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Edugas A Level Biology - Component 3

All Candidates' performance across questions

Question Title

Question

Facility Factor %



Sticky Note
Usually the question number

Sticky Note
The number of candidates attempting that question


Sticky Note
The mean score is calculated by adding up the individual candidate scores and dividing by the total number of candidates. If all candidates perform well on a particular item, the mean score will be close to the maximum mark. Conversely, if candidates as a whole perform poorly on the item there will be a large difference between the mean score and the maximum mark. A simple comparison of the mean marks will identify those items that contribute significantly to the overall performance of the candidates.
However, because the maximum mark may not be the same for each item, a comparison of the means provides only a partial indication of candidate performance. Equal means does not necessarily imply equal performance. For questions with different maximum marks, the facility factor should be used to compare performance.


Sticky Note
The standard deviation measures the spread of the data about the mean score. The larger the standard deviation is, the more dispersed (or less consistent) the candidate performances are for that item. An increase in the standard deviation points to increased diversity amongst candidates, or to a more discriminating paper, as the marks are more dispersed about the centre. By contrast a decrease in the standard deviation would suggest more homogeneity amongst the candidates, or a less discriminating paper, as candidate marks are more clustered about the centre.


Sticky Note
This is the maximum mark for a particular question


Sticky Note
The facility factor for an item expresses the mean mark as a percentage of the maximum mark (Max. Mark) and is a measure of the accessibility of the item. If the mean mark obtained by candidates is close to the maximum mark, the facility factor will be close to 100 per cent and the item would be considered to be very accessible. If on the other hand the mean mark is low when compared with the maximum score, the facility factor will be small and the item considered less accessible to candidates.


Sticky Note
For each item the table shows the number (N) and percentage of candidates who attempted the question. When comparing items on this measure it is important to consider the order in which the items appear on the paper. If the total time available for a paper is limited, there is the possibility of some candidates running out of time. This may result in those items towards the end of the paper having a deflated figure on this measure. If the time allocated to the paper is not considered to be a significant factor, a low percentage may indicate issues of accessibility. Where candidates have a choice of question the statistics evidence candidate preferences, but will also be influenced by the teaching policy within centres.
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In the UK, coronary heart disease accounts for nearly 73000 deaths per year and it is estimated

that approximately 2.3 million people suffer from a condition called angina. This form of heart
disease develops when the blood vessels supplying the heart muscle become narrowed due to
the build-up of fatty substances on the inside wall of the vessels. The fatty deposits are called
atheroma and cause a condition called atherosclerosis.

The image below shows a model of the human heart together with some of its associated blood

vessels.

In which of the blood vessels labelled A to F on the image could an atheroma
develop that could cause angina? Name this blood vessel. [2]

Letter & ..... B Name .. ~UTIAXX ? \l'wf\

Explain why narrowing of these blood vessels could lead to the heart not contracting.

Examine
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(b) The jugular vein carries blood from the head back to the heart via the vena cava. There
are no valves between the jugular vein and the heart. Therefore, the pressure in the
jugular vein can be used as an indication of the ability of the heart to pump blood around

the body.
() Which of the blood vessels labelled A to F on the image of the heart opposite will
return blood from the jugular vein to the heart? 1]
Letter 6 .........................

The graph below shows how the pressure in the jugular vein changes during the course
of one cardiac cycle.

Tricuspid valve Tricuspid valve Tricuspid valve
open closed open

Pressure in the
jugular vein

Time
(i) State the name of the stages in the cardiac cycle during which the tricuspid valve
is: (2]

|. open Al-;n,d *Sns‘-’w(&. v

(i)  Suggest what causes the increase in pressure in the jugular vein in the regions
labelled A and B on the graph. [4]
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3. Inthe UK, coronary heart disease accounts for nearly 73 000 deaths per year and it is estimated oo
that approximately 2.3 million people suffer from a condition called angina. This form of heart
disease develops when the blood vessels supplying the heart muscle become narrowed due to
the build-up of fatty substances on the inside wall of the vessels. The fatty deposits are called
atheroma and cause a condition called atherosclerosis.

The image below shows a model of the human heart together with some of its associated blood
vessels.

(a) (i) In which of the blood vessels labelled A to F on the image could an atheroma
develop that could cause angina? Name this blood vessel. R ~C. [2]

Letter . & £ Name LRGP c LB | OO

(i) Explain why narrowing of these blood vessels could lead to the heart not contracting.

[2]
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(b) The jugular vein carries blood from the head back to the heart via the vena cava. There
are no valves between the jugular vein and the heart. Therefore, the pressure in the
jugular vein can be used as an indication of the ability of the heart to pump blood around

the body.
(i) Which of the blood vessels labelled A to F on the image of the heart opposite will
return blood from the jugular vein to the heart? [1]

Letter ... % ..................

The graph below shows how the pressure in the jugular vein changes during the course
of one cardiac cycie.

‘Tricuspid valve Tricuspid valve Tricuspid valve
open closed open

Pressure in the

jugular vein
Time
(i) State the name of the stages in the cardiac cycle during which the tricuspid valve
is: [2]

(i) Suggest what causes the increase in pressure in the jugular vein in the regions
labelled A and B on the graph. [4]
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3. Inthe UK, coronary heart disease accounts for nearly 73000 deaths per year and it is estimated
that approximately 2.3 million people suffer from a condition called angina. This form of heart
disease develops when the blood vessels supplying the heart muscle become narrowed due to
the build-up of fatty substances on the inside wall of the vessels. The fatty deposits are called
atheroma and cause a condition called atherosclerosis.

The image below shows a model of the human heart together with some of its associated blood
vessels.

(a) (i) In which of the blood vessels labelled A to F on the image could an atheroma
develop that could cause angina? Name this blood vessel. 2]

(i) Explain why narrowing of these blood vessels could lead to the heart not contracting.

[2]
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(ii)

(iii)

(b) The jugular vein carries blood from the head back to the heart via the vena cava. There
are no valves between the jugular vein and the heart. Therefore, the pressure in the
jugular vein can be used as an indication of the ability of the heart to pump blood around
the body.

()

Which of the blood vessels labelled A to F on the image of the heart opposite will
return blood from the jugular vein to the heart? 1

Letter g

The graph below shows how the pressure in the jugular vein changes during the course
of one cardiac cycle.

Tricuspid valve - Tricuspid valve Tricuspid valve
open closed open
A
Pressure in the
jugular vein B
Time
State the name of the stages in the cardiac cycle during which the tricuspid valve
is: (2]

|. open Ao S 9@)‘0&/ ..................................... I

Suggest what causes the increase in pressure in the jugular vein in the regions

labelled A and B on the graph. [4]
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Question

Marking details

Marks Available

AO1

AO2

AO3 Total

Maths

Prac

@ | O

E@)
coronary artery (1)

2

(ii)

{oxygen / glucose} does not reach {cardiac/ heart} muscle (1)
(Muscle) unable to respire (aerobically)/ less ATP produced (1)

(b) | O

B (superior vena cava)

(ii)

Open (Atrial) diastole/ atrial {systole/ contraction} (1) Accept
ventricular diastole
Closed ventricular systole (1)

(iil)

Any 4 (x1) from:

A. pressure increases in jugular due to increase in atrial
pressure

B. Because no valves between jugular and atrium/ backflow of
blood into jugular

Atrial pressure increases due to:
C. Atrial systole/ atrial contraction(1)

Atria filling with blood (1)
ventricle contracts closing {tricuspid/ AV} valve(1)
increased pressure in ventricle pushes back on atrium (1)

nmo

Question 3 total
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In the UK, coronary heart disease accounts for nearly 73000 deaths per year and it is estimated

that approximately 2.3 million people suffer from a condition called angina. This form of heart
disease develops when the blood vessels supplying the heart muscle become narrowed due to
the build-up of fatty substances on the inside wall of the vessels. The fatty deposits are called
atheroma and cause a condition called atherosclerosis.

The image below shows a model of the human heart together with some of its associated blood

vessels.

In which of the blood vessels labelled A to F on the image could an atheroma
develop that could cause angina? Name this blood vessel. [2]

Letter & ..... B Name .. ~UTIAXX ? \l'wf\

Explain why narrowing of these blood vessels could lead to the heart not contracting.

2]

10
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A3ai: 0
A3aii: 0



Sticky Note

Has referred to a lack of oxygenated blood reaching the muscle cells of the atria but not enough detail for a mark here.

0 marks



Sticky Note

Incorrect identification of the position and name of the coronary artery
0 marks







1

(b) The jugular vein carries blood from the head back to the heart via the vena cava. There
are no valves between the jugular vein and the heart. Therefore, the pressure in the
jugular vein can be used as an indication of the ability of the heart to pump blood around
the body.

