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Cells — A2 Biology
1. No.l

|_T_] Give the three structural features found in all virus particles and describe the function
of one of these features.
[2 marks]
1 DNA ( Genetic materwnl)
2 CdSPld
3 Atlachred qm&ans that bind B Gl cceplec
Function of one named feature CGSD id pﬂ?’t-eoef, the q-e:whr

mcdzeal g the \Jw-as

@ Explain why viruses are described as acellular and non-living.
[2 marks]
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@ Give one reason why antibiotics are not effective against viruses.
[1 mark]

_’T\e Ul:’\l@( dont have a cell wall “h.d,
Qot cbiopes  can act  oOn.
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2. No.3

m The human disease, malaria, is caused by infection with a single-celled eukaryotic
organism.

Figure 2 shows a diagram of Plasmodium vivax, one of the species that can cause
malaria.

Figure 2

Structures
containing enzymes
that allow P. vivax
to enter human cells
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Other than the Golgi apparatus, name one structure in Figure 2 which shows that
P. vivax is a eukaryote.

[1 mark]
vesi cles -Bweﬁ p[ﬂsmm "rz«&bw&‘mﬂ
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@ Describe two functions of the Golgi apparatus in a eukaryotic cell.
[2 marks]
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P. vivax evolved from a common ancestor in Africa. As humans migrated around the
world, new strains of P. vivax evolved.

P. vivax is now extremely rare in Africa but there are several different strains of
P. vivax in other parts of the world.

Figure 3 shows a phylogenetic diagram of the evolution of these different strains.
Figure 3
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EI What does Figure 3 suggest is the order of human migration out of Africa? &r-wbr,
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- E There are an estimated 229 million cases of human malaria worldwide per year.
94% of these cases are found in Africa, but are not caused by P. vivax.
P. vivax does cause 61% of the cases of human malaria outside Africa.

Use this information to calculate the number of cases worldwide caused by

P. vivax each year. - ik >
y - .45(-) } QQq milleon = 130 Py m'u‘?l"mark]

=[(1-

& ﬂdgdp 15' C L T :
ch«tses R 53 B foas |3~‘H->‘%- 838 (4 mllieer
8-381»%‘200/ -

A -4 X0

Answer cases of malaria

E] In Africa today, most of the human population are resistant to malaria caused by
P. vivax.

Use your knowledge of natural selection to explain why this resistance is so common
in Africa.
[4 marks]
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3. No.9
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Dengue fever is a human disease caused by the dengue virus.

Scientists designed an ELISA test to detect antibodies to the dengue virus in a
patient’s blood sample.

Figure 10 shows a diagram of this test and some information about how it works.

Figure 10

Diffusion from X

()
of anti-human

antibody with C 4
enzyme attached
v T Diffusion from Y
of patient’s
blood sample

Figure 11 shows the negative and positive results that were produced 20 minutes
after the use of the test shown in Figure 10.

Figure 11

Negative Positive
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|II Suggest what is on the test at line T and explain what causes the line to appear in a

positive test.
[2 marks]

Enume bieds wih Substale at T 1o Ao
en3ym@ - §ubghate Comgbiex- The CmnPlex forms o
Colour thot s Vissble as a bne ot T The

subciate © ColouresS bt complec is coloure

El A line at C shows that the test has worked.

Suggest one reason why a line at C shows the test has worked.
[1 mark]

Blod Somple diffused above T i the tast:
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Figure 12 shows a flowchart of how the anti-human antibodies with enzyme attached
are produced.

Figure 12

Inject rabbit with human antibodies

v

Collect blood sample from rabbit

y

Fuse B cells from blood sample with cancer cells

b, 4

Select fused cells that produce anti-human antibodies

v

Culture these cells and extract the secreted antibodies

A

Add enzyme to the antibodies

I_T_I Suggest why the fused cells allow continuous production of monoclonal antibodies.
[2 marks]

CanCer  Gells ’Y’&Dltcaﬁ mp.’ﬂ»{ 54 roRsLS
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lz‘ Evaluate the ethics of the production process shown in Figure 12.
[1 mark]
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Early identification of dengue fever can be difficult as many other diseases produce
the same symptoms. Early identification is important because people suffering with
dengue fever can become ill very quickly and may need hospital treatment.

Scientists compared the effectiveness of three diagnostic tests for dengue fever.

« Laboratory-based test — a patient's blood sample is sent from the doctor’s clinic to a
laboratory for testing.

o Current test used in the doctor’s clinic.

« New test to be used in the doctor's clinic — the ELISA test shown in Figures 10 and
11 (on page 24).

