@ Centre Number

Rewarding Learning

Candidate Number

ADVANCED
General Certificate of Education
2023
BIOIOgy StemUp Model Solution

Assessment Unit A2 3

assessing AR

Practical Skills in Biology

[ABY31] *ABY31*
THURSDAY 22 JUNE, MORNING

1 hour 15 minutes.

INSTRUCTIONS TO CANDIDATES

Write your Centre Number and Candidate Number in the spaces provided at the top of
this page.

You must answer the questions in the spaces provided.

Do not write outside the boxed area on each page or on blank pages.

Complete in black ink only. Do not write with a gel pen.

Answer all seven questions.

INFORMATION FOR CANDIDATES

The total mark for this paper is 60.

Figures in brackets printed down the right-hand side of pages indicate the marks awarded to
each question or part question.

You are reminded of the need for good English and clear presentation in your answers.

Use accurate scientific terminology in all answers.

Statistics Sheets are not required for use with this paper.

13890.06 R

*20ABY3101* stemup.co.uk



https://stemup.co.uk

13890.06 R

BLANK PAGE

DO NOT WRITE ON THIS PAGE

*20ABY3102* stemup.co.uk

6

g

0)

[t

-----

1Lvamig

oSt

ity

......

Fhascardiey


https://stemup.co.uk

YROROPOROQK

Fewarsiy |

......

g
o

RO R

Rtmarsiig |

.....

A A1)

i
&

VIR

RGN

i
|

9

......

H
- |

QU1

3
&

0N

i
:

I\

.....

Ameaing |

HAs

2l

) §

1 The population density of a yeast suspension can be estimated using a
haemocytometer.

The diagram below represents a type-B square from a sample taken from a yeast
suspension. The depth of suspension between the surface of the haemocytometer
grid and the overlying coverslip is 0.1 mm.

(a)

(b)

(c)

13890.06 R
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Some yeast cells lie across grid lines. Explain how this can be taken into
account when counting yeast cells.

Use the north-west rule: count cells touching the top and left lines of the

square, but not those touching the bottom and right lines. [1]

Using the information provided and the diagram, calculate the number of yeast
cells in 1 mm3.

(Show your working.)
Cells counted in the type-B square = 20

Volume = 0.04 mm? x 0.] mm = 0.004 mm?

20 + 0.009 = S000 cells per mm?
S000 cells [2]

Suggest a variable that should be controlled when sampling the
yeast suspension.

Stir the suspension before each sample (same depth). [1]

[Turn over
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2 (a) The capture-mark-recapture method can be used to estimate the size of
animal populations.

(i) State the formula used to estimate population size by this method.

N = (no. in Ist sample x no. in 2nd sample) <+ no. marked in 2nd [1]

(ii) The use of this method involves several assumptions. List three of
these assumptions.

1. No significant immigration or emigration.

2. No significant births or deaths during the study.

3. Marking does not harm the animal; all equally likely to be caught. (3

(iii) The population of the bald eagle (Haliaeetus leucocephalus) in Alaska was
investigated using the capture—mark—recapture method. The table below
shows the data collected in this investigation.

Number of bald Number of unmarked Number of marked
eagles captured in the bald eagles in the bald eagles in the
first sample second sample second sample
10265 2135 1165

Using the data in the table, estimate the size of this bald eagle population.

(Show your working.)
Total in second sample = 213§ + 1165 = 3300
N = (10 265 x 3300) = 1165

N = 29 077 bald eagles

29 077 [3]
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(b) Alaska also has a mountain goat (Oreamnos americanus) population on one of
its islands.

Researchers estimated the size of the population on several occasions over two
consecutive winters. Their results are shown in the table below.

Mean number of Standard
Year . . .. Standard error
mountain goats deviation
2010-2011 9.0 0.92 0.08
2011-2012 16.3 1.00 0.00

(i) State the most appropriate statistical test which could be used to
determine if there is a significant difference in the population over the
time period involved.

Student's t-test. [1]

(ii) It is thought that changes in the mountain goat population may be linked to
climate change. Suggest a reason why the data shown in the table above
can not be used to support this theory.

The data are not representative: collected over a very short, limited

time (only two winters) and from a small population. [1]

[Turn over
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The procedure described below can be used to prepare a leaf scrape for viewing
under a light microscope.

* Place a section of grass leaf on a microscope slide, top surface facing upwards,
and add a few drops of water.

* Holding the end of the leaf with the thumb of one hand, use the other hand to
slide a razor blade along the grass leaf. (This will remove cell layers from the
top of the leaf.)

* Repeat several times until the leaf has an almost transparent appearance.
* Add a drop of water onto the leaf scrape and place a cover slip on top.

* Examine with a light microscope.

