
AREA OF STUDY 1 HOW DO CELLS FUNCTION?

2
The cell cycle and cell
growth, death and
differentiation

KEY KNOWLEDGE

In this topic you will investigate:

The cell cycle and cell growth, death and differentiation
• binary fission in prokaryotic cells
• the eukaryotic cell cycle, including the characteristics of each of the sub-phases of mitosis

and cytokinesis in plant and animal cells
• apoptosis as a regulated process of programmed cell death
• disruption to the regulation of the cell cycle and malfunctions in apoptosis that may result in

deviant cell behaviour: cancer and the characteristics of cancer cells
• properties of stem cells that allow for differentiation, specialisation and renewal of cells and

tissues, including the concepts of pluripotency and totipotency.

Source: VCE Biology Study Design (2022–2026) extracts © VCAA; reproduced by permission.

PRACTICAL WORK AND INVESTIGATIONS

Practical work is a central component of learning and assessment. Experiments and
investigations, supported by a practical investigation eLogbook and teacher-led videos,
are included in this topic to provide opportunities to undertake investigations and communicate
findings.

UNCORRECTED PAGE PROOFS



2.1 Overview
Numerous videos and interactivities are available just where you need them, at the point of learning, in your
digital formats, learnON and eBookPLUS at www.jacplus.com.au.

2.1.1 Introduction

FIGURE 2.1 Cell embryo undergoing cell division
The replication of cells in the body is a particularly
important process for all organisms. In multicellular
organisms it allows an organism to grow and repair
damage as it occurs. In unicellular organisms, cell
replication enables the survival of the species,
producing progeny that are genetically identical to
the parent cell. Cells need to be carefully monitored
and checked for flaws that will affect the functioning
of the organism. When they no longer function
correctly, they need to be destroyed and replaced
through the process of programmed cell death.

The processes of cell replication in both
multicellular and unicellular organisms are explored
in this topic, along with the mechanism that is
responsible for the destruction of cells when they
become damaged. We also delve into what happens
when these processes are not controlled, which leads
to diseases.

A fascinating area of cell growth that will be explored in this topic is the differentiation and specialisation of
cells. This allows the one cell present at conception to form all the different cells required to make an organism,
and research into this area may allow us to treat many genetic diseases.
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2.2 Cell replication — an asexual process

KEY KNOWLEDGE

• Binary fission in prokaryotic cells
• The eukaryotic cell cycle, including the characteristics of each of the sub-phases of mitosis and

cytokinesis in plant and animal cells
Source: VCE Biology Study Design (2022–2026) extracts © VCAA; reproduced by permission.

replication copying or reproducing
something

asexual reproduction that only
requires one parent, leading to the
production of a clone

Cell replication is an asexual process. The contents of one parent cell are copied to make two genetically
identical daughter cells. Both resulting daughter cells have the same functionality as the cell that produced them.
There is no combining of DNA material so they are, in effect, clones of the parent cell.

Cells undergo cell replication for a number or reasons:

growth the process of increasing in
size

repair to restore something
damaged or faulty to a good
condition

procreation the production of
offspring

• Growth. In order to grow, an organism must have more cells. Cells can simply not just get bigger as they
are limited in size (see subtopic 1.3).

• Repair. Old and damaged cells must be replaced so they do not cause disease.
• Procreation. In the case of bacteria, archaea, protozoa and even some multicellular eukaryotes, the survival

of the species depends on cell replication.

2.2.1 Cell replication in prokaryotes

binary fission process of cell
multiplication in bacteria and other
unicellular organisms in which there
is no formation of spindle fibres and
no chromosomal condensation

Prokaryotes (archaea and bacteria) reproduce through a process of binary fission. This process is simpler and
faster than asexual reproduction in eukaryotic organisms.

The steps of binary fission

chromosome a thread-like structure
composed of DNA and protein

cell elongation any permanent
increase in size of a cell

migrate to move from one part of
something to another

septum a wall, dividing a cavity or
structure into smaller ones

1. Replication of the circular DNA chromosome and cell elongation
occurs.

2. The two circular chromosomes migrate to either ends of the cell.
3. The cell membrane pinches in two and a septum (a new cell wall) forms

along the middle of the cell, which extends and finally breaks in half to
form two cells.

FIGURE 2.2 Binary fission of a prokaryote, showing the replication and migration
of the circular chromosomes, the formation of the septum and the final division to
two individual cells

Chromosome Septum
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exponential growth population
growth that follows a J-shaped
curve but cannot continue
indefinitely

Binary fission in bacterial cells can be completed in about 20 minutes at room
temperature. This means that — if resources are available — one bacterial cell,
through successive binary fissions over an 8-hour period, could produce 16 million
descendants! This is an example of exponential growth and it reminds us why a
bacterial infection, if not treated, can have serious outcomes. Figure 2.3 shows a cell
of the bacterial species Listeria dividing by binary fission.