The scientists’ results are shown in Table 3.

A blood sample from each patient with confirmed dengue fever at each time after
onset of symptoms was tested with all three diagnostic tests.

Table 3

Tiine aftor onset Number of Number of positive results

of symptoms / confirmed

days dengue fever Laboratory- C viost | Newisat

patients tested oy urrent tes ew tes

1-2 14 10 0 6
34 38 28 6 24
5-7 18 8 14 14
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El The scientists recommend that the new test is used for the identification of dengue
fever in all countries around the world.

Discuss this recommendation. Use all the information given.
[3 marks]

The method i batler Hon coment at -eady
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El The dengue virus causes damage to capillaries so that blood proteins move out of the
capillaries into the tissue fluid.

Explain how this would affect the return of tissue fluid into the capillaries.
[2 marks]
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4. No.4

Following a body injury, bone marrow stem cells move to the site of damage and
undergo cell differentiation.

Figure 5 shows how this differentiation occurs.

Figure 5

A gene called A stem cell TK After the cell

c-KIT codes for factor (SCF) phosphorylates has

stem.cell binds to SCFR cell signalling differentiated,

growth factor .| and activates _| molecules to SCFRi

receptor "| tyrosine kinase | begin cell enclosed within

profein{SGFR) (TK) differentiation a vesicle and

on the surface destroyed by a

membrane of lysosome

the stem cell =i
II| Suggest how SCFR is destroyed by a lysosome.

[2 marks]

The Vesicle fuses wrﬂ- a lysosome o that

J
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After a heart attack, cardiomyocytes (cardiac muscle cells) die, and become infarcted
tissue. Infarcted tissue cannot contract.

Stem cells in bone marrow cannot move to the infarcted tissue and differentiate into
cardiomyocytes.
Scientists used laboratory rats to investigate if bone marrow stem cell transplants
could be used to rw resulting from a heart attack.

They split the rats into three groups.

« Control group did not get a transplant of bone marrow stem cells.
e c-KIT+ group got a transplant of bone marrow stem cells with a functioning ¢c-KIT
gene.

¢ c-KIT- group got a transplant of bone marrow stem cells with no functioning ¢c-KIT
gene.

After 9 days, the scientists measured the mean ventricular blood pressure of egch of
the three groups.

10
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Figure 6 shows their results.

The differences between the groups were all statistically significant.

Figure 6
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Control c-KIT+ c-KIT-
Group

Izl Using all of the information, suggest explanations for the results for the Control group
and the c-KIT- group shown in Figure 6.
[4 marks]

Control OarJ“-D “”309}4'&6 have nl  been -re{)la.cd.
TA[; L'S Wt\j C,on‘l'mal'r% ?’P the \l-en‘f'f'; d—e l:f Lw-Lax.
A cmall number o( Ladial muscles e SO

a,b»u.e So, D’ta;curc at Ventcles ~emaing
Lexo. [Qresu.-e s not Zew because b ald

Coadiac  muscle; became ¢b\—1ﬁu—-c:(=acp-

k- MNearn vehts o o p\—CSSWC s i @Lb_
Hean control Becavse some stem colls mus+
have beon able 1o ki frerent' iz - 1his  Shews
thaf c-KIT & ndt  he a-,Ef qene ms!»as,’blg
for_ifporentiation - 5o, 5 CF  eust be b‘..d.z,
& 5»@&\;3 other than SCFR.

11
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Izl Nine days after transplantation, the c-KIT+ group showed that 68% of infarcted tissue
was made up of new cardiomyocytes. The control group had no new cardiomyocytes.

Assuming that mean ventricular blood pressure is directly proportional to the number
of cardiomyocytes, calculate the per infarcted fissue that was made up of

new cardiomyocytes in the c-KIT- group. D
- ,&s = ‘6 -3 [ﬂ [2 marks]

Mew Cardiomyscy
Mean vefiioalar pressuse propodmal 10 0
Nnum ber P} Cﬁrd/(;;“jﬂmgz
New oldl px cavdiormyo
v 32 oo W ueconstut
|

6% =
O = Kx_é_&c—_-. D'bgi‘(

(70 - 5!’70

,,/ P o Hsce 62 Answer 34 %
F)) 2 e”‘""

All new cardiomyocytes produced:

« Connexin-43, a channel protein that allows electrical impulses to pass between
cardiomyocytes —
* GATA-4, a transcriptional factor that stimulates the expression of genes for actin

and myosin.
~__.__.———'P

E‘ Suggest how production of Connexin-43 and GATA-4 could give the result seen in the
c-KIT+ group in Figure 6 (on page 13).