The photomicrograph below shows a leaf scrape produced using this procedure.
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Source: Front. Plant Sci., 25 February 2020, https://doi.org/10.3389/fpls.2020.00133

(@) (i) Suggest the identity of structure X.

Guard cell (of a stoma) [1]
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) (if) Identify the leaf tissue layer that remains on the slide after using

@ this procedure.

X (Lower) epidermis [1]

@ (iii) Suggest why it is important that water is added to the leaf scrape before a
@ cover slip is placed on top.

@ It prevents air bubbles, so light can pass through the specimen more

> evenly.

>, [1]

E (iv) Suggest one reason why the procedure may need to be repeated before
lce obtaining a leaf scrape suitable for viewing.

X The tissue layer may tear, or not enough of the upper layers were

D removed. [1]

@ (v) Aflat grass leaf should be used rather than one which is rolled. Suggest a
= reason for this.

z It is easier to remove the upper cell layers evenly from a flat leaf.

2 [1]

?&: (b) Using the scale bar on the image, calculate the magnification of the micrograph.

é (Show your working.)

g Measured length of scale bar = 10 mm = 10 000 um

e Magnification = image size + actual size

%) =10 000 pum <+ SO0 um = x200

2 x200 [3]
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4 Plants have historically been used to treat bacterial infections, since many species

produce antimicrobial substances. For example, garlic (Allium sativum) produces the
antimicrobial substance allicin.

The effect of allicin on the growth of the bacterium Escherichia coli (E. coli) was

investigated. The researchers began with an allicin extract which had a concentration
of 10000 arbitrary units (AU).

(a) Determine the number of 1 in 10 serial dilutions required to obtain a
concentration of 10AU from a starting concentration of 10 000AU.

3 dilutions

(b) State two aseptic techniques that should be used when working with

13890.06 R

microorganisms such as E. coli to prevent contamination.

1. Sterilise the work area and wash hands (wear gloves), using a sterile

[1]

inoculating loop or spreader.

o Work near a Bunsen flame and flame the neck of the bottle; open

the Petri dish lid only a little.

[2]
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(c)

13890.06 R

Describe a method that could be used to test the effectiveness of different

concentrations of allicin extract against E. col.

Pour sterile nutrient agar into a sterile Petri dish and allow it to set.

Spread E. coli evenly over the agar with a sterile spreader to produce a

consistent bacterial lawn.

Soalk sterile paper discs in different concentrations of allicin extract (e.g.

10, 100, 1000 and 10 000 AV), with a control disc soaked in sterile

distilled water.

Place the paper discs on the agar using sterile forceps, spaced well apart,

and tape the lid.

Label the plate on the base and incubate it upside down overnight at 25

°C.

Measure the diameter of the clear zone (zone of inhibition) around each

disc; a larger clear 20ne means more effective allicin. Repeat with several

plates and calculate a mean.

[6]

[Turn over
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5 The micrograph of contracted voluntary (skeletal) muscle shown below was taken
using a transmission electron microscope (TEM).
(The image has been artificially coloured.)

X
Mitochondrion &
Myofibril
Z-line
Y Source: © Getty Images
(a) (i) Identify the structures labelled X and Y.
X _M line
Y _Sarcomere [2]

(ii) Using the micrograph, identify one piece of evidence which shows that the
muscle is contracted.

The distance between the 2-lines is very short, and the H-zone and

I-band are very small (difficult to see).

[1]

13890.06 R
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(iii) This type of muscle contains a large number of mitochondria.
Suggest why only a small number are visible in this micrograph.

The other mitochondria have not been coloured, or they lie in a

different plane (not in this section).

[1]

(b) Describe two differences that would be seen in a micrograph of this tissue taken
using a light microscope rather than a TEM.

1. No ultrastructure would be visible, e.g. individual myofibrils could not be

seen.

o Mitochondria and the 2 lines or M lines would not be visible (lower

resolution). 2]

[Turn over
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6 (a) The diagram below represents the side view of a gel electrophoresis tank.
Gel electrophoresis can be used to separate fragments of DNA.

Lid X Buffer
solution
Y
i
®[[]
o— —~
Power pack
(i) Identify X and Y in the diagram.
X _Sample well
Y _Anode (positive electrode) [2]

(ii) Apart from maintaining a constant pH, state one function of the buffer in the

gel electrophoresis tank.

It conducts the electrical current across the gel. [1]

13890.06 R
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(b) In an investigation, three batches of identical sections of human DNA were
incubated, each with a different restriction endonuclease enzyme. Following

incubation, the three batches of DNA were added to the wells of three lanes (A,

B and C) in a gel electrophoresis tank. The diagram below represents the gel
following the migration of DNA fragments.