FIGURE 2.3 Cells of the bacterial species
Listeria, one of which is dividing by binary
fission. The circular outlines are cross-
sections through bacterial cells. The DNA
of the bacterial circular chromosome
appears as darkly stained material.

SAMPLE PROBLEM 1 Binary fission

a. Outline the three key steps in binary fission in a bacterial cell. (3 marks)
b. Under certain conditions, E. coli can replicate by binary fission once every 20 minutes. If there

is one initial bacteria, how many bacteria would you expect after two hours? (1 mark)

THINK WRITE

a. When you answer an outline question you should
include the names of the key steps and a brief
statement of what occurs during these.
The question also mentions bacterial cells, so you
need to ensure you reference this in your response.
For example, you should reference to the circular
chromosome and cell wall.

1. Cell elongation and replication — cell, grows,
DNA is copied, this is semi-conservative

2. Migration — migration of DNA to opposite
ends of the cell

3. Separation — cell membrane pinches and
septum forms to create a new cell wall

TIP: This type of question may be answered in either
dot points or a short paragraph.

The first stage is cell elongation and
replication — the cell grows and DNA is
replicated in a semi-conservative nature, to
create two identical circular chromosomes.
The second stage is migration, where the two
circular chromosomes move to either end of
the cell.
Separation involves a septum forming, and the
formation of a new cell wall to create two new
cells.
(1 mark for each stage description and 1 mark
for linking to bacteria)

b. 1. Consider how many binary fission events would have
occurred in the two-hour period.

2 hours= 120 minutes
120

20
= 6

6 binary fission events
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2. Calculate how many bacteria there would be. Two
ways you may do this are by:
• calculating each binary fission event through

doubling (occurring every 20 minutes)
• using an exponential growth calculation:

2x, where x is the number of divisions.

After 1 event: 2 bacteria
After 2 events: 4 bacteria
After 3 events: 8 bacteria
After 4 events: 16 bacteria
After 5 events: 32 bacteria
After 6 events: 64 bacteria
26 = 64 bacteria

3. Clearly answer the questions, ensuring that you link
back to E. coli

There would be 64 E. coli bacteria after two
hours (1 mark).

Resourceseses
Resources

eWorkbook Worksheet 2.1 Binary fission in prokaryotes (ewbk-7211)

Video eLesson Binary fission (eles-3692)
DNA replication (eles-3693)

EXTENSION: DNA replication is semi-conservative

FIGURE 2.4 DNA replication is
semi-conservative

DNA replication is an important concept as it occurs in both
mitosis and meiosis.

The process of DNA replication is an Extension concept for the
Units 1&2 course. However, understanding of this concept is
required in the manipulation of DNA, which is examinable in the
U3&4 course.

To access more information on this Extension concept please
download the digital document.

Resourceseses
Resources

Digital document Extension: DNA replication is semi-
conservative (doc-35876)

elog-0786

tlvd-1845

INVESTIGATION 2.1

Observing binary fission

Aim

To observe the process of binary fission as a method of reproduction

2.2.2 Cell replication in eukaryotes

cell cycle the series of events of cell
growth and reproduction that results
in two daughter cells

The cell cycle in eukaryotes is slightly more complicated than that of prokaryotes,
due in part to the amount of DNA in each cell. In eukaryotes, DNA is organised into
chromosomes. There are multiple chromosomes, which must all be carefully copied.
In comparison, prokaryotes have one circular chromosome.

TOPIC 2 The cell cycle and cell growth, death and differentiation 93

UNCORRECTED PAGE PROOFS



Cell cycle
The key events that occur during a cell cycle are summarised in simple terms in table 2.1. These events occur in
three distinct phases of the cell cycle: interphase, interphase, mitosis and cytokinesis.

TABLE 2.1 A simplified summary of key events during the cell cycle

Cell cycle What happens Phase of cell cycle

Step 1 Replication of DNA of parent cell Interphase

Step 2 Organisation of chromosomes, followed by their
separation into two identical groups at different poles
of the parent cell, leading to two identical nuclei

Mitosis

Step 3 Division of parent cell into two cells through the splitting
of the membrane

Cytokinesis

These stages are shown in figure 2.5. Let’s, explore each of these steps in some detail.

