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21.
(a)
200 μM (units required)
1
(b)
(77–51)/77×100 = 35% (Units required. Allow answers
in the range of 32–37%.)
1

(c)
highest rate of photosynthesis at pH 7;
decrease (in rate of photosynthesis) between pH 7 and pH 7.5;
little change (in rate of photosynthesis) at higher pH values;
rate of photosynthesis falls again (slightly) at pH 9;
2 max

(d)
uses hydrogen carbonate ions;
uses stored carbon dioxide / carbon dioxide from respiration;
1 max

(e)
pH
optimum pH may be less than 7;
reducing the pH below 7 may lead to a higher rate (of photosynthesis);
(but) enzyme activity can be affected by low pH;


or

Temperature
optimum temperature may not be 15ºC;
enzyme activity is affected by temperature;
temperatures above (or below) 15ºC may lead to a higher rate
(of photosynthesis);


or


Light intensity
light intensity may not be optimal/may be limiting;
too low light intensity produces less ATP/NADPH + H+;
higher light intensities may result in a higher rate (of photosynthesis);
as light intensity/temperature increases rate of photosynthesis
may not increase as another factor becomes limiting;
2 max
[1] for named limiting factor and [1] for effect on photosynthesis.

[7]

22.
(a)
40°C
1
(b)
40°C:
3.5 µmol m–2 s–1; (units required)

Accept answers between 3.0 µmol m–2 s–1 and 4.0 µmol m–2 s–1.


50°C: 10 µmol m–2 s–1; (units required)
2
Accept answers between 9 µmol m–2 s–1 and 11 µmol m–2 s–1.

(c)
rate of respiration is increasing
1

(d)
(i)
rate increases as the temperature increases up to a point/40°C
and then decreases
1

(ii)
at low temperatures/between 25°C and 35°C the rate of
photosynthesis increases and the rate of respiration is
(approximately) constant;
between 35°C and 40°C both increase;
as temperature continues to increase the rate of
photosynthesis reaches optimum whereas rate of respiration
decreases less/stays constant/increases;
at high temperatures/between 40°C and 50°C photosynthesis
decreases as respiration decreases less/stays constant/increases;
2 max

[7]

 23.
(a)
(i)
12:00 (Accept 12:00 to 13:00)
1
(ii)
photosynthesis in maize requires uptake of CO2 and light
as energy source;
sunlight intensity strongest at midday therefore rate of
photosynthesis is highest at this time;
light is limiting factor for photosynthesis so increased
intensity increases photosynthesis;
high rate of photosynthesis means high exchange rate of CO2;
2 max

(b)
31ºC
1

(c)
data does not support idea that rising CO2 levels will increase
growth rates in maize;
(at all temperatures) there appears to be no difference between
exchange rate at current or elevated CO2 levels;
temperature has larger effect on growth of maize;
so if rising CO2 levels causes more of a greenhouse effect/larger
temperature increase, this will affect growth of maize;
2 max

[6]

24.
(a)
hydrogen bonds between nucleotides of opposite strands/complementary
bases/adenine and thymine and cytosine and guanine;
covalent bonds between nucleotides within strands/between
sugar/deoxyribose and phosphate;
2
(b)
hydrogen bonding between water molecules;
breaking (hydrogen bonds) needs/removes energy/heat;
hydrogen bonds must break when water evaporates/vaporizes;
2 max

(c)
osmosis / moves passively;
from regions of low solute/high water potential/concentration to
high solute concentration / low water potential/concentration;
passes through protein channels/aquaporins/selectively-permeable
membrane;
2 max

(d)
water molecules undergo photolysis/are split by light energy;
forms oxygen as a by-product;
hydrogen helps power the fixation of carbon (into organic molecules);
2 max

[8]

25.
(a)
Both name and function required to achieve [1].
A:
name: flagella/flagellum


function: used for locomotion / beats in whip-like action to propel cell;

B:
name: pili/pilus


function: used for adhesion (to another cell/surface) / transfer
of genetic material (between cells);


ECF, for one mark, can be applied if both parts of the pair are reversed.
2

(b)
Award [1] for a similarity.
both have a plasma/cell membrane/ribosomes/cytoplasm/genetic material;


Award up to [2] for differences. Candidate must make a valid
comparison, not simply describe each. Award [2 max] if features
of prokaryotic and eukaryotic cells are not compared directly,
item by item, although a table is not necessary.

	Prokaryote
	Eukaryote

	naked DNA
	DNA associated with proteins;

	DNA in cytoplasm/no nucleus
	DNA enclosed in nuclear envelope/membrane / nucleus;

	70S ribosomes
	80S ribosomes;

	no membrane-bound organelles
	internal membranes that form membrane-bound organelles;

	circular chromosome
	linear chromosomes;

	fission
	mitosis;

	no introns or exons
	introns and exons;

	Smaller in size(approximately) 10 microns
	larger in size up to (approximately) 100 microns;

	cell wall present
	cell wall only present in plants/fungi;
Do not accept cell wall sometimes present.




