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1.9700_s17_ms 21 Q: 1

(a) A chloroplast/ mitochondrion ;
B chromosome(s)/chromatid / chromatin ;
C Golgi (body / apparatus / complex) ;
D nucleolus ;
(b) max 1 if only written about prokaryote wall or only about plant wall ‘
1 prokaryote cell wall has, peptidoglycan / murein ;
2 plant cell wall has, cellulose / polymer of B glucose ; I lignin
3 AVP;eg.
prokaryote wall is made of chains crossed linked by, peptides /ami
hydrogen bonds between cellulose molecules (within microfibrils) in
other components such as pectins / hemicelluloses in plant cell

max 2

all A cellulose chains

Q"’Q
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2.9700_s17_ms_22 Q: 1

APPENDIX A. ANSWERS

(a) one mark per blank box 5
type of cell function of cell example of organelle [eqmred to
carry out function
palisade mesophyll photosynthesis ; chloroplast
A (absorb light to) synthesise,
organic compounds / glucose / starch
(from inorganic compounds)
Leydig synthesis of steroid hormones smooth endoplasmic reticulum ;
A SER/smooth ER
plasma cell ; production of secretory vesicles Golgi body
A B-cell / white blood cell / leucocyte / | containing antibody
(B-) lymphocyte / agranulocyte
R T lymphocyte / granulocyte /
phagocyte / macrophage / neutrophil
root hair cell active uptake of nitrates mitochondrion ;
A cell surface / plasma, membrane
A cell membrane
pancreas acinar synthesis of enzymes rough endoplasmi ﬁ:. sulum ;
A RER/rough ER
(b) I functions of individual tissues max 4
if all cell types named as single cell, allow max 1 for named tissue types
(organ because more than one tissue type)
three named tissue types ; ; ;
endothelium A squamous ep
A endothelial cells
A epithelial
smooth muscle A smoof u cells
connective tissue
elastic tissue Ae
e stic muscle
fibrous tissue A collagen agen fibres
nervous tissue A nerve cells
blood Ab
only in con asa vasorum
general function
transports / carries / AW, blood ; pumps blood | provides
detail ; e.g. to tissues/ ody / away from heart/ AW
R to lungs
(blood) is oxyge S OXygen
Total: 9

S 4
*le

*
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3.9700_wl7_ms_23 Q: 1

587

(a) actual length = image length/magnification ;
A A=I/M M=1I/A I = A x M or magnification triangle

2.5 (um) ;; for 40 mm X=Y length
A 2.6 (for 40/41mm)
A 2.4 (for 38/39mm)

max 1 for
incorrect or no answer but correct calculation e.g. 40000 + 16 000
correct answer but to more than one decimal place
correct measurement and correct calculation but incorrect conversion

(b)(i) mitochondrion ; A mitochondria

max 1 for function
produces/makes/synthesises/provides/AW, ATP
or

releases/provides/supplies, energy

or

aerobic respiration ;

AVP ; e.g. part of the urea cycle
B-oxidation of fat
oxidative phosphorylation

(b)ii) rough endoplasmic reticulum ;
A rough ER IRER

ribosomes are attached ;

accept mp2 if organelle identified as endoplasmic reticulum/RER

4.9700_ml16 ms 22 Q:2

(a)

(b)

magnification = === ="2"" JAW ; AM=I/AorM=0O/A
actual length

correct calculation or to 2 or 3 significant figures using the correct calculation

(x) 2778/2780/2800 ; ; (for 25 mm) +4mm in measurement

one mark if correct measurement s divided by actual size but incorrect
answer owing to, rounding up tlincorrect conversion factor

(25000/9.0) ; 0
(3]

id/AW ;

spherical/sphe

*
nuelear) enve

. @
containing) nu

( @ (nuclear) membranes/double membrane ;
( es ;

(contains) chromatin/chromosomes ;

DNA and, proteins/ histones ;

contains, nucleolus/nucleoli
or
nucleolus is/ nucleoli are, dark(er) staining/spherical/defined ;

AVP ; e.g. outer membrane continuous with RER
heterochromatin and euchromatin
contains nucleoplasm
[max 3]

[Total: 6]
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5.9700 w15 ms 21 Q: 1

(a)

(b)

(c)

(d)

(e)

ATP production ; A supply energy (to the cell/for cell reactions) R energy

production

(site of) aerobic respiration/oxidative phosphorylation ;

AVP ; e.g. lipid metabolism/beta oxidation [max 1]
crista/ cristae/inner membrane ; 1]

(%) 48 571 or (x)50000;;

34 000 35000
or
0.7 0.7

if answer incorrect award one mark for:

correct measurement (34 or 35 mm) and correct formula used (M= I/A), as above

but incorrect conversion to um

or

correct calculation but units given

or

correct calculation but decimal places given [2]

1 resolution/resolving power, too low ;

2 further detail ; e.g. only 250 nm resolution
resolution only half wavelength ofdight
wavelength of light, too long/not'short enough
width of membranes only 7 nm';

3 (such) thin sections not possible ;

4 inner membrane/ cristae/internal strdcture,seould not be seen ;

5 magnification this high not possible;
mp1 and mp5 allow correct comp% statement with electron microscope [max 2]
circular DNA ;
small/similar, size ; A
70S/small(er) /18 nm{ ;
AVP ; e.g. binary fission/naked DNA [max 2]
[Total: 8]
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6.9700 wlb ms 23 Q: 4
(a) (i) (a 1-6) glycosidic ; A glucosidic [1]

(ii) many, terminals/ends, for, attachment of glucose/removal of glucose ;
glucose can be stored quickly ;
glucose can be, mobilised/ AW, when required/ quickly ;
A more easily mobilised /AW A glycogen can be hydrolysed easily
makes it more compact/takes up less space/high density ; [max 2]

(iii) no branching/single unbranched chain/straight/linear ;
different monomer/beta glucose/3 glucose ; ora
alternate position of monomers in cellulose /AW ; e.g. rotated 180°
only one type of (glycosidic) bond/1—4 only/no 1-6 ;
forms hydrogen bonds with other cellulose molecules (to give parallel
chains);
forms, microfibrils/fibres ; [max 2]

(b) (i) max 1 for correct working if no answer or answer incorrect

385000

—x 100
2000 000

19.25/19.3/19 ;; (2]
(ii) 1 energy lost in processing crops to make animal feed ;

animals
2 food, not eaten/wasted ;
3 food, not digested/indigestible / not absorbed/egested
or
energy lost in, excretion/urea ;
4 energy lost, in respiration/ as heat ; A movement/used for metabolism
5 (some) maintain constant body ter@ure which requires energy ; AW

humans
6 energy lost in processing ani r human food ;
7 (named) animals pa
8 AVP;e.g. someani t have enzyme to digest cellulose [max 3]
[Total:10]
D ¢
6339

4
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7.9700_s19 ms_22 Q: 5

APPENDIX A. ANSWERS

(a) glycine in monomer column only ; 5
monomer polymer monosaccharide polysaccharide
thymine cellulose B-glucose cellulose
(nucleotide) messenger RNA } ; } H
a-glucose glycogen a-glucose glycogen
p-glucose a-globin
1 glycine 1 glycine 1 glycine
I incorrect spellings
if a-globin appears ence and is in moenomer column instead of pelymer column, and the monomer and polymer columns are
otherwise correct, allow one mark (ecf)
(b) any three from: 3
allow points from an annotated diagram
1 phosphate head = hydrophilic/ polar ;
2 fatty acid/ hydrocarbon, tail / chains = hydrophobic / non-polar ;
if mps 1 and 2 not gained, allow one mark for, hydrophilic / polar, heads and, hydrophobic / non-polar, tail:
3 (so) heads face, watery environment/ tissue fluid / cytoplasm / cytosol / aqueous environment
4 (fatty acid) tails, form hydrophobic core / form area away from water / face each other LAW
5 ref. tails and hydrophobic interactions ;
8.9700_wl8 ms_ 21 Q:3
@)(i) any three from 3
(polymer / polysaccharide of) B-glucose ;
glycosidic, bonds / linkages ;
A glucosidic
(B) 14 (glycosidic) bonds ;
R if 1-6 also given
ref. to (B) glucose units, linked at 180° to each other/ alter ted /AW ;
unbranched (polymer)/ straight chain/ linear ;
able to form hydrogen bonds with parallel chains /
(a)(ii) chloroplast/ granum/ thylakoid / middle lamella/la e / nucleus at edge of cell ; 1
(a)(iii) provide energy (for the cell) ; 3
R produce energy
any two examples ;;
e.g. biosynthesis A named exampl
active transport/ proton pumpin:
movement/ described, e. cles / chromosomes
endocytosis / exoc i
(b) any two from 2
water molecule:
(each water hydrogen (atoms) and a c— oxygen (atom) ;
1}‘f gen (atom) of one water molecule is attracted to the negatively charged oxygen (atom) of another
er m
> 24 \‘% attra ater molecules ;
(c) ahy two froi 2
water mol are polar ;
ions are charged ;
ref. attraction between water molecules and ions ;
AVP ;
e.g. oxygen o— faces positive ion

“,.’PapaCambridge
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9.9700 w18 ms 23 Q: 1
(a) any three from 3
1 modification / process / described, of, proteins / polypeptides ;
2  further detail of modification ;
examples of modification
folding of polypeptides / protein folding
assembly of polypeptides to form quaternary structure
addition of (named) prosthetic group
addition of sugars / addition of carbohydrate / glycosylation
cutting of polypeptides
removal of, methionine /first amino acid
making proteins functional
3 packaging into vesicles / formation of Golgi vesicles / formation of secretory vesicles ;
A ‘budding off’ / ‘breaking off / transport proteins in Golgi vesicles
4  formation of (primary) lysosomes ;
5 AVP;
e.g. modification of lipids
synthesis of, phospholipids / glycolipids
synthesis of cell wall polysaccharides
(b)(i) (mitochondria) provide / make / produce, ATP ; 2
A needs a lot of, ATP / energy
R ‘produce / make, energy’
(ATP/ energy required for) protein synthesis / movement of (secretory / Golgi) vesicles / exocytosis ;
1(b)(ii) any two from 2
1 mitochondria have (circular) DNA ;
2 mitochondria, have / make, (70S) ribosomes (for, protein synthesis / translation) ;
R if 80S ribosomes
3 mitochondria can divide ;
R by mitosis
4 AVP;
5 AVP;
e.g. (mitochondrial / mt) DNA codes for (some mite¢hondrial) proteins
mRNA transcribed from mtDNA
mitochondria produce their own tRNA
can replicate DNA
| mitochondria have a double m
(e)(i) any three from 3
protein coat/ capsid ;
A protein layer
R ‘cell wall of protein’
nucleic acid (core) ;
R if ‘in a nucleus’
DNA or RNA ;
acellular / non-cellular / ‘not I';
size — accept within range 15 to 1000 nm ;
AVP;
e.g. (protein coat made of) capsomeres surrounded by, membrane / envelope / (phospho)lipid bilayer
(c)(i) 1
smodesmata ;
rands, through cell walls / between cells’

T1'i']’PapaCambridge
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10. 9700 _wi18_ms_23 Q: 2

@)(1) water shown formed from —OH and —H ;

A H,O formed without indicating where from
peptide bond shown correctly between C of carboxylic acid and N of amino group ;
complete dipeptide drawn ;

A hydrogen ‘up or down’

(a)(ii) R group / side chain / variable group / residual group / functional group ;
indicate, different amino acids / type of amino acid ;

A specific to each amino acid

A the two amino acids are different

A two examples of R groups, e.g. -H and —CHs;

both amino acids have different R groups = 2 marks

(b) any two from
straight chain / linear, v helix / helical ;
I coil(ed)
R branched / branching
B-glucose, not a-glucose ;
A B-1:4 glycosidic bond v a-1:4 glycosidic bond
(B-)glucose / monomers / residues, are arranged, rotated 180° to each other/ AW ;
AVP;

e.g. more hydrogen bonds
(c) any four from

1 (molecules) form fibrils and fibres ;
2 hydrogen bonding between (cellulose) molecules ;

3 (cellulose molecule) is straight/ linear ;

4 (straight chain allows) molecules lie parallel to each other ; (\
1AW

mp4 dependent on mp3

5 gives strength (to cell wall) to, prevent cell bursting / withstand (tur
R if only in context of a cellulose molecule

6 ref. to fibres at angles/ criss-cross / AW ;

7 idea of many gaps, in wall/ between fibres, allowing pa;
I plasmodesmata
R partially / AW, permeable

er / named) substances / making cell wall permeable ;

8 AVP;
e.g. cellulose is insoluble
many —OH groups (for hydrogen bondini

11. 9700 _m16_ms 22 Q: 1

A

B
Cc
D

sucrose ;
peptide ;
cellulose ;

v 4
bilxet:‘ ilute) potassium/sodium, hydroxide (solution) and

A (dilute) copper sulfate (solution)
R Millon’s solution

glycerol ;

(5]
[Total: 5]
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12. 9700 _s16_ms_22 Q: 6

(@) (i)
CH,OH HO CH,OH
9 OH °
OH
OH OH

HO OH OH

OH

1 2 3

two marks for correct drawing of ring structure ;;
all atoms shown or one of diagrams 1-3 above

one mark if, inconsistent / incomplete, drawing:

diagram 1 — one missing H from any of carbons 2—-6 (OH groups and rest of

drawing must be correct)

diagrams 2 and 3 — adding the H to one of carbons 1-5 (OH groups and rest

of drawing must be correct) [2]

(ii) glycosidic ; A glucosidic [11
(iii) to form/has, (glycosidic o) 1-6, bonds/links (to make branches);

ref. to different shaped/specific/ complementary, active site required to form
bonds (for branching) ; [max 1]
(b) (i) treat as neutral unit of inheritance
sequence of, nuclectides/bases ;
section/length/part, of DNA (molecule) ;
codes for a polypeptide ; A protein for polypeptide A enzyme
A information to produce a polypeptide
A codes/infarmation, for sequence of.amino acids/primary structure (of
a, polypeptide/ protein) b

R genetic code for a polyp [max 2]
(if) 1 (in DNA/gene) altere ce/AW, of, nucleotides/bases ;
I DNA sequ
2 base substituti
or base/nucleo replaces another, base/ nucleotide;
A example must be in context of, DNA/gene
3 (mRNA synthesised) during transcription ;
4, 4m leads to) altered /AW, mRNA/messenger RNA ;
*
5 " (only) NA) codon changed/a different codon ;
A A, triplet/codon, changed I ref. fo codons changed
6 tRNA, with/has, a different anticodon ;
7 (tRNA) brings, a different/a changed/the incorrect, amino acid, during
translation/ to the ribosome ;
8 codon-anticodon, binding/ complementary/AW ; A matches
R amino acid with anticodon [max 3]
(c) nucleolus ; R if other cell structures given
mitochondrion ; R if other cell structures given
rough endoplasmic reticulum or Golgi (body/apparatus/complex) ; [3]
[Total: 12]
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13.9700_w20_ms_21 Q: 2

APPENDIX A. ANSWERS

(a)i) circle around any one correct bond ; R if circle includes the double bond O

il 1L L.

o

o H-H-

(a)(ii) | condensation ; A dehydration (synthesis) A esterification
three ;

(b)(i) macromolecule and extracellular enzyme ;

(b)(ii) | 4 (hours);

(b)(iii) | any four from:
triglyceride hydrolysis / action of lipase, produces fatty acids ;
decrease in pH / described, because of production of (fatty) acids ;

A bhWN =

rate of pH decrease slows because,
substrate / triglyceride, being used up
or
substrate concentration becomes a limiting factor / AW ;
ref. to plateau at 18 hours /at pH 6.1, enzymes are denatured ;

optimum pH for lipase activity, is pH 8 / alkaline conditions / at the start ;
0 AVP; e.g. ref fotertiary structure of lipase

rate of pH decrease / AW, slows because decrease in rate of formation of fatty acids ;

steepest rate of (pH) decrease at start because, substrate / triglyceride, concentration highest ;
rate of pH decrease /AW, slows because enzymes, not at optimum / begin to denature ;

7
8 ref to plateau at 18 hours/at pH 6.1, as all the, triglyceride / substrate, has
9
1

rolysed / AW ;

(b)(iv) | any two from:

(initial) decrease in pH would be more rapid ;

plateau would be reached earlier ; AW

plateau would be at the same pH (as the previous experiment

Q""'Q
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14. 9700 _s18_ms_23 Q: 2

595

(a) too small to see

35 um is 0.035 mm (smaller than 0.05 mm)
or

0.05 mm is 50 um (larger than 35 um) ;

(b) in context of light microscope

two from:

ref. to limit of resolution ;

A wavelength of light too long

I organelles are small

1 resolution/resolving power, poor/ not high enough /AW ;
2  ability to distinguish between two points not high enough/AW ;
3

e.g. organelles smaller than, 0.2 pm /200 nm, not visible
A organelles smaller than 200 nm (accept range 100-300 nm)
4  organelle too small to interfere with light waves ;

(c)(i) ester ;

(e)(ii) facilitated diffusion ;

plus two from:

| transmembrane / integral, protein

if active transport incorrectly stated allow ecf

(diffusion) through (membrane), transport/ channel/ carrier, protein ;

high to low concentration or down, concentration / diffusion, gradient ;

passive ; A no, ATP/ (metabolic) energy, required

N

ires (metabolic) energy ;

through (membrane), transport/ carrier, protein ; R channel protein

low to high concentration / against a concentration gradient/ require:

(c)(iii) four from:

B wN

(hormone) binds to / AW, receptor ;

in context of on cell surface membrane of

5 ref.to receptor (shape) complementa
A specific receptor for hormone

6 (binding) triggers / stimulates, reacti

A cascade of reactions

I binding causes a reacti

produced

1 ref. to hormones, released into/ arrive at adipoc!
A released by another, cell/ tissue (elsewhere i
hormone is, (chemical) signal/ signalling molec
(adipocyte is) target cell ; A (adipose i

7  cell signalling r¢ nse, qualified ;

|l / via transport protein

(d) ingne

do not have nu 0 no mMRNA produced) ;
yme synthesis ;

(required) enzymes not present ;

impermeable to fatty acids/ AW ;

have lost/ do not have, the required organelles ;

do nothave mi mitochondria required (to produce ATP) ;

gPapaCambridge
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15. 9700 _m20 ms 22 Q:2

(a) any two from: 2
PAP2, because

activity is shown at 0.0 mmol dm=3/ does not require Mg?* for activity ;
(at 0.0 mmol dm-3) 30 arbitrary units activity ;

no / very little, change at all concentrations of Mg2* ;

(b) A substrate for phosphatidate throughout 4
A enzyme for PAP throughout

any four from:

1 increasing concentration of phosphatidate increases PAP activity ;
2 at higher phosphatidate concentrations the increase in PAP activity is less steep ;
3 data to support marking point 1 or 2 ;

4 phosphatidate (concentration) is limiting factor / enzyme concentration begins to be limiting at higher concentrations (of
phosphatidate) ;

5 atlow phosphatidate concentrations, not all (enzyme) active sites are occupied/ active
sites are available
or
more active sites occupied at higher concentrations / AW ;
R all active sites saturated (at higher concentrations)

(e)(i) any two from: 2

(fatty acid tails are long) hydrocarbon chains / many C-H bonds ;
ref. to dense packing / large mass per unit volume ;

AVP ; e.g. qualified ref. to role of hydrogens (in oxidative phosphorylation)
bond energy released when bonds are broken ;

(c)(ii) any two from: 2

hydrophilic / pelar, (phosphate) head and, hydrophobic / non-polar,(fatty acid) tails ;
(so) heads face, watery environment/ tissue fluid / cytoplasm / cytosol fagueous environment ;
(so) tails, form hydrophobic core / form area away from water [face each other ;

A ref. to tails and hydrophobic interactions

16. 9700 _s20_ms_21 Q: 3

(a)i) one mark for units 3
one mark per column

Vmax

wmol min™

(a)ii)

3. rate of reactions for J and K compared at two substrate concentrations to support mp1 or mp2
or
manipulated data at two substrate concentrations to support mp2 ;

. less efficient/ acts more slowly / AW ;

. active site is still binding substrate ;

. idea that active site is less effective at catalysing reaction
or

enzyme has lower affinity for substrate ;

~No o s

. (replaced / changed) amino acid is important in, shape/ structure, of active site ;
. AVP ; e.g. how the mutation may have changed interaction between substrate and, active / catalytic, site e.g. ref. to
hydrogen bonding / transfer of electrons

O W

(b) each polypeptide shows primary, secondary and tertiary structure ; 2
A description of levels of structure
both (forms of G6PD / enzyme) composed of more than one polypeptide (so have quaternary structure) ;

T"f"PapaCambridge
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17. 9700 _s20_ms_23 Q: 4

(a) converted the measured length (in mm) to um (and dropped the, um / units) 1
or
multiplied the measurement by 1000 ;

(b) phosphate(-containing) heads are hydrophilic 2
or
triglycerides do not have a hydrophilic portion ;

lipid droplet is stored in / phosphate heads can interact with, cytosol / aqueous environment / watery environment ;

(c) to, digest/break down, worn out organelles / waste metabolic products / toxic substances / AW ; A invading pathogens 1

(d)i) correct orientation of H and OH on, C1 and on C3 ; 2

OH added to carbon 6 ;

(d)(ii) | positive result is coloured precipitate ; only allow if hydrolysis noted 3
A green/yellow/ orange / brown / red, for colour

any two from
ref. to (heat with) Benedict's (reagent/ solution) and, negative test/no colour change /remainsblue, and test again with
Benedict's ;

boil with (hydrochloric) acid ; A hydrolyse with, acid / enzyme

AVP ; e.g. use afresh sample to hydrolyse
boil for 5-10 minutes with acid
cool before neutralising
neutralise (remaining acid) with alkali
test with universal indicator paper (to check for pH7)
compare with a control

allow one mark for heat with Benedict’s and coloured precipitate

(e)i) any two from

(higher K., enzyme)
has a lower affinity for its substrate ; A binds
needs a higher concentration of substrat
less likely to be saturated with substra
variations in substrate have greater

less easily
‘max / Maximum activity / %2 Vimax ;

e of reaction ;

(e)(ii) | any two from
in the vacuole ; A in lysos @
qualified ;
e.g. has, acidic /low pH, en: nment
contains, acid hydrolases/‘enzymes that require low pH
non-regulatory trehalase needs acidic conditions for optimum activity

utral pH so likely to be location of regulatory trehalase (and enzymes are in different locations)
this would mean low pH and other enzymes, would (partially) denature / work below optimum

¢4as acid co uired, will be in area protected from rest of cell and vacuole has the tonoplast as barrier
s are membrane bound

(e)(iii) | yes because they both work, within the cell/ inside the cell ; 1

f) any three from 3

likely to be regulatory trehalase / unlikely to be non-regulatory trehalase
nearer to optimum of regulatory trehalase (of S. cerevisiae) ; ora

pH 6.5/6.6 nearer to pH 7.0 (than to pH 5.0 of non-regulatory trehalase) ;
no/ (very) low, activity at pH 4.5

or

greater activity at pH 7 than pH 4.5(-5.0) ;

alternative

suggestion that enzyme could be a different form of trehalase ;

because has different optimum pH to both regulatory and non-regulatory ;
pH 6.5/ 6.6, rather than pH 7.0 or pH 5.0 ;

general
(so) likely to act in the cytosol with, neutral pH / pH7 ;
unlikely to be found in vacuole / lysosome, with low / acid, pH ;

T1'i']’PapaCambridge
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18. 9700 w20 _ms_22 Q: 5

(a) fructose ; | o or B 1

(b) any two from: 2
formation of enzyme-substrate complex / substrate fits into active site ;
A substrate binds to active site

(so) reactants held close together (e.g. for bond formation) ;
lowers, activation energy / energy of activation ; A Ea /Ae

can award annotated on a sketch

detail ; e.g. transfer of electrons

strain on bonds

alternative pathway

holds substrate in a way that the bonds needed to be broken are exposed

(c) | ref. to denaturation, either mp2 or mp10 can be awarded

any four from:
immobilised
1  higher optimum temperature ; AW e.g. peak/ max activity/ 100% activity ;

2 74/75/76°C,v,56/57/58/59°C;
A one correct value and calculation e.g..17°C lower

3 idea that greater range of pH with, higher activity / greater stability ; AW
allow use of comparative data at one pH value to support if answer unclear

4 dea thatif pH changes, less effect on enzyme activity ;
A resists changes in pH

5 ref to more active at r temperatures / temperatures above 68°C ;
A more thermos s effect on enzyme at higher temperatures
A free enzyme ive above 70°C

allow use of co data at one temperature to support if answer

unclear
(c) 6 one advantage of immobilised ; e.g. reusable

o less/no, contamination of product (by enzyme)
easier, downstream processing / separation of enzyme from product

’? longer shelf-life useful if enzyme, difficult to obtain A ref. fo cost
ective
4 an use in continuous processes so more productive

o suggestion that (can carry out process at) lower pH (more acid
conditions and) may be more effective against microorganisms
free enzyme
7 higher activity, at lower temperatures / between 35°C to 68°C ;
in context of a range, quoting one temperature not enough
8 two temperatures, comparative values for both enzymes to support mp7 ;

9 optimum temperature lower so cheaper maintaining that temperature ;
AW
A lower temperatures cost efficient to maintain and enzyme works
well / AW

10 (values of optimum) 74/75/76°C, v, 56/357 / 38/ 59°C ;
A calculation, e.g. 17°C lower

11 lower optimum temperature still high enough to kill microorganisms ;
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19. 9700 s19 ms 21 Q: 3

599

(@i

any two from:

(Neutrase® breaks down / hydrolyses) protein to, peptides / amino acids / smaller molecules ; A idea of increase in
solubility

during the reaction / AW, more light passes through / more light is transmitted / less light is absorbed ;
idea that 100 s is long enough to see the progress of the reactions ;

| ‘the rate of reaction can be calculated’
I ‘allow time for reaction to complete’

(a)ii)

accept ora where appropriate
1 copper sulfate, decreases / AW, the activity of Neutrase (ref. to A or B) ;
2 0.01 (mol dm3)/low concentration, CuSQ, has less of an effect than, 0.05 (mol dm=)/ high concentration (ref. fo A

and B) ;

potassium sulfate has, little / no, effect on activity (ref. to C) ;

data quote to show absorbance for two different lines at the same time ;

one time and two absorbance readings from different lines on the graph with the unit for time used once anywhere in
answer, allow ‘at the end’ for 100 s

copper sulfate is an inhibitor of Neutrase ;

potassium sulfate is not an inhibitor ; A ‘less of...’

copper sulfate binds to Neutrase ; A anywhere

@ ~N o oun

substrate cannot enter active site / ESCs do not form (so protein not hydrolysed) ; A fewer ESCs

(b)

higher productivity / higher yield and fewer costs because

enzyme can be re-used ;

enzyme can be easily recovered ;

downstream processing is easier ;

product, not / less, contaminated ; A less purification needed
longer shelf-life of enzyme ;

reduces product inhibition ;

enzyme is, more stable / less likely to denature or deseribed ;
A thermostable / can work at high temperatures
A in context of change in pH
| ‘can withstand changes in temperature’

20.

9700 _s19_ms_22 Q: 6

(@)1

(ai)

any two from:

correct ref. to time ;
correct ref. to volume of o: A gas for oxygen
A volume of water displ by oxygen
A measuring height of water level (decreasing)
A cm? instead of volume
AVP ; subtract.velume of gas displaced by H.O addition

¢
grggg surfac

greater num| f cells, damaged / cut open, to release catalase ;
higher concentration of, catalase / enzyme ; A more, catalase / enzyme
A more active sites available

rwhich catalase released) ;

must be linked to idea of more enzyme (i.e. must get mp 2 or 3)
so, higher rate of reaction / more enzyme-substrate complexes / more oxygen released ; AW

(b)

increase to optimum and steeper decrease ;
A if curve does not touch one or both axes

u
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21. 9700 _m18 ms_22 Q: 3

(@) any four from: 4

disaccharide to monosaccharides ;

R is water/ water required ;

hydrolysis reaction ;

glycosidic bond broken ;

S is a-glucose ;

detail of enzyme action ; e.g. induced fit or lock and key hypothesis described
AVP; e.g.(p-)1,4(-glycosidic) bond broken

~NOORWN =

(b)(i) intracellular advantage: 2
idea of control / maintaining balance / efficient metabolism ;
e.g. if, (enough) glucose / galactose / monosaccharides, present then no need for, uptake / breakdown, of lactose
avoids osmotic problems as no build-up of monosaccharides
high quantities of product means no requirement for use in respiration by cell

disadvantage:
loss of product/ reduced productivity / product required continuously / slows rate of reaction/ ref. to enzyme needing to
remain active ;

(b)(ii) any one from: 1

products and enzyme kept separated/ AW ;
product removed immediately ;

(b)iii) any one from: 1

inert/ unreactive / cannot be digested by lactase /AW ;
non-toxic ; ‘
insoluble ;

long shelf-life ; \
AVP; e.g.can create small mesh size

suggestion of enzyme attachment to fibres

(c) any three from: 3

1 ref. to controlled variables ;
e.g. constant, pH/temperature
2 take samples at timed intervals ;
A regular intervals

3 determine, substrate concentration / product nt
4  plot graph of, dependent variable (y-axis) a st time is) ;
5 ref. to rate of disappearance of substrate

or

ref. to rate of appearance of product ;
6 determine initial rate ;
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22.9700_s18_ms_21 Q: 3

601

four from:

(a)
activity increases and decreases / activity peaks, for both ;

A both have maximum activity / optimum temperature, at 60 °C
activity is 76% at 40 °C for both ;

Aora

(overall) activity decreases more steeply for free enzyme after, optimum/maximum /60 °C ;

at 80 °C free enzyme is inactive / (fully) denatured / 0%, but immobilised enzyme, is still active / is partially denatured / 27% ;
for immobilised enzyme, activity is higher (than free enzyme) at all temperatures above 60 °C ;

(b) two from:

(alginate / immobilisation), is protective / has stabilising effect ;
A enzyme, less / not, exposed (to solution)

hydroxide ions do not penetrate the alginate beads ;

shape of active site (of immobilised enzyme) is, less / not, disrupted / AW ;
A active site is (more) complementary to substrate
A few(er) active sites are, altered / changed

few(er) bond(s) within (immobilised) enzyme break ;
A hydrogen /ionic
R peptide / disulfide

at pH 8 immobilised enzyme is not fully denatured ;
ApH7/7.5

(c)

explanation must match variable stated

standardised variable
concentration / volume, of, enzyme / substrate, solution ;

explanation for standardised variable
idea that:

molecules / formation of enzyme/substrate complexes ;
A number of / frequency of, collisions between substrate and enzyme

or
standardised variable
use the same method for determining enzyme activity ;

e.g. time when samples are taken

explanation for standardised variable 3
ref. to how enzyme activity is measured by conversion of substrate to product ;

concentration / volume, of, enzyme / substrate, influences the probability of collisions between enzyme and substrate

(d) two from:

(may be able to) obtain more product
can use higher temperatures (to ol

1
2
3 does not denature (as easily as
4 immobilised enzyme can be r ]
5 enzyme does not contami 5
A no effect on quali . taste

6 less, purification (of downstream processing, needed ;
A idea that downstrea cessing less, complex / difficult
7 longer shelf-life of enzym: W ; A durability

e) ;

ratures increase / AW ;
bilised enzyme can be recovered ;

. allows continuous production (rather than batch)
some enzymes are difficult to extract

tive unqualified
duct inhibition

product)/ still active at higher temperatures ;

A thermostable

o gPapaCambridge
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23.9700_s18_ms_23 Q: 5

APPENDIX A. ANSWERS

(a)i)

three from:

1 papain higher optimum temperature than ficin/ ora
or
temperature is higher for papain for percentage of maximum activity of 100
A 100% activity / maximum activity / peak of activity
or
(100% of maximum activity) papain 60 °C v ficin 45 °C ;
2 papain (overall) less steep increase / AW, (to peak) /ora;
3 papain steeper decline / AW (after peak) /ora ;
for mp 2 and 3 allow ecf for a ref. to time, e.g. rapidly / slowly
papain lower activity at all temperatures between 20 °C and, 54°C/55°C ;
papain higher activity at all temperatures above, 54 °C/55°C ;
ref. to ficin more active over a greater range of temperatures ;
A ref. to activity at temperatures around 100% maximum
7 comparative, extracted / manipulated, data to support mp, 2-6 ;

o O

(@i

ficin, as higher activity at 37 °C / body temperature ;

(b)

one from:

(may be able to) obtain more product (per unit time) ;
A can use in a continuous system

(may be) more, thermostable / tolerant to pH changes /AW ;
A idea that enzyme less likely to denature

product, not/less, contaminated with enzyme ;
A |ess downstream processing

longer shelf-life / AW ;

enzyme, easier to recover/can be reused ;

AVP ; e.g. ficin may be, costly / difficult, to extract

(c)@)

extracellular (enzyme) ;

(c)(ii)

any one valid example:

eg.
collagen/ elastin ;

24. 9700 w18 ms 21 Q:2

(@)

glycosidic ; | any qualification of glycosidic, e.g. B,1—4

(b)(i)

hydrolysis ;

(P(i)

any two from
(lactose) lowers the water potential (i
reduces the water potential gradient (E
osmosis occurs ; (must be in the

the intestine) / AW ;
he intestine and the blood) ;

(c)(i)

any two from
pack more beads into n;

slows the passage of mi gh the column ;

more time for enzyme to be osed to substrate ;

(small beads have a) larger surface area to volume ratio ;
rate of reaction will be faster/ AW ;

r reactions

to collect results (at each temperature) ;
sion of, substrate / product ;

(e)(i)

both have ctivity between 0 and 20°C ;
A described with values from Fig. 2.2
between 20°C and 40°C, the activity of F increases more steeply than | ;

F, has a lower optimum temperature / peaks at a lower temperature /AW, than | ;
A optimum temperature, Fis 40°C v lis 50°C

at 70°C, no activity for F but there is activity for | ;
A 4% for | and 0% for F
A denatured for 0%

above the optimum temperature | has a steeper decrease of activity ;

| is active over a greater range of temperatures (than F) ;
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25. 9700_s17_ms_21 Q: 2
(a) half Viax/ AW, = 7 (umol dm™ min™")/ take half of Vi of 14 (umol dm™ min™") ; 2
A description of using the graph to find 2 V2 without reference to figures
read (substrate concentration) from x-axis /AW ;
alternative
plot 1/[S] = x
(b) allow phosphate group(s) /organic compound for substrate max 2
if affinity not used, accept idea of ability to form ESC
check for ora
I ref. to competitive inhibition
1 enzyme B has a lower affinity for its substrate (than enzyme A)
or
the higher the K, the lower the affinity of the enzyme for its substrate ;
R if substrate has affinity for the enzyme
2 enzyme B needs a higher concentration of substrate to reach, Vimayx / ¥2Vmax / Km (than enzyme A) ;
3 AVP;egq.
enzyme B forms fewer ESC in the same unit of time
enzyme B active site is a less good fit for substrate
idea that in normal cell enzyme A is saturated (with substrate) so works at a constant rate
variations in substrate concentration will have less effect on the rate of formation of product by e
| ref. fo turnover number(s)
(c) marks can be taken from a sketch graph max 4
1 competitive inhibitor, occupies / competes with substrate for/ AW, active site (of the 9
2 reduces frequency of collisions (with substrate) / fewer ESCs form ;
R no ESCs form
3 reduces reaction rate at low substrate concentrations ;
4 idea that curve with inhibitor is to the right of the curve without inhibitor ;
5 at high substrate concentration / with increasing substrate concent ibitor has, no/ less, effect ;
A idea that substrate outcompetes inhibitor at high substrate con
6 therefore V.« is the same as it is determined by the enzyme co| AW ;
A explanation in terms of active sites, saturated / fully occcupi
7 idea of intercept to curve gives a higher value for K, ;

Q""'Q
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26. 9700 _s17_ms_22 Q: 2

(a) addition of water shown ; A H,O 2
fatty acid(s) and glycerol ;
(b) positive result 3

emulsion ; I on top / throughout
A milky (layer)/ cloudy (suspension)/ opaque / white droplets
R precipitate

ref. to mixing with / dissolving in/ adding / adding to, alcohol / ethanol ;
R if incorrect substance added to alcohol, e.g. fatty acids, then allow ecf

then, add / add to, water ;

max 1 for method if heated or added additional chemicals

max 1 if wrong sequence or all contents into one test tube at once
no marks if both of above (wrong sequence and heated)

accept other valid methods

(e) 1 increase (pH2) to pH7, decrease from pH7 (to pH10.5) ; max 4
A trend described as increase then decrease

or

optimum / peak / maximum activity / 99% / 100% (relative) activity, at pH7 ;

2 steep(er) decrease from, pH7 / optimum, (to pH10.5) ; in context of steepness of increase from pH2-7

3 detail either side of optimum (pH2—7 or pH7-10.5) ;
pH2-7
less steep (increase) pH5—pH7 / little difference between pH5 and 6 / steepest increase between pH2—4
or
pH 7-10.5
steeper decrease between pH 7 and 7.5/ less steep decrease between pH 7.5 and"10.5

4  activity, pH2-7 / below 7, higher than activity, after pH8 ;
A in, alkaline / basic, pH/conditions
A enzyme works better in acidic and neutral conditions ora
A enzyme works better in acidic than, alkaline / basic, conditions ora

5 enzyme active throughout the pH range ;

6 data/manipulated data, (to support above mps);
needs comparison values, pH and, percentage activity / %

7  ref. to partial denaturation at higher pH ; tarts to denature

(d)(i) suggestion of changed conditions for immobil mpared to free e.g. max 1

(immobilised) support material / AW,

support material is charged ;

idea that free has greater expasur|

idea that immobilised ha

immobilised has (slig
I changes to'tertiary

support material causes

nzyme action ;

pgen ions or immobilised has protection from hydrogen ions ;
o catalyse ;
e site ; R ref. to denaturation

Icture
ge to, external / substrate, solution ;

(d)(ii) can be re-used ; max 1

more productive ;
less time-consuming ;
cost alone is not enough

Total: 11
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27. 9700 _s16_ms 22 Q: 1
(a) A activation energy/energy of activation ;
B induced fit ; A induced fit, model/hypothesis/theory/mechanism
C globular;
D extracellular ;
E Michaelis-Menten constant ; A K, [5]

[Total: 5]

28. 9700 _s16_ms 23 Q: 2
(@) (i) 3.4 uMmin"; A 3.4uM/min [1]

(if) 0.15 mM ;; A ecf from (a) (i)
allow 1 mark if no units given

if answer incorrect allow one mark for evidence of ¥ Vpax
3.4/2=1.7 2]

(b) max 3 if no attempt at description (D) with explanation (E)

at lower substrate concentrations
1 (D) rate of reaction proportional to substrate concentration ; AW
2 (D)upto0.25 mM; A range 0.25-0.30mM
3 (E) not all active sites occupied ;

A few, enzyme-substrate complexes/EScomplexes/ESC

A more active site occupied as substrate concentration increases
4  (E) substrate concentration is limiting ;

at higher substrate concentrations

5 (D) less steep increase in rat 225mM) ;

6 (D) further increase in sub centration gives, no further increase/
plateau/levelling out, i remains at 3.4 uM min™"'
(D) greater than /at A 0.46/0.47,mM
(E) enzyme concen is limiting ; A idea that some other factor is limiting
(E) all active sites occupied / AW ;

0 (E) A for mp3/mp6 description in terms of enzyme-substrate collisions in

= O 0~

context ; [max 4]
(c) (i) fo?cglg/c of polypeptide chain) ;

tertiaty stru

(held in pos ref. to R group interactions ;

A two or e bond types in context

brings distant, amino acids/parts of the chain, close ; AW [max 3]
(ii) water ; A H.O [1]

[Total: 11]

?":.'PapaCambridge



~
-n =
"Pgep acambrldge APPENDIX A. ANSWERS

29. 9700 _wl6_ms 21 Q: 3

(a) (i) peptide and disulfide ; R sulfide [1]
(i) sequence/arrangement/order, of amino acids ; | ref. to disulfide bonds [1]
(b) (i) breaking a (covalent) bond with addition of water ; [1]
(ii) peptidoglycan/murein ; A carbohydrate/polysaccharide/amino sugar [1]

(iii) four from
substrate shape not (exactly) complementary to active site shape/AW ;

active site (partially) flexible /changes shape slightly, when substrate,
enters/binds ;
(so) active site and substrate, now complementary/better fit ;

(allows) formation of enzyme-substrate complex ; A ES complex/ESC

AVP ; eq. role of R-groups in active site interacting with substrate
lowers, activation energy/Ea, so products form [4]
(c) outside cells ; can be in a general context or in context of enzymes [1]
(d) (i) 2.9 mmol; A 2.75-3.0mmol [1]
(ii) 1mmol; [1

(e) single graph line with lower gradient ;
reaches or approaches plateau ; [2]

0

(a) either diagram A or B below (o Q@tailed —e.g. all carbons and all boands shown in

[Total: 13]

30. 9700_s15_ms_22 Q: 4

diagram A) ;; 6
A CH,0 for CH,OH UQ
| incorrectly numbere ns
CH,OH CH,OH
——0. OH
OH

OH

diagram A diagram B

if incorrect (e.g. If one or more H missing from the ring in diagram A or if an H added to
diagram B ring) allow one mark if:

* hexose ring with oxygen shown in correct position and

e CH,OH group in correct position and

OH groups of ring in correct position. [2]

?":.'PapaCambridge



T"j_'.'PapaCambridge

(b) (i)

(ii)

607

accept T. maritima or T and A.tumefaciens or A throughout for the 3-glucosidases
accept T if stated as B (as long as A is clearly mentioned)
if only A or T stated, look for comparative phrase
compare optimum temperatures
1 optimum temperature, A lower (than T)/T higher (than A) ;

A maximum activity A is at a lower temperature
2 40°C(A)v 85°C(T)/ A lower by 45°C ;
3 one difference in shape of curve before or after optimum ;

e.g. after optimum, T does not have the less steep decrease after the initial

steep decrease (unlike A)
before optimum, steepest increase for A is at the lower temperatures, (unlike T)

compare activity below and above 55 °C
4 below 55°C, A has a higher activity/above 55°C A has a lower activity, (than T) ;
ora
A has a higher activity at low(er) temperatures and a lower activity at high(er)
temperatures ora
5 comparative data to support mp 4 ;

compare temperature ranges of activity
6 temperature range for activity is greater for A ; ora
7 (A)spans 80°C v (T)spans 65°C ; A (A) 10-90°C v (T) 30-95°C

compare L for both
8 Anhas a lower, L/lowest temperature for (detectable) activity er ora
Lis 20°C lower for A; A10°C (A) v 30°C (T);
9 (atL), A (relative) activity = 35%, T = 10% ;

compare H for both
10 T has a higher, H/highest temperature for detectable activity or ora
H is 5°C higher for T ; A 95° (T) v 90°C. (A) ;
11 (at H) (relative) activity = 4%, T =60% ;

if mp 10 data given to support mp 1, then CON = no marks for mp 1 or 10 [max 4]

1 primary structure, dictates, fol
A idea that differenc

the polypeptide chain/tertiary structure ;
ry structure leads to differences in,

secondary/te cture
A in terms of fol the active site
similarity
2 same/(very) si (shape of) active site ;

3 active site’'(shape)is complementary to/ AW, substrate/cellobiose ; R matches
A ES complex forms

in, side-chain/R-group, interactions/AW ;
differences in, numbers/types, of bonds
differences in bonding to give different stabilities
R different bonds without further qualification

R peptide bond

6 suggestion for thermal stability of T ; e.g. more bonds/more of a named bond type
7 suggestion of how active site may work in different ways ;
e.g. at lower temperatures, T induced fit mechanism may mean active site does not
mould fully round substrate [max 4]

[Total: 10]
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31.9700_s20_ms_21 Q: 1

(a) glycosidic ; 1
(b) any one from: 1

no double, bond / bonds, in hydrocarbon chain ;

each carbon (atom) in the hydrocarbon chain is bonded to two hydrogen atoms ;

there is, a full complement/ maximum number, of hydrogen atoms on the hydrocarbon chain ;
A aliphatic chain for hydrocarbon chain
A hydrogens for hydrogen atoms

(c) B-glucose / beta-glucose ; 1
R B-glucose

(d) c; 1

(e) |E; 1

(f) any one from: 1

A and C are, polar/ hydrophilic ; A has many, OH / hydroxyl groups
B is, non-polar / hydrophobic ;
A has, only one OH/no groups, that interact with water

32.9700_ml19 ms_22 Q:5

(a) any one from: 1
provides energy for the, production / secretion, of milk ;
a substrate to form, milk sugar/lactose (in milk) ; ‘
AVP ;
(®)D (pale) blue 2
lilac/ mauve / purple / AW
green/yellow/orange /.
green/yellow/orange ;
(b)(ii) any two from: 2
reducing sugar/ glucose, diffused, into tubing
or
reducing sugar / glucose, moved into tubing, d concentration gradient / from high to low concentration ;
reducing sugar/ glucose, small enough # Ve 0ss tubing (so positive result in tubing and in beaker) ;
hPRL / protein, too large to move inta o only positive result in beaker) ;
explanation possible for reducing sugars in general ;
(c) any two from: 2
facilitated diffusic
| membrane) proteins ;
(d) 4
& ¢
ing molecule ;
2’ acts on fz ells / tissues or acts on cells with PRLR ;
3 “ell surface membrane) receptor ;
4  hPRL binds to PRLR ;
5 complementary binding / ref. to specificity ;
6 leads to/ sets off, (specific) responses in mammary gland cell
or
detail ; e.g. secondary messenger triggered
enzymes activated
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33.9700_w19_ms 23 Q: 6

(a)@) nanometres /nm ; 1
(a)(ii) A ora throughout 1

(presence of) carbohydrate / sugar, chains / residues, on, (glyco)proteins / (glyco)lipids ;

A there are no sugar chains on the inner surface

A (presence of) glycoproteins / glycolipids (on external surface)

A (presence of) cell surface antigens / receptors (on external surface)
A (presence of) glycocalyx

(b) R 4

1 cholesterol ;
one from

2 maintains / regulates, fluidity of, membrane / phospholipid bilayer
or
at low temperatures, maintain / increase fluidity / prevents close packing
A prevents hydrophobic ‘tails’ interacting at low temperatures
or

at high temperatures, stabilises the membrane / decreases fluidity ;
3 prevents passage (across membrane) of, hydrophilic / polar, substances ;
S

4 phospholipid (monolayer) ; R phospholipid bilayer

(b) one from
5 forms a bilayer ;
6 (bilayer is a) barrier to, water soluble molecules / polar molecules /i

ora not a barrier to lipid soluble molecules / allows lipid soluble
7 (bilayer is a) non-polar barrier between cytoplasm and (aqu

cross membranes A non-polar/ AW
ndings ;

8  hydrophilic ‘head’ forms hydrogen bonds with water ;

Q""'Q
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34.9700_ml18 ms 22 Q:1

(@) assume in context of transmission electron micrograph unless otherwise stated 1
any one from:

idea that can see internal structures ;
cannot see surface contours /AW ;

A not 3-D appearance
AVP ; e.g.ref. to small(er) depth of field ;

(b) any two from: 2

(flattened) sacs have layered appearance / no connection between membranes /AW /ora ;

not, connected to / contiguous with / continuous with, (outer membrane of) nuclear envelope /ora ;
swellings at end of sacs (for vesicle formation) / vesicles at ends of sacs ;

no ribosomes/ora ;

(c) actual diameter = image length / magnification ; 2

at 11 mm for X=Y:

234 nm;
A 213 nm (for 10 mm)
A 255 nm (for 12 mm)
A 223 nm (for 10.5 mm)
A 245 nm (for 11.5 mm)

(d)(i) I glycocalyx 3
I glyco / carbohydrate chains
A points from labelled diagram

1 phospholipid bilayer ; ‘\
plus any two from: &

2 fatty acid core/fatty acid tails orientated inwards ;
3 protein;
4  further detail of proteins ;
e.g. integral and peripheral / AW
scattered (in phospholipid bilayer)
5 cholesteral ;

(d)(ii) any one relevant suggestion: 1

reduced gaps between membrane molecules ;

higher proportion of phospholipids with satu s/ora;
fewer unsaturated fatty acids so, fewer ‘kin ils / closer packing ;
higher proportion of cholesterol molecules ;

fewer, channel/ carrier / transport, pro;
smaller diameter of channels in no
fewer types of (specific), transpox
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35.9700_s17_ms_23 Q: 4
(a) v | x| = | v 4
v v x v
x x v x
x v x v
one mark per column ;;;;
(b) allow diagrams with glycine on right 3
H CHgy
H | o H I 0
':N_(I;_Cf :N—?-Cf
H OH H OH
H H
H CHy
My |l 20 H |
-~ ==l ———N—C— ~ + HO;
H I | OH -
H . H
[ line drawn between C and N ; ‘ 0
bond forms between the C of the carboxyl group and the N of the amino group ; A amine for
water/H0, is formed ; A condensation (reaction) R hydrolysis
amino acid residues correctly drawn ; ‘
(e) receptor(s) / cell signalling ; max 2
cell recognition / antigens ;
cell adhesion ;
form H-bonds with water to stabilise membrane ;
enzyme ;
AVP ; e.g. ref. to role in antigen presentation/ MHC
Total: 9

Q"’Q
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36.9700_wl7_ms 21 Q: 5

(@) Golgi (body / apparatus / complex) ; 1
(@)(ii) animal cell | v 1
plant cell v
bacterial cell ;
(b) magnification = scale bar length / actual length ; AM =1/A M =1/0 or magnification triangle 3

14500 ;; for 29 mm scale bar length
A 14 000 (for 28 mm) or 15 000 (for 30 mm)

allow one mark only for

incorrect answer but correct calculation using scale bar e.g. 29 000 = 2
correct answer but units given

correct measurement and correct calculation but incorrect conversion

(c) mark first two only 2
nucleus ;
mitochondria ;
chloroplasts ;

@ g;:: of phospholipid (and protein) molecules, move about / diffuse (within their monolayer) ; @ 2
mosaic
protein (molecules), interspersed / scattered / AW ; A different/ AW, proteins ;
(@)(iy | any four from \é 4
me|

1 barrier between cytoplasm and, external environment/ AW ; e.g. tissue flui

A protects, organelles from damage / from pathogens, | keeps cell con brane surrounds the organelles

2 cell signalling

or

has receptors for, cell signalling substance / hormone / neur: S AW
3 cell recognition/ acts as cell surface antigen ;
4  cell-to-cell adhesion ;

5 site for, enzymes/ catalysing reactions ;

6 anchoring the cytoskeleton/ AW ;

7 selection of substances that en e a cell ; AW
8 formation of hydro ater for stability ;