Step 1: Interphase — period of DNA replication

An essential process in the cell cycle is the replication of DNA, the genetic material. DNA replication occurs
during a stage of the cell cycle known as interphase. (This stage was once called the ‘resting phase’, but the cells
are far from resting during interphase.) If you looked through a light microscope at cells during interphase you
would see the cell nucleus, but you would not see any discrete chromosomes. In interphase, the chromosomes
are decondensed and distributed through the nucleus. However, if you could watch the uptake of the nucleic
acids that are the building blocks of DNA, you would see that the cells were busily copying their DNA and
performing many other biochemical activities.

interphase a stage in the cell cycle
that is a period of cell growth and
DNA synthesis

mitosis process involved in the
production of new cells genetically
identical with the original cell;
an essential process in asexual
reproduction

cytokinesis division of the
cytoplasm occurring after mitosis

G1 stage of Interphase the first
stage of interphase in the cell cycle
where the cell grows, increasing the
amount of cell cytosol

S stage of interphase the stage
where the parent cell replicates its
DNA; at the end of the S stage the
parent cell contains two identical
copies of its original DNA

G2 stage of interphase the
third stage of interphase where
proteins are synthesised and the cell
continues to grow in preparation for
division

cell division division of a cell into
two genetically identical daughter
cells

spindle fine protein fibres that form
between the poles of a cell during
mitosis and to which chromosomes
become attached

In a mammalian cell, a complete cell cycle takes about 24 hours. The time spent
by a cell in interphase is far longer than that spent in any other stage of the cell cycle.
For example, in mammalian cells, about 90 per cent of the time of a complete cell
cycle is spent in interphase; that is, about 22 hours. This highlights the
importance of the activities occurring during interphase.

Interphase is subdivided into three stages:
1. The G1 or gap 1 stage. During the G1 stage of interphase a cell undergoes

growth, increasing the amount of cell cytosol. The cell also synthesises proteins
that are needed for DNA replication. The mitochondria of the cell divide and, in
the cases of photosynthetic plant cells, their chloroplasts also divide. It is near
the end of this stage that the cell will either commit to continuing the cell cycle
or will drop out and not divide. If the latter occurs, the cell enters a non-dividing
quiescent G0 stage.

2. The S or synthesis stage. During the S stage of interphase the parent cell
synthesises or replicates its DNA, the genetic material of the cell. At the end of
the S stage, the parent cell contains two identical copies of its original DNA.

3. The G2 or gap 2 stage. During the G2 stage of interphase further growth of the
cell occurs in preparation for cell division. In addition, the synthesis of proteins
occurs, including those that form the microtubules of the spindle. By the end of
interphase, the cell has doubled its size.

For a typical human cell that requires 24 hours to complete one cell cycle, the time
spent in the various stages might be: G1 stage about 11 hours, S stage about 7 hours,
G2 stage about 4 hours and the remainder (mitosis and cytokinesis) about 2 hours.
This is in contrast to the rapid process of binary fission in prokaryotes that can
produce two daughter cells within a period of 20 to 40 minutes.
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FIGURE 2.5 Stages of the cell cycle. Most of the cell cycle is taken up by the three stages of interphase (G1, S
and G2). The M stage is the division stage that includes the division of the nucleus (mitosis) and the division of the
remainder of the cell (cytokinesis).

M stage

Interphase

G1 stageG2 stage

G0

S stage

Quiescence

(not dividing)

Step 2: Mitosis — organising and separating chromosomes

The appearance of chromosomes, initially thin and long, and the disappearance
of the nuclear membrane mark the start of the part of the cell cycle known as
mitosis — the M stage.

The stages of mitosis

prophase stage of mitosis in
which the chromosomes contract
and become visible, the nuclear
membrane begins to disintegrate
and the spindle forms

metaphase stage of mitosis during
which chromosomes align around
the equator of a cell

a naphase stage of mitosis during
which sister chromatids separate
and move to opposite poles of the
spindle fibre within a cell

chromatid one of two identical
threads in a replicated DNA
molecule

telophase stage of mitosis in which
new nuclear membranes form
around the separated groups of
chromosomes

1. Prophase: Chromosomes gradually condense, becoming shorter and thicker,
and become visible as double-stranded structures (figure 2.7a). The spindle
forms and the nuclear membrane breaks down.

2. Metaphase: The double-stranded chromosomes, also called dyads, line up
around the equator of the cell.

3. Anaphase: The sister chromatids separate and are pulled to opposite ends of
the spindle by the contraction of spindle fibres (figure 2.7b).

4. Telophase: A nuclear membrane forms around each separate group of
single-stranded chromosomes and the chromosomes gradually decondense.

Mitosis completes the division of the nucleus. Figure 2.6 provides details of the
different stages of mitosis.

FIGURE 2.6 The four main stages of mitosis

Prophase

Metaphase

Anaphase

Telophase
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Remember that mitosis is a continuous process. The stages of mitosis identify key changes in the appearance and
the position of chromosomes. Remember also that chromosomes are not routinely visible when viewing cells
through a light microscope. Only cells that are capable of division will ever show chromosomes and this will be
for only a short period during the cell cycle. The disappearance of discrete chromosomes does not mean that the
genetic material has disappeared; rather, the DNA is present as chromatin granules dispersed throughout the
nucleus.