3 max

[5]

26.
(a)
has the ability to differentiate (into specialized tissue)
1
(b)
only some genes are expressed in each cell type/tissue;
tissues therefore develop differently/become differentiated;
example of differentiated cell and the function of tissues;
2 max

(c)
knowledge of location of human genes / position of human genes on
chromosomes;
knowledge of number of genes/interaction of genes / understanding
the mechanism of mutations;
evolutionary relationships between humans and other animals;
discovery of proteins / understanding protein function / detection
of genetic disease;
leads to the development of medical treatment/enhanced research
techniques;
knowledge of the base sequence of genes/study of variation within genome;
3 max

[6]

27.
(a)
(osmosis is) the passive movement of water / solvent molecules from a
more dilute solution / region of lower solute concentration to a more
concentrated solution / region of higher solute concentration through
a partially permeable membrane
1
(b)
facilitated diffusion is a form of passive transport / molecules move from a

region of higher concentration to a region of lower concentration / down a

diffusion gradient;

requires specific protein channels in plasma membrane;
2

(c)
phospholipds have hydrophilic and hydrophobic regions;

hydrophilic heads attracted to water and hydrophobic / fatty acid tails repelled

by / not attracted to water;

phospholipd bilayer forms with heads in contact with water on both sides of

membrane / with environment and cytoplasm;

hydrophobic tails found in centre (of bilayer) away from water;

stability to membrane brought about by attraction between hydrophobic

tails / between hydrophilic heads and water;
3 max

[6]

28.
(a)
site on surface/portion of the enzyme/protein to which the substrate binds
1
(b)
enzymes fit together with substrates similar to a lock and key;
active site has shape that gives specificity;
enzymes catalyze a reaction with a specific substrate;
example of named enzyme and its substrate;
substrate held precisely in (optimum) position to make/break bonds/carry
out reaction / chemical interaction occurs between enzyme and substrate;
Accept these points shown in an annotated drawing.
3 max

[4]

29.
(a)
(i)
hydrogen
1
(ii)
covalent / phosphodiester linkage
1

(b)
DNA has deoxyribose, RNA has ribose;
DNA has base T/thymine, RNA has base U/uracil;
Do not accept double or single strands as chemical structure.
2

(c)
tRNA attaches to (specific) amino acid;
tRNA (with amino acid) moves to the ribosome;
anticodon of tRNA binds with codon of mRNA;
2 max

[6]

30.
(a)
cell wall protects the cell from damage;
cell wall prevents the cell from bursting;
plasma membrane pumps substances/carries out active transport;
plasma membrane controls entry and exit of substances;
cytoplasm contains enzymes that carry out metabolism;
pili are used to connect bacterial cells/can pull bacteria closer together;
flagella used for locomotion/movement of the bacterial cell;
ribosomes synthesize proteins;
(naked) DNA of main chromosome is located in the nucleoid (region);
nucleoid initiates reproduction/binary fission;
(naked) DNA/chromosome/nucleoid controls/determines cell
structure/function;
plasmids confer (luxury) functions such as disease resistance/
antibiotic resistance/other;
capsule protects cell/promotes adherence;
9 max
If the answer includes any eukaryotic structures, award [8 max].
(b)
both lipids and carbohydrates are primary sources of energy for
organisms;
lipids store more energy per unit mass/per gram than carbohydrates /
lipids generally provide 2 to 3 times the energy of carbohydrates
for a given mass;
lipids provide 38 kJ g–1/9 C g–1 whereas carbohydrates have
17 kJ g–1/4 C g–1;
carbohydrates are easier to transport (than lipids) making their
energy more accessible;
because lipids are insoluble (in water) whereas (small)
carbohydrates are soluble (in water);
carbohydrates are more easily taken out of storage making their
energy more quickly available;
carbohydrates are short-term storage molecules, whereas lipids
provide long-term storage;
4 max

31.
(a)
Award [1] for each linked set of answers.
	simple diffusion
	facilitated diffusion

	energy requirement
	none
	none;

	direction of movement
	down concentration gradient
	down concentration gradient;

	specificity
	not specific
	specific;

	passage directly through phospholipid membrane
	yes
	no;

	protein channels
	not required
	required;

	solute
	simple molecules / O2 / CO2
	sugars/amino acids;

	solute binding to carriers
	no
	yes;

	speed of diffusion
	slower
	faster;




5 max

(b)
endocytosis occurs when a membrane encloses a target particle;
fluidity of membrane permits movement of membrane;
membrane sinks inwardly/forms pit/invaginates to enclose particle;
membrane seals back on itself / edges fuse;
one membrane layer / two phospholipid layers enclose particle making
vesicle;
inner phospholipid layer of (original) membrane becomes outer
phospholipid layer of vesicle membrane;
outer phospholipid layer of (original) membrane becomes inner
phospholipid layer of vesicle membrane;
vesicle breaks away from membrane/moves into cytoplasm;
changes in membrane shape require energy;
specific example of endocytosis (e.g. pinocytosis, phagocytosis);
Accept any of the above points in an annotated diagram.
5 max
32.
(a)
Award [1] for each structure clearly drawn and correctly labelled, up to [4 max].
cell wall — a uniformly thick wall;
pili — hair-like structures / flagellum — at least length of the cell;
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ribosomes — drawn as small discrete circles/shaded circles;
nucleoid — region with DNA not enclosed in membrane;
plasmid — circular ring of DNA;
cytoplasm —the non-structural material within the cell;


