Answers to examination
questions in Chapters 1–15
1 Cell biology

d

1 B

2 D
3 C
4 C
5 a Cells come from pre-existing cells; living organisms
are composed of cells; cells are the smallest unit
of life.
b Stem cells retain the ability to differentiate/are
undifferentiated cells; stem cells may develop and
create tissue cells with a specific function. Cancer
cells may divide continuously; cancer cells divide
to form cancer cells.
6 a The ratio of volume to surface area of a cell
increases as the cell size gets larger. The rate of
exchanging materials across the cell membrane
depends on the surface area of the cell and the
rate at which materials are metabolized and waste
produced depends on the volume of the cell; the
rate of diffusion and exchange is proportional to
cell surface area.
b It occurs because only some genes in the DNA
of cells get activated/expressed; cells start
functioning in a specialized fashion/tissues become
differentiated; division of labour increases efficiency
in tissue cells.
7 a The diagram must show the following structures
correctly drawn and labelled: a thick cell wall; the
plasma membrane shown as a thin line; cytoplasm;
pili/pilus must be attached to the cell wall only, not
larger than a quarter of the cell; flagella/flagellum,
end embedded in the cell wall, must be longer than
the cell; nucleoid region/DNA; 70s ribosomes;
plasmid shown as a circular ring smaller than the
nucleoid region.
b Prokaryote cells have an approximate width of
0.5 µm / approximate length 2.0 µm. Organelles
such as mitochondria in an animal cell are
similar in size, shape and method of dividing as
prokaryotes.
c Binary fission is a type of asexual reproduction
present in prokaryotes where the chromosome
must replicate first and then the cell will elongate.
After this a septum (beginning of formation of
new cell wall) will separate the cell into two
daughter cells.

Prokaryotes
Very small, about 1–5 µm
Few/no organelles present
Cell wall present

Eukaryotes
Larger, typically 50–150 µm
Many organelles
Cell wall may be present
e.g. plants
Nuclear envelope absent;
DNA surrounded with a
instead DNA is in the nucleoid membrane with pores
region
Naked DNA; it is not
DNA associated with
associated with proteins
proteins (histones)
Circular DNA
Non-circular DNA
70S ribosomes
80S ribosomes
Plasmid is present
No plasmid

8 a Interphase is the preparation phase for mitosis where
the cell needs to increase size and duplicate its DNA.
It is divided into three stages: G1, S (synthesis), and
G2. G1 is the first growth phase where new organelles
are formed and there is intense biochemical activity
in the growing cell. The nucleus is actively involved
in protein synthesis in the S phase where the
chromosomes are copied (replicated). In G2, the
second growth phase, there is further growth and
preparation for mitosis.
b i	During prophase chromosomes become visible/
condense/supercoil. They continue shortening
and thickening by supercoiling; the centromere
appears as the section joining two chromatids in a
single chromosome.
		

ii	In anaphase chromatids are pulled away to
opposite poles of the cell; the centromere divides/
splits into two and chromosomes (made of a
single chromatid) travel to opposite sides/poles
of the cell.

c During mitosis the nucleus divides first. The
chromosomes divide / chromatids separate and are
distributed accurately to two daughter nuclei. The
chromosomes condense during prophase, align
during metaphase and the chromatids separate in
anaphase. At the end of cytokinesis, the cytoplasm
divides creating two independent cells / the cell wall
is formed from the materials brought by vesicles from
the Golgi apparatus. Each daughter cell contains an
identical copy of the original parent DNA.
9 Exocytosis involves export/secretion of substances
such as hormones; endocytosis involves the active
uptake of substances. Examples of endocytosis include
phagocytosis and pinocytosis. During exocytosis the
proteins are initially produced by the rough endoplasmic
reticulum (RER). Proteins travel from the RER into
the Golgi apparatus in vesicles / vesicles bud off the
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RER. Proteins are modified inside the Golgi apparatus
and vesicles containing the proteins bud from it and
travel towards the plasma membrane / vesicles fuse with
the plasma membrane. The contents of the vesicle are
released outside the cell/plasma membrane.
Endocytosis involves invagination / pulling inward of
the plasma membrane at the point where the substance/
molecule is present. This invagination is then ‘pinched
off’ so that the particle is enclosed in a vesicle. Vesicles
are transported to different places in the cytoplasm.

2 Molecular biology
1 D

2 DNA codes for a specific sequence of amino acids/
polypeptide; the DNA code for one polypeptide is
a gene. DNA is transcribed onto mRNA; mRNA
moves to a ribosome where mRNA is translated into
a polypeptide. Originally it was thought that one gene
always codes for one polypeptide, some genes do not
code for a polypeptide; some genes code for transfer
RNA/tRNA / ribosomal RNA/rRNA; some sections
of DNA code for regulators that are not polypeptides;
antibody production does not follow this pattern (of
simple transcription–translation); (allow other examples);
change in the gene / mutation will affect the primary
structure of the polypeptide.
3 A
4 C
5 B
6 a Glucose/ribose
b Glycogen is stored in muscle cells; it is made of
glucose monomers.
c i	The generalised structural formula for an amino
acid must show both amino and carboxyl groups
and a central asymmetric carbon (a chiral carbon).
		

ii	The generalised structural formula for a fatty acid
must show a carboxyl group (−COOH) attached
to a long hydrocarbon chain of carbon atoms, each
with two hydrogen atoms (CH3−CH2−CH2−).

d This is called condensation/dehydration; it occurs
between the amino group in one amino acid and the
carboxyl group in the other. The additional product
is water.
e Lipids contain more energy per gram than
carbohydrates, so energy stores of lipids are lighter
than the same energy equivalent of carbohydrates.
Lipids are insoluble in water therefore they do not
cause problems with cellular osmosis. On oxidation
of lipids (in respiration), a lot of metabolic water is

released. Lipids can be used as long-term storage in
different parts of the body.
7 a Temperature, substrate concentration and pH
level affect rate of reaction. Temperature affects
enzymes the most, pH the least. When temperature
increases, the kinetic movement of substrate
molecules increase so there is a higher probability
of molecules reaching the active site of the enzyme.
If the temperature continues to rise, the rate of
reaction will increase exponentially up to a certain
optimum temperature then higher temperatures may
denature the enzyme / reduce rate of reaction. As the
substrate concentration increases so does the rate of
reaction until all enzyme active sites are occupied.
There is an optimum pH / temperature at which
an enzyme works at its maximum rate. Changes in
pH may increase the rate of reaction; values away
the optimum pH may decrease the rate of reaction /
denature the enzyme.
b Lactase is used to produce lactose-free milk as some
people are lactose intolerant. Immobilized lactase
is placed on beads and milk is passed through the
beads in a circular way to avoid contamination with
the enzyme. Lactase hydrolyses lactose into glucose
and galactose; glucose and galactose are sweeter than
lactose. The process takes place at low temperature
to avoid bacterial contamination / denaturation of
lactase.
8 Aerobic respiration produces the most ATP via the
Kreb’s cycle / oxidative phosphorylation. It involves
the mitochondria; up to 38 molecules of ATP can be
produced. Alcoholic fermentation / anaerobic respiration
produces 2 ATP molecules per molecule of glucose.
Anaerobic respiration / fermentation occurs in the
cytoplasm. Lactic acid fermentation produces
2 molecules of ATP in human cells.
9 Light provides the energy for breaking down water /
photolysis of water; water provides the hydrogen ions for
ATP/energy production.
10 a Replication happens during the S phase in
interphase.
b The diagram must show antiparallel strands;
helicases acting in the middle of the strand
breaking down hydrogen bonds / unwinding DNA;
DNA polymerase acting on the leading strand for
continuous replication; DNA polymerase moving
from 5′ to 3′ / towards the fork; a replication fork
shown with the two separated strands; short
segments of DNA in the lagging sequence. (Details
including other enzymes or processes are not required for
Standard Level students.)
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c It allows the DNA to be copied / creates an identical
copy of DNA where adenine binds with thymine and
guanine with cytosine (names of bases are required).
d Each new DNA molecule contains an old strand and
a newly synthesized strand; DNA molecules replicate
using a strand as a template thus forming a new
complementary strand.

3 Genetics
1 A

			Recessive allele: an allele that only has an
effect on the phenotype when present in the
homozygous state. Plants with wrinkled seed coats
contain the recessive allele for seed coats.
		

iii	Genotype: the alleles of an organism; being
homozygous or heterozygous refers to the
organism’s genotype.

			Phenotype: the characteristics of an organism.
Presenting smooth or wrinkled seeds refers to the
phenotype.

2 D
3 A
4 correct representation of the alleles e.g. XN normal, Xn
dark and Y; Punnett grid including four cubs’ correct
genotypes, showing sex linkage; female genotype XNXn.
Accept other suitable alternatives for superscript N, n on the
X. Do not allow ECF (error carried forward) in the answer.
5 C
6 a A whole set of chromosomes (as observed in a
photomicrograph) from a somatic cell, in pairs,
ordered by size and position of centromeres.
b Amniocentesis (uses a sample of amniotic fluid);
chorionic villus sampling.
c Non-disjunction of chromosomes during anaphase I /
non-disjunction of sister chromatids in anaphase II.
d During prophase I homologous chromosomes pair
to form bivalents; during anaphase I chromosomes
(each of two chromatids: joined at the centromeres)
move to opposite poles of the spindle.
7 a Factors are called genes and are located in the
DNA/chromosomes.
b Haploid cells have one set of chromosomes, the basic
set, e.g. gametes / sperm cells / egg cells are haploid.
Diploid cells have nuclei containing two sets of
chromosomes (2n), e.g. somatic cells / body cells /
other valid example are diploid.
c i	Homozygous: having two identical alleles of
a gene. Plants in the parental generation are
homozygous for smooth coat seeds or wrinkled
coat seeds.
			Heterozygous: having two different alleles of
a gene. The F1 plants are all heterozygous but
showing smooth coat as their phenotype.
		

seeds with a smooth coat is dominant, as shown
by the fact that all the seeds of the F1 generation
had a smooth coat.

ii	Dominant allele: an allele that has the same effect
on the phenotype whether it is present in the
homozygous or heterozygous state. The allele for

d Appropriate symbols must be used e.g. smooth seeds
in parental generation RR and wrinkled rr; Punnett
grid correctly constructed for F1 and F2; representing
phenotype, genotype and gametes of parental
generation; description of the obtained phenotypes
in F1 and F2 as percentages; ratios explained in F1
and F2; F2 parental generation showing both as
heterozygous; showing offspring in F2 with their
genotype and phenotype.
8 a A mutation is a change in the sequence of DNA in
a gene.
b Chromosomal mutation is a change in the
number / structure of chromosomes. An example
of chromosomal mutation is Trisomy 21 in pair 21
(Down’s syndrome). Gene mutation is a change to
the base sequence of a particular gene, e.g. people
with sickle cell anemia have a mutation in only one
amino acid in the hemoglobin protein.
9 a Similarities in amino acids sequence are used to
classify organisms; the greater the difference the
lesser the evolutionary relationship between species.
b The rate of mutation for this protein was greater in
orangutans than dogs and humans; the changes in
the sequence represent advantages for orangutans
that are not required or are present in dogs or
humans; more or different proteins must be used to
show evolutionary relationships between orangutans
and humans; the sequence was conserved in humans
but not in orangutans.
10 a Gel electrophoresis separates fragments of a
previously digested DNA sample; PCR amplifies
DNA sequences/fragments.
b Genetic modification: technique used to change the
genes of an organism’s genome; clone: an identical
copy or organisms produced with identical genetic
information; DNA profiling: also called genetic
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fingerprinting, where a small amount of DNA is
used to identify an individual based on the unique
sequence of some genes/nucleotides.
c The DNA of a genetic modified organism has been
altered by removing or adding genes. BT maize is an
example of a genetic modified organism where the BT
gene from a bacteria has been inserted into the maize’s
genome. The genetic code is universal allowing the
transference of genes between species; genes are
transferred with the aid of vector cells/organisms; the
gene of interest must be spliced and then is placed in
the host organism/cells. If placed inside cells with the
aid of a vector, cells must be cloned.
		