() Which of the blood vessels labelled A to F on the image of the heart opposite will
return blood from the jugular vein to the heart? [1]

Letter 6 ......................... 1

The graph below shows how the pressure in the jugular vein changes during the course
of one cardiac cycle.

Tricuspid valve Tricuspid valve Tricuspid valve
open closed open

Pressure in the
jugular vein

Time
(i) State the name of the stages in the cardiac cycle during which the tricuspid valve
is: (2]

(i)  Suggest what causes the increase in pressure in the jugular vein in the regions
labelled A and B on the graph. [4]
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Sticky Note

Total 4 Marks



Sticky Note

The candidate has recognised that atrial systole increases pressure but has not linked this back to why pressure increases in the jugular vein. Similarly with ventricular systole - no links to the increase in jugular pressure.

1 Mark



Sticky Note

Has correctly identified A as being caused by atrial systole and B as ventricular systole.

2 Marks



Sticky Note

Correct identification of the (superior)vena cava = B

1 Mark
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3. Inthe UK, coronary heart disease accounts for nearly 73 000 deaths per year and it is estimated
that approximately 2.3 million people suffer from a condition called angina. This form of heart
disease develops when the blood vessels supplying the heart muscle become narrowed due to
the build-up of fatty substances on the inside wall of the vessels. The fatty deposits are called
atheroma and cause a condition called atherosclerosis.

The image below shows a model of the human heart together with some of its associated blood
vessels.

Examine
only

(a) (i) In which of the blood vessels labelled A to F on the image could an atheroma
develop that could cause ahgina? Name this blood vessel. R ~C. [2]

el R Q-Qbgn,
Letter . & £ Name LRGP c LB | OO

(i) Explain why narrowing of these blood vessels could lead to the heart not contracting.

0
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A3ai: 1
A3aii: 1



Sticky Note

Recognises the need for oxygen for respiration but does not indicate that the heart / cardiac muscle needs the oxygen

1 Mark



Sticky Note

Has correctly identified the position but not the name of the coronary artery

1 Mark





1

Examiner

(b) The jugular vein carries blood from the head back to the heart via the vena cava. There| only
are no valves between the jugular vein and the heart. Therefore, the pressure in the
jugular vein can be used as an indication of the ability of the heart to pump blood around
the body.

(i) Which of the blood vessels labelled A to F on the image of the heart opposite will
return blood from the jugular vein to the heart? [1] @

Letter ... % .................. 1

The graph below shows how the pressure in the jugular vein changes during the course
of one cardiac cycie.

‘Tricuspid valve Tricuspid valve Tricuspid valve
open closed open

Pressure in the

jugular vein
2 A3bii1
iz A3bii: 2
A3biii: 1

Time
(i) State the name of the stages in the cardiac cycle during which the tricuspid valve

is: 1 (2] @
open ... GJO“O\L ........ S k.\&*D&Q OLLOLS\'DUL

I closed .. VRN CAa LA %&ALQ\’DU_

(i) Suggest what causes the increase in pressure in the jugular vein in the regions
labelled A and B on the graph. [4]
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Sticky Note

Total 6 Marks



Sticky Note

Has identified that the atria contracting would force blood back into the jugular but does not refer to the lack of valves between the atrium and the jugular that allows this. has started to explain how ventricular contraction could cause an affect but has not provided the details needed.

1 Mark



Sticky Note

Has correctly identified causes of pressure change at A and B as ventricular systole.

2 Marks



Sticky Note

Correct identification of the (superior)vena cava = B

1 Mark
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In the UK, coronary heart disease accounts for nearly 73000 deaths per year and it is estimated
that approximately 2.3 million people suffer from a condition called angina. This form of heart
disease develops when the blood vessels supplying the heart muscle become narrowed due to
the build-up of fatty substances on the inside wall of the vessels. The fatty deposits are called
atheroma and cause a condition called atherosclerosis.

The image below shows a model of the human heart together with some of its associated blood
vessels.

(a)

10

""" - Examin

(i) In which of the blood vessels labelled A to F on the image could an atheroma
develop that could gause angina? Name this blood vessel. 1 2]

Letter ... ... Name ... Corenonj ar\—cnj

(i) Explain why narrowing of these blood vessels could lead to the heart not contracting.

[2]
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A3ai: 2
A3aii: 2



Sticky Note

Has explained that it is the cardiac muscle that is supplied by the coronary arteries and that they need oxygen for aerobic respiration.

2 Marks



Sticky Note

Has identified the correct blood vessel and named it. Phonetic spelling allowed.

2 marks





1

Examiner

(b) The jugular vein carries blood from the head back to the heart via the vena cava. There| only
are no valves between the jugular vein and the heart. Therefore, the pressure in the
jugular vein can be used as an indication of the ability of the heart to pump blood around
the body.

() Which of the blood vessels labelled A to F on the image of the heart opposite will @
return blood from t:ll_'te jugular vein to the heart? [1]

Letter g

The graph below shows how the pressure in the jugular vein changes during the course
of one cardiac cycle.

Tricuspid valve - Tricuspid valve Tricuspid valve
open closed open
A
!
' Pressure in the
jugular vein B
; 2 A3bi:l
| i A3bii: 2
A3biii; 2
Time
(i) State the name of the stages in the cardiac cycle during which the tricuspid valve @
is: [2]

|. open Ao S 3&0)‘0&/ .............................. e ,
I closed . \Men ey caml vaaa)’ulﬁl

(iii) Suggest what causes the increase in pressure in the jugular vein in the regions @
labelled A and B on the graph. [4] |

da,c}v M‘, albra inmc/wj Wwﬁ
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Sticky Note

Total 10 Marks



Sticky Note

Has recognised
- that pressure in the jugular vein is due to increased pressure in the right atrium
- caused by atrial contraction
- that blood filling the atrium also increases pressure in the jugular

3 Marks



Sticky Note

Has correctly identified A as being caused by atrial systole and B by ventricular systole. Again phonetic spelling allowed.

2Marks





Sticky Note

Correct identification of the (superior)vena cava = B

1 Mark
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Examiner
[
3. Inthe UK, coronary heart disease accounts for nearly 73000 deaths per year and it is estimated o

that approximately 2.3 million people suffer from a condition called angina. This form of heart
disease develops when the blood vessels supplying the heart muscle become narrowed due to
the build-up of fatty substances on the inside wall of the vessels. The fatty deposits are called
atheroma and cause a condition called atherosclerosis.

The image below shows a model of the human heart together with some of its associated blood
vessels.

(a) (i) In which of the blood vessels labelled A to F on the image could an atheroma
develop that could cause angina? Name this blood vessel. 2]

Letter ..., [\ = T 3 U= Yo OO

[2]

© WJEC CBAC Ltd. (A400U30-1)
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(b) The jugular vein carries blood from the head back to the heart via the vena cava. There
are no valves between the jugular vein and the heart. Therefore, the pressure in the
jugular vein can be used as an indication of the ability of the heart to pump blood around

the body.
(i)  Which of the blood vessels labelled A to F on the image of the heart opposite will
return blood from the jugular vein to the heart? 1]
Letter ...

The graph below shows how the pressure in the jugular vein changes during the course
of one cardiac cycle.

(ii)

(iii)

Tricuspid valve : Tricuspid valve  Tricuspid valve
open closed open
A
Pressure in the
jugular vein B
Time
State the name of the stages in the cardiac cycle during which the tricuspid valve
is: [2]
Lo OPBIN e
. ClOS@A e

Suggest what causes the increase in pressure in the jugular vein in the regions
labelled A and B on the graph. [4]

Examiner
only

A400U301
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Examint
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4. Type 2 diabetes affects nearly three million adults in the UK and is particularly prevalent in obese
people. Under normal conditions, almost all of the filtered glucose is reabsorbed and returned
to the circulation in the proximal convoluted tubule of the nephron but in people with type 2/
diabetes, glucose starts to appear in the urine when blood glucose concentration exceeds 180
- 200mgdm™2.

The diagram below shows how glucose is reabsorbed in the first part of the proximal convoluted |
tubule.