9 AVP;eg.r g shape of cell / flexibility of cells e.g. phagocytosis
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37.9700_wl17_ms_ 22 Q:3
(a) intracellular (enzyme) ; R interacellular 1
(b)(i) 8.5 mmoldm™;; A 8-8.7 max 1 if no units 2
allow one mark if only half Vg, stated half Ve = 0.5 (au)
(b)(ii) two from 2
(Km is the) affinity, of enzyme for its substrate ;
G/low K, enzyme, has a, high(er) affinity for its substrate (than H) ; ora
A binds more easily nofe that if the term ‘affinity’ is used, then this is also mp1
G/low K, enzyme, needs a lower concentration of substrate to reach, Vyax/ maximum activity / ¥2 Vima (than, H/ enzyme
with high K,,); ora
G/low K, enzyme more likely to be saturated with substrate ;
(so) variations in substrate have less effect on rate of reaction (for G) ;
(c) lysosomes ; freat as neufral Golgi vesicles R lysozyme R if any other organelle named 1
(d) any one relevant e.g. 1
leakage (of substances) through / damage to, (mitochondrial) membranes A ref. to fewer cristae
;:r:paired uptake of substances through transport proteins / AW
g:) limpaired, ATP production / aerobic respiration / oxidative phosphorylation
scrh’ low, protein / enzyme, synthesis (from mitochondrial ribosomes)
gf:ange to, number/ distribution / presence, of membrane proteins
2:) mitochondrial replication occurring ;
(e) five from 5

1 change in nucleotide / base, sequence (of, DNA/gene/ GBA) ; must be in context of DNA, ignore if in context of RNA
2 (because of) base substitution ; A substitution of a base

3 altered/ AW, mRNA codon ; A mRNA triplet R genetic code, |iriplet code

4 idea that a, codon /triplet, specifies a particular amino acid’; in context of DNA or RNA

5 (different) tRNA with different amino acid (broughtte‘ribosome) / tRNA brings Ser instead of Asn/tRNA brings Pro
instead of Leu ; R tRNA makes a differe acid

6 altered, primary structure or altered
frameshift, deletions or insertion:

order/ arrangement, of amino acids ; R if describing result of
ino acids changed from mutation on/missing amino acid/ added amino

acids
7 affects (folding into)/ dary structure ;
different tertiary structure

8 ref. to different interac between, R groups/ side chains (because of changed primary structure) ; A idea of
different bonds forming (if R-groups not stated) | peptide bonds change

ifferences give different shapes of active site if shape not stated, allow point if linked to idea of ‘tertiary
ges shape’ or idea of change to complementarity to substrate

gine (Asn) to serine (Ser), change less effect on, active site shape / catalysis or mutation 2/
line (Pro), change greater effect on, active site shape / catalysis ;
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38.9700_s16_ms_21 Q: 6

(a) fluid
phospholipids (and proteins), move/AW ;

mosaic

proteins/glycoproteins, scattered/AW (in the phospholipid bilayer) ;
A different types of proteins

I pattern unqualified

(b) 7nm; A any size or range within 6nm and 10nm
A 7 nanometres

(c) cholesterol ;
unsaturated fatty acids ; A phospholipid tails
carbohydrate chains added to protein(s)/ glycoproteins ;
A oligosaccharides for carbohydrate chains
carbohydrate chains added to lipids/glycolipids ;
glycocalyx ;
channel protein(s)/ AW ; A aquaporin(s) ;
carrier proteins /AW ;
peripheral/extrinsic, proteins ;
attachment to, cytoskeleton/microfilaments ; ®
receptor(s) ;
antigen(s) ;

0&

APPENDIX A. ANSWERS

(2]

(1]

[max 4]

[Total: 7]
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39.9700_wl6_ms 23 Q: 1

(a) one mark per column [4]

feature amylopectin | cellulose | RNA polypeptide

synthesised from

. - v
amino acid monomers

contains glycosidic v v
bonds

polymer is branched v

contains nitrogen

can be found in both . . . i
animal and plantcells | ’ ’ ’ ’

(b) points can be awarded as annotations to the diagram
max 2 for structure — mp1 to mp3

1 ref. to hydrophilic/polar, phosphate, head/group
and
hydrophobic/non polar, hydrocarbon /fatty acid, tails/ chains ;
R if labelled correctly but incorrectly described in‘the text

2 ref. to forms part of a bilayer ;

3 (fatty acid) tails/chains, may be saturatedior unsaturated ;

max 2 for function — mp4 to mp7
head ?
4 forms hydrogen bonds with racts with water/AW ;
5 stabilises the membrane ;
tails 0

6 idea that unsaturate y acids contribute to fluidity (of membrane) ;
7 barrier to, hydrophilic substances/water soluble substances/polar
substances/ions/AW ; ora
A 0@\’6 f, non-polar/ AW, substances [3]
&

v
4>
®
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(c) max two components, one mark each
one mark for function to match the stated component

| carbohydrate chains for component but allow ecf ‘cell recognition’ for function

glycoprotein ;

one of

antigen/markers/tags/described in terms ‘self’ ;
receptor (for signalling molecule)/ AW ;

cell recognition ;

cell adhesion ;

interacts/ AW, with water to stabilise the membrane ;

cholesterol ;

one of

stabilises membrane ;

regulates/maintains/ AW, fluidity of membrane ;

A in low temperatures increases fluidity/in high temperatures decreases fluidity
prevents passage of ions/polar molecules, through membrane ;

glycolipid ;

antigen/markers/tags/described in terms ‘self’ ;
cell adhesion ;

interacts/ AW, with water to stabilise the membrane ;

protein ; | any qualification of component e.g. channel/catrier/transport

receptor (for signalling molecule)/AW ;

enzyme/co-enzyme ;

anchoring cytoskeleton ;

for cell to cell adhesion/any named type e.g. desmosome, tight junction ;

channel/ carrier, allows facilitated diffusion/ deseription ;
A for, protein/carrier proteinlchanne%nl transport protein

carrier, for active transport/ descripti

@ brotein [4]
[Total: 11]

A for protein/carrier protein/tra
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40. 9700 w15 _ms_21 Q: 2
(a) (i) facilitated diffusion ; [1]

(ii) ions are, charged/water-soluble ; A hydrophilic
unable to pass, through hydrophobic core/hydrophobic (fatty acid) tails of,
phospholipid bilayer/phospholipids(s) ;
(channel of) protein lined with amino acids with, hydrophilic/polar, R groups/

side chains ; A hydrophilic channels [max 2]
(b) (i) quaternary/4°, (structure) ; [1]
(ii) secondary structure ; A alpha/a, helix 1]

(c¢) bonds must be named in the correct context of maintaining 4° structure and interactions with
phospholipids

polypeptides held together
bonds between, R groups/side chains ;
two named bond types ; from
ionic
hydrogen
hydrophobic interactions
disulfide
van der Waal's forces
| peptide bond

polypeptides interact with phospholipids

(regions with) hydrophilic/charged/polar (R groups/side chains, of) amino acids
interact with, phasphate /hydrophilic head , .6f phoshalipid ;

(regions with) hydrophobic/non-polar (R groups/side chains, of) amino acids

interact with, fatty acid/hydrocarbon/ h@obic, tails/chains ;
further detail of named bond ; [max 3]

[Total: 8]

*$
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41. 9700 w20 ms_23 Q: 6
(a) formula (magnification =) size of image ; 3
actual size

AM=I1/Aorl=AxM
A magnification triangle

=3.0x102m
=150 x 10°m

length of line X=Y = 30 mm (£ 2 mm)/30 000 Lm
actual length = 150 tm/0.15 mm

working
length of the image (in m, mm or cm) divided by the actual size (A £ 2 mm) ;

(x) 200 ; A answer in range 187 — 213

(b) 1 endocytosis/ phagocytosis ;

two from
2 particles / bacteria, reach end of, gullet/ AW ;
with’
4 membrane engulfs, bacteria / food particles ;
5 fusion of phospholipids / membrane fusion ;
6 (phagocytic) vacuole / vesicle, pinches off from, surface /f membrane ;

(b)(ii) | bulk transport
1

2 contain/add, hydrolytic / digestive, enzymes ; A hydrolases
A description of one type of breakdown reaction catalysed by a |

3 an example of hydrolase or enzyme ; e.g. protease/ lipase / hyi

3 binding/fusion/ attachment, (of bacteria / food particles) to, receptors / (cell surface) membrane ; | ‘makes contact

3
fuse / bind, with, phagosome / food vacuole / phagocytic vacuole / phagocy@ A food vacuole, etc. implied

se / nuclease / lysozyme

zyme

42.9700_ml18 ms 22 Q: 4

(a) | any part of the pathway beyond cortical cells 4
I incorrect mechanisms
any four from:
1 correct ref. to, apoplastic path mplastic pathway / apoplast and symplast ;
cell wall route ;
3 further detail; e.g. be e fibres / spaces between cells
s (cell) membranes
4 ng (partially permeable) cell surface membrane / osmosis ;
5 i within cytoplasm ;
6 odesmata ;
7
b o 1
®) 4 3}/
o4 “ i neral ions ;
A for take against a concentration gradient
f%r, ATP/en r active transport ;
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619

(2)(i)

surface area : volume = 167:1;;A17:1,5:3

if incorrect, allow one mark for working
surface area = 90mm? and volume = 54 mm’®
calculations:
surface area
6 03 04 (sides) = 72mm?’
30302 (sides) = 18mm?

volume ratio
60303 90 : 54

(a)(i)

(block X) has higher, surface area to volume ratio/SA:V ;
OR
(block X) has more surface area proportionately per unit volume/AW ;

reference to shorter distance for diffusion to centre ;

(a)iii)

two from:
1 diffusion (rate) too slow ; A idea of cannot rely on diffusion

2 reference to distances too far to reach all, cells/tissues ;

3 time taken is too long/ AW ;

(b)

Benedict's (reagent/solution) ;

Q"’Q
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44.9700_s15_ms_23 Q: 1

(a)

(b)

(c)

(d)

phospholipid (and protein) molecules, move about/diffuse/AW ;
protein (molecules), scattered/AW ; A different proteins present

similarity to max 1

(contains) phospholipid (bilayer); A detail of orientation of phospholipid
A lipid bilayer

(contains) protein ;

difference (look for ora)

(Davson Danielli) layer(s) of protein/protein only on outside ;

(fluid mosaic) ref. to proteins, in different locations discrete/different
types/named or described ;

(fluid mosaic) presence of cholesterol (molecules) ;

requirement for, energy/ATP ; R ATP energy

uses, carrier/transport, protein ; A pump

conformational change (of carrier protein) ; AW

moving against a concentration gradient ; A low to high concentration
specific, binding site ; A ref. to specificity to substance moved across

A wWwN =

to max 2
1 loss of, tertiary structure/quaternary structure/secondary structure ;
A loss of shape of active site in correct context
loss of globular, shape/structure/form ;
breakage of, ionic/ hydrogen/hydrophobic, bonds/interactions ;

wWN

to max 2
4  loss of function of (membrane) proteins ;

5/6 detail ; ;
e.g. transport of, polar molecules@mpaired AW
loss of cell to cell adhesi

unable to receive cell si

loss of enzyme fun
7 ref. to membranes ky/lose partially permeable nature ;
n

A cannot reg /exit, substances
8 disrupt interaction between protein and phospholipid bilayer/ described ;

APPENDIX A. ANSWERS

(2]

[max 2]

[max 3]

[max 3]

[Total: 10]

+9

®,

4

?":.'PapaCambridge



T"j_'.'PapaCambridge

621

45.9700_wl5_ms 23 Q: 3

(a)

(b)

(c)

description
1 activity/rate, increases to a, maximum/plateau ;
A ‘levels off’ /remains constant/reaches Viax
2 increase in, activity/rate, slows ;
3 data quote with units to support any correct statement ;
e.g. mp 1128-132au at 250-300 mM
e.g.mp 2 0to 120au between 0 and 100mM, 120-128 au between 100
and 200 mM
A au for arbitrary units

explanation

at low/increasing, concentration of hydrogen peroxide

4  substrate/hydrogen peroxide, (concentration) is limiting (factor) ;

5 active sites, unoccupied (low concentration)/become more occupied (increasing
concentration) ;
R active side (penalise once)

6 (low concentration) few collisions between enzyme and substrate/few ESC
formed
or
(increasing concentration) more collisions between enzyme and substrate/
increasing ESC formed ;

at high (activity slows)/higher (plateau) concentration of hydfogen peroxide
7 enzyme/catalase, concentration/ AW, becomes/is, limitingi(factor) ;
8 maximum number of enzyme-substrate complexes formed ;
A ES complexes/ESCs
9 (all) active sites, saturated/(always) occupied ; Ara [max 5]

amino acid at position 2, is part of active site/helps to give shape to active site/
helps form the structure of the active site ;

plus one from:

idea of different, R group/side chai

A tryptophan has a, hydrophobic
different properties ;

(slightly) different, foldin
active site/ catalyti ng site ;

suggested reasons'e.g. electrons less easily transferred

ref. to induced fit /more efficient with P ; ora

different interactions between polypeptides (in catalase) ; [2]

A 4

1 increased, ic rate/ protein metabolism (after feeding) means, increased/
more, hyd peroxide (produced) ;

2 jdea thatless effective, catalase/Q, means, more hydrogen peroxide remains/
less hydrogen peroxide broken down ; ora
more hydrogen peroxide from increased metabolism is broken down faster in

ifferent properties ;
R group/serine has a polar R group,

/secondary structure/tertiary structure/

P =2 marks
3 hydrogen peroxide, interferes with/is damaging to/ AW, egg production ;
4 AVP;
| ref. to oxygen production and use in aerabic respiration [max 2]
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(d)

(e)

()

bind to, allosteric site/site other than active site ;

causes change in (shape of) active site ;

A changes shape in active site (so) substrate cannot bind (to enzyme/active site)/
enzyme-substrate complex cannot form ; [max 2]

needed for, facilitated diffusion/active transport ;
A description of active transport e.g. moving, molecules/ions, against a
concentration gradient
ref. to (some) substances are, water soluble/polar/hydrophilic/ionic/charged ;
I large cannot pass through, phospholipid bilayer/hydrophobic core ; [max 2]

1  barrier between cell cytoplasm and, external environment/AW ; e.g. tissue fluid
R barrier unqualified
R ‘keeps cell contents in’
R ‘membrane surrounds the organelles’
R barrier for water soluble substances

2 receptor for, hormone/ neurotransmitter/cell signalling substance /AW ;
A signal receptor
3 cell recognition/acts as cell surface antigen ;
4 cell-to-cell adhesion ;
5 site for, enzymes/catalysing reactions ;
6 anchoring the cytoskeleton/AW ;
7 selection of substances that enter or leave a cell ;
R controls/regulates substances that enter cell
8 formation of hydrogen bonds with water for stability ;
9 AVP ;e.g. ref. to, changing shape of cell/flexibility of cells €.g. phagocytosis [max 3]

[Total:16]

°
o

A
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46. 9700_s20_ms_21 Q: 2

(a) P — chromosomes, arranged randomly / AW 3

or

idea that chromosomes present but not (yet) visible as consisting of two sister chromatids (joined by centromere) ;
A description related to idea of chromosomes becoming visible / chromatin condensing

Q — chromosomes are, arranged / aligned / AW, at the, (cell / spindle) equator / metaphase plate ;
A equatorial plate

R — no chromosomes visible / nucleolus is present/ chromatin not condensed / euchromatin present ;

(b)(i) drawing 4
two chromatids of identical length joined at the centromere ;

labels

chromatid ; one label line is sufficient R if second line drawn to arm of sister chromatid
centromere ;

telomere ;

centromere

chromatid
telomere (at one of the four ends)

(b)(ii) | histone(s) ; A highly basic (protein) 1

(b)(iii) | accept spindle fibres / microtubules as alternative to spindle 3
max 2 if stages are named and are incorrect

any three from:
(prophase) attachment to centromere of each chromosome ;
A ref. to kinetochore in correct context
(prophase) arranging / orientating / AW, chromosomes at the, eq r/ aphase plate / AW ;
A ref. to metaphase in correct context
(anaphase) centromere division / separation of sister
(anaphase) pulling, chromatids / daughter chromos
(because) spindle fibres contract/ (as) lengths of
(elongates in telophase to) push, poles / nuclei, ap:

fi

ards poles ;
ecreases / microtubules are disassembled ;

47.9700_w20_ms_21 Q:1

(a)i) (sister) chromatids ;
centromere ;
histone ;

(a)(i)
(a)(ii)

prophase / metaph arly A prometaphase 1

tion of microtubules (for spindle) ;
es to the, spindle equator/AW ;
separation ghter) chromosomes / (sister) chromatids, to opposite poles (of the cell) / during anaphase ; AW

AVP ; e.g. (for) condensation / AW, of, chromatin / chromosomes

(b) assume reference to binary fission unless stated otherwise 2

any two from:

DNA replication ; A idea of, doubling / duplicating, DNA
cell, elongation / gets longer ; A cell increases in size
cell wall formation ;

(includes) cytokinesis / described ;

max 1 if two ideas correct describing events that only occur in mitosis

T"i'.’PapaCambridge
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48.9700_w20_ms_23 Q: 3

(a)(i) A-G1/gap1; 2
B — S/synthesis ; A DNA replication 1 S1/82/replication unqualified

(a)(ii) telophase ; 1

(a)(ii) | any two from: 2
increase in cytoplasm/increase in number of (hamed) organelle(s), during interphase ; A synthesis of organelles
I cell growth

(re)formation of nuclear envelope ;
nuclear envelope, forms around each group of chromosomes ;
A nuclear membrane as an ECF if used for mp2

(movement of) organelles to be shared between two daughter cells ;
spindle, disassembles / breaks down / degrades / disappears / AW ;

cleavage furrow forms ;
A cytoplasm / cell membrane, pinches in / constricts / infolds

AVP ;

e.g. (actin) microfilaments / microtubules, form contractile ring / AW, around equator of cell/ beneath rface
membrane

A cytoskeleton for microtubules / microfilaments

(a)(iv) | one mark per row 2

stages of cell cycle

i\

number of nuclei within the stem cell 1 1

number of chromosomes ineach nucleus 12 12

(b) 1 stem cells) continue to divide / divide repeatedly (by mitosi
A at least one daughter cell, retains ability to divide /is a sf
cells’

‘repeated mitosis’/ A ‘to produce more stem

any two from mps 2-5:
to produce cells
2 for growth ;

3 for repair of tissues ; R repair of cells

4 for replacement of, worn out / oldd

6 ‘AVP ;e.9. cy of stem cells (multipotent or pluripotent)
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49.9700_s18_ms_23 Q: 1

625

(a) (nucleus of cell) D has two nucleoli v E has one nucleolus ; 1
(b) A = (early/ mid) prophase ; R late 3
B = (mid/late) prophase; Rearly
C = anaphase ;
(e) I name of stage 2
two from:
ref. to (daughter) chromosomes at poles ;
A (sister) chromatids at poles
R chromatids move to poles
A two separate groups of (daughter) chromosomes
A two nuclei form (enclosing chromosomes)
| there are two nuclei
in context of at each pole
nuclear envelope reassembles (around chromosomes) ;
A nuclear membranes reassemble
nucleolus reappears / nucleoli reappear ;
(daughter) chromosomes, become diffuse / become long and thin/ decondense / uncoil ;
A become chromatin
| disappears
spindle, disassembles / AW ;
50. 9700 _wl18 ms_22 Q:3
(a) any two from 2
1 (division that) produces, new / daughter, cells A produces more cells
or
(so) replaces, damaged/lost/ dead, cells ;
2 new/daughter, cells, genetically identical ;
A ref. to clone if correct context
A genetic information not lost
| same number of chromosomes
3 (all) new cells can retain function ; AW
(b) any two from 2
1 cell cycle continuous / continually divide / A}
2 (produce cells that) can, differentiate / escribed ;
A multipotent / pluripotent | totipg %
divide to produce a cell that ca de and a cell that differentiates = 2 marks
3 can produce, cells/tiss ion (as before) ;
(c) any three from 3
1 chemicals (released) a | signalling, molecules / compounds ;
2 liver cells, are target cells ;
A liver tissue for liver cells
5 (specific) response is, cell enters the cell cycle / mitosis / cell division ;
A DNA replication
6 AVP; e.g. idea of communication between cells
suggestion of detail following binding, e.g. second messenger activated / enzyme cascade /signal transduction /
phosphorylation events / enzyme activation
| cascade of reactions
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51.9700_ml17_ms_22 Q: 3

(@) all three correct ; 1
with the non-competitive inhibitor  Z
with the competitive inhibitor Y
without any inhibitor X

(b) four from: 4
Vmax
1 XandY same Vmax of 10au;

2 Vmax of, X/Y, higher than Z/ORA ; A (Vmaxof), X/Y, 10auvZ 5au
A (Vyay of), X/Y, double the V,,, of Z

Km
3 Xand Zsame K, ; A K, of both is 4 mmoldm™

4 X/Z,lower K, than Y/ORA ; A K, of, X/Z, 4mmoldm™ v Y 6.5mmoldm™

5 reference to affinity for substrate ;

(c) four from: 4
1 double helix ;

2 strands are held together by hydrogen bonds (between bases) ;

3 complementary base pairing/described as A-T and C-G ; A purine pairs with pyrimidine
4 antiparallel stands/strands are 3’ to 5’ and 5’ to 3’ ; A strands run in opposite dire

5 (each strand has a sugar phosphate backbone with) phosphodiester bonds’

6 (monomers/units/DNA) are (DNA) nucleotides/polynucleotide strands ;&

7 (nucleotide = ) deoxyribose sugar, phosphate, nitrogenous (org

A points from a diagram

(d) two from: 2
1 idea that, hydrogen peroxide, damage/breaks, DNA an ir errors (may) occur ;
2 (soleads to) incorrect, nucleotide/base, inse (duri lication)/ change in, nucleotide/base, sequence (of
DNA/RNA) ;

3 new allele (may be) formed ;

4 may result in an altered polypeptide/

52.9700 w17 _ms 21 Q: 1

(@)

(b) two from 2
can observe living, specimens/cells ;

(so) the process of mitosis can be seen happening/ AW ; R easier to see mitosis happening | to study cell division

ease of use, qualified ; e.g. no need for heavy metal staining, preparation of specimen less time-consuming
I ref. to colour | portable

(c) three from 3
production of genetically identical cells ;

asexual reproduction ;
repair of damaged tissue ; A replace damaged cells R repair damaged cells

replace, dead / worn out/ old / non-functioning, cells ;

gamete production in context ;
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53. 9700 _w17_ms_21 Q: 4
(a) codon that 1
terminates / AW, translation / polypeptide synthesis R stops production of amino acids
or
does not specify any amino acid
or
has no complementary, tRNA / anticodon
or
causes the release of the (completed) polypeptide chain ;
(b) four from 4
Asp and GIn R groups, hydrophilic / AW, and lle R group, hydrophobic /AW ;
ref. fo R group interactions and, folding / coiling, of polypeptide chain (to give globular structure) ;
ref. fo (charged / polar R groups) forming, ionic/ hydrogen, bonds ;
(amino acids with), hydrophobic / non-polar, R groups, on the inside / AW ; A hydrophobic amino acids
(amino acids with), hydrophilic/ charged / polar, groups on outside / AW ; A hydrophilic amino acids
detail ; e.g. ionic R groups can interact with water, hydrogen bonds form with water
ref. fo promotes stability / helps to maintain globular structure ;
in context of interaction with water/formation of (compact) hydrophobic core
(c) glycosidic ; 1
(d) four from 4
1 both, increase and decrease / peak ;
2 both active, over range of temperature tested / between 20 to 55°C ;
3 free enzyme lower, optimum temperature / temperature for maximum activity.; ora
4 (free) 37°C v (immobilised optimum) 46°C;
5 free enzyme higher, maximum activity / activity at optimum temperature ; ora
6 (free)8.2/83,au.v75au.;
7 between 20°C and 39°C the activity of free is higher ; ora
8 between 39°C and 55°C the activity of free is lower ; ora
if mp 7 and 8 not gained, allow 1 mark for free activity higher:at lower temperatures and lower at higher temperatures (than
immobilised) ora
9 comparative data to support mp 7 or 8 ; A cemparison at one temperature (stated or use of numerical data)
10 AVP; e.g. both have same activity at 39° ,ﬁ ar activity between 20°C and 30°C
(e) substrate concentration that gives hal 3 1
A description of how to use a graph ust refer to substrate concentration)
(f) two from look for ora throughout 2
free /low(er) Km, has hig
free needs a lower/concel of substrate to reach, Vpax/ maximum activity / ¥2 Vinax ;
takes lower substrate conceniration to saturate active sites in free ;
free active site more, likely to be saturated with substrate / accessible ;
Q«?e sil ) distorted by immobilising ;
refato subs ing through matrix when immobilised ;
ref &c)me ained within matrix ;
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54. 9700 w16 _ms 21 Q: 1

(a)
A nuclear envelope ; A nucleus A nuclear membrane
I nuclear pore

B mitochondrion ; A mitochondria A mitochondrial envelope

C lysosome/ Golgi vesicle/secretory vesicle ; A vesicle/vacuole A plural
I qualification e.g. transport / temporary / phagocytic [3]

(b) ribosome(s)/cell surface membrane ; A vesicles A plasma membrane | cytoplasm [1]

(c) two from
organise microtubules ;
(to), form spindle/assemble spindle fibres (in prophase) ; AW
ref. to centriole pair/centrioles, at (both) poles ; R if description is linked to
incorrect mitotic stage
ref. to role in contraction of spindle fibres, at anaphase/to separate sister €hromatids ;
AVP ; e.g. make microtubules (as part of the centrosome) [2]

(d) three from
(sodium iens are) charged/hydrophilic ; | ref. to size / polar
cannot pass through hydrophobic, core / interior, (of phospholipid bilayer) ;

(so) must pass through, transport proteins/carrier proteins /c¢hannel
proteins (facilitated diffusion) ;

ref. to hydrophilic (amino acids lining) channels ;
ref. to active transport only way to move sodiunpions against concentration gradient/AW ; [3]

@ [Total: 9]
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55. 9700 w19 _ms_22 Q: 6

(a) | maintains length of chromosomes / prevents chromosome shortening 2
any two from:
permit continued replication ;

prevent loss of genes ;
I prevents gene damage genetic material is neutral
A genetic / coded, information for genes
A information on DNA
A protein coding regions of DNA
A exons

protect ends of chromosomes from being, degraded / AW ;
AVP ;

€.g. prevents ends of chromosomes from being attached toreach other
not mistaken for a break in DNA that needs repairing

(b) Idea that, mitosis / cell cycle / (DNA) replication / (celly division, occurs in both 1
cell types (continuously / regularly / AW) ;
R uncontrolled mitosis
R meiosis

(c) induced fit ; 1

(d) allow low(er) rate for 0.2 umol dm3 and high(er) rate for 1.6 umol dnmr3 2

any two from:

comparison in terms of acti
e.g. (low rate) activ
or

(high rate) active si upied / no spare active sites / active sites
saturated ho s are limited’

comparison in terms of enzyme-substrate complexes formed (per unit time)
(low rate) few(er) ES complexes formed

S);
ot all occupied / spare / not all saturated

or
(high ny / more, ES complexes formed ;
rate) few(er) collisions between enzyme and substrate ora
(low rate) substrate concentration limiting factor
or

(high rate) limiting factor is, enzyme concentration / not substrate
concentration;
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56. 9700 w19 _ms_23 Q: 2

APPENDIX A. ANSWERS

1 cell plate forms (across equator of cell) ;

3 cytoplasm divided (into two) ;
R cytoplasm, constricts / pinches in
| ‘separates into two daughter cells’
| events at late telophase

4 dea that organelles shared out ;

5 AVP ; detail of cell plate formation

(@) 3
name one example of cell from 2.1
interphase B/G
prophase A
metaphase D
anaphase E/F/C
telophase C/H
R C if stated for anaphase
all five correct = 3 marks
three or four correct = 2 marks
one or two correct = 1 mark
(b) (29 as a percentage of 5000 =) 0.58 (%) ; A 0.6 (%) 2
(0.0058 x 720 minutes =)4 (min)/4.2/4.18/4.176 ; allow ecf
(c) mark first answer 1
one from

2 cell wall/ cellulose, laid down ; A cell wall forms (between the two)

e.g. ref. fo vesicles transported to equator / involvement of: | structures / ref. to phragmoplast

<
N\
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57.9700_s18_ms_21 Q: 1

631

(@)

answers must be comparative

one from:

idea that the sections are orientated differently / cut in different planes / cut at different angles /AW ;

A is a cross section/ AW, and B is a lengitudinal section/ AW
mitochondria show a variety of, sizes / shapes ;
mitochondria, are flexible / change shape ;
A and B are of, different ages / stages of development ;

(@i

two from:

replace, old/worn out/ damaged, mitochondria ;
require more mitochondria as cells, enlarge / grow ;
more mitochondria are needed, for new cells / when cell divides ;
A so numbers remain the same in the new cells/ after cell division
A idea that mitochondria are shared out (between daughter cells)
(mitochondria) provide (most), energy /ATP ;
I cell needs (much) energy without stating mitochondria provide energy
R energy production
| uses of energy

(b)

two from:

nuclear envelope shown as two membranes with closed ends and a gap ;
label to nuclear pore ;

(c)

four from:

N =

(coded) information for synthesis of, polypeptides / proteins ;
A controls protein synthesis

ref. to sequence(s) of bases (in DNA) ;

transcription (of genes)/ production of MRNA ;

contains nucleolus ;

manufacture of ribosomal sub-units ; A makes ribosomes
idea that DNA is protected from degradation / enzymes /AW ;

N O W

w

AVP; e.g.responds to signals that control, gene expression /AW
post-transcription medification / modifies mRNA /any example

repairs DNA

I controls cell's activities
I sends mRNA to cytoplasm / mRNA travels through nuelear pores

contains/ AW, chromosomes / chromatin / DNA / genes / genetic material / inherited /naterial/genetic information ;

58. 9700 _s18

ms_22 Q:4

(a)

1/4;
3;
5;

(b)

two from:

centromere (of each chromosome) divides ;
A sister chromatids separated at the centromere
ct/shorten ; A spindle contracts
tids / daughter chromosomes, pulled / move, to opposite poles ;
separated
are at opposite poles

centromeres, leading (towards poles) /AW ; A ref. to V-shape / diagram

(c)

one from:

not sectioned to include (nucleus) ;
did not take up the stain/ not stained (correctly)/ AW ;
AVP; eg. cells maybe dead | destroyed / eliminated / AW

59.9700_ml17_ms_22 Q: 1

(@

label line and letter G to one of the ends of the chromosome ;

(b)

anaphase/telophase ;

(c)

cytokinesis ;

(d)

receptor(s) ; | description of receptor
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60. 9700_wl7_ms 22 Q: 1

APPENDIX A. ANSWERS

(@ C;

R if more than one area given

(b)(i) three from
two chromatids drawn ; must be connected at some point

(sister) chromatid label to correct structure ;
centromere label to correct structure ; A kinetochore
telomere label to end of chromatid ;

DNA and histone (proteins) label to chromatid ;

(b)ii) | two from

re-forms / re-assembles / AW, after anaphase / at telophase ;

detail ;

eg.

breakdown into vesicles

re-forms from vesicles / vesicles fuse to form new membranes
re-forms around both sets of (daughter) chromosomes

disassembles / breaks down / disintegrates / AW, at, prophase ; A prometaphase

if mp 1 and 2 not gained, one mark can be awarded for knowledge of disassembles and then reassembles

<

61. 9700 _wl7_ms_23 Q: 6

(a) EGF binds to receptor(s) on cell A ; ora
A has receptor for, EGF/cell signaling compound
A EGF does not bind to receptor on B

idea of complementary/specific ; ora

R antigen to antibody
| active site

(b) accept ora

one from
more, proteins/polypeptides, are made ;

proteins are required for growth/to proyi
A S phase for DNA synthesis

during mitosis DNA is highly

) protein for DNA synthesis/proteins are required for organelles/AW ;

three from

(c)

erase/gyrase helicase

(d)(i) centromere ; A kinetochore

one from
holds/joins/ AW, (sister) chromatids together};
attach to spindle

(d)(ii) max 1 if more than one chromosome shown

two from
separate chromatids that are identical in shape ;

one arm larger than the other on both separate chromatids ;

V-shaped chromatids with centromeres pointing towards the poles ;
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62. 9700_s16_ms_22 Q: 5

(a) (i) coiling/supercoiling/condenses/condensation ;
A become shorter and thicker R contracts [11

(ii) accept from labelled diagram
two chromatids ;
identical/ sister, chromatids ;
joined by a centromere ; A kinetochore

one from
(reach chromatid) DNA complexed with protein
histone proteins/histones ;

telomeres at end of chromatids [max 3]

(b) metaphase versus anaphase

idea of single chromosome of two chromatids versus two separated
chromatids/daughter chromosomes

e.g. two chromatids versus, one chromatid/one daughter chromosome ;
sister chromatids joined at centromere versus chromatids separated
distance between sister chromatids zero versus increasing distance between
chromatids
share a centromere versus do not share a centromere /centromere divides

two DNA molecules versus one DNA molecule ;
at, equator/metaphase plate versus towards/ at, poles’; R centre R ends

linear/straight versus V shape/AW ; [max 2]
(c) acts at target cell ;

binds to receptor; R receptor cells all

ref. specificity ; A receptor co ary (shape) for cytokinin
eceptor this is also mp2

A recogni

receptor (located) in; ¢ plasma, membrane ;
A cell membrane A p holipid bilayer A transmembrane receptor
sets off/ AW, response in the cell/ described response(s) ; e.g.
messenger

ates, cell to divide/cytokinesis

(acts) extracellularly /extracellular signal or (acts) intracellularly/intracellular
signal ; must be in context of candidate’s answer [max 3]

[Total: 9]
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63. 9700 w16 _ms 22 Q: 1

A = chloroplast ;
B = tonoplast ; A vacuolar membrane
C = spindle/spindle fibre(s) ;
D = (bacterial/ prokaryotic) cell wall ; R eukaryotic/cellulose/chitin/plant
E = nucleolus ; [5]
[Total: 5]
64. 9700_s15_ms_21 Q: 1
(@) one mark for the stages of the cell cycle in the correct sequence
one mark for correct matching of each stage with a cell
stage of mitosis label from Fig. 1.1
prophase A/H;
metaphase G;
anaphase C/E/F;
telophase ; B;
(3]
(b) microtubules/spindle (fibres), attac tromere /kinetochore
(of chromosome dusi ase); | metaphase
arranging/aligning/ orienting/ Al mosomes at the equator/
etaphase plate ; R centre
fibres, shorten/contra microtubules disassemble/AW
move/pull, (sister) ¢ ds’(daughter) chramosames, to opposite poles
/centrioles ;
idea that equal number of chromosomes in each daughter, nucleus/cell ; [max 2]
o
(c) maintaining of chromosomes ;
ensuring gen ility / maintaining genetically identical cells/AW ;
asexual repr ion ; A vegetative reproduction/ cloning
claning/clonal expansion, of (named) lymphocytes ; AB/T cells
replacement of (worn out/dead/damaged) cells ;
regeneration, of (named) tissues/organs ;
(wound) repair (of tissues) ; R repair of cells
ref. to production of gametes ;
e.g. mitosis in gametogenesis/gamete production in plants
R ‘copying of cells’ [max 2]
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(d) (i) accept biological N fixation or Haber-Bosch process for mp1

635

1 either
canverts, (inorganic) nitrogen/ dinitrogen /N, into organic nitrogen/
ammonia /NH3/ammonium/NH," ; R if nitrate given
or
lightning converts, nitrogen/ammonia/NHs/ammonium/NH,", into,
nitrite / nitrate (ions) ;
2 reduces nitrogen/breaks triple bond ;
3 makes (fixed) nitrogen available to, legumes/other organisms/
community/ AW ; A ref. to amino acids/ proteins
not to be awarded if it follows nitrification
4 increase soil fertility ;
5 balances the loss of fixed nitrogen in, denitrification/ocean deposits ; [max 2]

(ii) 1 idea of decay/decomposition ;
e.g. breakdown by, (saprophytic) bacteria/fungi

2 legumes eaten by, detritivores ; A named detritivores

3 decomposers produce proteases ;

4 to, hydrolyse/convert/change/AW, protein to aminosacids ;
5 amino acids are deaminated ;

6 (amino acids) to, ammonia/NH3/amimonium’(ions)/ NH," ;
7 nitrifying bacteria/Nitrosomonas, cenvert ammonia to nitrite (ions);
8 nitrifying bacteria/Nitroba ﬁer’t nitrite to nitrate (ions) ;

if mp7 or mp8 not a

9 (named) nitrifyi
(ions) ;

ow one mark for the following as mp9
convert, ammonia/ammonium, to nitrate

mp10 only to be awarded following nitrification
10 nitrate (ions) used for making, amino acids/proteins (hence increase in
h of cereals) ;

[max 3]

[Total: 14]
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65.9700_wl5_ms 22 Q: 3

(a) A = interphase
C = metaphase ;

both needed for one mark

(b) (C)LLN, M, K;

{c) 1 idea that centromere, has divided/divides

(separating, sister/identical, chromatids) ;
centromere attached to spindle fibre; A spindle
shortening/contraction, of spindle fibres (pulling centromeres) ;
A spindle, contracts / shortens

2
3

| ref. to early/late

APPENDIX A. ANSWERS

(1]

(1

4 (so) sister/identical, chromatids, move to opposite poles ;

need idea of separated, so A ends/sides/halves

A sister/identical, chromatids, will end up, at separate poles/in separate

cells

0 [max 3]

[Total: 5]

66. 9700_s20_ms_22 Q:1

(a) any two from

acellular/ AW ;

protein coat/ capsid ; A capsomeres
nucleic acid core / DNA or RNA ;

(b) any three from

no, because

or

wavelength of light too long ;

resolution of light microscope, too low / not high en
only able to distinguish points 200nm or more ap:

size of virus / 30 nm, too small for resolution of (i

idea that virus too small to interfere with lig

(c) any three from

endocytosis ;
description ; e.g.
vesicle formed ;

virus binds to receptors (on host cell

ref. to specificity / complemental mplementary binding ;
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67.9700_m19 ms 22 Q: 6

637

(a) any two from: 2
asexual reproduction ;
growth by increase in number of cells ;
(tissue) repair ;
regeneration of body parts ;
replacement of, dead / worn out, cells ;
(b) any one from: 1
spindle / spindle fibre ;
kinetochore ;
(e) A phosphate ; 5
pentose ;
B pyrimidine ;
C ribose;
D transcription ;
(d)(i) non-cellular / acellular / not made of cells ; 3
protein coat/ capsid ;
nucleic acid core/ DNA or RNA ;
AVP;;; e.g. only replicate inside host cells
ref. to no characteristics of living organisms (sensitivity, growth, etc.)
ref. to size, e.g. most are smaller than bacteria
ref. to capsomeres
(d)(ii) 500 (nm) ; 1
68. 9700 s19_ms_23 Q: 1 \
(a) one nucleotide circled ; 1
(b) cytosine and guanine ; 2
three hydrogen bonds between the base pairs ;
(c) (3)5.41,2; 1
(d) I maintains length of chromosomes / prevents chromo! e 2
any two from:
permit continued replication ;
prevent loss of genes ; | prevents gene dama
A genetic / coded, infe
A protein coding regio A
ed / AW ;
om being attached to each other
eeds repairing

gPapaCambridge



-
-n =
"Pgsp acambrldge APPENDIX A. ANSWERS

69. 9700 w19 ms_22 Q: 4

(@) polymer | constituent monomer type of bond between 4
monomers
amylose | glucose glycosidic
glycosidic ;
A glucosidic
cellulose | glucose
| details of bond
collagen amino acid ; peptide
R protein (amino acid)
DNA DNA nucleotide phosphodiester ;
(a-)glucose ; .-
glycogen R p-glucose glycosidic
(b) two from 2
1 amylose composed of a-glucose (monomers) and eellulose composed of
B-glucose (monomers) ;
2 (amylose) a-1,4 v. (cellulose) 3-1,4 (glycosidic) bonds ;
R if amylose stated to have a-1,6 bonds
| ref. to cellulose also has hydrogen bonds
If mp 1 and 2 not stated allow one matk for amylose has o-glycosidic bond
and cellulose has f-glycosidic bond
3 (cellulose) adjacent, mo rs / glucose(s), rotated through 180° ; AW
R ref. fo heads / tall
4 amylose has an torage function v. cellulose has structural
function / descii g to cell wall ;
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(c) max 2 from mp 1 and 2 if transcription described or mix and match 5
franscription and replication

any five from:

1 DNA (double helix / molecule) unwinds ;
l unzips
R DNA, strand / a helix, unwinds

2 hydrogen bonds break between, base pairs / bases / strands ;
A hydrogen bonds break between nucleotides only if clear that two
strands are separated

3 both strands used as templates ; concise statement

4 DNA polymerase, qualified ;
e.g. involved in polynuclectide formation / phosphodiester bond fermation
/ catalyses synthesis
R joins phosphates

5 ref. to (free) activated (DNA) nuclectides / AW ;
A phosphorylated nucleotides
R RNA nucleotides

6 complementary (DNA) nucleotides added ;
R RNA nucleotides
A described in terms of complementary base pairing
A A pairs with T and C pairs with G

7 idea that process, occurs / continues, along whole DNA molecule ;

nucleotides added in one di

8 ref. to Okazaki fragments L@?ment of polymerase in one direction /
A correct ref. to le

lagging strands

9 each newly fo le contains cne original and one newly
synthesised ;

10 AVP;

e.g. replication bubbles form / described

air / proofreading

ase (unwinding) / ligase (joining Okazaki fragments) in correct

se joining phosphates
process occurs, step-by-step / sequentially / AW
ref. to RNA primers
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70. 9700_m18 ms_22 Q: 6

APPENDIX A. ANSWERS

(@) 1 adenine, thymine, cytosine, guanine ; 6
2 DNA polymerase ;
3 nucleotides ;
4 complementary base pairing ;
5 (DNA) ligase ;
6 semi-conservative (replication) ;
(b)(i) J  metaphase ; 3
K prophase ;
L telophase ;
A anaphase
(b)(ii) large size / same size as cells in mitosis/ora ; 1
(b)iii) 1 chromosomes, orientated / arranged / AW, at, (spindle) equator / metaphase plate ; 2
plus any one from:
2 chromosomes attached to, spindle / spindle fibres, at centromere / kinetochore ;
3 spindle fully formed ;
4 nucleolus has disappeared ;
5 nuclear envelope, has disassembled / broken down /AW ;
71. 9700 _s17_ms_ 23 Q: 5
(a) 1 DNA (double helix) unwinds ; A uncoils | unzips R DNA strand unwinds max 5
2 hydrogen bonds break between, base pairs / bases / strands ;
3 both strands used as templates ;
4 catalysed by/ AW, DNA polymerase ;
5 ref to(free) activated nuclectides /AW ;
6 complementary (DNA) nucleotides added ; R RNA nucleotides
A described in terms of complementary base pairing
T step-by-step/sequentially / AW ;
8 idea that process continues, along whole DNA molecule ;
9 replication bubbles / described
or
ref. to Okazaki fragments ;
10 replication is semi-conservative / each newly formed molecule contains one original and one newly synthesised strand
11 AVP; e.g. ref. torepair/ proofreading
ref. to, helicase/ ligase in correct context
(b) telomere(s) ; 1
(e)(i) adenine and guanine ; 1
(e)(ii) idea that purines and pyrimidines are di / two rings and one ring ; max 2
purine normally bonds with pyrimidin in DNA double strand width) ;
idea that two purines or two pyrimidin tort the double helix width (in a transversion event) ; ora
AVP ; e.g. (transversion event) e detected by the repair mechanism ora
(d) idea that mutation occi ontrolling cell division ; max 3
detail ; e.g. proto-onceg
tumour suppressor ge! H
ref. to disruption of cell cycle /'shortened interphase ;
(results in) uncontrolled cell division ; | uncontrolled growth
other detailef result of mutation ; e.g.
¢ divi nitely / no programmed cell death
)4 don to signals to stop dividing
PN Qbss of, tion / function
4 Total: 12
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72.9700_wl6_ms_22 Q: 3

(a) two from

fructose
no glycosidic bond ; (v
monosaccharide / one sugar unit 1%

A monomer (‘sugar’, is in question)

sucrose
glycosidic bond) look for ora

disaccharide /two sugar units/
fructose and glucose ;

A two monomers/dimer

I polysaccharide

R if a disaccharides is stated as one of the two monomers

A sucrose is a disaccharide made from the monosaccharides glucose and fructose

one ring (structure) %

CsH1206 v
A fewer/less, C and H and O atoms ora

additional points accepted

powder v
linear or ring structure %
reducing, end/ AW 1%

| reducing sugar

Q

two rings ; A sketch to show one ring v two rings

<

Ci2H2011 ;

crystalline
two rings/only ring(s)‘
(no reducing ends)

o@*

(2]

o
X

?"t.’PapaCambridge
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(b) look for ora throughout if describing the other enzyme with low optimum

(c)

three from

1

2

idea of can use high(er) temperatures for process ;

increased temperature increases, number of collisions (between enzyme
and substrate) /number of ES complexes (formed) ;

more product/high(er) rate of reaction; AW

less prone to denaturation ; A won’t denature
A described in terms of loss of active site

more stable/lasts longer; A thermostable A reused over and over
| temperature resistant

accept ‘glucose isomerase’ for ‘enzyme’
accept ‘100 percent activity’ for ‘maximum activity’
accept (initial) rate of reaction for activity

penalise once if pH’ andlor percentage activity (or %) not stated

three from

1

7

maximum/ peak of, activity, at lower pH for free enzyme ora
or

free enzyme lower optimum pH ora

or

free enzyme pH 7.4/7.5/7.6 v immobilised pH 8.5

free enzyme has higher/AW activity, at pH;6/6.5/7/7.5 ; Aup to pH 8
ora for immobilised (lower up to pH 8)

or
free enzyme has higher activity o%geater range of pH** (between pH 6-9) ;

data to support mp 2 ; *any d comparative activity
*n pHs and comparative activities
ated data

free enzyme has pH 8 to pH 9 ; A after pH 8.0

ora for immobilised (higher after pH 8)

data to support mp 4 ; any one pH and comparative activity/ manipulated

activity

free enzy as (slightly) steeper increase in activity as pH increases to

data to support mp 6 ;

allow ecf to 2 max if free and immobilised the wrong way round but all statements
are correct

ANSWERS

(3]

(3]

T"i']'Papa(:ambridge



T"j_'.'PapaCambridge

(d) (i)

643

amino acid met tyr glu
sequence

pro lys

student’s AUG UAU GAC
nucleotide
sequence

Ccu uGgu

correct = v/ 4 v x
incorrect = x

one mark if bottom row correct ;

(d) (ii) three from
1 genetic code is, degenerate ; A redundant

2 64 codons and 20 amino acids ;

A 61 codons for 20 amino acids (3 STOP codons)

(]

3 idea that more than one, codon/triplet, specifies an amino acid ;

specific to the first five amino acids of glucose isomerase

4 example of choice of codons to specify the same amine, acid ;
(must use Table 3.2 to find codons for the amino acids from Table 3.1)

tyr UAU UAC
glu GAA GAG
pro CCU CCC CCA CCG
lys AAA AAG

use of another example from Table&3.2 may be used to support mp3

5 AVP;eq.
start codon always AUG/met
for amino acids 2-5 ma :
start codon, may be dif

as only one codon, so only sequence

may hot always be AUG ¢ [3]

[Total: 12]
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73.9700_wl5_ms 21 Q:3

(a) (late) anaphase/(early) telophase ; R early anaphase [1]

(b) produce more genetically identical cells/AW ;
for growth (of the root) ;
asexual reproduction ;
replace (old/worn out) cells ;
repair (damaged tissue) ; A ref. to wounds R repair cells [max 2]

(e) (i) 8; [1]

(if) for sexual reproduction ;
to form gametes ; A pollen and, egg/ovum R sperm

ref. to diploid number must be restored (in zygote)
or
fusion/fertilisation, of two haploid cells results in, diploid cell/zygote ;

prevents chromosome number doubling each generation ; [max 3]

(d) DNA double helix unwinds ; lunzips R DNA strand unwinds

hydrogen bonds break between, base pairs/bases/strands.;

both strands used as templates ;

catalysed by/AW, DNA polymerase ;

ref. to (free) activated nucleotides/AW ;

complementary DNA nucleotides added ;

A described in terms of complementary base pairing

step-by-step/sequentially/ AW ;

idea that process, occurs/continues, alongwhole DNA molecule ;

replication bubbles/described

or

ref. to Okazaki fragments ; 0

10 replication is semi-conserv ch newly formed molecule contains one
original and one newly d strand

11 AVP;eg.ref tor eading
ref. to, helicasg /i rrect context [max 5]

ONnhWN-=

© oo~

[Total: 12]

7. 9700_s20’_$§_2

s &
>

L 2
(a) adenine an ine ; 1

(b) anticodon ; 1

(c) CAG / cytosine, adenine, guanine ; A GAC 1

6(d) hydrogen bonds form (between complementary bases) ; 1
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75.9700_s20_ms_23 Q: 5

(a) any two from 2
sequence of DNA nucleotides ;

forms part of a DNA molecule/length of DNA/AW ;
coding for a polypeptide ; A protein

b interphase ; | phases of interphase 1
( p p p

(c)(i) two phosphates added to existing phosphate ; 3
base = adenine ;
sugar = ribose ;

(c)(ii) | purine; 1

(d) any three from 3
to produce, many /AW, new blood cells ;
idea that large numbers are required to, transport oxygen / maintain immune system ;
produce genetically identical cells ;
loss of genetic material may not allow function / cells maintain function / cells are able to function ;
replacement of, old / damaged / dead, cells ;
AVP ; e.g. to maintain healthy numbers of cells
red blood cells have short life

76. 9700 w20 ms 21 Q: 6

(a)(i) in context of mutations in genes 2
any two from:
uncontrolled, (cell) division / mitosis ;
cell cycle not regulated ;
programmed cell death does not occur/ cell becomes immortal ;
uncontrolled growth not suppressed ;
ref. to mass of abnormal cells ;
AVP ; e.g. cell cycle checkpoints impaired
proto-oncogenes become oncogenes
tumour suppressor genes switched off

(a)(ii) | any two from: 2
ref. fo change of a single, nucleotide / base (in sequence of DNA)
or

one base substitution (mutation) ;

change in one, DNA triplet/ mRNA codon ;

ref. to tRNA with a different anticodon / tRNA ifferent amino acid ;
idea that different primary structure leads i ertiary structure ;

(b)(i) any three from: 3

vaccination stimulates an immune
antigen presentation, quq. engulfed by, phagocyte / named phagocyte

antigen binds to, specific/ lementary, receptor, on, T-lymphocyte / cytotoxic T cell / killer T cell ;
clonal expansion ; A describ g. divides by mitosis to form a clone