		

Potential benefits: increased yields/productivity;
a new characteristic that was not present in the
species genome is now expressed; in the case of
BT maize, the genetic modification results in less
need for pesticides added to the crops, reducing
contamination and lowering production costs.
Potential risks: unknown side effects could be
harmful for consumers; due to cross-pollination
other species may receive the gene and there
is the potential for super weeds to be created;
genetic variability in the population is reduced /
compromised.

4 Ecology
1 B
2 B
3 B
4 C
5 B
6 a It is found in fossil fuels obtained from dead organic
matter; it can be dissolved in water as HCO3−; it is
present in carbonate rocks (as CaCO3).
b Cellular respiration releases CO2 and combustion /
burning of fossil fuels releases CO2.
c This conversion happens during photosynthesis
inside the leaf/chloroplasts; light energy is used.
d Carbon dioxide is produced by organisms respiring,
increasing its concentration; photosynthetic
organisms trap CO2 reducing its concentration.
e Photosynthetic organisms phytoplankton/algae trap
the CO2 dissolved in water as HCO2; heterotrophic
organisms feed on producers; thus releasing carbon
dioxide by means of respiration; sediments at the

bottom of the ocean release HCO3− which is released
into the air as CO2; the ocean surface traps CO2
in water.
7 a Photosynthesis: CO2 is trapped as organic
compounds in land and aquatic plants/
phytoplankton.
b Minerals pass from one trophic level to another;
minerals are taken back into the food chain by
decomposers when an organism dies; energy is lost as
heat / cell respiration / movement.
8 Pyramid of energy must show a pyramidal/correct shape;
large bar as the base (producers) with primary consumers
drawn on top / tenth of the producers; each trophic level
must be a tenth of the previously drawn level.
i

first / bottom bar labelled as autotrophic; second /
third / fourth levels labelled as heterotrophic
organisms

iii producers, primary consumers, secondary consumers,
tertiary consumers
iv second trophic level with 50 000 kJ m−2 y−1, third
with 5000 kJ m−2 y−1 and fourth trophic level with
500 kJ m−2 y−1.
9 Increased burning of fossil fuels; deforestation; increase
of cropping areas / husbandry; increase of livestock /
cattle activities. The atmospheric carbon dioxide varies
between high and low values within each 12 month
period due to variable levels of photosynthesis in land
plants (including trees) in the northern hemisphere –
the high values are winter levels and the lower levels
are summer levels of atmospheric CO2.
10 a An ecosystem is a community and its abiotic
environment, for example, the ecosystem of a lake;
a habitat is the environment in which a species
normally lives or the location of a living organism,
for example a small pond.
b A population is a group of organisms of the same
species who live in the same area at the same time;
a community is a group of populations living and
interacting with each other in an area. For example
there may be a population of ants living in the
community with trees, grasses and other species.
c A species is a group of organisms that can interbreed
and produce fertile offspring; in the binomial system
of nomenclature the species name comes after the
genus which is a taxonomic rank between family
and species in the biological classification of living
organisms.
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5 Evolution and biodiversity
1 D
2 B
3 C
4 D
5 Ferns are in the phylum Filicinophyta; a sea star is an
echinoderm (phylum not included in the syllabus); an
ant is in phylum Arthropoda; a sunflower belongs to
the phylum Angiospermophyta; a crab is in phylum
Arthropoda; a snail is in the phylum Mollusca.
6 a Antibiotics are used by doctors to control bacteria
that cause infections/diseases; the gene that offers
resistance to a specific antibiotic is present in
some bacteria; when antibiotics are prescribed
they may kill / suppress the susceptible bacteria
(without the resistance gene) and consequently
enable the preferential survival of the antibioticresistant bacteria in the population; also the gene
is transferred by transformation / a plasmid / other
methods; the bacteria with the gene / resistant
bacteria will divide; natural selection favours the
resistant bacteria / non-resistant bacteria will die;
over time the population of bacteria will become
resistant so the antibiotic can no longer be used to
treat the disease caused by that bacteria.
b Homologous structures are similar in structure
amongst different species; these anatomical
similarities indicate that organisms from different
species evolved from a common ancestor creating
variation in anatomical structures; wild breeds are
selected; some features are preferable; humans select
preferable features; certain individuals are selected
and allowed to reproduce for a particular trait; this
gives evidence that species can rapidly evolve.
7 Individuals in a population vary / show variations
in their characteristics; individuals tend to over
populate / over reproduce; numbers in a population
tend to remain constant so there are more offspring
than the environment can support; the scarcity/
limitation in available resources leads to struggle for
survival; the fittest organisms will survive / some
organisms have characteristics that make them well
adapted for survival; these organisms will reach sexual
maturity / will reproduce passing their alleles/genes
to the following generation; there is a gradual change
in the species/population; with time the frequency of
these alleles in the population will change leading to
evolution by natural selection.

Variations arise due to the differences caused by
meiotic divisions, mating and fertilization. During
meiosis homologous pairs of chromosomes exchange
information; crossing over, the random orientation of
chromosomes during metaphase I / sister chromatids
during metaphase II will lead to a random distribution
of chromosomes during anaphase I / sister chromatids
during anaphase II. Mating is a random process
where finding a mating couple will be determined
by randomized conditions. Fertilization implies that
many male gametes will be able to fertilize the egg;
both gametes are differently produced during meiosis.
These processes lead to variation where the individuals
who can survive will be able to reproduce and pass
their genes to the following generation, changing the
frequency of alleles in population.
8 a Binomial system of naming uses two names, the
genus and the species names.
b i Both turtles are in the same class.
		

ii Both belong to the same genus (Kinosternon).

		

iii	They are different species / have different species
name.

c Sophora flavescens is a different genus and species;
based only on the scientific names there is not
enough evidence to decide the evolutionary
relationship with the yellow mud turtle. The species
name does not determine evolutionary relationships.
d In different languages organisms are called different
common names; scientific names allow scientists to
use one unique name for a species so organisms can
be identified no matter which language is used for
communication; any valid example similar to the one
used at the start of the question.
9 a Graph with both labelled axes / x axis time / y axis
number of individuals; S-shaped graph / sigmoid
curve; lag phase / first phase with pioneer individuals;
influenced by adaptive processes / many individuals
die trying to adapt; initially natality is lower than
mortality; exponential phase / logarithmical phase;
during exponential phase natality and immigration
are greater than mortality and emigration;
transitional phase / the curve does not continue
increasing as before; available resources start affecting
the population size; plateau phase: natality and
immigration rates equal mortality and emigration.
b Predation/numbers of predator species; mortality;
emigration / migrating activities; diseases/
pathogens; changes in weather; natural disasters.
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10

Characteristic external feature
Radial symmetry. Mouth but no anus. Tentacles
present. Example: sea anemone
chordates
Bilateral symmetry. Include vertebrates and
tunicates / with a notochord / pharyngeal
slits / post-anal tail. Examples: frog, fish, human
mosses
Bryophyta group. Have no roots only rhizoids /
simple leaves / no vascular stems / spores inside
a capsule
arthropods Bilateral symmetry. With exoskeleton / have a
segmented body / with jointed appendages.
Examples: scorpion, ant, spider
ferns
Filicinophyta group. Roots are present / curved
leaflets / non-woody stem / spores produced
inside sori.
annelids
Bilateral symmetry. Segmented body / may have
bristles / mouth and anus are present. Examples:
earthworm, leech
flowering
Angiospermophyta group. Diverse group with
plants
flowers / seeds are covered by a fruit / seeds grow
inside ovaries in flowers / vascular tissues / may have
a woody stem. Examples: buttercup, maple tree

glycerol and are largely absorbed into the lacteal
vessels; from there they are carried by the lymphatic
system to the blood circulation outside the heart.

Group
cnidarians

6 Human physiology
1 A
2 D
3 A
4 B
5 a i	Villi occur in the small and large intestines. Their
function is to increase the available surface area
for absorption.
		

ii	Capillary networks occur underneath the stomach
and intestines / lining of structures. Their
function is to transport the absorbed materials.

		

iii	Microvilli occur in the external wall of the
epithelial cells lining the villi and vastly increase
the surface area for absorption of the products of
digestion.

		

iv	Protein pumps occur in the plasma membrane
of the epithelial cells of the villi and actively
transport nutrients across the plasma membrane
into the villi.

b The fate of absorbed nutrients is called assimilation;
in the first stage of assimilation, absorbed nutrients
are transported from the villi in the intestine. The
sugars are passed into the capillary network, and
from here they are transported to the liver; the liver
maintains a constant level of blood sugar; the amino
acids are also passed into the capillary network
and transported to the liver where they contribute
to the pool/reserves of amino acids from which
new proteins are made in cells and tissues all over
the body; the lipids are absorbed as fatty acids and

6 a During the resting potential the cell does not
transmit an impulse; there is active transport of
potassium ions (K+) in across the membrane and
sodium ions (Na+) out across the membrane by
K+/Na+ pumps; also the membrane is much more
permeable to K+ ions flowing out than to Na+ ions
moving back across the membrane; a negative charge
is developed inside the axon compared with the
outside (about −70 mV) and the resting neuron is
polarized; by maintaining this difference in charge
the cell is ready to transmit an impulse / depolarize.
b The transfer of energy of the stimulus opens
the gates of the sodium channels in the plasma
membrane and sodium ions diffuse in; the
concentration of sodium inside the axon quickly
increases; the charge across the membrane goes
from −70 mV to +40 mV; this is called depolarization;
sodium continues travelling along the axon as more
ion gated channels open; this is the action potential
that is transferred along the axon; after the cell
depolarizes, it needs to return to its original state /
repolarize; potassium gated channels start opening /
there is efflux of potassium ions; the axon loses
potassium until it hyperpolarizes / becomes very
negative (−90 mV); K+/Na+ pumps then remove
sodium and take potassium in by active transport.
7 Diabetes type I is inherited and diabetes type II is
acquired; in diabetes type I pancreatic cells/islets do
not produce insulin; cells are not stimulated to absorb /
store glucose; treatment of type I includes monitoring
blood glucose and regular insulin injections; diabetes
type II results from the loss of sensitivity of tissue cells
to insulin so though there is insulin present in the
blood, cells do not get stimulated by it; treatment for
diabetes type II includes a change in lifestyle / diet and
exercise are needed.
8 i

luteinizing hormone / LH

ii estrogens and follicle-stimulating hormone (FSH)
iii progesterone
9 They isolated penicillin in a stable form; they used
mice to test penicillin as an antibiotic; initially they
cultured lethal bacteria (hemolytic streptococci) and
inoculated eight mice with the bacteria and only four
with penicillin; mice without treatment died / mice with
penicillin treatment survived; they managed to change
the pH of the extract produced by mould broth and
crystallized the product; working with lethal bacteria is
not ethical / safe; dosage was extremely large and may be
toxic; initial sample size was too small.
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the antisense strand to the left of the mRNA or to
a nucleotide added by the candidate to the left hand
end of the mRNA.