. blood glucose concentration
blood glucose : i
concentration in in'capiianies of. glomarulus 285 SGLT2 co-

- 23
capillaries surrounding = 120mgdm transport protein
proximal convoluted

tubule = 120 mgdm'3

epithelial cells 4$> GLUT?2 carrier
2 3 s protein

3Na” : )
. carrier protein
2K

v
N

§ 3Na* .
|
; 2K*

SGLT2

GLUT2
| glucose i lumen of proximal
gicasa convoluted tubule

r——

—A

;

——%capillary

12
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T Examiner
i
(@ (i) Describe a biochemical test that could demonstrate the presence of glucose in %
urine and explain why this test can only provide semi-quantitative results. [3]

N w{’g&(ﬂ M mjo.,rs Aau‘

Benedick’s  solution Wos - L reMacing .
S\Lﬂaf 3 Pu,su\i‘, ...... B uwu"“) ........ ma\ ..... Lalou\r .....................

s\-vmvﬁk /| T 0 (g PW@L?« f»fW\S

’i\,q.w\,o’w v(: Ly AP KSW&”:? rw,ufl,{ml‘t,ﬂ,wf 4444444 an ...
\‘w\)\uf&bﬂv\ o% U\IMY@EM o@ N.leuAj .SU—SM/
...... o w}f\:\»&w\,ﬂ\w .:,5 Auvw\ to interprekakion . as. o

kin how gitico mihe:
(i) Explain how glucose is reabsorbed frdm the f itrate into the blood even at very high
blood glucose levels. [4]

acose s ukm\siamkul kb Na'. {W\S info

JC\MM ,,,,, adhs k ‘ rufu_z\)'.
EF S
| Mo&w\ T P |

% ‘c\» uvxmlcru}cw ST S
m\po “ﬁ ENP (-Ww atolie. N&F(ﬂb.a\a

Tl Mauhw lwwu, (onaafratum ..

S Ltw (45 | (0 WS s aL«’u\nm __________________

Qﬁ\,wfaf alcos. {io oh,@w&& ...... TAN. ffDVV\fL_.\ ................... |
groxnw\ﬂx (vaow..._hdo .....................................................................
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Examiner]

only

(b) Reabsorption of glucose into the blood of people with Type 2 diabetes can increase the
risk of hyperglycaemia (dangerously high glucose levels). Under these conditions damage
can be caused to the retina and other tissues. Scientists are trialling the use of an inhibitor
of the SGLT2 co-transport protein as a possible method of controlling blood glucose!

levels.

(i) Using the information provided above and on page 12, explain how an SGLT2
inhibitor could be used to treat Type 2 Diabetes and control blood glucose levels.

(2]
Qrwunts  absopbin. . of 31“'@% who blood , o
Llood.. comenteakim. weml. . Ase.. . mgwxj ................................

(i) Suggest how the use of an SGLT2 inhibitor could also be used to help obese people
lose weight. [2]

Sntr. \t ?M ..... ‘(\An., ...... dLSGYP{',\,(M OF [155 .....
a\\\»,wst, waU\ \»co.Liw‘LcA P:j cxh(m)
o wanld e zﬁcsku\ fove. exass glacoss. .

wm)q\v\k ........... \ WIS sw ......... af . S\AJ(,ODM\ ............................................................
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4. Type 2 diabetes affects nearly three million adults in the UK and is particularly prevalent in obese
people. Under normal conditions, almost all of the filtered glucose is reabsorbed and returned
to the circulation in the proximal convoluted tubule of the nephron but in people with type 2
diabetes, glucose starts to appear in the urine when blood glucose concentration exceeds 180

—200mgdm™,

The diagram below shows how glucose is reabsorbed in the first part of the proximal convoluted

tubule.

blood glucose
concentration in
capillaries surrounding
proximal convoluted

tubule = 120mgdm™

blood glucose concentration
in capillaries of glomerulus
= 120mgdm™3

epithelial cells

h'd

3Na’
;Z@:z;

EX{ SGLT2
GLUT2

|

Na*

(

———Eg—capillary

i lucose
a_-@- glucose ¢ e
: b,

) r‘—

SGLT2 co-
transport protein

GLUT2 carrier
protein

Examin
only

3Na® . .|
carrier protein ||
2K*

lumen of proximal
convoluted tubule

12
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(a (i) Describe a biochemical test that could demonstrate the presence of glucose in
urine and explain why this test can only provide semi-quantitative results. (3]

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

MO GIACORR,  CANNOY. Give. 0N axOCk WOlume [ PRI

(i) Explain how glucose is reabsorbed from the filtrate into the blood even at very high
blood glucose levels. [4]

O QOCARE OORAN QUMPS NG our o e prod Mol

Wigh , ook gacease in Hag capillad es Sutouading v fer
ISl ower g cause qlucose is removesl §{bm Lioool ia Kig

Glorafuus anch than BACOWAAS Pt (@ reA NI G

weose Al S olowa (VS Canganyvtawon. greokiear throwh
9(\."}L—k)T’l-- (%l s Prosein 0«\9i Shmnishv M\go‘rkl\ ocd AP CApleN .
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I
(b) Reabsorption of glucose into the blood of people with Type 2 diabetes can increase the o

risk of hyperglycaemia (dangerously high glucose levels). Under these conditions damage
can be caused to the retina and other tissues. Scientists are trialling the use of an inhibitor

of the SGLT2 co-transport protein as a possible method of controlling blood glucose
levels.

(i) Using the information provided above and on page 12, explain how an SGLT2
inhibitor could be used to treat Type 2 Diabetes and control blood glucose levels.

[2]
1y SGLT2 Co-rmwnsporves iawivited, oijpusion of e
...... o 1Fs conaarinen gmdienl in Comisinanien Wity
Olweose. W) Ve taloivd . glucost does ok enter ..

(i) Suggest how the use of an SGLT2 inhibitor could also be used to help obese people

lose weight. (2]
U q\m\s ....... NOr Towsorbe . WAA s oov
SYORRA 05 QlYcogn O Uk d B3 & loapklbone Fer
Nﬁmwc&\\v\ds . \ess yors deposited . Also les

..Aq.\.sgc,.qgu.ssh&s = Othar respilaton S ares Wil

have o wstd o aers fors armar hance losing
w@\’\r\\r.

1"
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4. Type 2 diabetes affects nearly three million adults in the UK and is particularly prevalent in obese
people. Under normal conditions, almost all of the filtered glucose is reabsorbed and returned
to the circulation in the proximal convoluted tubule of the nephron but in people with type 2
diabetes, glucose starts to appear in the urine when blood glucose concentration exceeds 180
—200mgdm~™

The diagram below shows how glucose is reabsorbed in the first part of the proximal convoluted

SGLT2 co-
transport protein

GLUT2 carrier
protein

¥
a : >
carrier protein

lumen of proximal

convoluted tubule
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(a) (i) Describe a biochemical test that could demonstrate the presence of glucose in
urine and explain why this test can only provide semi-quantitative results. [3]

iW J /f?ﬁl/twé*c‘zbj ........ |

u;zw Améwz Ao

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

(i) Explain how glucose is reabsorbed/from the filtrate into the blood even at very high
blood glucose levels. [4]

(;(M@m—c,é' ................................ /779'\« ...................... M"“L" into

ka ept Ml ). @(h V ‘O Cahunjoawé Wil Soelivon....

tons. Uore  and 1. Seeliosn . coar. bind fo.o......
ﬁgcgp‘vr SL. c} on ﬂl-r Sie coarries p’blun kaj
N alrwnvao Shape, releas: ing. Mo o andl. Sodnns

aSiels. Has,... ”w(w‘ . Z&gaobwv\- RZY T 4 Z
acL;qu lﬂt/\quu ot ¢V/L qM/J . wd}vmy |
. poﬂmm oM. ACkUA 1"7/00 e .. WMS ,
W dazeaes s als Leiwtronww ........................ L
epllilial o md S0 Sodassn diblprn i o, aza/w 1
nuchonsa b coure. dleelronsdml. Ij Thuk . 1> Ul,
e, ak. sy, ijl blaod . ﬁt'—(.b}c. leel> | logels
A ks Ao

7"@ a ...... '\ X w ...... co n .......... Lm [, no ¢ 4], g
Ll Wan ‘9/& blo&;:[ /lifw az,;/am,hfm
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Examing
(b) Reabsorption of glucose into the blood of people with Type 2 diabetes can increase the i

risk of hyperglycaemia (dangerously high glucose levels). Under these conditions damage
can be caused to the retina and other tissues. Scientists are trialling the use of an inhibitor
of the SGLT2 co-transport protein as a possible method of controlling blood glucose
levels.

(i) Using the information provided above and on page 12, explain how an SGLT2
inhibitor could be used to treat Type 2 Diabetes and control blood glucose levels.

(2]

....... IALLﬂLnﬂS(rLTZ onld redue Mo

aluwu./\l'w} ....... Oleuw» ...... C&#(Olfzj/n)wh%'//“/\”a .........

