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1 (a 1

2

3

4

5

1 penicillin inhibits enzyme ; ignore name of enzyme 

peptidoglycan chains cannot link up/stops cross-links forming ; 

cell wall becomes weaker/AW ; 

turgor of cell not resisted (by cell wall)/AW ; 

 cell/wall, bursts ;  [3 max] 

(b) (i) B has, an outer membrane/channel proteins ;
B has thinner (peptidoglycan) wall ; accept ora for A [2]

(ii) 1 

2 

3 

penicillin V can reach the, wall/(cell surface) membrane, of A ;   ora 

outer membrane of B stops penicillin V getting through ;   ora 

penicillin V cannot get through pores of outer membrane of B ; [2 max] 

(iii) can penetrate outer membrane ;
through pores/directly through as non-polar ; [2] 

(c) batch culture

1 

2  

3  

4  

set up and allowed to proceed ; 

nutrients not added or products removed, (during fermentation) ; 

air allowed in/waste gas allowed out ; 

at end of each process, product harvested/fermenter cleaned out ; max 2 

continuous culture 

5 

6  

7  

nutrients added (all the time) ; 

products removed (all the time) ; 

no down time/AW ; max 2 [3 max]

(d) 1 

2 

3 

4 

5 

(Penicillium/fungus), does not make penicillin all the time/penicillin is made in the later 
stages of growth ; 

when beginning to run out of nutrients ; 

(penicillin) is a secondary metabolite ; 

continuous culture has no yield of penicillin ; 

continuous culture, never reaches stationary phase of growth/always exponential growth ; 
[3 max] 

[Total: 15] 
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2 (a (i) A pericarp / fruit coat

B scutellum / cotyledon 

C plumule / embryo shoot 

D radicle / embryo root 
0 or 1 = 0 marks, 2 or 3 = 1 mark, 4 = 2 marks ; ; [2]

(ii) 1  food / starch / nutrients ;

2 for use, during germination / before photosynthesis / before leaves emerge above 
ground ; 

3 to provide glucose for, respiration / ATP production ;   ignore energy 

4 to produce cellulose for cell wall production ;   

5 to produce protein for, cell division / growth (of plant) ;   R growth of cells [3 max] 

(b) (i) 1 permanently ;

2 binds with / blocks, active site ; 

3 binds with, another part of enzyme / allosteric site ; 

4 change (shape) of active site ; [2 max]

(ii) when acetylcholinesterase is inhibited
1 acetylcholine remains attached to receptors (on post-synaptic membrane) ; 

2 sodium channels on post-synaptic (membrane) remain open ; 

3 membrane remains depolarised ; 

4 action potentials / nerve impulses, continue to be produced ; [2 max] 

(c) 1

2 

3 

different sequence of, bases / nucleotides, causes different, sequence of amino acids / 
primary structure ;  

acetylcholinesterase has a different, shape / tertiary structure ; 

acetylcholine can still bind with, active site / acetylcholinesterase / enzyme or active site 
remains functional ; 

4 

5 

(but) pyrethrum / inhibitor, cannot bind with, acetylcholinesterase / enzyme ; 

inhibition is allosteric / AW ; [3 max]
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(d) (i) 1 below 0.5 µg no insects killed in either group ;

2 at 0.5 µg hybrid insects killed but resistant insects survived ; 

3 at 10 µg all insects killed in hybrid group but only 80% killed in resistant group ; 

4 at 30 µg all insects killed in both groups ; 
penalise lack of units once [3 max]

(ii) 1  resistant and susceptible insects are homozygous ;

2 hybrid insect is heterozygous ; 

3 hybrid insect shows codominance / mutant allele and normal allele both have an 
effect ;    

allow ref to gene here   [2 max] 

[Total: 17] 
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3 (a) marking points refer to batch culture
1 

2 

3 

4 

(penicillin) is a secondary, metabolite / product ;   R Penicillium 

more penicillin is produced (per unit time) ;   A higher yield   comparative statement 

in the later stages of growth (of the culture) / after main growth phase is over ; 

(penicillin produced when, fungus / Penicillium,) is short of nutrients ;   R no nutrients left 

alternative points for 2 and 3 for continuous culture (ora) 
2a less penicillin is produced (per unit time) ;   comparative statement 

3a  continuous culture remains in, exponential / active growth, phase ; [3 max] 

(b) description
when pH is controlled (blue unbroken line)
1 penicillin is produced throughout the time period ; 

when pH not controlled (blue dotted line) 
penicillin production increases to a maximum and then decreases ; 2 

3 2 penicillin figs plus 2 time figs (to support 1 or 2) ;   ignore pH figs 

explanation 
4 (pH affects) enzymes (involved in penicillin production) ; 

when pH is controlled 
5 optimum pH for enzymes is at approx pH 7 ; 

when pH not controlled 
pH, high / above 7, decreases / stops, penicillin production ; 6 

7 (pH, high / above 7), causes change in active site of enzymes / AW ; [4 max] 

(c) 1

2

penicillin affects (bacterial) cell wall production ;   A affects cross-linkages 

inhibits, glycoprotein peptidases / enzymes involved with constructing (bacterial) cell 
wall ; 

3 viruses do not have cell walls ; [2 max]

[Total: 9] 
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4 (a (i)

bacterial strain A B 

diameter (d) / mm 24 16  ; 

area / mm2 452 - 453 201 – 201.2 ; A ecf 

ratio of area A : area B 2.25 : 1 A 9:4 A ecf 

[3] 

(ii) 1. penicillin kills more of strain A than strain B or C / AW ;
2.. ref. different active or binding sites
3.. A produces less penicillinase than B or C
4.. C is resistant (to penicillin)
5.. C has mutation
6.. penicillin cannot bind to enzymes
7.. penicillin inactivated by C / C produces much penicillinase
8.. AVP ; e.g. B is evolving into a more resistant strain / variation in carriers acro

membraneem max] 

(iii) 1. antibiotic, is selective agent  / provides selective pressure ;
2.. resistant survive / susceptible die
3.. ref. reproduction

 ; R gene 4.. resistants pass on, mutation / allele
5.. ref. vertical transmissi  ;
6.. increases frequency of allele in population
7.. may pass advantageous mutation to other species / ref. plasmid transfer
8. ref. horizontal transmission ; [4 max] 

accept reference to strains A, B and C in correct context for points 2, 3 and 4 

(b) 1. competitive inhibitors (of transpeptidase) ;
2.. binds to enzyme
3.. blocks active site
4.. crosslnks in peptidoglycan wall cannot form
5.. weakens cell wall
6.. lysis / cell bursts
7.. ref. high internal pressure of bacterial cell [4 max] 

[Total: 15] 
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