(receptor on) cytotoxic T cell /killer T cell, binds to TSA on tumour cell ;

(b)(i)

tumour cells may have more than one TSA ;

stimulate a specific immune response to each TSA ;

idea that TSA on patient's tumour cells has the appropriate antigen
idea that personalised treatment so more effective

disadvantage any one relevant e.g.

high cost of personalised treatment ;

immune system may not recognise TSA on own body cell as, foreign / non-self ,
the cells in the tumour may not have the TSA in the vaccine ;

patient's tumour may not be large enough to obtain enough cells for treatment ;
patient needs surgery to obtain (large quantity of) cells ;

AVP ; e.g. suggestion that tumour cell may settle in a part of the body and not be destroyed
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77.9700_w20_ms_23 Q: 5

APPENDIX A. ANSWERS

(@)(i) | presence or absence of water

diagram shows bond between C (of lysine) and N (of glycine) and
double bond to O shown correctly ;

glycine drawn correctly ;

R if R is used instead of H on glycine

H
e
il S
H—C—#
|
H—C—H
H—C—H H o
) 4 ¥ Ri0
rest of polypeptide ——N—C—C ~ M = =

) | oA
H H 0O "

(a)(ii) condensation ; A dehydration (reaction)

(a)(ii) | I high tensile strength
any two from:
allows close packing of, triple helix / three polypeptides ; A chains

I tight coiling A ‘binds more tightly’
glycine, has smallest R group /R group of glycine is H/is smallest amino acid ; A glycil
glycine, is every third amino acid in the, polypeptide / chain ;

(b) 1 collagen is insoluble / collagen is strong 0

any four from:

1 collagen, has high tensile strength / does not stretch /AW ;
A withstands large pulling forces

2 any ref. to use of collagen in the body ;
e.g. (walls of) arteries or veins / tendons / cartilage / skin / base es /around alveoli/bones / teeth
I hair/ R if any ref. to elastic(icity)

three from
3 triple helix has many hydrogen bonds between, poly ains ;
mp4, 5, 6 and 7 — must be clear that answe. abol lecules, but accept triple helix for molecule

4 collagen molecules form, fibrils / fibres ;

5 strong/covalent, (cross) links between
6 (ends of) molecules (in fibril / fibre) a H

7 AVP; e.g. (many) collagenho es lie parallel

(c) induced fit
1 active site ch
A active site

P

5 breakage of peptide bond ;

6 active site returns to, pre-ESC / original, shape and can be reused ;

7 AVP;
e.g. ref. to, binding site / catalytic site (of active site)
e.g. suggestion of how activation energy lowered, e.g. strain put on bond / alternative pathway
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(d) description

1 general description of effect of pH on activity ;
e.g. as pH increases the activity incr and then decr
e.g. as pH increases activity reaches a peak

2 2optimumpHis7;

explanation

any three from:

3 partial denaturation in, acid and alkaline conditions / AW ;
A ‘starts to denature’ as alternative to partial denaturation
small changes either side of optimum

4 (ionisable) R-groups in, active / catalytic, site affected ;

large changes either side of optimum
5 hydrogen bonds/ ionic bonds, break / disrupted ;

ESC complexes formed ;
A fits less well in context of partial denaturation

7 AVP; e.g. detail of R groups

e.g. use of data with unit for relative activity to describe increase and decrease (see next page)

6 active site (shape)/ (enzyme) tertiary structure, changes, so substrate / collagen, no longer fits into active site / fewer

78.9700_s19_ms_21 Q: 6

(a)(i) 30% ; A anywhere in the answer \ 3
bases, are paired/ are complementary ; A with ref. to binding
A hydrogen bonds between, Aand T/C and G
A thymine or T pairs with adenine or A/ cytosine or C pairs with gu
calculation / explanation for 30% ; e.g. ACT = 40%, CCOG = 60%, half =30%
(a)(ii) mitochondria / mitochondrion (in cytoplasm) ; 1
R whole answer if anything else is first or second in answ
R ‘mitochondria and / or cytoplasm’
(b)(i) G 1
G
U
C;
(b)(ii) anticodon ; 3
any two from:
Q/ anticodon, binds / AW, H
I ref. to comple 3
idea that
specificity ensure ary structure (of polypeptide / protein) ;
A correct ar ence (of polypeptide / protein)
(b)(iii) atrf at ) amino acid (to tRNA) /amino acid binding site ; 1

o 2
@

*
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79.9700_s18_ms_22 Q: 2

(a)(i) A = adenine 2
T =thymine R thiamine/thyamine
G = guanine
C = cytosine

all correct = 2 marks
one, two or three correct = 1 mark

(@)(ii) three from: 3
1 complementary base pairing / complementary bases / base pairing / base pairs / complementary pairing ;
2 Awith Tand G withC;

3 hydrogen bonding / hydrogen bonds ;
in context of between base pairs / holding strands together

4 ref. to purines with pyrimidines ;

5 double ring (bases) with single ring (bases) ;
A idea of longer base with shorter base

6 two (DNA), strands / polynucleotides ;
A two chains
A double helix (as double implies two strands)

7 strands (anti)parallel / distance between strands always the same ;

(b) deoxyribose ; A 2-deoxyribose / 2-deoxy-D-ribose . 1

(c) two from: 2
(information could be) sequence of amino acids ;

A idea that a polypeptide/protein has amino acids arranged in an ol

| primary structure / chains of amino acids
(different) proteins have, different/ specific, sequences (of amino -
(up to) 20 different amino acids in proteins ; A approximatel
idea that there is a great variety in protein structure ;

| have many functions

80. 9700 w18 ms_22 Q: 5

(a) polymer — context of a chain / strand 2
(similar) repeating, smaller molecule:
or
repeating / many, monom I es ; R branching
A idea of nucleotid 1 r to form a chain
A made of n tofflorm nucleotide
‘made of nux de of monomers’ not enough
macromolecul NA)
large (biologi 000 or more atoms / high molecular mass ;
It 1 long
(b) ¢¢| add Bene: eagent) and, boil / heat to 95 °C ; 2
\4 Ate °C and above
pfecipitate / om clear blue to) green/yellow/orange / red / brown ;

R if, ng colour included e.g. black / purple

© feature DNA nucleotide RNA nucleotide 3
sugar component deoxyribose ribose ;
purine bases adenine /A adenine/A } i
guanine/ G guanine/G ’
pyrimidine bases cytosine/C cytosine/C )
thymine/T uracil /U ’

R thiamine for thymine

e

2
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81.9700_ w18 ms 23 Q:3
@)(1) D (nitrogenous organic / nucleotide) base ; 3
A pyrimidine / uracil / cytosine R purine
E ribose ;
| pentose
F phosphate (group) ;
(a)(ii) any one from 1
two, strands / polynucleotides (not one) ;
A two chains
R polypeptides
deoxyribose (not ribose) ;
A correct ref. to —OH (on C2) instead of —H group on the pentose / sugar
thymine (not uracil) ;
R thiamine
have base pairs ;
(double) helix / helical (not straight chain) ;
longer ;
(b) any four from 4
1 template RNA binds to (part of) region X ;
2 in active site of, telomerase / enzyme ;
3 DNA/free, nuclectides, pair with / bind to/ align with, RNA ;
4  ref. to complementary, bases/base pairs ;
5 A-TandC-Gand U-A;
6 phosphodiester bonds form, between (DNA) nucleotides / AW ; ‘
treat as neutral any refs. to likely enzymes, e.g. ligase, etc.
7 telomerase moves, in the direction of the arrow/ to the right ;
8 AVP; e.g. hydrogen bonds between bases
telomerase acts as a reverse transcriptase
(c) prokaryotes 1
have, circular DNA ;
A ‘loop of DNA'
I plasmid(s)
do not have telomeres ;
do not have chromosomes ;
AVP;
e.g. ‘DNA has no ends’
(d) any two from 2
cancer cells divide, uncontrollable / continitic
A cancer cells divide but do not ell death
telomerase is required to ensure, s, do not shorten ;
telomerase is, synthesised/ cancer cells ; ORA
high levels of telomerase i t are cancerous / AW ;
AVP;
e.g. idea that gene e switched on
<*
* 0
®
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82.9700_s17_ms_21 Q: 4

(a) mRNA max 4
1 single-stranded ;
2 no hydrogen bonding / only DNA has hydrogen bonding ;
3 no base pairs/only DNA has base pairs ;
4 uracil and not thymine / DNA has thymine instead of uracil ;

treat as neutral T and U, look for complete term

5 ribose not deoxyribose ;
6 detail, e.g. -H and not -OH on C2 ;
7 short(er)/ DNA is longer ; A smaller/ bigger
8 nota helix;
(b)(i) third triplet is a stop codon so max 1

only two amino acids are joined by peptide bonds / chain only 2 amino acids long ;
A will still have Val-His as the first two amino acids

very short molecule is produced / chain stops after His(tidine) ;

R frameshift / description of frameshift

(b)(ii) a triplet is deleted so max 1
(polypeptide / sequence/ B chain) has one less amino acid ;
polypeptide does not have Leu (as the third amino acid) ;

I Leu is not, produced / made / synthesised

(c) feature DNA replication | transcription 4
a single-stranded * v
molecule is produced
hydrogen bonds are v ¥ ;
broken
both strands of DNA v x ;
act as templates
phosphodiester bonds v v
are formed
DNA polymerase is ¥ ®;
used
(d) | functions of telomerase max 2

permits continued replication (in stem cells / meristematic cells) ; A ora
prevents loss of, genes / genetic material / DNA ; A ora

A prevents shortening of, chromosomes / DNA

length of telomere determines lifespan of, cells/ celllineage ;

AVP ; e.g. prevents ends of chromosomes ng to each other prevents apoptosis / cell death / cell destruction
(e) 1 translation / construction of pol } max 4
2  provide binding site for mMRNA /R aches to ribosome /AW ;
A entering ribosome
3 provides binding sites for ({wo) iR nolecules ;
A entering ribosome ‘
4 two amino acids a @ seftogether ;
5 formation of pepti ond(s) ; R dipeptide / polypeptide, bond
6 (allows) assembly of amino acids into, sequence / primary structure ;
7 AVP;e.q:

P and A site (and E site)
bon en amino acids catalysed by peptidyl transferase
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83.9700_s17_ms_23 Q: 2
(a) one mark for the formula and two marks for the correct answer 3
(magnification =) lmagelscalfe bar (length) ; A triangle / letters only
actual/object (length)
3000 ;;
30000 + 10 ; using 30 mm as measured length
A calculated values for measured lengths of 29 mm or 31mm
allow one mark if correct answer given with units
allow one mark if incorrect answer and
correct measurement and correct working
correct measurement and formula but incorrect conversion
measurement + 2mm and correct working
(b) name 2
(large permanent) vacuole ;
function
one from
store of / holds / AW, cell sap ; R if contains organelles
store of / holds / AW, water/ ions / named ion(s)/ minerals / salts / pigments / sugars / named sugars ; A nutrients
| substances / molecules / food | storage unqualified pushes chloroplast to edge of cell ;
gives, turgidity / turgor pressure / hydrostatic pressure / support/ AW ;
A makes, firm/rigid A controls / maintains, turgidity
| gives shape / strengthen / provides structure
store of / holds, waste (products) ; A breakdown of (large) waste products
| reactions occur in vacuole, unqualified
allow function mark even if name of organelle left blank or incorrect
(e) nucleus ; max 2
chloroplast(s) ;
mitochondrion ; A mitochondria
(d) A 2
nucleic acid/ DNA/RNA ; A genetic material | strand R circular DNA
B
protein coat/ capsid / capsomere / protein subunit ;
(e)(i) gene coding for systemin is (a length of) DNA ; 2
A idea that a length of DNA codes for systemin
transcription / production of mRNA ;
(e)i) herbivore proteases and plant proteases have different (shaped) active sites ; max 3
serpin / competitive inhibitor, only complement hape of) active site of herbivore proteases ; ora A can only fit
serpin is specific to (active sites of) herbivol s AW
proteases act on different, substrates / (p ins ;
A similar shape only to herbivore
AVP ; e.g herbivore proteases cut i amino acid sequences
allow other acceptable sug S
suggestion that serpin pl e ed from plant proteases ;
detail, e.g. in vesicle / plan oteases in vacuole ;
cannot bind to active site of p proteases ;
serpin released when plant parts ingested by herbivores ;
(e)iii) affinity for s te has decreased ; 1
centration of substrate to saturate active sites /AW ;
concentration to reach, %2 Vmax / Vmax
ts substrate from binding (to active site) so more substrate required (to compete) ;
Total: 15
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84.9700_wl6_ms_23 Q: 4

(a) hydrogen (bond) ; (1]

(b) three from
1

(c)

2
3

4

5
6

tRNA carries an amino acid to ribosomes ;

(each type of) tRNA carries a specific amino acid ;

anticodon (on tRNA) binds to codon on mRNA ; anticodon may be labelled

on Fig. 4.1

tRNA molecules hold amino acids, in place/in P and A sites (of ribosome),

for peptide bond formation ;

tRNA molecules, reused/described ; | tRNA leaves ribosome unqualified

AVP ; e.g. amino acid is attached to ACC region | examples of

complementary base pairing between codon and anticodon [max 3]

max 2 if in context of making mRNA

1
2

AW

gene for each tRNA (molecule) is transcribed ;

hydrogen bonds in DNA are broken ;

I unwinding /unzipping

one strand of DNA is the template ;

RNA polymerase ;

(free RNA) nucleotides joined together/formation of phosphodiester bonds ;

| complementary base pairing

AVP ; e.g. correct ref. to helicase in breaking hydrogen bonds [max 3]

[Total: 7]

85.9700_s15_ms_21 Q: 6

(@) P —thymine ; R thiamine/thiamin/thyamine
Q - cytosine ;

R — guanine ;
S —uracil ; [4]

(b)

copy of the, DNA/ for a, polypeptide/ globin ; A protein

travels from, DNA leus /chromosome, to ribosome ;

A mRNA made in nucleus, attached to ribosome so movement is
implied
*@
fortrans or (haemo)globin production ;
4
mRNA ¢ or, sequence/order, of amino acids ; A for primary structure

idea that (nucleotide /base) sequence is a series of codons ;

base pairing/ AW, between codon on mRNA and anticodon on tRNA ;
e.g. of AW
hydrogen bonds between bases
examples of base pairing: A-U/C-G
R binding between bases [max 3]

[Total: 7]
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86. 9700 s15 ms_23 Q: 2
(a) (late) interphase/phase/after G1 phase/before G2 phase ;
A after first growth phase/before prophase /before mitosis/after cytokinesis [max 1]
(b) (i) hydrogen/H, (bonds) ; [1]
(i) Y, single ring structure ; A smaller molecule compared to X [1]
(c) (i) change in, nuclectide/base, sequence of DNA ;
any one from
new allele fomed ;
deletion /substitution/addition /frame shift , (mutation) ;
change to/altered, mRNA ; A altered codon(s)
(causing) change in, primary structure/amino acid sequence, of,
polypeptide/ protein ;
A different protein/altered function of protein/non-functional protein [max 2]
(ii) cell cycle shorter/interphase shorter/division more frequent ;
(cell cycle) checkpoints not controlled ;
uncontrolled (growth/division)/AW ;
AVP ; e.g. no differentiation (into epithelial cell)
A no cell death/apoptosis [max 2]
[Total: 7]
87. 9700 _s20 ms 22 Q: 5
(a) presence of sucrose (in sieve tube) lowers water potential (of phloem sap) ; A makes water potential more negative 4
water enters (sieve tube), by osmosis / down water potential gradient ;
increases volume (in sieve tube) ;
increases hydrostatic pressure (in sieve tube at source)s A'turgor pressure
ref. to lower hydrostatic pressure (in sieve tube at sink) ;
allow ecf for no ref. to, hydrostatic / turgor
detail ; e.g. sucrose removed at sink
water follows sucrose that exits si
movement of, (phloem) sap / sucrose, down pfes; adient/ from high to low hydrostatic pressure ;
mass flow ;
(b)(i) | glycosidic ; 1
(b)(ii) | nucleotide components are 4 r, phosphate ; 2
UDP has, uracil and ribo: phates / one extra phosphate ;
(b)(iii) | max three if describing bre wn of sucrose 4
allow points from diagrams
any four from
;'gd ed of, substrates / UDP and glucose, not (fully) complementary to shape of active site (of sucrose synthase) ;
cgnd ki of, substrates / UDP and glucose, complementary to shape of active site (of sucrose synthase) ; allow
ectifno ref.
indticed fit acti exible / moulds around, substrates / UDP and glucose ; AW
lock and keyfactive site does not change shape /is not flexible / AW ;
induced fit (active site moulds around so) idea of provides better fit/ fully complementary ;
lock and key substrate fits into active site ;
(c) o-glucose ; A glucose R B-glucose 4
o, 1-4 ;
o, 1-6 ; bond types either way round
glycogen ;
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88.9700 s18 ms 21 Q: 2

(@) A - (a-) glucose ; R any qualification of glucose other than o, e.g. p-glucose 2
B —fructose ;

| hexose sugar
I any qualification of fructose, e.g. a

(a)ii) glycosidic ; R glucosidic 1
I any qualification of glycosidic, e.g. 1-2, 1-6

(a)(iii) hydrolysis ; A acid hydrolysis 1

(b) two from: 2

sucrose is, a non-reducing sugar / non-reducing / not a reducing sugar ;
A no reducing sugars present
no (hydrochloric) acid used (to break down sucrose to reducing sugars) ;
A sucrose not hydrolysed (to monomers / monosaccharides / reducing sugars)
AVP ; (sucrose will not reduce) (blue) copper II ions to (red) copper I ions
cannot donate electrons
idea that reactive groups are not available (to react with Benedict's solution / copper ions)
no (free), aldehyde / ketone, group

(c) hydrostatic required once only in the answers 4
four from:

1 diffusion, into phloem sieve tube (element), from companion cell (through plasmodesmata) ;
presence of sucrose (in phloem sieve tube element), lowers water potential / makes water potential more negative ;
R if in context of xylem vessels or companion cells

3 water enters (sieve tubes), by osmosis / down water potential gradient (into sieve'tubes)s

4 increase in, hydrostatic, pressure (in sieve tube elements) ;
A turgor pressure

5 low hydrostatic pressure in, storage tissues / root/ sink, by removal of sucrose ;

6 movement of, (phloem) sap / sucrose (in solution), down hydrostatic pressure gradient/ from high to low hydrostatic
pressure ;

7 mass flow ;

89.9700_wl8_ms 21 Q: 5

(a) any two from 2

cell wall made from, peptidoglycan / murein ;
A not cellulose

DNA free in the cytoplasm ;

or

circular / closed loop, of DNA ;

or

naked DNA/ no histones ;

70s ribosomes ;

AVP ;

e.g. no membrane aroun

or

(b) any two from 2
transport of sucrose / assimilates / products of photosynthesis (in phloem), is prevented / AW ;
esised in root from transported assimilates/ AW ;

ed in leaf to sugars / sucrose, (for transport) ;

nd phloem present in, all organs / many organs / leaves / roots ;

cannot be xylem

© feature DNA nucleotide | RNA nucleotide with ATP 5
with adenine adenine
contains nitrogen es es es -
(yes or no) y y Yes;
contains a
S no
pyrimidine base no no;
(yes or no)
number of
1 1 3;
phosphate groups
name of the sugar deoxyribose ; ribose ribose ;
component
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90.9700_m16_ms_22 Q: 5

(a) phosphate ;
ribose ;
adenine ;
adenosine ;
covalent bond ;

labels pointing fo correct components

(b) (i)
(ii)
(iii)

D;
DACB:

source ;

(c) (i)

ref. tRNA role in translation ;
e.g. amino acid carried by tRNA molecule to ribosome

655

[max 3]

(1]
(1]
(1]

anticodon on tRNA (with specific amino acid) binds to codon on

mRNA

tRNAs bring amino acids, adjacent to each other/for peptide,bond

formation

idea that mMRNA (sequence of) codons dictate which amino acids will be

added (to polypeptide chain)/AW ;

ref. correct, sequence of amino acids/primary structure (of, polypeptide /

protein) ;

(ii) hydrogen/ionic, bonds, break/disrupted ;

[max 2]

A electrovalent for ionic

R if otherbonds named

charges at the active site may be affected ;
changes, shape/(tertiary) structure, of active site’;

A changes, shape/tertiary structu%nzyme

substrate enters the active site ;
active site, (partially) flexible /
ref. provides a better fit/ d
allows interaction of R (

iii)

[max 2]

[max 2]

[Total: 12]

e
{@
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91.9700_s15_ms_23 Q: 5

(a) (light microscope) observe living cells/cells would be killed (with EM) ;
vacuum used in electron microscope ;
(light microscope) can have water on slide (to allow cells to move) ; ora
AVP ; e.g. more readily available for use
organisms move in response to light [max 2]
(b) (i) (partof/used in synthesis, of) chlorophyll (molecule) ;
R gives chlorophyll green colour

in translation/joining of large and small subunits (of ribosomes) ;

enzyme, cofactor/activator/ described ; idea of role in enzyme catalysis
A correctly named enzymes e.g. DNA polymerase

AVP ; e.g. stabilizing, cell wall/proteins/nucleic acids/membranes

important in energy transfers/ATP synthesis

DNA, synthesis/replication

ref. to role in, light absorption/capture (for photosynthesis) [max 1]

(i) any two from
good solvent/polar (for substances needed by the organism') ; AW
transparent/allows light through, (for photosynthesis) ;
liquid over wide range of temperatures ;
high specific heat capacity ; A description
high latent heat of vaporisation ;
ref. to density ; e.g. ice/solid, less dense thanjwater/liquid
circulation bringing nutrients to surface
ref. to low viscosity for locomotion ; [max 2]

oA WN-=

~

(c) assume multicellular organisms unless statéd, then accept ora
small, surface area to volume ratioéSA VS
A as organisms increase in size, SAN
ref. to (larger size means) long
diffusion, too slow/insuffici
transport system decreag
require, bulk/mas
ref. to transport s ans efficient supply (to cells) of nutrients/named/

assimilates/water ; rings supplies close to cells (for transfer) [max 4]

—

ances (to reach, cells/tissues) ;
able to satisfy needs ;

ohwN

(d) pressure flow

Jassimilates/sugars, decreases, water potential/ \¥';
lowers, water potential

A for wa tential A solute potential

water enters (sieve tubes) by osmosis ;

(water enters) down water potential gradient ;

(increased volume) increase in/high(er), hydrostatic pressure ;

ref. to hydrostatic required once only in mp 5 or mp 7ormp 8
unloading/remaoval, of sucrose /AW, at the sink/named sink ;

lowers hydrostatic pressure/low pressure at sink ;

movement is, down pressure gradient/from high to low (hydrostatic)
pressure ; [max 5]

o bW -
im

0 ~N®

[Total: 14]
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92. 9700 _m20 ms 22 Q:1

657

(a)

(F)
c

E
D
A
B 555

all five correct = four marks

three or four correct = three marks
two correct = two marks

one correct = one mark

(b)

1 water, leaves sieve tube (element)/ follows sucrose ;

any two from:

2 down the water potential gradient/from higher to lower water potential / by osmosis / sucrose (in companion cell in sink)

lowers water potential ;

A v for water potential

decreases volume in sieve tubes (in sink) ;

decreases (hydrostatic) pressure (in sieve tubes in sink) ;

o b w

to sink / sap moves down pressure gradient ;

pressure higher (in sieve tube) at source than pressure (in sieve tube) at sink / (maintains) pressure gradient from source

93.9700_m20 ms_22 Q: 6

(a)

any two from:

1 water moves into, cell/ vacuole, by osmosis / down water potential gradient.;
2 (large) vacuole full of, water/sap ;

3 turgid/ vacuole exerts outward pressure ;

4 hydrostatic (support) ;

(b)(i)

number of times an image is larger than, actual / real, size ;
A image size + actual size
R increase in size of specimen or object

(b)(ii)

(<) 2000 ; ;

if incorrect:
one mark for correct working
70000/35
or
one mark for correct measuremen; | by 35
e.g.70mm/35
7em/35

(e)(i)

transport mechanism:
active, transport / uptake ;

explanation (max 2):

ATPéenerg .
m

(c)(ii)

charged particles / ions, cannot cross, hydrophobic core / region of fatty acid tails/ AW ;
movement through specific membrane protein ;
membrane protein only allows one-way movement ;
A no membrane proteins to allow outward flow
AVP ; e.g. suggestion that binding site is on the cytosol side

(e)ii)

any two from:

acid hydrolases, break down / digest/ hydrolyse ;
ref. to leakage from vacuole ;
avoids, damage to / breakdown of, cell contents / organelles / molecules (in the cytosol) ;
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94.9700_s20_ms_23 Q: 1

(a) any one correct location ;
R if more than one label line and one is to an incorrect location
allow the mark if more than one label line and all point to xylem locations
(b) 1 ref. to adhesion / H bonding between water molecules and cellulose lining

any three from
(hydrogen bonding causes) cohesion between water molecules ;
water molecules attracted to each other /AW ; @
water leaving xylem (at top), pulls water molecules below ;
transpiration pull ;
idea that contributes to, an unbroken / a continuous, column of water (within xyle3ve
AVP ; e.g. allows movement of water against (pull of) gravity

(c)i) any three from
desctription max 2
(movement to adjacent cell) via plasmodesmata ;
(movement) through symplasm/ cytoplasm / symplastic pathway opl ic pathway ;
(includes) movement through vacuole / vacuolar pathway ;
explanation
cell B has a lower water potential than A ora
or
cell C has a lower water potential than B ; ora
or
water moves down the water potential gradi to low water potential / to lower water potential / from less
negative to more negative water potential ;

R from high to low water potential i
R to lower water potential gradi

water moves, into/ out of, vacu
or
water crosses tonoj

(e)(ii) any three from
cell wall ;
large (permang
tonoplast ;

. mic strands between adjacent cells ;
o4 K , of cell /AW ;
olgi bodies A dictyosomes
anules / grains

I lack of cel
I chloroplasts

95. 9700 _s20_ms_23 Q: 6

(2)

any three from

idea that water moves down a water potential gradient/from a high to low water potential / AW ;
sucrose solutions produce differences in water potential inside the cell and externally

or

different concentrations of external sucrose solution produces different gradients of water potential ;

high concentration of, sucrose / solutes, is, lower / more negative, water potential ; ora
loss of water by osmosis out of potato cells lowers mass of block ; ora for gain of mass
no net gain or loss means water potential inside and out are equal ;

(b)

concentration where the, curve /line, crosses the x-axis (and use a reference table)
or
the concentration at which there is zero percentage change in mass (and use a reference table) ;
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96. 9700_w20_ms_21 Q: 4

(a)i) plasmodesmata ; 1

(a)ii) any two from: 2
ref. fo connecting two cells ; in context of connecting cytoplasm

(facilitate) movement of substances between cells ; A named substances
ref. fo symplast pathway ;
cell to cell communication / passage of cell signalling molecules ;

AVP ; e.g.removes the need to cross the partially permeable cell surface membrane (when moving between cells)
increases the rate of movement of substances between cells

(b)(i) protein coat/ capsid ; 2
DNA or RNA/ nucleic acid ; A genetic material
ref. to some viruses have envelope ;

(b)(ii) | allow sucrose for assimilates throughout 5

any five from:
viruses / assimilates, enter via plasmodesmata ;

movement / diffusion, of assimilates into (phloem) sieve tubes, lowers water potential / AW ;

(so) water enters, by osmosis / down water potential gradient/ AW ; : 0

hydrostatic pressure increases (at source) ; A turgor pressure for hydrostatic pressure
unloading at, sink/named sink, lowers hydrostatic pressure (at sink) ;

detail ; e.g. assimilates move out and water follows osmotically
pressure gradient created / higher pressure in source (than sink) / lower pressure in rce) ;

(so) mass flow; ferm to be used in context
from source to sink ; allow mp if terms source and sink used in correct conte mplete response

AVP ; (viruses and assimilates travel) through sieve pores

Q°Q
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97.9700_w20_ms_22 Q: 1

(a)(i) plasmodesmata ; 1
I cytoplasmic strands / cytoplasm
R if other structures also given

(a)(ii) (existence of / down, a) water potential gradient ; 1
| ref. to solute / osmotic, potential

A lower/ more negative, water potential of (cell) C (than cell B)
A higher/less negative, water potential of (cell) B (than cell C)
A Y for water potential

(a)(iii) symplastic (pathway) ; | vacuolar / vacuole, pathway 1
A symplast
(b) max 3 if no ref. to evaporation or water vapour and ref. only to water 4

any four from:
1 evaporation of water/ water to water vapour ; must be in context of P

2 P described as, surface/ cell wall, of (spongy) mesophyll (cell) ;
R palisade mesophyll cell
A film/layer, of moisture / water (for surface of cell)

3 water vapour enters (substomatal) air space ;
R intracellular air space
A other correct refs. to air space in'Seguence of events

4 diffusion of water vapour (out)through stoma/stomatal pore (to Q) ;
R through guard cells R diffusion by osmosis

n water potential gradient/from high to low
ter potential ;

5 (towards Q because)

water potential / to lo
| potential gradi

A down (wat r pressure gradient
A V¥ for wat jal
context is out to atmosphere, hot movement from P fo air space

6 AVP ; e.g.'stoma stated as open
heat energy required for evaporation / ref. to latent heat of vapourisation

@ ir space described as, intercellular / saturated / substomatal
¢
(c) . 1 tformula ; 3
nification) = image length + actual length ; !
A rearranged formula A magnification triangle M| A

2 correct working ;

3 correct answer for magnification ; R if units given
(x) 1440 (36 mm)/ 1460 (36.5 mm) /1480 (37 mm)/ 1500 (37.5 mm)
1520 (38 mm)/ 1540 (38.5 mm)/ 1560 (39 mm) ;

if answer given fto 2 sig. figs, look for the correct answer at the end of working
or allow if stated by answer that this is to 2 sig. figs.

allow ecf for incorrect conversions used in working or incorrect measured
value of X=Y
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98. 9700 w20 ms_23 Q: 2
(a) award mp1 and mp8 anywhere in each section of the answer 5
cell B - mesophyll cells
mp1 photosynthesis / described ;
e.g. conversion of carbon dioxide to sugars using light energy
synthesis of complex organic compounds from inorganic compounds using light energy
adaptation — mp2 and one from mp3 to mp7
mp2 chloroplasts / chlorophyll / to absorb light ;
chloroplast pigments
any one from:
mp3 large vacuole to keep chloroplasts at the periphery ;
mp4 starch grains as store of products of photosynthesis ;
mp5 large / moist, surface / cell wall for evaporation of water for transpiration
(stream) ;
A provides water for photosynthesis in
context of water supply transpiration
mp6 thin cell wall gas exchange / diffusion of gases ;
mp7 isodiametric / (roughly) spherical prevents close packing/ gives large air,
shape spaces ;
cell C - sieve tube element
mp8 transport/ movement of, (named) sugars / (named) assimilates / photoesynthates / organic substances ;
A translocation
(a) adaptation — any two from:
mp9 peripheral / described, cytoplasm | allowing maximum, velume / space, for
transport of, phloem sap/ assimilates ;
A ‘at the edge’/ ‘thin layer’
A less /little, resistance to flow / AW
mp10 no nucleus / few organelles / little | all aximum, volume / space, for
cytoplasm trs , phloem sap / assimilates ;
R ‘no organelles’
5s / little, resistance to flow/ AW
mp11 elongate / elongated (cell ake (sieve) tubes ;
end to end)
mp12 plasmodesmata (un)loading from / AW, companion cells /
cell A ; | ‘between cells A and C’
mp13 sieve pores A flow between sieve tube elements ; AW
prevent, bursting / bulging ;
A maintaining hydrostatic pressure
and defence against pathogens / sealing wounds
e.g. cellwa ith cellulose microfibrils that run around the cells and to prevent
bursting
(b) mp1, 2, 4 and 6 needs idea of increases /more; this is not needed for mp3 and mp5 3

any three from:
1

2
3

increases surface area:volume of cell/ increases surface area of (cell surface) membrane ;
idea of more space for/increased area for/more, proton pumps / carrier proteins in context of moving protons ;

pumping protons, from cytoplasm /into cell wall/ into apoplast/AW ;
A create/increase, proton/ electrochemical / concentration, gradient

idea of more space for/ increased area for/ more, cotransporter proteins / carrier proteins in context ;

cotransport of sucrose / described, into companion cell/ into transfer cell/ into cell A/from mesophyll cell/from cell B ;
A secondary active transport

A movement of sucrose and protons for cotransport

more space for plasmodesmata (between cell A and cell C) ;
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99.9700_m19 ms 22 Q: 1

(a) A = palisade mesophyll ; 3
B = epidermis ;
C = spongy mesophyll ;

(b) accept ora throughout 3
any three from:

Erica v Cedrus:

curled/ rolled, leaf (v not, curled/ rolled) ;

hairs / trichomes (v no trichomes) ;

no hypodermis / AW v hypodermis / layer of cells below epidermis / layer of cells between epidermis and palisade mesophyll ;
A ref. to two layers of outer cells in Cedrus

AVP;;
e.g. Erica has thicker cuticle
Erica has larger epidermal cells
sunken stoma visible in Cedrus
Cedrus has cylindrical / needle-shaped, leafA circular in (cross-) section
Cedrus has lower surface area to volume ratio ;

(c) any three from: 3
idea that stomata, only open during the day / open during the day and close at night ;
statements about gas exchange:
stomata open to obtain (enough) carbon dioxide for photosynthesis ;

A carbon dioxide not required at night
statement about transpiration:

(most) water vapour lost via open stomata ; \
very little water (vapour) lost via cuticle ;

I ref. to temperature

Q"’Q
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100. 9700_s19 _ms_21 Q: 4
(@) any one from: 1
idea that to provide cells that can, differentiate / divide ;
for (continued) growth of the, shoot tip / (hamed) tissues ;
| 'to produce more meristematic cells'
(b) one mark per row 3

stages description

Fand G | cell, elongates /enlarges / grows and, a vacuole forms / makes a tonoplast ;

G and H | cell divides (longitudinally) and one of the cells has a vacuole ;

Hand J | developing sieve tube cell, elongates / enlarges / grows and loses its nucleus
or
one (developing companion) cell divides (transversely) to form (two) companion cells ;

A companion cell divides

(c) any four from: 0 4
1 elongated cells to form, long tubes / AW ;
!

2 little, cytoplasm / cell contents / fewer organelles, to reduce resistance to flow ;
A peripheral eytoplasm / no nucleus, to allow transport of maximum volume of, (na imi sap / nutrients

A ‘more space for .....

R no organelles R ‘no cell contents’ x

3 sieve (plates have) pores, so little barrier to flow from cell to cell / easy (for sap) to pass from cell to cell /
allows mass flow ;

4 sieve plates, support / stop collapse of / stop bulging of, sieve tube el
A become plugged with, P-protein / callose, to prevent losses / aft
A maintain hydrostatic pressure (in sieve tubes)

5 plasmodesmata between sieve tube and companion cell fol ading / unloading / AW ;
6 AVP ; e.g. membrane around sieve tube for osmosis to vent loss of (hamed) assimilates

(d) allow assimilates / AW for sucrose 2

1 movement of sucrose from, mesophyll / paren: a/ rce, cells ;
A movement of sucrose to (named) sink

2 move sucrose, into / out of, sieve tube lasmodesmata) ;

3 pump, protons / hydrogen ions / ell / into cell wall/into apoplast ;

A ref. to secondary active traj
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101. 9700_s19_ms_22 Q: 1

APPENDIX A. ANSWERS

the edges/not in the centre / AW ;

(a) stem/ not a root, because, transport tissue / vascular bundles / vascular tissue(s) / xylem and phloem / xylem / phloem, around 1

A stem because, pith / parenchyma tissue, is in the centre

(b) any two from:
(hydrostatic) support / described ;

A packing tissue
(cells), turgid / store water ;

storage ;

R if incorrect context e.g. suppoit because of thick cell walls

in context of substances other than water e.g. sucrose / starch/waste

(c)(i) vascular bundle ;

(c)(ii) | 0.65 (mm);

(d) mp1-3 must have statements for both xylem and phloem
mp4-7 need statements for either xylem or phloem

three from:

xylem

1 no cytoplasm / hollow / no contents

2 no organelles / hollow / no contents

3 lignified
R idea of lignin within element

4 no end wall(s) / no sieve plate(s)
A end walls have broken down

5 (side walls) contain pits
6 no plasmodesmata

7 thick(er), cell wall / walled

phloem

(peripheral / little / some) cyto 3
| protoplasm
R full of cytoplasm

(a few) organel‘
A examples mitochondria or ER
I has SE ibosomes

R has nu

no lig @ ellulose ;

(s) / perforated end wall(s) ;
(end walls) have sieve pores

or

its (in side walls) ;
plasmodesmata (to companion cells) ;

or thin(ner), cell wall/walled ;

Q°Q
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102. 9700_s19_ms_23 Q: 4

665

(a)

any two from:

note that some mark points must have both xylem and phloem mentioned (*v)) and some mark points only need xylem or
phloem (‘or’— below the line)

xylem phloem
no cytoplasm / hollow / no contents v (peripheral / little / some) cytoplasm | protoplasm | ;
R full of cytoplasm / AW
or
has (a few) organelles
A examples of organelles
mitochondria or ER
I has SER/ RER / ribosomes
R has nucleus
lignified v no lignin / (only) cellulose H
R idea of lignin within element
no end wall(s) / no sieve plate(s) or | sieve plate(s) / perforated end wall (s)
A end walls have broken down A (end walls) have sieve pores

(side walls) contain pits or | hopits;

R piths

no plasmodesmata or | plasmodesmata (to companion c

thick(er), cell wall / walled or | thin(ner), cell wall / walled H

thicker lignified wall = thicker wall mark only (for lignin mark need to state what phloe

(b)

any two from:
to hydrolyse / break, glycosidic bonds ;

to produce, reducing sugars / fructose and glucose ;
A to make reactive groups (to Benedicts) available

to be able to test with Benedict's solution to obtain a positive
A description of positive result

sucrose, is a non-reducing sugar / has no reactive sted with Benedict's solution ;

()@

(large number of mitochondria) provide ATP, for, ort / for protein synthesis ;

(large number of ribosomes) to synthesise umps / carrier proteins / AW ;

(c)(ii)

any three from:

H*, pumped / actively transported
or
ref. to higher conce| i n

ion cell into cell wall)
all) / H* gradient builds up (between cell wall and cytoplasm of companion cell) ;
H* move back (int; I) by facilitated diffusion ; | sucrose

cotransporter ; A symporter

ose moves (into cell) with H* ;

nst the concentration gradient ;
by secondary active transport
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103. 9700 w19 _ms_21 Q: 1

(a)(n

A amino / amine group ;
B carboxyl (group) ; A carboxylic acid

(a)(ii)

peptide bond joining nitrogen from amine group to carbon of carboxyl group on adjacent amino acid ;
C = 0 and N - H shown correctly in the dipeptide ;
formation of water molecule ;

(b))

label line to any area of the nucleus ;

(b))

correct formula ; e.g. actual diameter = image length / magnification
15(Cm) ;

(b)(iii)

any one valid suggestion ;
e.g. idea of only very thin section of cell
mitochendria found in other sections

(c)

two from

idea that reduces resistance to flow through sieve tube ;

idea that less space taken up so increased volume of sap / AW, can pass through (per unit time) ;
pressure flow / mass flow, does not need energy from the cell / AW;

AVP ; (organelles not needed as) metabolic reactions / AW, carried out by the companion cell ;

104.

9700 _w

19 ms 21 Q:3

APPENDIX A. ANSWERS

(@)

between 0 — 0.2 mol dm the mass of the potato increases
or
between 0.2 — 1.0 mol dm3 the mass of the potato decreases ;

no change in mass at 0.2 mol dm3 ; ‘

from approximately 0.2 mol dm- increasing concentration gives a greater decrease ;

comparative data quote including two concentrations and two percentage changes ;

units for concentration of sucrose and reference to percentage change in mass, r once to award this point

()

three from

decrease in mass because

water (molecules) leave the cells ;
by osmosis ;

down a water potential gradient/ from higher water potential to | ter potential
or
solution has a more negative water potential than the to

ref. to plasmolysis / loss of turgidity ;

Q""'Q
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105. 9700 w19 ms_ 22 Q: 1
(a) label line to phloem in one vascular bundle ; 1
(b) transport / translocation, of, assimilates / photosynthates / sucrose / sugars / 2
amino acids / other named nutrient ; | food
from, source / areas of synthesis, to, sink / areas of growth / areas of (high)
activity / areas of storage ;
A areas where they are needed for sink
| ‘where they used’
(c)(i) | epidermis / epidermal ; 1 upper / lower 1
(c)(ii) | eyepiece graticule ; | stage micrometre 1
(d) drawing max 2: 5

regular shaped cell and cell wall drawn in ;
central vacuole drawn ;

labels:

max 2 if animal structures also labelled

max 1 for labels if incorrect non-cellular structure included
e.g. vascular bundle / stoma

large / permanent, vacuole ;

A central vacuole

A vacuole if clearly drawn as large
tonoplast ;

R if drawn as double m%ne
(cellulose) cell wall ;

R chitin / murein
plasmodesm 0
chloroplast ;

A granum / thylakoid i.e. chloroplast not labelled but internal structures
correctly labelled

n with a single or double membrane

starch, grain / granule ;
A amyloplast
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106.

9700 w19 _ms_23 Q: 3

(a) five from 5
1 drought-tolerant plants have smaller stomatal aperture and lower, transpiration rate / rate of water uptake ; A ora

2 comparative data quote for, mean stomatal aperture / transpiration rate + mmol m2 s'/ mean water uptake + cm®
per shoot +time + h;

in drought-tolerant plants
3 smaller (aperture), stomata so less water (vapour) loss ;

4 water vapour diffuses (out) through stomata ;

5 less evaporation from (cell walls of) mesophyll ;

6 so less transpiration pull ;

7 AVP; suggestion of other adaptations of leaves to reduce water loss
e.g. sunken stomata/ thicker cuticle / hairs / trichomes / lower stomatal density
R closed stomata

(b) | any ref. to mutation |/ inhibition of (RNA) polymerase 3

1  microRNA binds to mRNA ;
A forms hydrogen bonds with (bases on) mRNA

2  bases in microRNA are complementary to bases on mRNA ;
3 microRNA makes mRNA too large to leave nuclear pore / mRNA cannot réach ribesomes ;
mp4 and mp5 accept alternatives to bind

4 mRNA cannot, bind / AW, to (small sub-unit of) ribosome ;
A prevents ribosome moving along mRNA

5 anticodons of tRNA cannot, bind / AW, to (some) codons on'mRNA ;
6 no/not all, amino acids are brought to ribosome / AW_;

7 AVP;
e.g. complex of microRNA and mRNA recognised for deégrading

107.

9700 _s18 ms_21 Q: 6

(b) five from:

-

water potential gradient, bel
A water potential gradien

and roots ;
(root hair to xylem / across cortex)

2 yll cell, surfaces / walls / membranes ;
(transpiration from leaves) creates transpiration pull ;

in xylem vessels ;

cohesion between water molecules (in xylem or in roots) ;
hydrogenbending between water molecules ;

adhesi fwater molecules to cellulose (in wall of xylem vessels) ;

+O At ilic parts of lignin

ter from apoplast through endodermis by osmesis ;

OO N
o~
@
3
[N
o
5
=
8
c
]
ol
)
o
o

‘hat water columns extend from centre of root to root hairs (and to soil water)

(c) two from:
pathway C is slower accept ora for pathway B is faster

greater resistance ;
water passes across membranes ;
water flows through, cytoplasm / plasmodesmata ;
A oraref. to intercellular spaces
A protoplast
0sSmosis occurs ; R through plasmodesmata
ref. to water passes through vacuoles ;

(d) assume answer is about facilitated diffusion unless told otherwise — accept ora for active transport 2
two from:
movement is, down a concentration gradient ;

passive / ATP not required / (metabolic) energy not required ;
carrier and channel proteins are involved ;
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108. 9700 s18 ms 22 Q: 1

(a) one mark for each label to correct structure on Fig. 1.1 ;; 3
tonoplast line to anywhere on the vacuolar membrane

R if two or more different structures stated for a single label

(b) ref. to conversion of measured (X-Y) line to um /AW ; 2
e.g. line is measured in, mm and then multiplied by 1000/ e¢m and then multiplied by 10000
evidence that, 60 (1 mm) is multiplied by 1000/ 6 cm is multiplied by 10000
measured diameter is 60000 um
(and) divide by, magnification / 2000 ;

(c) two from: 2

rough endoplasmic reticulum ; A rough ER/RER
smooth endoplasmic reticulum ; A smooth ER/SER
endoplasmic reticulum ; acceptable only if the other structure is not SER/RER

80S/larger, ribosomes ; A 25-30 nm range
plasmodesma(ta) ;
microtubules ; A microfilaments

A cytoskeleton
lysosome(s) ;
Golgi (body / apparatus / complex) ;
secretory / Golgi, vesicles ;

AVP ;; e.g.chromatin
EM detail of chloroplast
EM detail of mitochondrion A mitochondrion
nuclear pore
nuclear envelope R nuclear membrane

(d)i) | two from: 2

cell wall, pathway / route / AW ; A involves only cell walls
R if only in roots
movement /AW, through intercellular spaces / spaces between cells ;

further detail ;  e.g. water does not, enter cells / cross membranes / cross\cytoplasm / move through plasmodesmata
osmosis does not occur
membranes not involved

R osmosis once only

(d)(ii) four from: 4

hydrogen bonding (between water molecules)
water molecules are polar ;

movement to spongy mesophyll cell:
adhesion / attraction, to, cellulose s /cell walls ;
this is in context of leaf cells orXylem

R cell walls of lignin

A hydrophilic parts o

cohesion between water mole: s / (water molecules are) cohesive ;

idea that movement of water (molecules) towards, spongy / mesophyll, cells, pulls / AW, other water molecules ;
tr: ion pull/ continuous column / unbroken column

air spaces

water molecule! heat (energy) ;

bonds break een water molecules ;

evaporation / water to water vapour ; | latent heat of vapourisation
from spongy cell, walls / surfaces ;
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ANSWERS

(d)(iii)

two from:
transpiration occurs ; in context of via stomata or via cuticle

diffuses/ moves / AW, to, (external) environment/atmosphere / outside / out of the leaf/ from leaf surface ;
R evaporation / osmosis
R from cell surface

via (open) stomata (for, gas exchange / carbon dioxide entry / photosynthesis) ;

accept ¥ for water potential
| solute potential / ref. to concentration

(movement of water vapour) down water potential gradient ;
A down water vapour potential gradient
A high to low water potential / to lower water potential / from higher water potential
R from high to low water potential gradient

109.