FIGURE 2.7 a. False-coloured SEM image of a human chromosome that has condensed. The chromosome
is double-stranded and can be called a dyad. b. A dividing cell of a newt (Notophthalmus sp.) at anaphase of
mitosis. The chromosomes (stained blue) are attached to the microtubules that form the spindle fibres (stained
green). Keratin fibres (stained red) surround the spindle.

a. b.

chromatin a mass of genetic
material composed of DNA and
proteins that condense to form
chromosomes during eukaryotic
cell division

centromere the position where the
chromatids are held together in a
chromosome

spindle fibres clusters of
microtubules, composed of the
contractile protein actin, that grow
out from the centrioles at opposite
ends of a spindle

Let us consider the changes to chromosomes during mitosis in detail:
• Individual chromosomes first become visible as double, thread-like structures held together in a constricted

region. Each of these threads is called a chromatid and the position where they are held together is called
a centromere. The fact that the chromosomes are double-stranded and therefore contain two molecules of
DNA indicates that the genetic material in the parent cell has already been replicated.

• The chromosomes continue to shorten and thicken, and the nuclear membrane disintegrates. At the same
time, the very fine protein fibres, or micro tubules, in the cytosol move towards the nucleus. The function of
the fibres is to guide the movement of the chromosomes in the cell. The fibres become arranged in the cell,
rather like the lines of longitude on a globe, to form a structure called a spindle. The chromosomes become
attached by their centromeres around the ‘equator’ of the spindle.

• Two things then happen: the centromeres split, so that there are pairs of chromosomes, and the spindle
fibres contract.
• The contraction of the spindle fibres is responsible for the movement of the

chromosomes towards the poles of the spindle. The movement of the
new chromosomes is very ordered. One of the new chromosomes from each
pair moves to one end of the spindle; its identical pair moves towards the
opposite pole.

• The end result is a set of chromosomes at each end of the spindle. Because
the new chromosomes behave in an orderly way, the set of chromosomes
at one end of the spindle is identical to the set of chromosomes at the other end.

• The chromosomes at each end of the spindle begin to lengthen and become
less visible as distinct structures. At the same time, the protein fibres disperse
back into the cytosol and a nuclear membrane develops around each group.
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Resourceseses
Resources

Video eLesson Mitosis (eles-4143)

Interactivity Mitosis (int-8290)

Step 3: Cytokinesis

At the end of mitosis, the division of the nucleus into two new identical nuclei is complete. However, the cell
cycle is completed only after the cytosol, and the organelles in the cytosol, distribute around the new nuclei and
become enclosed within an entire plasma membrane. This final process of the cell cycle is called cytokinesis.

As the two new nuclei form at the end of mitosis, the cytosol and organelles, such as mitochondria and
chloroplasts, surround each nucleus and cytokinesis occurs. Minor differences occur during cytokinesis in
different organisms. Generally, in animal cells, the bridge of cytoplasm between the two new nuclei narrows
as the plasma membrane pinches in to separate the nuclei and cytoplasm into two new cells (see figure 2.8a). In
plant cells, a cell plate forms between the two groups of chromosomes and develops into a new cell wall for each
of the newly produced cells (figure 2.8b).

Mitosis is essentially the same in plant and animal cells. The small differences that do exist are not related to the
genetic material, nor do they have an impact on the biological significance of the process.

FIGURE 2.8 Minor differences are visible in plant and animal cells during mitosis and cytokinesis. a. An animal
cell has a pair of centrioles at each pole of the spindle and a ring of contracting filaments that separates the
cytosol and organelles during cytokinesis. b. In a newly replicating plant cell, a cell plate forms between the two
groups of chromosomes and gives rise to a new cell wall for each new cell.

a. Animal cell

Centriole

replicates

Cleavage

furrow

Nuclear

membrane

re-forms

Contracting

ring of

microfilaments

Chromosomes

uncoil and

disappear

Daughter cells

New cell wallsCell plateMiddle lamella

of new cell wall forming

b. Plant cell
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Reviewing the cell cycle

FIGURE 2.9 Summary of interphase, mitosis and cytokinesis. The drawings (middle column) show a stylised
version in an animal cell containing four chromosomes. The light micrographs (third column) show mitosis
in the endosperm of the seed of an African blood lily, Scadoxus katherinae (18 chromosomes in each cell).
Chromosomes are stained purple and microtubules are stained pink. Two daughter cells form from each cell by
the completion of the cell cycle.

STARTING POINT: One cell containing four single-stranded chromosomes

Description Drawing Light micrograph

I
N
T
E
R
P
H
A
S
E

i. In interphase, chromosomes are not visible. In the
G1 stage, the cell undergoes growth, the amount
of cytosol increases and the mitochondria and
chloroplasts divide. In the S stage, DNA replication
occurs. In the G2 stage, further growth of the cell
occurs and microtubules that form the spindle are
formed (in animal cells, these form near the centrioles). Interphase Interphase

M
I
T
O
S
I
S

ii. Chromosomes become visible early in mitosis. At
first they appear thin and long but gradually become
thicker and shorter. Later, the chromosomes can be
seen to be double-stranded, held together at the
centromere. The replicated centrioles move apart;
microtubules of the mitotic spindle continue to extend
from the centrioles.

