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[max 2] 

[2] 

[1] 

[max 3] 

1 (a (endoplasmic reticulum / RER) has ribosomes ;
(ribosomes / RER) site of protein synthesis ;
antibodies are proteins ;
RER for, modification / transport / transport vesicle formation ;

(b) 3000 ;;  A 2933 / 3067 if units given allow one mark  only
if incorrect allow one mark for correct length measured  44 / 45 / 46 mm and
knowledge of formula is correct (magnification = image length / actual length –

this can also be seen by workings e.g. 45 mm / 15 µm) but incorrect conversion
factor used for final calculation

(c) Variola (virus) ;

(d) memory cells produced (along with plasma cells) ;
to max 2
idea of greater number of (specific immune system) cells ;
(memory cells are) long(er) lived / remain in circulation ;
memory T and B cells ;
ref. to / detail of, faster secondary response (to give immunity) ;

(e) two relevant e.g.
1 
2 
3 
4 
5 
6 
7 
8 

vaccine, thermostable / freeze-dried  ; A idea of longer shelf-life / no wastage 
virus did not mutate ;  A pathogen / strain 
same vaccine could be used everywhere ; 
cheap to produce (in large quantities) ; 
ease of production ; 
used a live virus / vaccine gave a strong immune response ; 
no need for boosters ; 
ease of administration ; e.g. ref. to enthusiastic  volunteers  

needles could be, sterilised / re-used 
9 high percentage cover / AW ; 
10 ref. to ring vaccination / described ; 
11 global effort / AW ;  [2]

(f) artificial active / active artificial ; [1] 

[Total: 11] 
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2 (a (i) non-self
 foreign / AW ;   A ref. to epitope(s)   I pathogen / organism 

 antigen  
 macromolecule / (glyco)protein / carbohydrate / polysaccharide / oligosaccharide ; 
 stimulates / AW, an immune response / production of antibodies ; 

 A results in formation of antigen-antibody complexes 
 A other described events in an immune response [max 2] 

(ii) antibody / immunoglobulin / IgG, on cell surface / on cell membrane ;
(act as) receptors ;
ref. to antigen-binding / AW ;

 (shape) specific / complementary, to antigen ; [max 2] 

(b)b) ( DNA / gene transcribed / mRNA using DNA as template / AW  ;
 A transcription unqualified 

 idea of mRNA associating with ribosome(s) ;   
ref. to tRNA with specific amino acid (carried to ribosome) ; 

 pairing / AW of codons on mRNA with anticodons on tRNA ; 
formation of peptide bonds (between adjacent amino acids) ; 

 antibody / protein / polypeptide(s), enters RER / moves to Golgi body ; 
ref. to forming, secondary / tertiary structure ; 

 antibody / protein / polypeptide(s), modified / processed / glycosylated / formation 
of quaternary structure / formation of disulphide bond(s) in Golgi (body / apparatus / 

complex) ;   I ref. to packaging [max 4] 

(ii) vesicles move to cell / surface / plasma, membrane (via cytoskeleton) ;
 R secreting vesicles unqualified  
vesicles fuse with cell (surface) membrane / exocytosis ;   R active transport 
movement of vesicle / exocytosis requires energy or ATP / is active ; [max 2] 

(c) memory cells ;   A form immunological memory   I ‘gives immunity’
remain / stay in circulation / blood / lymphatic system ;

R ‘last a long time / long lived’ unqualified 
for secondary response ; 
fast(er) response when exposed again to same pathogen / same antigen ; 

A fast(er) clonal selection / fast(er) clonal expansion  
A divide quickly / rapidly 
A long(er) lasting response 

to form plasma cells (and more memory cells) ; 
more antibodies produced / higher concentration of antibodies ;  

R if in context of memory cells 
to prevent person feeling ill / to prevent symptoms ; [max 3] 
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(d) W – cytokinesis / cytoplasmic division / cell divides into two ;
I cell division  
R  mitosis / telophase 

Z – (semi-conservative) replication (of DNA) ;   

[2] 

(e) 1

I S phase / interphase of cell cycle    
R copying of DNA  
R protein synthesis 
R if replication is given in any other phase of the cell cycle 

1 breathing in / inhale smoke / ‘second hand’ smoke / sidestream smoke ; 
A passive smoking   
I exposed to smoke 

2 
3 

4 
5 
6 

(tobacco smoke contains) carcinogen(s) ; 
causes mutation / described ; 
e.g. change to / alters / damages, DNA   R if in wrong type of cell
leads to uncontrolled cell division / mitosis / growth ;
forming a tumour / mass of cells ;
correct ref. to (proto-)oncogenes / tumour suppressor genes ;
e.g. formation of oncogenes / mutation of tumour suppressor genes / ‘switching off’
tumour suppressing genes

mutation of correct named gene = 2 marks 
e.e.g. mutation of tumour suppressor ge

P53 (gene) mutates = 2 marks [max 3] 

[Total: 18] 
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3 [1] (a) bone marrow ;

(b) ( i) A = macrophage / APC ;   A monocyte
B = B, lymphocyte / cell ; 
C = T, lymphocyte / cell ; 

allow one mark if lymphocyte given for both B and C but not qualified or incorrectly 
qualified [3] 

(ii) th ymus ; [1] 

(c) max 4 if no reference to, antigen / non-self

foreign / AW, antigens are non-self ;
non-self / foreign antigens, induce immune response ; AW     ora

macrophage / APC (A)
phagocytosis / described ;
cuts up / AW, bacterium / pathogen ;
presents antigens / becomes antigen presenting cell / antigens on cell surface ;

B/T, cells (B and C)
antigen recognition by lymphocytes ;
(with) complementary / specific, receptors / immunoglobulins (B) / antibodies (B) ;
divide by mitosis ; A clonal expansion
ref. formation of memory cells (for secondary response);

Th cells (C)
secrete cytokines to stimulate B cells ;
cytokines stimulate macrophages ;

Tc/k cells (C)
ref. destroy pathogen / AW ;
produce perforin / AW ;

B cells (B)
B cells become plasma cells ;
(plasma cells) secrete antibodies ;

AVP ; e.g.
macrophages, non-specific / faster response  
ref. specificity of, lymphocytes / B and T cells 
antibody variable region is the antigen binding site ; [5 max] 

[Total: 10] 
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4 (a (i) 700 000/5 400 000  x  100; AW e.g. 6,100,000/5,400,000 = 112.96% – 100 (= 12.96%) 

13; R 12.96 
1 mark for working, 1 mark for correct answer [2] 

(ii) (more red cells =) more haemoglobin;
more oxygen can be carried (per unit volume of blood);
at altitude the partial pressure of oxygen is, low/lower than at sea level;
A less oxygen at altitude R ref to lower Hb saturation
more red cells/more haemoglobin, compensates for lower saturation, of
haemoglobin; A affinity [max 2] 

[max 1] 

[max 1] 

    [2] 

(b) phagocytes
ingest/engulf/digest, bacteria; R destroy/kill/phagocytosis unqualified act as APC
(Antigen Presenting Cell) to stimulate B/T cell response;

T helper cells
secrete/release, cytokines/lymphokines;
to activate/stimulate B lymphocytes to produce plasma cells/antibodies/memory
cells, or stimulate/activate phagocytosis;

(c) resistance;    R   bacteria become immune
ref to selection of resistant bacteria;
antibiotic, can then not be used/are ineffective/no longer kill bacteria;
ref to multiple resistance;

R answers that suggest people become resistant [max 2] 

[Total: 8] 
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