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Answer ALL questions. Write your answers in the spaces provided.

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

Amoeba are single-celled organisms that live in water. They are able to change
their shape.

The diagram shows two different shapes that one amoeba can make.

Shape 1

Shape 2 cell membrane

cytoplasm

300 um .
L Diameler
(@) An amoeba changes shape by pushing tytoplasm against the cell membrane,
forming long thin projections.

State the property of the cell membrane that enables the amoeba to
change shape.

" Fluid mature of cell membrane

(b) Gas exchange in an amoeba takes place across its cell membrane.
(i) The amoeba can be roughly spherical, as shown in Shape 1.
Which is the surface area of the amoeba in this shape?

Use the formula:
surface area of a sphere = 4nr?

7 (1)
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(i) The mass of the amoeba stays the same when it changes from Shape 1
to Shape 2.

Which row of the table shows what happens to the surface area and volume
of this amoeba when it changes to Shape 2?

(1)
surface area volume
0 A decreases decreases
[l B increases increases
M C increases stays the same
] D stays the same | stays the same
(iii) Explain why an amoeba can rely on diffusion to supply the oxygen it needs.
(2)

 Amoeba  has  less metabolic

__demand 0F 6m,,ig
QOwnygen concent Hon was
Vn, gh ey oul—.cfa/o than. Insicle.

(Total for Question 1 = 5 marks)
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2 During the development of a human, the structure of haemoglobin changes.
In the developing fetus the main oxygen-carrying molecule is fetal haemoglobin.

Towards the end of fetal development, fetal haemoglobin is replaced by adult forms
of haemoglobin.

(a) Blood may contain 5.3 million red blood cells in 1 mm? of blood.
One red blood cell can contain 270 million haemoglobin molecules.
Calculate the number of haemoglobin molecules in 1 mm? of blood.

Express your answer in standard form.
In 1RBC =270 x pb
Fn Imm? =53 x 108
Total Hb in Ilmm?®

5-3 x 230 X10° x 10° 1.4 15
| .
I‘f 3 1 X110 p- \ Answer 12 A X 10

(b) Which of the following statements about the structure of haemoglobin
are correct?

1. Itis a fibrous protein X
2. It has quaternary structure v’

3. It containsa non-protein haem group ~"

L] A 1only
L1 B 3only
[0 € 1and2only
® D 2and3only
\ »
4
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(c) The graph shows the changes for three types of haemoglobin subunits present
during each stage of development.

60 1+ T
‘o subunit
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(i) Describe the changes in these types of subunits present during each stage
of development.

Embryonic deve /O/b ment -

_X-dubunit ﬁ'xswbum t and Y

Su,b wniit . zncre.a',se
Fefal deve 70}bme nt- , OU—

_K-subunit. sf‘a,qa .sazmc ._
]3 —subunit increales anol Y-<ubunit
_Firskinereases thandecreaqes.

Babj-'
A-Subunh Slays same, B-
_SubuniT increases .and Staye
_conslanf. Y -sudbunikF decreares

. >,
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(i) The oxygen affinity of fetal haemoglobin is different from adult haemoglobin.

Explain why this difference ensures the fetus obtains enough oxygen
during development.

_affin J-? For 3—514 Fvyim
h bm

 adult aerﬁ

_So_that 0 en can di Ffuee ﬁ]ﬁfffj:ﬁ

4o Ffelal é‘,mo Job/n_from

_Gdult Pagmoglobih at Same ™~

QCYI C 07’)6 e’] /‘r G /70,] (Total for Question 2 = 7 marks)
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3 Charcot-Marie-Tooth (CMT) is an inherited disease that results in the gradual loss of

function and sensation in the hands, arms, legs and feet.

Over 100 different gene mutations have been identified that cause CMT.

(a) The pedigree diagram shows the inheritance of one form of CMT in part of
a family.

The allele for CMT can be represented by the letter c in this recessive pattern
of inheritance.

Key

C G C C' Unaffected female
O O

1 2

.

CcfCc (e CCCe

(i) Which row of the table shows the genotype and phenotype for individual 1?

