles of the seal store more oxygen (23 compared with 2 a.u.) because they

have more myoglobin, which stores oxygen until oxygen tensions are very low, so aerobic

respiration can continue to release ATP for muscle contraction during long dives;

anaerobic respiration would not supply enough ATP.

Body fluids store the same level of oxygen (2 a.u.) in both, because they do not have

a role in storing oxygen; the small amount is dissolved oxygen for diffusion into cells.
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	 (c)	 An investigation studied the change in the concentration of oxygen in the blood 
and muscles of a Weddell seal during a dive.

		  The graph shows the results of this investigation and the diagram shows part of 
the circulation of blood in the seal during the dive.

Concentration 
of oxygen

Start of 
dive

0

End of 
dive

brain

lung

heart

in blood

in muscles

Time Key
oxygenated blood 

deoxygenated blood

		  Analyse the data to explain these results.
(3)
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Oxygen in the muscles decreases rapidly as it is used in aerobic respiration to generate

ATP for muscle contraction.

Oxygen in the blood decreases more slowly as it moves into the muscles (cells) for

aerobic respiration, but the blood retains some oxygen even when the muscles are

depleted.

This is to supply oxygen to the brain, so that the brain cells do not die.
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	 (d)	 The graph shows the changes in the lactic acid concentration in the muscles and 
blood of a Weddell seal, after a prolonged dive.
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		  Explain the importance of these changes after the Weddell seal comes to the 
surface to breathe. 
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(Total for Question 9 = 17 marks)

TOTAL FOR PAPER = 90 MARKS

Lactic acid accumulation in the muscles is toxic, and the drop in pH it causes would

denature enzymes in the cells.

Therefore the lactic acid passes from the muscles into the blood (blood concentration

rises to a peak at about 5 minutes).

The lactic acid is then taken from the muscles to the liver by the blood, where it is

broken down using oxygen, so both concentrations fall.
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BLANK PAGE
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