CL(/f/?mo( nnhz){u ...... th‘?&{/ /M\r\v ...... D —
jzu_m Iava A S ST

(i) Suggest how the use of an SGLT2 inhibitor could also be used to help obese people
lose weight. [2]

Towihee  S6LTZ nders Hood e

1
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i Marking detail Marks Available
Question arking detatis AOL | AO2 | AO3 | Total | Maths | Prac
4 | (@) | (i) e add Benedict’'s and{boil / heat (to a high temperature)} / use 2 3 3
{Clinistix/ test stick} (1)
e colour change (from blue) to {green / brick red} demonstrates
presence of glucose /suitable description of use of colour change
chart for Clinistix (1)
e colour change {indicates approximate values of glucose in urine
only/ is subjective} (1) 1
(i) Any 4 (x1) from: 4
A. Na' ions actively {transported/ pumped} out of (epithelial) cell (1)
B. lowers concentration of Na" inside cell (1) 1
C. Na'in filtrate at a higher concentration than inside (epithelial) cell
1) 1
D. Na' co-transported with glucose into epithelial cell (1)
E. Glucose concentration in epithelial cell higher than blood plasma
F. Glucose moves out of epithelial cell into blood by facilitated
diffusion (1) 1
G. circulation maintains plasma concentration below that in epithelial
cells/ maintains concentration gradient (1) 1
(b) [ @) use of inhibitor would {reduce level of glucose reabsorbed / reducing 2 2
cotransport}/ owtte(1)
so more glucose would be lost in urine (1)
(i) Any 2 (x1) from: 2 2
less glucose available for respiration (1)
{other respiratory substrates / fat stored in the body} would be used
up (1)
less excess glucose present to be stored as fat (1)
Less glucose available so stored fat is used up in respiration = 2 marks
Question 4 total 4 5 2 11 0 3
6
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4. Type 2 diabetes affects nearly three million adults in the UK and is particularly prevalent in obese
people. Under normal conditions, almost all of the filtered glucose is reabsorbed and returned
to the circulation in the proximal convoluted tubule of the nephron but in people with type 2/
diabetes, glucose starts to appear in the urine when blood glucose concentration exceeds 180
- 200mgdm™2.

The diagram below shows how glucose is reabsorbed in the first part of the proximal convoluted |
tubule.

. blood glucose concentration
blood glucose : i
concentration in in'capiianies of. glomarulus 285 SGLT2 co-

- 23
capillaries surrounding = 120mgdm transport protein
proximal convoluted

tubule = 120 mgdm'3

epithelial cells 4$> GLUT?2 carrier
2 3 s protein

3Na” : )
. carrier protein
2K

v
N

§ 3Na* .
|
; 2K*

SGLT2

GLUT2
| glucose i lumen of proximal
gicasa convoluted tubule

r——

—A

;

——%capillary

12
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(@ (i) Describe a biochemical test that could demonstrate the presence of glucose in
urine and explain why this test can only provide semi-quantitative results. [3]

i gw,hj& ek Fﬂ_....ml. ey ssaasss fld
g\,LﬂaJ‘ AS.p. N,su\i‘, ...... B uwu"“) ........ ma\ ..... Lalou\r .....................

s\-vmvﬁk L\M AT NPT (Y waptto.h, fnrw\s

el ve mihe:
(i) Explain how glucose is reabsorbed frdm the f itrate into the blood even at very high
[4] : :

blood glucose levels.
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m\po “ﬁ ENP (-Ww etolie MSF(O'{].(M
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Sticky Note

The candidate has recognised that glucose and Na+ ions are co-transported into the epithelial cells but has misinterpreted the diagram stating that glucose is actively transported into the blood even though there is no indication of a need for ATP. Also misunderstanding of how concentration gradients are maintained and the direction of these gradients.

1 Mark



Sticky Note

All correct = 3 marks
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(b) Reabsorption of glucose into the blood of people with Type 2 diabetes can increase the
risk of hyperglycaemia (dangerously high glucose levels). Under these conditions damage |
can be caused to the retina and other tissues. Scientists are trialling the use of an inhibitor
of the SGLT2 co-transport protein as a possible method of controlling blood glucose!

levels.

(i) Using the information provided above and on page 12, explain how an SGLT2
inhibitor could be used to treat Type 2 Diabetes and control blood glucose levels.

[2]
Llood.. comenteakim. weml. . Ase.. . mgmmj ..............................

(i) Suggest how the use of an SGLT2 inhibitor could also be used to help obese people

lose weight. [2]
S\nu,»t?mu»\f.‘s ..... ‘(\A&, ...... dLSaYP%\,(}V\OF (MLOS&,[,JS ..... @

a\\\»,wu, wodd bve alkovbed Mh\-j - Mgesbipn,
SO . ww\u L. tsh?,A ................ Lot eALULSS d(f-&coﬁ&, .......
W(N\)\A\V:k ........... Nt S\WNA\ _________ as S\AJLDDM\
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Sticky Note

does not state glucose lost in urine.
1 mark



Sticky Note

candidate did not refer to respiration or use or stored fat



Sticky Note

Total = 5 marks
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4. Type 2 diabetes affects nearly three million adults in the UK and is particularly prevalent in obese
people. Under normal conditions, almost all of the filtered glucose is reabsorbed and returned
to the circulation in the proximal convoluted tubule of the nephron but in people with type 2
diabetes, glucose starts to appear in the urine when blood glucose concentration exceeds 180

—200mgdm™,

The diagram below shows how glucose is reabsorbed in the first part of the proximal convoluted

tubule.

blood glucose
concentration in
capillaries surrounding
proximal convoluted

tubule = 120mgdm™

blood glucose concentration
in capillaries of glomerulus
= 120mgdm™3

epithelial cells

h'd

3Na’
;Z@:z;

EX{ SGLT2
GLUT2

|

Na*

(

———Eg—capillary

i lucose
a_-@- glucose ¢ e
: b,

) r‘—

SGLT2 co-
transport protein

GLUT2 carrier
protein
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only

3Na® . .|
carrier protein ||
2K*

lumen of proximal
convoluted tubule
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(a (i) Describe a biochemical test that could demonstrate the presence of glucose in t"g:‘,;"er
urine and explain why this test can only provide semi-quantitative resylts. (3] @
MO GIACORR,  CANNOY. Give. 0N axOCk WOlume [ PRI
W) Gmemse n Vhe Wt .
(i) Explain how glucose is reabsorbed from the filtrate into the blood even at very high
blood glucose levels. Bk [4]
O Qocries porin Quanps  3NGour o e pradmal
OonO\MRE. Wdowe @M liven invo Wna  Capillaey

..... oven. TWS AN ases qkucos& CONCLNNDINDIN VA Hep )

Wigh , ook gacease in Hag capillad es Sutouading v fer
ISl ower g cause qlucose is removesl §{bm Lioool ia Kig

Glorafuus anch than BACOWAAS Pt (@ reA NI G @

weose Al S olowa (VS Canganyvtawon. greokiear throwh
9(\."}L—k)T’l-- (%l s Prosein 0«\9i Shmnishv M\go‘rkl\ ocd AP CApleN .
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Sticky Note

Total 3 Marks



Sticky Note

- has explained that glucose concentration is higher in the epithelial cell than the blood



Sticky Note

- has indicated that Na+ and glucose are co-transported into the epithelial cell



Sticky Note

- has identified that Na+ ions are pumped out (BOD active transport) of the epithelial cells into the blood and refers to a concentration gradient of Na+ but not enough detail for the second mark point here



Sticky Note

Does not give colour change. 
2 marks
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(b) Reabsorption of glucose into the blood of people with Type 2 diabetes can increase the
risk of hyperglycaemia (dangerously high glucose levels). Under these conditions damage
can be caused to the retina and other tissues. Scientists are trialling the use of an inhibitor

of the SGLT2 co-transport protein as a possible method of controlling blood glucose
levels.

(i) Using the information provided above and on page 12, explain how an SGLT2
inhibitor could be used to treat Type 2 Diabetes and control blood glucose levels.

[2]
1y SGLT2 Co-rmwnsporves iawivited, oijpusion of e
...... o 1Fs conaarinen gmdienl in Comisinanien Wity
Olweose. W) Ve taloivd . glucost does ok enter ..