9700 _s17_ms_21 Q: 5

(@

sugar (molecules)/ glucose / fructose, is polar/is water soluble / not lipid soluble / hydrophilic ;

cannot pass through, (phospho)lipid bilayer / hydrophobic core / fatty acid ‘tails’ / hydrocarbon ‘tails’ ; A non-polar regions

(b)

accept H' for proton throughout

A protons are moved out against concentration gradient

creates a, proton gradient/ electrochemical gradient ;

protons go into the, cell wall/ apoplast ; R mesophyll cell

(at X) protons enter cell by facilitated diffusion ; 0
(X is) cotransporter / cotransport protein ;

sucrose transported into (companion) cell together with protons ;
(sucrose enters) against concentration gradient ;

sucrose concentration, increases / maintained, in companion cel
sucrose diffuses into sieve tube (element) ;

10 through plasmodesmata ;

11 AVP ; e.g. ref to, secondary / indirect, active transport

CoOoNOANAWN

1 (atY) protons, pumped out (of companion cell)/ moved out by active transport/ move out n pump ;

max 5

(c)

look for names of plant organs other than leaves, ignore nam = potato, iris, onions
R leaves unqualified

any two for max 1

root/root tip

stem / stem tip / shoot / shoot tip
tubers

bulbs

corms
rhizomes

buds

flowers

fruits

seeds

young / maturin:
AVP

/infected, leaves

max 1

o
@

S 4

*
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110. 9700_s17_ms_22 Q: 4
(@)i) 1 circleround 5 ; max 3
to max 2 but 4 cells produced = max 1 out of 2
I details of telophase leading to cytokinesis
{cell plate forms (across equator of cell)
2-<or
cell wall/ cellulose, laid down ; A cell wall forms (between the two)
3 (so) cytoplasm divided (into two) ;
R cytoplasm constricts / pinches in / cleavage furrow
forms / cleavage forms (i.e. referring to animal cell)
4 AVP ; detail of cell plate formation e.g. ref. to vesicles transported to equator/ involvement of cytoskeletal structures
idea that organelles shared out
(a)(ii) circle round S ; 3
synthesis of two identical DNA, molecules / double helices (from one) ;
each new molecule consists of one, original / parental, strand, and one, new / newly synthesised, strand ; AW
A daughter for newly synthesised
(b) role max 3
1 form cells that can, differentiate / become specialised ;
A can develop into other cell types / totipotent
A named examples
2 for, cell replacement/ tissue repair / growth ; R for cell growth
| found in growing region
3 divides to give continuous supply of, meristematic / stem, cells ;
A divides to forms more, meristematic / stem, cells
feature
4 (stem cells are) undifferentiated ; A not specialised / unspecialised
5 able to divide ; must be in context of mitosis
A able to undergo mitosis A can replicate lLreproduce
R uncontrolled division
6 idea that genes not switched off ; ora
(c)(i) growing / storage, area / region / correct nam plant ; max 1
examples of part of plant that stores
root / shoot tip / bud / flower / maturj r/ fruit/ seed
I where sucrose, used/used up i qualified
receives, assimilates / sucr: ea Where sucrose unloaded
in context of, vii source / from leaf
(c)(ii) strong max 1
high requirementfor assimil 5
fast growing / highly active ; AW e.g. requires a lot of energy
(d) ns, throughout for hydrogen ions max 4
/uses ATP / requires energy ;
ped / active transport/ move(d), out of companion cells ;
mp1 if stated as, pumped / active transport/move by proton pump
3 into cell wall/ apoplast ; A intercellular space
R pumped into phloem sieve tube
4 hydrogen ion gradient builds up ;
5 hydrogen ions re-enter companion cell, down gradient/ AW ;
A facilitated diffusion
6 via, cotransport protein(s)/ cotransporter(s) ; A carrier protein(s)
‘hydrogen ions diffuse back into companion cell through cotransport protein’ is two marks
7 cotransport sucrose (molecules) ; A secondary active transport
A idea of bringing sucrose into companion cell if cotransport/ er stated for previous mp
R cotransport if into phloem sieve tube from companion cell
8 transport of sucrose against gradient ;
9 diffusion of sucrose into phloem sieve tube (element) ; R facilitated diffusion
A moves from high to low concentration
10 via plasmodesmata ;
Total: 15
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111. 9700 _s17_ms_23 Q: 6

(a) two water molecules drawn with correct bonding ; 3
| Fischer projections

partial charges shown as ¢+ on at least one H and c—on at leastone O ;

hydrogen bond shown ; e.g. labelled or as dashed or dotted lines between H of one molecule and O of another ;

Hi He
o H c')J
JEAEEETE ) py—
/‘ i+
H
(b)(i) cohesion ; 1
(b)ii) high/large, latent heat of, vapourisation / evaporation ; 1

A takes a large amount of, heat/ energy, to evaporate /turn liquid to water vapour

Total: 5

112. 9700 w17 ms 21 Q: 6

(a) mark first two stafements given 2
cellulose, cell wall/lining, allows adhesion of water ;

thick (cellulose) cell wall prevents collapse / idea of providing support (under tension) ;
(cell wall impregnated with) lignin, for waterproofing / prevents water loss ;

lignin, rings / spirals / thickening / AW (of walls), prevents collapse / idea of providing support (under tension) ;
A lignified walls

no cytoplasm/lack of contents / hollow / empty (lumen), gives, less resistance to/ unimpeded / uninterrupted / unhindered /
ease of, flow ; A greater volume per unit time / faster rate R continuous, smooth R dead

ack of end walls / continuous tube, so, less resistance to / unimpeded / uninterrupted / unhindered / ease of, flow ; AW
R continuous, smooth

pits / pores, for lateral movement/for movement around aif bubbles/ supplies (water) to (surrounding), cells/ tissues ;
R holes

wide / large diameter/large lumen, so large volume of water can be transported ;

if max 2 not gained, allow one mark for two
explanations are in context

t explanations or descriptions where accompanying descriptions and

(b) two from
only sieve tubes/one type, v, arterie

accept phloem vessels for sieve tubes 2
nd capillaries (any two) A three types;

sieve tubes are compos essels composed of tissues ; A ref. to named tissues
sieve tubes, have cyto| r blood vessels are, hollow / AW;

sieve tubes have sieve plates’; ora

sieve tub ave companion cells (to fully function) ;

I
1 gns ha ;ora

S
rego bloo d vasoconstriction ; ora

idea of fi port open (phloem) v closed (blood vessels) ; A sieve tubes have plasmodesmata

ref. to unidirectional flow in blood vessels ; ora

(c) three from 3
mitochondria, synthesise ATP / carry out aerobic respiration ;

more ATP needs to be synthesised / increased ATP synthesis ; A need to produce large quantities of ATP

to provide more (metabolic) energy ; R in context of water uptake

for active transport / active uptake ; in confext of mineral ions A to move mineral ions against the concentration gradient
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113. 9700 w17 ms 22 Q: 5
(a) A = root hair (cell) ; 3
B = Casparian (strip) ;
C = plasmodesmata / plasmodesma ;
(b) xylem has no cytoplasm / symplast pathway is cytoplasmic (and vacuolar) ; 2
A empty / hollow / no contents
A cytosol for cytoplasm
xylem (vessel elements) are dead cells / symplastic through living cells ;
(c) three from 3
stomata close ; | stomatal pore smaller / stomata partially open
only cuticular transpiration ;
no photosynthesis / carbon dioxide not needed ; | less photosynthesis
transpiration (rate) decreases ; A less, transpiration / transpiration pull, A described in terms of loss of water vapour from
leaves
evaporation (rate) (from cell walls of spongy mesophyll cells) decreases ; R evaporation, from leaf surface/ through
stomata
water potential gradient between, soil / root, and leaf becomes less steep ;
114. 9700 w17 ms 23 Q: 5
(a) in context of/from a plant 2
loss of water vapour ;
I evaporation unqualified
from, the aerial parts/leaves ;
(b) description of Fig. 5.1B — accept if correct unit is used only once 4
four from
1 decrease then increases ;
2 data with units and minus sign(s) in support ;
i.e. decreases to, —1.35 + 0.01 MPa at 1400
i.e.—0.35 £ 0.01 MPa at 0600 to —0.58 + 0.01 MPa at 1800
explanation to max 3
overall decrease befween 0600 and,
3 water is used or lost and is not bei
4 idea of synthesis of (named) eases (so decreasing water potential) ;
0600 to 0900/0915 ific time within these time frames
5 idea that not enoug upplied from, xylem/transpiration stream ;
6 (because) stomata are elosed/only cuticular transpiration occurs ;
0900/0915t0 1400
7 ere is a high loss of water (from cell surfaces), by evaporation /because of high rate of transpiration ;
<*
?JQOG ¢
3¢ %;otosyn urring, stomata open (for CO.), water vapour diffuses out/rate of transpiration increases ;
9 synthesis as, stomata closing/lower light intensity
10 (named) solutes converted to, starch/sucrose and transported away ;
11 AVP ; e.g. 0900 to 1400 water is used in photosynthesis so water potential decreases
(c) sunken stomata 3
or
stomata in, grooves/crypts/pits ;
trichomes/hairs ;
rolled/curled, leaves ;
A folded R coiled
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115. 9700_s16_ms 21 Q: 4

APPENDIX A. ANSWERS

(a) transpiration is an inevitable consequence because

1 stomata open;

2 for diffusion in of carbon dioxide/carbon dioxide required for photosynthesis ;

3 water vapour, diffuses out/moves out down the water potential gradient ;
A description of water potential gradient/ high to low water potential
A vapour pressure gradient/water vapour gradient
allow water vapour if it is clear that evaporation has occurred
A water evaporates and diffuses out
R water evaporates out
| water (vapour) concentration gradient [3]
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(b)

(c)

(d)

675

1 adhesion of water to, cellulose/lining/walls (of xylem vessels) ;
A adhesive force
2 ref to, hydrophilic/polar, property of cellulose (fibres) ;
A hydrophilic/polar, parts of lignin
3 cohesion between water molecules ; cohesive force
4 maintains column of water/prevents water column breaking/ AW ;
5 ref. to transpiration pull/AW ; | transpiration unqualified [max 3]

mp3 — units for rates of transpiration must appear once correctly in the whole
answer to award this point

1 rate (of transpiration) of all trees is 0 at, 06.00/start ; A no transpiration
2 rates (of transpiration) increase and decrease (in all three) ; A peaks
3 highest rates:
emergent trees at 14.30 at 8.5kgh™
canopy trees at 14.30 at 3.5kgh™
suppressed trees at 13.00 at 1.6-1.7kgh™ ;
must have units at least once
accept kg/h or kg per hour
4 emergent trees (always) have highest rate or suppressed trees have lowest
rate ;
A emergent trees have higher rate than, canopy and suppressed, trees
5 rate of emergent trees is, much/AW, higher than rates for canepy‘and
suppressed trees ;
6 emergent trees have, steeper/steepest, increase in (transpiration) rate ;
A emergent trees have, steeper/steepest, decrease in (transpiration) rate [max 4]

following factors may be given in answers, any three of.thesefactors = 1 mark

light, intensity /wavelength | ‘more light’
humidity

temperature

wind speed/air movement

size of tree/height/ area of leaves
water availability /depth or length of ro

transpiration rate for emergent tre r because ... accept ora for
suppressed trees

accept vapour pressure gradi vapour pressure gradient/water vapour
diffusion gradient for wa, gradient

1 high(er) light intens| emergent trees increase in stomatal aperture ; ora

A more sunlight
A stomata open more

higher tem /AW, for emergent trees so higher rate of,
evaporati iffusion ; ora
4 higher wind speed for emergent trees so, steeper water potential
gradient/lower humidity ; ora
A ref. to diffusion shells/descriptions of water potential gradient
5 emergent trees have longer roots so take up more water ;
6 emergent trees have more leaves so, greater surface area/more stomata
per unit area (of leaf) ; [max 4]

[Total: 14]
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116. 9700_s16_ms_22 Q: 2

(a) (i) curled/rolled, leaf ; R curly/curved/folded
or
trichomes/hairs ; A hair/hairy,-like structures R cilia/spines/needles [11

(if) allow explanations for stomata in pits, thick cuticle and no stomata on outer
surface as ecf from (i)

curled leaf/trichomes/stomata in pits

ref. to (creates) still/ non-moving, air ;

(in enclosed area) humid/moist ; AW, e.g. traps water vapour/maintains
humidity

water potential gradient less steep or decreased rate of diffusion of water
vapour (out) ;

A (water) vapour pressure gradient for water potential gradient

| decreased concentration gradient of water vapour

assume in context of between substomatal air space and enclosed area
unless stated otherwise

thick cuticle
greater layer impermeable wax/AW ; A thicker waterproof layer
increases distance for diffusion ;

of water vapour ;

no stomata on outer surface

most water lost via (open) stomata ;

cuticular transpiration only ;

ref. fo where most exposure to, light/air currents/wind ; [max 2]

(b) xerophytic / xerophyte ; 11

@ [Total: 4]

*$
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117. 9700_s16_ms_23 Q: 4

(a) label line to wall or lumen of any phloem sieve tube ; [1]

(b) transport of assimilates ; A named assimilate e.g. sucrose/amino acids/auxins
from source to sink ; A from leaves to named sink e.g. roots/fruits
translocation/ mass flow ; [max 2]

(c) lignin for, waterproofing ;
lignin, for support/to prevent (inward) collapse/AW (of vessel or plant) ;
R prevent bursting | withstand (high) pressure
cellulose for, adhesion of water/formation of hydrogen bonds with water ;
A hydrophilic parts of lignin
pits for lateral movement of water ;
AVP e.g. rings/spirals, for, extension/growth ; [max 3]

(d) (i) surface area (0.1 x 0.1 x 6 =) 0.06 (m?) ; @
volume (0.1 x 0.1 % 0.1 =) 0.001 (m*) ; A1 x 107
surface area to volume ratio
(0.06/0.001 =) 60 ; A ecf using values given for surface area or v [3]

(ii) idea that \
diffusion (via, body surface/to cells), cannot satisfy needs low ;

or
transport system delivers materials to cells more qui
A efficient supply of, nutrients/oxygen, to all cells

long(er) distances (to reach some, cells/tiss
takes, materials /AW, close to cells ; [max 2]

Q@L [Total: 11]
Q’a'
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118. 9700 _w16_ms_21 Q: 2

(a) (i) loss of water vapour from the, leaves/aerial parts of a plant ;
R water evaporates from the surface of the leaf [1]

(ii) each factor 1 mark, explanation for each factor 1 mark
look for ora for explanation

temperature ; | high/low or hot/cold

increased temperature, increased rate as higher rate of, evaporation (from spongy cell
surfaces)/ diffusion (of water vapour out via stomata)

or

at very high temperature stomata close so transpiration, stops/slows ;

humidity ; 1 high/low

one from
increased humidity, decreased rate as, less steep water potential gradient
/decreased diffusion rate (of water vapour out via stomata) ;

wind (speed)/air movement ; | fast/slow

higher wind speed steeper, water potential gradient/ higher.diffusion rate
(of water vapour out via stomata)/diffusion shells dosnot build up /
wind moves moist air away /AW
or
at high wind speed the stomata close so transpiration slows ;

water availability ; I high/low
reduced water availability causes stomata to'close (so reduced rate of
diffusion )
or
more water available, steeper w. ential gradient between roots and leaves ;

light intensity ; I high/low

higher light intensit:
A more light

or

at very high light intensity the stomata close so transpiration slows ; A stops [4]

< e as stomata open more widely
stating factor)

(b) three from
cohesion’and ; In correct context
transpiration /transpiration pull ; A continuous column of water moving up (to leaves)
attraction/cohesion, between water molecules ; A water is cohesive
A stickiness between water molecules
adhesion/AW, of water molecules to lining of xylem (vessels) ;
only needs ‘molecules’ once
adhesion to/ AW, cellulose molecules/hydrophilic parts of lignin ; [3]

[Total: 8]
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119. 9700_w16_ms_22 Q: 2
(@) (i) tubing drawn more swollen ; [1]

(ii) three from
1 (mass) increased/AW ;

2 water in by osmosis ; A diffuse in by osmosis

if direction of water movement is out in mp2, allow ecf for mp 3
3 lower/more negative, water potential /"¥ (inside tubing) ; ora

A down the water potential gradient/from high to low water potential /from less
negative to more negative water potential

R across
R water moves from a high water potential gradient to a low water potential
gradient

| ref. to, solute/osmotic, potential
I  water moves down the concentration gradient

4 sucrose too large to leave (tubing)/pores too small for sucrose to leave ;

5 (Visking tubing) partially permeable membrane ; A selectively-permeable [3]

(b) ‘source’ and 'sink’ not required but statements should be in correct context

three from (source)

1 idea that sucrose presence in, phloem/sieve tubes, causes, low(er) /more negative,
water potential/\P ; AW
A assimilates/photosynthates/sugars/hamed, for sucrose

2 water, enters/AW (sieve tube by osmosis).; can be in context of direct entry or from
surrounding cells R from root hair

3 presence of water increases atic pressure ; A turgor (for hydrostatic)
A idea of: causes high(er) ic pressure because of entry of water (hence

increase in volume)

(sink)
4 jdea that water follows sticrose (via companion cell to sink cells, hence osmosis) ;

5 tic pressure (at sink) ; A low if in context of high at source
or heeded only once (in mp3 or mp5)
6 flow (of sap), down a pressure gradient/from high to low

pressure ;'R if osmosis implied for mass flow [3]

(c) can gain 2 marks if printed diagram is clearly modified to show correct bond and formation of
water or/and if described as fext

i I
H o) H o)
SN—c—cZ SN—c—cZ
H | OH H | OH
H ! H
‘T Ff
O H. (o)
SN—C—cZ__>N—Cc—cZ vy
H | | OH 25

line drawn between C and N ;

dotted line area is minimum to gain mark

-
‘peptide bond’ label not required to gain mark . “'Pa pa Ca m bri dg e

bond forms between the C of the carboxyl group and the N of the amino group ;
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120. 9700 w16 _ms_23 Q: 3
(a) A = cortex/parenchyma ; A cortical R cortical/parenchyma, cells
B = endodermis ; A endodermal R endodermal cells/pericycle
C = xylem ; | vessels/tracheids

D = phloem ; | sieve tube (elements) [4]
(b) allow ecf from incorrect naming of A and B in (a)

four from

from X to endodermal cell (B) or X to Y to 3 max

1 (movement of water) via cell membrane/via tonoplast/ by osmosis ;

2 (movement of water) through plasmodesmata ; do not award mp1for by
osmosis through plasmodesmata’

3 symplast pathway ; in correct context only

from after B to Y to 3 max

4 water moves by apoplast pathway ; in correct context only 0
5 water moves through cell walls ;
6 via pits in cell walls of, xylem (vessel)/Y ; é(
; [4]

7 down a water potential gradient;described as higher water pote

\ [Total: 8]

2
0&0
Q
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121. 9700_s15 ms_21 Q: 3

(a) increased/faster, movement/diffusion, of, assimilates/amino acids/
sucrose /water/solutes/ions/molecules ;
| substances/ particles/carbohydrates
| freely /easily / efficiently
| osmosis

(because) more, (symplast) pathways/passages/AW ;
accept in context of blockage of some plasmodesmata

correct ref. to symplast pathway in context of an advantage ;

e.g. of complex plasmodesmata ;
from companion cell into sieve tube (elements)/when loading sucrose

into phloem
AVP ; e.g. selectivity / control/ regulation, of movement 0 [max 2]
(b) 1 mass flow ; A pressure flow Q

2 sucrose/solutes/assimilates/sugars, decreases, water pot&@

solute potential ; A symbol(s) ¥
3 water enters (sieve tubes), down water potential gra@gsmosis ;
4 increase in/high(er), hydrostatic pressure ;
5 unloading/removal, of sucrose at the sink | e (hydrostatic)

pressure ;
6 movement (from source to sink) is th in (hydrostatic) pressure ; [max 4]

[Total: 6]

o
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122.9700_s15 ms_21 Q: 5

(a)

(b)

APPENDIX A. ANSWERS

structural feature triglyceride phospholipid

phosphate (group)/contains x v
phosphorus

nitrogen x v
charged/polar x v

(number of) fatty acids 3 2

number of ester bonds 3 2

number of phosphate ester 0 1

bonds

award one mark for any of the following comparisons

number of double bands (in 0 1 ® C\
hydrocarbon chain) \ e .
1 These are '
number of saturated fatty 3 1 E alternatives i
acids/ORA n —award one
1 mark only !
presence of double bonds x Lommmmmmmooo- '
x J

presence of unsaturated
fatty acids

@

0 [max 2]
answer may be phrased in of amylase /trypsin
ignore anything befor ifeqq. shuttle vesicles from RER
1 vesicles, form from/‘pinch off, Golgi (apparatus/body/complex) ;
2 ves, through cytoplasm/to cell (surface) or plasma membrane ;
3 ton/microtubules in movement of vesicles ;
L 4

4  energy/ , is required (movement of vesicles/fusion with membrane) ;
5 vesicle fuses with/ AW, cell (surface)/plasma, membrane ;

I bind/attach A join/merge /becomes part of
6 exocytosis/vesicle ‘opens up’ so that enzyme molecules are released ;
7 refto fluid nature of, membranes/phospholipid bilayer, that makes this

possible ; [max 4]

%"Papa(:ambridge
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role of water

property of water

solvent for glucose and ions

dipolar/polar ;
A description of polarity of water

transport in the xylem

hydrogen bonding ;
I cohesion/adhesion

helps to decrease body temperature in
humans

high latent heat of vapourisation/
high specific heat (capacity)/

high enthalpy heat of vapourisati
lots of energy required for evap ;

L/

\ (3]

[Total: 9]
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123. 9700 _wi15_ms_21 Q:4

(a) (i) loss from, leaves/aerial parts of plant ;
of water vapour ; link to first point

plus one from:

evaporation of water, from surface of spongy mesophyll cells/into air
spaces ;

diffusion of water vapour, out/to atmosphere ; R evaporation
movement/diffusion, (out) through (open) stomata ; R evaporation
water vapour moves (out) down the water potential gradient ;

[max 3]
(ii) adaptation for 1 mark, explanation to max 2
thick (waxy) cuticle ;
explanation
idea that wax is, (mainly) impermeable to water/hydrophobic / barrier to
water vapour movement ;
reduces, water loss from parts with na stomata/uncontrolled water
loss/cuticular transpiration ;
idea that increased distance decreases rate of diffusion of water vapour
or
reflective cuticle ;
explanation
reduces heat load ;
reduces evaporation (from spongy mesophyll cells surfaces) ;
reduces rate of diffusion of water vapour (through cuticle) ;
or
folded inner surface/AW ; A trichomes/hairs ;
explanation
traps water vapour /AW ;
reduces, diffusion/water potential, gradients;
(water potential gradient) between sub-stomatal air space and outside /AW ;
or
no stomata (visible) on the, o sed, surface ;
explanation
idea that stomata are m or water loss ;
idea that reduces e is a high rate of water loss ;
surface directly e to"air currents has no stomata ; ora
R curled or rolled given as adaptation but allow explanation to max 2
side ;
ir currents ; A increases humidity within enclosed
reduces, ion/water potential, gradient (between sub-stomatal air
space and outside); [max 3]
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(b) () 18gh™y;

one mark if no units given
one mark if incorrect answer but correct values extracted from Fig. 4.2
(6042 g h™) 2]

(ii) describe to max 3
rate of, transpiration/water absorption, increases and decreases/reaches a
peak ;
time delay between high rates of transpiration and water absorption/ AW ;
lower values for water absorption until (approx.) 1645 ; ora A 1630 to 1700
data quote to support ;

explain to max 3

ref. fo daylight and night and stomatal, opening/closure /AW ;

higher light intensity / greater stomatal opening, higher rate of transpiration ;

ora

idea that transpiration drives water absorption ;

further detail ; e.g. explanation in terms of water potential gradient

ref. to cohesion-tension from leaf to root [max 4]

(iii) xerophyte ;
example of xeromorphic feature ; A ref. to adaptation(s) (for diy a @
high light intensity during middle of day/AW (for species P) ;

idea that loss of water during the day needs to be minimise
suggestion that (most) stomata, closed during the day/o at night ; [max 2]

7
0&0
Q

[Total: 14]
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124. 9700_w15_ms_23 Q: 2

(@) (i)

(ii)

(b) (i)

A Y for water potential

| moisture

A aperture for stomatal aperture throughout

both units must be used at least once to award mp3 and mp7

similarities
1  when, stomatal aperture is 0 (pm)/stomata are closed, no, transpiration
/water loss ;

2 as stomatal aperture increases rate of transpiration increases in both
groups of plants ;
3 comparative use of figures with units in support of mp2 for either condition ;

differences

in moving air

4 stomatal aperture, influences/controls/AW, rate of transpiration at all
apertures ;

in nhon-moving air

5 at stomatal apertures 15 um and above rate of transpiration does not
increase further/reaches a plateau/remains constant ;

6 stomatal aperture has most effect on rate of transpiration in non-moving
air at low apertures ; ora

comparing moving and non-moving
7 comparative use of figures with units to show rates ©f transpiration at
the same stomatal aperture ; [max 3]

A water vapour potential for water potential
1 ref toincreasing width of stomatal aperture allows more water vapour to
diffuse out ; ora
R osmosis, R evaporate out

| evaporation from mesophyll

2 (intercellular) air spaces in I@fully saturated/have high water
potential /AW ;

3 in moving air, water va
the leaf ; A low humi

4 in moving air,

lown away/does not remain around
nd the leaf, A ora for non-moving air
ial gradient, is steep/maintained/increases/AW ;

ora for non- air, R concentration gradient
5 soin moying air;"high/ higher, rate of diffusion of water vapour in terms
of an idéea of a gradient ; A ora [max 3]

o
advanta ving, stomata in pits/AW

water va ist air, builds up/trapped, in the, pit/groove/crypt ;

A sunke a(ta)

reduces water potential gradient, between air inside the leaf and outside/AW ;

A diffusion gradient

less transpiration/less diffusion of water vapour out (through stomata)/water is
conserved ;

R prevents water (vapour) loss

less water needs to be absorbed ; [max 2]
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(ii) treat ‘less gas exchange’ unqualified as neutral

(iii)

cannot absorb carbon dioxide (during the day when photosynthesis occurs) ;

rate of photosynthesis is reduced/no photosynthesis ;

AVP ; e.g. less water/minerals, reaches leaf cells (for other processes)

cooling effect of transpiration does not occur

slow growth [max 1]

| moisture

1 leaves, rolled/curled, so, stomata on inside/humid layer builds up/moist
air builds up, (in enclosed area) ;
A less steep water potential gradient
R coiled/curved

2 trichomes/hairs, create, a layer of non-moving air around the leaf/allow
humid area to build up ;
A less steep water potential gradient

3 (leaves are), thick/succulent, to store water ;

4  thick(er) (waxy) cuticle reduces, transpiration/water loss ;
A makes more waterproof, A waxy layer for cuticle

5 reflective cuticles, reduce heat load/AW ; A shiny cuticles reflect heat’;

6 needle-like leaves to reduce surface area (to volume ratio so less,
transpiration/water loss) ;
A small leaves
R spikes/spines, unqualified

7 layers of epidermal cells, to reduce (cuticular) transpiration/water loss ;
8 thick walled epidermal cells, to reduce (cuticular) transpiration/water loss ;
9 ref. to hinge cells, leaf curling/wilting /AW ;
A leaves wilt to reduce exposure to the sun ; [max 2]
[Total: 11]

°
o

A
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125. 9700 _s20_ms_22 Q: 6

APPENDIX A. ANSWERS

5-flucrouracil : X X X X ;

@ Stage of cell cycle 3
(Giphase) ||
S phase 1 + interphase ;
Gz phase f H
prophase ]
metaphase }
+ (mitosis)
anaphase J ;
(telophase)
(cytokinesis)
one mark for interphase
one mark for S phase and Gz phase in correct sequence
one mark for prophase, metaphase and anaphase in correct sequence
(b) Vincristine: v v X X 0 2

(c) any three from

blood smear differences

large / larger, numbers of lymphocytes ;
more lymphocytes than normal blood smear ;

as blood smear or [ymphocyte difference
immature / not fully developed ;
ref. to no large nuclei/ nuclei not pronounced small nuclei ; A nuclei

lymphocyte difference
non-functional / AW ;
detail of lack of function for either B-lymphocytes or T-lymph

AVP ; e.qg. ref. to difficult to distinguish between ly| cyts

Q"’Q
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126. 9700 w20 _ms_22 Q: 6

(a)(i) same shape and shift to the right ; 1
must start to rise within 2 small squares of 0 and end at or near fo existing
curve

(a)(ii) max 2 if concept of more not mentioned in response 3
any three from:
1 actively respiring tissue means more carbon dioxide ;

2 increase in, formation of carbonic acid / dissociation of carbonic
acid / hydrogen ions, (in the red blood cell) ; A from equation

3 more hydrogen ions, bind to haemoglobin / form haemoglobinic acid ;
A HHb

4 (causes) more oxygen (to be), unloaded / dissociated / AW (from
haemoglobin);
| ref. to faster/quicker
| incorrect ref. to affinity causing unloading, e.g. CO2
A lower (percentage) saturation of haemoglobin with oxygen
A oxygen released, more easily / readily from haemaglebin

5 haemoglobin affinity for oxygen decreases ;

6 more oxygen to meet demand for (aerobic/ cellular) respiration ; AW
I more oxygen for respiring tissues

(b) CO:z = (passive / simple) diffusion ; 4
HCOs~ = facilitated diffusion ;

| ref. to size
COs is, non-polar / not cha@ot ionic and can cross, hydrophobic
core / phospholipid bil

HCOs™ is, charged /i drophilic and (nheeds to) cross, via,
transport/ carri @‘1 channel protein

if explanatio: s hot gained, allow 1 mark for CO; is, non-polar / not
charged/net ienic and HCOs~ is, charged / ionic / hydrophilic

T"j:.'PapaCambridge
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127. 9700_s19_ms_21 Q: 2

APPENDIX A. ANSWERS

(@) any two from:

keeps / maintains, fluidity ; A increases
A ora - prevents becoming too rigid

R increases

(‘kinks’) prevents close packing of, phospholipids / membrane components, (at low temperature) ;

idea of preventing damage to membranes by preventing freezing ;

maintains movement of (named) substances across membranes ;
A any named example of movement across membrane

AVP ; e.g. maintains movement of proteins within membrane

(b)(i) idea that triglycerides and phospholipids

are not composed of, monomers / repeating (sub-)units ;

(b)ii) any two from:

phospholipids have
two fatty acids (residues/ tails) not three ;
A hydrocarbon chains / aliphatic chains
A one less fatty acid (residue /tail) A ora
two ester bonds rather than three ;

AVP ;

a phosphate (group / head) ; A ora R ‘phosphate not glycerol’

e.g. may have a (named) additional group, such as choline / AW
e.g. triglycerides do not have nitrogen / phospholipids may have nitrogen

(c) any four from:

(smooth) muscle, cell / tissue, is target ;
thromboxane binds to receptors ;

AN

R smooth muscle constricts

~

chain of reactions / AW

1 thromboxane is a (cell) signalling molecule ;
A ‘thromboxane acts as a signal’ | ‘messenger’ / hormone
released into / circulates in / AW, blood / plasma ;

ref. to thromboxane is complementary to receptor ;
(specific) response is smooth muscle (cell) contractiol

AVP ; e.g. detail of change, such as activa; secondary messenger / enzyme cascade /

Q""'Q
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128. 9700_s19 ms_23 Q: 5

(@)(i) phagocytosis (of, dead cells / pathogens / AW) ; 1
A endocytosis of pathogens

(@)(ii) (sodium chloride) solution has lower water potential (than cytoplasm) ; ora 2
A Y for water potential

water, leaves / AW, cell by osmosis ;

(b)) |13.56;A136/14 1

(b)(ii) allow (red) blood cell count for mean red blood cell count 4
allow ora

any four from:

1 description of data ; e.g.
lowest mean red blood cell count for, (population) A / lowest altitude
(populations) B, C and D / all other altitudes, have a higher mean red blood cell count than A / 695m altitude
(population) B has highest mean red blood cell count
(population) B has higher mean red blood cell count than C and D

physiological explanation population A compared to B/C/D

2 decrease in partial pressure of oxygen in the atmosphere with increase in altitude / AW
or
lower partial pressure of / less, oxygen in, inhaled air / lungs / alveoli AW

3 ref. to haemoglobin ;
e.g. lower saturation of haemoglobin with oxygen (in lungs) ‘

lower affinity of haemoglobin for oxygen (in lungs)
more haemoglobin required to carry sufficient oxygen to tissues
4 suggestion of increase in count at 1676 m and above ;
e.g. rate of production of red blood cells increases
higher erythropoietin (EPO) levels
ref. to changed proportion of plasma to red blood cells / plasma vol ses
5 little difference between B, C and D/ AW ;
6 differences in altitude are not great / AW ; in context of

7  ref to genetic differences / adaptation to envirol nt;
allow if general statement includes population A

8 AVP;e.qg. ref. to differences in demographi

(e) less haemoglobinic acid is formed / fewer, s to bind to haemoglobin (to cause dissociation of oxygen) ; 2
any one from:
binds to allosteric site / site other T e (of enzyme), qualified ;
e.g. causes change in I
substrate canno ite
fewer / no, rate / ES, complex formation

prevents / reduce
dissociation

acid / H.COs, formation / AW ; A fewer hydrogen ions produced from carbonic acid

D 4
*le
®
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129. 9700 w19 _ms_22 Q: 3

(a) any two from: 2

1 higher / better, resolution
A higher resolving power
I clearer resolution
or
greater ability to distinguish between two points / AW ;

ignore wavelength values if stated as wavelength but R if stated as resolution
values

2 ref. to resolution values ;
€.g. able to see points closer together than 200 nm (range 100-300 nm)
can see, points up to 0.5 nm (0.0005 pm) apart (range 0.2—1.0 nm)
can see structures larger than 0.5 nm

3 thinner sections can be obtained ;
A idea that complete image will be in better focus

4 able to see, ribosomes / membranes / detail within"erganelles ;

(b) any three from: 3

1 (shape of) red blood cell is biconcave accept biconcave from a diagram
or

(shape of) erythroblast is, cuboidal / spherical’/ not biconcave / irregular /
AW ;

2 red blood cell has no nucleus/ erythroblast has nucleus ;
3 erythroblast has, mitoch@/ organelles / named organelles
or

red blood cell has n:i ondria / organelles / named organelles ;

re haemoglobin / erythroblast has less haemoglobin ;

4 red bloed
I ref. to
statement only about erythroblast.

A'erythroblast has no haemoglobin
ent only about rbc: must say more haemoglobin

stat ith both:
lood cell has haemoglobin, erythroblast has no haemoglobin

5 AVP ; e.g. erythroblast, is larger / basophilic
red blood cell is more flexible
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(e)(i)

N 4

3 structures correct and involvement, incorrect / not stated, allow 1 mark

three correct rows

| extra rows added with additional structures

nucleus / chromosome

(has) gene / DNA, coding for protein
or (for) transcription / mRNA synthesis ;
A produces ribosomes if stated as made in

A ribosomal subunit

nucleclus
nucleolus produces, rRNA / ribosomes / ribosomal
subunits ;
ribosome (site of) polypeptide / protein, synthesis

A described I makes amino acids
A to synthesise enzymes

or (for) translation

or binding of, mRNA / tRNA ;

rough endoplasmic
reticulum

A rough ER/RER

R wrong word for ‘rough’
if RER also stated

transport vesicle

site of, polypeptide / protein, Synthesis
A described
A to synthesise enzymes

or (for) translation

or (for) attachment of ribosomes

or protein /post-translational, modification
A examples

otein transport ;
packaging proteins

Qo move protein from RER to Golgi (body /
apparatus / complex) ;

Golgi (body /
complex)

for, protein / post-translational, modification /
AW ;

A examples

| packaging proteins

provides / produces, ATP for, tRNA
aminoacylation / charging amino acids before
attachment to tRNA ;

(c)(ii)

carbonic anhydrase ;

R carbon anhydrase / anhydrase

T"j:.'PapaCambridge
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(d) assume spherocytosis type 2 unless stated otherwise 2

any two from:

spherical means reduced surface area (to volume ratio) (so less oxygen
diffusesin) ;
A SA for surface area

idea of further distance for oxygen to reach, (some) haemoglobin molecules /
centre of red blood cell ;

not enough time to reach, same level of / 98%, saturation of haemoglobin ;
idea of blood flowing through

ref. to spherical shape / larger / less flexible, so less able to pass through,
(pulmonary capillary) network / AW ;

(e) any three from: 3
(water potential gradient created / loss of equal water potentials, so)

similarities
1 water enters cells, by osmosis / down the water potential gradient / from
high to low water potential ;

A Y for water potential

2 both type of cell, swell / increase in size';

differences

3 spherocytosis cells, burst / lyse, more‘easily / before red blood cells ;
A spherocytosis cells burst more quickly

A spherocytosis cells %and red blood cells do not burst

4 AVP ;
e.g. spherocytosi already more swollen spherocytosis cells have

rted (on their cell surface membrane) than normal
AW

idea of'spheroeytosis cells unable to take in as much water and stay intact
ref. to/less stable / less support for membrane, so weaker membrane (for

cytosis cells)
’? flexible
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130. 9700 w19 _ms_23 Q: 1

695

(@)

haem ; A heme/prosthetic group
liron/iron ion/Fe/Fe?*
I porphyrin ring

(a)ii)

one from

combines with / binds / carries / transports / AW, oxygen (in lungs) ;
R forms bonds

releases / AW, oxygen, in tissues / at low oxygen concentrations ;
allows haemoglobin to transport oxygen ;

(b)

two from

1  spherical/ball-like / rounded / AW ;
R circular / round ignore 3D shape

2  (water) soluble / forms H bonds with water ;
3  hydrophilic R-groups on outside of molecule / hydrophobic R-groups on inside ; R ref. to ‘tails’

4 dynamic/metabolic/ physiological / AW, function ;

made of amino acids ;
one from

joined by peptide bonds ;

R ‘peptide bond between two amino acids’ R ‘dipeptide bond(s)'
macromolecule / long-chain (molecule) / large molecule ;
repeated / many, (sub-)units / monomers ;

(d)

three from
1  (R-group of) glutamic acid/ glu, is polar/ hydrophilic and (R-group of) valine /val, is non-polar / hydrophobic ;

2 change in tertiary structure ;
A ‘change in globular shape / less globular in shape’

3 change in quaternary structure of haemoglobin ; R of B<glebin
4  ref. fo haemoglobin forms fibres (with other Hb) ; A ‘sticky molecules’
5 haemoglobin is less (water) soluble ; I insoluble
6 haemoglobin is less efficient at, binding ing, oxygen ;
A less oxyhaemoglobin
A haemoglobin / g-globin, has lo r oxygen
A reduced oxygen carrying capa

I haemoglobin, does not/ I Xygen

7 AVP;

(e)

three from

1 haemoglobin combines with carbon dioxide ;

eptide can carry a molecule of carbon dioxide / haemoglobin can carry four molecules of carbon dioxide ;

5 carbon dioxide remains, bound / AW, to Hb until in, region of low pCO; or high pO. / pulmonary
circulation / lungs / alveoli ;

6 ref. to (carbonic acid dissociates to form) hydrogen ions, which bind to / AW, haemoglobin ; A H* forms
haemoglobinic acid or HHb
I hydrogen unqualified

7 AVP; e.g. hydrogencarbonate ions to plasma
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131. 9700 w19 _ms_23 Q: 4

(@) artery wall 4

| narrow lumen to maintain high (blood) pressure
| ref. to valves/ ref. to inner lining being wrinkled or wavy

1  thick, walled / tunica media, to withstand high (blood) pressure / prevent bursting ;

2  endothelium / endothelial cells / tunica intima, are smooth, little friction to blood flow / easy flow of blood / no eddies
of blood flow /AW ;

3 elastic, tissue /fibres, stretches to allow surges in blood flow / recoils to maintain blood pressure or force blood
forward ;

4 smooth muscle (contracts to), maintains / regulates / controls blood flow ;
A smooth muscle distributes blood

5 collagen fibres, avoid rupturing / bursting ;
(b)(i) red blood cells / erythrocytes ; R red and white blood cells 2

one from

biconcave (shape) ;

no nucleus ;

idea of uniform, cytoplasm/ cell contents ;
Iidea of rouleau/ stacked cells ; I ‘clumped’
I size

(b)(ii) assuming arteriole unless told otherwise, accept alternative terminology for layers of wall of arteriole 4
1 ref. to folding

1 thicker wall/ more than one layer of cells in wall / has tunica intima, tunica media and tunica adventitia whereas
capillary has tunica intima ; A endothelium for tunica intima

2  more cells forming, perimeter/tunica intima ;

3 wider (vessel)/ wider lumen/AW ; A actual width(s)

4 nucleus/nuclei, present in wall only in arteriole ;

5 cells lining lumen/ endothelial cells, are thicker.;

6 lumen smaller, relative to the, thickness of the wall Loverall width ;
7 more (red blood) cells (in lumen) ;

8 nuclei projecting inwards only in

9 AVP; e.g. ref. fo smooth mus

capillaries are surrounde
correct calculation

magnifications in Fig. 4.1 arteriole 20—-35 um and capillary 6—7 um

(c)(i) blood (at start of capillary) ; 2

of blood ;

5 AVP; e.g. ref. to pores / fenestrations / gaps, within / between, endothelial / lining, cells
e.g. molecules smaller than MM ~68 000 (g mol-'/ daltons) can pass out

(c)(ii) lymph ; A lymphatic (fluid) 2

one from
1 any cells / waste products/ toxins / antibodies / fatty acids and glycerol

no, nhamed / large / plasma, proteins, e.g. albumen

no/little / less, oxygen / glucose

higher concentration of / more, carbon dioxide

AVP ; e.g. higher concentration of / more, fat/ lipids / lipoproteins

if fluid identified as tissue fluid give one mark as an ECF for a difference between plasma and tissue fluid

e.g. no, named / large / plasma, proteins e.g. albumen
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132. 9700_s18 ms_21 Q: 4

697

(a) E — haem/ porphyrin (ring) ;
I iron / iron-containing group
A conjugated group / prosthetic group

F —a helix ; R a helix

G — tertiary structure ; A 3° structure

H — primary structure ; A 1° structure

J — quaternary structure /4° structure / 2o and 2p globins ;
A polypeptides for globins

(b)) | 98 (%);

(b)ii) four from:
1 Bohr, shift/ effect ;

(to muscle tissue)/ increases dissociation of oxyhaemoglobin ;

(increase in carbon dioxide).ir
increase in hydrogen ions (in

ses production of carbenic acid ;
ood cells) ;

[0

A haemoglobin has an affinity for hydrogen ions
6 decreases the affinity between haemoglobin and oxygen ;

(at any pO; on the left of graph) percentage saturation of haemoglobin decreases / haemoglobin releases more oxygen

A any comparative data quote for any one value of pO, between 1 and 5kPa

haemoglobin accepts hydrogen ions / formation of haemoglobinic acid (HHb) ;

133. 9700 w18 ms 21 Q: 6

@)(i) any three from

haem group containing iron (atom) ;

four haem groups (per molecule of haemoglobin) ;

each iron (atom)/ haem / prosthetic group, binds one oxygen molecule ;
or

four oxygen molecule per haemoglobin molecule ;

cooperative binding / allosteric effect described ;

AVP ;

(a)(ii) any two from
ref. folding of polypeptide chain(s)/ globin(s) fold (to give globular structure) ;
A ref. to, tertiary structure / quaternary structure

inside of the molecule ;
A hydrophilic and hydrophobic amino acids
hydrogen bonds form with water (molecules) ;

(so) hydrophilic R groups (of amino acids) are on the outside of the molecule / hydrophobic R groups (of amino acids) on the

(b)(i) llama = 90.5% human =78.5% ;

(b)(ii) any two from
lower partial pressure of oxygen at high
at the same partial pressure the p
ref. to haemoglobin has a hi

idea that sufficient oxygel sues to satisfy demand ;

uration is (much) higher than for humans ;

134. 9700 w18 ms_ 22 Q: 6

(a)
pr

Inamed protein, synthesis / transport/ modification ;
al modification / examples

Golgi body
modification / processing, of, proteins/ lipids
A post-translational modification / examples / makes proteins functional
or packaging (molecules) into vesicles
or formation of, Golgi/ secretory, vesicles
or forms (primary) lysosomes ;

centrioles
formation of, spindle fibres / spindle or microtubule organisation ;

(b) Airon/Fe;
| oxidation status of Fe
A iron atom/iron ion
R iron molecule

B carbaminchaemoglobin ;

C haemoglobinic acid ;
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135. 9700_s17_ms_22 Q: 6

APPENDIX A. ANSWERS

(a) row 1  globular + globular ; 3
row 2 2, alpha/a, globin, and 2, beta/ B, globin (chains) ;
A 2 alpha and 2 beta chains
row 3 disulfide (bridges / bonds) ; covalent is neutral
(b) mMRNA strand produced UGU ; 2
tRNA anticodon sequence UGU ;
Total: 5
136. 9700_w17_ms_22 Q: 2
(a) two from 2

membrane (and will be broken down by phospholipase)
cell, bursts / lyses / lysis / ruptures ; haemolysis is neutral

cell contents / AW / haemoglobin, leaks out/AW ; | water

cell (surface) membrane / plasma membrane / phospholipid bilayer, damaged / AW ; A phospholipids are in cell surface

both have /similarities (max 3)
glycerol (residue) ;

fatty acids ; I ref. fo saturation, R both have, two/ three, fatty acids
ester, bonds /linkages ;
CandHand O;

double bonds ; A both have C=0

differences (max 3)
triglyceride / fat/ il / lipid

(b) allow, fatty acids /fatty acid tails / hydrocarbon chains, for fatty acid residues

0 a

no, choline / nitrogen
A no/small/ delta, charges

three fatty acid residues
or one extra fatty acid residue ;

A triglyceride has three ester bonds incorrect

R if eomparison includes phosphatidyicholine
the number of fatty acid residues is

no, phosphate (group) / phosphorus
A no, phosphoester/ phosphodies

has phosphate ;

A has phosphoester / phosphodiester bond

(c) smooth endoplasmic reticulu

two from
membranous /

tubular ; A cis lescribed as flattened

P

R R SER R if more than one organelle given R endoplastic 3

ref. to vesicles, formed / bud off R envelope / double membrane
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137.9700_m16_ms 22 Q:3
(a) (i) agene codes for a protein/gene coding for EPO ;

ref. transcription ; A gene ‘switched on’
A increase gene expression

mRNA (required) for, EPO/protein, synthesis
or
mRNA involved in translation ;
[max 2]

(if) vesicles move to, cell (surface)/plasma, membrane (via cytoskeleton) ;
(vesicles) fuse/merge, with cell (surface) membrane ;
exocytosis (occurs) ;
(movement of vesicle/exocytosis) requires, energy/ATP ;
A active (process)
R active transport
[max 2]

(b) (i) EPO, binds to/combines with/ AW, receptors ;

receptors, complementary to/specific shape for, EPO ;
A EPO fits into receptors

cell signalling/EPO binding leads to (specific) responses within the (target)
cells/AW ;
I cells respond to EPO

only, target/bone marrow, cells, haveyreceptors, for EPO/specific to EPO ;

ora
A binding triggers respons ithin, target/bone marrow, cells

(ii) too large ; 0
ref. to shape, cannot s through ;

(protein) is,hydrophilic/ water soluble, and cannot cross hydrophobic core (of
ipid bilayer)/ AW ;

[max 3]

¢
no gp%cific ne transport protein ;

[max 1]

(c) stemcell; A haematopoietic stem cell
treat as neutral adult/non-embryonic/multipotent/ stromal [max 1]
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APPENDIX A. ANSWERS

(d) max 3 jfall description (D) or all explanation (E)

(e)

A Hb for haemoglobin and Hb concentration for mean Hb concentration
A g perkg/gkg™, for g per kg body mass

constant
D Hb concentration, remains constant/of 12.6gkg™, for first two weeks (of
investigation)/ up to start of injections ;

E idea of regulation ;
e.g. sufficient oxygen so no requirement for increased EPO

increase then decrease description
D (then)increase in Hb concentration (from week 2) for 5 weeks/AW,
then decrease (for last three weeks /to week 10) ;

D data quote/manipulated data to support ;
e.g. increase from 12.6¢g 1g‘ (week 2) to15.3gkg™" (week 7)
increases by 2.7gkg™ (to week 7)
decrease from 15.3g k1g‘1 (week 7) to 13.7gkg™ (week 10)
decreases by 1.6gkg " (to week 10)

increase explanation
E EPO increases production of red blood cells that contain Hb LAW ;

decrease explanation

E red blood cells, short life span/die ;

E cell signalling stops/(target/bone marrow) cells no longer stimulated/AW ;
A EPO, degraded/AW

increase after injections stop
D Hb concentration increases for 1 week afterinjections have finished ;

E idea of, time delay for red blood cell production to stop/time for immature
red blood cells to mature and be released into blood stream ;

AVP ; e.g. steady increase as timenre ed for, mitosis/cell
proliferation/di @ ation into red blood cells/production of

haemoglobij
contributor; increase may be, accumulation/increased
f

con EPO with injections
[max 4]
high u low oxygen partial pressure so
lesscoxygen | d air/less oxygen (would be) transported to tissue/AW ;
lower c;xygen ation of haemoglobin/haemoglobin has lower oxygen affinity ;
body requires more red blood cells that contain haemoglobin/AW ;
A more red blood cells produced so more haemoglobin (to bind oxygen)
idea of compensation ; R idea of body getting mare oxygen
[max 3]
[Total: 16]
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138. 9700_s16_ms_21 Q: 5

(@) (i)

(ii)

(b) (i)

(ii)

(c) (i)
(ii)

if draw other stages mark first one only — either left to right or top to bottom

2 i e
5
o
- N = —_’ﬁ
-’ E -
s e
— o -
- p— A d_._,..-"”’
|
B | ——

four chromatids /daughter chromosomes, drawn as single structures

between equator and poles ;

V shaped, chromatids/daughter chromosomes, in correct orientation ;

spindle (fibres) attached to all four, centromeres/kinetochores/apex, and

centrioles ; R if these extend between chromatids [max 3]

1 attach to the, centromeres (at prophase) ; A kinetochores

| if aftach at metaphase

attach to, centrioles ; A centrosome/MTOC

arrange the chromosomes on the, equator/ metaphase plate ;

pull/move, (daughter) chromosomes, apart/to the polés,;

A separates for moves apart A (sister/identical) chromatids

I ends R homologous chromosomes [max 2]

hWON

1 produces/makes/synthesises, haemoglobiny Hills up
2 produces/makes/synthesises, carbonic anhydrase ; I fills up
3 loss/AW, of the nucleus ;
4 loss/AW, of (named) organellesg

e.g. ribosomes/(R)Eleitoc@
5 becomes biconcave/describéd
6 AVP;e.g. cell surface/a %‘ /named antigens

ref. to cytoskeleton @ [max 3]
cell Y
1 remains/stays a stem cell ;
2 divides/undergoes mitosis ;
| ref. tg becoming a type of blood cell/ platelet
oRi mes a cell other than a blood cell/platelet [max 1]
13.54 [max 1]
L 4
1 ressure of oxygen (at high altitude) ;
A pO2/ ppO,
2 less oxygen in, inhaled air/lungs/alveoli ;
3 so haemoglobin, is not fully saturated/has lower saturation (with
oxygen) (than at sea level)/lower affinity for oxygen ;
4 idea that more red blood cells so, higher concentration of/more
haemoglobin ;
5 allows, same/similar/enough, volume of oxygen to be transported in the
blood as at sea level ;
6 volume of oxygen transported in the blood is less ;
7 less oxygen for (aerobic) respiration/lack leads to anaerobic
respiration ;
8 any consequence, e.g. fatigue, altitude sickness ; [max 4]
[Total: 14]
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139. 9700 _w16_ms_22 Q: 4

(a) allow middle coat/intermediate layer/ middle layer, for tunica media
allow adventitia for externa

one from
a thick tunica media ;
a thicker tunica media than tunica externa ; ora
a thick layer of, (smooth) muscle/muscle and elastic tissue ;
A thick muscular wall
R striated /skeletal, muscle
many (layers of) smooth muscle cells ;
a, well-defined/firm/oval/regular/ AW, shape (in cross section) ;
narrow/AW, lumen in relation to thickness of wall ; A narrow lumen

convoluted/folded/ AW, endothelium/tunica intima ; [1]

(b) 2 correct functions with no link to a structural feature — award one mark only.