Prophase Prophase

iii The mitotic spindle is fully formed between the pairs
of centrioles at the two poles of the spindle. The
double-stranded chromosomes (each strand is called
a chromatid) line up around the equator of the cell.
From the side, they form a line across the middle of
the cell. The nuclear membrane has disappeared.

Metaphase Metaphase

iv Each centromere divides, so that the single-stranded
copies of each chromosome move to opposite ends
of the cell as the tubules shorten. This migration is
orderly and results in one copy of each chromosome
moving toward each end of the spindle.

Anaphase Anaphase

M
I
T
O
S
I
S

v. The chromosomes become thinner and less obvious.
A new nuclear membrane begins to form around each
group of chromosomes. This completes the process of
mitosis.

Telophase
Telophase

(continued)

98 Jacaranda Nature of Biology 1 VCE Units 1 & 2 Sixth Edition

UNCORRECTED PAGE PROOFS



(continued)

STARTING POINT: One cell containing four single-stranded chromosomes

Description Drawing Light micrograph

C
Y
T
O
K
I
N
E
S
I
S

vi. Division of the cytoplasm by a process called
cytokinesis is completed. New membranes form,
enclosing each of the two new cells (and cell walls
in the case of plants). These cells then return to
interphase, and may divide again or enter G0. Cytokinesis Cytokinesis

END POINT: Two cells, each containing four single-stranded chromosomes

Remembering the order

Letter
Name of
stage

Short
description What occurs

I Interphase Intermission/
Invisible

This is the intermission between cell divisions. DNA
replication occurs. Chromosomes have not condensed
and are invisible under a light microscope.

P Prophase Plump Chromosomes condense, becoming plump and visible.
Spindle fibres form.

M Metaphase Middle Chromosomes line up along the middle of the cell.

M
it
os
is

A Anaphase Apart Chromosomes are pulled apart.

T Telophase Two nuclei Nuclear membranes form around the two sets of
chromosomes, forming two nuclei.

C Cytokinesis Cut/Cleave/
Complete

The cell membrane is cleaved to form two cells. In
plant cells, a cell plate extends from the middle to the
sides to complete the separation.

SAMPLE PROBLEM 2 Identifying the stages of mitosis
(tlvd-1745)

The following image shows mitosis.

Cell A

Cell B
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Identify the stage of mitosis of:
a. cell A b. cell B.
Explain your reasoning. (4 marks)

THINK WRITE

a. Recall the stages of mitosis:
• Metaphase — chromosomes line up along the middle
• Anaphase — chromosomes are pulled apart
• Telophase — two nuclei form
• Prophase — chromosomes appear
Observe cell A — the chromosomes are aligned along
the middle (equator) of the cell.

Cell A is in metaphase (1 mark) as the
chromosomes are lined up along the equator
of the cell (1 mark).

b. Observe cell B — the chromosomes are visible but are
not ordered.

Cell B is in prophase (1 mark) as the
chromosomes have condensed but have not
organised (1 mark).

INVESTIGATION 2.2
elog-0788

Observing the cell cycle under the microscope

Aim

To observe the different stages of the cell cycle under the microscope

Resourceseses
Resources

eWorkbook Worksheet 2.2 The cell cycle (ewbk-7213)

KEY IDEAS

• Cell replication can be used for growth, repair and procreation.
• Eukaryotic cells divide during the cell cycle, giving rise to two genetically identical daughter cells.
• The three main parts of the cell cycle are interphase, mitosis and cytokinesis.
• An essential early process in the cell cycle is the replication of DNA, which occurs during interphase.
• Mitosis is the carefully governed separation of sister chromatids and is another essential step in cell division.
• The four stages of mitosis are prophase (involving the condensing of chromosomes), metaphase (the lining

up of chromosomes along the equator), anaphase (the separation of sister chromatids) and telophase (the
formation of two nuclear membranes).

• Mitosis is followed by cytokinesis.
• Cell division in prokaryotes involves a relatively simple and rapid process of binary fission.
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2.2 Activities
To answer questions online and to receive immediate feedback and sample responses for every question, go to
your learnON title at www.jacplus.com.au. A downloadable solutions file is also available in the resources tab.

2.2 Quick quiz 2.2 Exercise 2.2 Exam questions

2.2 Exercise

1. What are the stages of interphase?
2. What is the key event of the S stage of interphase?
3. What is the average time for a complete cell cycle:

a. in a mammal
b. by binary fission in a microbe?

4. Why is binary fission considered simpler than cell division in eukaryotes?
5. Consider the image below with the labels A to F.

F
B

C

D

A

E

Place the stages A to F in order, giving the stage name and the key features you observed to support
your answer.

2.2 Exam questions

Question 1 (1 mark)
Source: VCAA 2015, Biology Exam, Section A, Q20

Which one of the following is true of prokaryotic cell division?
A. There is an equal division of the cytoplasm.
B. Daughter cells of varied genetic composition are formed.
C. Replicated chromosomes consist of two sister chromatids joined by a centromere.
D. Membrane-bound organelles are randomly distributed between the daughter cells.