10 a Labels must be correctly placed. Use page 261 as a
reference.
b Adrenaline is secreted in the blood and reaches the
pacemaker to increase the beating rate of the heart;
the pacemaker is a very small region of the right
atrium in the heart that originates the contraction
of the heart.
c Arteries have thick outer layers of circular
elastic fibres to help to pump the blood and have
longitudinal collagen fibres to maintain the high
blood pressure; veins have few circular elastic fibres
and generally have much thinner walls of elastic
fibres and collagen; veins have valves to prevent
backflow of blood and help blood return to the
heart.
11

Plasma

contains water with dissolved minerals and
solutes
transports hormones, antibodies, other proteins
contains dissolved gases / CO2, O2
waste products of metabolic activities are
transported
Red cells
transport oxygen with the aid of hemoglobin
White cells phagocytes and lymphocytes have an immune
function
lymphocytes produce antibodies
Platelets
together with other clotting factors they help
blood to clot and provide a barrier against
pathogen entry

7 Nucleic acids
2 B
3 C
4 a Check carefully whether the correct strand has been
labelled if the labels are shown in helical parts of the
DNA. Reject if the sense strand label points to the
mRNA.

ii DNA ligase seals the nick between Okazaki
fragments with DNA.
iii RNA primase add short sequence of RNA / primer
to the strand to allow DNA polymerase II to start
the duplication process.
6 Removal of introns (by an enzyme-catalysed reaction) is
known as post-transcriptional modification; the mature
mRNA (exons) will go out of the nucleus into the
cytoplasm and will be translated / be involved in the
synthesis of proteins.
7 a i CAU: histidine
		ii UCC: serine
		iii AGA: arginine
b Not all DNA / genes will be transcribed and
translated; genes / exons will be translated into a
protein; the sequence of amino acids is determined
by the sequence of bases / nucleotides in the gene;
the function of a protein (for example as an enzyme)
depends on the 3-D shape it will have; its 3-D shape
is formed based on the interactions between its
amino acids.

b The packaging helps keep the DNA in the correct
place during cell division; it helps to control /
regulate the gene expression / transcription
and translation process; it does not allow some
transcription / translation by silencing some genes.

Antisense

3’
5’

Next nucleotide
added here

DNA polymerase I removes the RNA primer and
replaces it with DNA.

8 a The bulk is formed by DNA and histones;
nucleosomes are DNA wrapped twice around 8
histone proteins / core with histones and another
histone protein holding the nucleosome; every
nucleosome has approximately 147 base pairs. More
than 50% of the chromosome is protein.

1 C

5’
3’

5 i

Sense

b a clearly drawn arrow pointing at the free 3′ end of
the mRNA strand or to the first free nucleotide on

9 a During replication a molecule of DNA is copied
and an identical molecule is produced with the
same base sequence; one strand of each double
helix has come from the original chromosome and
one is a newly synthesized strand; half the original
molecule stays the same; the 5′ → 3′ direction is
the way nucleotides are added to the 3’ ending
in a nucleotide; the duplication process uses the
complementary base pairing rules (adenine pairs
with thymine and guanine pairs with cytosine).
b A fully annotated diagram similar to Figure 7.6
on page 324 should include all of the following:
helicase enzyme separates the two strand of DNA
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to expose a replication fork; DNA gyrase and
single-strand binding protein enzyme prevents them
rejoining; DNA replication in the leading strand
is a continuous process; primase forms a single
short length of RNA primer; DNA polymerase III
forms the DNA strand; in the lagging strand is a
discontinuous process; RNA primase forms short
lengths of RNA primer at intervals along the DNA
strand; DNA polymerase III forms short DNA
strands / Okazaki fragments; DNA polymerase I
replaces the RNA primers with DNA; ligase joins
the nicks between fragments creating a sugar
phosphate bond.
10 a i	biological catalysis: three-dimensional proteins
containing an active site for catalysis.
		

ii	movement driven by muscle fibres: actin and
myosin are contractile proteins made of long
protein fibres

		

iii	structural support: they are fibrous, stringy and
insoluble in water. Collagen is a quaternary
protein made up of three subunits, its role is to
strengthen bone, tendons and skin

		

iv	the movement of molecules across membranes:
the protein in the pumps contains specific
sequence of hydrophilic and hydrophobic amino
acids which interact with the solutes / ions they
are transporting across the plasma membrane.

b The secondary structure of proteins results from
interactions between the amino acids in the
backbone of the peptide chain; due to interaction
between amino and carboxyl groups /
hydrogen bonds; forming alfa helix or betapleated sheets; the tertiary structure results from
interactions between R groups in the proteins.
c Hydrogen bonds; ionic interactions; covalent bonds;
disulfide bridges; hydrophobic interactions.

8 Metabolism, cell respiration
and photosynthesis
1 D

2 A
3 D
4 C
5 a competitive inhibitor: the reaction rate decreases as
it competes for the active site of the enzyme. The
effect can be reduced by adding more substrate.
b a non-competitive inhibitor: the rate decreases as
the inhibitor binds to a site (allosteric site / allosteric

inhibition) other than the active site. Adding more
substrate will not reduce the effect of the inhibitor.
c the presence of an alkali environment: some
enzymes may increase their activity if their optimum
pH is over 7. If the enzyme’s optimum pH is acidic,
however, the enzyme may denature, decreasing the
rate of reaction.
6 The diagram should be similar to Figure 8.12 (page 358);
it should show the outer membrane, inter-membrane
space, inner membrane and matrix; dehydrogenase
takes NADH+ and removes two protons / two H+
ions; and transports them into the inter-membrane
space; 2 electrons travel along the electron-transport
chain proteins; pump proteins open allowing more
hydrogen ions to exit the matrix into the space; an
oxidase couples the reaction between H+ ions and
oxygen, producing water; H+ ions accumulate and
create a potential difference across the membrane /
pH decreases; this creates a gradient / chemiosmosis;
ATP synthase is coupled to proton flow down the
concentration gradient; ATP synthase / ATPase carries
out synthesis of ATP; cristae offer a large surface area
for more electron transport chains / more chemiosmosis.
7 a In non-cyclic photophosphorylation, the
photosystem II is excited and the energy passes
along carriers in the thylakoid membrane; H+ /
protons pass into the thylakoid space; this creates
a proton gradient that is used to produce ATP;
electrons continue and reach photosystem I where
the final electron acceptor is NADP+; in cyclic
photophosphorylation the excited electrons from
photosystem I are picked up by other electron
carriers and passed to NADP+, which, with the
addition of hydrogen ions from photolysis, is reduced
to form NADPH + H+. The products ATP and
reduced NADP are used in the fixation of carbon
dioxide in the stroma so the ADP and NADP+
diffuse back into the grana for reuse.
b Cyclic photophosphorylation occurs when reduced
NADP accumulates and the supply of NADP runs
out, for example when the CO2 concentration is low
and the light independent stage is blocked.
8 a The rate of photosynthesis can be affected by
three external factors: temperature, light intensity
and CO2 concentration; each of these factors can
limit the rate of photosynthesis if they are below
the optimal level; they are therefore potentially
limiting factors. Usually light is not the limiting
factor; when light intensity is the limiting factor,
NADPH and ATP are not produced / there is
a shortage of NADPH and ATP; reduction of
glycerate 3-phosphate is affected in the Calvin
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cycle when there is a shortage of CO2; carbon
dioxide is commonly the limiting factor; carbon
fixation is affected and both NADPH and RuBisCo
accumulate.
b Graph with both axes correctly labelled / x axis
labelled light intensity and y axis photosynthesis
rate (units are not required); high concentration
of carbon dioxide represented as a sigmoid curve;
low concentration same shape curve as for high
concentration but lower on the y axis; both curves
showing a positive correlation.
9 Light dependent reactions require light/photons/
electrons from light; light activates / excites
photosystems II and I; the reactions take place in
the thylakoid / thylakoid membrane and produce
NADPH and ATP; water is broken down by light /
photolysis of water; water provide electrons and
protons / oxygen is a waste product; in the light
independent reaction, CO2 is converted to
carbohydrate; light independent reactions use products
from light dependent reactions / use NADPH and ATP;
they take place in the stroma and produce organic
compounds / triose phosphates.
10 The drawing should be similar to Figure 8.16, page 360.
Glucose is stored in the stroma as starch granules;
absorption of light takes place in the thylakoid /
thylakoid membrane; NADP and RuBisCo are located
in the stroma.

9 Plant biology
1 B

2 D
3 B
4 A
5 a First the seed absorbs water / there is rehydration of
the seed; for example soybean / bean / any other valid
example; the hormone gibberellin / gibberellic acid
(GA) is produced by the cells of the embryo and
passes to the food reserves in the cotyledons and
promotes the production of the enzyme amylase;
amylase hydrolyses starch to maltose then maltose
is hydrolysed to glucose; also proteins are broken
down to amino acids; glucose and amino acids are
translocated to growing points of stem and root.
b Gibberellin: stimulates germination after the seed
has been activated.
		 Auxin: regulates cell elongation and phototropism.
		 Abscisic acid: triggers the closing of the stomata to
reduce transpiration when water is scarce.

c

Monocotyledons
Parallel venation in the
leaves
Fibrous roots / not branching
from a main root
Floral organs in multiples
of 3
One cotyledon in seeds
Dispersive / random
organization of vascular tissue

Dicotyledons
Net-like venation in the
leaves
Taproot is present / roots
branch out from a main
root
Floral organs in multiples
of 4 and 5
Two cotyledons in seeds
Vascular tissue organized
in rings

6 There are many leaves: this increases the surface
area over which light may be absorbed; many leaves
are produced and they are easy to replace; leaves are
generally thin in cross-section so that gaseous exchange
can take place more easily; leaves are made of tissues
closely packed together for more photosynthetic
efficiency; leaves have a cuticle and a transparent
epidermis so that light can pass through and reach
the photosynthetic tissue; leaves contain palisade
cells which are arranged to increase the surface area
available for absorption of light; the spongy mesophyll
contains air holes that increase surface area for gaseous
exchange; most leaves have their stomata on the
underneath surface of the leaf which reduces exposure
of the stomata to sunlight thus reducing evapotranspiration.
7 a Translocation is the movement of sugars and organic
compounds from leaves to other parts of the plants;
it is an active process / requires energy. Transpiration
is the transport of water from the plant’s roots to the
leaves with the eventual evaporation / loss of water
vapour from the leaves / stomata.
b i	translocation: the sugars and organic compounds
are moved by the pressure-flow mechanism
where initially they are pumped from the
mesophyll into the phloem by active transport
using energy / ATP from sugars created by
photosynthesis; the difference in pressure created
by the accumulation of sugar then draws water
by osmosis into the phloem tubes increasing the
pressure which is thus higher than where the
compounds are being transported to, for example,
buds, young leaves and shoots and developing fruit.
		