R muscle/collagen, stretching and recoiling/recoiling
R elastic tissue contracting and relaxing

two from
1 (smooth) muscle/elastic tissue, maintains (blood) pressure ;
A increases blood pressure

2 thick (tunica media) / elastic tissue/ (smooth) muscle/collagen (fibres),
withstands high pressure/prevents rupture/AW; A bursting

3 elastic tissue to smooth out (pulsatile) flow; R smooths flow to give pulses

4 muscle/elastic tissue, helps in blood flow/move blood/

keep blood moving forward
ood forward/ pushing blood

5 (smooth) muscle, ction/relaxation, altering volume of blood delivered ;
A idea of, dive blood/regulating blood flow

I muscle dilates [2]

A 4

s

4
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(c)

(d)

703

magnification = image diameter + actual diameter ; AM=1+A
allow one mark only if correct answer but units given

if calculation is shown measurement must be correct and working must lead to
correct answer

x 3.5;; 18 (mm)/5.2 (mm) = 3.46
A x 4 if correct working, and/or, 3.5 shown
A x 3 if 3.46 only shown from correct working

other acceptable answers using same ctiteria
x3.3; 17/5.2=3.27 Ax3

x34; 175/52=337 Ax3
x3.6; 185/52=356 Ax4

x37; 19/5.2=365 A x4 [3]

three from
1 (good) solvent ; R organic solvent

2 statement linking solvent properties to role of plasma je.g.
standalone statements do not need mp1
polar molecules/ions/ionic compounds/named substance(s),
dissolve in, water/plasma R bloed cells
ions dissociate, in water/plasma
many /AW, substances dissolve in, water/plasma)R blood cells
water is attracted to (many different) substances
water/plasma, is the transport medium for substances/transports substances
presence of solutes to maintain (co t) water potential

3 cohesion between water mol ter is cohesive ;

A water molecules are
4 so, continuous/ qu W, blood flow ; in context of mp3

5 high specific heat (

ing high specific heat capacity to role of plasma ;
high heat capacity/ specific heat capacity
bilise / (body to) regulate, temperatures
constant (blood) temperature

ists changes to temperature

7 high (latent) heat of, vaporisation/evaporation ;

8 in body temperatures, plasma stays liquid/water does not evaporate ; AW
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other acceptable points — note that mps 10, 12, 14 are linked to water property

APPENDIX A. ANSWERS

9 low compressibility ; A incompressible

10 maintains efficient blood flow/helps to push blood through vessels ; AW

11 low viscosity ;

12 allows efficient circulation of blood /AW ;

13 pH 7/neutral ;

14 ref. to stability proteins ; A prevents denaturation [3]

[Total: 9]

140. 9700 w16 _ms_22 Q: 6

(a) (i) J= mitosis; A mitotic division I nuclear division
R mitotic cell division
K = cytokinesis; A cytoplasmic, division/cleavage | cell division

L = interphase; [3]
(ii) interphase ; A S-phase/synthesis phase/late interphase
R early interphase [1]
(b) (i) bone marrow ; [1]
(ii) lobed/irregular ; [1]
(iii) lysosomes/vesicles ; [1]
(c) (i) two from
ref. o loss of control over ent it substances ;
A membrane no longer y/selectively, permeable

A becomes more p
lose, ions/ nutrient , ions/nutrients
lose water ; Rgai er (as cell wall still intact)
metabolic reactions, prevented/impaired ; AW
enzymes no longer function ; AW

cytoplasm shrinks ; AW R lysis/bursting
contents leak out ; [2]

(ii) breakdown/weaken/digests/AW, cell wall ; A destroyed/damaged
| breaks cross-links/cross-links cannot form

(water enters s0) lysis occurs/bursts/AW ; [2]

[Total: 11]
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141. 9700 _w16_ms 23 Q: 5

(a) (i) 98.5/98/98.48 (%) ;R 98.4

(ii) (in solution/dissolved) in the plasma/cytoplasm of red blood cells ;

(iii) two from

carbon monaexide, combines with haemoglobin/forms carboxyhaemoglobin ;
irreversible / permanent/stable compound/AW ;
reduces haemoglobin available to transport oxygen ;

alveolar walls/elastin, broken down (in emphysema/COPD) ;
less surface area for, absorption of oxygen/gas exchange ;

(b) accept steps of reaction if in reverse — as in the lungs

(c)

1 catalyses/AW, the reaction (in red blood cells), between carbon dioxide and
water/to form carbonic acid ; A correct equation

2 (carbonic acid dissociates to form) hydrogencarbonate ions/bicarbonate
ions/HCOs™ ;

3 very fast reaction ;

4 maintains (steep) concentration gradient for diffusion of carbon, dioxide from
tissues to blood ;

5 catalyses reverse reaction in the lungs ;

6 hydrogencarbonate ions bicarbonate ions/HCO;™, diffuselAW,into the
plasma ;

1 Bohr, effect/shift ;

AND

to max 2 (‘more’ only needs to be used oace)

2 carbon dioxide decreases affinity oglobin for oxygen ;

3  more oxyhaemoglobin dissoci at a lower concentration of carbon
dioxide) ;
A oxyhaemoglobin dissoci e readily
A haemoglobin, rele ore oxygen

4  more oxygen for (r iring, tissues/cells ;

5 to meet the demand forincrease in (aerobic) respiration ;

A to provide, énough/sufficient, oxygen for respiration
ora e.g. delays onset of / prevents, anaerobic respiration

A ¢

705

(1]
(1]

(2]

(3]

(3]

[Total: 10]
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142. 9700_s15 _ms 21 Q: 4
(a) enzyme A uses ‘lock and key’ and enzyme B uses induced fit ;
A enzymes work by ‘lock and key’ and induced fit
enzyme A/lock and key, (shape of) active site is complementary/AW, to
(shape of) substrate (molecule) ;

enzyme B/induced fit, has an active site that, moulds around/ AW, the
substrate ; [3]

(b) (i) 1 Pisp-pleated sheet, Qis a-helix ;
accept if P and Q are identified by a description

2 determined by, coiling/folding/sequence, of amino acids/ polypeptide ;
A primary structure for sequence of amino acids

3 stabilised/held /AW, by hydrogen bonds ;

4  between C =0 and H-N (of peptide bonds) ;
A carbonyl/carboxyl group, and, amine/amino group

5 refto, parallel/anti-parallel, nature of f-pleated sheet ; [max 3]
(ii) 1 catalyses reaction between carbon dioxide and water to,form carbanic acid ;
A correct, formulae/equation
2 very fast reaction ;
3 in(cytoplasm of) red blood cell/ erythrocyte ;

4 (sothere are) hydrogen ions/protonsgand hydrogencarbonate ions ;

5 hydrogen ions promotes ox
e.g. reduces affinity
gives up oxygen

10globin dissociation/AW ;

6 increases sup n'to (respiring) tissues ;

7 carbon dioxide is\transported as hydrogencarbonate ions ;

8 int
A 4
9. 2AV
* c anhydrase catalyses reverse reaction in the lungs
o hydrogencarbonate ions as buffer in plasma (as a
consequence of reaction)
R buffering action of haemoglobin in red blood cells [max 4]

lasma ; A carbon dioxide diffuses from red blood cell to plasma

[Total: 10]
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143.9700_s15_ms_22 Q: 3

(a) same, water potential /¥ (inside + outside)/no water potential gradient ;
A same solute potential | osmotic potential

(b)

(c)

(d)

(e)

(so) no, net/overall, movement of water (molecules) ;

A osmosis does not occur

for two marks match correct plasma component and, mechanism/membrane component if

no mechanism given

plasma component ;

mechanism ;

membrane component ;

oxygen (passive) diffusion (phospho)lipid bilayer/
carbon dioxide A movement from high hydrophobic core (of
steroids/ steroid to low concentration membrane)

hormones

glucose facilitated transport(er)/carrier/
amino acid(s) diffusion ; integral/intrinsic/

named amino acid
mineral/inorganic, ions
named ion e.g.

sodium ions/Na",
magnesium ions/Mg**
chloride ions/CT,
hydrogen ions

A active transport
A cotransport

transmembrane, protein ;

A channel protein for
facilitated diffusion

A pumpsprotein for active
transport

707

hydrogen carbonate
ions/HCO5_

phosphate ions/HPO,*

potassium ions (K*)

A urea, with any of the three mechanisms and relevant membrane component to match the

mechanism stated @ [3]
(x) 1000 ;; A (x) 947 /947 .4 or 2.6
if units given = one mark o

if incorrect allow one ma correct length measured 9/9.5/10 mm and knowledge of
formula is correct (magnification = image length/actual length — this can also be seen by
workings e.g. 9.5mm = 9.5 um) but incorrect conversion factor used for final calculation  [2]

A ¢
feature - one m
L 4
F red blood s/haemoglobin, close to body cells ;
F (capillary) endothelium/ capillary wall, one cell thick/ thin ; A epithelium
E short distance/AW (for oxygen to move to cells) ;

ith appropriate explanation = one mark

F ref. to, diameter/size, red blood cell and capillary (lumen) similar ;
E slows down flow (to allow sufficient oxygen to move out)/short distance

(for oxygen to move to cells) ; [max 2]
no/fewer, gaps/fenestrations/pores, in endothelium/capillary wall ;
A spaces
ref. tight junctions between (endothelial) cells ; A epithelial cells
idea that cells wrap round/fewer cells make up capillary wall, so reduces
(endothelial) cell-cell contact ;
idea of layer around capillary /basement membrane, impermeable ; [max 1]
[Total: 10]
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144. 9700 _s15_ms_23 Q: 4

(a) (i) A bp for blood pressure throughout
1 bp decreases with distance (from, heart/LV) ;
A named vessels to indicate distance
2 difference between minimum and maximum bp decreases (with

distance) ;

3 maximum and minimum bp are the same, at the capilaries/ after
arterioles ;

4 (BP)reaches zero kPa, at large veins/vena cava(e) ; A after small
veins

A no blood pressure
5 steepest decrease in bp between aterioles and capillaries ;
6 correct data quotes ;
e.g. mp 1 from 16 kPa to OkPa for maximum bp
mp 1 from 10.6—10.8 kPa to 0 kPa for minimum bp
mp 2 11.6/11.8kPa, in aorta/nearest to left ventricle and 0 kPa at
capillaries
mp 3 (same bp of) 5kPa [max 3]

(ii) (presence of) valves ; R bicuspid/tricuspid, valves
to stop backflow/allows one-way flow/flow only towards heart ; [max 2]

(b) hydrolysis ; A breaking bond using water
(of / breaking of) peptide bond ;
between Phe and His/Phe-His bond ;
removal of, two amino acids/His and Leu/dipeptide; [max 3]

(c) 1 (ACE)inhibitor/drug, has similar shape assubstrate/polypeptide ;
2 complementary (shape) to active site(shape);
3 binds to/fits into/enters, active site (of ACE'enzyme) ;
A forms enzyme-substrate complex
4 substrate cannot, enter/bind ; %
A competes with substra ve site

A no/few/prevents fori @? of, ES complexes
5 reduces rate of, reactio on of angiotensin/product formation ; [max 3]

[Total: 11]
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145. 9700 _m20_ms_ 22 Q: 3

(a) superior vena cava and inferior vena cava ; 1
A venae cavae
A vena cava

(b) any four from: 4

pressure in ventricles decreases (in context of relaxation) ;
semilunar valves close ;
atria filling with blood / blood entering atria
bicuspid and tricuspid/ left and right atrioventricular, valves open ;
A mitral for bicuspid
blood enters ventricles (passively) ;  allow once only (either marking point 5 or 8)
atria contract/ atrial systole ;
pressure in atria exceeds pressure in ventricles ;
(so) blood enters ventricles (from atria) ;  allow once only (either marking point 5 or 8)
AVP ; eg.ref. to heart sounds (from valve closure)

BWN =

OO~ O;

o

(e)(i) CTC; 3
Q GTG;

R GUG;

(c)ii) | B-globin/beta globin ; 1

(d) any three from: 3
in terms of sickle cell:

1 low(er) affinity for oxygen /low(er) carrying ability of haemoglobin for oxygen / (morg) difficult for oxygen to bind to
haemoglobin/ AW ;

uptake:
2 lower uptake of oxygen/lower saturation of haemoglobin (at same partial pressures) ;

release
3 oxygen is more easily released (at same partial pressures) ;
4 AVP; e.g. requires higher partial pressure of oxygen to reach same level of saturation
ref. to structure of abnormal haemoglobin, e.g. stieky fibres
reduced allosteric effect of haemoglobin molecule for uptake
ref. to allosteric release of oxygen in‘réspiring tissues
ref. to sketch curve on graph and‘numerical comparison
increase in, 2,3-BPG/2,3-DPG

146. 9700_s20 _ms_22 Q: 2

(a) sinoatrial node / SAN, sends out, wave
wave of excitation/AW, spreads

ion/impulses / electrical impulses ; R nerve impulses 2
all ;

(b) any two from
non-conducting fibres be
impulse must pass.down s ;
AVN (in interatrial'septum) de! impulse ;

(gives) time for atria to, complete contraction/empty ;

rial and ventricle walls ;

(c)(i) i G are semilunar and E and H are bicuspid ; 3

closes
opens
G semilunar/ aortic, valve closes
H bicuspid/ (left) atrioventricular, valve opens

(c)(ii) | (during contraction) left ventricle, generates / AW, higher pressure (than left atrium) ; 2
A do not produce the same pressure when contracting

any one from

(because) wall of left ventricle thicker / more (cardiac) muscle, so reaches higher ;

data from Fig. 2.1 to show difference in pressure ;
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147. 9700_s19_ms_21 Q: 5

(@) closed 2
blood flows through, (blood) vessels;
A three of heart, arteries, veins, capillaries

double
blood flows through the heart twice in one complete circulation (of the body)/AW ;
A ref. to pulmonary and systemic circuits / to lungs and rest of body

(b)(i) pulmonary vein ; 3
semi-lunar/ AW, valve ; A pulmonary valve R aortic valve
right, atrium / auricle ;

(b)(ii) any three from: 3
1 left ventricle / chamber Y, pumps blood into, systemic circulation / described
or
right ventricle / chamber X pumps blood into, pulmonary circulation / described
or

distance travelled by blood in systemic circulation is greater than distance travelled by blood in pulmonary
circulation / AW;

2 to overcome great(er) resistance to flow in systemic circulation ; ora
3 high (blood) pressure is required for blood to travel around the systemic circulation ;
4

high pressure requires more muscular force ; ora 0
5 pulmonary capillaries, rupture easily / damaged by high pressure ; Q
| more cardiac muscle ‘_é
(c) any four from: \ 4
1 impulse /wave of excitation / AW, passes from SAN to atria (muscles) ;
R nervous impulse / sighal once only

2  atria both contract, together / at the same time ;
A atrial systole if not contradicted by one contracting before the
3  atria contract before ventricles ;
4  fibrous / non-conducting, tissue prevents impulse travellin icles ;
5 impulse delayed at AVN ;
6 AVN passes impulse to, bundle of His / Purkyne fibre:
7 Purkyne fibres conduct impulses to muscle in of .
8 ventricles contract together (if mp2 not awart 3

A ventricular systole if not contradicted as fi
9 ventricles contract from the bottom upwards
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148. 9700 _s19_ms_23 Q: 6

711

(a)

structure in the heart

letter

valves preventing back flow of
blood into the ventricle

S;

blood vessel carrying blood
under highest pressure

P;

chamber that pumps blood to
the lungs

(b) treat as neutral effects of nicotine on the brain and ref. to adrenaline
any three from:

increased heart rate ; | increased heart beat
increased blood pressure ;
increases risk of, blood clotting / thrombus formation ;
A increases risk of thrombosis
A increases stickiness of platelets
damages the endothelium ;

A named blood vessel types

AVP ; e.g. stimulates vasoconstriction / reduces the diameter of blood vessels

(e)(i) any one from:

two nuclei vs one ;
ref. to, DNA / chromosome, content ;
cytokinesis has not occurred ;

A cytoplasm has not divided (into two cells)

(e)(ii) any two from:

in context of cardiac myocyte or overall heart function

unable to replace, damaged / worn out / old, cardiac myocytes ;
R repair myocytes

unable to repair (damaged) cardiac, muscle / tissue ; A heart tissu

repair (to cardiac muscle may be) with, unspecialised £

149. 9700 _ml18 ms 22 Q: 5

(@) any three across both sections:

SAN (max two):
1 pacemaker/ sets rate of hea

3 initiates / brings abo
AVN (max two):

4 actstorelay
5 introduces

ribed ;

empty / ventricles to fill

nsible for rhythmic contraction ;
2 sends out, impulses / w; iony waves of depolarisation ;
at / contraction of the heart/ atrial contraction / atrial systole ;

lar, systole / contraction(s) / prevents simultaneous contraction of atria and ventricles / AW

itation / impulses, to, bundle of His / Purkyne fibres ;

o)

(b)(ii) any two from:

single layer/one cell thick ;
flattened/ thin, cells ;

A squamous / pavement, cells / epithelia
smooth surface (facing lumen) ;
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150. 9700 _w18_ms_22 Q: 2

(a) xerophyte / xerophytic ; R succulent/ cactus / named 1
(b)(i) phloem ; A sieve tube(s) R phloem sieve / phloem tube 1
A sieve tube elements R phloem companion cell
(b)(ii) any two from 2
1 for, transport/translocation, accept assimilates/products
or of metabolism, if in context of
movement/ AW, from source to sink ; cardiac glycosides

| ref. to transport of, amino acids / sucrose

2  ref. to source, is place of synthesis / AW
or
sink is / movement to, area where not manufactured / storage area/ area where they are required ;

3 as defence mechanism (e.g. against sap feeders) ;

(c)(i) using/ AW, water/H,O ; 2
to break bond (between phosphate groups) ; R if bond incorrectly named

(e)(ii) active transport ; 1

(e)(iii) | any four from 4

1 (reversibly) binds / attaches / AW, to, allosteric site / site other than active site ;

2 (which) changes, shape / tertiary structure / 3-D structure, of active site ;
A active site distorted
| protein structure

3 substrate/ATP, cannot, enter/bind /fit/ AW, to active site ;
A active site no longer complementary to substrate
A enzyme substrate / ES, complexes cannot form
A ESCs cannot form
| ATP / substrate, cannot bind to enzyme without a link to active site

4 no/less, hydrolysis of ATP A breakdown
or
no/less, energy released ;
I no energy, synthesised / created / produced

5 Na* not moved, out and K* not moved in ;
| active transport, stops/ decreases

(d)(i) allow  systole for contraction and diastole ation 4
bicuspid valve or mitral valve for (le tricular
aortic valve for semi-lunar valv

any four from (max 3 if whole respon. n right side of heart)
before atrial contraction/during i he left atrium and left ventricle
1 atrioventricular valve, ope i llowing atrial contraction

or
blood tricklinginto @

2  atrial contraction, blood
or

—

e blood enters ventricle ;

to ventricles / ventricles fill (with blood)

atrial contraction then ventricular contraction ;

R'if states ‘from atrium’ or ‘then to lungs’
R if occurs before ventricular contraction

5 ref. to atrium in relaxation during ventricular contraction ;

pressure changes

6 contraction of, atrium/ ventricle, increases pressure (of that chamber)
or
ref. to (blood) pressure differences to cause opening or closing of valves ;
e.g. pressure in atrium greater than in ventricle so atrioventricular valve opens
pressure in ventricle greater than aorta so semilunar valves open
pressure in ventricle greater than atrium so bicuspid valve closes
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(d)i)

I ref. to fibrillation / cardiac cycle rhythm

any three from

1

more powerful contraction of (cardiac) muscle / increased ability for (cardiac) muscle (A cardiac cells) to contract ;
A stronger contraction / contract strongly / increased contractility
| contracts more / increased contraction

blood (pumped) at higher pressure ; | blood at high pressure

more force to overcome resistance (in blood vessels) ;

more blood reaches lungs to obtain oxygen (per unit time)/ more oxygen reaches (rest of) body / tissues (per unit time) (in
g:’;:;:fj ?r'c;'ea of efficient delivery of oxygen

A more oxygenated blood can be delivered to heart, muscle / tissue AW

less fatigue /increased energy / increased mobility / AW ;

151.

9700 _wl8 ms 23 Q:4
(a) any four from
I signals
R nerve impulse first time
SAN
1 acts as a pacemaker/ initiates heart beat/ initiates cardiac cycle ;
A regulates heartbeat
A described, e.g. as rhythm / emits impulses at regular intervals
2 releases/AW, waves of excitation/ (electrical) impulses ;
A ref. to, action potentials / depolarisation
R nerve impulses
3 spread across /AW, atria/ atrial walls or leads to atrial, systole / contraction(s) ;
AVN
4  allows a (short) delay/~0.1s;
5 passes the impulse /wave of excitation, to the Purkyne fibres{ down'the septum ;
A Bundle of His
R nerve impulse
6 detail ;
e.g. so atria contract before ventricles
allows ventricles to fill / allow atria to empty completely:
so atria have, emptied / contracted, before lar contraction begins
so atria and ventricles don’t contract at the e
(b) any two from
contraction / ventricular systole, begi base of the ventricles ;
both ventricles contract at the sal
blood is forced, upwards /i (named) semi-lunar valves ;
A pushed
idea that so ventricles, & p out most of the blood ;
AVP;
e.g. so impulses /waves of excitation, travel upwards from the base
(c) any four from

1

is, signalling, molecule / compound ;

line is the signal

is @ (neuro)transmitter

et cell ;

noradrenaline / signalling molecule, binds to (cell surface) receptors (of target cell) ;
A fits’
R ‘receptor cells’

receptors are specific to noradrenaline ;
A ref. to complementary (shapes)

ref. to formation of cAMP / second messenger or activating enzyme ;

response is the opening of channel proteins (so calcium ions enter) ;
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152. 9700 _m17 ms 22 Q: 4

APPENDIX A. ANSWERS

(@) (closed) double circulation ; 5
capillary ;
pulmonary vein ;
right atrium ; A auricle
septum ;
(b)(i) two from: 2
1 idea that (to be transported) many substances need to, dissolve / be in solution ;
2 ionic compounds/named, can, dissociate/dissolve ;
3 polar compounds/named, e.g. glucose/amino acids, can dissolve ;
4 globular proteins/named, e.g. antibodies, can dissolve ;
(b)(ii) three from: 3
1 water molecules attracted to each other ; A sticky/stickiness
cohesion:
2 (hydrogen bonding provides) cohesion between water molecules ; A water is cohesive
3 reference to water leaving xylem (at top), pulling water (molecules below) ; A there is a transpiratien pull
adhesion:
4 adhesion to cellulose lining (of xylem) ; A cellulose wall
5 maintains/prevents falling of, column of water ;
6 AVP e.g. reference to cellulose hydrophilic / adhesion to hydrophilic parts of lignin ;
153. 9700_w17_ms 21 Q:2
(a) capillary ; 3
two from
single celled wall/ AW ; A thin wall
ref. fo wall composed only of one, squamous epithelial / endothelial, cell ;
ref. fo lumen diameter approx 7 um ; A 5-8 um ‘A ref. foisimilarity to dimension of red blood cell
in direct contact with tissue fluid ;
if vein named, allow one mark for, thin, to lumen) or wide / AW, lumen (relative to wall thickness)
(b)(i) 0.24s/0.25s; 1
(b)(ii) 0.08s/0.09s; Arange 1
(b)(iii) | four from max 4
similarity
ref. fo incr and decl in pressure at same time ; A description for part of the graph e.g.starts to rise at same

V'
v

point as RV, returns to minimum at same point as RV

h contract at same time

g" rence
reaches hig od pressure / peak, (than RV) ;

systolic pressure higher in LV (than RV)

left ventricle pumps blood to (whole) body / RV only to lungs)
overcome greater resistance / ora for RV

walls of left ventricle, thicker / more muscular

more force exerted by LV

s in cardiac cycle occur are coordinated ; A described e.g. impulses pass up both ventricles at the same

any two ;;
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154. 9700 _w17_ms_22 Q: 6

(@@m |s; 1

(a)ii) pulmonary vein ; 2

R;

(a)(iii) wall of right atrium ; A muscle of right atrium 1

(b) two from 2
passes the, impulse / wave of excitation, to the Purkyne fibres / down the septum ; A Bundle of His R nerve impulse

allows a (short) delay ;

detail ;

eg.

so atria contract before ventricles

allows ventricles to fill

so atria have, emptied / contracted, before ventricular contraction begins
so atria and ventricles don't contract at the same time

155. 9700 w17 ms_23 Q: 2

(@) two from 2
1 to generate a high(er) blood pressure (during systole) ; A force

I withstands/AW, high blood pressure
2 to overcome high(er) resistance (in systemic circuit than in pulmonary circuit) ;

3 totransport blood a greater distance/greater distance in systemic circuit ;

4 ref. toright ventricle generating low pressure to avoid damaging (capillaries in the) lungs/AW ;

(b)(i) F (inferior/posterior) vena cava ; | superior 2
G pulmonary artery ;

(b)(ii) diastole ; | ventricular/atrial 1

(c) five from 5
1 wave of excitation/wave of depolarisation/impulses, from, atrioventricular node/AVN ;
2 pass(es) down Purkyne fibres (to ventricles) ; A Bundle.of His

3 (both) ventricles contract/ventricular systol
4 from the base (upwards)/AW ;
5

blood pressure in ventricles, increase igher ;

6 blood pressure in ventricles greaté
7  atrioventricular/ AV /tricuspid oid, valves close ;

8 blood pressure in ve r an in, artery/aorta/pulmonary artery ;
9  semi-lunar/pulmon ortic, valves open ; A blood flows through

10 blood flows, into arteri lungs and rest of the body ;

at end of description only
11 atria relaxing/atrial diastole /blood flows into atria ;

0‘
156. 9700_s16_m%23
4

(a) (superiot/inferio acava; [1]

(b) left (ventricle) pumps blood to the body/right ventricle pumps blood to lungs ;
A further distance
(left ventricle) requires higher pressure ; ora
ref. to overcoming greater resistance/lungs less resistance ;
pulmonary capillaries damaged by higher pressure ;

higher pressure requires more muscular force/ AW ; ora [max 3]
(c) sinoatrial node ; 1]
[Total: 5]
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157.9700_s15 ms 22 Q: 1
(a) A right ventricle ; Arr. ventricle RRV
B venacava; A vena cavae
I superior/upper/inferior/lower/posterior
R if other terms used
Cc
D

atrioventricular node ; A AVN

caoronary arteries ; A coronary artery A coronary capillaries
| coronary vessels

E bicuspid/left atrioventricular/ mitral (valve) ; [5]

[Total: 5]
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158. 9700 _w15_ms_22 Q: 6

(a) 1

idea of different distances ; must be comparative

e.g. atria pump blood shorter distance ora

atria pump blood a short distance and ventricles pump blood a long distance
atria pump blood to ventricles and ventricles pump blood to, (other parts of)
body

(so) resistance to overcome by atria is low(er)
or
(so) ventricles need to overcome, great(er) /AW, resistance ;

(so) atria generates lower pressure

ventricles generate higher pressure ; AW

A force for pressure

R ventricles withstand high pressures

A low pressure / high pressure if mp1 or mp2 gained [max 2]

(b) septum ; R atrioventricular septum [1]

(c) (i)

(ii)

| ref. to xylem/transpiration stream

transpiration

involves only water (molecules) ;

involves, evaporation /diffusion/evaporation and diffusion ;

| ref. to evaporating surface

movement out to (external) environment/loss from leaves ; A aerial parts
affected by, external factors/humidity/light/wind speed/temperature ;
occurs in one direction/from air spaces through stomata;

ATP not required ;

translocation

involves, assimilates/photosynthates/sucrosé/other named ; A cell sap

involves (hydrostatic) pressure gradients ;JA mass flow

involves transport in phloem (siev%) !

flow from source to sink / AW ;

ATP used (to enable loadin se into phloem sieve tube) ; A active [max 1]

both involve, trans ovement of substances ; R if transport in
xylem stated
both involve water ;
both require energy ; (franspiration — evaporation requires heat energy and
transloc hydrogen ions pumping out of companion cells) [max 1]
¢,

. [Total: 5]
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159. 9700 _m20_ms_22 Q: 4

(a) trachea and bronchus (max 1): 3
C-shaped cartilage rings in trachea vs, irregular/ plates of, cartilage in bronchus ;

more mucous glands in trachea/ fewer mucous glands in bronchus ;

pseudostratified / description, epithelium in trachea vs columnar epithelium in bronchus ;

bronchus and bronchiole (max 1):

cartilage in bronchus or no cartilage in bronchiole ;

many goblet cells in bronchus vs few or no goblet cells in bronchicle / more goblet cells in bronchus / fewer goblet cells in
bronchiole ;

mucous glands in bronchus or no mucous glands in bronchiole ;

more smooth muscle in bronchus / less smooth muscle in bronchiole ;

bronchiole and alveolus (max 1):

ciliated epithelium/ ciliated cells / cilia / columnar epithelium / cuboidal epithelium, in bronchiole
or

squamous / pavement, epithelial cells in alveolus ;

thick wall / wall of several layers, in bronchiole, vs, thin/ single layered, wall in alveolus ;
smooth muscle in bronchiole or no smooth muscle in alveolus ;

(b) one mark for correct order: 4
G1, 8, Gy;

Gi phase:
transcription or translation or polypeptide / protein / enzyme, synthesis or (named) organelle synthesis

S phase:

DNA replication / formation of 2 (sister) chromatids ;

Gy phase: ?
as G1 or microtubule synthesis or centriole replication or mitochondria division or cl ect, errors in replication of
DNA;

Q""'Q
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160. 9700 520 ms 21 Q: 4

(a) any four from: 2
carbaminohaemoglobin ; A combined with haemoglobin
hydrogencarbonate ions/HCOs" ;

R HCO;3
CO; dissolved in the plasma ;

(b) any four from: 4
1. correct direction of movement for oxygen and carbon dioxide ;
e.g. oxygen, moves from, alveolus /W, to, capillary / blood / red blood cells, and carbon dioxide moves from,
capillary/ blood /plasma to alveolus /blood to W ;
2. diffusion of, oxygen / carbon dioxide / respiratory gases ;
A movement down, partial pressure / concentration, gradient
A from high(er), partial pressure / concentration, to low(er), partial pressure / concentration
I along a concentration gradient
3. use of data from Table 4.1 to support movement of oxygen or carbon dioxide ;
needs ref. to kPa once
allow ecf from mp2
4. (diffusion) through, alveolar wall / squamous epithelium ;
5. (diffusion) through, endothelium/ capillary wall ;
6. AVP; e.g. haemoglobin binding oxygen

(c) any four from: 4
alveoli / alveolar walls, stretch / expand, during, inspiration/ AW ;
arteries / arterioles / blood vessels, stretch / expand, as blood, volume / pressure, increases ;

stretch to prevent (alveoli/ arteries), bursting / rupture / AW ;
A prevent overstretching
recoil during expiration/ AW, to help, expel/ force out, air ; AW in context of alveoli

recoil to apply pressure to blood so maintaining blood pressure ; in context of arteriés

AVP ; e.g. allows trachea / bronchus / bronchioles, to expand during inspiration

@01 50, 409,
86

58(%) ;
if extracted values are different allow ecf for calculated answer:
accept £ 1 mm when reading from graph (49 to 51 and 85 té 87)

(d)(ii) | allow ‘volume of blood’ for ‘mean volume of blood per kg body mass’ 4
any four from:

description to max 3

1. trendis / overall / AW, increase in vol d, over time / AW
tijrfcrease in volume of blood oventi t between 0 and 1-2 months ;

2. trendis/overall / AW 4 blood cell volume, over time / AW ;
iﬁ::rease in red cell vol ver time except between 7-8 and 12 months ;

3. ref. to percentage of mean blood volume represented by red blood cells / haematocrit ;
e.g. fluctuates / mainly increasing / decreases between 1-2 and 3—4months / decreases between 7-8 and 12

7. compensation
or
idea that changes occur to make up for less, oxygen taken in / transported to tissues
R idea of body getting more oxygen than at sea level

(over time) more red blood cells produced so more haemoglobin / AW ;
(over time) proportion of red cells / concentration of haemoglobin, increases so, take up / AW, greater volume of
oxygen ;

A more red blood cells per unit time passes through, lungs to take up oxygen / tissues to deliver oxygen

©w

10. AVP ; e.g. ref. to erythropoietin / EPO
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161. 9700_s20 _ms_22 Q: 4

(a) much / AW, rough endoplasmic reticulum/rough ER/RER for, polypeptide / protein/ collagen, synthesis ; A for translation 2

many mitochendria provide, energy / ATP, for, polypeptide / protein / collagen, synthesis ;
large nucleus indicates, active cell / (much) transcription ;

(b)(i) any two from 2
in trachea ;

in, bronchus / bronchi ;

if only one correct structure named, allow one qualification mark
trachea

C-shaped /incomplete, rings ;

surround smooth muscle ;

bronchus

plates /irregular ;

(b)(ii) any two from 2
keep airways open ;

provides support ;

allow flexibility ; allow described e.g. bending neck, swallowing food

rings allow, lengthening / widening, during, breathing in / inspiration / inhalation ;

(c)(i) peptide (bond) ; 1
(e)ii) any three from 3
collagen, structural / fibrous, protein
or

collagen gives strength / flexibility ;

glycine / gly, small / smallest, amino acid ; A has H as, R-group / side chain
glycine / gly, regular / every third amino acid ;

(so) triple helix tightly packed / three polypeptides closely associated / AW ;
ref. to (peptide bond ) NH of gly can form hydrogen bond with (peptide'bend) C=0 of adjacent amino acid (in other

polypeptide) ;

162. 9700 _s20 _ms_23 Q: 3

(a)(i) X = artery Y = vein; 1

(a)(ii) any two from 2
cross section not regular / no defined shape /AW A not circular

tunica intima smooth; A inner layer for funi jima A not, crinkly / wavy
thin / thinner (than X) tunica media ; A thin
wide lumen diameter relative to wall thi elatively large lumen/AW ;
tunica, externa/ adventitia, as thick / th g

(b)(i) any two from 2
tissue fluid and blood pla: d blood cells ; A blood contains red blood cells
red blood cells are too ough endothelial pores ;
idea of tissue fluid an sma similar viscosity / blood more viscous ;
AVP ; ref. to similar colo rsus blood is red)

(b)(ii) | any one from 1
taken up by /transported into / AW, (body) cells (from tissue fluid) ;

cells to, synthesise polypeptides / proteins / enzymes ;
(c) 0 frt 2

ai
co ction ion ;

lumen) of, trachea / bronchus / bronchiole ;
ion causes) constriction

control of air flow (in the bronchiocles) ;

AVP ; e.g. changed size of lumen during coughing / forced air out
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163. 9700 w20 ms_21 Q:5
(a) any one from : 1

(when the air pressure lowers inside bronchus)
holds, bronchus / airway open ; A supports, bronchus / airway ;
prevents, bronchus / airway, from collapsing ;

(a)(ii) | idea that (cartilage arranged as) incomplete / C-shaped, rings in the trachea ; 1
idea of more regular distribution (of incomplete rings) along the length of trachea ;

(a)(iii) | max 1 if cilia or mucus linked to incorrect cell 2
(ciliated epithelial cells have) cilia, to, waft/ sweep /AW, mucus, away / up the trachea/AW ;
(goblet cells that) secrete mucus to trap, dust/bacteria / pathogens ;

(b)(i) the larger elephant has a smaller surface area to volume ratio ; ora 1

(b)ii) any three from: 3

are multicellular / have many cells ;

need a large quantity of / enough, oxygen to supply, every cell/ all parts of body ;
active so high demand for, oxygen / removal of CO:> ;

diffusion across body surface is not fast enough (to meet needs) ; AW

long diffusion distance (so diffusion is not fast enough to meet needs) ;

the three polypeptides, lie close together/form a tight coil / are tightly wound ;
every third amino acid (in the polypeptide chain) is glycine / many glycine-proline a

lanine
repeats ; g
glycine is found on the inside of each, polypeptide / strand;
AVP ; e.g. detail hydrogen bonds, between peptide bond NH (of a glycine) and g

gly-pro-ala

(b)(iii) | any four from: 4
three polypeptide chains ;
(three polypeptides) form triple helix ; A coil around each other R ref. o alpha helix
hydrogen bonds hold the three. polypeptides / strands. together ;
ém

in adjacent polypeptide

(b)(iv) | allow reference to collagen fibrils instead of collagen molecules, in corre gen molecules form fibrils, which 1
form fibres)

any one from:

(many) collagen molecules lie parallel ;

no weak points because

strong / covalent, (cross) links between molecules ;
(ends of) molecules (in, fibril/ fibre), are staggered ;

Q""'Q
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164. 9700 w20 _ms_22 Q: 3

(a) irregular / plates / AW, of cartilage ; A cartilage not C-shaped rings 3

other features

any two from:

smooth muscle ;

elastic, tissue / fibres ;

mucous glands ;

thick wall / wall many layers ;

large lumen (relative to thickness of wall) ;

large size relative to surrounding alveoli; | surrounded by alveoli

(b) evidence must match stated structure 2

blood vessel ;
plus any one from:
presence of tunica media/ circular layers of smooth muscle ;
three layers in wall ;
similar to structure on left, which has blood cells ;
not bronchiole, qualified ; e.g. as no ciliated epithelium
not rounded shape /'ne definite shape
OR
artery ; A arteriole
plus any one from:
small lumen relative to thickness of wall ; #/A small lumen with thick wall
thick, tunica media / muscle layer ;
thick tunica externa ;
OR
vein ;
plus any one from:
no definite shape / not ro /'not oval / AW ;
large lumen relative to th%s of wall / large lumen and thin wall ;

thin tunica media ;

(c) goblet cells, aete/ AW, mucus to trap, pathogens /AW ; 2
A dusQ cles etc for AW

cilia, waft/ moves / carries / push, mucus, to back of throat/ AW ;
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723

(a) any four from:

1 globular protein ;
A spherical / ball-shaped
I circular

2 acts as a catalyst ;
3, 4 further detail ; ;

A can be re-used

6 detail ;

7 effective in tiny quantities / AW ;

induced fit mechanism of action ;

9 AVP;

e.g. increases the rate of a reaction (cf. to no enzyme)
A speeds up a reaction/ makes the reaction go faster
does not get used up (in the reaction)
| does not take part in the reaction

A is not changed (by the reaction)
does not alter the (chemical) equilibrium (between reactants and products)

5 lowers the, activation energy / energy needed for substrate to reach transition state ;
e.g. holds substrate to place strain on bond (for bond to break)

holds substrates, in position / close, for bonds to form
facilitates transfer of, electrons / protons

8 shows specificity / active site shape complementary to substrate / forms enzyme—substrate col d key or

e.g. may need, cofactor/ coenzyme / prosthetic group, to function ‘
each has an optimum, temperature / pH

(b) carbon dioxide / CO2

+

water/H>O

one mark for each side of the equation

body tissues

allow one mark only if, wrong way round/ carbonic acid sho

(c) any four from:

primary:
sequence of amino acids not shown ;

secondary:

alpha/a, -helices shown ;
beta/ B, -pleated sheets shown ;
(areas of) random arrange

globular shape s
interactions be

ref. to any tw, hown ;

c/AW ;

A cannot see primary structure of amino a

ain) shown / ref. to 3-D configuration ;
side-chains, (of amino acids) not shown ;

dges /ionic bonds / hydrophobic interactions

lungs

ding to dissociate

gPapaCambridge
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166. 9700 _s19 ms 22 Q: 2

(a) mucous gland cells / mucous gland(s) ; | mucosa 2
goblet cell(s) ;

list containing trachea and/or bronchus and/or bronchioles I and allow to two max
BUT if alveoli stated or incorrect cell types (e.g. ciliated cells) max 1

(b) any one from: 1

Golgi (hody / complex / apparatus) ;
rough endoplasmic reticulum ; A rough ER/RER R SER I ER

(c) two marks fo complete table 2
first process transcription
second process translation
third process glycosylation
fourth process exocytosis

allow one mark if transcription first process and exocytosis last process but other two wrong way round
allow one mark if transcription and translation wrong way round and other two correct

(d) accept symbol ¥ for water potential 3
three from:
1 chloride presence outside cell causes water potential (outside cells) to, decrease / be: tive / become lower
or
chloride leaving cell causes water potential (in cell) to increase /AW ; ‘
2 water potential gradient, created / present (between inside and outside of cell) ;
3 water leaves cell by osmosis (to be taken up by mucin to form mucus) ;
4 from higher to lower water potential / AW ; R if term gradient included
(e) any three from: 3

to produce, new/daughter, cells...
1 that are genetically identical ;
2 toreplace, old/damaged/dead, cells ; A named cells
3 torepair (damaged/ injured/ diseased) tissue ;
A named tissue
if mp 2 and 3 not gained, allow 1 mark for replaci

ref.to function ; in context
AVP ; idea of increase in number of cells / gro’ ommodate increase in size of gas exchange system in growing

Q""'Q
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167. 9700_s19_ms_23 Q: 2

725

(a)

correctly stated formula ;
e.g. actual diameter = image length / magnification
magnification = image length / actual diameter
allow a magnification triangle

1750 (um) ; (for 70 mm) credit also measurements made to 0.5 mm
A 1700 (um) (for 68 mm)
A 1725 (um) (for 69 mm)
A 1775 (um) (for 71 mm)
(um)

i
A 1800 (um) (for 72 mm)

(b)(i)

squamous epithelial (tissue) ; A pavement epithelial (tissue)

(b)(i)

any two from:

A wall composed of thin cells
R thin membrane R thin cell wall

(alveoli have) thin wall / wall is one cell thick ;

idea of short diffusion distance ;
in context of between alveolar space and, blood / capillary
elastic tissue, qualified ; A elastin / elastic fibres
e.g. stretch and recaoil for, ventilation / inhalation and exhalation
maintaining steep, diffusion / partial pressure, gradient
(many) alveoli provide a large surface area (for diffusion) ;
| idea that a single alveolus has a large surface area

AVP ; surfactant, prevents alveolar collapse / maintains inflation
| ref. to moist lining

(c)

any three from:

1 loosely packed spongy mesophyll cells / spongy mesophyll cells surround air spaces/ air spaces between spongy

mesophyll cells ;

2 large, surface / area, for evaporation (of water to air space) ;
In context of spongy mesophyll cells, surfaces / cell walls

3 (cells arranged so that), air spaces above the stomata / sub-stomatal air spaces ;
4 ref. to evaporation creates saturated air spaces / water vapour collects in air spaces ;

5 idea of creates water potential gradient between aif in air spaces and air in external environment ;

6 AVP;e.g. guard cells situated in epidermis to farm stomatal pore
ref. to xylem, close proximity to spongy meso,

Il celis for passage of water / passes on water to spongy mesophyll cells

(d)(i)

accept au for arbitrary units and first hour ete. fe.
any three from:

1 between 08.00 and 09.00, ste increase from2.5auto 5au;
2 highest rate / peak, a mum rate is at 09.00
3 fluctuates / AW, betwe: .00 and 15.00 ;

4  (continued) decrease between 15.00 and 19.00 ;

A steep /steepest, decrease between 15.00 and 16.00
eep (than 15.00 to 16.00) decrease between 16.00 and 19.00

quote for decrease ; e.g.
0 0.5 au at 19.00

15.00 to 2.00 au at 16.00
or
2.0auat16.00to 0.5 au at 19.00

(d)i)

any two from:

change in external environmental factor
decrease in light intensity / AW ; A (less sunlight because it was) cloudy

decrease in temperature / AW ; temperature decreased because it was cloudy is mp2 only

decrease in, wind speed / air movement / AW ;

increase in humidity / raining / AW ;

stomata, decrease in (aperture) size / open less wide ;

decreased evaporation (rate) ;

water vapour diffuses out less rapidly / less steep water potential gradient ; AW

AVP ; e.g. suggestion of xerophytic feature occurring in response to increased, temperature / light intensity (to 09.00)

o gPapaCambridge
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168. 9700 w18 ms_22 Q: 1

APPENDIX A.

ANSWERS

(a)

bronchiole ; | respiratory / terminal, before bronchiole

(b)

(actual diameter) = image / observed, length, + magnification ;
A (A =) I+ M or magnification triangle

3000m; A 2750m A 288 0m A313Cm A 3250m
(12000/40)  (11000/40)  (11500/40)  (12500/40)  (13000/40)

(c)

any four from

in heaithy lungs
1 correct direction of movement of both respiratory gases ;
e.g. oxygen from alveolus towards blood and carbon dioxide from blood to alveolus ;
oxygen enters the blood system and carbon dioxide leaves
A red blood cell / haemoglobin, as ref. to blood

2 diffusion (of, oxygen/ carbon dioxide)
or
movement, down a concentration gradient / from high(er) to low(er) concentration ;
A implied e.g. oxygen enters blood from a higher concentration
1 diffusion of gases

3 detail of pathway ; R ref. fo cell walls
e.g. across, alveolar wall/ squamous (epithelial) cells across endothelium / capillary wall ;
A squamous cells in context of capillary crosses two layers of cells (alveolar wall and capillary. wall)

comparison healthy with diseased — look for ora

4 higher rate of exchange / increased rate of diffusion / steeper concentration gradient ;
A more oxygen to blood per unit time / more carbon dioxide to alveolus per‘unit time
I more efficient gas exchange
| better gas exchange / faster diffusion

5 6AVP;;
e.g. larger surface area (for, gas exchange / diffusion)
shorter diffusion distance
ref. to (greater) ability to, stretch / recoil (for ventilation to maintain gradient) or ref. to elasticity
(more v fewer elastic fibres is not sufficient)

169. 9700 _s16_ms_21 Q: 3

(a) (i) Nciliated ; A pseudostratified | columnar/cuboidal R cilia

(i) O mucous glands ; A mucus gla ous glands

(iii) P cartilage ; Q

(b) | more air can enter ur @
more air/ oxygden, re
more gas exchange /g
dioxide ; AW

hes the, alveoli/ gas exchange surface ;
eater absorption of oxygen/excretes more carbon

oxygen obtained

ed demand for oxygen/AW ;

I irways, widen/AW ;

e.g. dilat nd/enlarge A diameter of lumen increases
reduces resistance to air flow ; R rate of air flow increases

(c) collagen has
three polypeptides/a quaternary structure ;
I more than one polypeptide unqualified
glycine is every third amino acid ; | at regular intervals R roughly/approximately
(triple) helix/helical (shape) ; | regular coils’ R alpha helix

(1]
(1]
(1]

[max 2]

[max 2]

[Total: 7]
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170. 9700_s16_ms_22 Q: 4

(a)

(b)

(c)

(d)

blood contained in (blood) vessels AW
or

blood contained in any three of
heart, arteries, veins, capillaries ;

systemic and pulmonary, systems/circulation ; A ‘systematic’
A described if circulations not named
e.g. for each complete circuit (round the body) passes through heart twice
from heart to lungs and back, then to (rest of) body and back [2]

W = aorta/aortic arch ;
X = pulmonary vein ;
Y = right atrioventricular/tricuspid, (valve) ;

Z = |eft, atrium/auricle ; [4]
red blood cells ; Arbc

A platelets

A plasma proteins/named [11

1 idea of carbon dioxide out (of blood to alveolus) and oxygendn (to-alveolus
from blood) ;
2 diffusion/diffuses
or
(movement from) high concentration to low concentration/ down a
concentration gradient ; A diffusion/pressure, gradient

3 (across) squamous epithelium/squamaus cells (of alveolar wall) ;
A pavement cells

4 (and) endothelium/endothelial cells fof capillary wall) ;
A squamous cells but must b hat this is for capillary wall

5 oxygen, into / AW, red blood oxygen binds to Hb

6 steep gradient main
carries oxyge
blood arriving lo

ntilation/uptake by haemoglobin/blood
/blood arrives with carbon dioxide /deoxygenated
oxygen [max 4]

(e) (i) F&@uc A nucleus

(ii)

G =‘cell s
transport/trans

lasma, membrane ; [2]
arrier, protein ; R pump protein
specific protein ;
glucose, binding site / AW ; | glucose binds R glucose receptor
specific binding site (in protein) = 2 marks
(glucose binding causes) conformational change ; AW, e.g. changes shape

passive/no energy required/no ATP required ;

movement is, down the concentration gradient/from high to low
concentration ; must be in context of through the membrane protein [max 3]

[Total: 16]
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171. 9700 _wi15_ms_22 Q: 1

(a) (i) mitochondria ; A mitochondrion [1]

(ii) can change shape/fluid membrane structure/ref. to flexible ;
different orientation when section taken/AW ; A different sections cut

some may be dividing/ref. to mitochondrial fission; | growing [max 1]

(b) (i) ribosomes ; A ribosome | ref. to size e.g. 70S/80S 1]
(if) circle around 0.025um ; [1]

(c) (i) plasmodesmata ; A plasmodesma [1]

(ii) assume answer is in context of between adjacent cells but R if within a cell
l incorrect naming of plasmodesmata
I description of cytoplasmic strands

facilitates /more rapid/allows /AW, transport/ communication/exchange
/transfer (of substances) ;

substances do not need to cross, cell (surface) membranes [eelliwalls ;

for, movement/AW, of, substances/materials/nutrients/watet ;

named example ;

e.g. movement/diffusion/ AW, of sucrose to sieve tube (from
companion/transfer, cell)

water travels by, symplastic pathway | incorrect/mechanism e.g. osmosis
water avoids, apoplastic/ cell wall, pathway

proteins too large to cross, cell wall/ cell surface,membrane

A idea of substances moving in and out of ¢ells only if plasmodesmata given

in (i) 0 [max 1]

(d) 1 descriptions e.g. extensions/h

microvilli/ A microvillus Vi u R cilia
and one from:

absorption/u
secretion /
digestion (at
excretion/rele
increases su

ke of products of digestion

of (extracellular), enzymes/other named secretion
surface) /breakdown of (ingested) food/ AW
aste/excess, substances

(1]
[Total: 7]

APPENDIX A. ANSWERS
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172. 9700 w20 _ms 23 Q: 1
(a) one mark per row 4
A if names and labels reversed
description name of part of gas label from Fig. 1.1
exchange system
supported by incomplete .
(C-shaped) rings of cartilage trachea B:
lined by ciliated epithelium and bronchus ClJ;
supported by blocks of cartilage A bronchi ACandJ
lined by squamous epithelium alveolus / alveoli M;
lined by ciliated epithelium, but bronchiole(s) H:
not supported by cartilage I terminal / respiratory ’
(b) A mutagen(s)/ carcinogen(s) ; A tar A named carcinogens 5
B nicotine ;
C carbon monoxide ;
D tar;
E nicotine ;
173. 9700 _m19 ms_22 Q: 4
(a) any three from: ‘ 3
right ventricle pumps blood to lungs (and back to heart) and left ventricle pumps bl N of) body (and back to heart)/
AW ;
(so) short(er)/ less, distance (for blood to travel)/ora ;
less resistance (to, flow / overcome)/ora ;
less force / lower pressure, required / ora ;
(b) any two from: 2
ventilation / breathing (movements)/ inspiration / inhalation, bri oxygen ;
blood flow (in pulmonary capillaries) removes oxyge
oxygen binding to haemoglobin / oxyhaemoglol tion, (removes oxygen) ;
deoxygenated blood arriving / blood arrivin: i n;
(e)(i) any one from: 1

in context of, airways /trachea /b
less air because:
diameter of lumen d
inflammation ;
thicker layer of m

oth muscle contraction ;

smoke present i lower proportion of air) ;

cargon monoxi sent in smoke) binds to haemoglobin ;

ref. to comp e/permanent/irreversible, binding ;

presence of carbon monoxide (from smoke) lowers affinity of haemoglobin for oxygen ;
ref. to carboxyhaemoglobin formed ;

comparatively less haemoglobin per red blood cell to bind oxygen ;

gPapaCambridge
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174. 9700_w19_ms_21 Q: 6

(a) three from 3
joins a nuclectide to extending, polynucleotide / strand ;

(only allows) complementary base pairing ;

forms phosphodiester bonds (between nucleotides) / forms the sugar phosphate backbone ;
proofreading the new strand ;

repairs any mismatched base pairs ;

(b)(i) stops, cell cycle / mitosis / cell division / cell replication / AW ; 1

(b)(ii) | thymine only present in DNA/no thymine in RNA ; 1
uracil (nucleotide) replaces thymine (nucleotide) in transcription ;

(e)(i) cytokinesis ; 1

(c)(ii) | three from 3

tobacco smoke / tar, contains (named) carcinogens ;

cause, damage to DNA/ mutations ;

detail ; e.g. proto-oncogenes to oncogenes / tumour suppressor genes switch off (in) epithelial cells in the, trachea /bronchus / gas
exchange system/lungs ;

uncontrolled, mitosis / cell division ;

AVP ; e.g. forms a mass of undifferentiated cells / AW

cells do not respond to signals

Q"’Q
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175. 9700 _w19_ms_22 Q: 2