Question 2 (1 mark)
Source: VCAA 2010, Biology Exam 2, Section A, Q1

replication of

chromosome

prokaryotic

chromosome
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The diagram above is a representation of
A. mitosis.
B. apoptosis.
C. binary fission.
D. gamete formation.

Question 3 (1 mark)
Source: VCAA 2014 Biology Exam, Section A, Q20

Q4.

Which one of the following is a correct statement about mitosis?
A. The spindle forms during prophase.
B. Chromatids separate to opposite poles of the spindle during metaphase.
C. Homologous chromosomes separate to opposite poles of the spindle during anaphase.
D. Homologous chromosomes line up at the equator of the cell during telophase.

Question 4 (1 mark)
Source: VCAA 2012, Biology Exam 2, Section A, Q12

The following images show plant cells from a tissue that is undergoing mitosis.

H

P

M

L

G

J

Q

The order of the cells in a single mitotic phase would be
A. Q P J M L G H.
B. P Q M G J L H.
C. P G L M J Q H.
D. Q H J P L G M.

Question 5 (1 mark)
Source: Adapted from VCAA 2008, Biology Exam 2, Section B, Q1a

When a cell replicates it goes through a series of events that can be summarised by the following diagram. The
cycle moves in a clockwise direction and includes mitosis. Note four points, labelled A, B, C and D.
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S
phase

Gap 2
phase

mitosis

Gap 1
phase

D

A

C
B

Given that two cells are formed as a result of replication, a cell must replicate its DNA during the cycle.

Briefly describe, where on the graph below, the relative amount of DNA present at each of the points B and D in
the cycle.

B D

relative amount

of DNA per cell

(arbitrary units)

4

3

2

1

0

More exam questions are available in your learnON title.

2.3 Regulation of the cell cycle

KEY KNOWLEDGE

• Apoptosis as a regulated process of programmed cell death
• Disruption to the regulation of the cell cycle and malfunctions in apoptosis that may result in deviant

cell behaviour: cancer and the characteristics of cancer cells
Source: VCE Biology Study Design (2022–2026) extracts © VCAA; reproduced by permission.

2.3.1 Regulation of the cell cycle
As examined in subtopic 2.1, the cell cycle is a complex series of events that, when error-free, produces two
identical daughter cells.

During the cell cycle, there are several checkpoints that function to ensure that a complete and damage-free copy
of the genome is transmitted to the two daughter cells. Each checkpoint can detect a particular kind of error. If
an error is detected, then depending on the type of error, the cell cycle is either aborted or it is delayed, allowing
time for the error to be corrected.
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FIGURE 2.10 The G1, G2 and M checkpoints check for any problems in the DNA sequence that may have
occurred prior to replication, during the initial replication or during mitosis. When errors such as unreplicated or
damaged DNA are found, the DNA sequence may be repaired or the cell may be targeted for destruction.

Unreplicated or

damaged DNA

Chromosome

misalignment

Damaged

DNA

G2

G1

S

STOP STOP

STOP

M

Figure 2.10 shows the location of three checkpoints in the cell cycle. These are known as the G1, G2 and M
checkpoints.

• The G1 checkpoint occurs at the G1 (Gap 1) stage of interphase, when the cell is ready to undergo
division. The DNA of the cell is checked and if it is found to be damaged or incomplete, the cell is stopped
from continuing through the cell cycle.
Instead, the cell may enter a non-dividing quiescent stage called G0, or it may be targeted for destruction.
(The ‘security guard’ at the G1 checkpoint is a protein known as p53, a tumour-suppressor protein. What
do you think might happen if a mutation occurred in the p53 gene that codes for this protein, so that it
could not carry out its normal function?)

If the cell passes the G1 checkpoint, it proceeds into the cell cycle and enters
the S stage of interphase. During the S stage, the cell replicates its DNA
so that, by the end of the S stage, the cell should have double the amount of DNA.
This DNA should be two complete and accurate copies of its genome.

• The cell now moves to the G2 stage of interphase, where it must pass the
G2 checkpoint. Here, the replicated DNA of the cell is checked for completeness
and lack of damage. If the cell passes this checkpoint, it can then advance to the
mitosis stage of the cell cycle.

• The M checkpoint (or spindle assembly checkpoint) occurs at the metaphase
stage of mitosis. A check is carried out to ensure that the sister chromatids
(that is, the two strands of each double-stranded chromosome) are attached to the
correct microtubules of the spindle and are pulled in opposite directions to
different poles of the spindle. If an error is detected, the cell cycle is delayed until
the error is fixed.

