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Content Guidance
Centrioles
Centrioles are small cylinders that separate from each other during the early stages of
mitosis to form the spindle fibres. This is discussed in more detail on page 52.

Organelles in plant cells
Plant cells also contain the following organelles. The structure of a plant cell is shown
in Figure 20.
Cell wall

Plasmodesmata
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Figure 20 A generalised plant cell viewed with an electron microscope
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Chloroplasts

Chloroplasts are large organelles that have a double membrane (like the nucleus
and mitochondria) and are the site of photosynthesis. This is the process by which
sugars and other organic molecules are formed from carbon dioxide and water using
energy from sunlight.
Within the chloroplasts is a cytoplasm-like material called the stroma. Within the
stroma are many membrane-bound compartments called thylakoids. The membrane
of the thylakoids contains the pigment chlorophyll, which absorbs the light energy
used in photosynthesis. Thylakoids form stacks called grana (singular: granum), which
are linked by lamellae (singular: lamella). The stroma also contains starch grains and
ribosomes.
Like mitochondria, chloroplasts also contain ribosomes and chloroplast DNA. As
with mitochondrial DNA, this chloroplast DNA is evidence that chloroplasts were
once free-living organisms ingested by the ancestors of plant cells. Figure 21 shows
the structure of a chloroplast.

22

exam tip

Note that the three
organelles that have
a double membrane
are the nucleus,
mitochondrion and
chloroplast.

Knowledge check 22
What is the
photosynthetic pigment
in the thylakoid called?

exam tip
Chloroplasts and
mitochondria have
similar structures but
do not confuse the
two. For example, the
chloroplast does not
have a matrix.
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Cell structure and organisation
exam tip
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Double membrane
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Thylakoid

Don’t assume that
plant cells don’t have
mitochondria because
they have chloroplasts.
Mitochondria and
chloroplasts have
different functions and
plant cells need both.

Figure 21 The structure of a chloroplast

Other features of plant cells

e

Plant cells also have a cellulose cell wall. This keeps the plant cell rigid and
prevents it from bursting. The plant cell wall has many pores called plasmodesmata.
These allow the cytoplasm of neighbouring cells to connect, enabling substances to
pass between plant cells.

m

Prokaryotes

pl

Plants cells also have a large permanent vacuole, which contains cell sap. It is
surrounded by a membrane called the tonoplast. The vacuole is used for storage and
helps to support the plant cell. Animal cells may also contain vacuoles, but they are
much smaller and do not have a tonoplast.

Prokaryotes are cells that contain no membrane-bound organelles. Their DNA

is not enclosed in the nucleus, but is free in the cytoplasm. Most prokaryotes are
significantly smaller than eukaryotes (1–10 µm in length as opposed to 10–100 µm
in length for eukaryotes). Bacteria are examples of prokaryotes. Figure 22 shows the
features of a prokaryote.
Plasmid
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Cytoplasm
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Plasma membrane

Prokaryote A singlecelled organism
that has no nuclear
membrane or any other
membrane-bound
organelles.

Capsule

Cell wall
Free ribosome

Flagellum
Loop of DNA

Figure 22 The features of a prokaryote

Prokaryotes have the following features:
■ capsule — the outer layer
■ murein cell wall — the cell wall of a prokaryote is made from murein
(peptidoglycan) not cellulose. This prevents the cell from bursting
■ mesosome — an infolding of the prokaryote’s plasma membrane. The infolding
increases the surface area for respiration and other chemical reactions to occur
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Content Guidance
■

■

■

DNA — the DNA is free in the cytoplasm in an area known as the nucleoid.
Prokaryote DNA is usually found in a single circular chromosome. Prokaryotes
may also have small circular pieces of DNA called plasmids
ribosomes — like eukaryotes, prokaryotes contain ribosomes. However, the
ribosomes of prokaryotes are signiﬁcantly smaller than the ribosomes found in
eukaryotes
ﬂagellum — prokaryotes sometimes have a ﬂagellum, which allows them to move

viruses

A common exam
question is to compare
the structures of
eukaryotes and
prokaryotes. Make
sure you learn the
structures of both
types of cell thoroughly
and don’t make any
obvious mistakes, such
as stating that they
both have cell walls
made of cellulose.

