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1 (a) 
1

2 

3 

4 

5 

6 

7 

8

9

batch / penicillin 
 nutrients, decrease / run out ; 

so, secondary metabolite / penicillin, made ; 

fermenters can be used (after cleaning) for different process ; 

if problem occurs only one batch affected ; 

needs little, monitoring / attention (once set up) ; 

 continuous / mycoprotein 
(fungus) kept in, exponential / log, phase (of growth) ; 

(so) high, biomass / yield / production rate ; 

 little / no, downtime ; 

 small, vessels / space, required;  

1010 cost-effectiv ;  [max 8] 

(b) 1 

2

3

4

mouse is injected with an antigen ; 

wait for immune response to occur ;  

 clonal selection ; A description e.g. antigen binds to, specific / virgin, B cell  

 clonal expansion ; A description e.g. mitosis / division / cloning of B cells 

5 B-lymphocytes / plasma cells, are extracted ; 

6 

7 

8 

9 

from the mouse’s spleen ; 

fused with, cancer / myeloma / tumour, cells ; 

hybridoma cells formed ; 

hybridoma cells producing antibodies are identified ; 

10 cultured on a large scale (to secrete monoclonal antibodies) ;  [max 7] 

[Total:15] 
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2 (a) bacteria walls made of peptidoglycans ; 

bacteria secrete autolysins ; 

make holes in cell wall / AW ; 

to allow wall to stretch during growth / AW ; 

(glycoprotein) peptidases form cross-links (between peptidoglycans) ; 

(penicillin) inhibits (glycoprotein) peptidases ; 

cross-links (between peptidoglycans) do not form ; 

cell wall weakened ; 

bacteria take in water by osmosis ; 

increased turgor pressure causes cell to burst ; AW 

AVP ;  e.g. competitive inhibition [max 8] 

(b) ref. bioleaching ;

Acidithiobacillus / A. ferrooxidans ; A Thiobacillus / T. ferrooxidans

low grade ores / (mine) waste ;

two metals ; e.g. copper, zinc, cobalt, uranium, lead, nickel, gold, silver
I iron

insoluble ore turned into soluble products ;

ore piled up ;

acidic conditions created / pH low(ered) / pH 1.5 – 3 ;

different bacteria at different temperatures ;

chemoautotrophic ; A description

oxidation (reactions) ;

sulfide / S 2– to sulfate / SO4 
2– ; (direct oxidation of ore)

Fe 2+ / ferrous � Fe 3+ / ferric ;

Fe 3+ oxidise other ores ;

product, drains / leaches / is washed, into pool ;

metal displaced by adding scrap iron ; [max 7] 

[Total:15] 
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3 (a) use Penicillium (in batch fermenter) ;  

(main) nutrients added at start ; 

penicillin only produced, after growth phase / when running out of nutrients ; 

(penicillin) is a secondary metabolite ; 

fermentation is stopped ; 

penicillin is harvested ; 

fermenter is cleaned out / ref. sterility ; 

new culture of Penicillium is put in and started again ; 

ref. fed batch culture ; 

carbohydrate / named nutrient, added regularly ; 

keeps fermentation going longer / produces more penicillin ;

detail of fermenter ;;  e.g. paddle to mix nutrients / sterilising steam inlet  
/ set at pH 6.5 / aeration / kept at 27 °C  [max 8] 

(b) batch
easy to set up culture ;

can continue with minimal attention / AW ;

environmental conditions easy to control ;

fermenter can be used for different process afterwards ;

only waste one batch if contaminated ;

less chance of blockage in fermenter ;

continuous
no / less, down time / AW ;

small vessels can be used ;

productivity high ;

cost effective ;

downstream processing easier ;

good for using immobilised enzymes ; [max 7] 

[Total:15] 
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44 (a this can be answered in the context of penicillinase
1 
2 

3 
4 
5 

complementary shape ;  
substrate, fits into / enters / binds to / with, active site ;  
A enzyme-substrate complex / ESC 
ref. to specificity ;  
lock and key / induced fit ; A description of induced fit 
ref. to temporary bonds form with, active site / R groups (of amino acid residues) ; 

[max 3] 

(b) shown to max 2

secondary structure ; 

α / alpha, helix ; R ‘helix’ / helical structure unqualified by alpha 

β pleated sheet ; 
tertiary structure / folding ; ignore 3D shape or structure 
globular ;  

not shown to max 2 

amino acids / primary structure / sequence of amino acids ;  
(types of) R groups ; 
bonds / named bonds ; A peptide 
quaternary structure ; 
prosthetic group ; [max 3] 

(c)c) one lower peak inside line than uncatalysed ;
start and finish at, dotted lines / same energy levels as uncatalysed ; [2] 

(ii) activation (energy) / (energy of) activation ; [1] 

(d)d
2
3
4

5 

6 
7 
8 

do not prescribe for viral diseases ; 
only use when necessary / do not overprescribe ; 
only available on prescription / not available ‘over the counter’ ; 
people must, complete the course / take as instructed ;  
R take a long course 
test to find out which is most appropriate antibiotic to use ;  
A use most, appropriate / effective, antibiotics  
A use narrow-spectrum antibiotics 
details of sensitivity test ; 
rotate / AW, antibiotics / use in combination ; R use many antibiotics 
do not use same antibiotics for humans and animals ; [max 2] 

[Total: 11] 
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