
This Achievement Standard covers three life processes carried out by cells: cell division, photosynthesis and 
respiration. The fi rst section of this chapter provides information about organelles, transport and enzymes. 
Questions in the examination will expect you to use this information on organelles, transport and enzymes 
in answers about cell division, photosynthesis and respiration.
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 notes Cells

The following section discusses:

• movement of materials (including diffusion, osmosis, active transport)

• enzyme activity (specifi c names of enzymes are not required)

• reasons for similarities and differences between cells, such as cell size and shape, and type and number 
of organelles present.

Animal and plant cells

cytoplasm

nucleus
nucleolus

mitochondrion

lysosome

endoplasmic
reticulum

ribosome

plasma membrane

Golgi apparatus cell wall

communication
channel to

adjacent cell

chloroplast

vacuole

centriole

A ‘typical’ animal cell A ‘typical’ plant cell

10–100 µm10–30 µm

The structure of a cell is linked to the function of the cell. Size and shape of a cell, and the organelles within 
the cell, are linked to the way it carries out its function within the organism.
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Function and features of organelles

Organelle Function Features

Plasma membrane Holds cell contents together, semi-
permeable to control entry and exit 
of materials (e.g. salts, dissolved food 
and gases, hormones).

All cells have a plasma membrane made 
of a phospholipid bi-layer. The plasma 
membrane can be very long and highly 
folded in cells that absorb materials.

Cell wall Present only in plants. Provides 
structure for the cell and support for 
the plant as a whole.

Made of cellulose; plasma membrane is 
just inside the cell wall, holding the cell 
contents.

Centriole Present only in animal cells.

Forms spindle fi bre for cell division.

Contains 9 groups of microtubules.

Chloroplast Present only in plants.

Contains chlorophyll, carries out 
photosynthesis.

Grana discs catch light to split water. 
Carbon fi xing and synthesis of glucose 
occur in the stroma liquid.

Chromosome Contains information in the genetic 
code to give instructions for all life 
processes.

Made up of DNA and proteins tightly 
coiled up.

Cytoplasm 
– watery liquid

Holds dissolved foods and gases. Cytoplasmic streaming carries materials 
around cells.

Endoplasmic reticulum

(ER)

Surface area for reactions and 
transport system, moves the code for 
proteins (mRNA) from nucleus to the 
ribosomes.

Rough ER is covered in ribosomes, 
smooth ER is not.

Golgi bodies Package proteins into a form usable 
by the body and transport them out 
of the cell.

More numerous in cells that produce 
a lot of proteins (e.g. mucus-secreting 
cells).

Lysosomes Collect cell wastes. Contain digestive enzymes to break 
down worn-out parts of cells.

Mitochondrion Site of respiration; energy from glucose 
released as ATP. Internal folds provide a 
large surface area for reactions.

Numerous in cells that require a lot of 
energy (e.g. cells moving material out of 
the cell, muscle cells).

Nucleus Holds chromosomes, controls cell 
activity.

Usually spherical in shape, surrounded by 
nuclear membrane.

Nuclear membrane Membrane around outside of nucleus. Double-layered membrane with pores to 
allow movement of materials between 
nucleus and cytoplasm.

Ribosomes Site of protein synthesis (e.g. saliva, 
digestive enzymes, hormones).

Found along ER; more numerous in cells 
that produce proteins, such as enzymes.

Vacuoles Storage of materials, usually water in 
plants, or starch granules. Contractile 
vacuoles expel excess water.

More numerous in plants; contain water 
and give the cell strength by turgidity. 
Full vacuoles give tightly packed cells.

Transport of materials
Water, food and gases must move into cells and wastes must move out. Water constantly moves through 
plasma membranes from an area of high water potential to an area of lower water potential. At osmotic 
equilibrium, concentrations of solutions inside and outside a cell are the same, so there is no total water 
movement.
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Passive transport
Passive transport is the movement of materials when no energy is used.

• Diffusion – movement of materials from an area of higher concentration to an area of lower 
concentration.

• Osmosis – movement of water across a semi-permeable membrane from an area of higher water 
potential to an area of lower water potential.

• Facilitated diffusion – movement of materials such as glucose, amino acids, sodium ions and chloride 
ions through protein channels and by carrier proteins embedded in the plasma membrane, as shown in 
the diagram.

Outside cell

amino acid

Step 1 Step 2 Step 3

glucose

carrier 
proteins

Protein 
channel

Inside cell

Outside cell

Inside cell

The rate at which passive transport takes place increases with a high concentration gradient, small molecule 
size and in higher temperatures.