e

Viruses contain no cytoplasm and so they are not considered to be cells. They are
generally thought not even to be alive. Viruses infect both prokaryotes and eukaryotes.
They consist of nucleic acid and a protein coat. In most viruses that infect eukaryotes,
the nucleic acid is RNA, whereas in most viruses that infect bacteria (bacteriophages),
the nucleic acid is DNA.

exam tip

Tissues, organs and organ systems

m

pl

A tissue is a group of cells that have a similar structure and they work together to
perform a particular function. Examples of animal tissues include:
■ epithelial tissue, e.g. ciliated, columnar and squamous epithelia — epithelial
tissue lines the spaces in animals such as the digestive and respiratory system
■ muscle, e.g. smooth, striated and cardiac muscle — muscle tissue contracts and
relaxes to move parts of animals
■ connective tissue, e.g. collagen — structural tissue in animals
Xylem and phloem are examples of plant tissues.

Different tissues can combine to form organs, which carry out a common function.
Examples of organs in animals include the brain and the heart. Roots and leaves are
examples of plant organs.

sa

An organ system is made up of two or more organs working together to perform a
life function, such as the respiratory system or digestive system in mammals.

electron micrographs

The diagrams we draw of cells are simplified to aid understanding. When observing
cells under a light microscope, the organelles (with the exception of the nucleus) are
not visible. However, using an electron microscope it is possible to produce images
showing the organelles. You could be asked to identify the structures shown on an
electron micrograph, so make sure you are familiar with this type of image.

exam tip
You must be able to use and manipulate the magnification formula:
magnification =

image size
actual size

This could be tested in a question looking at electron micrographs.

24
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Cell structure and organisation
Practical work
■

Calibration of the light microscope at low and high power, including calculation
of actual size of a structure and the magniﬁcation of a structure in a drawing.

This is an important skill to accurately measure samples on microscope
slides. Make sure you are comfortable using the eye-piece graticule and the
stage micrometer as you could be asked to do a calibration in an exam paper
question.
■ Preparation and scientiﬁc drawing of a slide of living cells, including calculation
of actual size and magniﬁcation of drawing.

e

This is a common subject for exam questions, so ensure you are comfortable
applying and rearranging the magnification formula.

Summary

■

explain the differences in structure between
eukaryotes and prokaryotes, with particular
emphasis on the lack of membrane-bound
organelles in prokaryotes and the fact that the
DNA is free in the cytoplasm
describe the basic structure of a virus
describe tissues, organs and organ systems and
give specific examples of tissues found in animals
and plants

pl

After studying this topic, you should be able to:
■ explain the importance of the internal
membranes to eukaryote cells
■ label all the organelles found in animal, plant and
prokaryote cells
■ explain the functions of the different parts of the
nucleus, mitochondria and chloroplast and label
these parts on a diagram
■ explain the functions of the rough endoplasmic
reticulum, smooth endoplasmic reticulum,
ribosomes, Golgi body, lysosomes, centrioles,
vacuole, cell wall and plasmodesmata

■
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■
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Nucleic acids and their function

Question 13
The following is a sequence of mRNA:
CUAGAGGGG
(a) Write out the DNA strand that this mRNA strand was produced from.

(1 mark)

(b) Which enzyme would produce this mRNA strand?

(1 mark)

(c) Using the codon table shown, determine the sequence of amino acids that
this strand of mRNA codes for.

(1 mark)

Two separate mutations in the same sequence of DNA resulted in the
transcription of the mRNA sequences, A and B, as shown.

e

Mutation A: AUCGAGGGG
Mutation B: CUAGAGGGA

(d) Using the codon table, explain why mutation A might have much more serious
consequences than mutation B.

