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1 (a (i) X – (ciliated) epithelium ;
Y – red blood cell / erythrocyte ; [2] 

(ii) cilia beat to move mucus (up the bronchiole / towards the mouth / away
from the lungs / AW) ;

mucus as a barrier to entry into (epithelial) cells ;
mucus traps, pathogens / bacteria / microbes ;  accept in context of goblet cells
capillary / blood vessel, brings, phagocytes / macrophages (to engulf

bacteria) ;  [max 3] 

(b) (i) J – phagocytosis / endocytosis / described in terms of engulfing or forming
      phagosome ;   [1] 

(ii) digestion of bacteria / described ;
to destroy bacteria / pathogen ; A to prevent spread through the body
antigen, presentation / display on cell surface ;
idea of selection of specific, B cells / T cells ;

A recognition / binding of / activation of, appropriate B / T cells [max 2] 

(c) 1

2 

3 

4 
5 

6 

 faster  ; 
in context of whole secondary response 

memory cells;  
in context of production during the first response 

idea that there are many more cells specific for this pathogen ; 

(so) increases chances of encountering pathogens more quickly / AW ; 
fast(er) production of, B lymphocytes / plasma cells / antibodies / helper (T)  

cells / cytotoxic T cells / cytokines ;   
greater concentration of antibodies (in, blood / lymph) or greater numbers of, B / plasma, cells ;  

A more, antibodies / plasma cells / B cells 

7 
8 

pathogen, removed / killed, faster ; 
person does not become ill / no symptoms ; 

A pathogen does not, spread through the body / infect cells / AW   [max 3] 
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(d) (i) little / no / slower / weak, immune response ;
stated function of T-lymphocytes, does not occur / occurs slowly ;  
e.g. release of cytokines / stimulating macrophages / stimulating B cells /

killing infected cells  
high susceptibility to infectious diseases ; 
R ‘fighting disease’ [max 1] 

[max 1] 

(ii) pathogen not recognised, as non-self / foreign ;
pathogen is recognised as self ; A non-foreign
ignore antigen concealment

(iii) no, antibodies / plasma cells / memory (B) cells, produced ;
no humoral response ;
no antigen presentation by B cells ; [max 1] 

[Total: 14] 
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22 (a 1

2 

 cilia, qualified ; e.g. absent / short / destroyed / smaller / damaged / AW 
R cilia killed R hairs for cilia R mucus damages cilia  
A ciliated (epithelial) cells, absent / destroyed / damaged 

ref. to presence of, scar tissue / scarring ; BOD scar  
R cilia are scarred (idea is, scar tissue formation / more connective 
than usual) 

note idea of scar tissue in place of, cilia / ciliated epithelium = 2 marks 

3 idea of affecting, coordinated movement / synchronous rhythm, (of cilia) ;  
A cilia paralysed  
A if stated that excess mucus inhibits movement  
A ecf if ‘hairs’ instead of cilia for mp 1 

4 
5 

mucus, not moved (effectively) / accumulates ;  
idea that, bacteria / B. pertussis / Bordetella / pathogens, accumulate (in airways) / are 
trapped in mucus  

A mucus, good growth medium for pathogens / AW [max 3] 

(b) mucous gland ; A mucous glands [1] 

(c) if another mode of transmission given (e.g. faecal-oral / contact / sexual transmission) = 0
marks for this part-question I in unpasteurised milk

1 

2 
3 

aerosol / droplet, infection ;  

only need to have one of ‘infected’ / ‘uninfected’ to gain mps 2 and 3  
infected / AW, person, coughs / breathes / spits / talks / sneezes ;  
uninfected / AW, person, inhales / inspires / breathes in, droplets ; 

2 / 3 allow one mark if mps 2 and 3 given with no reference to, infected / uninfected 

4 organism / pathogen / bacteria / B. pertussis, in, airborne droplets / droplets in air ;  
A without ‘airborne’ or ‘in air’ if mp 2 gained [max 2] 
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(d) (i) 1 DNA / gene / MUC5AC, unwinds / AW ; I unzips 
2 H-bonds break between, (complementary) bases / base pairs / strands ;