Active transport
Active transport requires energy, in the form of ATP, to move materials into and out of a cell. ATP is 
produced by cell respiration.

Pinocytosis – liquid is engulfed by wrapping membrane around a droplet to take it into the cell.

Phagocytosis – particles are engulfed by cells.

Ion pumps – Plasma membranes can pump ions (e.g. Na+ and K+) into and out of cells against a 
concentration gradient, as shown in the diagram.
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Secretion
The Golgi body produces small, membrane-bound vesicles containing materials such as enzymes and 
hormones. These materials are secreted by exocytosis – a vesicle membrane joins onto the plasma 
membrane and the vesicle’s contents are expelled from the cell.

Enzymes
Enzymes are proteins that act as biological catalysts, controlling the speed of chemical reactions. Enzymes 
increase the rate of reactions so living things are able to operate the way they do. Without enzymes, many 
chemical reactions would occur too slowly. Enzymes control different reactions:

• Anabolic reactions build molecules up, e.g. making proteins

• Catabolic reactions break molecules down, e.g. digestion

Enzymes are:

• specifi c – each chemical reaction is catalysed by a different enzyme

• temperature dependent – enzymes work more slowly in lower temperatures and denature in high 
temperatures; each enzyme has an optimum temperature at which its activity is greatest

• damaged by changes in pH – each enzyme has an optimum pH at which its activity is greatest

• reused many times (e.g. peroxidase recycles to break peroxide down 6 million times per second).

Activity
(%)

100

0

0 7 14
pH

The graph shows rate of activity of 3 different enzymes in conditions of increasing pH: to the left is a 
low-pH enzyme, in the centre a neutral-pH enzyme, to the right a high-pH enzyme.
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 notes Cell division

This section covers DNA replication and mitosis as part of the cell cycle. The section discusses:

• details of cell division as cell division relates to the overall functioning of the cell (specifi c names of 
stages are not required)

• factors affecting cell division.
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Cell cycle
After cell division, the cell goes into a period of rapid growth that leads to a resting phase with no division, 
or to the beginning of preparations for another division. Preparation begins with production of the 
nucleotides and enzymes to be used in DNA replication. DNA replication occurs, followed by a second 
phase of cell growth and preparation for mitosis. This preparation involves production of the materials 
needed for spindle formation and a new plasma membrane. In the following diagram percentages show 
the proportion of time the cell spends in each phase of the cell cycle.

Two cells produced 
by mitosis

M

M

2%

19%

39%

40%

I

G1

S

G2

G0

M Mitosis

I Interphase divided into

G1 Growth and preparation for DNA replication

S DNA replication

G2 Growth and preparation for mitosis

G0 Resting phase with no cell division

Cell cycle

Mitosis
Mitosis is cell division that results in the formation of two cells, each with a complete copy of the genetic 
material in the original cell.

The diagram shows the main stages in mitosis. In this example, the original parent cell has only two pairs of 
homologous chromosomes.

Nuclear membranes form 
around each set of 
chromosomes. The cell divides 
between each nucleus, 
resulting in two cells.

chromatids

spindle Nuclear membrane has disappeared and 
spindle has formed. Chromosomes line 
up in the centre of the cell. Spindle fibres 
attach to each centromere.

Spindle fibres contract; the 
chromatids separate at the 
centromere and are drawn to 
each end of the cell.

chromosome

plasma membrane

nuclear membrane

centromere

Chromosomes have shortened and 
thickened and appear as two chromatids 
joined by a centromere.
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DNA replication
DNA contains the genetic information a cell requires for life processes. When a cell divdes, an exact copy of 
the DNA in all the chromosomes is made so both new cells have all the genetic information.

Key
A
T
G
C

1. DNA is unwound by helicase 
(enzyme) to expose bases on 
both strands.

2. Nucelotides from within the nucleus 
assembled opposite each strand by enzyme 
DNA polymerase, using energy from ATP to 
join together. Because of the way 
deoxyribose and phosphate molecules are 
joined to each other along the DNA chain, 
one strand is copied in a straightforward 
manner, while the other strand is copied in a 
sequence of steps in the opposite direction. 
Many different sections of DNA are copied at 
the same time.

3. The two DNA molecules 
formed are identical.

incoming 
nucleotide

Factors affecting cell division
Availability of energy and materials – cell division requires energy, enzymes and certain molecules, e.g. 
nucleotides, phosphate bi-lipids, proteins. The cell must prepare for each division by ensuring that these 
requirements are stored and available when needed.