U

UUC
UUA

CUU
C

UCA
UCG

Ser

UAC

CUC
CUA

CCU

Leu

CUG
AUU
A

AUC

Ile

AUA

UGC

CCC
CCA

stop

A

UAG

stop

UGG

Trp

G

CAC
CAA

CAG

ACU

AAU

ACA

Met

Thr

AAC
AAA

AAG

GUU

GCU

GAU

GUC

GCC

GAC

GUA

GUG

Val

GCA

GCG

Ala

C

UGA

CCG

ACC

U

stop

CAU

Pro

Cys

UAA

ACG

AUG

G

Tyr

UGU

m

Leu

UCC

G

A

UAU
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First position (5′ end)

UUG

Phe

UCU

GAA

GAG

His

Gln

Asn
Lys

Asp
Glu

CGU
CGC
CGA

U
Arg

AGC
AGA
AGG

Ser
Arg

GGA
GGG

U
C
A
G
U

GGU
GGC

A
G

CGG
AGU

C

Third position (3′ end)

C

U
UUU

pl

Second position

(4 marks)

Gly

C
A
G

e This is a fairly straightforward question, but it is nevertheless important in
any question that involves genetic codes to be careful when writing your answers
and to check them thoroughly. The last part is a 4-mark question, so make sure
you answer it in sufficient detail.
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Questions & Answers
Student A
(a) GAUCUCCCC.

e 0/1 mark awarded Student A has made a common mistake and correctly
written down the complementary sequence, but they have failed to replace U
(uracil) with T (thymine). Remember that in mRNA uracil replaces thymine,
whereas thymine is found in DNA. This is an example of a simple mistake that
has cost the student an easy mark, and underlines that it is so important to check
back over your answers to avoid mistakes like this.
(b) RNA polymerase.
1/1 mark awarded This is the correct answer and scores 1 mark.

e

e

(c) Leucine, glutamic acid, serine.

pl

e 0/1 mark awarded Again, the student has made a simple mistake that has cost
them what should have been an easy mark.

m

(d) Mutation A appears to be a much more serious mutation than B. It could
lead to the incorrect formation of the polypeptide as the primary sequence
of the polypeptide (the sequence of the amino acids) will be different. This
could lead to the protein being non-functional.

e

sa

3/4 marks awarded This is a good answer, although the first sentence repeats
information given in the question and so is unnecessary. The student has clearly
not realised why mutation A is a more serious mutation than mutation A, but they
have written a detailed explanation of the possible consequences of DNA mutation
and that has scored them 3 of the 4 marks available. The fourth mark was for
saying that mutation B is less serious as the same amino acid (glycine) will still be
coded for by the last codon (GGG and GGA both code for glycine).

Student B

(a) GATCTCCCC.

e 1/1 mark awarded This the correct DNA sequence so this answer scores the 1
mark available.
(b) RNA polymerase.

e

1/1 mark awarded This is correct for 1 mark.

(c) Leucine, glutamic acid and glycine.
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Genetic information is passed on to daughter cells
e 1/1 mark awarded This is the correct sequence of amino acids, so scores the
1 mark available.
(d) As the mutation is a substitution mutation, the replacement of the final G
in the last codon with A means that glycine is still coded for, so the correct
amino acid is still produced.

e

e 1/4 marks awarded The student has fully understood the idea behind this
question, but they have not developed their answer so did not score all of the 4 marks
available. The student only scores 1 mark for correctly stating that mutation B is less
serious as the correct amino acid is still produced, but they have not described why
mutation A is so much more potentially serious. Because the incorrect amino acid is
produced, the polypeptide’s primary structure will be altered, which could result in
the protein being non-functional. This question illustrates how important it is to look
carefully at the mark allocations for each question to ensure that you are putting
enough detail into your answers to score all the marks available.

m

Question 14

pl

■ Genetic information is passed on to
daughter cells
(a) In which stages of mitosis do the following events occur?

sa

(i) The nuclear membrane reforms.
(ii) Spindle fibres contract and pull sister chromatids to the opposite poles of
the cell.
(iii) The nuclear membrane breaks down.
(iv) Spindle fibres join to the chromosomes at the centromere.

(b) A student was observing some plant tissue in which cells were undergoing
mitosis. She saw a large number of cells that looked like cell A, but very few
that looked like cell B. Identify the stages of mitosis of cell A and cell B and
explain the difference in the numbers of cells she saw.

Cell A

(1 mark)
(1 mark)
(1 mark)
(1 mark)

(4 marks)

Cell B
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