(a) EMRO and SEARO / Eastern Mediterranean and South-East Asia (Regions) 1

(b) max 1 (tar data mark or nicotine makes platelets sticky) if tar / CO also stated 2
any two from:
(AFRO) has more nicotine ;

R has more, tar / tar and nicotine / CO and nicotine (see below)

nicotine makes platelets sticky / AW ;
A damages endothelial lining (so turbulent blood flow) so increases
clotting risk
R if also state tar makes platelets sticky

0.92 and 0.77-0.79 mg (per cigarette) or
9.2 v. 7.7-7.9 mg (per cigarette) or
(AFRO) 1.3—1.5 mg (per cigarette) higher ;

correctly extracted numerical data for tar is alternative to gain mp 3 ecf
12.5-12.7 v. 11.3-11.5mg / (AFRO) 1.0-1.4 mg higher

(c) allow, Hb / hb, for haemoglobin and allow CO for carbon monoxide 4
any four from:
1 haemoglobin, has a higher affinity for / binds more readily with, carbon
monoxide (than oxygen) ;

A carbon monoxide displaces oxygen from hagmoglobin

A carbon monoxide hinds to Hb and decreases its affinity for oxygen

2 carboxyhaemoglobin formed ;

3 binding is, (mainly) irreversible / perithanent / (more) stable (than oxygen
binding) / AW ;

4 decreases saturation globin with oxygen (in the lungs) / less
oxygen ;

ormed / less oxygen binds to haemoglobin

cigarette smo
5 low concentra of oxygen in inhaled cigarette smoke ;

(in airways), narrowed lumen / inflammation / increased mucus /
d, mucus ;
ial constriction

7 (so) lower concentration of / less, oxygen, reaching alveolus / in alveolar air
or
(so) less oxygen, diffuses / AW, (from alveolus) into bloodstream / reaches
red blood cells / reaches haemoglobin (in red blood cells) ;

R ref. fo consequence of emphysema

must be in context of mp 5 or 6

8 AVP ; e.g. nicotine causes vasoconstriction and reduces blood supply (to
extremities)
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176. 9700 _m17 ms 22 Q: 5

(@) bronchus} H 3
trachea

bronchiole ;
alveolus ;

| same structure written on more than one line

(b) fwo from: 2
1 (tobacco) smoke contains, tar/carcinogens/named carcinogen ;

2 causes mutations/mutagenic/described mutation e.g. protooncogene to oncogene/oncogene forms / tumour
suppressor gene switched off ;

3 uncontrolled mitosis/AW ;

(c) three from: 3
1 many layers v few(er) layers ; A one layer/thicker

2 cells all the same v more than one type of cell/goblet cells and (epithelial) cells ; A no goblet cells

3 cells, flatter/smaller/cubical/ AW v columnar cells ;

4 reference absence of cilia ; o
5 large/prominent, nuclei/ORA ;

Q"’Q
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177. 9700 _s17_ms_22 Q: 5
(a)(i) trachea/windpipe + bronchus/bronchi + bronchiole / bronchioles ; 1
treat as neutral type of bronchiole
(a)(ii) goblet ; 1
(b) D = accept points from diagram max 3
1D recognition/ AW / binding / attachment, (of macrophage) to, bacterium/S. pneumoniae /(bacterial) antigen ;
A detects / identifies
(D) must label, bacteria/S. pneumoniae, or macrophage and show bacterium attached
2 endocytosis / phagocytosis ;
3D described ; e.g. engulfing / enveloping / pseudopodia surround
phagocytic / endocytotic, vacuole formed A phagosome A vesicle
4D fusion of lysosome(s) (to vacuole) ; (D) must label lysosome
5D breakdown / destruction / digestion/ AW, of bacterium/ S. pneumoniae ;
A kills (D) annotated on diagram
6D ref. to, hydrolytic / digestive, enzymes ; A named digestive enzymes
must be in context of lysosome (D) labelled as such
(c) elastin broken down / elastic fibres damaged ; 2
A elastic fibres broken down
A less, elastin / elastic fibres
detail e.g.
(alveolar) wall becomes overstretched / AW H
weakened (alveolar) wall/ AW e.g. cannot withstand higher pressure
bursts on inhalation
(bronchioles collapse) on exhalation, trapped / remaining, air bursts alveali
(d) accept (the) glycoprotein for GM-CSF throughout max 4
1 (excess surfactant) stimulates immune system cells ;
2 release/secretion, of, GM-CSF ; | produce
3 GM-CSF is a signal or GM-CSF is a signalling, molecule /protein / glycoprotein ; A messaging molecule
4  binds to/combines with / AW, (cell surface .membrane) receptors (on alveolar macrophages) ;
5 ref. to specificity ;
A described as GM-CSF recep entary shape for GM-CSF
6 leads to/sets off/triggers / A in the cell)/ removal of surfactant ;
in context of macrophai es
7 detail ; e.g. triggen
activates en
signal transdu
phosphorylation events
Total: 11
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178. 9700_s17_ms_23 Q: 1

(a) blood contained in (blood) vessels AW 2
or

blood contained in any three of
heart, arteries, veins, capillaries ;

systemic and pulmonary, systems/ circulation ;

A described if circulations not named

e.g. for each complete circuit (round the body) blood passes through heart twice
blood transported from heart to lungs and back, then to (rest of) body and back

© ] 2
1st and 5th boxes (2 and 5) correct ;
2nd and 4th boxes (4 and 3) correct ;

(c)(i) assume answer refers to arteries unless stated otherwise max 2
withstand / AW, higher pressure (of blood) ;

prevent rupturing / bursting (from high blood pressure) ; | collapsing 0
one from

thicker / AW, tunica media ;

more elastic, tissue / fibres, and (smooth) muscle tissue ;

more / AW, elastic, tissue / fibres, to maintain, blood pressure / blood flow ;
more (smooth) muscle to maintain, blood pressure / blood flow ; ‘

(e)(ii) carbon monoxide max 3 max 4
forms carboxyhaemoglobin ; A binds to haemoglobin
less haemoglobin available to bind oxgen / haemoglobin has greater affi on monoxide / AW ;
reduces, percentage saturation of haemoglobin (with oxygen)/ AW

A |less oxygen binds to haemoglobin

| prevents oxygen binding
or
reduces oxygen carrying capacity of, haemoglobin / blood ;

nicotine max 3

increases heart rate ;

increases blood pressure ;

constricts, arteries / arterioles ; A vasoconstriction

makes platelets sticky / promotes clotting / pro 0SS ;

for either
damages, endothelium / tunica intima / d vessels ;

Total: 10

179. 9700 _ml16_ ms 22 Q:

(a) trachea/windpip
bronchus/bron
bron&h'ole/
alve /al

*”, ®
one mérk for:
one structure]
or
trachea and alveolus correct but bronchus and bronchiole wrong way round

all correct two marks ; ;

correct/ missing, but others in correct order

(2]

(b) emphysema ;
chronic bronchitis ;
(2]

[Total: 4]
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180. 9700_s16_ms_23 Q: 1

(a) (i) letter X written in space above cilia ; A label line into this space [1]
(ii) nucleus ; [1]
(i) cilia ;

columnar/tall/not flat/not thin ;
nuclei rounded/AW ;
presence of goblet cells ; [max 1]

(b) (i) mitosis ; (1]

(ii) presence of any 3 of:

1 shorter/no/fewer/damaged, cilia ; A paralysed
2 undifferentiated/AW, cells ;
3 flattened/squamous, cells/epithelium ;
4  scartissue ; A scar tissue forms
5 enlarged goblet cells ; e
6 excess/accumulated/AW, mucus ; A excess mucus secreted
7 tar deposits ; A description of tar on lining
8 phagocytes ;
9 AVP; e.g.inflammation (of bronchial lining) ®
\ [max 3]

9‘ [Total: 7]
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181. 9700 _w16_ms_21 Q: 6

(@)

(b)

(c)

(d)

APPENDIX A. ANSWERS

cartilage cilia elastic fibres
trachea v v v ;
bronchioles x v v ;
alveoli x x v ;

(3]

changes max 2
fewer / no / damaged/AW, cilia; A paralysed/destroyed R killed
A ciliated (epithelial) cells destroyed
scar tissue, develops/replaces ciliated (epithelial) cells/AW ;
goblet cells enlarged ;

increased risk max 2
thicker layer/more, mucus traps bacteria ;
mucus hot removed (by cilia action) so, (trapped) bacteria remain’/ longer time for
bacteria to infect cells / AW ;
bacteria multiply / bacterial population growth, in mucus
(so increases chance of infection) ; [3]

four from

oxygen used up in (aerobic) respiration (in tissues) ;

low(er) / decrease in, partial pressure of oxygen/AW ;

allosteric mechanism/described ;

small decrease in partial pressure leads to@large dissociation of oxygen ;

ref. to decrease in haemoglobin affinityfr oxygen (so oxygen released) ; AW

high(er) CO,, partial pressure/A

haemoglobinic acid formation/

AVP ; e.g. H* from carbonic 2

A H* results from agti
effects of car

@ ines with haemoglobin (causes oxygen release) ;
moglobin formation [4]

too large to pass through, (endothelial) pores/ capillary walls ; [1]

*
? [Total: 11]

4
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182. 9700 w15 _ms_23 Q: 5

(a)

| ref. to walls, unqualified | ref. to vasoconstriction

nicotine
1 damages the, endothelium/(inner) lining/tunica intima ;
2 increases blood pressure (which can damage the endothelium) ;
3 increases risk of, blood clotting/thrombus formation ;
A thrombosis, A increases stickiness of platelets

carbon monoxide
4 damages the, endothelium/inner lining/tunica intima ;
allow even if mp1 given
5 soincreases risk of, blood clotting /thrombus formation ;
A thrombosis
6 idea of overall reduced oxygen supply to coronary artery walls ;

737

7 AVP ; e.g. inflammation/ (increases risk of) atheroma or plaque or atherosclerosis [max 3]
(b) (i) (the by-pass vessels) supply (oxygenated) blood from the aorta ;
supply oxygen to, cardiac/heart/ventricle, muscle ;
supply, glucose /fat/fatty acids ;
reduce/ prevent, anaerobic respiration ;
A so (muscles) can (continue to) respire aerobically
prevent death of, muscle/heart cells/heart tissue
A prevents angina [max 3]
(ii) |lifestyles, healthy or otherwise
| ‘better health care’
education
early education/educate children (about heart diséase)
or
leaflets /posters/continuing education, about effects of heart disease ;
diet
encourage /educate about, healthy gati lanced diet ;
ref. to labelling of foodstuffs ;
tax on, sugar/fats ora e.g. re@ of ‘healthy’ foods
or
idea of regulation agai @ d h, high sugar/fat ;
A junk food
smoking
educ? b gers of smoking/anti-smoking campaigns ;
proyi e%ays smoking/example ; e.g. tax on cigarettes/nicotine
patcheS/E-ciga
smoking bans ;
exercise
finance use of/build more, activity centres/AW ;
encourage, greater activity/exercise ;
medical
idea of, check-ups/screening population (at risk of heart disease/high blood
pressure/high cholesterol) ;
provide / subsidise, drugs to, reduce blood pressure /lower cholesterol ;
research
funding research into heart disease ; [max 3]
[Total: 6]
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183. 9700 s19 ms 22 Q: 4

APPENDIX A. ANSWERS

vacuole
BUT I vesicle / small vacuoles

four from:

cell (surface) membrane ; A plasma membrane
label line to the inside of cell wall
1 if outer line labelled as cell membrane

DNA ; A bacterial chromosome / nuclecid as label

R if obviously linear

R if nuclear, envelope / membrane, shown
R if nucleolus shown or labelled

ribosomes ; R 80S ribosomes

shown as, dots/small spheres
cytoplasm/ cytosol ;
plasmid ; smaller than DNA, circular

AVP; e.g.70S/smaller/17-20 nm, for ribosome

pilus /pili drawn as external hair-like structure(s)
basal granule at base of flagellum

(a) max 3 if any membrane-bound organelles drawn inside cell e.g. nucleus, Golgi body, mitochondrion, lysosome, ER, a large 4

I detail of cell wall/ cell surface membrane around flagellar area

cell wall ; must add another line to diagram R cellulose cell wall

allow one or two circular molecules (circle, loop, ball of string, tangled)

R if label includes, histones / histone proteins / chromatin

murein / peptidoglycan (for cell wall — allow even if cell wall label not added)

capsule drawn to outside (some do have a capsule)

A increase to 2011 and decrease for cases

W N

or

improved health education to prevent spread
providing piped (treated) water

7 AVP;e.g. lowest/ AW, number of cases in 2013
R if also state that 2013 is lowest for countries

(b)(i) 0.8 % ; R0.80 % 1
(b)(ii) any two from: 2
delay in/no, diagnosis ;
delay in/no, treatment / therapy ;
A feature of, oral rehydration, treatment /solution A ORT/ORS
e.g. lack of supply of ORT
unwillingness by health workers to give ORT
greater belief in herbal remedies
thinking drug treatment is sufficient
lack of clean water to make up ORT solution
no rehydration programmes
| improper treatment / treatment not
ref. to no/lack of, antibiotic therapy ; e.g. lack ly of / less efficacious (AW) antibiotics used/ less supervision in taking
full dose
ref. to antibiotic resistant strains ;
idea that already have a weak im / malnourished ;
A may have HIV/AIDS (he ne system)
(c)() any one from: 1
damaged sanitation syste or sanitation following earthquake ;
| poor sanitation unqualified
wage treatment plants / water purification plants ; AW
ge contaminates drinking water ; | pollution
¢ contaminated
¢
lack of purifi ing water; A lack of, clean/treated / safe / bottled, water
AVP ; no, proper/ safe, disposal of sewage
(c)(ii) any three from: 3

1 2011, peak in/highest/ AW, number of, cases/ countries / countries and cases ;
A decrease, increase in 2011, decrease for countries

(2010 outbreak in) ref. fo Haiti and epidemic (so high number of 2011 cases) ;
ref. to spread of disease to countries neighbouring Haiti (hence increase in countries in 2011) ;
overall / generally / AW, decrease in number of countries with cases of cholera

2008 54-56 countries and 2015 4143 countries, with ref. to decrease ;
decrease, peak at 2011 /increase in 2011, decrease is mp1 only

5 suggestion for trend in decrease in number of countries ;
e.g. improved infrastructure for sewage / water treatment

6 2008-2010 number of cases increased and number of countries decreased ;

similar number of countries in 2008 and 2011 but, approx 3x / much higher / stated values, number of cases in 2011
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(a)

three from:

any four named structures ;
mouth / nose / nostrils / nasal passages (count as one structure)
pharynx
larynx
trachea A windpipe
bronchus / bronchi
bronchiocle / bronchioles
alveolus / alveoli/ alveolar ducts / alveolar sacs
lungs

trachea, branches / divides, into (two main) bronchi ;
correct sequence from bronchus (branching) to bronchioles to (end with) alveali ;

further detail ; ; e.g. trachea has, C-shaped /incomplete rings, of cartilage bronchus has cartilage, plates / AW
diameters of gas exchange structures / respiratory tubes, decrease (towards alveoli)

(b)

two from:
blood pressure, decreases/ returns to normal ;
platelets no longer sticky / risk of thrombosis decreases / risk of blood clotting decreases ;
endothelial repair (more likely to be) successful ;
A endothelium no longer damaged
A decreased risk of, atheroma / atherosclerosis

| less fatty deposits

heart rate, decreases / returns to normal ;
| heartbeat decreases

AVP ; e.g.increased peripheral circulation /AW
blood vessels, not/ less, constricted

A less vasoconstriction
A blood vessel (lumen) diameter increases / vasodilation occurs

(c)

four from:
assume from point of view of giving up smoking unless stated otherwise

in lungs/ at high pariial pressures of oxygen

1 (so) more oxygen taken up by haemoglobin meoglobin more saturated (with oxygen) /AW ;
A haemoglobin has, increased/normal, a Xygen
2 before and after data/ calculated diffi i a, to support, from 10kPa ;
3 carbon monoxide no longer bindi oglobin /AW ;
A carboxyhaemoglobin ing / ora with ref. to smoking
A haemoglobin h h for CO than oxygen
4 more (sites on)haem available to take up oxygen ;

in respiring tissues

5 more oxygen dissociates from (oxy)haemoglobin/ AW, at, lower partial pressures / below 4 kPa/in (respiring) tissues
(after s ing) ;

lobin less saturated (with oxygen)

in has, less/ decreased, affinity for oxygen

I calculated difference in data, to support ;
ase in allosteric effect/ regains ability for conformational change / AW ;

health benefits after stopping
8 more/sufficient, oxygen to, transport/ deliver to, tissues /body
or
more oxygen to reach (respiring) tissues ;
A less, tired / fatigued
A more able to, do work / carry out exercise / be mobile
R more energy unless qualified with link to aerobic respiration

(d)

two from:

non-infectious
not from a pathogen ; A bacteria/ viruses / fungi for pathogens
A from lifestyle
A tar/ carcinogen in smoke, causes mutation (in cells of lung)

cannot be passed onto another person/ not transmissable / AW ;

disease
abnormal condition (affecting an organism)/ condition that reduces the effectiveness of the functions of the organism/AW ;
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185. 9700_s18 ms_23 Q: 4

(a) answers must be in context of oxygen
three from:
1 diffusion
movement, down a, concentration / diffusion, gradient / from high(er) to low(er) concentration ;
A in terms of partial pressure
3 passive (process);
4 through alveolar wall / across alveolar cells / across squamous epithelial cells (of alveolus) / across pavement cells (of
alveolus) ;
A squamous cells
5 across, endothelium/ endothelial cells / capillary wall ;
A squamous, epithelium/ cells (in context of capillary wall)
6 ref. to diffusion / AW, through the phospholipid bilayer of cell surfface membranes / between the phospholipids of the
bilayer (of squamous or endothelial cells) ;
(b)(i) 65/66/67 (%)
(b)(ii) 1 higher partial pressures in lungs / lower partial pressures in (respiring) tissues ;
A correct values / range of values, of kPa
A in alveoli
advantages of differences (higher v lower partial pressure)
only higher partial pressure or lower partial pressure explanation required to gain mark
2 oxygen, binds to v released from, haemoglobin
or
oxyhaemoglobin, is formed v dissociates / AW ;
3 (so) percentage saturation of haemoglobin (with oxygen) high v low ;
4  affinity of haemoglobin for oxygen high v low ;
5 data from Fig. 4.1 to support ;
6 (body), cells/tissues, need oxygen for aerobic respiration ;
(c) idea of abnormal, change in the body / condition, which produces, poor /ill-; health
or
absence of, good health / well-being ;
A disorder/illness
further detail ; e.g. having an adverse effect
reduces the effectiveness of functions
produces, (specific) signs/symptoms
lack of social, physical and mental, well-being
can be infectious or nen-infectious AW
(d) five from:
1 base substitution (in gene coding fi olypeptide) ;
2 different/ altered, mRNA codon ;
3 different tRNA brings a different a (to ribosome) / leads to a change in one amino
acid (in the polypeptide chai
4 altered, primary struc| o ino acids (in p-globin) ;
5 changed, tertiary / g Icture ;
6 haemoglobin /mole s soluble ;
7  (haemoglobin) molect stick together / form fibres ;
8 (haemoglobin) less able to'bind oxygen /AW ;
points above may be qualified
9
4}-‘ T, replaces, adenine /A
1.03: on /triplet or sixth amino acid in sequence is changed
"~ strand) GTG instead of GAG/ GTA instead of GAA
or
ate strand) CAC instead of CTC/CAT instead of CTT
mRNA codon is, GUG instead of GAG / GUA instead of GAA
11 (amino acid change is) valine instead of glutamic acid ;
12 amino acid with non-polar side chain instead of polar side chain ;
13 position of amino acid, is to the exterior / faces cytosol ;

APPENDIX A. ANSWERS
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186. 9700 _s18 ms_ 23 Q: 6
(a) A HIV/AIDS, measles, smallpox ; 4
B cholera, tuberculosis ;
C cholera;
D malaria;
(b) one mark for each correct column ; ; 2
nuclear envelope
circular/ (closed) loop / A ring of
80S
mitochondria / chloroplasts A nucleus
murein / peptidoglycan
187. 9700 w18 ms 23 Q: 5
(@i Mycobacterium, tuberculosis | bovis ; 1
(a)(ii) any three from 3
1 phagocytes / macrophages / neutrophils / elastase, breaks down / weakens, alveolar walls ;
2 (reduced elastin so) alveoli cannot stretch and recoil / alveoli overstretch ;
3 alveoli burst/ one large air sac formed ;
4  surface area (for gas exchange) is reduced ;
5 less oxygen absorbed by blood / reduced oxygen supply (to tissues) /not enough oxygen for (aerobic) respiration/ AW ;
(b) R cost 5
any five from
1 Transmission ;
e.g. aerosol / droplet, infection
I airborne
A lack of pasteurised milk
overcrowded, housing/ living conditions / AW
migration / travel, from areas with high rates of TB.
reservoir of infection in people not, diagnosed / net treated
2  HIV/immunodeficiency ;
e.g. infection with HIV may activate (dorm: thogen)
immunodeficiency / AW, makes peopl ptible to TB
intravenous drug taking increases ri odeficiency / HIV
3 Diagnosis is difficult ;
e.g. TB (pathogen) remai omless carriers
limited access tohea of osis / AW
idea that contact tra icu
(b) 4  Treatment; 5
e.g. treatment is long term / treatment may not start early enough
people may not finish the course of treatment
s to health care for treatment
athogen), develops resistance to, antibiotic(s)/ drug(s)
/MDR-TB/XDR-TB
6 Vaccination ;
e.g. vaccine may not always be effective in providing protection
difficult to achieve herd immunity
concerns / misconceptions, about vaccination
limited access to vaccination (programmes)
poor (immune) response in people who are malnourished
poor thermostability of vaccine
7  Education ;
e.g. limited education / low awareness, about prevention for general population
limited education / low awareness, for health care professionals
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188. 9700_s17_ms_22 Q: 3

(a) (Plasmodium) falciparum /malariae / ovale / vivax ; 1

(b) Anopheles ; | female / male 1
| specific epithet e.g. gambiae

(c) look for ora max 2
1 higher/better/ AW, resolution / resolving power ;
0.5nm (A 0.2-1nm) compared to, 200nm 0.2um (A range 100-300nm)
:Irectrons have shorter wavelength ;

R electron microscope has a shorter wavelength
;:i;a that cell structures too small to interfere with light waves ora

3 better able to distinguish between two points ;
A as a definition if mp 1 achieved

4 (can see) more detail ; treat ‘clearer’ as neutral
5 able to make thinner sections / able to see inside (oocyst) ;

6 can continue to obtain higher magnifications and see more detail ;

(d)

image/ scale bar (length) A triangle / letters only 3

(magnification =) -
actual/object (length)

(x) 500 ;; using 10mm as measured length A calculated values for measured length of 9mm or 11 mm
allow one mark if correct answer given with units
allow one mark if incorrect answer and

correct measurement and correct working

correct measurement and formula but incorrect conversion

measurement +2mm and correct working

(e) vector ; max 2

ref. to feeding / taking / AW, blood (from a person) ;
e.g. taking blood meals / Plasmodium enters blood during feeding

infective cells / Plasmodium / pathogen / parasite / AW, enter (person) with, anticoagulant/ saliva ;
I malaria / disease, enters

A idea that, infective cells / Plasmodium, in salivary glands

AVP ; e.g. ref. to providing correct conditi art of Plasmodium life cycle / sexual reproduction in Plasmodium

Total: 9
189. 9700 _s16_ms 21 Q: 1
must have correct spéllings lasmodium and Vibrio cholera
feature tuberculosis cholera
name‘of Mycobacterium Vibrio cholerae ;
pathogen ¢ tuberculosis
type of protoctist/protoctistan | bacterium bacterium ;
organism ;
A protist/protozoan/ A bacteria
sporozoan
mode of by, a vector via, (airborne) drinking water and
transmission | or droplets/aerosol(s) | food contaminated
(feeding or biting by) | (infection) ; with human faeces
Anopheles/ mosquito ;
(6]
[Total: 6]

T1'i']’PapaCambridge



T"’_'.'PapaCambridge

743

190. 9700 _s15 ms_22 Q: 2

(a) 1 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
2 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 mucus, not moved (effectively)/accumulates ;
5 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 [11

(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 aerosol/droplet, infection ;

only need to have one of ‘infected’/‘uninfected’ to gain. mps 2 and 3
2 infected/AW, person, coughs/breathes/spits/talks/ sneezes ;
3 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. js, in, airborne droplets/droplets in air ;
A without ‘airborne’ or ‘in air’ j ined [max 2]

(4

A

+<®
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(d) (i) 1 DNA/gene/MUCS5AC, unwinds/AW ; | unzips
2 H-bonds break between, (complementary) bases/base pairs/strands ;
| unzips
3 one/ a, strand, acts as template/(complementary) copied ;
I ref. to, sense/coding and antisense/non coding
4  ref. to (involvement of) RNA polymerase ;
I ref. to direction of, movement/strand formation
5 (free) complementary RNA nucleotides added ;
A described in terms of correct base-pairs (C with G and A with U minimum)
6 step-by-step/sequentially/ AW ;
7 sugar phosphate backbone sealed/ phosphodiester bonds formed ;
A sugar phosphate backbone formed
8 (product is) messenger RNA/mRNA ; A primary transcript
9 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]

APPENDIX A. ANSWERS

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

one of

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

3 ref. to bulk transport, across cytoplasm/to cell surface membrane ;

4 ref. large size and difficulty of movement across, eell/cell surface membrane ;

5 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 breathi

2 chronic/persistent/AW, cough/ g ; | cough, blood/mucus
A constant coughing oker’s cough
3 chesttightness ; chest pain R heart pain
4  wheezing ;
5 fatigue/weakness ; @
6 difficulty, when'e g/Mwith physical activity /with mobility ;
7 more prone to/frequent, chest/respiratory/named, infections ;
8 Dbarrel (shaped) chest,;
9 cyanosis (blue, face/fingers)
10 Aw ; weight loss/anorexia

ollen, ankles/feet
this is in the question [max 4]

[Total: 16]
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191. 9700 w15 _ms 22 Q: 5
(a) assume response refers to infectious unless otherwise stated

caused by a pathogen ; ora A microorganism/microbe
transmissible/ communicable/passed from one, organism/person, to another ;
ora

examples to support explanation
two examples of pathogen types ; two of:
bacterium/bacteria
virus/viruses
fungus/fungi
protoctist A protozoa

example of non-infectious, disease/category ;
e.g. genetic disorders/named (e.g. sickle cell anaemia/ cystic fibrosis)
cancer/named cancer (e.g. lung)
degenerative disease/named (e.g. chronic bronchitis, emphysema/COPD/
coronary heart disease) lifestyle/ AW

(b) (red blood cells contain) haemoglobin ;
plasma proteins ; A plasma contains proteins
named protein in blood plasma or within (red/white) cells ;
e.g. fibrinogen/albumin/globulin/antibodies/ (protein),hormone,/
enzyme/transport proteins/ membrane proteins
R steroid hormone /named steroid hormone [max 2]

(c¢) (i) not all countries with Anopheles have malaria/example using Fig. 5.2 ;
e.g. (although, Anopheles/vector, shown@as/present),
no/few, cases (of malaria) in, North AmericalEurope

(although, Anopheles/vector, ogeurs glsewhere) malaria, only/
mainly, in subtropical and trop%as ;

explanations:
Plasmodium/parasite/p ot present in all areas where Anopheles is
located/AW ;
conditions (where leslocated) not always suitable for life cycle of,
Plasmodium/pa e/ pathogen ;
some, areas/countries, have eradicated the disease (but still have the

AVR); e e countries have better prevention methods against malaria
AVP ; so tries have effective treatment for malaria
[max 3]
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(c) (ii) assume ref. to A. gambiae unless stated otherwise

APPENDIX A. ANSWERS

occurrence

(in Africa) wide distribution/large numbers ;

occurs where high density of humans ;

accurs (in climate) where Plasmodium is, present/able to survive ; AW
A e.g. idea of Plasmodium requiring temperatures above approx. 20°C
where A. gambiae is also present

WN =

well adapted or better adapted than other mosquito vectors

4 better adapted to complete life cycle/lays eggs in large variety of
habitats/can withstand (more) polluted waters/larvae able to eat a wide
variety of food ;

5 short(er) life cycle/long(er) breeding season ; A reproduces quickly

6 withstands, dry/drier, conditions/larger temperature variation/
higher temperatures ; | better adapted to climate

7 (more) resistant to, pesticides/insecticides ; R immune

feeding
feed mainly /AW, on human blood ;
takes, large(r)/ more frequent, blood meals ;
0 takes blood meal/bites / feeds, at night (when humans less able to
notice) ;
11 mouthparts, well adapted for feeding on humans/can pengtrate
clothing;

= O Co

as host for Plasmodium
12 good host for/very susceptible to, parasite / Plasmodium ;

AVP ; e.g. able to migrate to find hosts
quick to adapt to changing human habijtation
better adapted to find (human) hosts
females live for longer

A. gambiae present in Africa, reymalaria control is difficult
[max 3]

(d) (i) large egret/yellow winged b tern green mamba ; [1]

(i)

1 insufficient nu y
2 (so)noteno 2rgy/ energy available is low (to sustain needs) ;

3 energyloss ate level / progressively less energy
transferred/inefficient/ transfer of energy /AW ;

example of energy loss from bat intake ; in context of mamba feeding

respiration

heat loss, in movement/digestion

allow either point below if not awarded for mp 4

inedible parts/named examples

indigestible parts/faeces/egestion [max 3]
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(iii) use biolagical control ;
introduce /increase numbers of/ AW, predators (of mosquito) /named e.g.
guppy/dragonfly/yellow winged bats ;
to eat/consume/reduce number of, mosquitoes ;
grow crops other than sweet potato/grow less sweet potato ;
A do not grow sweet potato
numbers (of mosquito) reduce so fewer, act as vectors/feed on humans ;
AVP ; e.g. use genetic modification to produce sweet potato crop with toxin
against mosquito [max 2]

47

(e) nectar/nectaries/flowers/phloem (tissue) / (phloem) sap/sieve tubes/
vascular bundles/stem/leaf ;
| ref. to, source/sink
R if includes, roots/‘potatoes’/xylem, for this mp only,
then for mp 2 allow explanation for the other stated part that is correct

explanation ;

e.g. fluid feeders/ piercing and sucking mouthparts/proboscis for feeding

(fluids provide) source of carbon/energy/sugar/sucrose

A glucose/fructose

(fluids provide) source of, nitrogen/amino acids

near to, vascular bundles/phloem for, stem/leaf P

for phloem sap/AW for vascular bundles \ 2]

[Total: 18]

2
'aQ@o
Q
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192. 9700 w20 _ms_21 Q: 3

(a)(i) blood, travels through the heart twice for every one complete, circuit (of the body)/ circulation 1

or

blood, travels through the heart twice and through pulmonary and systemic, circulations / systems / circuits ;
A description of both circulations

(a)(ii) chordae tendineae / tendinous cords ; A tendons/'heart strings’ 3

any two from:

idea that (atrioventricular) valve, held in position / prevented from inverting, during ventricular, systole / contraction ;
A AV valve for atrioventricular valve

connect the papillary muscle to the (atrioventricular / AV), valve ;

ref. to tension, in the chordae tendineae / AW, (during ventricular contraction) ;

(allows valve to) prevent backflow of blood into atrium / ensure one way blood flow (through the heart) ;

ecf max 2 marks for function if structure A is a correctly named valve (atrioventricular/ tricuspid / bicuspid)

(b)) idea of using both antibiotics makes sure all bacteria are killed ; 2

if, resistance against one antibiotic occurs then, the other antibiotic will be effective / bacteria still susceptible to the other
antibiotic

or

if, some bacteria are less susceptible to one antibiotic, then, the other antibiotic will be effective / bacteria still susceptible to
the other antibiotic ;

any one from:
antibiotics / gentamicin and penicillin G, have different sites of action/AW ; A suggestion.of how the antibiotics have
different ways of killing

ref. fo mutations, qualified ;
e.g. need two mutations to occur to be resistant to both antibiotics probability /AW, of these two mutations occurring in
the same bacterium is very small mutations must be in different genes

(b)(ii) | any three from: 3
course of antibiotic is not completed ;
less susceptible bacteria survive ; A not all bacteria destroyed
replication / population growth, increases chance of mutation ;
ref. fo random mutation, ref to gene / allele, for resistance to gentamiein,;
suggestion of outcome of different mutations ;
e.g. changed ribosome structure so gentamicin cannet bind.enzyme to breakdown gentamicin

ref. fo transmission of allele for resistance ;
e.g. vertical transmission / described
horizontal transmission / described (conjugation /transformation)
e.g. frequency of allele for resistance in in the population ;

when antibiotic next prescribed
antibiotic in the environment is the se
against ;

essure / resistant bacteria selected for/ susceptible bacteria selected

*$
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193. 9700 w20 _ms_22 Q: 2

(a) any four from: 4
1 (in combination treatment) antibiotics (in Table 2.1), act at different
targets / have different modes of action/AW ;
A comparison of any two antibiotics from Table 2.1
A suggestion of how two antibiotics have different ways of killing

2 idea that if resistance / mutation, occurs / exists, unlikely to be against all
antibiotics / other antibiotics should still be effective ;

3 (in combination treatment) if resistance / mutation, occurs/ exists, all
bacteria will (still) be, killed/ destroyed / AW ;
A no bacteria remain to develop resistance / no reservoir of resistant
bacteria

4 antibiotic resistance, not/less likely to be, spread to affect people
because no bacteria surviving (with combination treatment) ; AW

5 long treatment time / 6 months, with, combination treatment/AW,
increases chance of killing all bacteria
or
long treatment time with a single antibiotic not effective in killing all
bacteria if, resistance develops /a mutation eccurs ;

6 AVP;e.q.
combination treatment (is likely to) eliminate bacteria more quickly (so
less chance of resistance occurring)

resistance to different antibiotics involves more genes so less chance of
resistance occurring

gene for antibiotic re i@ has more chance of being passed on if
i ibi not all killed) ora

(and not all killed) more chance of being passed
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(b)(i) transcription ; 1

(b)(ii) any three from: 3
| stops transcription
1 alters shape of / blocks, active site ;
R enters/fits into, active site as it is not competitive
R ref. to choice of competitive or non-competitive
A alters shape of enzyme only if mp2 gained

2 substrate / nucleotides, cannot, bind to/ enter, active site ;
A fewer/no, enzyme-substrate complexes / ESCs, form
allow ecf from mp1 if rifampicin described as, competitive / enters active
site

3 complementary (base) pairs / (complementary) base pairs, cannot
form/form less easily (between DNA and RNA nucleotides) ;

4,5 6 (in context of rifampicin binding to RNA polymerase)
prevents / AW, unwinding of DNA (double helix) ;
A uncoiling
I unzipping prevents / AW, attachment to DNA (strand)
A prevents /AW, attachment to promoter
prevents / AW, movement along DNA (strand) ;
prevents / AW, elongation (of polynucleotide) / fermation of polynucleotide
/nucleotides being joined ;
prevents / AW, phosphodiester bond formation ;
prevents / AW, proof reading ;

7 AVP ; e.g. prevents / AW, tRNA /#RNA, formation

(c)(i) Phe 1
Tyr ; one mark for both C%
(c)(ii) BDFG;inanyord 1
(c)(iii) resrstance 3
shape ucture of, B-subunit/enzyme, altered /AW ;

e changes shape
A quater structure of enzyme altered

'amplcm/antlblotlc cannot/does not, bind (as well) ; AW
context is binding to active site

levels of resistances
any two from:
3 (because) other mutations are involved ; AW
A described from Table 2.1
e.g. C has 2 (other) mutations and D and E have 3

4 mutations may result in different changes to, structure / shape of,
B-subunit/ enzyme, and result in different, effects/ levels of resistance ;

5 data from Table 2.2 to support mp 4 ; must be linked to concept of mp4

6 AVP; e.g. ref. fo different binding abilities (of rifampicin to enzyme)
some (of the other) mutations may cause more of a change to binding
site for rifampicin
mutation(s) may make it harder to bind
lower resistance = binds, more strongly / for longer time
lower resistance = higher proportion of transcription events hindered
e.g. idea that mutations still, produce functioning enzyme / allow catalysis

“JPPapaCambridge




T"’_'.’PapaCambridge

751
194. 9700 w20 ms_23 Q: 4
(@i X-R 1
and
Y-P;
(a)(ii) any two from: 2

mp1 = resistance with ref. o P/Q/R
Y, is resistant to @/ has no resistance to P ;
A Y has some resistance to (antibiotic) R

mp2 = antibiotics used at different concentrations
(antibiotic) R may, have different concentration / be less effective, compared with P ;

mp3 = reason for resistance

ref. to gene(s) for resistance (on plasmids)

or

Y has, cell wall / cell membrane, that prevents entry of antibiotic Q
or

Y has enzyme that breaks down, Q/R ;

mp4 = action of antibiotics

idea that antibiotics have, different/ specific, target(s)/ AW ; EE

A any example of process inhibited by antibiotic, e.g.

cell wall synthesis

transcription

translation

DNA replication

cell surface membrane function ¢
synthesis of folic acid

(a)(ii) | mp5=AVP;
e.g. idea that P may be bacteriocidal / (antibiotic) R is bacteriostatic
e.g. idea that gene for resistance to antibiotic R passed by, vertical / horizontal, transmission

(b) any three from:

to award the MP1 ust be able to see a difference befween the two stated clearly

antibiotics
‘ tative / are not a treatment/ v | are (generally) not preventative / are a treatment/
&P ®laren are a cure
’%r or
¢ n, has an infection /is ill used when a person, has an infection/is ill ;
2 | effective against bacteria and viruses (in context v | not effective against viruses / only effect against
of different vaccines) bacteria ;
3 | idea of indirect effect on pathogens v | idea of direct effect on pathogens ;
A example of effect
4 | not given as a course/ give once or a few times v | given as a course / over many days /AW ;
(or with boosters)
5 | specific for particular, pathogen v | (most) antibiotics act on a range of pathogens ;
6 | stimulate an immune response or | do not stimulate an immune response ;
7 | detail e.g. stimulate, (B-/T-) lymphocytes / or | do not stimulate, (B-/T-) lymphocytes / production
production of antibodies of antibodies ;
A stimulates production of memory cells A no stimulation of memory cells
8 | provide long-term, protection /immunity or | do not provide long-term, protection /immunity ;
9 | does not lead to resistance or | may lead to resistance ;
10 | time delay before being effective / AW or | have effect, faster/sooner/AW ;
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195. 9700_s17_ms_21 Q: 6

(a)(i) Vibrio cholerae ; 1

(a)(ii) faecal-oral route ;; max 2

description of faecal / oral route

infected person

faeces / sewage / stool, contaminating (drinking) water R (human) waste unqualified
or

poor hygiene so transferring, faecal material / sewage, onto utensils / food / AW

or

defaecating / putting sewage, onto vegetable plots ;

or

flies in contact with contaminated faeces landing on food and contaminating / AW

uninfected person

eating contaminated food / using contaminated utensils
or

drinking contaminated water ;

(b) 1 ganglioside is the receptor for choleragen ; max 2
2 choleragen is complementary to ganglioside ;
3 any interaction between molecules ; e.g. (hydrogen/ionic) bonding

(c) endocytosis ; A phagocytosis / pinocytosis 1
(d)

loss of water / dehydration ; max 2
by osmosis ;

(water moves out) down water potential gradient / from high to low water potential/ high ¥:to low ¥ ;
Loss of cations / positively-charged ions (as well as chloride ions) ;

change in potential (difference)/ change in charge across membrane ;

AVP ; e.g.

disruption of absorption (of products of digestion / vitamins / mineral ions)

disruption of digestion

ok wWN =

(e) rehydration therapy, is effective / can treat cholera / reduces death rate ; max 3
any detail ; e.g. solution of glucose and salts
antibiotic is a selection pressure / described ;
ref. to, antibiotic / tetracycline, resistance ;
ref. to, vertical transmission / horizontal transmission; of resistance ;
A described, A transfer for transmission
antibiotics will become, ineffective / less effective / AW
keep antibiotics for use ‘as last resort’ ; AW
ref. to cost ;
antibiotics kill gut bacteria ;
0 Jidea that disrupts functions of digestiv 1
1 AVP; e.g. antibiotics going into | i nt/ food chain
antibiotics can cause mutation
decreases need to develop

QPR WN =

S OomNO

prevents development of ity
idea of transmissiol rial species
plasmids with'resi e

*$
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196. 9700 _s17_ms_23 Q: 3
(a) Mycobacterium tuberculosis | Mycobacterium bovis ; correct spelling 1
(b) 1 deaths decrease to zero / new cases fall to 4 per 100 000, (in 2010) ; max 5
A other values that confirm decrease
(after introduction of antibiotics)
2 deaths relatively constant / approx. 52 per 100 000, until 1943-6 (accept any in range) ; A for a few years
A idea that rate of decrease not improved
3 number of new cases initially stops increasing / plateaus ;
4  (overall) number of new cases increases before decreases ;
5 data to support mp 3 or 4 ; e.g. 88—90 per 100 000 (1940-44)
rises to/drops from, 104 per 100000 in 1946 ;
(after introduction of vaccination)
6 no change in trend of decrease in deaths / deaths continue to decrease ;
7 decrease from 36—40 per 100 000 (in 1948) ;
8 short plateau/ 100 per 100 000 (until 1950), in new cases, then decreases ;
9 antibiotics may not have been in widespread use at first ; ora
10 vaccine, reduces spread/ gives (herd) immunity ;
11 ref. to decrease less steep initially as time needed to build up herd immunity ;
12 AVP; e.g. suggestion why increase in hew cases after introduction of antibiotics
suggestion why cases have not decreased to zero
not possible to tell relative effect of vaccine v antibiotic
(c)(i) some people who are HIV+ will have developed HIV /AIDS ; max 3
HIV/AIDS weakens immune, system/response ; ora
allow ecf for HIV+ people
detail of why immune response weakened ; ‘
people with HIV/ AIDS, prone to opportunistic diseases ;
A TB is an opportunistic disease
A more susceptible to, diseases/ TB
(Table 3.1 shows that) a greater proportion/ AW, people die of TB if they are .g. greater chance of dying from TB
if HIV+
dormant TB more likely to become the active form in, HIV+ people / peop| AIDS ; AW
AVP ; a high proportion of deaths from HIV / AIDs is due to TB mi
HIV+ people do not respond well to treatment for life-thr eases
inability to pay for treatment for all conditions for HIV+
Total: 9
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197. 9700_s16_ms_23 Q: 5

(a)

(b)

(c)

(d)

(e)

0 marks if another mode of transmission given (e.g. faecal-oral/contact/sexual )
I in unpasteurised milk/contaminated meat (M. bovis)

1 aerosol/droplet, infection ;

only need to have one of ‘infected’/‘uninfected’ to gain mp2 and mp3
2 infected/AW, person, coughs/breathes/spits/talks/sneezes ;
3 uninfected/AW, person, inhales/inspires/breathes in, draplets ;

allow one mark if mp2 and mp3 given with no reference to, infected /
uninfected
4 organism/pathogen/bacteria/M. tuberculosis, in, airborne droplets/droplets
in air ; A without ‘airborne ‘ or ‘in air’ if mp2 gained [max 2]

incomplete treatment/dose not finished ;

not all bacteria killed/some bacteria survive ; R TB for bacteria

mutation ; R mutation to give immunity

further detail of mutation ;

selection of resistant bacteria/resistant bacteria selected for ;

resistant bacteria reproduce/ vertical resistance ;

death of, susceptible/non-resistant, bacteria ;

AVP ; e.g. horizontal resistance/described [max 4]

making/synthesis of, (m)RNA ;
from a DNA, template/sequence of bases/sequence of nucleotides ;
A from a gene 2]

O~ AR WN=

—_—
~—

(ii) idea that pathogen and human RNA polymerase are (slightly) different ; e.g.
(slightly) different shaped active sites
A rifampicin unable to, cross cell surface membrane/enter nucleus/
cross nuclear envelope (1]

points can be general or TB specific
1 prescribing/take, antibiotics, o (absolutely) necessary ;
p

ensure, correct/ effective, a rescribed/used ;
3 complete course/follow i s for use, of antibiotics ; A ref. fo DOTS
4 patients to, use only scribed/not use leftover antibiotics at a

later date/AW ;

ref. to monitoring s on to check if antibiotic is effective ;

use other antibacterials ;

develop new, drugs/antibiotics ;

improve, knowledge of, healthcare professionals/public ; AW

12 break transmission cycle of resistant bacteria ; e.g. quarantine
13 AVP; e.g. WHO Global Plan Stop TB
14 further detail of mp1 or mp2 ; e.g. only prescribe wide-spectrum antibiotics
when narrow spectrum not known [max 3]

idea that antibiotics act at a cell structure not possessed by a virus ;
e.g. viruses, do not have, a cell wall/ a cell surface membrane/ribosomes

suggestion that viruses, are inside host cells/ not within reach(of antibiotics) ;

antibiotics act only on, living/growing, cells (viruses do not grow) ;

A can prevent metabolic processes not occurring in viruses

antibiotics do not act on, protein coat/capsid/capsomeres/viral envelope ; [max 2]

[Total: 14]
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198. 9700 _w16_ms_21 Q: 4
(a) (i) Vibrio cholerae ; [1]
(ii) R if other modes of transmission listed

ref. to ‘infected’ and ‘uninfected’ not required (as in question) but statements must be in
correct context

| polluted water

one mark for infected person
passed in, faeces/stools/sewage ; R waste, unqualified

one mark for uninfected person
ingests/eats, contaminated, food/crops
or
drinks/ingests, contaminated, water/liquids ;
A uses utensils washed in contaminated water/ AW

if above 2 mps not gained, one mark for
idea of (infected person) sharing drinking bottles/utensils (with uninfectedperson)

two marks for
faecal-oral, route/transmission ;; [2]

(ili) A poor sanitation once only formp 1 or 3
two from
1 damage to, sewers/drains/foul water systems
2 (so) mixing of sewage and drinking water ;
3 (contaminated) water supplies cannot be treated ;
A water (for drinking) from untreated (contaminated) sources
4 ref. to spread by flies exposed to, contaminated faeces/untreated sewage ;

5 idea of people in high density
6 unable to practice good hy,

restrictions on (treated)
7 unable to thoroughly
8 needto share (

ary accommodation facilitating spread ;
examples e.g. lack of soap

cleaning

S,
ater containers/cooking pots/AW ;

9 disruption fo hea are facilities / AW ; A example
e.g. lack of ORT (so higher proportion of infected people)

10 AV increased risk of malnutrition linked to increased risk of disease [2]
¢

4
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(b) (i) two from
different mMRNA codon (formed during transcription) ;
A triplet/triplet of bases/triplet code/3-base code
R codons
idea that, each codon specifies a particular amino acid/a different codon specifies
a different amino acid ; A

(different) tRNA with different amino acid binds to, ribosome/mRNA ; [2]

(ii) two from
change in, tertiary/quaternary, structure (of enzyme) ;
A change in polypeptide, folding/coiling ;

(enzyme) binding site for antibiotic, lost/changes shape ;
R active site unless clear that substrate binding and catalytic site remains
unchanged

antibiotic/nalidixic acid, cannot bind (so enzyme remains active) ;
allow ecf for active site [2]

(c) four from
risk of, further spread/wider epidemic, (from people still infected) ; AW
2 reduces chance of succesful treatment/higher death rates ;
3 increased, treatment/hospitalisation times ; A takes longerto treat
A more complex treatment
4 increased costs of treatment/ strain on health budget/AW ;

5 risk of, further resistance/resistance to all antibietics ;
6 fewer antibiotics left that are effective ;
A risk that no antibiotics will be left to successfully treat
7 need to find, new antibiotics/alternative treatment ;
A difficulty in finding new treatments./AW
8 (so) cost of research ; allow cost
9 AVP;euqg. strain on, res / health personnel, to treat other diseases
i i e of resistance so that effective treatment is given

[4]

[Total: 13]
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199. 9700 _w16_ms_23 Q: 2

(a) two from

1 provide an alternative pathway ;

brings reactants close together (in active site/to form ESC) ;

3 put a strain on the reactant(s) ;

4  so bonds, break/form, more easily ;

5§ transfer of, charges/groups ;

6 AVP; e.g. involvement of R groups [2]
(b) (i) quoting figures with no qualitative description = mp4 only

four from

1 as time increases the concentration of PABA increases ;

2 increasing the concentration of inhibitor, decreases concentration of
PABA/slows the reaction ;

3 from 0to 2/2.5/3 minutes, no difference in concentration of PABA
produced/same rate, for all concentrations of inhibitor ;

4 use of data ; from plotted points or from curves
e.g. concentrations of PABA at different times for any one inhibitor
e.g. concentrations of PABA at same time for two different inhibitor
concentrations
e.g. concentration of PABA = 2 — 3.5 uM at a specific time

5 AVP;
e.g. for all concentrations of inhibitor, rate becomes less steep after
approximately 5 minutes
e.g. for last 20 minutes rate of reaction is linear (for all'or. any one
concentrations of inhibitor)
e.g. little difference, in rate/final [PABA], between D.and 1 uM
e.g. greater difference, in rate/final [PABA], between 1 uM and 3 uM [4]

(ii) three from
1 carry out/ AW, with different concentrations.of substrate ;
A use a low concentration and a high concentration of substrate if a
number of different concentrations, of substrate without any reference to
high and low this must be a m@v of 5
2 with and without inhibitor ;
3 all other variables consta
A one key variable,
4 interpretation of,
e.g. draw a/gra ee change to, K,/ Viax
e.g. idea that if th ect of the inhibitor decreases with an increase in
substrate concentration then inhibitor is competitive ora
petitive: increase in K,/ no change in Vyax

e concentration/temperature/pH

edeg mpetitive: no change in K,/ decrease in Vi, [3]
¢
(iii) onedrom
bacteria, ot make/make less, folic acid, so they die/cannot

grow/cannot reproduce/cannot multiply ;
inhibitor targets only bacterial cells ;
inhibitor will not harm human cells ; [1]
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(iv) allow drugs for antibiotics throughout

two from
1 idea that there are few targets for drugs ;
A e.g. virus has no, cell wall/cell membrane/ribosomes
2 no/few, enzymes ;
3 antibiotics only work on, growing/living, cells ;
A viruses have no, metabolism/growth
4 viruses are inside (host) cells/not within reach of antibiotics ;
R if antibodies
5 antibiotics do not work on, protein coat/capsid/viral envelope ;
| capsule [2]
(c) two from
do not use for viral infections ;
do not use as preventative medicine ;
antibiotics should only be used (for treatment) when necessary ;

carry out antibiotic sensitivity test ;

ensure, correct/effective, antibiotic, prescribed/used ; AW

ensure people take the correct dose ;

ensure people complete the course of their antibiotic ; A ensure people follow the
instructions

ensure people do not use, left-over/other people’s, antibiotics ;

only supply on prescription/not over the counter/AW ;

only use, wide/broad, spectrum antibiotic when pathogen not'known ; A ora use
narrow spectrum antibiotic when pathogen is known

use more than one antibiotic (at the same time) ; A mixture of
antibiotics / antibiotics in combination

monitor antibiotics to check that they are effective ;

report cases of antibiotic resistance ;

reporting patterns of antibiotic resistance (temporal@and geographical) ;

rotate antibiotics so not used all the ti
keep some antibiotics to use as a lastre
do not use the same antibiotics fo i
reduce use of antibiotics in, food

as for humans ;
Uction/ (livestock) agriculture ;

use other antimicrobial

develop new, types o tics/drugs, to kill bacteria ;

ensure/improve, knowle of, healthcare professionals/public ; A ref. to
education about awareness of antibiotic resistance

ref. to breaking transmission cycle/described example of a method ; e.g.

i d hygiene in hospitals

bréak transm cle of resistant bacteria/described example ; e.g.