(i) Suggest how the use of an SGLT2 inhibitor could also be used to help obese people

lose weight. (2]
U O,chost\s ....... NOF  towsoribe dh WA \v S oov
SYORA 05 glvycogen O Uk d 05 o loapkbone For
Mﬁmw\c&\\wds ........ . \ess yoxrs daeposited . Also les

..Aq.\.sgc,.q,. SW&% = ofhar respiarom S ares Wyl

vt 0w oustd o acrs Jeis Badmar henca josing
w@?;\r\\r.
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Sticky Note

no reference to glucose in urine



Sticky Note

marks awarded for less fat stored and use of other respiratory substrates
2 marks
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tubule.
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blood glucose
concentration in

capillaries surrounding
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4. Type 2 diabetes affects nearly three million adults in the UK and is particularly prevalent in obese
people. Under normal conditions, almost all of the filtered glucose is reabsorbed and returned
to the circulation in the proximal convoluted tubule of the nephron but in people with type 2
diabetes, glucose starts to appear in the urine when blood glucose concentration exceeds 180
—200mgdm~™

The diagram below shows how glucose is reabsorbed in the first part of the proximal convoluted

SGLT2 co-
transport protein

GLUT2 carrier
protein

¥
a : >
carrier protein

lumen of proximal

convoluted tubule
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(a) (i) Describe a biochemical test that could demonstrate the presence of glucose in
urine and explain why this test can only provide semi-quantitative results. [3]

involus M/ad,y .......... L3 o hoidich.. /\mymf{v .........................

/)

g Jome [ghh blue Do bk ecd . Al
Jangcéooncm/wmc{m/p# {«/ﬁ —

; &TL.....am( ....... cde reel s ar_grea, N/vr/lnM o

reloive  Conwnbrech on o (Jemin qm‘u""’)

(i) Explain how glucose is reabsorbed/from the filtrate into the blood even at very high
blood glucose levels. [4]

Huwoere 5 M:mva('/mn« ..... He.... }(u”“/‘b ke

Koo eplaliol. Gl vio. Colrmaspack. (il Socliomn .
tonp - Dlbuwore . and 2. Seeltans . vomr bind fo. ...
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ik o aM?oﬁlupc,miéaan?}h Clumoa/zo( Soduns .
achiucy Vauoopucke ok of Lo qolhlil . aod for cvery.
Q.puuaowuw O, AU Iwmparl-w( .. WauS caeadrs .
@ dazeaen s alln M. decke nudelly o b . .
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Sticky Note

- that glucose can then pass into the blood through facilitated diffusion



Sticky Note

- that glucose concentration is raised to be higher than that of the blood



Sticky Note

- that sodium ions are actively transported out of the epithelial cell



Sticky Note

- glucose is co-transported with sodum ions from the filtrate into the epithelial cells of the PCT



Sticky Note

description of semi-quantitative is too vague to gain credit





14

(b) Reabsorption of glucose into the blood of people with Type 2 diabetes can increase the
risk of hyperglycaemia (dangerously high glucose levels). Under these conditions damage
can be caused to the retina and other tissues. Scientists are trialling the use of an inhibitor
of the SGLT2 co-transport protein as a possible method of controlling blood glucose
levels.

(i) Using the information provided above and on page 12, explain how an SGLT2
inhibitor could be used to treat Type 2 Diabetes and control blood glucose levels.

(2]
....... Tohbibog. ©6LT2  taounld redue he o .
anssunk o glscon. dfpoing inlo. Mo gpllil )
CeltrYondk inko. Yo Hoodd /ij LhoooL ...

jzu_m lava A

(i) Suggest how the use of an SGLT2 inhibitor could also be used to help obese people

lose weight. [2]
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Sticky Note

no mention of glucose lost in urine



Sticky Note

full marks awarded
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4. Type 2 diabetes affects nearly three million adults in the UK and is particularly prevalent in obese
people. Under normal conditions, almost all of the filtered glucose is reabsorbed and returned
to the circulation in the proximal convoluted tubule of the nephron but in people with type 2
diabetes, glucose starts to appear in the urine when blood glucose concentration exceeds 180
—200mgdm™.

The diagram below shows how glucose is reabsorbed in the first part of the proximal convoluted
tubule.

blood glucose blood glucose concentration
concentration in in capillaries of glomerulus }85 SGLT?2 co-

_ -3
capillaries surrounding = 120mgdm transport protein

proximal convoluted
epithelial cells @ GLUT2 carrier
" 2 r protein

tubule = 120mgdm~3
3Na" .
@ , carrier protein
2K

'

\
>

3Na* .
o |
3 2K*

‘ }Xj SGLT2
GLUT2

I glucose lumen of proximal
! 6 9 glucose convoluted tubule
1 Z

[ 1 r

. capillary
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Examiner
[
(a) (i) Describe a biochemical test that could demonstrate the presence of glucose in o
urine and explain why this test can only provide semi-quantitative results. [3]
(i)  Explain how glucose is reabsorbed from the filtrate into the blood even at very high
blood glucose levels. [4]

13
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(b) Reabsorption of glucose into the blood of people with Type 2 diabetes can increase the
risk of hyperglycaemia (dangerously high glucose levels). Under these conditions damage
can be caused to the retina and other tissues. Scientists are trialling the use of an inhibitor
of the SGLT2 co-transport protein as a possible method of controlling blood glucose
levels.

(i) Using the information provided above and on page 12, explain how an SGLT2
inhibitor could be used to treat Type 2 Diabetes and control blood glucose levels.

[2]

(i)  Suggest how the use of an SGLT2 inhibitor could also be used to help obese people
lose weight. [2]

Examiner
only
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5. Rennet is a mixture of enzymes that are produced by young ruminants to help improve the

effectiveness of the digestion of casein (milk protein). Chymosin is the main enzyme in the

mixture and is responsible for breaking a specific chemical bond in k-casein, one of the proteins |

found in casein. This enables digested k-casein to coagulate the other proteins found in milk and
form a semi-solid mass.

(a) Chymosin is secreted as a precursor molecule by cells in gastric glands found in the
abomasum (true stomach). Pepsinogen and hydrochloric acid are also secreted by these
glands. Explain the role of these three secretions in digesting milk protein. [3]

s . P
" iAoy NM

only
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In the ruminant gut, the relative proportions of the compartments of the stomach called the rumen
and abomasum (true stomach) change as the animal grows older. The relative proportions of the
rumen and abomasum of a newborn cow and adult cow are shown in the diagram below.

CALF - NEWBORN ADULT COW
cow

oesophageal groove

rumen - 80% of total

rumen - 30% of total stomach volume

|| stomach volume oesophagus

oesophagus
duodenum

abomasum - 55% of abomasum - 10% of
total stomach volume total stomach volume

(b) With reference to their diets, explain the changes in the proportions of the rumen and
abomasum as a calf grows older and its diet changes from milk to grass. [5]

Javen e calg s naasleeca Tk geds Moty o MiVK: pom.

008y Geos3 . MIK S & proesa -, i3 loponen dowa s e gl et

<k ko
............... ks lves
\rass. ak
................................. Chion fre (o Poupd ke abk
e TR [ 0o AN 0 4 g A TTrarthore. o8
'u"k (o ?ﬂwsaw\m\wwowm«;MOA ). Awhnos Vi,
Db onh QoM s order Yooz, seec vl oF 9 (s 1n Do,
More. gdlwon 1l e diggaed. Tl av0ROSAIA WL ror phsical

ANrnK ; av N\ TN M’CQMNASOO\ Yo . AN s
COW) GRSYS VRV (IVFRL DDA | MO ALY 0ALy HAOY joeA WWONIIRS o

16

© WJEC CBAC Lid (A400U30-1)

Examine
only





17

from the stomachs of dead calves. Supplies of chymosin from this source are limited and
make the cheese produced unsuitable for vegetarians. Most of the rennet now used in the
cheese industry is produced from genetically engineered bacteria and yeasts.

(i) Suggest why itis generally considered that the use of GM chymosin is more ethically
sound than using chymosin from animal rennet. 1]

..... using. M. chytosia. Aees ok iwalve 12 Slaugier
\ess e¥aically () ouemainc

(i) Bacteria of the species Escherichia coli were genetically engineered to contain the
gene for chymosin. Due to the presence of multiple introns in the chymosin gene,
bacteria may not be able to carry out the RNA splicing. Therefore they may not be
able to produce the functional mMRNA molecule needed to synthesise the chymosin

protein.
Outline how an intron free DNA molecule containing the chymosin gene could have
been produced. [3]

17
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5. Rennet is a mixture of enzymes that are produced by young ruminants to help nmprove the

effectiveness of the digestion of casein (milk protein). Chymosm is the main enzyme in the

* mixture and is responsible for breaking a specific chemical bond in k-casein, one of the proteins

found in casein. This enables digested k-casein to coagulate the other proteins found in milk and
form a semi-solid mass.