3 

4 

5 

6 
7 

8 
9 

I unzips
one / a, strand, acts as template / (complementary) copied ;  

I ref. to, sense / coding and antisense / non coding  
ref. to (involvement of) RNA polymerase ;  

I ref. to direction of, movement / strand formation 
(free) complementary RNA nucleotides added ;  

A described in terms of correct base-pairs (C with G and A with U minimum) 
step-by-step / sequentially / AW ; 
sugar phosphate backbone sealed / phosphodiester bonds formed ; 

A sugar phosphate backbone formed 
(product is) messenger RNA / mRNA ; A primary transcript 
AVP ; e.g.  transcription factors required to initiate transcription  

RNA polymerase binds to promoter (sequence)  
helicase unwinds 
ref. to activated (RNA) nucleotides  
ref. to proof reading 
(transcription ends at) transcription terminator [max 4] 

(ii) Golgi (body / complex / apparatus) ;
 A RER / rough ER / rough endoplasmic reticulum 
one of 
2 

3 
4 
5 

transport / movement, to cell (surface) membrane (from Golgi) ;  
A through cytoplasm (for Golgi or RER)  
A transport to Golgi if RER given in mp1  

ref. to bulk transport, across cytoplasm / to cell surface membrane ; 
ref. large size and difficulty of movement across, cell / cell surface membrane ; 
it, functions extracellularly / is released to the outside of the cell / is secreted ;  

I ref. to exocytosis as it is in the question [max 2] 

(e) 1 shortness of breath / dyspnea / difficulty breathing / restriction of airflow ;  
 A rapid breathing R heavy breathing 

2 chronic / persistent / AW, cough / coughing ; I cough, blood / mucus 

3 
4 
5 
6 
7 
8 
9 

A constant coughing  A smoker’s cough 
chest tightness ;  A chest pain R heart pain 
wheezing ; 
fatigue / weakness ; 
difficulty, when exercising / with physical activity / with mobility ;  
more prone to / frequent, chest / respiratory / named, infections ;  
barrel (shaped) chest ;  
cyanosis (blue, face / fingers) 

10 AVP ; e.g.  weight loss / anorexia  
swollen, ankles / feet  

not excess mucus as this is in the question [max 4] 

[Total: 16] 
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33
[1] 

 (a trachea and, bronchi / bronchus ;  A windpipe for trachea
R if bronchioles also included

(b) (i)  (as altitude increases), both of them / atmospheric pressure and oxygen
partial pressure, decrease ; 
(one) correct comparative data quote ; 
altitude and pressure, with units once, for either atmospheric pressure  
or oxygen partial pressure 

 non-linear decrease ; A almost linear decrease 
decrease in oxygen partial pressure proportionate to decrease in 
atmospheric pressure ; [max 2] 

(ii) difference of / reduction of, 34 kPa ;;
 A 33  / 35 kPa

A – 34 / 35 / 33, kPa
A 33 / 34 / 35% decrease for two marks only if evidence of kPa in working

 100 kPa at sea level – 66 kPa at 3500 m A 65 / 67kPa

one mark only if correct answer but no units / kPa

one mark if correct values taken from graph but no subtraction carried out

one mark if 3500 m value read as 63 kPa, so answer stated as 37 kPa [2]
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[max 4] 

(c) lower, atmospheric pressure / partial pressure of oxygen so

lower partial pressure of / less / AW, oxygen in, alveolar / inspired / inhaled, air;
A breathed in for inspired
A less oxygen goes into lungs

decreased, diffusion / concentration / pressure, gradient ;

between, alveolus / alveoli, and capillary ;

less / AW, oxygen, enters / AW (pulmonary) capillaries / the blood ;
A less / AW, oxygen, transported / AW, by, haemoglobin / red blood cells / blood
(to tissues)