Unaffected male

Female with CMT .
Male with CMT .

genotype phenotype
A n N cC | unaffected hOHTOZ)';Dl; —
X B Cc unaffected heterozygous p—
O ¢ unaffected heterozygous cC —
O D unaffected homozygous. Cc N—
Note- Recessive
disorders spread on in
homozygous condition. Eg cc
S UK OO 0 0 D
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~
(i) Which allele combinations could individual 3 have?
(1)
1] A CConly
[ B cconly
BB € CCorcc
M D CCorCc
(iii) What is the probability that a fourth child would be a female with CMT?
(1)
0 A 1in2 C C
[0 B 1in4
in C C C. C C
X c 1in8 | /
0 D 1inl6 C e L‘l
(b) Other forms of CMT show a dominant pattern of inheritariee: m;ug F..mqle.
(i) Inthe USA, 5% of people with CMT have one of these dominant forms of ‘/ \/
the disease. % %
In the USA, there are a total of 126 000 people with all forms of CMT.
Calculate the number of people in the USA who have one of these dominant
forms of CMT.
(1)

5, of 126000

5% 126000
100

Answer ...

6300
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(i) An individual with a dominant form of CMT will have the allele combination
TTorTt. ==

Draw a genetic diagram to show the possible allele combinations of the
children of the following parents:

+ parent 1 does not have CMT  § §*
« parent 2 has the allele combination Tt

Indicate whether each child will have CMT or be unaffected.

(3)
1 - With CMT
btk - withowk (MT
(c) Another form of CMT can be inherited as a sex-linked trait on the X chromosome.
Explain why a male with CMT cannot pass the disease on to his sons.
(2)

(Total for Question 3 = 9 marks)

 Male - have XY anol the, CMT
.............. 0llelfVIEPA DN X SNV ASe

: « / '
 Male pass thar Y all ele o
 Helr gens.
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4 The circulatory system and the cardiac cycle ensure that all the cells of the body are
supplied with their requirements.

(a) The table shows the diameter of the lumens of an aorta and a capillary, and the
thickness of their walls.

Type of blood vessel Diameter of lumen Thickness of wall / mm

aorta 25cm 2.0

capillary 0.14um 0.001

(i) How many times greater is the diameter of the lumen of the aorta than the
diameter of the lumen of the capillary?
(1)

1 A 17800 00
1 B 17900 2.5 x ’oo = -2
1 ¢ 178000 O 14
PC D 179000 Y IODOOMm
(i) Explain why the wall of the aorta is thicker than the wall of a capillary.
(3)
_Aorka _has a thick smooth muscle .. .
L wal | to withstand h?h pressure . .
aﬁblaod
CQ.PI“(.I-T wa[l is_one cell thick
.80 _that. there s  fasler. i Flusion
~oF 0, fo the ctils and o, to.
mio _the blood plasma..
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(b) The table shows the durations of ventricular diastole and ventricular systole at
two different heart rates.

Duration of Duration of
ventricular diastole = ventricular systole
/ seconds | seconds

Heart rate
/ beats per minute

75 0.53 0.27
200 0.14 0.16

Determine the relationship between heart rate and the duration of ventricular
diastole and ventricular systole.
(2)

_Poth the ouratron of ventriculay
diasloleands?xt‘ole.oﬁecrw&wn‘h
___inerease. in heart beats pe,rmm:d'e
_The decrease in ventriculay oliqstole
mwwjgmwmﬁﬁmﬂhwWaznalmyzaolmricaukzztJa@psho[camismwmm
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(c) The graph shows the rate of flow of blood through the aorta of a dog with
increasing distance from the heart.

Rate of flow of 160 — f _
bloodin a |
forward direction 140 - H A
/cm sec™! ' ' '
120 4+H— |

100 41 BEREN E NN e m
.. - ! |

0L b H
. /' [\N\
Rate of flow of EEEEEEE P EE V PR
i 5o LLE P W AR

backward direction Increasing distance from heart
/ cm sec™! —_— 4

v

Explain the changes in rate and direction of flow of blood through this aorta.

Use the information in the graph to support your answer.
(3)

 Rah of Flous o0f blood in a torwayd.
_direckHon decreates with diskance.
_Rate oF Flow olecreases with mereace
_In_distance from heartf.
~ Due o frich'on behroecen blooel.
__and _erndo the lial wall of aorka.

(Total for Question 4 = 9 marks)
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L

_An _increase In eFfecHve olose mig
____increase riskR of internal bleed/r
A decrease in effective mighr  °
___incveate TIiSR _of bleoal clotr.in
arlkeries .