(a) Chymosin is secreted as a precursor molecule by cells in gastric glands found in the

abomasum (true stomach). Pepsinogen and hydrochloric acid are also secreted by these
glands. Explain the role of these three secretions in digesting milk protein. [3]
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In the ruminant gut, the relative proportions of the compartments of the stomach called the rumen
and abomasum (true stomach) change as the animal grows older. The relative proportions of the |
rumen and abomasum of a newborn cow and adult cow are shown in the diagram below.

CALF - NEWBORN ADULT COW
Cow

oesophageal groove
rumen - 80% of total

stomach volume

rumen - 30% of total s
oesophagus
stomach volume phag oesophagus
/

duodenum
TR

abomasum - 55% of abomasum - 10% of
total stomach volume total stomach volume

(b) With reference to their diets, explain the changes in the proportions of the rumen and
abomasum as a calf grows older and its diet changes from milk to grass. [5]

........ [a\{-s Conauwne e Whack . Gonkuno. . lw?vawﬁ’
.a} prekan. adidhs i dr IV(- 20 }Ae aborasuns.,.....
a/ e )bm._w.

As Mo Calf g u};m;n/ 13 T . W ...
/ha}mnl)l»c Gt Hoading

R~ LD ﬁlLoLvJ oMo w&/ﬂw
fcerdm ...... )z«/ f;?:, ..... ZQ ..... Mone. . (42;1; lecre 19 Sceceed é‘l ___________

ok H:?L ..... e#«c-m 4 )~ 4& .. 4//?%7
/lu. ajmmow Muamb 4. /@/g 0% %

16

DWIEC CBAC Ltd {A400U30-1)





17

D e L TN Examiner

(c) Animal chymosin (the form of rennet used in traditional cheese production) is obtained o
from the stomachs of dead calves. Supplies of chymosin from this source are limited and
make the cheese produced unsuitable for vegetarians. Most of the rennet now used in the
cheese industry is produced from genetically engineered bacteria and yeasts.

() Suggestwhy itis generally considered that the use of GM chymosin is more ethically
sound than using chymosin from animal rennet. [1]

OLGM d‘ywiﬂ R S e s

(i) Bacteria of the species Escherichia coli were genetically engineered to contain the
gene for chymosin. Due to the presence of multiple introns in the chymosin gene,
bacteria may not be able to carry out the RNA splicing. Therefore they may not be
able to produce the functional MRNA molecule needed to synthesise the chymosin

protein.
Outline how an intron free DNA molecule containing the chymosin gene could have
been produced. [3]
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Question

Marking details

Marks Available

AO1

AO2

AO3 Total

Maths

Prac

51 (a)

Any three (x1) from :

e {HCI/ H'} activates {enzyme precursor / chymosin precursor /
pepsinogen} (1)

e Also provides optimum pH (1)

e Chymosin causes coagulation of milk proteins which
increases the time taken to pass through stomach (1)

o (Pepsinogen activated into) pepsin which {digests/
hydrolyses/ breaks down}{ proteins / peptide bonds} (1)

3

(b)

calf:
A. abomasum involved in protein digestion (1)
B. therefore abomasum is larger (1)

adult:

C. Diet mainly {grass/ cellulose rich} which is difficult to digest
1)

D. rumen contains bacteria that can digest cellulose (1)

E. dietlow in protein / abomasum digests mainly bacterial
protein (1)

F. therefore rumen is larger (1)

(© | ()

animals are not {killed/ harmed} (to obtain rennet / chymosin)

(ii)

o {extract /Juse} mRNA (1)

e because the introns have already been {removed/ edited} (1)

e use reverse transcriptase to synthesise single stranded DNA
(1)ignore cDNA

o DNA polymerase to synthesise double stranded (c)DNA (1)
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Question

Marking details

Marks Available

AO1 AO2 AQO3 Total Maths Prac
(c) | (iii) (most mammals have a) body temperature of about 37°C (1) 2 2 2
(unmodified E.coli included) to act as a control / prove that E.coli
does not produce protease that can act on milk protein(1)
Accept reference to humans
(iv) | | |0.4cm® =2 marks 2 2 2
If incorrect allow the following for 1 mark
3.142/1 x 0.65° x 0.3
0.398/ 0.3982485
Il |3.32x10%/3.3x10%/3.33 x 10"/ 3 x 10 = 3 marks 3 3 3
ECF from | x 0.02/24
0.000332 = 2 marks
33.2 x 10°= 2 marks
0.008g / 24 hours = 2 marks
0.4cm® x 0.02g cm™ = 1 mark (substitution) ECF
0.008 = 1 mark (answer to substitution) ECF
8 x 10 = 1 mark (answer to substitution)ECF
Question 5 total 4 14 1 19 5 2
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5. Rennet is a mixture of enzymes that are produced by young ruminants to help improve the

effectiveness of the digestion of casein (milk protein). Chymosin is the main enzyme in the

mixture and is responsible for breaking a specific chemical bond in k-casein, one of the proteins |

found in casein. This enables digested k-casein to coagulate the other proteins found in milk and
form a semi-solid mass.

(a) Chymosin is secreted as a precursor molecule by cells in gastric glands found in the
abomasum (true stomach). Pepsinogen and hydrochloric acid are also secreted by these
glands. Explain the role of these three secretions in digesting milk protein. [3]
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In the ruminant gut, the relative proportions of the compartments of the stomach called the rumen
and abomasum (true stomach) change as the animal grows older. The relative proportions of the
rumen and abomasum of a newborn cow and adult cow are shown in the diagram below.

CALF - NEWBORN ADULT COW
cow

oesophageal groove

rumen - 80% of total

rumen - 30% of total stomach volume

|| stomach volume oesophagus

oesophagus
duodenum

abomasum - 55% of abomasum - 10% of
total stomach volume total stomach volume

(b) With reference to their diets, explain the changes in the proportions of the rumen and
abomasum as a calf grows older and its diet changes from milk to grass. [5]
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(©

from the stomachs of dead calves. Supplies of chymosin from this source are limited and
make the cheese produced unsuitable for vegetarians. Most of the rennet now used in the
cheese industry is produced from genetically engineered bacteria and yeasts.

(i) Suggest why itis generally considered that the use of GM chymosin is more ethically
sound than using chymosin from animal rennet. 1]

(i) Bacteria of the species Escherichia coli were genetically engineered to contain the
gene for chymosin. Due to the presence of multiple introns in the chymosin gene,
bacteria may not be able to carry out the RNA splicing. Therefore they may not be
able to produce the functional mMRNA molecule needed to synthesise the chymosin

protein.
Outline how an intron free DNA molecule containing the chymosin gene could have
been produced. [3]
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Sticky Note

The candidate has explained the need to use mRNA that has already had the introns removed during transcription but makes no reference to the enzymes needed for production of the cDNA.

2 Marks
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5. Rennet is a mixture of enzymes that are produced by young ruminants to help nmprove the

effectiveness of the digestion of casein (milk protein). Chymosm is the main enzyme in the

* mixture and is responsible for breaking a specific chemical bond in k-casein, one of the proteins

found in casein. This enables digested k-casein to coagulate the other proteins found in milk and
form a semi-solid mass.

(a) Chymosin is secreted as a precursor molecule by cells in gastric glands found in the

abomasum (true stomach). Pepsinogen and hydrochloric acid are also secreted by these
glands. Explain the role of these three secretions in digesting milk protein. [3]
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In the ruminant gut, the relative proportions of the compartments of the stomach called the rumen
and abomasum (true stomach) change as the animal grows older. The relative proportions of the |
rumen and abomasum of a newborn cow and adult cow are shown in the diagram below.

rumen - 30% of total
stomach volume

duodenum

CALF - NEWBORN ADULT COW
Cow

oesophageal groove
rumen - 80% of total

stomach volume

oesophagus oesophagus
/

S

abomasum - 55% of abomasum - 10% of
total stomach volume total stomach volume

(b) With reference to their diets, explain the changes in the proportions of the rumen and
abomasum as a calf grows older and its diet changes from milk to grass. [5]
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D e L TN Examiner

(c) Animal chymosin (the form of rennet used in traditional cheese production) is obtained o
from the stomachs of dead calves. Supplies of chymosin from this source are limited and
make the cheese produced unsuitable for vegetarians. Most of the rennet now used in the
cheese industry is produced from genetically engineered bacteria and yeasts.

() Suggestwhy itis generally considered that the use of GM chymosin is more ethically
sound than using chymosin from animal rennet. [1]

OLGM d‘ywiﬂ R S e s

(i) Bacteria of the species Escherichia coli were genetically engineered to contain the
gene for chymosin. Due to the presence of multiple introns in the chymosin gene,
bacteria may not be able to carry out the RNA splicing. Therefore they may not be
able to produce the functional MRNA molecule needed to synthesise the chymosin

protein.
Outline how an intron free DNA molecule containing the chymosin gene could have
been produced. [3]
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Sticky Note

Although reference has been made to using a molecule of mRNA the context is biologically incorrect as the process of splicing out the introns is described as being carried in a laboratory.