(2]

[Total: 14]
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200. 9700_s19_ms_22 Q: 3

(a) C =neutrophil ; A polymorphonuclear leucocyte A basophil A eosinophil 3
D =lymphocyte ; B/ T is neutral
E = monocyte ; A macrophage [ leucocyte / white blood cell, throughout

(b)(i) any two from: 2

lymphocytes / blood cells, produced in/ originate from, bone marrow ;
ref. to stem cell(s) ;
ref. to cell division ; e.g. bone marrow has cells that can carry out, mitosis / cell division A (stem cells are) multipotent

(b)(ii) any three from: 3

measles
immune response stimulated ;

or lymphocyte / white blood cell, stimulated / triggered or clonal selection/ AW
plus

clonal, expansion / proliferation / cell division / mitosis

detail ; e.g. either antigen recognition / presence / binding }

R incorrect pathogen name R bacteria

CLL

result of, uncontrolled mitosis ;
A uncontrolled, division / cell cycle
I rapid mitosis

detail ; owing to, mutation / named mutation

or ‘

cell cycle checkpoints not working \
or

cells don’t respond to signals to control division

(c)(i) any two from: 2

(passive / simple) diffusion (of oxygen) across the phospholipid bilayer ;
A movement from a higher to a lower concentration for diffusiol
A between phospholipids / between fatty acid chains / across ro| ic core / across bilayer / AW, for phospholipid
bilayer

small size ;
non-polar /uncharged ;

(e)(iiy any three from: 3

less oxygen in inhaled air/ AW ; A less oxygel from alveoli
Hb for haemoglobin

low(er) saturation of haemoglobin (with %
the context of oxygen

A haemoglobin carries less oxy:
R saturation, with air / carbon

haemoglobin has lower
(so) more haemog (so more red blood cells)/ (more red blood cells) so more haemoglobin ; AW

compensation /
A so sam

ty / amount, of oxygen reaches body cells (compared to lower altitude)
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(d) any four from: 4

1 (alleles have) different nucleotide sequences ; A different base sequences
2 base substitution / substitution of a base ; A T replaced by A

3 (alleles have) different mRNA codons ; A altered mRNA codon
R altered genetic code

4  (results in) one amino acid change
or
change from, glutamic acid / glutamate / glu, to, valine / val
or
changed primary structure ; A changed sequence of amino acids
R if implies whole sequence changes

5 AVP:eg. Hb*=CTC and Hb® = CAC (on template strand)
A Hb* = GAG and HbS = GTG (on non-template strand)
or
Hb” = CTT and Hb® = CAT (on template strand)
A Hb* = GAA and Hb® = GTA (on non-template strand)
this is not also mp2

ref. to amino acid substitution at position 6 (this is not also mp4)
A 6th, codon/ triplet, changed

6 changed, (B-globin/ Hb) tertiary structure ; A polypeptide / (Hb molecule) quaternary structure 1l olypeptide
7  ref toloss of globular structure / hydrophobic amino acid faces outside (instead of to
A described e.g. (val) amino acid with hydrophobic R-group instead of (glu) amin philic R-group

accept hydrophilic / polar, amino acid
accept hydrophobic /non polar, amino acid ‘

(d) 8 sticky (haemoglobin) molecule formed / forms fibres with other haemoglobin

9 oxygen taken up less easily / less oxygen carried by haemoglobin /
A B-globin takes up oxygen less easily / AW

10 AVP ; (sickle cell) haemoglobin/ B-globin, less soluble / AW
l insoluble

Q""'Q
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761

(a) one mark each row

cell structure V. cholerae

epithelial cell from the
human intestine

cell wall

X

cell surface membrane

NN N

ribosomes

v’
v’

®

large permanent vacuole

organelles surrounded by a *
double membrane

(b) I better sanitation unqualified
I ref. to unclean water

any five from :

ref. to treat drinking water ;
A clean / sterilised / chlorinated / safe / bottled / boiled
A ref. to water treatment plants

ref. o keeping sewage and (drinking) water sources separate ;
A examples e.g. avoid swimming downstream of sewage outlets
avoid defaecating near rivers used for washing
water treatment plants upstream of sewage disposal
bury faeces

ref. fo vaccination / providing vaccines ;
ref. to education in ways to prevent spread ;

ref. o (encourage) hand washing ;

discourage use of human faeces for fertiliser / use fi
contaminated water;
control breeding of, vectors / flies ;

rapid diagnosis ;
rapid treatment (for earlier recovery to i
ref. to oral rehydration, salts / therapys;
use of antibiotics ;

ref. to isolation / quarantin

provide sewage treatment plants ; A treat waste water / containment of sewage / provide lat

O

ry camps) ;

(c)(i) to, bind / attach / A

(because it) binds tary, to, CD4 receptor proteins / AW ;

pathogen, to, host cell / T-lymphocyte / T-cell ;

irus into cell / endocytosis / fusion of viral envelope with host cell (surface) membrane ;

; in context of fewer helper T-lymphocytes

(e)(ii) @W

4 ’anx"e from:

(soffewer B-lyi

(so) fewer plasma cells to, produce / secrete antibodies ;

es divide by mitosis / AW ; A humoral response decreased

(so) fewer B -lymphocytes stimulated to differentiate into plasma cells / AW ;
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APPENDIX A. ANSWERS

@) bone marrow ;

(a)(ii) accept points from a diagram
max three from:

1 detection/recognition ;
e.g. detects (named type of) pathogen

has receptors (for antigens)
2  engulfs /envelops, pathogen / bacterium/AW ;
A phagocytosis occurs
A endocytosis occurs
A pseudopodia form
forms, vacuole / vesicle / phagosome ;
ref. to lysosome fusion ;
ref. to hydrolytic / digestive, enzymes ;
A named examples
A hydrolases
6 ref. to antigen presentation ;
7 AVP; e.g. (response is) non-specific/innate

a bW

recognises, (foreign) antigens / antibodies complexed to antigens

(a)(iii) any one valid suggestion from:

produces inhibitors for / deactivates, lysosomal enzymes ;
escapes out of phagosome ;

forms resistant spore / is resistant to digestive enzymes ;
AVP ; e.g. suggestion of macrophage malfunction

0 1

(b) any three from:

1 production of mucus by, mucous glands / goblet cells ;
2  sticky/ AW, mucus
or
mucus traps, pathogens / bacteria / microorganisms ;
3 mucus acts as a barrier (to prevent entry) ;
4 mucus increases distance to reach cells ;
5 cilia on ciliated epithelial cells ;
A ciliated epithelium
6 cilia, waft/move, mucus/AW ;
7  idea that (contaminated) mucus is moved, a om

§ 3

/ away from lung tissue / towards back of mouth/AW ;

(c) any one suggestion from:

blood / plasma / circulatory system ;

lymph /lymph system ;

within, neutrophils / macrophages / ph:
A white blood cells / leucocytes,

(d) any one from:

from infected, cows /
eating contamin ef (from infected cattle) ;
drinking, raw/u, milk (from infected cows) ;

.0
o4 :‘

*
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(e) any two from: 2

increases chances of, killing/ AW, all bacteria ;
1 will kill all bacteria (unqualified)
A will kill all bacteria if bacteria are, susceptible / not resistant
if bacteria are resistant to one antibiotic, then still susceptible to other antibiotics / AW ;
reduces chance of mutations arising/ (if bacteria susceptible) mutations unlikely to occur against all antibiotics ;
AVP ; e.g.antibiotic can be stopped because of side effects
idea that more effective because different antibiotics will work on different targets (in the bacteria)

(f) any two from: 2

overall trend for both is increase ;
rate of increase in cases of MDR-TB greater than rate of increase in cases of TB/AW /ora ;
ref. to fluctuations / detail of fluctuations / periods of decrease ;

(g) any three from: 3

overall increase in TB cases:
1 ref. to problems with people living in, poorly ventilated accommodation / close proximity to each other/ AW ;
2 vaccination programmes not able to prevent increase / herd immunity insufficient/ AW ;

decrease /numbers fairly constant:
3 ref. to (some) success of, prevention / treatment programme ;
A described examples

increase in MDR-TB:
4 people fail to finish course of treatment for normal TB/AW ;
5 ref. to ease of transmission of TB means easy to transmit MDR-TB ;

decrease in 2014 for MDR-TB:
6 suggestion for decrease ;
e.g. better, surveillance / cooperation, in completion of drug therapy
more successful antibiotics used
people better educated about preventing spread

for either increase in TB cases or increase in MDR-TB:
7 qualified ref. to link between, HIV/HIV/AIDS, and TB ;
8 less money available for, longer drug treatment/ vaccination, by, health authorities / governments ;

9 AVP; e.g.balance between new cases and successfully treated cases means problem still exists in prevention
ref. to changes in population size
ref. to improvements in data collection
ref. to immigration

*$
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203. 9700_s18_ms_21 Q: 5

(a) five from: 5
A ‘cells’ for ‘lymphocytes’ throughout

1 ref. to antigen presentation ;
A macrophage presents antigen
2 recognition/binding (in context of B-, or T-lymphocytes) ; e.g. cell surface receptor specific to toxoid / clonal selection
A immunoglobulin / antibody on surface of B-lymphocytes
T-lymphocytes or B-lymphocytes, divide by mitosis / clonal expansion ;
(some) plasma cells, formed / AW ; R if in context of T-lymphocytes
antibody molecules / antibodies, secreted / produced / released ;
R if in context of T-lymphocytes
6 T helper cells secrete, cytokines / interleukins ;
7  ref. to action of cytokines / interleukins ; e.g. to stimulate, humoral response / B-lymphocytes / to stimulate
macrophages / angry macrophages

o AW

8 formation of memory cells ;
only in context of B-/ T-lymphocyte activation

(b)(i) three from: 3

1 failure to distinguish between self and non-self / AW ;
specific B-,lymphocytes / cells, are not destroyed (during development) ;

3 antibodies are produced against, cell surface / ACh, receptors on, muscle cell / neurones / nerve.c
4 antibodies, bind to / block, receptors ;
A antibody—antigen, binding / complex if receptors already given

5 AVP; any detail related to the disease
e.g. (chemical) transmitter molecules / acetylcholine, cannot bind (to r.e t
impulses are not transmitted across synapse / neurones cannot sendi
ref. to causing, muscle weakness / muscle fatigue
ref. to neuromuscular junction does not function

(b)(i) | two from: 2

so immune response, occurs all the time /recurs ;
(defective) B-lymphocytes still being produced / AW ;
I T (helper) cells

A not destroyed / remain
plasma cells / B-lymphocytes, continue to release antibodi ceptors ;
memory cells /immunological memory, present ;

receptors are always present (on neurones / nerv ls) ;

AVP; e.g.nocure

Q""'Q
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204. 9700_s18_ms_22 Q: 3

(a) A antibiotic for penicillin throughout 3
three from:

1 (penicillin) weakens / AW, the cell wall ;
I punches holes / holes made

2 (penicillin) acts, on growing cells / when cell wall being synthesised (during growth) ;

3 inhibits / binds to / AW, enzymes / transpeptidases (for cross linkage formation) ;
I ref. to synthesis of peptidoglycan

4 prevents formation of cross, links / linkages (between, peptidoglycan / murein, molecules) /AW ;
suggestions why antibiotic is less effective on Gram negative

5 outer membrane, prevents / interferes with / protects from / AW, entry (of penicillin) ;
A idea of, more difficult/ further, to reach peptidoglycan layer

6 proteins in outer membrane may pump out antibiotic ;
A presence of efflux pumps

7 enzymes may be present (in periplasm) to degrade antibiotic/ AW ; 0

8 suggestion that antibiotic cannot cross hydrophobic region of (outer) membrane ;

9 AVP; e.g.proportionately, less/lower concentration of, penicillin reaches murein for, eptidase,
inhibition

(b)(i) ATP not required ; A (metabolic) energy not required 1
(b)(ii) four from: 4

1 channel protein ; A pore protein/has a pore / has a channel

2 channel/pore, can form from polypeptides
or
(protein) has quaternary structure ;

3 hydrophilic R-groups, on amino acids lining channel / fa 'owards channel) ;
A hydrophilic, lining / channel
A water-filled, channel / AW
A idea that passage is through hydrophilic regi f pro

4 allows facilitated diffusion ; A diffusio if in context of through the protein but R if via phospholipid bilayer
5 increases permeability for, movemen mosis ;
| faster
6 no (specific) binding sites / (cl ecific / not selective / allows more than one type of substance through/ AW ;

7 globular;

8 AVP; eg.r bic part of protein, faces / interacts with, hydrophobic, region / core / fatty acid tails

ic parts of, protein / polypeptide, extend into, external environment / periplasm / aqueous
0

L 2

Y 4
4 "‘
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(b)(iii)

two from:

translation, cannot/does not, begin/ occur
or
polypeptide / protein, synthesis, cannot occur / decreases ;
| ompF not made
A chain of amino acids
R transcription does not occur so translation does not occur
R if in context of mutation or enzyme inhibition

mRNA cannot attach to, ribosome / small subunit/ ribosomal subunit ;

(first) tRNA (with UAC anticodon) / tRNA carrying met, cannot bind (to START codon) ;

()@

(composed of) many / chain of / polymer of / AW, monosaccharides / sugar monomers / sugar units ;
A glucose, molecules / residues
A more than two / many sugars

further detail ;  e.g. carbohydrate
may be, branched / unbranched in context of polysaccharide
macromolecule in context of polysaccharide
glycosidic bonds in context of between sugar monomers
(sugar monomers) joined by condensation reactions

(c)(ii)

three from:

1 specificity / specific (in correct context) ;

2 (B/T,-) lymphocytes have receptors complementary to antigen ;
A immunoglobulins / antibody as receptors for B-lymphocyte
A surface molecules as receptors for T-lymphocytes

3 (different) antigens, stimulate / activate / AW, (different) B-IymphocyteslT—Iymp?

A antigens stimulate an immune response
4 jdea that different antibodies, synthesised / produced / AW, for differ; 10

polysaccharides / lipopolysaccharides ;

5 memory cells will, not respond to different antigen / only respond tigen /AW ;

6 different O-antigens can, be composed of different sugars ;
A can have different shapes

Q°Q
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205. 9700 w17 _ms 22 Q: 4
(a) two from 2
(loss of ions) increases / AW, water potential within cell ; ora, A ¥ for water potential, | ref. fo solutes / solute potential
water moves out of cell, down water potential gradient/from high(er) to low(er) water potential ; R from high to low water
potential gradient
(out) by osmosis / through the partially permeable membrane ; A selectively permeable membrane | osmotic gradient
(b) four from 4
capillary side sodium ions
1 sodium ions out (of cell), by active transport/with use of ATP ; A sodium ions pumped out
2 (so) lowers concentration of sodium ions within cell or sodium ion concentration gradient, set up / maintained ;
intestinal lumen sodium ions and glucose
3 sodium ions enter by facilitated diffusion ; A diffusion / high to low concentration, through, SGLT1 / cotransporter
I glucose enters by facilitated diffusion
4  glucose, cotransported with sodium ions into cell (through SGLT1) ; A sodium ions cotransported with glucose
A glucose enters by secondary active transport, A idea of glucose only able to enter if moving with sodium ions (i.e.
sodium drives the process)
5 (cotransport means) glucose enters against concentration gradient ;
capillary side glucose
6 glucose out of cell (towards capillary) by facilitated diffusion ; A by diffusion if stated through, membrane
protein / GLUT2
water uptake from lumen
7  (higher concentrations of) sodium ions / glucose / solutes, within cell lowers water potential ;
8 water follows, sodium ions / glucose / solutes (osmotically) or so water enters cell (down water potential gradient) ;
must have idea that it follows inward movement of solutes
(c) any one valid e.g.(if not stated artery or vein, assume vein) 1
high(er) pressure of artery (will not allow drip)
or
artery may be deeper to reach to insert needle for drip / easier to find vein A vein more, visible / superficial
or
greater risk / more complications / greater blood loss, associated with intra arterially AW
(d) one from 1
no/ reduced, polypeptide / protein, synthesis
or
mRNA not translated / no translation / r lation ; A detail of translation e.g. tRNA cannot bind R DNA not
translated
no/few, enzyme-catalysed rea
(e)(i) three from 3
1 volume/AW, decrea er time for all groups ;
2 compared to ho antibiofic antibiotic groups, steep(er)/ faster, decrease to, 32/48 hours ;
3 idea iarrhoea, stops / is Odml, at/ after, 64 hours, for one dose 1 g/ A, or, multiple dose/C ;
& re er 64 hours / AW
®.
49 "Qﬂer 48 dose 2 g/ B, fluctuation / decreases then (slight) increase then decrease /AW ;
.
5 noanti , higher volumes diarrhoea than antibiotics (to approx. 110h) or no antibiotic / one dose 2 g/B, took
128 hours (for diarrhoea) to, reach 0 dmalstop H
6 multiple dose / C, higher volumes than, A (all readings)/B (to 48 hours) ora or A has steepest decrease in context of
16-32 hours or overall
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(e)(ii)

alternative ways to refer fo decrease in volumes of diarrhoea may be in terms of recovery, destroying bacteria,
decreasing loss of glucose and salts

two from

support treatment
there is a difference between antibiotic and no antibiotic treatment or fast(er) decrease in volume of diarrhoea with
antibiotics / AW or (generally) faster recovery with antibiotics ; I ref. to one dose 2g

use of Fig. 4.3 to support ;

e.g.

use (1 dose) 1 g or multiple dose

time, to recover / reach 0 dm?®, is halved
use of humerical data from Fig. 4.3

does not support treatment
(in all cases) volume decreased to, same level / zero or all patients recovered ;

use of Fig. 4.3 to support ;

e.qg.

by 128 hours all patients 0 dm®

one dose of 2 g same trend from 112 hours as no antibiotic
one dose of 2 g patients relapse after 64 hours

one dose of 2 g took 128 hours (for recovery)

not able to say
limited information available / small number of patients ;

ref. to one dose of 2 g antibiotic ; e.g. does not reach 0 dm? until same time as no antibiotic
also see arguments above — allow once only here or for does not support

answer may be from point of view of single dose or multiple dose
allow AW — note mp 3 is for starting with susceptible bacteria and mp 4 is for starting with resistant bacteria

enalise once if use virus throughout

APPENDIX A. ANSWERS

single dose multiple dose
easier to be sure patient has taken complete dose course may not be completed
2 | if (bacteria are all susceptible and) treatment treatment may not be completed so some (susceptible)
completed, all bacteria killed / no reservoir of bacteria | bacteria survive
3| (susceptible so) no bacteria survive to, (bacteria replicating so) increased chance of,
mutate / become resistant mutation / becoming resistant
4| idea that (if resistance is already present) single weaker dose spread over time, resistant bacteria, more

stronger dose has greater chance of killing resistant | likely to survive / have less chance of being killed
bacteria

5 | (if all killed with single dose) idea that res st e not | if resistant/if develop resistance, this could be
transferred
A vertical / horizontal, resistance

transmission
this could be suggested as follo)

6| AVP
e.g.
one dose may m ess, antibiotic enters environment (in faeces)

(more effective so) ria passed out for shorter time, so reduces risk of transmission (of pathogen)

idea that multiple low: e antibiotics may increase mutagenesis

suggestion that if resistant and not killed by antibiotic, there may be less of an effect on (good) gut bacteria with
single dose

(@

ntigens (in context of, flagellum / whole cell / toxin) ; A ref. to epitopes instead of antigens
correct context (B-lymphocytes/plasma cells / antibodies /antigen binding sites)

3 detail of B-lymphocytes ; e.g. specific B-lymphocytes activated (by each different antigen) A clonal selection form
plasma cells that release specific antibody, A B-lymphocytes release specific antibody

4 detail of antibody ; | ref. to receptor

e.g. antibody complementary (shape) to antigen, antigen binding sites on antibody, variable regions different for each

antibody

(h)

passive natural / natural passive ;
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206. 9700 _wl17_ms_23 Q: 3

769

(a) (cell) thin/squamous/flat/pavement ;
R cell wall I one cell thick

short distance for, diffusion of (named) gases/gas exchange ;
A diffusion between (air in) alveolus and (blood in) capillary

(b) two from
A hydrophilic/polar, heads and hydrophobic tails

tails, face away from fluid or water/project into air ;
A diagram

heads form hydrogen bonds with water ;

max 1 if answer is about a bilayer

phosphate/‘heads’, are, polar/hydrophilic and, fatty acids/hydrocarbon chains/‘tails’, are, non-polar/hydrophobic ;

(c) three from

1 prevention of infections (of, gas exchange system/named part) ;
A in context of a named disease (TB, pneumonia, influenza)

2 prevent (named) pathogen entering, rest of body/blood ;

3 idea that macrophages patrol/ move around/AW, alveoli/lungs ;

4  (carry out) phagocytosis /endocytosis ;
A are phagocytes

5 engulf/remove/destroy/kill/ digest , pathogens ;

6 macrophages are, antigen presenting cells/APCs ;
A description of antigen presentation A part of the immune system

7 AVP; e.g. reduce excess surfactants | ref. to mucus

(d)(i) two from
breakdown /AW, elastin/elastic fibres/elastic tissue ;

makes a pathway, to alveolus/through alveolar wall
or

goes through alveolar wall

or

to reach, respiratory tract/gas exchange surface/al

to reach, pathogens/site of infection, in alve: plied ;

<
O

(d)(ii) three from
1 no/less, inhibition of elastase ;

2 too much/more, elasti
3 ref. to lack of elasti ess, recoil (during expiration) ;

4 alveoli, over etch/increase in size ;

3 max
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207. 9700_s16_ms_21 Q: 2
(a) (i) phagocytosis/endocytosis ; R pinocytosis | engulfing [1]

(if) E transcription ;
F translation ; A post translation(al) modification 2]

(ili) B (phagocytic/endocytic) vacuole/phagosome ; A vesicle
R incorrectly qualified vacuole or vesicle (e.g. permanent/large/
secretory/ Golgi/excretory)
| food/pathogenic
G (808) ribosome ; A rough endoplasmic reticulum R RER/rough ER
1 70S or any other type of incorrect S as a qualification
H Golgi (body/apparatus/complex) ;
J mitochondrion ; A mitochondria 4]

(b) | fusion of lysosomes with phagosome and diffusion of products of digestion

1 bacteria are, killed/destroyed/broken down/digested ; A hydrolysed

A cell wall broken down

R bacteria are cut up

(by hydrolytic) enzymes ;

any example, e.g. carbohydrase /lysozyme/ protease/nuclease §

killed by, hydrogen peroxide/H;0,/free radicals/AW ;

AVP ; e.g. correctly named substrate for enzyme

murein/peptidoglycan, polysaccharide(s), polypeptideshucleic acids, lipids

e.g. correctly named bonds broken

glycosidic, peptide, ester, phosphodiester [max 3]

AbhwWN

(c) idea that only, a few/some /small number/AWgwith eorrect specificity ;
(different) T-lymphocytes are specific to different antigens ;

(T cell) receptor is, complementary (in_shape{o antigen) ;

AVP ;

e.g. this may be during a primary immune_ response so ho memory cells
e.g. disease state (HIV/AIDS anWemia) or treatment where few

T-lymphocytes in the body

AWN =

[max 2]

[Total: 12]
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208. 9700 _s15 ms_21 Q: 2

@ @

(ii)

(b) (i)

(ii)

(c) 1

(d) @)

(ii)

(iii)

X — (ciliated) epithelium ;
Y —red blood cell/erythrocyte ; [2]

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]

J — phagocytosis/endocytosis/described in terms of engulfing or forming
phagosome ; 1]

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 célls [max 2]

faster ;
in context of whole secondary response

memory cells;
in context of production during the first response

idea that there are many more cells specificfonthis pathogen ;

(s0) increases chances of encountering pathogens more quickly /AW ;

fast(er) production of, B lymphocytes /plasma cells/antibodies/helper (T)
cells/cytotoxic T cells/cy ;

greater concentration of antibodi

lood/lymph) or greater numbers of, B/plasma, cells ;

A more, antibodies/ cells/B cells
pathogen, removed S@e :
person does not b illno symptoms ;
A pathogen not, spread through the body/infect cells/AW [max 3]

er/weak, immune response ;

of T-lymphocytes, does not occur/occurs slowly ;

okines/ stimulating macrophages/ stimulating B cells/

cted cells

ibility to infectious diseases ;

R fighting disease’ [max 1]

pathogen not recognised, as non-self/foreign ;
pathogen is recognised as self ; A non-foreign
ignore antigen concealment [max 1]

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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209. 9700 w15 ms_21 Q: 5

(a) Morbillivirus ; (1]

(b) must have one ref. to either infected or uninfected to gain max
aerosol, infection/route ; A droplet infection 1 ref. to contact
infected person, sneezes/coughs/talks/spits, to release airborne droplets;
inhaled by, uninfected/healthy, person ; [max 2]

(c) RNA nucleotides ;
contains uracil ; A no thymine
ribose (instead of deoxyribose) ;
no (double) helical structure ;
AVP ; e.g. small enough to pass through nuclear pores ; [max 2]

(d) cell has no enzyme for RNA replication ;
ref. to enzyme specificity ;
RNA polymerase (in cell) uses DNA template /not RNA template /AW ; [max 2]

(e) ref. to recognition and activation by presence of antigen (on APCs{infected
cells) ;
T helper and T killer, lymphocytes/cells ; A T cytotoxic
T helper
secrete cytokines ;
(cytokines) stimulate/ AW, (specific) B-lymphocytes ;#A humoral response
stimulate /AW, macrophages/phagocytes/phagocytosis /T killer response ;
T killer
kill infected cells ;
detail of killing ;  e.g. perforin/H;0,

punching ‘holes’ in brane
ref. to T lymphocytes become memor@(for secondary immune response) ; [max 5]
[Total: 12]
D 4
¢
*®
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210. 9700 _w15_ms 22 Q: 2
(a) | ref. to other components of tobacco smoke that enter bloodstream

1 contains carbon monoxide and nicotine (which contribute) ;
R if tar also stated

contribution to atherosclerosis

2 damage to/AW, endothelium/ (inner) lining/tunica intima/inner wall ;
A also as consequence of increased blood pressure mp8

3 increased accumulation of LDLs ; AW in context of the vessel walls
A cholesterol/lipids/ lipoproteins /fats / triglycerides

4  inflammation ;

5 more/arrival of/attraction of, phagocytes/macrophages/monocytes/
neutrophils ;
A leucocytes/white blood cells
A phagocytes, have increased adherence/‘stick’ more, to lining

6 phagocytes engulf, LDLs/AW, and die (in situe)
or
formation of/ presence, foam cells ;

7  (contributes to) formation of, atheroma/atheromatous plaque ; A plaque
| atherosclerosis

features that may have a consequential effect
8 onerisk factor (caused by components of smoke) ;

one from:
increased blood pressure must be in context e.g. adrenalin release
owing to nicotine | atheroma increases blood pressure
increased stickiness of platelets (promotes clotting)
thrombus formation/thrombosis / (blood) clotting
increased, (serum) cholesterol/triglyceride/LDL, concentration
decreased, HDL/ ‘good’ cholesteral, concéentration

increased, oxidation/reactivity/ AW, of LDLs [max 3]
(b) (i) phagocytosis ; A act as phago 0
engulf/ attack/destroy/A ens/bacteria/microorganisms ;
A viruses

A act as, antigen p @ ng'cells/ APCs
| antigens/foreign erganisms/organisms

remove/engulf/AW, foreign substances/dead cells/cell debris/AW ; [max 1]
D 4
&,

4
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(ii) following inhalation | ref. to contract/relax
1 alveoli/air sacs/lungs, over expand/over inflate/over stretch/AW ;
2 (alveoli have) no/poor, recoil ; A do not, rebound
A lungs do not, recoil/deflate properly
3 (alveoli/lungs) cannot return to normal size/remain, (fully) stretched ;
A do not, decrease in size after, stretching/inhalation/AW
4 alveoli/air sacs, do not push out air (effectively) / have trapped air/ AW ;
I oxygen trapped [max 2]

(c) (i) Dbiological catalyst/described ;
e.g. biological molecule / protein that, increases the rate of/catalyses
speeds up, a reaction
molecule that, increases the rate of/ speeds up/catalyses, metabolic
/biclagical/cell(ular) reaction

one of:

globular protein ;

remains unchanged (at end of reaction) /not used up (in reaction) ;

lowers the activation energy (of a reaction) ; [max 2]

(ii) points can be gained from diagrams if not contradicted in written answer

1 (shape of) substrate/elastin, complementary to (shape of)active site ;
R matching/same
A description e.g. substrate fits (into) active site
diagram — label active site + substrate (shapes must be complementary)

2 lock is, enzyme/elastase/active site, and key is, substrate/elastin ;
3 formation of, enzyme-substrate complex/ES complex/ESC ;

A successful collision between enzyme'and, substrate

A substrate, binds/AW, at/to, thefactive site

diagram — ESC no label required if following on from mp1

4 peptide fragments/peptides
diagram — allow without |,

ts, released/formed ; A amino acids
quence clear and products shown

following points nee
5 hydrogen/tem

substrate ;
6 detail of how E

general.

strain on (peptide) bond
.® el transfers

¢ rea eld close for bond forming (i.e. water joining) [max 3]

notated if shown on diagram
orm between, enzyme/ active site, and

wered ; term Ea not required and points can be

4
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(d) (i) Iactive site of A1AT changes shape/acts as non-competitive inhibitor
R if macrophage elastase stated

775

cannot bind/not complementary, to active site ; A elastase/enzyme
H/temporary, bonds cannot form with active site ;
no longer, prevents entry/binding, of substrate ; A (so) substrate can bind [max 1]

(ii) consequence must be correctly linked to an event

1 neutrophil elastase, active/not inhibited/ AW ; A increase rate of
reaction

2 (so) TIMP-1 inactivated ; A other/macrophage elastase, inhibitor

3 (so) macrophage elastase, active / functioning/ not inhibited/ not

regulated ;
4  (so) more, macrophage and neutrophil/of both elastases, (to breakdown
elastin) ;
5 ref. to consequence ; e.g. bursting alveoli/breakdown of alveolar walls/
formation one large air sac/decrease in surface area for gas exchange [max 3]
(e) 1 mRNA, binds/AW, to ribosome ; A ribosomal RNA | rRNA

A mRNA moves to ribosome
2 tRNA with amino acid (to/at, ribosome) ; A aminoacyl!/charged, tRNA
3 tRNA/anticoden, specific to an amino acid ; A specific tRNA/anticodon for
the amino acid
ref. to start codon; A AUG™® /first codon is AUG /initiator tRNA. %
(complementary) base pairing/binding, between anticodon and eadon ;
first and second tRNAs bind/two tRNAs bound (at a timé)
or (tRNAs bring) amino acids, side by side/close ;
peptide bond formation ;
ribosome moves along, one codon/AW ;
next (aminoacyl) tRNA arrives/amino acids added,one at a time ;
0 elastase/polypeptide, released when STOR:codon reached ;
A process continues until a STOP coédon reached
11 AVP ; e.g. ref. to, aminoacyl/A, site, and, peptidyl /P, site
small subunit (of ribosome) attaches NA
aminoacyl tRNA synthetase binds a@id to tRNA

ATP required for tRNA-amino a

o0

= © 0~

peptidyl transferase for peptid ormation
ref. to, exit/E, site, on ribo ome moves 5’ to 3’ [max 5]
[Total: 20]
A 4
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211. 9700_w15_ms_22 Q: 4

(a) ignore descriptions or further qualification
no marks for each box if other mechanisms given

(b)

active transport ; A active uptake
exocytosis ; | bulk transport/secretion
diffusion ; | passive/simple R facilitated diffusion [3]

| ref. to small increase in partial pressure causes more oxygen to associate
A pp/pressure, for partial pressures

1 this is the range of (partial) pressures occurring in respiring tissues ;
A (partial) pressures in respiring tissues are low
2 (for a) small/1.6 kPa, decrease in partial pressure ;
3 (so) allows, large quantity of/more, oxygen to, be released/dissociate ;
A oxygen dissociates more, easily/readily
4  affinity of haemoglobin to oxygen decreases ; 0
in context of, as oxygen is released/as partial pressure decreases
5 data to support ; e.g. 60-62% to 28-30% / 30-32% difference [max 2]
& [Total: 5]

0‘(
o@*

Q°Q0
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(a) A ref. to receptors (at neuromuscular junctions) for self-antigens 2
any two from:
1 autoimmune disease ;
2 failure to distinguish self and non-self (antigens) ;
A foreign for non-self
3 immune response / antibodies produced, against self-antigens ;
4 binding of (specific) antibody to self-antigen (on the external cell surface membranes of muscle cells) ;
5 faulty/ AW, lymphocytes not destroyed ;
(b) human immunodeficiency virus ; 1
(c) any three from: 3
if Ty cell number is low:
1 low Thcells means increased risk of developing an infectious disease ;
2 low levels/less, cytoKine, secreted / AW ;
role of cytokine:
3 stimulates activity of macrophages / produces angry macrophages ;
4 stimulates, B-lymphocytes / plasma cells / humoral, response ;
A activate B-lymphocytes
5 (so lower concentrations / less / no), antibody, produced / secreted ;
6 stimulates, T-cytotoxic/ T-Killer, cells ;
7 (so) fewer infected cells killed ;
8 more time for pathogens to, reproduce / spread ;
9 fewer memory cells (to fight future infection) ; ‘
(d)(i) any three from: 3

receiving treatment (max 2):
1 percentage of people living with HIV receiving treatment increases ;
2 low rate of increase between 2000 and, 2003 /2004 ;
3 datato support ;
e.g. 3% /4%, in 20002003, 45% in 2015

deaths:
4 increase in HIV / AlIDS-related deaths to, 2004 /2005, th ;
A peak in 2004 / 2005
5 data to support ;
e.g. two of: start at 1.5 million, peak at 2 million, end at 1 illion (2 of these)

(d)(ii) any two from:

1 lack of trained personnel to deliver tre;

2 some people unwilling to take treat

3 isolated areas/ difficulty getting tre people ;

4 inability to, supply / produce, 3

5 not all people living witl ir sfatus / have been diagnosed ;
6

AVP ;
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213.9700_s20_ms_21 Q: 5

(a)i) Mycobacterium tuberculosis or Mycobacterium bovis ; 1
(a)(ii) | max1 if no reference to, infected /uninfected 2

airborne droplets, breathed / sneezed / AW, out by infected person ;
breathed in / inhaled / inspired, by uninfected person ;

or

in context of M. bovis only

contaminated meat / unpasteurised milk, from infected, cattle / cows ;
ingested by uninfected person ;

(b) max 4 if no ref. to, (mature) B-lymphocytes / plasma cells, producing / secreting, antibodies 5

any five from:
ref. to fusion of lysosomes releasing hydrolytic enzymes ;
intracellular digestion / described ; e.g. hydrolysis of, (named) cell wall components / proteins / nucleic acids / lipids
ref. to processing antigens to present on, cell surface membrane / cell surface ;
A macrophage becomes an, antigen presenting cell/ APC ;

antigen, recognition / binding, by, B-lymphocytes / T-lymphocytes ;

detail ; e.g. clonal selection / have receptors complementary to antigen / specificity of, B-lymphocytes /T- lymphocytes to
(non-self) antigen ;
A immunoglobulin / antibody as receptor for B-lymphocytes

clonal, expansion / proliferation ;
A described e.g. divides by mitosis to form a clone of cells

B-lymphocytes, mature to/form, plasma cells that secrete antibodies ;
T-helper cells release cytokines ;
Cytokine action ; e.g. stimulates, humoral/ B-lymphocyte, response

(c) any three from: 3
long-term immunity ;

B and T memory cells remain in the body for, a long time / a lifetime ;

memory cells for secondary (immune) response ;

secondary response is faster / more effective (than primary immuré respense) ;

(so) higher concentration antibodies 7 quicker production antibodies ;

Idea of more (specific) memory cells in the body than (specific) lymphocytes before primary response ;
increase chance that pathogen encountered more rapidly{to mount a response) ;

AVP ; e.g. pathogen destroyed before symptoms ofillness are caused

(d) any three from: 3
Mycobacterium | TB bacterium, is an intracellul arasite /lives inside host cells ;
antibodies have no effect on bacteria inside
only when bacteria are in the, plasma/ tissu

idea that vaccination is not a global
e.g. not part of vaccinatio
only some countrie:

;
e in many countries
of their vaccination programme

BCG is not very effecti @ u ome people do not respond to BCG ;
BCG does not have the sa effectiveness across the world ;

many countries, have no herd immunity / do have enough people that are immune, to prevent spread ;

ance / AW, collapse of health services ;

ers / tourists / immigrants / displaced people, may be infected with TB and transmit it to host population
, @ vaccination programme / herd immunity)
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779

(a)

Mycobacterium tuberculosis ; A Mycobacterium bovis

(b)

any one from

live in an area that has cases of TB ;

recently returned from countries with TB ;

born in a country with TB ;

parents / grandparents whose origin country has TB ;

contact with a person who has TB ;

AVP ; e.g. ref. to compromised immune system
mother who is HIV-positive

(c)

any three from

decrease in incidence over time for all groups

or

decrease in incidence over time for low, lower middle, upper middle and plateau for high income group ;

one example of, large / AW, differences in incidence ;
e.g. between, upper middle income and, low / lower middle
between high income and, low / lower middle / low and lower middle ;
between upper middle and high ;

middle ;

low and lower middle similar incidence ;

data/ manipulated data, to support any of above points ;

(d)

decrease in incidence with income group increase (for each year), generally / overall / except for 2015@w to lower

any two from 0

max 1 if no ref. to antigens \
leprosy bacterium has similar (shaped) antigens ;

memory cells, recognise / bind, antigens on leprosy bacterium ;

anti-TB antibodies also bind to leprosy antigens ;
AVP ; e.g. similar/ same, genes so synthesise similar proteins

(e)

any three from

artificial active ural passive

deliberate / AW or not deli
A from medical staff

other/in breast milk / across placenta ;

vaccine/ (foreign) antigens in injection | or anti ;

immune response

longer lasting

protection not immedi or immediate protection ;
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215. 9700 _s20_ms_23 Q: 2

(a) allow mosquito for Anopheles throughout 3
allow pathogen for Plasmodium throughout

any three from
role of Anopheles in transmission cycle ; e.g. Anopheles is, a vector of Plasmodium| Anopheles passes Plasmodium from
infected person to uninfected person

insecticide on nets and on surfaces
kills Anopheles before it can take blood from an infected person ;
kills Anopheles before it can transfer blood with Plasmodium to uninfected person ;

presence of nets
protect people, when sleeping/ at time when Anopheles is, active / feeding ;

general
prevent Plasmodium from completing its life cycle ; AW

AVP ; idea of reducing population size of mosquitoes
use of different insecticides on net and IRS to avoid insecticide resistance

(b)(i) any one from 1
increase in the use of ITN over time ;

decrease in the use of IRS only ;

proportion of population protected by ITN only has increased ;

(b)(ii) any one from 1
increase is not steep enough, to make a large enough difference / so disease will still be able.to spread ;
a large proportion of the population is still at risk, so people will still contract the disease ; A figures from Fig. 2.1

WHO targets may not be met, so hindering progress in the fight against malaria ;/AW
AVP ; e.g. suggests that the, provision of / distribution of / access to, ITN is not @adequate ;

(b)(iii) | any one suggestion from 1
ITN more effective in control than IRS ;

more cost effective to provide ITN ;

lack of personnel to carry out work required for IRS ;

ref. to insecticide on net may be more effective at Killing ;

AVP ; e.g. outside agencies / AW, provide ITN but do not help with IRS

(c) any three from 3

higher concentration of antibodies ;

faster production of antibodies ;

because of presence of memory, B-lymphocytes /B cells’;

higher numbers of specific B-lymphocytes, sed chance of faster recognition / because of clonal expansion in first
response ;

AVP ; e.g. also more memory T-cells tg
ref. to higher concentration antib

-lymphocyte response
irculation remaining after recovery

(d) any two from
result of an autoimmune di

antibodies produced a I ens / antigens on body cells
or
antibodies bind to self-an /antigens on (own) body cells ;

detail ; e.g. preyents functioning of muscle cells
binds to receptors on muscle cells

.0
{@
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(a)(i) any three from: 3
| heterochromatin / euchromatin

envelope / two membranes / double membrane /inner and outer membrane ;
nuclear pores ; A pores in nuclear envelope for two marks

(outer surface of) outer membrane with ribosomes ;

ref. to (outer nuclear) membrane continuous with RER ; R inner membrane

AVP ; e.g. perinuclear space A intermembranous space
pore complexes

(a)(ii) any two from: 2
resolution / resolving power, is, low/lower/poor/ AW/200nm /0.2 um ;
(A range 100-300 nm)
A electron microscope has a higher resolution
further detail ; e.g. ribosomes/ER, smaller than 200 nm
can only see cell structures greater than (limit of) resolution
cannot see structures smaller than 200 nm
cell structures too small for the resolution (needs ref. to.resolution)
cell structures, too small to/do not, interfere withdightwaves ; AW

(b) if letter used in more than one row, R these rows 5
correct interphase knowledge G2 = A, S = B, Gl=blank ;
cytokinesis blank ;

prophase C ;

anaphase E ;

telophase D ;

(c) any three from: 3
large numbers of B-lymphocytes / plasma cells (in primary immune response)
1 large quantity of (specifiehantibody, produced / released

to form antibody-antigen complexes/ to bind
antigen (for phag s)/ AW ;

f ory B-lymphocytes so

term immunity / memory cells long-lived / provides
immunological memory ;

Alremain in, circulation (for a long time) AW

¢l 3 o produce fast(er), secondary (immune) response ;
d response will be fast(er)
mune response faster on second encounter (with
antigen / pathogen)/ AW

4

4 higher concentration/faster production, of antibodies (than primary
response) ; | ‘more’ alone

5 person does not have, symptoms / become ill (of / from, same disease) ;
A presence of same, pathogen/ antigen, does not cause disease

6 AVP ; memory cells can (divide to) produce plasma cells
more plasma cells present than primary response
able to form more memory cells
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(d) any two from: 2
immune response / antibodies produced, against, self antigens ;
I immune system attacks self
A autoimmunity / autocimmune disease

idea that faulty B-lymphocytes not destroyed ;
A ref. to T-lymphocytes if in correct context

(specific) antibody, binds to/ acts on/ AW, self-antigen / receptor, on the (cell
surface membranes of) muscle cells / at neuromuscular junction ;
A antibody binds to acetylcholine receptors

ref. fo consequence to muscle cells ; e.g.(nerve) impulse conduction impaired
action of transmitter substance hindered

217.9700_m19 ms 22 Q:3

(@)(i) accept ora throughout 4
any four from:

(case) incidence:

1 only Lao PDR increase in (case) incidence / AW ;
2 Papua New Guinea has greatest reduction ;

3 numerical data extracted from Fig. 3.1 to support ;

mortality (rate):
4 all countries have a reduction ;
5 Cambodia greatest reduction
A Cambodia and Lao PDR
or
Solomon Islands least reduction ;
6 numerical data extracted from Fig. 3.1 to support ;

(a)ii) any two from: 2

nets prevent entry of, mosquito / Anopheles ;
A in context of covering containers with w
insecticide, kills / reduces number of, mosqui

(b)(i) any two from: 2
1 testing for the pre , antigens / (Plasmodium) proteins ;
antibodies are, spec
A ref. to complel
3 different monoclonal antibodies have, different, variable regions / antigen binding sites ;
4  (pLDH/HRP-2/ Plasmodium) protein, binds to/complexes with, (monoclonal) antibody ;
2

(b)) 4
t strip 1) pLDH present, (so) the person, has malaria/is infected by Plasmodium ;
(negative of test strip 2) HRP-2 not present, (so) the cause of malaria is not/ the person is not infected by,

P. falciparum ;
(negative result of test strip 2) HRP-2 not present, (so) the person is infected by Plasmodium other than P. falciparum/AW ;
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(@

any three from:

secondary structure
| a-helix
1 (many) B-pleated / beta-pleated, sheets ; R'B’

2 random structure /irregular structures/loops / beta turns / AW ;

tertiary structure

3 folding/ coiling, of, (each) polypeptide chain(s)/ secondary structure ;
R idea of polypeptide chains interacting (quaternary structure)

4  ref. to globular A description, e.g. spherical | circular/ round
or
ref. to 3D, shape / structure ; A 3D arrangement

(b)(i)

X — site of synthesis of, (light and heavy) polypeptides ; A protein(s)
A transport / modification, of, polypeptides / proteins
A assembly of polypeptides / translation
R answers that name the Golgi body

Y — production of ATP ;
R ‘produce / create / AW, energy’

(b)(ii)

A release of energy / provide energy
cell/ membrane, fusion/AW ; | ‘mix’ @
(named) fusogen / hybridogen used ; e.g. polyethylene glycol / electrofusion / electric current

A PEG for polyethylene glycol

(between) plasma cell / (activated) B-lymphocyte / (activated) B-cell / splenocyte, and, tum eloma, cell ;
R B cells

(b)(iii)

any three from:

1 some mAbs act directly on target cells / some mAbs work indirectly to k:::j }do not damage other (non-

target) cells ;
2 by binding to, specific / complementary, antigens/cell surface
receptors ;
3 (named), drugs / radioactive isotopes, can be attached to m .
A ‘tagged’
I labelled

enzymes can be attached to mAbs ;
so drug can be activated at site of action (linke
bispecific mAbs attach two cells together ;
ref. to interrupting cell signalling ;

use of mAbs for passive immunity ; Ad
in context of therapeutic antibody for trea

L~ A

9 stimulating / AW, immune system Lph es/macrophages /

ocyes, to Kill, cancer cells ;

10 name of a cancer or a hat is treated with mAbs ;
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219. 9700 w19 ms_21 Q: 2

(@)(i) Mycobacterium tuberculosis 1
or
Mycobacterium bovis ;

(a)i) artificial active immunity v 1
artificial passive immunity
natural active immunity
natural passive immunity
(b)(i) three from 3
changes the tertiary structure / shape of active site, of , enzyme / RNA polymerase ;
active site no longer complementary to, RNA nucleotides / substrate ; AW
RNA nucleotides not joined / mRNA not synthesised ; A transcription does not occur
translation prevented ; A described, | polypeptide / protein synthesis prevented
AVP ; ref. to other roles of RNA polymerase not occurring, e.g. does not bind to DNA, double helix does not unwind
bo(ii) two from 2

(from 2009 to 2013) overall increase in number of cases (of RR-TB and MDR-TB) ;
use of data to support overall trend ;
ref. to large increase between 2011 and 2012/2013

or
very little change between 2010 and 2011 ; 0
(b)(iii) | four from 4

overuse of, antibiotics / rifampicin
or
example of over use ; e.g. taking for viral infection, over prescribing for bacterial infecti

people not completing course of antibiotics ;

reservoir of bacteria remains ;

ref. to mutation ;

any detail of the mutation ; e.g. protein produced has a changed binding site

bacteria with resistance, survive / selected for
or
only bacteria sensitive to antibiotic are, killed / selected against ; A antibiotic acts as a selection pressure

bacteria reproduce and pass on, gene/ allele, for resis
or
vertical (gene) transmission ;

(alleles for resistance to antibiotics transferred b
frequency of resistance, gene/ allele, increase

gene) transmission / described ;
cterial population ;
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(a) A neutrophil ; A polymorphonuclear, leucocyte / granulocyte
B lymphocyte ;
(O] substance concentration in lymph
compared to the concentration
in blood
oxygen lower
carbon dioxide higher
red blood cells lower
three rows correct = 2 marks
one row or two rows correct = 1 mark
(b)(ii) | two from
immune response occurs (linked to antibody / cytokine production) ;
increased concentration / production of / AW, of antibodies (which are protein) ;
AVP ; e.g. cytokine production
(c)(i) two from

emits, impulses / waves of depolarisation / waves of excitation/ AW ;
at regular intervals / AW ; e.g. acts as a pacemaker

spreads across the, atria/ atrial muscles/ AW

or

stimulates / AW, atrial, contraction / systole ;

A initiates, heart beat/ contraction of the heart

(e)(ii)

three from

faster heart rate / increased rate of contraction (of ventricles) ;

no, slowing / delay of, impulse / wave of excitation/ AW, by AVN ;

more impulses reaching the ventricle per unit time ;

ventricles may contract before they are full ;

irregular heart rate ;

AVP ; e.g. may have no effect if only a small proportion of impulses pass through
suggestion that ventricles may not contract from apex up

221. 9700 w19 ms_21 Q: 5

(@

two from

ref.to non-self / foreign (antigen) ;
one from

activation / AW, of lymphocytes ;
ref. to specificity ;

ref. to immunological memory ;

(b))

three from
(B-) lymphocytes respond /immune,
/ plasma cells ; A failure to di j
antibody binds to receptor.
antibody has complementa:
cell signalling molecule / neuro
reactions / AW, within cells, not ti

elf antigens (on muscle cell surface)/ antibody produced by, B-lymphocytes
en Self and non-self

to receptor ; A idea of specificity
mitter / AW, unable to bind to receptor ;
gered/ described ;

(p)(ii)

three from
ag’ e Y is, not (fully) complementary / partially complementary ;

i it/ becomes fully complementary to, cell signalling molecule ;

ex forms ; A ESC forms

ref. to interactiof ubstrate and R groups of enzyme amino acids ;
loweTs activation 5
products leav active site ;
enzyme molecule unchanged/able to be re-used ;
AVP ; e.g. detail of how activation energy is lowered