(so) percentage saturation of haemoglobin is lower ;
A haemoglobin is less saturated
A fewer molecules of / less, oxygen combine with haemoglobin

(as) haemoglobin has lower affinity (for oxygen than at sea level) ; AW
A ref. to effect of 2,3 DPG
allow correct explanation in terms of oxygen dissociation curve

ref. to insufficient red blood cells to compensate ;
ora e.g. more red blood cells, need to be / will be, produced

(d) (i)  greater concentration of / (proportionately) more / AW, red blood cells
(through pulmonary capillaries per unit time) / AW ; 

 A haemoglobin for red blood cells  

increases, the haematocrit / the percentage of red blood cells to the total  
 blood volume / AW ; [max 1] 

(ii) more, blood / red blood cells, flowing to lungs (per unit time) ;
 A blood flows faster to lungs

to maximise oxygen uptake (from alveoli) / takes in more oxygen / AW
/ compensates for lack of oxygen ;

more blood pumped through, systemic circulation (per unit time) / rest of
 body / to tissues / AW  ; A blood flows faster for more blood

compensates for the lowered plasma volume
or

ref. need to, maintain supplies of required substances / remove waste /
prevent decrease in pH ;
allow named required substances e.g. glucose / oxygen / amino acids
allow named waste substances e.g. carbon dioxide [max 2] 
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(e) 1

2  

3  

4  

5

6  

7  

   nucleotide / base, sequence of, DNA / gene, changed / AW ; 
 A new allele (formed) 

base substitution (mutation) / (DNA) thymine replaced by adenine / (DNA is)  
CTC to CAC / CTT to CAT (template codon) ; 
this cannot be used for mp 1 as well 

altered / changed, mRNA codon ;  (allow codons) A idea of different mRNA 
 R altered genetic code 

(mRNA codon is) GAG to GUG / GAA to GUA ; 

   glutamic acid, substituted / replaced / AW, by valine ;  A glutamate 
A glu and val 

tRNA / anticodon, with different amino acid (to ribosome) ;  
 A tRNA with different anticodon  

AVP ;   
e.e.g.amino acid substitution at position
valine, hydrophobic / AW (R-group)
glutamic acid, polar / AW (R-group) [max 3] 

[Total: 15] 
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4 (a (i) deposit / build-up / presence / AW, of atheroma / (atheromatous) plaque ;

thicker wall ; 

narrowing of the lumen ;    R lumen, blocked / clogged 

lumen no longer round ; 

rougher / AW, lining ;    A idea of damaged endothelium [max 2] 

(ii) damage / AW, to, endothelium / tunica intima / AW ;

promotes blood clotting / makes platelets sticky / increases risk of
thrombosis / AW ;

(so) contributes to plaque / atheroma ; A atherosclerosis

ref. (vaso) constriction ;  A reduces diameter 
A reduces resistance to blood flow  [max 1] 

(b) (i) one correct structural feature with one relevant corresponding function  e.g.

thick / muscular, wall ;   A thick tunica media       A smooth muscle 
withstand high blood pressure / maintains pressure / provides strength ; 

elastic tissue ; 
provide, stretch / recoil / AW ; 

smooth tunica intima ; 
maintain, laminar / smooth, flow ;  AW 

presence of collagen ; 
prevents rupture / AW ; 

allow the function mark for general statement  
transports blood away from the heart to the (lungs and) rest of the body ;  [max 2] 

(ii) one cell thick (wall) / endothelium only / thin wall / AW ;
short diffusion distance / high rate of diffusion ;  I easy diffusion

pores / gaps / spaces, between, cells in wall / endothelium ;
to allow exchange of substances / example described / formation of tissue
fluid ;

small, diameter / cross sectional area ; A range 7–12 µm
ref. efficient, exchange / delivery / collection, of materials ;

e.g. reaches all cells / AW
slows down blood flow  
maximises time for red blood cells to collect / deliver, oxygen 
reduces distance for diffusion to cells  [max 2] 

[Total: 7] 
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