5 Warfarin is used as an anticoagulant to treat some patients.

Patients respond differently to this drug. This makes it difficult for doctors to select a
safe but effective dose of warfarin to give to each patient.

Factors that affect the response of a patient to warfarin include age, body mass, liver
function and genetic makeup.

(a) Explain why a safe but effective dose of warfarin needs to be given to a patient.

>
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(b) There are two genes that code for proteins that affect warfarin and the blood
clotting process.

Gene M:
« codes for enzyme M that breaks down warfarin into inactive molecules

+ has many alleles and two of these code for much slower breakdown
of warfarin.

Gene V:

+ codes for enzyme V that converts vitamin K into an active form that triggers
the blood clotting process

- one version of this gene results in a decreased production of the messenger
RNA (mRNA) needed for the synthesis of enzyme V.

(i) Describe the role of mRNA in the production of enzymes.

(2)

. m-RINA_ _carviel a cobg.oﬁ g,e,ne,hc.
— _Information ouwk of pucleus.
Gzcnahclnformahonofm-ﬁlvﬁl
o ds vsed to. oOekermine amino. .. .
ac:d.se.?ue,n ce of _prokeins.

P_7 8 3 8 4 A @ 1 4 3 2

CNEm

VIHY SIHL NI 3LIHM 1ION Od Y3HY SIHL NI 3LIHM LON Od

V3IHY SIHLN] 31LIYM 1ON Od




DO NOT WRITE IN THIS AREA DO NOT WRITE INTHIS AREA

DO NOT WRITE IN THIS AREA

*(ii) Pharmacogenomics analyses the genetic profile of individuals.

This analysis is used to determine the appropriate doses of a drug for
individual patients.

Discuss the possible use of pharmacogenomics in selecting appropriate doses
of warfarin for individual patients.

Use the information in the question and your own knowledge of the blood

clotting process and genetic screening to support your answer.
(6)

Thyomboblastin is veleased trom .
Pla,i’c,ld'.s-an,f‘c.onvc,ﬂ"l?ro-}‘h'romban
_to_thvombin which converl-s £ brinogen
foflbrlﬂwhzoh-f'ira,psRBOI-oFormc f
_Concerns - Can reswll in Palse posiHive oy
negative. Can couse ethical or moral .
D T
O+he,r,0ac,}m"s-thcn)'swlﬁohighb)oocl
_....oho,.}.u.}_tc.r..0...(...__....a,_r.e,,___...._..li.k.e.__.Lg__._._..Iu__...._rcccfmc_....___.maxfarm
Mauoﬂboal#wa)lszrm:nadoseaF
dzrug. et B
Phaymacodenomics- IF oekerm mugmolwx.
Giene M dnd alleles oF gene M which
_breakdown faster wavfarin will
Yequire move odose of war farin.
Gene V. is present , it triggevx blood

cioﬂm .80 olose canr be reowuced

- Por ‘warfavin.

(Total for Question 5 = 10 marks)
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6 The photograph shows some soybeans.

a soybean inside the
pod that it develops in

© inga spence / Alamy Stock Photo

(a) Eating soybeans may reduce cholesterol and low-density lipoproteins (LDLs) in
the blood.

Explain why eating soybeans may reduce the risk of heart disease.
(3)

_ Reoduces in the risk ot develohment

..,,,DP,,.bJaq‘uc..,,,,..,,.,,.,,,,,

 Blood _supply. to_the heaxt muscle

18 _mnot reouceod. .

. Owygen is Supplicd o m u.&c.lcbg

q,erobzc,rup-ra,hon

J/
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(b)

The extent to which soybeans reduce cholesterol depends on the variety of
soybeans. This reduction is influenced by two proteins found in soybeans, glycinin
and B-conglycinin.

Give two ways that the primary structure of two proteins could differ from
each other.
(1)

_Numbey oF _amino acials. .. .. .. ..

(©)

The effect of soybean extracts on cholesterol production by liver cells growing in
culture was investigated.

Scientists produced fat-free soybean flour and digested it with enzymes, in a way
that copied digestion in the human digestive system.

The diagram shows some of the steps used.