The mitotic spindle

G1 checkpoint a check that occurs
during G1 of interphase that makes
sure the DNA is not damaged and is
ready to undergo replication

p53 a protein that is coded for
by a gene of the same name and
regulates the cell cycle, hence
functioning as a tumour suppressor

G2 checkpoint a check that occurs
during G2 of interphase where
the replicated DNA of the cell is
checked for completeness and lack
of damage; if the cell passes this
checkpoint, it can then advance to
mitosis

M checkpoint a check that occurs
during mitosis where the connection
between chromatid and spindle
fibres is checked and corrected

The focus in mitosis is typically on chromosomes. However, the positioning and the
movement of the chromosomes depend on the presence of a microtubule framework,
the spindle.
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centrioles a pair of small cylindrical
organelles, used in spindle
development in animal cells during
cell division

kinetochore a special attachment
site of a chromatid by which it links
to a spindle fibre

In animal cells, once mitosis starts, the paired centrioles move to opposite ends of the cell where they form
the poles of the spindle. Clusters of microtubules grow out from the centrioles towards the middle of the cell.
These microtubule clusters are called spindle fibres. At metaphase, these fibres anchor the double-stranded
chromosomes around the equator of the cell. Each chromatid has a special
attachment site (a protein complex) called a kinetochore, which bind each
chromosome to the microtubules of the spindle (see figure 2.11).

Spindle fibres from one pole attach to one sister chromatid and fibres from the
opposite pole attach to its partner chromatid. (What would happen if the two sister
chromatids of one chromosome became linked to fibres from the same pole of the
spindle?) As mentioned earlier, this attachment is checked during the M checkpoint.

FIGURE 2.11 a. The attachment of the spindle fibres to the kinectochore b. Microscope image of a HeLa cell
treated with various stains undergoing mitosis. The pericentrin stain shows the centrioles (orange). The ACA
stain shows the kinetochores (purple). The 𝛼-tubulin stain shows the microtubules of the spindle (green). (Image
courtesy of A Loynton-Ferrand, IMCF, University of Basel)

Kinetochore

Sister
chromatids

Mitotic
spindle fibres

Spindle fibres are composed of actin, a contractile protein. At anaphase, the orderly migration of each pair of
sister chromatids is achieved by contractions of the fibres that pull these now single-stranded chromosomes to
the opposite poles of the spindle.

CASE STUDY: HeLa cells and the evolution of bioethics

FIGURE 2.12 Henrietta Lacks’ story raised
many bioethical issues at the time and led to
significant changes in the practice of medical
research.

Henrietta Lacks was a 31-year-old mother of five with
terminal cervical cancer. She died in 1951. Prior to her
death she attended a cancer clinic where her surgeon took
a tissue biopsy of her cancer cells without her consent. Her
cells have an astonishing ability to continuously replicate
and have been fundamental to cell human cell research. Her
cells are known as HeLa cells.

cancer a disease in which cells
divide in an uncontrolled manner,
forming an abnormal mass of cells
called a tumour

For more information on HeLa cells and the subsequent
evolution of bioethics, please see the digital document.

Resourceseses
Resources

Digital document Case study: HeLa cells and the evolution
of bioethics (doc-35873)
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The role of proto-oncogenes and tumor suppressor genes in the cell cycle

Like all processes in a cell, cell replication is under the control of signaling molecules.

proto-oncogene a gene that leads
to the production of proteins which
initiate the cell cycle

oncogene a gene that signals cells
to continue dividing

Proto-oncogenes are genes contained in the DNA of a cell that lead to the production of proteins that initiate
the cell cycle. These signals, of course, can be switched off, but this is not the only control in switching off the
cell cycle so that excessive production of cells does not occur. Mutations to these genes can turn these proto-
oncogenes into oncogenes, which lead to excessive production of cells (a tumor), or cancer (see section 2.3.4).

tumour-suppressor gene a type of
gene that produces a protein that
signals for cells to stop dividing

Tumour-suppressor genes also exist. The proteins made as a result of these genes signal the cell to reduce cell
division, repair DNA mistakes or to initiate programmed cell death (see section 2.3.3). Again, mutations to these
genes can also lead to tumors and cancer (see section 2.3.4).

Mitochondria and chloroplasts also replicate
We have seen that mitosis is followed by cytokinesis. This is essential so that the two new nuclei formed can
each be combined with cytosol to give two new cells. The organelles such as mitochondria and chloroplasts
within the cytosol must also be replicated during the cell cycle, otherwise cells would contain an ever-decreasing
number of these structures.

2.3.2 The cell cycle in action

Cell cycle in humans
In mammals, such as a human adult, actively dividing cells are found in several
tissues, such as the epidermis of the skin, the epithelial lining of the gut and
the bone marrow. Cell division normally occurs at a tightly regulated rate, so that the
production of new cells matches or balances the rate of cell loss. Tissues with a
population of actively dividing stem cells are tissues that have a high and continual
level of cell loss or cell death.

See subtopic 2.4 for more information about the mechanisms of cellular division
in humans.