— Band 1
— Band 2
]
I | | | | — Well
A B C

Source: Principal Examiner

(i) Describe the movement of the two bands (1 and 2) in lane C and suggest
an explanation for their different positions in the gel, with reference to
fragment length.

Band | has moved further from the well than band 2,

because the DNA fragments in band | are shorter (smaller), so they

move faster through the gel.

13890.06 R

[2]

*20ABY3114* stemup.co.uk

§

mmmmm

3 Loaming

mmmmmm

3
<

8
i S
2

ORI

......

7
kS

NS

mmmmm

ORI

i
|

QIS

1Lvamig

......

"

i
H

¥
i

08089

@

i
4

ORI

mmmmm

8 @it

1
a

q
H

89

]
4

10

i
H
a

1§ @1t

]
&

e
]

) '8 Q)


https://stemup.co.uk

i

H (D

i

.....

3
5

VIN'O N

H
4

VR

i

i
|

........

Fewarsiy |

......

g
o

RO R

Ruwareitg |

.....

A A1)

i
&

VIR

RGN

i
|

HY)

......

H
- |

QU1

3
&

OR

i
3

I\

.....

Anearing |

HAs

2l

) §

13890.06 R

(ii) Describe the results for the number and distribution of bands in lanes
A, B and C. Using your understanding of restriction enzymes, suggest
explanations to account for your answer.

There is one band in A, three bands in B and two bands in C.

The band in A has travelled the shortest distance, so it contains the

longest DNA fragment; one band in B has moved furthest, so B has

the shortest fragment.

The DNA in A has not been cut, as there are no restriction

(recognition) sites for that enzyme.

The enzyme used in B has two restriction sites in the DNA, giving

three fragments, while the enzyme in C has one restriction site, giving

two fragments.

[4]

(iii) Suggest how the investigators might be able to determine the size of the
DNA in each band.

Run a DNA marker (ladder) containing fragments of known sizes in

another lane and compare the bands with it.

[1]

[Turn over
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7 Methylene blue is an example of a redox indicator — an indicator which changes
colour when it gains or loses hydrogen.

Redox indicators can be used to investigate the biochemistry of respiration,
particularly the activity of dehydrogenase enzymes. Methylene blue can be used to
compare the rate of dehydrogenase activity when yeast cells respire different sugars.

These enzymes catalyse the removal of hydrogen from respiratory substrates.

(@) (i) Outline a procedure which could be used to compare dehydrogenase
activity in yeast respiring glucose and yeast respiring sucrose. You should
make reference to an appropriate control experiment.

Set up test tubes containing methylene blue with either yeast +

glucose or yeast + sucrose.

Add the same volume and concentration of sugar solution and the

same volume and concentration of yeast suspension to each tube.

Place the tubes in a temperature-controlled water bath (e.q. 30 °C)

to equilibrate before mixing.

Time how long it takes for the methylene blue in each tube to

decolourise (blue to colourless), and repeat.

Control: set up an identical tube using dead (boiled) yeast with

each sugar.

[5]
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In a separate investigation, the effect of temperature on the rate of dehydrogenase

(ii) Suggest and explain how using peas rather than yeast would affect the
validity of this investigation.

Validity would be reduced,

because dehydrogenase activity may come from photosynthesis as well

as respiration, and the green colour of peas may make the change

from blue to colourless difficult to see.

activity was investigated using a redox indicator. The results are shown below.

Time taken Rate of colour

Temperature/ Rate of colour .

oC to change changels'1 change in

colour/s standard form/s™!

20 170 0.0059 59x1073

30 90 0.0111 11.1x1073

40 130 0.0077 7.7 x 1073

50 150 0.0067 6.7x1073

60 210 0.0048 4.8x1073

(b) Complete the table by calculating the rate of colour change at 40°C and
converting this to standard form.

13890.06 R

(Show your working.)
Rate = | = time =1 + 130

0.0077 s
7.7 x 1073 s7!

\

\
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(c) (i) On the grid below:

add the missing data point for 40°C

* join the points using an appropriate graphical technique.

12x1073

11%x1073

10x1073

9x1073

8x1073

7x1073

6x1073 /

5x1073

Rate of colour change/s'1

4x1073

3x1073

2x1073

1x1073

0 10 20 30 40 50

Temperature/°C

13890.06 R

60

70

[2]
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(ii) Using the information provided, describe the effect of temperature on
dehydrogenase activity.

Dehydrogenase activity increases from 20 °C to a peak at 30 °C,

which is the optimum temperature for dehydrogenase activity.

Either side of the optimum, the rate falls dramatically, falling steadily

from 30 °C to 60 °C.

[2]

THIS IS THE END OF THE QUESTION PAPER
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