Step 1 (mouth): soybean flour mixed with saliva to form a moist
ball of flour

l

Step 2 (stomach): ball of flour from step 1 incubated with
stomach enzymes at 37°C for 2 hours

l

Step 3 (intestines): suspension from step 2 incubated with
enzymes from the pancreas at 37°Cfor 2 hours

l

Step 4 (end of process): suspension from step 3 heated for 5
minutes at 100°C

l

Step 5: heated suspension from step 4 used to make an extract
containing soybean peptides.

18
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(i) Explain why the scientists used digested soybeans to make the extract for
this investigation.
(2)

This is _to mimice the d:?cshon

An. . humans..
‘fo c'x»fraol' +he. cbe,m;ca,/ &Iyanm
B- c.onglycmm

(i) Suggest why the soybean flour was incubated with different enzymes in
steps 2 and 3.
1)

_Difterent en Zymes ave /buna]
in.. ol Ffevenk. Joarks of . d;guhve
s&_cl-&m .......... .. 4.V AR

(iii) Explain why the soybean flour and enzymes were incubated at 37 °C for
2 hours in steps 2 and 3.

(2)
37°C
Enza,mu work ak optimum
1'-¢,m/bwa,m:'a of human boolg
2 hours
~Time for which Food si'a,y..r
or‘gan for . obt?,c,shon

‘“I 19
mm VN0 0 O .
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(d) The soybean peptides, at different concentrations, were incubated with the liver
cells growing in culture.

The enzyme HMGCR is involved in the synthesis of cholesterol.

The effect of soybean peptides on the activity of this enzyme and the synthesis of
cholesterol was measured.

The graph shows the results.

100._. rr—— ‘-.—-_..

<" inhibition of HMGCR

HEAY S

80— - 7  activity

o nna

Percentage (%)

40—

20 1
lad] _ synthesis of cholesterol
Concentration of soybean

peptides

Explain why eating soybeans may reduce cholesterol levels in the blood.

Use the information in the graph to support your answetr.
(3)

__Rs the concentration of soyahean .
. pephoe increases the. . syn 7t
_Choletterol decreases as enzyme
..... ackivity olecreases. 5

esis of

Satécabcan chemicals. rcduc&s HMGCR.
achHvi F

HMGeR 8ckiviby is inhibited so the
 precursor can't bind with HMGER
b0 Porm choluFerol.

(Total for Question 6 = 12 marks)
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Scientists investigated the numbers and types of mutations in different species
of animal.

Samples of tissue were collected from living animals of each species and the types of
mutation determined.

(a) The types of mutation were classed as either substitution mutations or insertion
and deletion mutations.

The table shows the results of this investigation.

Number of Range of number of mutations per cell

animals sampled

Species of animal

Substitution Insertion and deletion

Naked mole rat

3

100 to 850

10 to 50

Mouse

10

300 to 2000

50 to 400

Dog

3

1000 to 3000

50 to 300

Human

8

200 to 350

10 to 200

(i) Describe how these types of mutation affect the DNA base sequence of
a gene.
(2)

Subsh%uhon-chlacc.:oncbcue.
with another base. sequence..
_One new bace is.

in _the ba...se, Sequence .

_ DueHon - One bcue. s clo/c, l’c.d
:nw‘hc.ba.sese.queme

S
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(ii) Explain why these animals can survive with a greater number of substitution
mutations than insertion and deletion mutations. il
_Substhtuton. can. Yeplace one. base .
_which mcj mol chamge, +the,
_amino.  aci o o
Pro Fein shu.c,!ure wouJo( be same. .
_and _mno _change in achyit
Ins&rhon or. dc.la +on. . cause. Pmmc-..,_,_.
__8hifF _mutakton . .
_Profein skru c«fure c})a 3:; and
18 _no._ /onger FuncrHonal.
(iii) Suggest which set of data is the most valid.
Give a reason for your answer.
(1)
Mousahw&!ar?csamples:ze

= A 10 0000 -
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(b) The graphs show the number of mutations per cell during the lifespans of these
four animals.