Do not include details of transcription or translation in your answer.
[2 marks]

Connexin-43 1t allows ;Fniouis-es t2 pase to the
b otter ﬁa He Venhicles ., H qllows al«'-ﬁu;mn
ff toms  betraecn Larﬂubm&o&\jf-é_; .
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5. No.6
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EI Give two types of cell that can stimulate an immune response.

[2 marks]
1 prigen - presentt oy el
2 A’&A erm al bc% mi
An autoimmune disease causes the immune system to attack healthy body tissues.

Scientists investigated the immune responses of healthy mice and mice with
autoimmune disease.

The chemical OXA causes an immune response in mice and can make their skin
swell. Mice had olive oil applied to their left ear and OXA in olive oil applied to their
right ear.

The immune response was recorded in two ways:

« the cellular response by measuring the mean increase in ear thickness 24 hours
after exposure to OXA

« the humoral response by measuring the mean concentration of anti-OXA antibody
in blood 14 days after exposure to OXA.

Table 2 shows the results of this investigation. The values in the brackets show + 2
standard deviations. A value of * 2 standard deviations from the mean includes over
95% of the data.

Table 2
. . Mean concentration
Type of mice | Sex of mice t’f::: n'::;e,a;: :‘"1%3_5 of anti-OXA antibody
| arbitrary units
Male 17.9 (+4.1) 16 (+3)
Healthy
Female 18.5 (¥2.9) 14 (14)
disease Female 16.7 (3.0) 26 (£7)

IZ] Suggest and explain one reason why olive oil was applied to the left ear of the mice.

[1 mark]

t wes used as contol éxpemm-ené; te shew

that £ s O XA q.ﬁ-edinj the (mmung
T«E’—SPﬁﬂée
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E‘ Plot a suitable graph for mean increase in ear thickness for each group of mice in
Table 2.

Include the data for + 2 standard deviations on your graph.
[3 marks]
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- E What can you conclude about the effects of autoimmune disease on the cellular
response and the humoral response in male and female mice?

Use the data to justify your conclusions.
[3 marks]

—Nale 1o mwte cellelar Y-QSPWQ— s no
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EI Some studies have shown that in humans, oestrogen has the opposite effect on two
different autoimmune diseases. Oestrogen:

e accelerates the progression of systemic lupus erythematosus (SLE)
e prevents the progression of rheumatoid arthritis (RA).

The scientists investigated the effect of oestrogen on the immune response in healthy
mice and mice with autoimmune disease.

Table 3 shows the scientists’ results.

Table 3
: Effect of oestrogen on Effect of oestrogen on
Type of mice humoral response cellular response
Healthy No effect No effect
Autoimmune : .
disaass Increase in response Decrease in response

A student studying these data made the following conclusions.

1.In humans, SLE is caused by an overproduction of antibodies.
2.In humans, RA is caused by an overproduction of cytotoxic T cells (T¢ cells).

Evaluate the student’s conclusions.
[4 marks]

" Oeg{wq.a- (InCHtRes bhe PR | 725!70\'196 that
Maws antibody - Peduchon of move antiledies
Ceuld nirarse Hve araqhﬂﬁfl"n q SLE Ues*#vgen
Aecreoses  pollidon 'Y-asfvﬂse anpo bre wll slow
dm proqrcss:m ﬂ,[ RA Mice ad humcng  oue
mammalg 50 the 6(—{@(:{ 5 Similer o both T
makes  (entlusiens valid-
- Haw-eu-&r mu.eshqai?cm weas done n mice a® nd
bumans: %p, 'zrésu,l,és would be aﬁﬁw Rermce
cellider  ~cespomse ¢ coud ale venn fewer _anhgon
P’eSefvb'rﬂ cotls ad not Just Te [,eéls g
mares the cDnclusians oualid.
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. In mice, one type of autoimmune disease is inherited as a dominant allele. Would the
Hardy—Weinberg principle hold true for a population of mice, some of which had this

autoimmune disease?

Explain your answer.
[2 marks]

“No. Mie with pulerune Adigerse vl be
unlively Suwive ard peprodule. It wll be
ol ockad aganst naturaly

_Ham[u W&nba—;fe ﬁr-rvfp(-e wgulp[ hold
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as (ar\a a5 m'Ces ab;l«t, 1o T'QETJ“‘@
net qff.a;&d
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6.
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(7.2)

0|7 Write an essay on one of the topics below.

[Z] The importance of membranes in the functioning of cells.
[25 marks]
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