Stage of life of organism – cell division occurs rapidly during periods of growth and repair in infancy / 
childhood / early development in animals; following the breaking of dormancy and during seasonal growth 
in plants; and after damage to the organism, when repair of tissue is necessary.

Location of cell in organism – mitosis occurs at a higher rate in areas where most growth, repair and 
replacement of cells is occurring, e.g. skin, hair follicles, bone marrow, root and shoot tips.

Environmental factors – mitosis and DNA replication involve enzymes so the speed at which these 
processes take place is affected by factors that affect enzymes, such as temperature and pH. The presence 
of mutagens such as alcohol and radiation changes the rate of cell division – rate increases in cancer cells.

Surface area to volume ratio – the greater the surface area of a cell, the greater the rate of diffusion 
of substances into and out of the cell. A smaller cell has a greater surface area to volume ratio and a 
comparatively greater rate of diffusion than a large cell. Molecules quickly reach the centre of a small cell.

Cells grow until their size means the rate of diffusion is too slow to supply the cell centre with materials. 
They then stop growing or divide into two smaller cells.

Plant cells have a large, fl uid-fi lled vacuole in the centre of the cell – materials, such as oxygen needed for 
life processes, quickly diffuse into organelles around the outside of the vacuole.
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 notes Sources of genetic variation

Individuals within a population of sexually reproducing organisms show genetic variation due to the 
particular combination of alleles present in each individual. Offspring of sexually reproducing organisms 
vary genetically from their parents due to meiosis, fertilisation, mutation and chance.

Example
Human blood groups show variation due to inheritance of 
3 different alleles – IA, IB and i – for the gene that controls 
human blood groups. Different combinations of these three
alleles produce four different blood groups.

Alleles present Blood group

IAIA or IAi A

IB IB or IBi B

IAIB AB

ii O

The alleles of the gene code for different enzymes.

• The IA allele results in the production of an enzyme that causes the formation of an antigen 
with a particular sugar molecule attached.

• The IB allele results in the formation of a different enzyme that causes the formation of an 
antigen with a different sugar molecule attached.

• The i allele produces an enzyme that is unable to attach any sugar molecules to the antigen 
molecule. 

The inheritance of the different alleles for the human blood-group gene causes genetic variation 
in the human population. People can have one of four blood groups, with some groups being 
more common than others. Different populations of people have different numbers of people
with each of the four blood groups.

dd dd
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dddd dd

Dd

Dd

Dd

Dd

Dd

Dd DD

DD
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 Genetic biodiversity
‘Genetic biodiversity’ describes the range of different genes and 
different alleles present in a population. 

A gene pool is made up of all the alleles of all the genes that 
exist in a population at any one time. Each population has a 
slightly different gene pool because the different alleles are 
present in different numbers in each population. 

The numbers of each allele in the gene pool of a population is 
called the allele frequency.

Gene pool
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Example
In the gene pool on the previous page there are 25 individuals, each with two alleles for the D
gene, making a total of 50 alleles. The dominant D allele occurs 22 times, so has a frequency of 
0.44. The d allele occurs 28 times, so has a frequency of 0.56.

Allele frequencies in a gene pool are always changing, as new individuals are born and others die. Other 
processes, such as immigration (new individuals arrive into the population) also cause changes to allele 
frequencies.

If a gene has only one allele, that allele is said to be fi xed and its frequency in the population is 100% or 1. 
A coat-colour gene in horses is thought to have only one allele, B, therefore the B allele has a frequency of 1.

Mutation

Mutation as a source of new alleles
A mutation in an allele is the result of a change in the sequence of bases in the DNA. A mutation can 
occasionally occur during DNA replication. A few mutations produce a new allele that produces a different 
protein. The different protein could result in a new phenotype. Some changes in the sequence of bases in 
DNA do not change the protein produced by the allele, so the mutation does not show in the phenotype. 
Some mutations produce a new protein that does not function correctly. This can be harmful or even lethal.

C A T C A T C A T C A T C A T C A T C A T

His His His His His His His

C A T C A T C A T C C T C A T C A T C A T

His His His Pro His His His

original DNA code for an amino acid sequence

amino acid

DNA bases

replacement of a 
single nucleotide

incorrect amino acid, which might 
produce a malfunctioning protein

If the mutation occurs in the body cells, called somatic cells, of an individual, the mutation cannot be 
passed on to the individual’s offspring. However, if the mutation occurs in the reproductive or gametic 
cells, and is not lethal, the mutation can be passed on to the offspring and become part of the gene pool. 
Mutations increase the genetic diversity of the population in which they occur and are the only source 
of new alleles for a species. Migration of individuals carrying a mutation from one population to another 
population results in mutated alleles entering the gene pool of other populations.