Reference has been made to using reverse transcriptase with enough explanation that this results in the formation of a single stranded DNA molecule. No reference has been made to DNA polymerase producing a double stranded cDNA molecule.

Total 1 mark
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5. Rennet is a mixture of enzymes that are produced by young ruminants to help improve the
effectiveness of the digestion of casein (milk protein). Chymosin is the main enzyme in the
mixture and is responsible for breaking a specific chemical bond in k-casein, one of the proteins
found in casein. This enables digested k-casein to coagulate the other proteins found in milk and
form a semi-solid mass.

(@ Chymosin is secreted as a precursor molecule by cells in gastric glands found in the
abomasum (true stomach). Pepsinogen and hydrochloric acid are also secreted by these
glands. Explain the role of these three secretions in digesting milk protein. [3]
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In the ruminant gut, the relative proportions of the compartments of the stomach called the rumen
and abomasum (true stomach) change as the animal grows older. The relative proportions of the
rumen and abomasum of a newborn cow and adult cow are shown in the diagram below.

CALF - NEWBORN ADULT COW
cow

oesophageal groove

rumen - 80% of total

\
Y oesophagus stomach volume

rumen - 30% of total

stomach volume
oesophagus

duodenum
duodenum

abomasum - 55% of abomasum - 10% of
total stomach volume total stomach volume

(b) With reference to their diets, explain the changes in the proportions of the rumen and
abomasum as a calf grows older and its diet changes from milk to grass. [5]
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(¢) Animal chymosin (the form of rennet used in traditional cheese production) is obtained
from the stomachs of dead calves. Supplies of chymosin from this source are limited and
make the cheese produced unsuitable for vegetarians. Most of the rennet now used in the
cheese industry is produced from genetically engineered bacteria and yeasts.

(i) Suggestwhyitis generally considered that the use of GM chymosin is more ethically
sound than using chymosin from animal rennet. 1]

(i) Bacteria of the species Escherichia coli were genetically engineered to contain the
gene for chymosin. Due to the presence of multiple introns in the chymosin gene,
bacteria may not be able to carry out the RNA splicing. Therefore they may not be
able to produce the functional MRNA molecule needed to synthesise the chymosin

protein.
Outline how an intron free DNA molecule containing the chymosin gene could have
been produced. [3]
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Seven different genetically engineered E.coli strains were tested for their ability to synthesise
and secrete chymosin. Pure cultures of each strain were grown on milk agar plates for 24 hours
at a temperature of 37 °C.

The results of one test are shown in the image below. Unmodified E.coli was also grown on the
same plate.

unmodified E. ¢

(iii)  Suggest why the bacteria were cultured at 37 °C and explain why an unmodified
strain of E.coli was included. 2]
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(iv) The agar contained 0.02 gcm‘3 milk protein. The clear zone surrounding bacterial
colonies was due to the digestion of milk protein.

The clear zone surrounding strain 3 was found to be 13 mm in diameter using a
3 mm depth of agar.

Calculate the volume of the agar in the clear zone. Express your answer to
one decimal place. [2]

[t =3.142; volume of a cylinder = nr2h; h = depth of agar]

Volume of agar in clear zone =

Calculate the mass of milk protein digested and hence the rate of protein
digestion by the chymosin secreted by E.coli strain 3. Express your answer in
standard form. [3]

Rate of milk protein digestion =
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potential difference / mV

Neurotoxins are chemicals produced by many organisms as a defence against predators. Most

neurotoxins cause paralysis of muscles and eventually death. Different neurotoxins affect the

transmission of a nervous impulse from the central nervous system to muscles in different ways.

—

Effect of neurotoxins A and B on an action potential
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time / ms

Effect of neurotoxin C:
Neurotoxin C has no effect on the generation or t_ransmission of an action potential in an axon

but prevents the generation of an action potential in a post-synaptic membrane.

lon concentration in the terminal of a presynaptic neurone / mmol dm™

Immediately after stimulation
Atrest
Without neurotoxin C With neurotoxin C
i Inside Outside Inside Outside Inside Outside
neurone neurone neurone neurone neurone neurone
Na* | 14 145 130 15 125 25
K 155 5 15 145 20 135
—
ca?* 0.001 5 (1) 008
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Using the information provided and your knowledge and understanding of the transmission
of nervous impulses, explain how each of the neurotoxins A, B and C could cause muscle
paralysis. [9 QER]
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Sticky Note

NEUROTOXIN A
Has recognised that no action potential is generated as the threshold potential is not reached due to the 'all or nothing' law. A description of the role of Na+ channel and ions in the normal production of an action potential is given but not related to the effect of neurotoxin A.



Sticky Note

NEUROTOXIN B
The candidate has recognised that repolarisation takes longer and makes some attempt at linking this to ion channels but these are not named and the candidate does not know whether they do not open or close to cause the effect seen.



Sticky Note

Some aspects of the mode of action of all three neurotoxins are given placing this response in the middle band. However, some omissions and some errors together with unclear communication limit the marks awarded.

Total 4 marks
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Sticky Note

NEUROTOXIN C
There is a recognition that C affects 
Ca2+ ions and that this in turn affects the release of neurotransmitter into the synaptic cleft. However, there is confusion as the candidate implies that Ca2+ ions can still pass into the pre-synaptic knob and the neurotoxin C affects how these ions operate.
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potential difference / mV

Neurotoxins are chemicals produced by many organisms as a defence against predators. Most

neurotoxins cause paralysis of muscles and eventually death. Different neurotoxins affect the

transmission of a nervous impulse from the central nervous system to muscles in different ways.

—

Effect of neurotoxins A and B on an action potential
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Effect of neurotoxin C:
Neurotoxin C has no effect on the generation or t_ransmission of an action potential in an axon

but prevents the generation of an action potential in a post-synaptic membrane.

lon concentration in the terminal of a presynaptic neurone / mmol dm™

Immediately after stimulation
Atrest
Without neurotoxin C With neurotoxin C
i Inside Outside Inside Outside Inside Outside
neurone neurone neurone neurone neurone neurone
Na* | 14 145 130 15 125 25
K 155 5 15 145 20 135
—
ca?* 0.001 5 (1) 008
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Using the information provided and your knowledge and understanding of the transmission
of nervous impulses, explain how each of the neurotoxins A, B and C could cause muscle
paralysis. [9 QER]
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|Examine
6. Neurotoxins are chemicals produced by many organisms as a defence against predators. Most oo
neurotoxins cause paralysis of muscles and eventually death. Different neurotoxins affect the
transmission of a nervous impulse from the central nervous system to muscles in different ways.
Effect of neurotoxins A and B on an action potential
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Effect of neurotoxin C:
Neurotoxin C has no effect on the generation or transmission of an action potential in an axon
but prevents the generation of an action potential in a post-synaptic membrane.

lon concentration in the terminal of a presynaptic neurone / mmol dm™
Immediately after stimulation
At rest
Without neurotoxin C With neurotoxin C
lon Inside Outside Inside Outside Inside Outside
neurone neurone neurone neurone neurone neurone
Na* 14 145 130 15 125 25
K* 155 5 15 145 20 135
ca® 0.001 5 39 1.1 0.008 4.9
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Examiner
I
Using the information provided and your knowledge and understanding of the transmission o
of nervous impulses, explain how each of the neurotoxins A, B and C could cause muscle @

paralysis. [9 QER]
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Sticky Note

NEUROTOXIN A
Has recognised that neurotoxin A prevents the generation of an action potential due to insufficient depolarisation and that the lack of a nervous impulse would prevent muscle contraction.

However, no details of the involvement of sodium ion channels or sodium ions is included or reference to threshold potential or 'all or nothing'



Sticky Note

NEUROTOXIN B
Recognises that an action potential is generated and that the time taken for repolarisation is longer. The candidate also recognises that there would be a delay in generating the next action potential and that there would be delays in nervous impulses reaching the muscle.

However, no explanation of the involvement of potassium ions or ion channels.



Sticky Note

The candidate has given a very good explanation of the effects of neurotoxin C using the information provided and his/her own knowledge of synaptic transmission. The candidate has recognised why neurotoxins A and B result in muscle paralysis but has not provided any detail of the mechanism of their action.

Overall, this response lacks the detail needed on neurotoxins A and B to be placed in the top band but enough explanation has been provided in a fairly well constructed answer to be at the top of the middle band.

