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1 (a) (i)

correct order letter of step 

1 C 

2 H 

3 F 

4 A 

5 D 

6 B 

7 E 

8 G 

 H F A al l above D ; 
 H F A  in correct order ; 

 B E G  all below D ; 
 B E G  in correct order ; [4] 

(ii) A – (DNA) ligase ;
 H – reverse transcriptase ; [2]

(b) 1 . it is identical to human insulin / ora ;
2. (more) rapid response ;
3. no / fewer, rejection problems / side effects / allergic reactions ;   R immune response
4. ref. to ethical / moral / religious, issues ;
5. cheaper to produce in large volume / unlimited availability ;   R cheap to produce
6. less risk of, transmitting disease / infection ;
7. good for people who have developed tolerance to animal insulin ; [2 max] 

[Total: 8] 
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2 (a 1

2

3

4 

5 

binds to receptors (on liver cell membranes) ; 

conversion of glucose to glycogen / glycogenesis ; 

(because) insulin activates enzyme ; e.g. glucokinase / phosphofructokinase / 
glycogen synthase 

increased use of glucose in respiration ; 

increased uptake of glucose / increased permeability to glucose (of liver 
cells) ; [3 max]

(b) (i)  1 mRNA (found in β cells) is only from gene coding for insulin / AW ; 

2 large numbers (of mRNA coding for insulin) ; 

3 (whereas) DNA has all genes ; 

4 (so) restriction enzymes needed ; [2 max]
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(ii) 1 cut plasmid (DNA) ;

[2 max]

(c) (i) 

2 at specific, base sequence / site ;

3 leaving sticky ends (that will join with insulin gene) ;

 all statements must be comparative 
inhaled  (accept ora for injected) 
1  insulin concentration rises more rapidly when inhaled ; 

2 higher peak ; 

3 falls, more rapidly / earlier ; 

4 (after 150 mins) lower (than injected) ; 

5 use of comparative figures ; figures for both at one time [3 max] 

(ii) 1 glucose conc. is linked to insulin conc. ;

inhaled  (accept ora for injected)
2 (initially) glucose falls because insulin conc. rises ; 

this subsumes marking point 1 

3 glucose conc. falls lower because  insulin conc. is higher ;  
this subsumes marking point 1 

4 (later) glucose rises higher because insulin conc. is lower ; 
this subsumes marking point 1 

5 use of figures ;  
e.g. one glucose conc. for inhaled and one for injected at one time

or  
one glucose conc. linked to an insulin conc. at one time  
(either inhaled or injected) [3 max] 

(iii) advantages:

11 faster response time ; 

2  less chance of, infection / contamination ; 

3  good for people with needle phobia ; max 1 

disadvantages : 

4  could cause larger swings in blood glucose concentration ; 

5  may need to taken more often / not long lasting ; 

6  possible variability of dose / AW ;  max 1 [2 max] 

[Total:15] 
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3 (a) 1 

2 

3 

4 [2 max] 

(b) 1

2 [2] 

(c) 1

2

3

4

5

6

7

AAV2.5T infects more cells than AAV / AW ; 

both increase until 20 days ; 

AAV2.5T falls after 20 days but AAV remains steady ; 

figures ;  two intensities on a single day 

infected cells fluoresce (when luciferin added) ; 

able to identify infected cells ; 

correct form of (CFTR) protein made ; 

delivered to / inserted into, membrane ; 

acts as chloride channel ; 

chloride ions leave cell ; 

water leaves cell ; 

normal / less viscous, mucus formed ; 

give credit to mention of one symptom reversed ;  
e.e.g. no blockage of airways / less chance of infectio [4 max] 

[Total: 8] 
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4 (a) Describe the use of recombinant DNA technology in the synthesis of human insulin by 
bacteria [9] 

(b) Explain the advantages of treating diabetics with human insulin produced by genetic
engineering [6]

1 mRNA coding for insulin/isolate gene for human insulin; 

2 from beta cells of islets of Langerhans/pancreas; 

3 reference to reverse transcriptase; 

4 to cDNA; 

5 reference PCR/DNA polymerase/double strand; 

6 reference sticky ends/AW; 

7 use of vector/virus/plasmid; 

8 reference endonuclease/restriction enzymes; 

9 to cut plasmid; 

10 reference DNA ligase to join DNA; 

11 inserted into suitable host cell/E.coli/bacteria; 

12 reference method of insertion; 

13 identification of modified bacteria; 

14 reference growth/culture of engineered bacteria in fermenters; 9 max 

(b)b) constant/reliable supply all year round/unlimited supply;

16 less risk of contamination/infection;

17 identical to insulin produced in the body;

18 less/no risk of allergic reaction;

19 does not stimulate the immune system;

20 fewer side effects;

21 can be produced without the killing of animals/ethical reason;

22 cheaper/easier to extract and purify;

23 more available/large amount;

24 more rapid response; 6 max 

Total 15
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5 (a has more than one polypeptide ; A FSH has 2 / α and β, polypeptides R has four

has, prosthetic group / non-protein part / carbohydrate / sugar ; [max 1] 

(b) 1 

2 

3 

4 

5 

1 produc  / make, monoclonal antibodies specific to (u-h)FSH / anti(u-h)FSH monoclonal  
antibodies ;  

ref. to column / framework, for, attachment / immobilisation ; R test strip 

urine, added to / flows past / passed over, antibodies ; 

(so) allowing, hormone / (h)FSH, to bind (to monoclonal antibodies) ; 

treatment needed to release, hormone / (h)FSH (from monoclonal antibodies) ; I filtering 
[max 3] 
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(c) 1

2

3 

sugars need to be added / glycosylation ; A bacteria cannot modify protein 

needs, Golgi body / rough endoplasmic reticulum ; A bacteria lack, Golgi / rough 
 endoplasmic reticulum  

ref. to problems in bacteria with, introns / wrong promoter / secretion / ora ; [max 1] 

(d) labels to correct recognisable structures

(secondary) oocyte ; R ovum

zona pellucida ;

corona radiata / cumulus oophorus ;

fluid-(filled space) / antrum ;

granulosa / follicle / follicular, cells ;

theca ; [max 3] 

(e) (i)
1 

2 

3 

 comparison 
more mature follicles with r-hFSH ; ora 

oestrogen (concentration), higher with r-hFSH ; ora 

comparative data quote ; e.g. 13 v 8 mature follicles  
OR 6.55 v 3.95 nmol dm–3 oestrogen concentration 
OR manipulated figures 
e.g. difference of 5 / 2.6 nmol dm–3 /
62.5% increase (r) follicles / 65.8% (r) oestrogen

4 

[max 4]

(ii) 1

2

3

 explanation 
(because) r-hFSH, purer / more concentrated / ora 
OR  
(some) u-hFSH, damaged by extraction technique / degraded ;

1 differenc  / difference described, is significant ;  

not due to chance ; A due to something other than chance 

smaller than, critical value / value for significance of, 0.05 / 5% ;  [max 2] 

[Total: 14] 
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