Award [3 max] if one eukaryote structure is shown, [2 max] for
two eukaryote structures, [1 max] for three eukaryote structures
and [0] if four or more eukaryote structures are shown.
4 max

(b)
light: [2 max]
rate increases with increasing light;
it reaches maximum then plateaus;
as all chloroplast molecules are working at optimal pace;


temperature: [2 max]
rate increases with increasing temperature;
to a maximum/optimum temperature;
but then falls off rapidly;
as enzymes are denatured above the optimal temperature;


carbon dioxide: [2 max]
rate increases with increasing carbon dioxide level;
it reaches maximum then plateaus;
as photosynthesis operating at optimal level;


Award any of the above points if clearly drawn in a diagram.
6 max

33.
(a)
Award [1] for each structure clearly drawn and correctly labelled.

nucleus—smaller area than cytoplasm, surrounded by double membrane
with pores;


mitochondrion—surrounded by double membrane, inner membrane has
infoldings;


rough endoplasmic reticulum—stacked tubules with dots / small circles
on outer surfaces;


Golgi apparatus—curved stacked tubules, small vesicles near ends of
tubules / sacs;


ribosomes both attached to rER and free ribosomes in cytoplasm drawn
and labelled;

lysosome / nucleolus / nuclear envelope / nuclear pore / plasma membrane;
4 max

Award [0] if a plant cell is drawn.

Award [3 max] if a plant cell structure (such as the cell wall) is present.

(b)
during interphase DNA replicates / produces two copies of genetic material;

sister chromatids are two identical DNA molecules held together by centromere;

sister chromatids are separated during mitosis to form two genetically

identical nuclei;

in prophase chromosomes shorten / thicken / become visible as double-stranded

chromosomes / joined sister chromatids;

chromosomes condense by supercoiling;

chromosomes attach to spindle microtubules at centromeres;

chromosomes begin to move towards equator / centre of cell;

during metaphase all chromosomes lined up at equator separately / not in

homologous pairs;

at start of anaphase centromeres divide separating sister chromatids;

separated sister chromatids known as (single stranded) chromosomes;

(identical sets of) chromosomes pulled to opposite poles;

move by contraction of microtubules;

nuclear envelope / membrane forms around each set of chromosomes;
8 max

Many of these points can be shown by correctly annotated diagrams.

Credit may be given for diagrams clearly illustrating these points.

(c)
Award [4 max] for any of the following general statements:
stem cells are cells that retain the capacity to divide and have the ability to

differentiate along different paths into all types of cells / are pluripotent / totipotent;

stem cells are derived from blastocysts / human embryos, left over from

IVF / placenta / umbilical cord / some adult tissues;

new techniques / technologies rely on replacing diseased / dysfunctional cells with

healthy / functioning ones;

need to identify desired type of stem cell and grow in culture / special

solutions / controlled conditions;

develop biochemical solution that will cause cells to differentiate into desired

cell type;

develop means of implanting / integrating cells into patient’s own tissues so that

they function with the body’s natural cells;

danger of rejection of cells therefore need to suppress immune system;

must make sure new cells do not become overgrown / develop into

cancerous tumours;

Award [2 max] for a specific example ie: [1] for type of cells and [1] for proposed use:

eg retinal cells;

replace dead cells in retina to cure presently incurable diseases such as glaucoma

and macular degeneration;

eg graft new skin cells;

to treat serious burn victims;

eg nerve tissue;

help repair catastrophic spinal injuries / help victims of paralysis

regain movement;
6 max

34.
(a)
condensation reactions involve joining subunits/molecules/monomers;
with the release of water;
hydrolysis reactions involve splitting molecules into subunits/
molecules/monomers;
with the addition of water;
example of condensation reaction;
(e.g. amino acid + amino acid yields dipeptide + water)
example of hydrolysis reaction;
(e.g. disaccharide + water yields two monosaccharides)
5 max
Examples can be shown in words or chemical form.

(b)
enzymes most active at one temperature/optimum temperature;
any deviation from that temperature lowers the enzyme activity;
denaturing/change in active site/no activity at higher temperatures /
inactivated at (very) low temperatures;
increasing the substrate concentration increases the enzyme
activity/more enzyme–substrate complex formed/more
collisions between enzyme and substrate;
eventually no increase in enzyme activity with increased substrate
concentration / plateau when enzymes are working to the
maximum/when all active sites occupied/saturated;
4 max
Accept answers shown graphically.
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