ii	transpiration: the stomata open and close due
to differences in the turgor pressure of the
guard cells; when guard cells are fully turgid
(because they have absorbed water from the
surrounding epidermal cells) the stomata open.
Water loss through the stomata creates a pull /
transpiration pull that moves the column of
water up from roots to leaves. The column of
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water is maintained by the adhesive and cohesive
forces of water. Environmental conditions such as
temperature, wind and light tend to increase the
rate of transpiration whereas humidity decreases
transpiration.
c	The drawing should be similar to the diagram
in Figure 9.17, page 388. It must show: sieve tube
elements; companion cells; sieve plates; connections /
plasmodesmata; some organelles / a nucleus inside
the companion cell; some mitochondria and RER in
the wall of the sieve tube.
d Phloem tissue has companion cells; companion cells
contain nucleus and other organelles; sieve tubes
contain cytoplasm with mitochondria and RER.
e The mass flow hypothesis is also known as the
pressure-flow hypothesis; movement of phloem
sap (sugar solution) takes place because of a
high hydrostatic pressure gradient/difference in
pressure; there is a high hydrostatic pressure / high
concentration of sugars in phloem sieve elements
near mesophyll cells in the light; there is low
hydrostatic pressure / low sugar concentration in
sieve elements near starch storage areas such as
the stem and root; the sieve tubes in the leaf draw
in water by osmosis; so there is differential turgor
pressure in different parts of the plant; this is known
as translocation; mass flow of water and sugars
occurs down this pressure gradient.
8 a The drawing should be similar to the diagram
shown in Figure 9.28, page 402. It must show sepals
located at the base of the flower / ovary’s origin;
three/four petals; possibly guidelines drawn on
petals; nectaries at base of petals; stamen (larger
than carpel) with anther and filament; carpel
containing a stigma, style and ovary; stalk/petiole
and receptacle.
b Bees / other valid example.
c Coloured/attractive petals; scented flowers; nectary
is present; large petals.
d Cross-pollination / insect-pollinated flower; insect
takes pollen grains when searching for nectar;
pollen attaches to abdomen, legs / other part of
insect; insect then flies/moves to another flower; the
pollen will adhere to the sticky surface of the other
flower’s stigma; accidental delivery of pollen to the
stigma by insects.
9 a Guard cells / stomatal cells are occlusive / bean
shaped cells; specialized cells that control the
exchange of gases / transpiration; controlled by the
plant hormone abscisic acid; their cell membrane
contains K+/Ca2+ channels (epidermal cells do not

have these); their turgor pressure is controlled by
water movement by osmosis due to the intracellular
potassium; their cell walls have radially oriented
cellulose microfibrils.
b Stomata open and close due to change in turgor
pressure of the guard cells, they open when water
is absorbed by the guard cells from the surrounding
epidermal cells; the guard cells then become fully
turgid, and they each push into the epidermal cell
beside them (because of the way cellulose is laid
down in the walls); a pore develops between the
guard cells; when water is lost and the guard cells
become flaccid, the pore closes again; stomata tend
to open in daylight and be closed in the dark (but
there are exceptions to this); this diurnal pattern is
overridden, however, if and when the plant becomes
short of water and starts to wilt; for example, in very
dry conditions when there is an inadequate water
supply, stomata inevitably close relatively early in
the day (because turgor cannot be maintained).
c Light intensity, temperature, humidity and wind are
environmental conditions that affect transpiration /
opening of stomata; the need for water conservation
by the plant if water is scarce has to be balanced
by the need for the stomata generally to be open
for photosynthesis to take place so that diffusion
of water and gas exchange can occur through the
stomata. The ideal conditions for the stomata to
be fully open are moderate light intensity and
temperature with moderate wind conditions and for
there to be plenty of water available for the plant’s
roots to take up for transpiration.
10 a Phytochrome is a pigment able to absorb light
of particular wavelength, and this changes its
structure; it will react with different molecules
around it, according to its structure; phytochrome
exists in two interconvertible forms; one form
(PR) absorbs red light of wavelength 660 nm; the
other form (PFR) absorbs far-red light of wavelength
730 nm. When PR is exposed to light (or red light on
its own) it is converted to PFR; however, in the dark
(or if exposed to far-red light alone) it is converted
back to PR. Plant growth and development are
influenced by light; phytochrome is the pigment
system involved because the red–far-red absorption
spectrum of phytochrome corresponds to the
action spectrum of some specific effects of light on
development. In particular, PFR is the active form
of phytochrome, stimulating some effects in plant
development and inhibiting others e.g. PFR controls
of the onset of flowering; photoperiodism is the
response of an organism to changing length of day;
it is the length of the dark period in the 24-hour
cycle that is important; plants where flowering is
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controlled by day length fall into two categories;
short-day plants flower only if the period of darkness
is longer than a certain critical length; if darkness is
interrupted by a brief flash of red light the plant will
not flower, but this is reversed by a flash of far-red
light. Phytochrome in PFR form inhibits flowering
in short-day plants; the very long nights required by
short-day plants allow the concentration of PFR to
fall to a low level, removing the inhibition. A flash
of light in the darkness reverses this, but a flash of
far-red light reverses the reversal, and flowering still
takes place. On the other hand, long-day plants
flower only if the period of uninterrupted darkness
is less than a certain critical length each day, so here
it is thought that phytochrome in PFR form promotes
flowering; the long period of daylight causes the
accumulation of PFR, because PR is converted to PFR.
b Pollination is the transfer of pollen grains from
mature anthers to receptive stigma; wind or insect
pollination are examples of cross-pollination
(flowers of different plants of the same species);
fertilization involves fusing of female and male
gametes cells to form a zygote; the pollen grain
produces a pollen tube down which the nuclei travel
between the cells of the style and into the ovule /
fertilization takes place after pollination; seeds
dispersal implies the use of fruits / wind / animals /
other factors to disperse seeds; seeds found in ovaries
after fertilization has taken place.
c Halophytes are plants adapted to the high salt
environments, typically salt marshes and estuaries,
growing in soils irrigated by sea water; at times the
plants may be inundated by high tides; the degree
of salinity may be extremely variable, e.g. as the
tide recedes, the salt concentration of the sea water
trapped in pools and channels may be concentrated
by evaporation, or these waters may be diluted
by heavy rain fall, and by an excess of river water
flowing from the land. Typical adaptations are
that the plants may be succulents, storing water in
their tissues; the plants may retain a concentration
of salts in their cells higher than in sea water, so
that water uptake by osmosis can still occur; the
plants may show xeromorphic features in their
aerial systems (stems and leaves), such as a thick,
waxy cuticle, by which water loss by transpiration is
reduced; the plants may have extensive air spaces in
stems and roots that are continuous and connected;
these maintain aerobic conditions internally,
including in roots that may grow in waterlogged
soils, and make the stems and leaves buoyant when
submerged by high tides.

10 Genetics and evolution
1 C

2 A
3 B
4 C
5 B
6 a Drosophila is a commonly occurring insect,
found around rotting vegetable materials in a
form called the ‘wild type’ and as various
naturally occurring mutants; Drosophila has four
pairs of chromosomes, and a generation time of
about 14 weeks; one female produces hundreds of
offspring (producing statistically significant results);
the flies are relatively easily handled, cultured on
sterilized artificial medium in glass bottles, and
they can be temporarily anesthetized for setting up
cultures and sorting progeny.
b We can expect predicted ratios among the progeny
only if three conditions are met: that fertilization is
entirely random; there are equal opportunities for
survival among the offspring; very large numbers
of offspring are produced. In experiments with
Drosophila, the exact ratio may not be obtained
because, for example more male flies of one type
may have succeeded in fertilizing females than of
the other type; more females of one type may have
died before reaching egg laying condition than of
the other type; or fewer eggs of one type may have
completed their development than of another
type. Similarly, in breeding experiments with
plants, exact ratios may not be obtained because
of parasite damage or by the action of browsing
predators on the anthers or ovaries in some flowers;
or because some pollen types fail to be transported
by pollinating insects as successfully as others. All
these accidental events may be quite common.
7 Correct genotype in F1 for normal fly with red eyes and
normal wings w+w+vg+vg+ and wwvgvg for recessive type
(other valid notations are equally acceptable); gametes
present as w+vg+ and wvg; F1 all individuals with
genotype w+wvg+vg; F1 individuals all show phenotype
of red eyes and normal wings; gametes for F2 as w+vg+,
w+vg, wvg+ and wvg; Punnet square showing gametes
only; each individual should be correctly notated; the
results of the Punnett square with 9 : 3 : 3 : 1 ratio; 9
with red eyes and normal wings, 3 red eyes and vestigial
wings, 3 scarlet eyes and normal wings and 1 with
scarlet eyes and vestigial wings.
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8 a A discontinuous variable is when individuals in a
group either have the particular characteristic or
don’t have it. A discontinuous variable is controlled
by alleles of a single gene and is not affected by the
environment. For a continuous variable, a complete
range of values may be present between two
extremes. It is due to polygenic inheritance and is
also affected by the environment.

mutations (rape, spontaneous changes occurring in the
gamete-producing cells), leading to the possibility of new
characteristics in the offspring.

11 Animal physiology
1 D
2 B

b A monohybrid cross refers to only one gene;
both parents contribute with two alleles each;
dihybrid cross involves two (traits) genes; it is also a
prediction of how two genes will be present in the
offspring when crossing the two parents.

3 A

c Linkage refers to the genes present in the same
chromosomal pair; the genes cannot assort
individually; crossing over produces recombinant
gametes / chromosomes; it happens during meiosis
between homologous chromosomes.

5 plasma/water; dissolved gases / CO2 / O2;
erythrocytes / red blood cells; leucocytes / white blood
cells; lymphocytes and phagocytes; platelets; hormones /
named hormone(s); amino acids / albumin / antibodies;
salts / minerals / ions; other named solute in plasma
apart from glucose; urea and plasma proteins.

d Autosomes are somatic chromosomes; they control
the body’s characteristics; sex chromosomes are
allosomes (gonosomes); they determine the sex of
an individual.
e An X chromosome is one of the two sex
chromosomes or allosomes; two X chromosomes are
present in females; the Y chromosome is the genderdetermining chromosome; the sex chromosomes
present in males are XY.
f

Multiple alleles refers to the variation of alleles in
the same gene; alleles of the same gene control
one trait; polygenes refers to several / many genes
controlling one trait; the trait can also be affected
by the environment.

9 There is a complete range of range of measurements;
refers to polygenic inheritance; for example, skin colour;
this is controlled by more than two genes / between
4 and 20 genes affect skin colour; more dominant
alleles present influence the production of melanin;
skin colour is also affected by the environment; many
different types of skin colour; they create a normal
distribution curve.
10 Crossing over during prophase I in meiosis; recombinant
chromosomes produced by crossing over increase
variability; random orientation of homologous
chromosomes during metaphase I / random orientation
of chromatids in metaphase II; separation of homologous
chromosomes during anaphase I / sister chromatids
during anaphase II are all completely random processes;
there is independent assortment in meiosis; this random
orientation in humans gives 223 / more than 8 million
possible combinations of alleles; daughter cells differ
from parental cells; fertilization / mating processes /
sexual reproduction also increase genetic variability

4 a Sertoli cell / nurse cell
b It nourishes maturing sperm / protects sperm from
lymphocytes.