Naked mole rat Mouse
800 T Tl m 20001+

00

600 - 1500 40

Number of EERE EENEE SRR A Number of HENESEENE SNET.
mutations 400 mutations 1000 +H++eA8
per cell N per cell
200 T 500

oFEEEEHEERHH " P
0 2 4 6 8 0 05 1.0 1.5 20
Age / years Age / years

Dog Human
FHH ERESEEREERtEL
3000~ -H e 3000 B e e
Number of W U Number of EEEESEEE :9:8 H
mutations 2000 - I O <| mutations 2000_"f”: e
per cell el per cel SREEiSE: IEEENER
1000 -HHHeHHHHHHHH-AR 1000 4
: B amie= :.@-_ N EEENE _
0 1 1 I 1 0 | | 1 1
0 4 8 12 16 0 20 40 60 80
Age / years Age / years

(i) Calculate the mean mutation rate for the mouse.

Draw a line of best fit onto the graph to help you.

500 + 700 t 1100 ¥ 1600

(2)

= 2900
4

Answer q"?s number of mutations per cell year™'

24

O 000 O 00 “mom
P 7 8 3 8 4 A @ 2 4 3 2

VIV SIHLNI3LIEM LON OQ

V3IdY SIHLNI 3LIIM LON OQ

VIYV SIHLNI 3LIIM LON OQ




DO NOT WRITE INTHIS AREA

DO NOT WRITEIN THIS AREA

DO NOT WRITE IN THIS AREA

.

(ii) Describe three conclusions that can be made from these graphs.

,,.._Hs,..___fbe_,__aie,_i_ncre.a,.se,,:,m.Um,,b,e.x,___,.Dﬁ__.._,,.._

e loNs. INnCre@ses . . o

2 Mui'a,h'on.sshowmorevaw'a.bih'f-g
dn_ humans. . .with age and. least. ...
vawa,bzhiymmkealmolc,

__DiPlerenk animals. have olitferenk
. mumbey. of. muwltations. ... ...

(iii) Suggest two reasons for the differences in the number of mutations per cell of

these species of animal.

Embasure 0 mutagens lLike. .
mmzm? yadiahons..

(2)

tevd DF reparr /'D damage.d DNA

(Total for Question 7 = 14 marks)
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8 The photograph shows two avocados.
© Andrii Gorulko / Alamy Stock Photo
(a) Avocados are high in unsaturated fatty acids and low in saturated fatty acids.
Compare and contrast the structure of an unsaturated fatty acid and the structure
of a saturated fatty acid.
(3)
_Bimilavikies .
Bofh _have . c.arbon hyd. ro? en.. a.nd
| oau#gan | | e
....................... 'D:FFcnncz,s OB EEEE B

Unsaturaled Faﬂy aciols have, ca,rbon

... to carbon  double bond.
 Unsaturated Paﬂy aciols howe, kmk

B B 1:) N E < T
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(b)

The effect of eating avocados each week on the risk of coronary heart disease
(CHD) was investigated.

A group of men and women who had no signs of cardiovascular disease (CVD) or
stroke were selected. They were all between the ages of 30 and 75.

The group ate avocados each week to replace animal products in their diet
whenever possible.

The group all completed a questionnaire about the food they ate at the start of
the investigation and every four years after that for over 30 years.

(i) There were 41701 men and 68 786 women in the group.

Which is the ratio of men to women?

06:1
1:0.6

1:2

O 00 ®
O N w >

231

(1)

J

C -

00000 O O
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*(ii) Describe the questions that need to be in the questionnaire so that
appropriate information can be gathered for this investigation.

Give reasons for choosing these questions.

_Avocaodlo inftake —

_Number of. avacados cons umco/ per wee/?
__How number oF avocados affect resulh?)
. Hove gou replac Ldanlma!hroalud'sep
fak ‘with avocado
Do You. suffer brom szole eﬁﬂcoh oﬁ
__exetss of avocaodos ?
_Other fackors o©A CVD -

. Smoker or Non- smoRker.
JF can cause dama fe. /—a &ndofhelza/

__lining _and b}q que
...........Of‘h&)' ﬁao/m.(
w.The . HDL o LDL. mho
. SalF inkake - incruuu biood pnssurc
_AnhtoexiolanlFs Intake

_development..

 Keduces Free- raclico i damage to
_Smooth endo thelial  wall- -

e’

28
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(iii) Comment on the validity of the methods used in this investigation.

" PRoth males and fema
veed seo  velid.

“For Jlong span of Hme so valid.
No control group so mol valid.

Ancwers from +he volunlteexs miohf
moF _he the relieble YV
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les Qre

(Total for Question 8 = 14 marks)

TOTAL FOR PAPER = 80 MARKS

O Y ”