(c)

three from

| statements about locating or diagnosis of disease

specific / targeted, therapy / treatment ; AW A only affects, one cell type in the body / B lymphocytes

bind to / recognition of, receptors / antigens / CD20, on cell surface (of diseased cells) ; A in context of B lymphocytes or diseased
cells

monoclonal antibodies, are not recognised as foreign / do not trigger an immune response ; A ref. to humanisation of antibodies
example of presence of monoclonal antibody stimulating the immune system /AW ; in context of examples given A stimulates
phagocytosis / activates B-cells

attach, radioactive substance / drug (to treat/kill, B lymphocytes / diseased cells) ; must be in context
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(a) 1 prevents formation of, cross links / cross linkages (between, peptidoglycan / 3
murein, chains) ;
A peptide cross links
A links between, murein / polymer, chains
| peptide bonds
| formation of peptidoglycan
R if cellulose chains stated

2 (penicillin) inhibits, transpeptidase action / enzyme involved in forming
cross links ;
A alternative correct names for transpeptidase

3 weakens cell wall ;
A cell wall unable to withstand (turgor) pressure
A cell wall loses strength
R idea that penicillin, punches / makes, holes, to weaken

4 (cell), lysis / bursts / ruptures / AW (so bacterium Killed);
5 acts, on growing bacteria / when bacteria are increasing,in size (when cell

wall needs to be synthesised) ;
I growing, wall / peptidoglycan chains

(b) (Plasmodium / P.), ovale / falciparum / malatiae /Vivax ; correct spelling 1

| if Plasmodium is written after the species name
if more than one given, all must be correct

(c) any one valid suggestion: 1

male does not, need prote@gg production / produce eggs ;
R larvae

I male does no ch
male does VQ uthparts for piercing skin ; AW

e.g..no e’ to pierce skin (to suck blood)

adult male does not feed ;
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(d) accept mosquito or vector for Anopheles 3
accept, pathogen / parasite, for Plasmodium

max 2
1 idea that individuals / people, taking antibiotics for bacterial diseases will
pass on antibiotics to Anopheles when it feeds ;

e.g. blood taken by Anopheles contains antibiotics

2 (so0) antibiotics Kill bacteria (in Anopheles gut) ;
must be in context of gut bacteria

more Plasmodium survives) ;

4 higher survival of Plasmodium makes effective (Anopheles) immune
response more difficult ; AW
(so Anopheles more likely to pass on Plasmodium)

max 2
| ref. to antibiotic resistance

5 use of antibiotics may increase, incidence / number of .cases of, malaria ;

6 and 7 two marks for examples of what doctors need te consider ;
e.g. heed to balance antibiotic intake with increased risk of malaria

transmission

idea that do not want to stop peoplée taking antibiotics / antibiotics
needed to fight (bacterial) infections

treat for malaria before giving@ntibiotics for (non-serious / non-life
threatening) bacterial infections

only prescribe antibiotics that have, no / low, impact on bacteria in

Anopheles (g
(consider) avoidin ntibiotics to treat malaria

8 AVP ;
e.g. need t ich antibiotics have this effect look for
alter, ntibiotics to treat bacterial infections
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(e) any four from: 4

1 (Plasmodium) is a, eukaryote / protoctist, so has many antigens ;
R bacterium / virus, is a eukaryote

or (Plasmodium) has many genes coding for (different) antigens ;
| antigenic variation

2 jdea that different Plasmodium species have different antigens ;
| antigenic variation
| strains for species

3 (Plasmodium) has different stages of life cycle (within human) with different
antigens / shows antigenic variation ;

4 antigenic concealment / Plasmodium spends part of life cycle within host
cells / AW ;

A short time in blood plasma

A spends time inside, red blood cells / liver cells

5 need to find the antigens that give the strongest immuneresponse ;

6 need to, develop / use, more than one type of vaccine
A cannot use only one type of vaccine

7 AVP;
e.g. mutations will give changed antigens
need to find antigens present in, all /i/most, stages of life cycle

difficulties in producing a generic vaccine max 2

8 costly to produce / need to keep costs low / developing countries need to
be able to afford vaccine ;

9 needs to have a lon / be stable / be easily stored (e.g. without
cold storage) / AW ;

10 (immuni @be long-lasting / aim to avoid boosters / need to
develop/a si dose vaccine ; AW
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€)] two from 2
protein coat/ capsid / capsomeres ;
nucleic acid / DNA or RNA (core) ; I single- or double-stranded
A 'DNA/RNA’ | genetic material
size given in nanometres / smaller than prokaryotes ;
I small/ very small/ microscopic
I acellular
(b) three from 3
1 drugs can be inhibitors (of neuraminidase) ;
either
2 (competitive inhibitor) so binds to active site
or
(non-competitive inhibitor) so binds to allosteric site / AW
or
(drugs may act by) breaking down / hydrolysing / denaturing, all / part of neuraminidase ; A changes active site
3 no/less, enzyme-substrate complexes formed ; A ESC
A substrate not able to bind to enzyme
A neuraminidase cannot bind to (host cell) receptor
4 receptor is (still) complementary to haemagglutinin ;
5 haemagglutinin becomes attached to, cell receptor/host cell (so newly formedirus do€s not leave the cells) ;
(c) four from 4
1 antigen presentation ; in correct context
2 clonal selection / activation, of specific, B-lymphocytes / T-lymphoeytes'; A B cells/T cells
3  (lymphocytes) divide by mitosis / undergo clonal expansion
4  B-lymphocytes, differentiate into / mature into / form/ AW, plasma cells ;
5 antibodies secreted by plasma cells ;
6 T-helper cells secrete cytokines ;
7 cytokines stimulate / AW, B-lymphocytes/ @ a cells / humoral response ;
(d)@) max 2 (out of total three marks) 3
advantages
allow references to other patho
1 antibodies are provi mmediately / no delay for plasma cells to secrete antibodies ;
A immediate, imm tection
R immediate/(immun: ponse
2 antibodies; immediately neutralise toxins / prevent viruses entering cells ;
ease (in the individual) / promotes quicker recovery ;
444 fthe pathogen through the population / prevents people dying ;
5 e manufactured quickly in response to mutations that occur in virus / AW ;
max 2 (out of total three marks)
disadvantages
6 short-term/temporary (immunity) ;
7 no memory cells produced ;
8 can have infections of same pathogen again ;
9 allergic reaction/immune response, to the (non-human) antibodies given ;
10 ref. fo cost qualified ; e.g. needs to be repeated / high cost of production of antibodies
11 AVP - for advantage (A) or disadvantage (D) ;
e.g. (A) passive can be used for people who are malnourished /immunosuppressed
e.g. (A) ref. to using a vaccine with a (live) pathogen that might give person the disease
(d)(ii) across the placenta ; A via umbilical cord 2
in breast milk / colostrum / breast feeding / during lactation ;
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(a)

three from:

same / similar, shape as, HMG CoA/ substrate ;

complementary (shape) to active site (shape) ;

binds / attaches / fits into / active site (of, enzyme /HMG CoA reductase) ;

HMG CoA/ substrate, cannot bind (to active site) ;
A no/few, enzyme/substrate complexes form

mevalonic acid production, decreases/ stops ; I product not made

AVP ; e.g.increase in mevinolin concentration increases inhibition / ora

(b)

two from:

treatment of disease
| statements about locating or diagnosis of disease

specific / targeted, therapy / treatment ;
A specific to diseased, cells / tissue
A examples

bind to / recognition of, receptors / antigens, on cell surface (of diseased cells) ;

kill the cell by stimulating the immune system /AW ;
A correct immune responses e.g. stimulates phagocytosis / activates B-cells

L/

attach, radioactive substance / drug (to treat/Kkill diseased cells) /AW ; \
pathogens ; A viruses

treat infectious diseases / bind to (antigens on) pathogens / recognition of antige%

| bacteria unless stated that they cause disease

allow examples such as treatment of ebola or rabies or tetanus (by th antibody)

APPENDIX A. ANSWERS
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(a)

max 2 if only one section attempted
three from:

multilayered epidermis

reduces, cuticular transpiration / loss of water vapour through cuticle ;

increases distance for diffusion (of water vapour to cuticle) ;

ref. to protection from heat from sunlight and reduced evaporation (from spongy mesophyll cells) ;

stomatal crypts

creates area of moist air/ AW ; | traps water

minimises effect of, external air currents / wind ;

reduces /less steep, water potential gradient (between intercellular air space and external environment) ;
A water vapour potential gradient
A diffusion gradient if referenced to water vapour

ref. to only on lower surface / shaded, and reduced evaporation (from spongy mesophyll cells) ;
A lower temperature reduces rate of diffusion of water vapour (out via stomata)

(b)

phloem sieve tube element(s) ;
A phloem sieve tube (cells)
A sieve elements
| companion / transfer, cells

(c)

allow named assimilates

source
in context of assimilates
site of synthesis ;

A described e.g. photosynthesis in leaf / storage compound breakdown in roots ‘

sink
in context of, via phloem /from source /from leaf \
I nutrients / substances, unqualifed if assimilates /named assimilate, not states laining source

site where assimilates are stored
A described e.g. roots for storage of starch

or
area where, growth occurs / assimilates are used for growth

A described e.g. growth in developing buds / growth of im f
or

area that receives, assimilates/ AW ;
A area where sucrose unloaded

I place that needs assimilates
I place where assimilates are used, unless quali

(@)@

change in the, sequence / AW, of, bases/ in, the DNA /the gene/ cyFBP) ;

Q’a'
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(d)(ii) one valid suggestion that prevents polypeptide synthesis or prevents synthesis of functional enzyme: 1

e.g.
no mRNA produced ;
A transcription, does not/ cannot, occur
mRNA produced unable to attach to ribosome ;
A translation, does not/cannot, occur
no start codon on mRNA ;
shortened polypeptide chain produced ;
A ref. to STOP codon
premature chain termination mutation / nonsense mutation ;
polypeptide produced cannot fold to form, tertiary structure / active site ;
R changes shape of active site preventing function
polypeptide produced cannot form quaternary structure of protein ;

(e)(i) accept cell for [ymphocyte throughout 4
four from:

1  (primary) immune response ;
2 cyFBPase/enzyme, is antigen ;
3 formation of, APC/antigen-presenting cell ;
A antigens presented on surface of macrophages
4 antigen, recognition / binding (in context of B-, or T-lymphocytes) ;
5 detail ;
e.g. clonal selection
have receptors, complementary / specific, to, antigen / cyFBPase
A immunoglobulin / antibody, as receptors for B-lymphocytes
A surface molecules as receptors for T-lymphocytes
divide by mitosis / clonal expansion ;
(specific) B-lymphocytes form plasma cells ;
plasma cells, synthesise / secrete, specific antibody / antibody to cyFBPase ; ‘
T-helper/ Th, lymphocyte, secretes, cytokine / interleukin ;
0 stimulates, humoral / B-lymphocyte, response ;

= © 0~ ®»

(e)(ii) no binding of (monoclonal) antiboedy to, antigen/cyFBPase / enzyme / AW ; 1

) two from: 2

(less cyFBPase / enzyme, so) less sucrose synthesised ;
A no enzyme to synthesise sucrose
less sucrose transported (source to sink) ;
A less sucrose unloaded at sink ;
ref. to less glucose for synthesis of starch/ AW (on X e hydrolysis) ;

Q""'Q
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226. 9700 w18 ms_ 21 Q: 1

(a) Atrachea; A windpipe |ref to cartilage rings 3
B bronchiole ; | respiratory / terminal , before bronchiole
C alveoli ; A alveolus/ air sac/ alveolar sac

(b) any one from 1
lung cancer ;

emphysema ;

chronic bronchitis ;

COPD;

cystic fibrosis ;

AVP ; e.g. asthma must be non-infectious

(c) Plasmodium, falciparum ! vivax | ovale | malariae ; 1

(d) any three from 3
pathogen
(because) four / several, different, causative species / AW, (with different antigens) ;
(pathogen has) many antigens as it is eukaryotic / many genes coding for antigens ;
ref. to mutation changing antigens ;
pathogen has different stages of life cycle (within human) with different antigens ;

I ref to antigenic shift
antigenic concealment/ pathogen spends part of life cycle within host cells/ AW ;

A short time in blood plasma

vaccine
ref. to more than one type of vaccine needed ;
suggestion that antigens used have not given the strongest immune response ;

vaccination programme
ref. to only trial programmes ;
A programmes not global
ref. to not achieving herd immunity / not enough people (successfully) vaccinated ;
detail ;
e.g. lack of willingness to be vaccinated
lack of trained people to give vaccines
poor nutrition and poor immune response

(e) allow mosquitoes | vectors, for Anopheles 4
pathogen / parasite, for Plasmodium

any four from (max 1 for list of factors without explanatiom)
assume in context of comparison with area Q

ref. to a suitable climate for Anopheles, e.g. tropical /'subtropical / hot and humid ;

s
rces (suitable for breeding) ;

eeding sites ; AW, e.g. stagnant water not drained
esticide /repellents ;

presence of Anopheles species which carry Pla
ref. Anopheles breeding sites present/(many)¥
difficulty in controlling / lack of control, of A
lack of / cannot afford, spraying with, inse
insecticide-resistant forms of Anophele.
lack of /insufficient use of, mosqui
mosquito nets not impregna

lack of, artemisinin drugs

drug-resistant forms of Plas jurn exist ;

idea of Plasmodium requiring peratures of approximately 20°C (in vector) ;
A area P has temperature / conditions for survival of Plasmodium

r.e“) di

treat disease ;

in diagnosing disease (so delay / no treatment) ; e.g. lack of diagnostic tests lack of trained personnel

AVP 3

e.a. e cou a Q have Anopheles but control is good,
ref %o feature eles species present in area P

feed at all ti uring the day

feed only on humans
good host for reproduction of Plasmodium
poor education so people don't know how to protect themselves from malaria
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(a) correct formula ; 2
(x) 1200 ;
A 1171 1229 or 1228.6
(41000 = 35) (43 000+35)
max 1 if units given

(b)(i) any two from 2

DNA , replication/ AW ;
A Sphase | chromosome replication

(early interphase) chromosome becomes two chromatids ;
A described

DNA checked for errors / errors in DNA repaired ;

synthesis of, (growth) protein/ enzymes (for growth) ;

cell growth ;

organelle synthesis ;

centrioles replicate ;

AVP ;

e.g. ref. to checkpoint(s)

nucleotide synthesis

(b)(ii) any two from 2
ref. target cells are endothelial cells ;
VEGF / cell signalling molecule, binds / AW, to receptor ;

R receptor cells
ref. specificity (of receptors)/ VEGF / cell signalling molecule, complementary to receptors ;
suggestion of detail following binding ;
e.g. triggers secondary messenger
activates enzymes / enzyme cascade
signal transduction ‘
phosphorylation events

(c) any four from 4
VEGF protein / antigen, injected into, mouse / small mammal ;
time for immune response to oceur ;

A description of event in immune response
plasma cells / B-lymphocytes / splenocytes, extracted from mouse ;
plasma cells / AW, fused with, myeloma / cancer, cells ;

(to produce) hybridoma cells ;

clone hydridoma cells ;
separate cells and culture in individual wells ;
screen for cells secreting desired antibody ;
hybridoma cells grown in large scale culture / A
AVP;

e.g. ref. to fusogen

(d) any one from
monoclonal antibodies identified, a.
(monoclonal antibodies) stimul
AVP ;
e.g. (antibodies destro’ @

)
g

n-self/ act as an antigen ;
e/ allergic, response ;

gh antibody (to be effective)
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228. 9700 w18 ms_22 Q: 4

(a) any three from 3
protein coat/ capsid ; | protein layer
nucleic acid ;
DNAorRNA; Rinnucleus
lin cytoplasm
| ref. to, double / single, strand
acellular / not made of cells ; | absence of named cell structures
AVP; e.g. ref. fo capsomeres
size 15nm to 1000 nm accept any in range
(some) are enveloped / have phospholipid bilayer | with glycoproteins

(b)(i) one value in the range 64% — 68% ; 1
((940 000 — 980 000) + (1440 000 — 1 480 000)) 2100

(b)ii) allow women for pregnant women and therapy / treatment, for ART 3

any three from

1 (slight) decrease in (total) number of women living with HIV and
(overall) increase in number of women living with HIV receiving ART ;

2 slight decrease / plateau / AW, between 2009 to 2010, in number of women living with HIV receiving, ART /therapy ;

3 proportion/ percentage cover(age), of women receiving ART increases (in time period) ;
A calculated values (approx. 13% to 66%)
A number of women receiving ART increases more steeply than decrease in number of women living with HIV

4 data to support mp1 or 2 ; mp1 two years and, two values / manipulated data, for either curve
mp2 two values, 2009 compared to 2010 or manipulated data
allow 720 000 for extracted values

(b)(iii) in context of pregnant and breastfeeding women who are living with HIV 3
any three from
1  ref. to mother to child transmission ; in context of HIV transmission
A (because) HIV can be passed from mother to baby
A decreases HIV transmission during, pregnancy / labour / birth / breastfeeding
A reduces, humber / proportion, of babies born with HIV (so fewer.die)
| stops transmission (as this is in context of global transmission this implies in all cases)
I makes babies immune to HIV / AW or gives passive immunity
allow idea that ART may be passed across, placenta /breastmilk, to baby and so provide(short-term) protection
against any HIV transmitted from mother

2  reduces number of, HIV positive women becoming'ill (with HIVIAIDS) iwomen with HIV/AIDS dying from the disease ;
A opportunistic infections / named examples e.g. TB

3 example of reduces spread of HIV ;
in any correct context other than HIV mothg aild
e.g. child may grow up without HIV and wi
mother less likely to pass on to partn

4, 5 examples of, social / economic, effe
e.g. (healthy women) can col
can be main carer if pa
overall financial savi
e.g. if infants are not HIV then no lifelong ART required
ART may be less costly treating HIV/AIDS

makes breastfeeding saferwhen no other options exist to feed babies

HIV negative children will become next workforce generation

all women.throughout world receive same treatment

force
idea that children not orphaned)

(c)(i) i ; A capsid protein / capsomere(s)/ protein coat R HIV 1

(c)(i1) (time needed) response / clonal expansion / production of B-lymphocytes / production of plasma cells, can occur ; 1

“A B-cells/
R plasm s need to multiply
| ref. to antibody production

(c)(iii) any one from 1

immortal / long-lived ;

able to replicate / capable of cell division ;

uncontrolled cell division, can grow / survive, in cell culture ;

cannot grow on, HAT / hypoxanthine-aminopterin-thymidine / step 4, (culture) medium ;
A do not have gene coding for ability to grow on HAT

(e)(iv) hybridoma ; 1

(c)(v) any one from 1
(check cells for) production / AW, (by hybridoma cells) of, anti-HIVp24 antibody / antibody against p24 ;
A the antibody / monoclonal antibody
A check cells, contain/ have / AW, desired antibody / AW

idea that only want cells that produce desired antibody / do not want cells that produce different antibodies / need to remove
cells that don’t produce the antibody ;
waste of, money / resources, to culture other cells / if no antibody produced ;
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APPENDIX A. ANSWERS

any three from

@)i) [A]CEDBF; 1
(a)(ii) | early and late except where indicated 4
event in the cell cycle name of the stage in the cell cycle
DNA replication interphase /S phase ;
division of centromeres anaphase ;
R late anaphase
condensation of chromatin prophase ;
contraction of spindle fibres anaphase ;
organisation of chromosomes | metaphase
at the equator
(b) | antibodies have receptors 3

1 clones/AW, of B/T cells consist of very few cells ;

AW = types of / specific / groups of

2 (mitosis occurs) during clonal expansion ;

3 many, B cells/ plasma cells, to make antibodies ;

4  many, T-helper/ T, cells to secrete, cytokines / lymphokines / interleukins ;
5 many, T-killer cells / T-cytotoxic cells, to kill, infected cells / cancer cells ;

6 memory cells are produced for, secondary response / faster response (w|
A during a secondary infection (implying of the same pathogen)

7 need to make genetically identical cells ;

Q""'Q

L/

n encountered again) ;
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(a)()

Vibrio cholerae ;

(a)(ii)

A
1 cell structure: ribosome ; R RER

2 difference: 70S/smaller/18 nm v 80S/larger/25-30nm ;

B

3 cell structure: DNA/chromosome ; | RNA

4 difference: circular/(closed) loop v linear
OR
no histone proteins/naked v histone proteins
OR

not surrounded by nuclear envelope v surrounded by nuclear envelope ;
A in a nucleus v not in a nucleus

o
5 cell structure: cell wall ;

6 difference: murein/peptidoglycan v cellulose ; 1 lignin

(b)

two from
1 caused by, a pathogen/a bacterium/ V. cholerae ;

2 transmissible/ AW OR reference to faecal-oral route ;

3 reference to reduced effectiveness of functions/AW ;

(c) primary, secondary, tertiary ; A1°,2° 3°
quaternary ; A4
(d) three from:

1 choleragen, fits into/complementary to, receptor/ GM1 ; A complementary shape
2 membrane pinches in/invaginates/AW ; A engulfs/envelops

3 membrane fusion ;

4 (endocytotic) vesicle/vacuole, formed ;

5 ATP/energy, required ;

A points from an annotated diagram

(e)()

one from:
1 portion that binds to cell ;

2 (antibodies produced) prev: cell/prevent entry to cell ;
3 safer as not the toxi n
4 A subunit, causes d e to cell/less safe/AW ;

5 AVP e.g. larger so more likely to provoke immune response/AW ;

(e)ii)

ins (subunit B/bacterial) antigen(s) ;
Sponse occurs ;
3 correl o B-lymphocytes/formation of plasma cells ; A B cells
4 secretion of, antibody/immunoglobulin (against cholera antigens)/ antitoxins ;

5 T-helper lymphocytes secrete cytokine ;

6 (cytokine) increases humoral response/stimulates T-killer cells/stimulates macrophages ;

7 memory cell production ;

8 secondary (immune) response/response on further infection, is faster ;
9 higher levels of antibodies produced (during further infection) ;

10 active artificial immunity (against cholera) ;

11 AVP e.g. idea of specific antibody against each of the different vaccine antigens ;
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231.9700_s17_ms_21 Q: 3

@) (antibody has) more than one polypeptide ; A four polypeptides 1
R two / two or more / two types of / many / AW, polypeptides

(b)(i) allow epitope for antigen max 3
1 (two) antigen-binding, site(s)/ region(s) ;

A binds to/ AW, antigens

R active site

(shape / structure is) complementary to antigen ;

idea of specificity / AW ;

ref. to, primary structure / sequence of amino acids ;

ref. to R-groups / (amino acid) side chains, and interactions with antigen / giving specific shape ;

NN

(b)(ii) binds to (receptors on), phagocytes / macrophages / neutrophils ; max 1
A other correct named cell of the immune system
AVP ; e.g. gives class of antibody (e.g. IgM, 1gG, IgA, IgE)

(e)(i) 1 antigen, introduced /AW, into, (small) mammal ; A named small mammal max 4
2 B-lymphocytes/B cells / plasma cells / splenocytes / antibody-producing lymphocytes, are taken/ are isolated (from

the spleen/lymph nodes) ;

(these) cells are fused / AW, with, myeloma/ cancer, cells ;

hybridoma cells / hybridomas, formed ; R hybridised cells / hybrid cells

hybridoma cell, is cloned/ AW ;

screening/ testing, for hybridoma that produces desired antibody ;

ref. to scaling up/large-scale production/ grow in a fermenter ;

AVP ; e.g.

fusion using, fusogen / polyethylene glycol / PEG/ electric current (electrofusion) / (Sendai) virus
HAT medium, for, hybridoma growth / inhibiting myeloma growth

humanisation of monoclonal antibody

NG AW

(c)(ii) | suggestions for treatment max 2

1 monoclonal antibodies used all have the same specificity ;

R ‘are specific’ unqualified

detect only one, antigen / epitope ;

can distinguish between different, pathogens / strains of, pathogens,; A types of cancer cells
can be, labelled / tagged / marked / AW ; e.g. with fluorescentiabel

monoclonal antibodies can detect location of, tissues expressing antigen / cancer cells / blood clots ; A idea of
locating areas of infection

fast(er) (diagnosis) ;

can detect antibody levels (e.g. HIV) ;

AVP ; e.g. some pathogens cannot be cultured

| ref. to cost

b wN

@~

*$
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232. 9700 _wl7_ms_21 Q: 3

(a)(i) B-lymphocyte / plasma cell ; 1
A B-cell/ white blood cell/ lymphocyte / leucocyte / R beta / B, cells
R T-lymphocyte / macrophage / neutrophil

(a)(ii) three from I ref. to receptor 3
1 antibody complementary (shape) to antigen ; | matching shape

2 idea that variable regions different for each antibody ;

3 (specific) antigen/H /N, binding sites (on antibody) ;
if mp 2 and 3 not gained, allow one mark for antigen binding regions

4  sequence of amino acids / primary structure, varies between antibodies / gives specificity ;
5 ref todifference in, primary structure / amino acid sequence, leading to different, tertiary structure / 3-D shape ;

6 ref. to R group interactions between antibody and antigen ;

(b)(i) Vibrio cholerae ; | bacterium 1

(b)(ii) faecal-oral route ;; 2
if mode of fransmission not named, allow description

infected person

faeces / sewage, contaminates, (drinking) water / cooking utensils / vegetable plots / crops / food
A diarrhoea for faeces R (human) waste unqualified

or

ref. to houseflies landing on contaminated faces ;

uninfected person
eating contaminated food / using contaminated utensils / drinking contaminated water ;
A bacteria enters water in context of drinking R infected food or water | handlifigicontaminated food

need ref. to contaminated once only

(c)(i) cell wall, breaks / damaged / AW A cell wall becomes thinner 2
or
cell wall weakened ;

plus one from
detail of change to cell wall e.g. cross links break dewn, quantity of murein / peptidoglycan, decreases
or
cell membrane, breaks / AW
or
increase in water in cell (so increase in turgor

) AW ;

(c)(ii) two from 2
infect only, V. cholerae / cholera b:
8; not, infect human cells ; A do not harm human cells
do not give side effecis/ responses, (to humans) ;
able to replicate inside V. cholerae (to produce more bacteriophage for treatment) ;
, active / infective / AW, with delivery method used / within gut ;
(c)(iii) 1

cteria / not effective against viruses

d by, (m les) virus / Morbillivirus A named structure e.g. protein coat
ca’cr:t on structures that viruses do not have A named structure e.g. murein cell wall
grr'lly act on, living / growing, cells

;ray not be able to reach virus inside (host) cell ; AW
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233. 9700 w17 ms_23 Q: 4

(a)(i) Plasmodium , ovale/falciparum/malariae /vivax ; 1
(a)(ii) Anopheles/anopheline ; 1
(b) either 3
1 numbers of cases have decreased in, all countries/Africa
or

number of deaths have decreased in, all countries/Africa ;

2 cases in Africa as a percentage of all countries decreases and, remains constant/reaches a plateau/(small)
fluctuations/down + up + down ;

3 deaths in Africa as a percentage of all countries, remains constant/fluctuates (a little) ;

(c) three from 3
1 example of control of breeding of, vector/mosquitoes ;
e.g. drainage of stagnant water/sterile males/aerial spraying of insecticide/oil on water/fish in water/ ref. to bacteria

2 example of reduction of contact between vector and humans ;
e.g. bed nets (impregnated with insecticide)/insect repellents

3 earlier, identification of cases/treatment of malaria ;

4  use of (new) drugs to, prevent transmission/prevent spread/treat malaria;
A development of new drugs for malaria

5 better, awareness of/education about, transmission/control methods ;

6 AVP; e.qg. targeting people at risk (e.g. pregnant women/high drug-resistant areas
better screening of blood for transfusion

| better access to, healthcare /AW, without further qualification

(d) A mosquito for Anopheles 4
four from
1 novaccine ; A no effective vaccine

2 any problem in developing a vaccine ;
e.g. Plasmodium is eukaryotic/antigens differ in different life stages/intracellular parasite /antigenic concealment/
different stages in life cycle

3 drug resistance in Plasmodium ;
4  any example, e.g. chloroquine /artemisinins ;

insecticide resistance in Anopheles ;
any example, e.g. DDT/dieldrin/p;

7 ref. to conditions for breeding of
8 problems with, fundi
9 cost of, drugs/ins , to government/health authorities/individuals ;

10 people with HIV/AIDS at high(er) risk than others ;

11 lack of knowledge /lack of education/‘fatalism’/ AW ;

of some regions to healthcare ;

—
S
=

t, identified/diagnosed ;

e.g. migration of people with malaria to places without malaria (such as countries where it has been eliminated)
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234. 9700 _m16 _ms 22 Q:4

(a) Morbillivirus
aerosol/droplet, infection ;
A described, e.g. (from infected person) in, exhaled/airborne, droplets, and
inhaled

idea of spread by touching an infected surface and putting fingers into
mouth/nose ;
R contact without qualification

Hiv
sexual intercourse /passed via semen/passed via vaginal fluids/AW ;
blood transmission ; A described, e.g. blood transfusion
sharing (contaminated), needles/syringes
accept transmitted in body fluids for one mark if above two points not gained

mother to, foetus/baby, transmission ;
A described, e.g. across placenta/during birth/ breastfeeding

AVP ; e.g.ref. to measles mode of transmission leading to faster spread of
disease/ora
[max 4]

(b) antibiotics (only) used against bacteria (and some fungi) ; . ltised in malaria

idea that antibiotics act at a cell structure not possessed by virus ;
e.g. viruses, do not have, a cell wall/a cell surface membrane /ribosomes

suggestion that viruses are, inside host cells/ notwithin reach ;
antibiotics act only on, living/growing, cells (virusés do not grow) ;

antibiotics do not act on, protein coat/c@capsomeres/viral envelope ;
[max 2]

{c) (i) phospholipid bilayers @
proteins/glycoprot d ; | cholesterol

(ii)

(2]

SLAM acts_as a receptor ;
in/H/(viral) glycoprotein, binds to/fits into/ complementary to,
tor ;

fusion protei /(viral) glycoprotein, causes fusion (of envelope) to cell
surface membrane ;
A (viral) envelope fuses with cell surface membrane
fusion releases nucleoprotein (and viral polymerase) ;
[max 3]
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(iii)

(d) (i)
(ii)

in context of viral RNA
replication of RNA/to make copies of genes/AW ;

transcription/production of mRNA ;
detail ; e.g.to make viral proteins ;

AVP ; e.qg. credit suggestion of, RNA-dependent DNA polymerase/reverse
transcriptase, to produce viral DNA
[max 2]

protein ; A polypeptide A glycoprotein [1]

immunise/inject/ AW, mice/small mammals, with p24/antigen ;
immune response occurs/leave for a number of weeks ; A description
harvest/collect/ AW, splenocytes/B-lymphocytes/B-cells/plasma cells ;
fuse with, myeloma cells/cancer cells ; A tumour
form hybridoma cells ;
select for (hybridoma) cells secreting antibody against, p24/antigen ;
[max 3]

[Total: 17]

235. 9700_s16_ms_23 Q: 3

(a) non-self
foreign / AW ; A not from the person’s own body
triggers / AW, an immune response/ production of antibodiesy;

A other events in immune response described

antigen
protein/glycoprotein ; A polysaccharide
ref.to, binding of specific antibody /formation of antigen-antibody complex ; [max 3]

(b) (i)

(ii)

(c) (i)

(ii)

P antigen-binding site/ site for @ttachment ; A variable region
Q hinge region ;
R constant regio @hment to receptors on phagocytes/AW ; [3]

disulfide (bonds) ; R ore than one type of bond stated [1]

?? TN tigen, introduced into, mice/small mammals/named ;
2o (antib ducing), B-cells/B-lymphocytes/plasma cells/splenocytes,
¢ isolat spleen) ; A produced
fused'with myeloma cells ;
using fusogen/PEG ;
hybridoma cells formed ;
ref. to screening/testing, for hybridoma producing desired antibody ;
ref. to scaling up/large-scale production ;
AVP ; e.g. HAT medium for, hybridoma growth/inhibiting myeloma
growth [max 3]

co~NOoOObhW

antibodies bind to TNF-a ;
inactivate /destroy TNF-a ;
inflammation cannot be triggered/AW ; in context of destroying TNF- a [max 2]

[Total: 12]
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236. 9700 w16 ms 21 Q: 5
(a) (i) antigen binding site/variable region/Vyand V. ; AFy [1]
(ii) four from
1 ref. to monoclonal antibody, is recognised as, non-self/foreign ;
gi;eased cell (now) recognised as non-self/foreign ;

2 stimulates an immune response ;

max three suggestions from
3 recognition and binding by / activation of / AW, T-lymphocytes/
B-lymphocytes / AW ; A clonal selection
AT-/B-, cell
4 ref. to specificity so healthy cells not destroyed ;

5 clonal expansion/mitosis ;
6 plasma cells (formed that) secrete antibody ; A B-lymphocyte
7 consequence ; e.g. antibody binds monoclonal antibody to lead to cell'destruction
8 T-helper lymphocyte secretes cytokine, to activate macrophages/
B-lymphocyte response / T-killer response ; AW

e.g. stimulates humoral response

9 T-killer/ T-cytotoxic, releases, perforin to, punchhaeles in (cell) membrane/
cause death of cell ; AW

10 detail of involvement of phagocytes/macrophages ;
e.g. receptor recognition of (monoclonal) antibody
engulf the diseased cells with.monoglonal antibody attached/AW

A diseased cell (wit@clonal antibody) destroyed by phagocytosis [4]

(b) one of
failure to distinguish self elf (antigens) ; A foreign for non-self
immune response/a i oduced, against self antigens ;
in context of lack of geed health R does no harm [1]
[Total: 6]
A ¢

s

T"j:.'PapaCambridge



“ jPPapaCambridge

APPENDIX A. ANSWERS

237. 9700_wl6_ms_22 Q: 5

(a) (i) non-infectious to max 1
not caused by a pathogen ; A
not, communicable/transmissible ; A not passed from one living,
organism/person, to another AW

disease fo max 1
R if in context of an infectious disease

abnormal condition (affecting an organism)/condition that reduces the
effectiveness of the functions of the organism/lack of good health/AW ; [2]

(ii) four from
1 ref. to mutation ;

2 further detail ; e.g.
change in sequence of, nucleotides/bhases, of, DNA/gene
tumour suppressor gene, switched off/ stops functioning/alters/ AW
formation of oncogene
proto-oncogene altered

3 uncontrolled, mitosis/ cell division/cell replication ; AW

4 ref. to changes to checkpoints/coordination of cell cycle lost};
A cell does not, receive/respond to, signals.(tostop dividing)

5 loss of function/lack of differentiation/lack of specialisation/AW ;
allow loss of function idea if referring toithe mass of cells

6 other detail of, tumour cell/cellular changes.;
e.g. immortal/no apoptosis/no programmed cell death
no contact inhibition/ grows te invade healthy tissue/AW

more protein synthesised growth)
(release cell signalling s for) vascularisation/blood vessel

formation
changed size comp @‘a normal cell size

telomeres do n® N/ AW [4]
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(b) (i) A = protoctist ; A protoctista, protist(a), protozoa(n), sporozoa(n)
B = bacterium ; A bacteria

805

(2]

(ii) aerosol infection/droplet infection ; A described A airborne droplets
A direct contact ; A description in this context, e.g. body contact [1]
(iii) smallpox ; [1]
(iv) Morbillivirus ; [1]

(c) three from
1 vaccination, gives (active) immunity/ stimulates an immune response ;
must be in context of active artificial immunity

2 detail ; e.g. primary immune response
clonal, selection/expansion (specific, B/ T, lymphocytes)
formation of antibodies
formation of memory cells
artificial active (immunity)

3 secondary (immune) response, when, pathogen/antigen, present
or
presence of antigen/pathogen, gives, faster response/higher antibody
production/AW ; R disease (for antigen/pathogen)

4 (effects of vaccination/immunity) long-lived/AW ;
A memory cells remain (in circulation) for a long time

5 herd effect ;

6 explained ; e.g. sufficient, (successfully) vaceinated/immune, so, susceptible/
non-vaccinated, people protected
7  stops the transmission cycle ; @
A less people with diseaduces spread
8 AVP; ref. toring vacei [3]

[Total: 14]
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(a) Morbillivirus ; A Morbilivirus/Morbili virus/morbillivirus [1]
(b) three from
1 number of cases fluctuates (between 2008 to 2012/in all years) ;
2 number of cases (much) higher in 2010 ;
3 epidemic lasted longer in 2010 ;
4  highest peak is 42000 — 43000 in 2010 ; R 45000 A 30000 — 35000 in
Africa
5 numbers are higher at beginning of each year (than at end) ;
6 five, outbreaks/peaks/epidemics/AW ; A four as no data before Jan 2008
7 numbers of cases in rest of world are greater than in Africa in every year
except 2010 ; ora humbers of cases in Africa were less than in the rest of the
world in every year except 2010 [3]
(c) | the term primary immune response
| any ref. to, T cytotoxic/T killer cells
four from
1 antigen presentation ;
2 clonal selection/described ;
3 clonal expansion/described ;
4 B-lymphocytes/B cells, develop/AW, into plasma cells ;
5 plasma cells, secrete/produce/AW, antibody ;
6 any correct ref. to T helper cells ; [4]
(d) I virus mutates/different strains (as one vaccine'is effective)
two from
1 measles introduced by people wh ught the disease when abroad ;
A any e.g. tourists/ Visitorsltrave%tuming tourists/ migrants/displaced
people
2 idea that herd immunity, ne e >90%/is not 100% ;
A herd immunity not achi
3 some people in the ave not been vaccinated ;
A too young to're accine/refusal of vaccination/live in remote
places/war zones/ 2
4 some people do not respond to the vaccine ; A people have weak immune
system/malnutrition
5 e do not receive booster(s) ;
6 ¢«(reconsti accine is not thermostable / difficult to maintain the cold
chain ; [2]
[Total: 10]
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uncontrolled growth
increase in growth proteins
shorter interphase (of cell cycle)

(rapid) DNA replication

change occurring in a healthy cell
ogene to oncogene
tion of /switching of, tumour suppressor gene

cells do not respond to signals (from other cells)

or

further detail of tumour formation ;

e.g. cells immortal/ no apoptosis/no programmed cell death

no contact inhibition/cells continue to grow when they contact other cells

cell cycle checkpoints not controlled
abnormal /AW, mass of cells formed
undifferentiated/ unspecialised, cells/tissue/mass

cells do not function (as tissue of origin)
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239. 9700 _s15 ms_22 Q: 5
(a)
A reverse wording for both
mark vertically/one mark each correct column
description of outcome production precise type
event for the of memory of immunity
individual cells/ acquired by
yes or no individual
individual P
individual P is does not
injected with a become ill from
live, weakened the disease and yes artificial active
disease-causing | has long-lasting
organism protection from
the disease
individual Q is individual @
exposed to a does not
disease-causing | become ill from
organismand is | the disease but no artificial,passive
immediately suffers from the
injected with a disease a year
specific antibody | later
[2]
(b) bone marrow ; A stem cells/myelocytesd white blood cell [1]
(c) (i) 1 healthy body cells, (recognl self/have self-antigens ; A non-foreign
2 cancer(ous)/tumour, cells |sed as) non-self/ have non-self antigens ;
A foreign
3 ideathat ohanges ucture of cell surface membrane of, cancer(ous)/
tumour, cells ;
4 phagocytes h rs for, non-self/foreign, antigens or
phagocytes ha Qggpt_g[_s_ for antibody complexed to non-self/foreign antigens ;
[max 2]

[2]

[Total: 7]
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240. 9700_s15_ms_23 Q: 3

(a) (endoplasmic reticulum/RER) has ribosomes ;
(ribosomes/RER) site of protein synthesis ;
antibodies are proteins ;
RER for, modification/transport/ transport vesicle formation ; [max 2]

(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/15pum) but incorrect conversion
factor used for final calculation 2]

(c) Variola (virus) ; (1]

(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) ; [max 3]

(e) two relevant e.g.

vaccine, thermostable /freeze-dried ; A idea of longer shélf-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/r ed

9 high percentage cover/AW ; @

10 ref. to ring vaccination/descri

O~ PRWN=

11 global effort/ AW ; 2]
(f) artificial active/ active artifi @ 1]
[Total: 11]

D ¢
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241. 9700_w15_ms_23 Q: 1

(a) (i) A -—nuclear envelope ;
B — rough endoplasmic reticulum ; R RER/ER/smooth ER
C — (large sub-unit of) ribosome ; A ribosomal RNA, R rRNA [3]

(i) D -—transfer/t, RNA ; (1]

(iii) at 1 - transcription ;
A post-transcription modification/removal of introns
A DNA/gene, copied (to synthesise mRNA)
A genetic information copied
R DNA copied onto mRNA
R DNA code copied onto mMRNA

at 2 — amino acid activation ;
A attachment/AW, of (specific) amino acid (to specific tRNA)

at 3 — translation/condensation of amino acids/formation of peptide bond(s)
(between amino acids) ;
A codon-anticodon binding
I (poly)peptide synthesis [3]

(b) a protein combined with, a carbohydrate/sugars/AW ;
A protein with sugar
R protein with, glycogen/polysaccharide 1]

(¢) antibody molecule
has (2) heavy and (2) light chains /two types of polypeptide / different types
of polypeptide ;
idea that each different, polypeptide/chain; Is coded for by a gene ;
ref. to gene coding for enzyme for carbohydrate’attachment (to make
the glycoprotein) ; %

[max 2]
(d) points can be taken from @e diagram
1 variable region/Fa n, has antigen binding sites ;
2  ref. to specificity for binding antigen/complementary (shape) to the antigen ;
A idea of sequence of amino acids (on light and heavy chain) giving specific
shapes
3 (Itha antigen) binding sites (per antibody molecule) ;
4 <heavy cha constant, region binds to (receptors on), phagocytes/named
phagocyte ;
5 hingeregi es flexibility when binding to, antigen/pathogen/AW ;
6 disulfide bridges, give stability/hold chains together/ AW ;
award on a diagram if bond and chains are labelled
7 AVP;e.g. R groups bind to antigen
bind to antigen by, hydrogen bonding/ionic bonding
constant region gives antibody class/AW [max 4]
[Total: 14]
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242. 9700 w15 ms_21 Q: 6

(@) (i) grass; (1]
(ii) rabbit(s) /grasshopper(s) ; 1]
(iii) fox(es); [1]
(b) denitrification ;
nitrification ;
nitragen fixation ; A Haber process [3]
[Total: 6]
243. 9700_s16_ms_22 Q: 3
(a) (i) 1179;;
one mark  if not to the whole person e.q. 1179.24/1179.2 or
if calculation correct but answer incorrect
e.g.- 1.39 x 848.38 or 1.39 x (84 838000/100000) or
if no calculation to check but answer given as 1180, [2]
(i) 1 provides information about/AW, proportion/percentage; (of population)
affected/ AW ;
2 to, make (valid) comparisons/compare ; between countries/in one
country over time
3 provides information about severity of disease ; AW
4 population size, taken into account/diffefent for different
countries/changes over time in a country ;
do not need ‘size’ if ‘use of ‘population’is'in correct context
5 idea that countries with larg lations will usually have more
cases/higher number of just mean larger population of
country;
6 AVP; gives gui %u hether the disease is,
spreading /b epidemic/dying out (in one country) in context
of over time
idea that number of cases per 100000 are, standardised/normalised,
values
1 ¢ u ata to support ; only two of Chad, Eritrea or Ethiopia where
+ Co s between countries stated | ref. to other countries
4 2 actual cases and standardised cases
comparison (2009) to support mp 5 population size and actual
cases
stated values of similar number of cases per 100000 and
populations of different sizes
countries compared, number of cases per 100000 for any stated
year, with comment about severity
number of cases per 100000 for one country over time, with
comment about severity / spreading/dying out/control/ AW [max 3]
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(b) can give values of percentage vaccinated to describe ‘increasing /decreasing’
percentage vaccination

811

support
1 Gambia high percentage vaccinated (throughout) and low number of cases ;
A Eritrea

2 datato support ; e.g. a percentage vaccination for a year and number of
cases (same, or following, year after vaccination) or a range given for
percentage vaccinations over the whole, or stated, number of years or a
compilation of the two

partial/ weak, support

3 Central African Republic decreasing vaccination and number of cases in
2011, higher/ 15.31 ;

4 Chad (from 2008) increasing percentage vaccination and, low/ stated,
number of cases,
2009/2010/2012;
145 1.66 0.96

do not support
5 Niger/Ethiopia/Chad, (generally) increasing percentage vaccinated and
number of cases, fluctuates/increase and decrease (ora)/AW.,;
A stated correct data to show increase and decrease
A for Chad if mp 4 given and ref. to increase/71.6 in 2041

6 (generally) increasing percentage vaccinated and number of €ases,
increases/goes from 2.34-4.67, in 2011 in Niger or
increases/goes from 1.39-4.86, in 2010 in Ethiopia or
increases/goes from 1.66—71.6, in 2011 in Chad A 1.45-1.66 in 2010 ;

7 Central African Republic decreasing vaceination.and low number of cases in,
2009/2010/2012;

8/9 AVP ;; e.q.
s [dea that most values er of cases are low irrespective of
vaccination percent

e refto need @ accination to be effective
A <80%! ccination ineffective

e jdeathat generally Gambia/Eritrea, have higher percentage
vaccinated and have lower number of cases than, (three of)
ia, Chad, Central African Republic, Niger/the other countries

/Central African Republic, in 2011 and,

ics/inability to keep number of cases down/ineffectiveness
of vaccination programme | ref. to 71.6 (Chad) or 15.31 (Central
African Republic)

e  Eritrea 2012 high vaccination but, increase in/3.16, cases
e ref. to increasing percentage of vaccination in Niger and decrease in

cases, 2009-2010 from 5.23 t0 2.34/2011-2012 from 4.67—-1.59
A 2009-2012 from 5.23 to1.59 [max 4]
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(c)

(d)

(e)

points refer to smallpox, look for points written as ora
any two from
1 high, percentage/ proportion, immunised/vaccinated ; AW
A mass vaccination
2 no boosters required/one dose enough/immunity very long-lived ;
A idea of long-lasting effect of vaccine
3 same, vaccine/antigens, used (throughout) ;
treat as neutral ref. to, low mutation rate /stability, of smallpox virus

4 heat stable/thermostable/freeze-dried/lyophilised, vaccine ; | frozen
A no need to refrigerate/ AW
A idea of longer shelf-life

ease of, administering vaccine /training people to give vaccine ;

ring vaccination/described, e.g. contact tracing ;

easy to identify infected people/AW, (to begin ring vaccination) ;

lower percentage cover required for smallpox than measles/lower herd

immunity required ;

AVP ; smallpox less infectious (so lower percentage cover required)
idea of less, civil unrest/war/movement of populations (so easier to
implement)
suggestion that smallpox live vaccine (and measles not live) [max 2]

o~

©

active artificial/ artificial active ; freat as neutral acquired [1]

can be from point of view of country programme or WHQprogramme cost
1 preparing/manufacturing/purchasing, vaccine ; A cost to provide vaccine
free to developing countries
disposables/equipment to administer (vaccine) ;
e.g. syringes/needles/(protective) gloves
storage ; e.g. space, security
refrigeration /maintaining cold chain ;
transport (of, vaccine/health care workers)s
wages/training, of staff involved ; % wages for, health care workers

N

oo bW

administering vaccine/ staff i in training health care workers
record keeping/contact tracing
advertising/informing/mark ducation ;
research/development ;

=0 00~

ation, camps (for remote/epidemic, areas) ;
[max 2]

[Total: 14]
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244. 9700_s15 ms_22 Q: 6

(@) (i)

(ii)

(b) (i)

(a2) habitat ;
(a) population ;
producers/organisms ; 3]

(a) niche ;
(an) ecosystem ; [2]

energy losses from

1 reflection (from leaf surface) ;
2 idea that some light, passes through (leaf)/ misses chloroplasts/ strikes
non-photosynthetic tissue ;
A suggestion that cell walls may not allow all of light through
3 heating plant ; I lost as heat to surroundings A converted to heat
4  evaporation ; A transpiration
5 notall light (reaching chlorophyll) is, the right wavelength (for photosyn AW/
absorbed by chlorophyll ;
A idea that only a proportion of light energy is useable
A absorbed and, lost as phosphorescence/lost as luminescen ed
6 ref. to photosynthetic process inefficient ; A loss of heat eper i

photosynthesis
7,8 AVP ;; e.g. ref. to photorespiration

ref. to factors that limit photosynthesﬁ [max 3]

2
'aQ@o
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(ii) 1 increased production of / more, biomass / plant matter / named (e.g. carbohydrate /
cellulose / starch / oils) ; R more plants | more crop | food
2 (so) more energy / more energy stores ;
A more chemical energy produced
A higher energy
A suggestion that high PE crop may be more energy dense
more crop / greater yield, per unit, area / volume / time ; A each year
idea of (comparatively) less space required (for growing) ;
ref. to supplying increasing demand for, food / fuel ;
more, profit (for farmers) / economic / AW ; | cheaper
AVP ; e.qg. efficient use of carbon dioxide [max 2]

APPENDIX A. ANSWERS

~NoOo oA W

(iii) credit all valid answers — this list is not exhaustive
e.g. compound e.g. function of compound

amino acids production of proteins (for cell growth);
A provide energy/for respiration

proteins cell division/mitosis/increase in cell number/
increase in, biomass or yield/(cell) mémbranes ;
A reproduction A cell cycle
A (tissue) repair
A provide energy/for respiration

enzymes synthesis of, macromolecules,or organic molecules/
anabolic reactions/for photosynthesis /for
respiration ; [max 2]

A named molecules e.g. carbohydrates/amino
acids/ proteins /lipids/ nucleic acids

(organic/nitrogenous) bases compofient/synthesis of, nucleotides
component;of, DNA/RNA/nucleic acids ;

nucleotides c?ent/synthesis of, DNA/RNA ;
DNA enes/genetic material/coded information/
etic information, (for protein synthesis) ;

RNA . transcription/translation/ protein synthesis ;
(some) phospholipidQ (for cell) membranes ; R lipids
ATP synthesis/anabolic reactions/active transport/

translocation/described ;

’? A provide energy for reactions
chlorephyll photosynthesis/light (dependent) stage ;
NADP (in) photosynthesis/ light (dependent) stage ;
NAD (involved in) respiration ;
FAD (involved in) respiration ;
auxin growth hormone/cell elongation/ cell division ;
cytokinin growth hormone/root growth ;
[Total: 12]
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245. 9700_s15_ms_23 Q: 6

(a) (i) nitrification ; [1]
(ii) by bacteria ;
denitrification/ reduction;
ref. anaerobic conditions ; A ref. to waterlogging [max 2]

(b) (i) idea of (unit made up of ) biotic and abiotic, components ; AW
further detail ; interacting /functioning together ;
A idea of self-sustaining unit 2]

(ii) carries out photosynthesis/ converts light (energy) to chemical energy ;

A (photo)autotrophic
synthesises (complex) organic compounds from inorganic, compounds;
(occupies) lowest/first trophic level ; A acts as a producer [max 1]
(iii) place where an organism lives ; A population/species/community 11

[Total: 7]
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