6 a Passive immunity is naturally acquired when
maternal antibodies enter the fetus through the
placenta during pregnancy; artificial passive
immunity is acquired when antibodies are injected
into the body; active immunity requires exposure to
a pathogen/disease; immunity develops as a result
of the primary immune response; artificial active
immunity is induced when weakened or killed
strains of an antigen are injected into the body as
a vaccine so that memory cells are made without
having had the disease.
b The pathogen containing antigens passes the first
defence line; phagocytes ingest the pathogen and
present the antigens on their surface / antigen
presenting cell; phagocytes activate helper T cells;
T cells clone; B cells have antibodies on their
surface and bind with the antigen; T cells bind
with B cells and activate them; activated B cells
clone / clonal selection takes place; production of
plasma and memory cells; plasma cells produce large
quantities of antibodies into the blood; memory
cells (specifically activated B cells) remain in the
body for long periods of time ready to fight off that
specific infection very quickly.
7 The drawing should be similar to that of Figure 11.21
on page 464; the arrival of an action potential at the
muscle fibre releases Ca2+ ions from the sarcoplasmic
reticulum. Ca2+ ions cause the binding sites on the actin
molecules to be exposed. Myosin heads bind with the
now exposed binding sites in actin; creating a cross
bridge; ATP binds, breaking the cross bridge; ATP is
hydrolyzed to ADP and phosphate Pi, changing the
angle of the myosin head; myosin head now contains
potential energy; the release of ADP triggers movement
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by a ‘rowing action’ / power stroke; the heads attach
again to a binding site in actin further away than the
previous one / from the centre; release of ADP moves
actin inwards / towards the centre of the sarcomere.
8 a The principles of countercurrent exchange involve
exchange between fluids flowing in opposite
directions in two systems; countercurrent exchange
creates a concentration gradient in the renal
medulla; the loop of Henle has two very close
parallel limbs running in opposite directions; the
descending limb is permeable to water and the
ascending limb is impermeable to water; the filtrate
become hypertonic / concentrated; descending limb
is impermeable to solutes (ions) and the ascending
limb is permeable to solutes; this makes the filtrate
hypotonic. There is a concentration gradient of ions
in the renal medulla.
b i	the collecting tube: the role is to collect the
resulting filtrate from the distal convoluted
tubule and connect the nephrons with the ureter.
It also plays a role in water reabsorption, diluting
or concentrating urine when aquaporins are not
present or are created respectively; allows water
reabsorption with the aid of aquaporins.
		

ii	descending limb is permeable to water and
impermeable to solutes; water passes out into
the interstitial fluid by osmosis because of the
ion concentration in the medulla; the ion
concentration in the descending limb is higher
than the ion concentration in the adjacent
ascending limb; as the filtrate flows, the
concentrating effect is multiplied; the ascending
limb is impermeable to water and permeable to
solutes; in the upper part of the ascending limb
sodium and chloride ions are actively pumped
out; this movement of sodium chloride out of
the tubule helps maintain the osmolarity of
the interstitial fluid in the medulla; thus a high
concentration of salts is formed in the medulla
which allows water to be absorbed from the
nearby collecting ducts.

c Terrestrial animals convert ammonia into urea or
uric acid as it requires less water and it is less toxic
than ammonia; mammals excrete urea; birds and
reptiles excrete uric acid; fish secrete ammonia;
ammonia is highly toxic and requires large
quantities of water to dissolve.
9 a From early in the development of the embryo,
it is contained, supported and protected by a
membranous, fluid-filled sac; it is the outer layers of
the tissues of the embryo that grow and give rise to

the membranes and also form the placenta; by the
end of two months’ development, the beginning
of the principal adult organs can be detected
within the embryo, and the placenta is operational;
during the rest of gestation, the developing offspring
is called a fetus. The placenta is a disc-shaped
structure composed of maternal (endometrial) and
fetal membrane tissues; the maternal and fetal blood
circulations are brought very close together over a
huge surface area, but they do not mix; placenta and
fetus are connected by arteries and a vein in the
umbilical cord.
b The maternal blood never flows along the umbilical
cord; if fetal and maternal blood mixes the mother
will produce antibodies against the ‘foreign’ body;
will produce an immune response leading to a
rejection of the embryo/fetus; maternal blood
composition is different to fetus blood.
c The fetus requires oxygen, glucose, water, amino
acids, lipids, minerals, vitamins, hormones,
antibodies, iron; villi provide a large surface area for
exchange of substances between the maternal blood
and the fetal blood; substances are transported
by simple diffusion, facilitated diffusion, active
transport and pinocytosis; the chorion contains
many mitochondria for active transport of big
molecules such as hormones and other organic
compounds; gases / water use simple diffusion;
glucose is transported by facilitated diffusion; amino
acids are actively transported / require energy/ATP;
proteins are slowly transported inside the chorion by
means of pinocytosis.
d The placenta initially secretes HCG (human
chorionic gonadotrophin); maintains pregnancy;
the corpus luteum stops producing estrogen and
progesterone; the placenta starts producing estrogen
and progesterone until the end of pregnancy.
10 a Blood proteins remain in the renal artery / 740 mg
per 100 ml of blood; glucose concentration is
90 mg per 100 ml of blood in the renal artery; urea
concentration is 30 mg per 100 ml in blood.
b There are no blood proteins inside the glomerulus;
glucose concentration is 90 mg per 100 ml of blood
in the glomerular filtrate; urea concentration is
higher than in the renal artery, since it accumulates
in the glomerular filtrate.
c No proteins / glucose found in the loop of Henle;
urea content is 30 mg per 100 ml of blood; urine
contains 2000 mg of urea.
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Option A
12 Neurobiology and behaviour
1 a Direct relationship / positive correlation / as the
distance increases so does the duration of the
waggle.

b The angle made by the waggle in the dance
corresponds to the angle of the sun with the hive; so
bees also indicate the direction of the food source in
their dance; food quality; food quantity.
c 11 m (mark lost if this is the first time the units are
omitted)
d 80 m (mark lost if this is the first time the units are
omitted)
e The bees flying in the tunnel cannot see landmarks;
the bees need to see their surroundings so that
they can judge how far they have flown; chequered
pattern confuses them / provides false clues; seeing
the sky is not enough to judge distances.
f

2 a

Repeat the experiment with tunnels of different
lengths; repeat the experiment in different
directions from the hive; paint cues on the tunnel
walls; use a transparent tunnel. Any other logical
suggestions may be possible. Do not accept ‘repeat the
experiment more times’.
Rod cells
dim light

Cones cells
bright light

one type

three types

sensitive to all
wavelengths

each sensitive to one colour / to
red, blue or green light

impulse from group of
rod cells to single neuron
of optic nerve
distributed around retina

cone cell to single neuron

draw rod showing shape

draw cone showing shape

concentrated at fovea

b i e.g. worker bees may die protecting the hive
		

ii	description of behaviour in social organization;
importance in social organization; e.g. bees sting
invader and die to protect the hive / queen bee;
ensures survival of rest of population.

3 a provides objective data rather than opinion /
greater accuracy; allows graphical representation
of data; allows for statistical analysis / average
values (so anomalies less significant); enables
comparative study; can be used to support/refute a
hypothesis / draw reliable conclusion; can generate
new questions for research; permits the analysis of
absolute data (e.g. presence or absence of certain
substance); establishes frequency of behaviour.

b block / decrease synaptic transmission; can be
inhibitory to brain; examples are benzodiazepines /
cannabis / alcohol; benzodiazepines increase effect
of inhibitory neurotransmitter GABA; causing less
transfer of information to the brain; cannabis can
block cannabinoid receptors in the brain stopping
transmission; alcohol enhances effect of inhibitory
neurotransmitter GABA; also decreases activity of
glutamate, an excitatory neurotransmitter; use of
psychoactive drugs can lead to dependence on them.
4 (unconditioned) stimulus of food / sight of food
accompanied by bell ringing; salivation is the
(unconditioned) response; (conditioned) stimulus of bell
ringing given before / without unconditioned stimulus /
sight of food; salivation became the conditioned
response (to the bell ringing).
5 a Organisation of the central nervous system in
embryonic development involves formation of excess
neurons, axons and synapses, but their numbers and
their inter-connections are subject to change and
eventually, to pruning; the driving forces for change
is experience the individual has and the uses that
are made of the neurons; much remodelling occurs
at synapses, but also neural pruning, this is where
many of the initial complement of neurons and glial
cells formed eventually die – neurons not stimulated
by receipt of neurotransmitters at their synaptic
connections with axons are progressively lost.
b It results from incomplete closure of the embryonic
neural tube; typically the vertebrae associated with
the spinal cord there do not form fully either; there
are both genetic and environmental causes; lack of
vitamin B in the mother’s diet / obese and diabetic
mothers may be amongst the causes.
6 a There are three types of nerve cells: sensory, relay
and motor neurons; sensory neurons have a small
cell body with a single long dendron and a single
long axon; sensory and motor neurons belong to
the peripheral nervous system (PNS); they relay
information to the central nervous system (CNS);
neurons use synapses to send signals; dendrites / cell
body receive these signals; relay neurons (also called
interneurons) have many dendrites; motor neurons
transport the signal and pass it to the motor organ
or muscle; end plates are involved.
b Sensory organ receives the stimulus and passes it
to sensory nerve cell; sensory neurons receive input
signal from the sensory organ; sensory neuron
sends the signal to the CNS / relay neuron; input
signal enters dorsal ganglion of nerve / reaches relay
neuron in spinal cord; relay neurons in CNS receive
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signal from sensory neurons and send a response
to the motor neuron; afferent signal travels to the
dorsal ganglion of spinal nerve, efferent signal leaves
through the ventral one; motor neuron sends signal
to the effector organ / muscle; efferent signal is
carried by motor neurons; effector organ produces
movement / executes response; the stimulus travels
along the sensory / afferent pathway and the
response travels along the motor efferent pathway.
7 The drawing should be similar to Figure 12.18 on
page 23 and must have the following correctly labelled
and drawn structures: outer ear (pinna), acts as a
funnel to channel sound waves into the ear canal /
eardrum; eardrum vibrates when the sound waves
arrives and sends these vibrations to the middle ear;
ossicles / bones transmit sound waves from the eardrum
to the oval window; they amplify the signal; the oval
window moves away / vibrates when sound arrives at
it, these vibrations are transmitted to the fluid filling
the cochlea; the cochlea has hairs which are sound
receptors with hair bundles; when the hairs vibrate they
send impulses to the brain though the auditory nerve.
8 a An impulse arrives at the pre-synaptic
neuron / sodium arrives to the synaptic terminal
in the pre-synaptic neuron; depolarization opens
ion-gated calcium channels allowing calcium to
diffuse in; calcium influx causes the movement
of vesicles containing neurotransmitters to move
towards the membrane; vesicles containing
neurotransmitters then fuse with the pre-synaptic
membrane releasing their contents into the synaptic
cleft; the released neurotransmitters move towards
the post-synaptic membrane where they bind with
receptors opening sodium ion gated channels / the
receptors are transmitter gated ion channels that
allow the entrance of sodium, depolarizing the
post-synaptic neuron / transmitting the impulse.
b i	Pre-synaptic neurons release neurotransmitters
into the synapse, they can be either
excitatory or inhibitory; cholinergic
neurons release acetylcholine which is an
excitatory neurotransmitter; other excitatory
neurotransmitters include serotonin or dopamine;
they enhance post-synaptic transmission as they
depolarize the post-synaptic neuron.
		

ii	Pre-synaptic neurons can inhibit post-synaptic
depolarization by hyperpolarization. This
is achieved by the movement of (negative)
chloride ions into the terminal inhibiting the
transmission of a nerve impulse.