Total 6 Marks
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Sticky Note

NEUROTOXIN C
The candidate has recognised that the calcium ion channels are affected by this neurotoxin and that synaptic vesicles are prevented from releasing the neurotransmitter into the synaptic cleft by exocytosis. There is a clear explanation of the inhibition of the Ca2+ channels and the lack of neurotransmitter prevents the generation of an action potential in the post-synaptic membrane resulting in muscle paralysis.
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|Examine
6. Neurotoxins are chemicals produced by many organisms as a defence against predators. Most oo
neurotoxins cause paralysis of muscles and eventually death. Different neurotoxins affect the
transmission of a nervous impulse from the central nervous system to muscles in different ways.
Effect of neurotoxins A and B on an action potential
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Effect of neurotoxin C:
Neurotoxin C has no effect on the generation or transmission of an action potential in an axon
but prevents the generation of an action potential in a post-synaptic membrane.

lon concentration in the terminal of a presynaptic neurone / mmol dm™
Immediately after stimulation
At rest
Without neurotoxin C With neurotoxin C
lon Inside Outside Inside Outside Inside Outside
neurone neurone neurone neurone neurone neurone
Na* 14 145 130 15 125 25
K* 155 5 15 145 20 135
ca® 0.001 5 39 1.1 0.008 4.9
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Examiner
I
Using the information provided and your knowledge and understanding of the transmission o
of nervous impulses, explain how each of the neurotoxins A, B and C could cause muscle

paralysis. [9 QER]
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Effect of neurotoxins A and B on an action potential
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Effect of neurotoxin C:
Neurotoxin C has no effect on the generation or transmission of an action potential in an axon
but prevents the generation of an action potential in a post-synaptic membrane.

time / ms

6. Neurotoxins are chemicals produced by many organisms as a defence against predators. Most
neurotoxins cause paralysis of muscles and eventually death. Different neurotoxins affect the
transmission of a nervous impulse from the central nervous system to muscles in different ways.
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lon concentration in the terminal of a presynaptic neurone / mmol dm™
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Immediately after stimulation
At rest
Without neurotoxin C With neurotoxin C
faik Inside Outside Inside Outside Inside Outside
neurone neurone neurone neurone neurone neurone
Na* 14 145 130 15 125 25
K 155 5 15 145 20 135
ca® 0.001 5 3.9 11 0.008 49
20 ©WIEG CBAC Ltd (A400U30-1)
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Using the information provided and your knowledge and understanding of the transmission
of nervous impulses, explain how each of the neurotoxins A, B and C could cause muscle
paralysis. [9 QER]
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Sticky Note

Many candidates gave a detailed explanation of the generation of an action potential and transmission at a synapse. However, unless linked to the action of the neurotoxins, this was not creditworthy on its own. Candidates are encouraged to use this approach to plant their responses to extended answer questions and then use this information in their answers.



Sticky Note

NEUROTOXIN A
The candidate has recognised that depolarisation has not taken place and has provided further detail regarding the strength of stimulus and lack of propagation of an action potential. Details have also been given regarding the blocking of Na+ channels thus preventing Na+ ions entering the axon. 



Sticky Note

Overall, this was a very good response. With some additional details, eg., speed of movement of ions and inclusion of terms such as exocytosis, this answer would have gained full marks.

Total 8 marks
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Sticky Note

NEUROTOXIN B
The candidate has recognised that B allows depolarisation but affects repolarisation by blocking K+ channels and thus the movement of K+ ions. The candidate has also recognised the longer time taken for repolarisation and the potential impact on the contraction of muscles.



Sticky Note

NEUROTOXIN C
The candidate has recognised that C affects the influx of Ca2+ ions into the presynaptic knob and the subsequent impact on the release of neurotransmitter molecules into the synaptic cleft.





23

Examiner
only

K0 Howearel Nawstoxin C prevents g

AOAUCS A AL potendiad ... Theredors 14 fomoabm
...... ffmﬂw[‘&mfowlfﬁo* asceof fo.. . dre...

| 23

©WIEC GRAC Lid. {A400U30-1) Turn over.











20

=T

Effect of neurotoxins A and B on an action potential
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Effect of neurotoxin C:
Neurotoxin C has no effect on the generation or transmission of an action potential in an axon
but prevents the generation of an action potential in a post-synaptic membrane.

time / ms

6. Neurotoxins are chemicals produced by many organisms as a defence against predators. Most
neurotoxins cause paralysis of muscles and eventually death. Different neurotoxins affect the
transmission of a nervous impulse from the central nervous system to muscles in different ways.
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lon concentration in the terminal of a presynaptic neurone / mmol dm™
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Immediately after stimulation
At rest
Without neurotoxin C With neurotoxin C
faik Inside Outside Inside Outside Inside Outside
neurone neurone neurone neurone neurone neurone
Na* 14 145 130 15 125 25
K 155 5 15 145 20 135
ca® 0.001 5 3.9 11 0.008 49
20 ©WIEG CBAC Ltd (A400U30-1)
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Examiner
I
Using the information provided and your knowledge and understanding of the transmission i

of nervous impulses, explain how each of the neurotoxins A, B and C could cause muscle
paralysis. [9 QER]
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Question

Marking details

Marks Available

AO1

AO2

AO3 Total

Maths

Prac

Indicative content
Neurotoxin A

must block the voltage gated Na* channels
Na" ions cannot flood into the axon

so depolarisation is small

does not exceed threshold potential

no action potential is generated/ all or nothing
impulse cannot reach muscles

muscles won’t contract

Neurotoxin B

allows an action potential to be generated

delay in depolarisation/ Na* cannot flood in as quickly
repolarisation takes too long

blocking the K* channels

preventing K* from flooding out of the axon

restoring the negative charge inside.

neurone does not / takes too long to return to resting potential
impulse takes too long to / does not reach muscles

delay in generating the next action potential/ next impulse

Neurotoxin C

does not affect the generation of an action potential so does
not affect the axon.

blocking the Ca** channels

prevents ca®* from entering the neurone.

neurosecretory vesicles do not fuse with the presynaptic
membrane

or release neurotransmitter into the synapse.

preventing synaptic transmission

stopping an impulse reaching a muscle

© WJEC CBAC Ltd.






Question

Marking details

Marks Available

AO1

AO2

AO3

Total

Maths

Prac

7-9 marks

Detailed explanation of modes of action of Neurotoxin A
Detailed explanation of modes of action of Neurotoxin B
Detailed explanation of modes of action of Neurotoxin C

The candidate constructs an articulate, integrated account,
which shows sequential reasoning. The answer fully
addresses the question with no irrelevant inclusions or
significant omissions. The candidate uses scientific
conventions and vocabulary appropriately and accurately.

4-6 marks

Any two from

Explanation of modes of action of Neurotoxin A
Explanation of modes of action of Neurotoxin B
Explanation of modes of action of Neurotoxin C

The candidate constructs an account correctly linking some
relevant points, such as those in the indicative content,
showing some reasoning. The answer addresses the
question with some omissions. The candidate usually uses
scientific conventions and vocabulary appropriately and
accurately

© WJEC CBAC Ltd.

10






Question

Marking details

Marks Available

AO1

AO2

AO3 Total

Maths

Prac

1-3 marks

Brief explanation of modes of action of Neurotoxin A
Or

Brief explanation of modes of action of Neurotoxin B
Or

Brief explanation of modes of action of Neurotoxin C

The candidate makes some relevant points, such as those
in the indicative content, showing limited reasoning. The
answer addresses the question with significant omissions.
The candidate has limited use of scientific conventions and
vocabulary.

Question 6 total

© WJEC CBAC Ltd.
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Examiner

[
6. Neurotoxins are chemicals produced by many organisms as a defence against predators. Most o

neurotoxins cause paralysis of muscles and eventually death. Different neurotoxins affect the
transmission of a nervous impulse from the central nervous system to muscles in different ways.

Effect of neurotoxins A and B on an action potential
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Effect of neurotoxin C:
Neurotoxin C has no effect on the generation or transmission of an action potential in an axon
but prevents the generation of an action potential in a post-synaptic membrane.

lon concentration in the terminal of a presynaptic neurone / mmol dm™
Immediately after stimulation
At rest
Without neurotoxin C With neurotoxin C
lon Inside Outside Inside Outside Inside Outside
neurone neurone neurone neurone neurone neurone
Na* 14 145 130 15 125 25
K* 155 5 15 145 20 135
ca? 0.001 5 3.9 1.1 0.008 4.9

20

© WJEC CBAC Ltd. (A400U30-1)





21

Using the information provided and your knowledge and understanding of the transmission
of nervous impulses, explain how each of the neurotoxins A, B and C could cause muscle
paralysis. [9 QER]
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