 ESA Publications (NZ) Ltd  –  ISBN 978-0-947504-38-0  –  Copying or scanning from ESA workbooks is limited to 3% under the NZ Copyright Act.

38 Biology 2.5

2.5

L2 Bio AME 2017.indb   38L2 Bio AME 2017.indb   38 4/27/17   1:45 PM4/27/17   1:45 PM



 

Red tulip showing a colour mutation in half of one petal

The alleles of a gene that are in the greatest numbers in the gene pool of a natural population are called 
‘wild-type’ alleles. Wild-type alleles usually produce the correct amount of a protein and the protein 
functions normally. Mutated alleles are usually less common in natural populations because they cause 
smaller amounts of a protein to be produced, or the protein does not function as well as the one produced 
by the normal allele. However, in selectively bred populations, people often select and breed from 
individuals showing a mutant phenotype, so the mutated allele increases in frequency in the gene pool 
of the selectively bred population. For example, a mutation in the ring-necked parakeet produces yellow 
feather-colour rather than the usual green feathers. Selective breeding to produce more yellow-coloured 
individuals will increase the frequency of this mutated allele.

Often more than one mutation occurs in a gene, resulting in many alleles for that gene.

Example
For the coat-colour gene in rabbits, the dominant C allele produces a dark grey colour and
the recessive c allele produces albino (white coat colour). Two different mutations of the coat 
colour gene produce a light grey colour (cch) and Himalayan pattern (ch).

 Dark grey  Light grey Himalayan Albino

These mutations form an ‘allelic series’, which is shown, in order of dominance, as:

C > cch > ch > c

The mutated allele causing the Himalayan pattern (ch) produces a temperature-sensitive 
enzyme that functions only in low temperatures, so the dark fur occurs on only the cool areas
of the body – nose, ears, feet and tail.
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Harmful mutations
Some mutations can cause a genetic disorder. For example, cystic fi brosis is a human disorder caused by 
a mutation in a gene on chromosome number 7. The normal allele produces a protein that transports 
chloride ions across plasma membranes. About 70% of the mutations in this gene result from a group of 
three bases (CTT) being missed out of the DNA sequence. The resulting protein is the wrong shape to be 
placed in the membrane. People with cystic fi brosis are unable to transport chloride ions in the normal way, 
which leads to mucus build-up and possible infection.

A T C A T C T T T G G T G T T

A T C A T T G G T G T T

Ile

Ile

Ile

Ile

Phe Gly

Gly

Val

Val

normal DNA and amino acid sequence

mutated DNA and amino acid sequence

amino acid

amino acid

deleted

nucleotide

nucleotide

Helpful mutations
Some mutations are helpful. They give the individual that possesses the mutation a better chance of survival 
than if the mutation was not present. Individuals survive to reproduce and (possibly) pass on the benefi cial 
mutation. This eventually results in more individuals in a population carrying the mutated allele, so that 
allele’s frequency in the gene pool increases and the frequency of the other alleles for the gene decreases.

Imagine, for example, a population of fl ies with two 
alleles of a gene for wing length – N for normal 
length, and n for short wings.

Normal wings Short wings

A mutation occurs to the dominant allele (N) that 
produces a new allele of the wing length gene (N’). 
The N’ allele results in a long-wing phenotype that 
gives individuals an advantage.

Long wings
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A (‘Achieved’) is given if answer includes relevant descriptions 
and M (‘Merit’) when answer includes relevant explanations. 
E (‘Excellence’) is given when answer includes relevant 
descriptions and explanations linked together into a 
discussion that gives a full answer to the question. 
Words/phrases like ‘therefore’, and ‘however’ show the linking 
of ideas and are what makes a piece of text an explanation (M) 
or discussion (E) rather than a description (A).

 Achievement Standard 91156 
(Biology 2.4): Demonstrate understanding 
of life processes at the cellular level

 2.4 Cells and cell division

 Question One: Replication of DNA
1. Check that your answer contains the following labels.
 • nucleotide – sugar, phosphate and base
 • nitrogen base – A, C, G, or T
 • hydrogen bond – bond between two bases
 • parent strand – top part of diagram
 • daughter strands – bottom part of diagram
 •  sugar-phosphate backbone – ribbon like structure down 

outside of molecule.
 For example:

nitrogen bases – A, C, G, or T

parent strand

sugar-phosphate 
backbonenucleotide

hydrogen
bond

daughter
strands

p. 7

2. Check that your answer contains the following important point.

  Purpose – produce two copies of DNA so all new cells have 
same function as parent cell.