9 a The drawing could be based on Figure 12.7,
page 9, but must contain all of the following
structures correctly annotated: cerebral hemisphere
is the integrating center for complex functions such
as learning / memory; hypothalamus maintains
homeostasis / releases hormones; cerebellum has
control of unconscious functions such as balance
and motion; medulla oblongata controls automatic
activities / maintains homeostasis / controls
digestion, heart activity, breathing; pituitary gland
has an important role in homeostasis: posterior lobe
secretes hormones produced by the hypothalamus,
anterior lobe produces and secretes hormones that
control other body functions.
b Pain receptors are located in the skin or other
internal organs; they are bare nerve endings of
sensory neurones which, when stimulated, generate
impulses that are transmitted to the central nervous
system; the sensation of pain is perceived in the
sensory areas of the cerebral cortex of the brain.
Endorphins are natural painkillers produced in
the pituitary gland; block the sensation of pain
by binding to specific receptors in synapses in the
pain–perception pathway; they are also produced
at times of stress (physical or emotional), as well as
suppressing pain, they can cause euphoria.
10 a Behaviour can be inherited or learned; learned
behaviour is behaviour such as following migration
routes, using tools for feeding, improving signing
patterns, other valid examples; inherited behaviour
is controlled/expressed by genes; individuals in a
population show differences/variability in their
genome; some behaviours can provide an advantage;
the fittest organisms will survive / individuals
showing an advantage in their behaviour will
survive; these individuals will be able to pass this
behaviour to their offspring thus changing the
frequency of those alleles in the population.
b Learned behaviour is acquired during the animal’s
lifetime and innate behaviour is inherited; learned
behaviour uses life experiences and depends on the
circumstances/environment; if learned behaviour
confers a competitive advantage it is likely to be
adopted by others and so spread rapidly through
a population; when it is no longer useful it will be
lost quickly as well; in order to remove an innate
behaviour the gene frequency must decrease and
this takes time / generations as it requires mutations /
evolution to occur; innate / instinctive behaviour
develops independently of the environment.
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Option B
13 Biotechnology and
bioinformatics

1 a Microorganisms are cultured in fermenters in
large-scale production; can become limited by
their consumption of raw materials and by the
accumulation of waste products; growth of the
microorganisms typically occurs in a liquid medium
under aerobic conditions; requires an enclosed
and sterilized vessel; temperature is controlled
and culture broth and microorganisms must be
adequately mixed.
b Gram-positive bacteria have a thick layer of
peptidoglycan / Gram negative bacteria have a
thin layer and it is covered by an outer envelope
of lipopolysaccharide; Gram-positive bacteria
can be stained with crystal violet dye / become
purple / this colouration is not washed away by
alcohol; in Gram-negative bacteria the dye and
the lipopolysaccharide are washed away with the
alcohol, so they are not stained.
2 a The three domains are Archaeabacteria, Eubacteria
and Eukarya; plasma membrane with different
types of lipids / RNA polymerase and ribosomes
similar to eukaryotes; archaea are bacteria living
in extreme conditions / extremophiles; archaea
can be methanogens / halophytes / termophiles;
eubacteria are the ‘real’ bacteria / do not have
a nucleus / other characteristics of prokaryotes;
eukarya includes protozoarians and unicellular
fungi; eukarya are more complex organisms / present
compartmentalization.
b Methanogens occur in microhabitats where
oxygen is absent (obligate anaerobes); they
require anaerobic environments rich in organic
matter; they produce methane as a waste product
of the metabolism of a variety of respiratory
substrates, e.g. methanoate (formate), methanol,
ethanoate (acetate), carbon dioxide and hydrogen;
methanogens are found in the rumen and intestinal
system of animals (typically, in ruminants such as
cows, sheep and deer), in marine and fresh water
sediments and in marshes; also occur in hot springs
and in the anaerobic sludge digesters of sewage
works; methanogens have potential in bio-fuel
production in future, when fossil fuels are scarce and
more expensive (a kilogram of organic matter may
yield up to 600 litres of methane); methane is also a
powerful ‘greenhouse gas’ – methanogens indirectly
contribute to global warming.

c Viruses are disease-causing agents, rather than
‘microorganisms’, their distinctive features are that
they are not cellular structures, but rather consist
of a core of nucleic acid surrounded by a protein
coat (a capsid); some viruses have an additional
external envelope of membrane made of lipids and
proteins; they are extremely small when compared
with bacteria, most are in a size range of 20–400 nm
(0.02–0.4 µm), so visible only by means of the
electron microscope; they can reproduce only
inside specific living cells, so viruses function as
endoparasites in their host organism; they have to
be transported in some way between hosts; viruses
are highly specific to particular host species, some
to plant species, some to animal species and some
to bacteria; viruses are classified by the type of
nucleic acid they contain, either DNA or RNA,
and whether they have a single or double strand of
nucleic acid.
3 a Saprotrophic organisms are decomposer bacteria /
fungi; they break down dead organic matter and
waste matter from organisms to CO2 / H2O /
ions; saprotrophic microorganisms digest organic
matter when aerobic conditions are maintained;
sewage is the fluid waste of human communities,
it contains used water / faeces / urine; it is rich
in organic matter with ammonium / nitrate /
other ions; treatment of sewage is required in
order to produce water that is safe to return
to the environment; first, sewage is separated
into liquid effluent and solid matter; solids are
anaerobically digested; liquids are cleaned by the
aerobic metabolism with a mixture of bacteria,
fungi / protozoa / activated sludge; one way is
using a filter bed of clinker with activated sludge
organisms located in a biofilm / revolver of clinker
containing activated sludge organisms; pumps and
revolver driven by electricity generated by burning
methane from anaerobic digestion of sludge; a
second way is passing the effluent through beds
of reeds (Phragmites australis) or a tank filled
with layers of aggregate and topped with sand
in which reed plant roots grow; the reed plants
maintain strongly aerobic conditions around their
roots thus aerobic conditions are maintained in
the sand and effluent where aerobic saprotrophic
microorganisms actively break down the organic
matter; both processes (filter bed and reed beds)
are repeated until water is clean; final products
are carbon dioxide, ammonia / nitrate ions /
other named ions such as phosphates /
clean water.
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b Biomass is used to produce fuels that are derived
from organic waste matter / recently-grown crops;
digesters use animal dung / agricultural waste
where it is fermented anaerobically; organic
waste is converted into organic acids / hydrogen /
carbon dioxide (by eubacteria); organic acids
and alcohol are further converted into acetate /
carbon dioxide and hydrogen; methanogens such
as Methanobacterium / some archaeans produce
methane when reducing carbon dioxide with
hydrogen gas; the process requires a temperature
above 15 °C.
4 a Microorganisms are small and reproduce at a fast
rate; they can be grown economically throughout
the year rather than being limited to a short
growing season, as is the case with conventional
crops; they tend to produce large quantities of
product relative to their cell mass; they can be
modified genetically relatively easily, for example to
produce human insulin.
b Batch culture uses enclosed fermenting vessels
made of stainless steel with an initial batch
of sterilized medium providing carbon source,
nitrogen sources, phosphates and other necessary
trace elements; an example is the production of
penicillin / batch culture from fungus Penicillium
chrysogenum; penicillin is a commercially
important antibiotic; aerobic conditions are
maintained by high pressure air delivery; an
external cooling jacket removes excess heat
produced by fungal metabolism; the contents
of the fermenter have to be continually stirred
with paddles; after 6–8 days the liquid is drained
from the fermenter and the penicillin solution is
purified; in continuous culture both medium and
fungal mycelium also circulate in the fermenter;
an example is the manufacture of citrate which is
widely used as a flavour enhancer and antioxidant
in preserves, drinks and sweets; it is a component
of cosmetics and pharmaceuticals and also is used
in tanning leather; it is manufactured microbially
in continuous culture using the fungus Aspergillus
niger; the medium is waste carbohydrate liquor,
typically molasses from sugar refining; the medium
is sterilized as it is for batch production, and the
conditions (temperature, pH etc.) monitored
as well; the fungus produces citrate but also
metabolizes it; this is slowed by removing Fe2+ ions
from the culture medium; citrate accumulates and
is extracted from the medium that is continuously
withdrawn from the fermenter unlike the batch
culture.

5

Name of
enzyme
DNA
polymerases

RNA primase

restriction
enzymes /
endonucleases

Role of enzyme
In vivo
Genetic modification
Adds free nucleotide Used during PCR
triphosphates in
procedures when
order to synthesize amplifying DNA
a new strand of
Required to attached
DNA during DNA
free dNTPs to create
replication
copies of DNA
Adds primers
Creates primers of
of RNA during
DNA to allow DNA
duplication of DNA polymerase to amplify
DNA
Defense
Used to cut DNA
mechanisms in
sequences / plasmids at
bacteria against
specific points
viruses
Create sticky ends in
plasmids / genes

ligase

Seals / joins the nick
between DNA /
Okazaki fragments

reverse
transcriptase

Used by some
viruses to reverse
transcript their RNA
into DNA

Anneals the previously
cut / sticky ends of
gene with those found
in plasmids
Used to create cDNA
Used to create DNA
from RNA sequences

6 a Any environmental factor that inhibits the increase
in population size and size of organisms or crop;
competition with weeds / insects / pest species,
viruses and saline soils are examples of such factors.
b Bt corn / enabling peanut plants to grow in
saline soil conditions / other valid example; gene of
interest / novel gene / gene with desired ability is cut
with restriction enzymes; a plasmid is cut with the
same restriction enzyme creating sticky ends; gene
and plasmid are annealed together using DNA ligase;
the plasmid is taken in by bacteria then bacteria
will divide / are cultured; the bacteria infects and
transforms vegetative tissue of target species; corn
modified using Bt gene / Bacillus thuringiensis bacteria
to produce a toxic protein / pesticide which offers
protection against the European corn borer / the
protein activates in the gut of insect only.
c Examples such as GM rice plants as a source
of vitamin A / glyphosate resistance in soya
crops. Vitamin A is essential for the complete
development of a healthy immune system /
deficiency is a significant cause of blindness in
children / vulnerability to infectious diseases; some
human populations for whom rice is the major
dietary component are deficient in vitamin A;
β-carotene is a precursor of vitamin A; gene for
producing the β-carotene is introduced into the rice
plant; this involves the addition of two genes from
the daffodil plant and one from a bacterium; golden
rice is the result.
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7 a A target gene is a gene that possesses a
biological / experimental importance; a promoter
is required to ensure that the sequence will be
expressed; a terminator section located downstream
of the gene in order to terminate / stop the expression
of the gene; a marker gene that identifies the
presence of the target gene / provides confirmation /
recognition for the presence of the target gene.
b An open reading frame (ORF) is used in the
identification of genes; an ORF is a long base
sequence; it is found between a start codon (ATG)
and the stop codons (TGA, TAG or TAA); an ORF
can be used to determine if a similar nucleotide
sequence exists in other species; if found in other
organisms the ORF is likely to be a gene; the ORF
is used in a BLAST search for similarities with other
species; a BLASTx search is performed to find out
the sequence of amino acids and find a protein that
matches with the ORF; a BLASTn search can be
performed in order to find sequence of nucleotides
and locate the gene in different genomes.
8 a A biofilm is composed of microorganisms that
are stuck to each other and adhere to a surface;
cooperative aggregates of microorganisms form
biofilms showing emergent properties; emergent
properties are the result of complex interactions
between the parts of an organisms where the whole
is greater than the sum of its parts; bacteria attach
to the biofilm using their pili, creating colonies
of several or unique bacteria; microorganisms in
biofilms cooperate through quorum sensing by
sending signals into the colony; quorum sensing is
a behaviour that is a function of the density of the
colony, where signalling induces the expression of
genes that are not active when the population has
a low density; colonies increase their complexity
based on the types of interactions / signalling
between the bacteria present in the colonies;
emergent properties observed include the secretion
of an extracellular polymeric substance (EPS)
creating the matrix that holds the colony together;
formation of channels within the colony that
facilitate water flow / nutrients into the biomass of
bacteria; microorganisms growing in a biofilm are
highly resistant to antimicrobial agents.
b Microorganisms growing within the biofilm become
highly resistant to antimicrobial / antibiotic agents;
the EPS (extracellular polymeric substance) matrix
between the cells provides a physical barrier to the
entry of the antibiotic agent; antibiotics attack /
affect cells division mechanisms; cells in a biofilm are
metabolically active but may not be dividing making
it difficult to eliminate them for example in hospitals.