  For example: DNA replication is the process that uses the 
two strands of the parent DNA as templates to produce two 
identical daughter copies so new cells can carry out same 
function as orignal cell.

3. Check that your answer contains the following important points.

 •  Enzyme structure – chain of amino acids/protein, specifi c 
folded shape, specifi c-shaped active site where substrate 
binds.

 •  How enzymes function – use energy from ATP to lower 
activation energy needed for reaction, reaction rate 
increases, specifi c so can catalyse only the one reaction, 
substrate fi ts in the active site, shape changes/lock and 
key, product released.

 •  Examples of enzymes – an enzyme causes a cut in one 
strand of the DNA to allow it to unwind, helicase enzyme 
unzips DNA by breaking the hydrogen bonds between 
bases, DNA polymerase adds nucleotides.

 •  Factors that affect enzymes –

  1.  Temperature: Enzymes have an optimum 
temperature at which they work most quickly. 
Temperatures lower or higher than the optimum 
reduce the rate of reaction, high temperatures 
denature enzyme so it stops functioning.

  2.  Availability of substrate: Free nucleotides are required 
during DNA replication. If few are available, enzyme 
activity is reduced / reaction rate is below optimum.

  3.  Poison: Some chemicals bond with the enzyme, 
enzyme shape changes/blocks active site, enzyme 
activity is reduced.

  4.  pH: Enzymes have an optimum pH at which enzyme 
activity is greatest. pH above or below optimum 
gives reduced activity/reaction rate.

   For example: An enzyme is a protein molecule that 
is folded into a particular shape. Each enzyme has an 
area called an active site where the substrate binds, a 
shape change happens and a chemical reaction occurs. 
Products of the reaction are released from the enzyme. 
Enzymes function by using energy from ATP to lower 
the activation energy needed for a reaction to occur, 
therefore allowing a reaction to occur many times 
more quickly than it would occur without the enzyme. 
Enzymes are specifi c so they can catalyse only the one 
reaction; for example helicase can only unzip DNA, RNA 
polymerase can only add nucleotides to the new strand.

   The rate of DNA replication is affected by temperature. 
Each enzyme has an optimum temperature at which 
it works most quickly. Temperatures lower or higher 

Answers and explanations
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than the optimum reduce the rate of reaction and high 
temperatures denature enzymes so they stop functioning.

   Free nucleotides are found in the nucleus and required 
during DNA replication. If there are few free nucleotides 
available DNA replication takes place more slowly. The 
growth and repair of the organism is slowed.

   Certain poisonous chemicals can bind to the enzyme so 
that the enzyme’s shape changes and the enzyme can no 
longer function. If the poisons are in high concentrations 
all the molecules of the affected enzyme can become 
inactive so DNA replication does not occur.

(A – describes three out of: DNA structure (fi ve labels correct), purpose DNA replication, enzyme 
structure, enzymes in DNA replication, factors that affect enzymes in DNA replication (three from 
temperature, enzyme concentration, substrate concentration, pH, co-enzymes, inhibitors, poisons);

M – explains two out of: how enzymes function, how a factor affects an enzyme, how a second 
factor affects an enzyme;

E – discusses function of enzymes in DNA replication and two factors that affect enzymes during 
DNA replication)

 Question Two: Mitosis and movement of materials
1.  DNA in chromosomes has replicated and then 

chromosomes have lined up on the equator of the cell. 
Centromeres are attached to the spindle.

2. Important points:

  •  Purpose – produce more cells with a complete set of 
chromosomes for growth, repair, replacement.

   •  How mitosis occurs – DNA in each chromosome 
replicates, replicated chromosomes line up on equator of 
cell, centromeres attach to spindle, chromatids are pulled 
apart, spindle pulls chromatids to opposite ends of the 
cell, nuclear membrane forms around the two groups of 
chromatids/chromosomes, cytoplasm divides to produce 
two identical daughter cells each with a complete set of 
chromosomes.

  For example: The purpose of mitosis is to produce more 
cells for growth and repair of the body and for replacement 
of cells, e.g. of cells rubbed off from the skin. When mitosis 
occurs a single cell produces two daughter cells, each 
with a complete set of chromosomes. Firstly the DNA in 
the chromosomes is replicated. The two chromatids of 
the chromosome coil up and line up on the equator of 
the cell. The nuclear membrane disappears and a spindle 
forms that attaches to the centromeres. The two halves 
of each chromosome are pulled to opposite ends of the 
cell, the nuclear membrane reforms around each group of 
chromosomes and the cytoplasm divides.

3. Check that your answer contains the following important points.

 •  Changes in surface area to volume ratio (SA : V) – as 
cell grows this gets smaller because there is less surface 
compared with volume.

 •  How SA : V affects movement of materials – high surface 
area and low volume so lots of membrane surface where 
materials can enter or leave cell, short distance for 
materials to travel to the middle of the cell.

 •  Diffusion – movement of particles from an area of net 
high concentration to an area of lower concentration, 
materials diffuse across the membrane surface.

 •  How SA : V affects diffusion – lower SA : V ratio means 
diffusion is restricted because there is less surface area 
(compared with volume) where materials can enter the 
cell; it takes longer for materials to reach the inner parts 
of the cell, less effi cient.

 •  How SA : V affects cell division – lower SA : V means cell 
growth is limited because of the length of time it takes 
for materials to diffuse into the centre.

  For example: Diffusion is the net movement of particles 

p. 9

from an area of high concentration to an area of lower 
concentration. Molecules bumping into each other cause the 
movement. Different materials diffuse across the membrane 
surface into and out of the cell. Small cells have a high 
SA : V ratio, which means materials can move into the cell 
quickly because there are lots of places on the membrane 
that materials can enter through. Materials also get to 
all parts of the cell quickly because there is only a short 
distance to the middle of the cell. As a cell grows, the SA : V 
ratio falls because there is less surface compared with the 
volume of materials inside the cell. The lower SA : V ratio 
means diffusion is less effective as there is less surface area 
(compared with volume) where materials can enter the cell 
and it takes longer for materials to reach the inner parts of 
the cell because distances are greater. Therefore cell growth 
is limited, because of the length of time it takes materials 
to diffuse into the centre, so the cell divides, increasing the 
SA : V ratio again.

(A – describes three out of: stage in mitosis, purpose of mitosis, how mitosis occurs (describes two 
out of: cell division, two cells, same number of chromosomes), how SA : V ratio changes as cell 
grows, diffusion as movement of materials);

M – explains two out of: purpose of mitosis, how mitosis occurs, how SA : V ratio affects movement 
in and out of cell, diffusion;

E – discusses how changes in SA : V ratio as a cell grows affects diffusion and cell division.)

 Question Three: Movement of materials
Check that your answer contains the following important points.

•  Diffusion – movement of material from high to low 
concentration, passive/no energy required.

•  Osmosis – movement of water from high to low 
concentration, through a semi-permeable membrane, passive/
no energy required.

•  Active transport – movement of material from low to 
high concentration, energy required to move against the 
concentration gradient.

•  Movement of salt water in lugworm: Osmosis – in changing 
salt concentrations the direction water moves across the cell 
membrane depends on the concentration inside lugworm cells 
compared with the environment.

•  Facilitated diffusion – water and ions (salt) move from high 
concentration to low concentration through protein channels 
in the cell membrane, passive/no energy required.

•  Movement of salt water in hogchoker: Osmosis – in water 
with high salt concentration, water will move out of the 
hogchoker cells into the environment due to osmosis.

•  Active transport – in high salt concentration ions will passively 
diffuse into the cells. Active transport, using channel and 
transporter proteins e.g. Na+/K+ pump, returns ions to the 
outside of cells.

•  Oxygen consumption – oxygen is used in cellular respiration, 
which produces energy. Lugworm is using passive transport 
so is not using energy for transport of materials, therefore 
oxygen consumption remains at the amount needed for 
other cell processes. Hogchoker is using active transport 
which requires energy; as salt concentration in water 
increases, more energy is required to actively transport 
materials so the rate of respiration increases to produce the 
energy needed; rate of oxygen consumption goes up because 
more oxygen is needed for respiration.

(A – describes three out of: diffusion, osmosis, facilitated diffusion, active transport, passive 
transport, energy required, cellular respiration;

M – explains two out of: movement of materials in lugworm cells, movement of materials in 
hogchoker cells, energy requirements, oxygen consumption;

E – discusses relationship between movement of materials in the two organisms, energy 
requirements and oxygen consumption)

 Question Four: Cell division
1. B C A or C A B
 (A – correct order)

p. 11

p. 13
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