9 a A genetic marker is a gene or DNA sequence (such as
a single nucleotide polymorphism (SNIP) or tandem
repeats); has a known location on a chromosome;
the marker is associated with a predisposition for a
genetic disease; markers that are part of a coding
sequence contribute to the disease / non-coding
markers are linked to the gene that causes the
disease; non-coding markers must be very close to
the defective gene (so that they aren’t separated by
crossing over) to be useful in diagnosis; detection
of markers usually involves PCR techniques and
DNA profiling; for diagnosis purposes the
inherited variation must be polymorphic / with
a number of possible genotypes at the gene locus;
examples of marker genes are BRCA 1 found in
chromosome 17 / BRCA 2 on chromosome 13;
individuals with mutations in these have a higher
risk of developing breast and ovarian cancer.
b A DNA microarray is a collection of microscopic
DNA spots on a solid support typically made of
glass; it is used to measure the expression level of
large numbers of genes in a genotype; microarrays
with clusters of genes related to a particular cancer /
disease are used to identify cancerous cells which
express unique set of genes / oncogenes; RNA
expressed from cancerous cells is used together
with RNA expressed from normal cells in order to
produce cDNA; cDNA from cancer cells is tagged
with red fluorescence / cDNA from normal cells
with green fluorescence; red, green and yellow
fluorescence indicates the level of expression of the
genes in different tissues; red fluorescence for the
expression of cancer cells / green for normal tissue /
yellow for when level of expression in both tissues
is the same; the level of fluorescence is compared
and the ratio between red, green and yellow light
is calculated / the degree of the difference of
expression is calculated.
10 A model organism is a widely studied non-human
species and it is easy to maintain / breed under
laboratory conditions; gene function can be studied
using model organisms with similar sequences; model
organisms offer experimental advantages in order to
understand simple and complex biological functions;
studies for a particular gene / disease can be applied to
humans; this is possible due to the universality of the
genetic code / similar biochemistry amongst organisms;
some of these model organisms can be produced in
large quantities and have a short generational time
allowing for large amounts of data to be collected /
compared with other species. See also Table 13.9 on
page 42 for details of some of the most common model
organisms used.
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Option C
14 Ecology and conservation
1 a NY / urban

b 37 (± 1) : 16 (± 1) / 2.3 : 1 (± 0.1) Do not need to show
working. Accept percentages.
c Shoot biomass is always greater than root biomass
in all three years; shoot biomass was greatest for
rural and urban sites in the first year; root biomass
was greatest for rural and urban sites in the third
year; second year shows lowest increase in shoot
and root biomass for rural and urban sites / first and
third years have greatest increase; HV rural site
had greater shoot and root biomass than LI site in
first and third years; urban site (NY) always has the
highest biomass / greatest shoot / root biomass.
d Some bacteria (e.g. Nitrobacter) can convert
NO2 from car emissions into NO3− (nitrates)
which can be used by plants; there may be more
predation / herbivores / plagues in rural areas; no
information is given about the location of the
rural sites compared to the urban site / of the types
of pollution; extra care may be given (fertilizer /
insecticides) by urban residents.
2 a Biomass is the total dry mass of all / a group of
organisms in an ecosystem/habitat.
b Organisms feed on species lower in food chain; each
trophic level is made up of what is passed on from
one below; there is loss of biomass at each trophic
level / energy transfers between trophic levels are
inefficient; during respiration / excretion; not all
biomass is available as food to the next trophic level.
3 a Ex situ conservation measures are done outside the
natural habitat of the organisms; captive breeding of
animals; e.g. giant panda, etc.; botanic gardens; seed
banks; to protect the genetic pools / biodiversity.
b i	The habitat of an organism and its nutrition /
feeding habits and interactions / relationships
with other organisms / other organisms / the role
of an organism in a habitat / ecosystem. Award [0]
marks for habitat alone.
		

ii	Description of feeding habitat: type of food; time
of day; interactions with other organisms: prey;
predators; competition; reproductive strategies;
breeding sites.

4 a i D decreases
		

ii	stable ecosystem / absence of changes; ecosystem
not under stress; ancient / well established
ecosystem.

b Biotic indices use a range of species; of varying
degrees of tolerance; to measure an abiotic factor;
example of factor (e.g. organic water pollution, air
pollution); example of index (e.g. Trent Biotic index;
fresh water invertebrates; lichens); biotic indices can
reveal long-term effects of environmental stress.
5 a A limiting factor has effect when other factors
are constant; examples are temperature, breeding
sites, water and food availability for animals and
salinity, soil pH, temperature and water for plants;
in mangrove ecosystems plants such as Rhizophora
harrisoni live in mangrove zone swamps and require
both salty and fresh water; grow in warm climate
and where the soil is waterlogged; tolerate high
salinity levels in soil / neutral pH; blue whale
Balaenoptera musculus when congregating in specific
places in the ocean where an essential food source
occurs.
b The principle of competitive exclusion states
that only one species can occupy a niche in an
ecosystem; competitive exclusion results in a species
limited to occupy its realized niche and is unable
to fully occupy its fundamental niche; slight/minor
advantages in reproduction / food intake / finding
mate / breeding sites; one species will be more
successful where the two species both have identical
niches and the other species will disappear from the
ecosystem.
6 a Mutualistic symbiosis is a long-term relationship /
biological interaction where two species gain mutual
benefit; most reef-building corals contain / live in
symbiosis with a photosynthetic algae (Zooxanthellae);
the polyps of the coral secrete a skeleton of calcium
carbonate so provide the algae with a protective
environment / structure to live in; they also provide
the algae with carbon dioxide from respiration
that the algae need for photosynthesis; the algae
provides the polyp with products of photosynthesis
such as oxygen, glucose and amino acids; the polyps
use these to produce lipids, proteins and calcium
carbonate / coral.
b The realized (actual) niche is often smaller than
the fundamental (theoretical) niche; this is
because of interactions with other species such as
predation and competition for resources; barnacles
such as Chthamalus can live in rocks between
the boundaries of low and high tides, so this is
its fundamental niche; other species of barnacles
(Semibalanus) can only live in the middle and
lower intertidale zone, competing with Chthalamus;
in these areas they outcompete Chthalamus, so
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Chthalamus is limited to live in the upper intertidal
zone, its realized niche.
7 a Primary succession happens where living organisms
have not previously existed; pioneer organisms /
mosses / ferns / lichens; as they die they form soil /
organic matter; example: bare rock when a glacier
melts / volcanic island; secondary succession
happens when a sudden change happens in an
ecosystem / the ecosystem is disrupted or destroyed;
primary succession takes more time / secondary
succession is faster as soil already exists; both
successions may lead to a more complex community.
b An alien species is introduced to an area by
humans; accidental release / biological control /
deliberately released; increase competition /
interspecific competition between species; compete
for resources such as food / light / breeding sites;
often the alien species increases in number very
rapidly as their predator species are not present; this
can cause extinction of endemic species / alteration
of food chains / depletion of resources / other valid
consequences; e.g. the cane toad (Rhinella marina),
introduced to control sugar cane pests in Australia
but it is voracious and eats any land animal that fits
inside its mouth.
8 a Used to determine population size of animals
in large areas; there must be an adequate time
interval between capture and recapture of animals;
the marking method must not decrease chances
of survival of the organisms / must not harm the
animals / must not introduce bias when recapturing
animals; population size can be calculated when
there is enough / relevant data; population size is
calculated by multiplying animals caught initially
by total number caught second time, divided by
number of animals recaptured; examples include
snails / birds / sharks / whales / other mammals /
other suitable examples.
b Carrying capacity represents the population size at
which a population starts being limited by shortage
of resources in the environment; before carrying
capacity is reached the population increases
exponentially / after it is reached a plateau phase is
attained where the population fluctuates around the
carrying capacity; resources such as food / breeding
sites / habitat size reduce relative to the population
size; diseases / production of waste products may
increase as the population increases; predation /
mortality / emigration increase more than natality /
immigration.
9 a Random sampling method cannot be applied as fish
populations move in extremely large areas; capture–
mark-release–recapture method is not useful as

fish rarely recaptured; data is collected / catch
size is reported by fisherman but data may not be
accurate; inaccuracy of data leads to disagreement
between countries / conservationists and industry;
methods used to estimate the size of fish stocks may
include echolocation for those fish species that form
shoals; the total annual tonnage of fish landed by
the fishing fleet; the number of fish spawned that
survive to reproduce; the spawning stock biomass
(the total number of mature fish).
b Internationally agreed measures are best to conserve
marine fish stocks as fish are spread over large
areas covering many national boundaries and
often migrate over long distances for reproduction /
feeding; measures include restrictions on catching
younger fish; reduce mesh size on nets; create
exclusion zones / periods when fishing is not
permitted to allow stocks to recover; set quotas for
fish species that have low population sizes; suspend
fishing of endangered species; banning damaging
methods of fishing.
10 a Nitrogen in air enters the soil by precipitation
and nitrogen-fixing bacteria make it available to
living organisms; Azotobacter is an aerobic bacteria
present in the soil that fixes nitrogen from the air;
Rhizobium are a genus of nitrogen-fixing bacteria
that live in roots of plants, for example in the root
nodules of clover; the nitrogen-fixing bacteria
convert the N2 gas into ammonia (NH3) which
dissolves in water to form NH4+; ammonium is
converted by other bacteria into nitrates that can
be absorbed by the plants; the Rhizobium create a
symbiotic association with plants / legumes / roots;
the process of nitrogen fixation requires lots of
energy, which is supplied by the plant.
b A genus of bacteria called Nitrosomonas converts
ammonia to nitrite; then Nitrobacter converts nitrite
to nitrate; both are found in the soil; Nitrobacter
are aerobic bacteria; soils must be well aerated;
nitrification takes place; 2NH4+ + 3O2 → 2NO2– +
4H+ + 2H2O / 2NO2– + O2 → 2NO3–; Nitrates (and
ammonium ions) in the soil are taken up into root
cells by the activity of protein pumps in the plasma
membrane of root cells using energy transferred
from ATP. Within plant roots cells nitrate ions are
reduced to ammonium ions and combined with
organic acids to form amino acids. Amino acids
are the building blocks of protein synthesis which
occurs at many locations in the green plant.
c When plants / animals die their organic compounds
will decompose; the nitrogen contained will be
released back into the soil by decomposers (bacteria
and fungi); ammonification process produces
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ammonia as the final product; it is the result of
bacteria on organic nitrogen.
d Nitrogen salts in rainwater, sea spray, bird guano;
Nitrosomonas oxidizes ammonium into nitrites;
nitrates are toxic for plants / other organisms;
nitrates are very soluble and may reach ground
water / cause eutrophication in water bodies;
runoff / drainage processes move these into a large
body of water; Nitrobacter are responsible for the
oxidation of nitrites into nitrates.
e Anaerobic conditions; nitrate is broken down
when it is used as a terminal electron acceptor in
respiration instead of oxygen; done by Pseudomonas
denitrificans.
f

Human intervention; adding nitrogen as mineral
required for crops / yielding crops; increase
nitrogen concentration in large quantities; leading
to eutrophication of rivers / lakes where algae
proliferate / algal bloom.

Option D
15 Human physiology

1 a i increase in CO2 concentration; decrease in pH
		

ii	graph drawn to left of A; curve not sigmoid;
as shown below.
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b Hemoglobin is absorbed by phagocytes / Kupffer
cells; split into heme and globins; globin
hydrolysed / broken down to amino acids; iron
removed from heme group / heme broken down to
form bilirubin / bile pigment.
2 a i	chemical messengers secreted by endocrine
glands / specialized cells directly into the blood /
body fluid (and transported to specific target cells).
		

ii	steroid hormone e.g. testosterone; peptide /
protein hormone, e.g. insulin; tyrosine derivatives
e.g. thyroxine.

b

Gastric juice
Pancreatic juice
produced by glands in stomach
produced by pancreas
wall
low pH / acidic
high pH / alkaline
contains hydrochloric acid
contains HCO3−
pepsinogen
trypsinogen
no enzymes for lipid/starch
lipase/amylase
digestion
contains mucus
no mucus
both contain protease

c cellulose / lignin; cellulase not present / no enzymes
for digesting lignin; accept any other reasonable
substance.
3 a Steroid hormones enter cell whereas protein
hormones bind to receptors in membranes; steroid
hormones can pass through cell membranes while
protein hormones cannot; steroid hormones
interact directly with genes / receptor proteins in
cytoplasm whereas protein hormones cause release
of secondary messenger in cell; steroid hormones
control whether or not particular enzymes or
proteins are synthesized whereas protein hormones
change the cell’s activity usually by activating or
inhibiting enzymes.
b Sight / smell of food initiates release of gastric juice;
before food reaches stomach, gastric juice already
secreted by reflex action; chemoreceptors / stretch
receptors detect food in stomach; impulses (from
these receptors) are sent to brain, which sends
impulses to release more gastric juice; impulses also
sent to endocrine glands to release gastrin; gastrin
stimulates stomach wall to increase secretions /
release acid / gastric juices / pepsinogen; low pH of
stomach (and hormones) inhibits gastrin.
4 a Award [1] for a factor and [1] for its effect. Accept
any two of the following factors with its associated
effect: e.g.: genetic predisposition / age / being
male / obesity / eating too much saturated fat and
cholesterol / lack of exercise / smoking / diabetes
(melitus) / hypertension / stress. Accept converse
statements of factors decreasing risk. e.g. factor:
genetic predisposition; effect: some synthesise more
cholesterol / LDL than others; e.g. factor: being
male; effect: women before menopause appear to be
protected by higher blood estrogen levels which men
do not have; e.g.: factor: obesity; effect: excess weight
raises blood pressure/blood cholesterol / triglyceride
levels / lowers HDL / good cholesterol levels.
b Can cause inflammation / fatty liver / cirrhosis of
the liver from alcohol abuse; usually from prolonged/
excessive drinking; products of alcohol metabolism
toxic to cells / alcohol consumption reduces
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antioxidant activity; replacement of healthy liver cells
with fibrous/scar tissue; blocks blood flow through
liver / loss of functional liver cells / blocks normal
metabolic carbohydrates/fats/proteins; decreased ability
to remove toxins (through bile) / bacteria / production
of bile and blood proteins; nutritional deprivation /
susceptible to infection / hepatic viruses.
5 The SA node is located in the wall of right atrium of
heart muscle; has characteristics of both nerve and
muscle tissue; SA node initiates each impulse; acts as
pacemaker of the heart; no nerve impulses needed for
contraction / myogenic; connected to nerves which
slow / accelerate heart rate; impulses spread out in all
directions through walls of atria; stimulates atrial systole/
contraction; fibres in walls of atria prevent impulses from
reaching ventricles; impulses reach AV node (after atrial
contraction).
6 a Energy content of carbohydrates, lipids and proteins
found in food can be estimated by combustion of
food; burning a sample of food in oxygen using a
calorimeter; known mass of food burns and releases
heat which is transferred to the water surrounding
the combustion chamber; the energy value of
the food is calculated in joules; it takes 4.2 J of
heat energy to raise 1 g of water by 1 °C; typically
carbohydrates provide 16 kJ g−1 / lipids provide
37 kJ g−1 / proteins provide 17 kJ g−1.
b Appetite is controlled by a centre in the
hypothalamus (part of the CNS) and by the
hormones leptin, ghrelin and PYY3–36 (see Figure
15.4, page 8); leptin stimulates storage in fat cells
and production of more leptin; production of leptin
suppresses sensation of hunger; when the stomach is
empty the hormone ghrelin is released and stimulates
the appetite control centre / stimulate the wish to
feed; hormone PYY3–36 is released from (upper)
intestines / pancreas; stimulates appetite centre
and suppresses appetite; nerves/neural signals send
the message to the appetite centre activating /
deactivating appetite depending on the hormonal
signal sent into the bloodstream.
c Non-essential nutrients are those that the body can
synthesize; these can be produced from previously
digested nutrients; examples of non-essential
amino acids are alanine and aspartic acid; nonessential lipids are any vegetable oil and low density
lipoproteins (LDL); essential nutrients are those
the body cannot manufacture and these must be
obtained from dietary sources; examples of essential
amino acids are lysine and leucine; linoleic acid and
alpha linoleic acid are examples of essential lipids.

7 a Brings blood to the liver; directly from the small
intestine and rich in the nutrients that have been
absorbed there, which the liver processes.
b The normal level of blood glucose in humans is
about 90 mg per 100 cm3 (it varies from 70 mg to
150 mg per 100 cm3); the liver has a crucial role in
glucose regulation and can release glucose directly
into the bloodstream or create it from other sources;
it is able to store glucose as glycogen when blood
glucose is high / above threshold level; it is stored
in muscle cells and liver / stimulate glycolysis / cell
respiration in tissue cells; releases glucose from
glycogen when glucose level in blood is low / below
threshold level.
c Amino acid levels are adjusted by the liver cells as
the blood passes through the liver sinusoids; amino
acids are constantly used during synthesis of proteins;
a pool of amino acids is maintained in the liver /
plasma and other tissues; the body cannot store
amino acids / excess amino acids are deaminated in
the liver; the organic part of the amino acid is used
in respiration / converted to fat / carbohydrates; the
amino group is converted to ammonia and combined
with carbon dioxide; urea is produced / removed from
blood by the kidneys.
8 a i semilunar valves
		

ii	atrioventricular valves / AV valves / tricuspid and
mitral valves.

b Thrombosis is caused by a thrombus; strands of
yellow fat deposit under the endothelium (of artery);
yellow fat and fibrous tissue results due to the buildup of low-density lipoproteins / LDLs; blood flow is
reduced in the arteries and blood pressure increases;
a lesion is produced at the place of the fat deposit/
inflammatory response is induced; causing the
artery to break down / leakage of blood in a place
known as atherosclerotic plaque; cholesterol starts
accumulating and smooth muscle / collagen fibers;
blood cells trapped in the plaque release signals /
inflammatory response / produce a thrombus; a heart
attack / embolus can result.
c Hypertension is a persistent high blood pressure /
abnormal high blood pressure (systolic blood pressure
greater than 140 mmHg and diastolic blood pressure
greater than 90 mmHg); deposition of fat tissue in
the arteries reduces lumen of arteries and increases
blood pressure; nicotine from smoking cigarettes is
a vasoconstrictor increasing blood pressure for short
periods of time; obesity and lack of exercise lead to
accumulation of abdominal fat / not clear linkage;
high salt content in diet leads to retention of water
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leading to increase of blood pressure due to the extra
fluid; genetic predisposition / age / gender.
9 a Hemoglobin is a globular protein / conjugated protein
with four subunits / two alfa and two beta units /
containing a heme group; the heme / prosthetic
group is a non-protein group containing iron; oxygen
binds with iron / heme groups / for molecules of
oxygen to be transported; hemoglobin has a high
affinity for oxygen; however, the oxygen held by the
protein depends on the partial pressure of the gas; at
high pH / low CO2 pressure near the lungs / alveoli,
the hemoglobin is able to bind with oxygen / reverse
situation in the tissues where it releases the oxygen
molecule.
b Blood/plasma transports carbon dioxide from
respiring tissues; from a place / tissue cells with
relative high CO2 pressure to a region with low CO2
pressure / to lungs; this is called the Bohr effect; as
CO2 concentration increases, more O2 is released
from hemoglobin.
c Partial pressure of oxygen falls at high altitudes / as
altitude increases it is more difficult for hemoglobin
near the lungs to load oxygen; chemoreceptors
detect the low oxygen in blood and stimulate deeper
breaths; this causes more CO2 to be lost from the
body leading to a higher pH in blood / making
chemoreceptors for oxygen ineffective; the collecting
tubule releases a more alkaline urine returning the
pH level of the blood to normal; more red blood
cells are produced in the bone marrow for improved
oxygen transport.
10 a The drawing should be similar to that in
Figure 15.37 on page 45. The following structures
must be correctly drawn and labelled: posterior lobe of
pituitary gland; nerve ending of neurosecretory cells

inside the posterior lobe; anterior lobe of pituitary
gland; network of capillaries / portal vessels in the
anterior lobe; nerves/axons delivering to the posterior
lobe; neurosecretory cells inside the hypothalamus
connected to a network of blood vessels; functions
should be annotated: the hypothalamus releases
hormones from neurosecretory cells into the
portal vein to the anterior lobe of pituitary gland;
neurosecretory cells are a special type of neuron
that secrete chemical messengers; the anterior lobe
releases hormones into the bloodstream stimulated
by the hypothalamus; the posterior pituitary
receives hormones from neurosecretory cells in the
hypothalamus and stores these for use when required.
b A lipid-soluble hormone binds to a receptor molecule
present in the cytoplasm / second messenger
molecule; receptors activate a cascade mediated
by a second messenger inside the cell; receptor
molecule alters expression of genes; the hormone
activates an enzyme in the membrane / adenylate
cyclase; this active enzyme converts ATP into
cyclic AMP (cAMP); cAMP activates protein
kinase enzymes; protein kinases add a phosphate
group to another enzyme activating / deactivating
the enzyme(s); this leads to a stimulation in the
cell depending on the nature of the messenger /
hormone; cAMP is deactivated (by another enzyme).
So, the role of the second and third stages of signal
transduction triggered by the second messenger is
the amplification of the hormone signal; from one
activated receptor molecule, 10,000 molecules (104)
of cAMP are formed. As a result of the presence of
cAMP in the cytosol, approximately 106 molecules
of active phosphorylase enzyme will be formed, and
these will then trigger the formation of perhaps
108 molecules of a metabolically active enzyme.
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