CASE STUDY: Saving burns victims — Professor Fiona Wood

FIGURE 2.13 Professor Fiona Wood and her
colleagues developed an improved method of
skin-cell regeneration for burns victims.

Professor Fiona Wood is an Australian scientist and
Australian National Living treasure. Her work on burns
victims, particularly following the 2003 Bali bombings, has
been focussed on ‘spray on skin cells’. Theis treatment
allows regeneration of skin cells using the patients own
cells. This ability to grow new skin cells is due to the
replication by the cell cycle.

For detailed information on this process, please see the
digital document.

Resourceseses
Resources

Digital document Case study: Saving burns victims —
Professor Fiona Wood (doc-35874)
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Resourceseses
Resources

eWorkbook Worksheet 2.3 Regulating the cell cycle (ewbk-7215)

Cell cycle in other animals
FIGURE 2.14 If a starfish loses some of its ‘arms’, they regrow.
Here you can see six new ‘arms’ on a damaged starfish.Planaria, phylum Platyhelminthes, are

flatworms that live in water. They are one
of the few animals that can reproduce
asexually by regeneration. The parent
breaks into two or more pieces and each
piece grows into a new planarian. The new
parts are produced by mitosis of cells and
each new planarian is an exact copy of
the parent.

If a starfish loses some of its ‘arms’,
new ones are regenerated by mitosis
(see figure 2.14).

Cell cycle in plants

FIGURE 2.15 Light microscope image of a longitudinal section
through the meristematic tissue of a root tip

meristematic tissue the source of
the cells that grow into small clones
known as plantlets

In vascular plants, only the cells in
meristematic tissue can complete cell
cycles and divide to produce identical
daughter cells. The cells in permanent plant
tissues cannot divide. Meristematic tissue
is present in several locations, including
root tips and stems. Figure 2.15 shows a
section through the meristematic tissue of a
root tip. As a region of active cell division,
many rows of cells can be seen, including
some cells in the mitosis stage of the
cell cycle.

Epicormic shoots after a bushfire
Bushfires are common in many areas of
Australia, but the 2019–2020 summer
season saw bushfires ravage many parts
of Australia (see Background knowledge
box). Although trees may appear to be
burnt to a point that one might think they
are dead, a picture such as the one in
figure 2.16 (taken in February 2020 near
Mallacoota, Victoria, six weeks after
the area was devastated by bushfire) shows this is not the case. It is clear from
the photograph that the fire has completely destroyed the undergrowth of grasses,
shrubs and herbs. Fire-blackened trees with their scorched dead canopy of leaves
are in the background, while in the foreground the burnt trunk of a rough-barked
eucalyptus tree is visible. The tree is already showing signs of regrowth; its thick
outer layer of protective bark has insulated the underlying living tissues from the
effects of the fire.
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FIGURE 2.16 The new shoots from the trunk of a burnt eucalypt tree develop as a result of mitosis in buds
present beneath the bark.

epicormic shoot growth occurring
from dormant buds under the bark
after crown foliage is destroyed

m eristem plant tissue found in
tips of roots and shoots and made
of unspecialised cells that can
reproduce by mitosis

The trunk of a eucalyptus tree does not usually show growing shoots. However, if the
normal leaf canopy is destroyed, as happened in this fire, buds that are present beneath
the bark grow and reproduce new green leafy shoots, known as epicormic shoots.
The growth of epicormic shoots involves the production of new cells. The buds below
the bark contain tissue called meristem, which is made up of cells that are able to
reproduce to give rise to new cells. These new cells are identical to each other and to
the parent cell.

BACKGROUND KNOWLEDGE: The Australian bushfire season of 2019–2020

Australia has experienced its worst bushfire season on record in the 2019–20 summer. It has been estimated that:
• 18.6 million hectares of land was burnt
• over 5900 buildings were destroyed
• at least 34 people were killed
• 1 billion animals were killed.

This was accompanied by hazardous air pollution over large areas of the country. Multiple states of emergency
were declared in New South Wales, Victoria and the Australian Capital Territory.

Historically, much of Australia has been prone to bushfires due to a dry climate, high temperatures and low
humidity. However, the intensity and extent of this season’s fires has been subject to considerable debate
surrounding the effects of fire management practices and the role of climate change. At the start of the fire
season, much of eastern Australia was experiencing severe drought, and when combined with record high
temperatures, the fires were both intense and widespread. Although land management practices including
prescribed burning and fuel loads — have been debated, experts have suggested that these have been difficult
to achieve due to longer summer conditions, and have also been skeptical of their effectiveness, given that many
fires burnt through agricultural land.
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FIGURE 2.17 A new plant develops from each of the small bodies
that splash out of the gemma cups on a liverwort plant. The new
plants are genetically identical to the parent plant.

rhizoids fine, root-like structures
present in some plants, such as
mosses

Liverworts, genus Hepatica, are small
plants that have a flat, fleshy, leaf-like
structure from which rhizoids extend
into the soil. The name liverwort is
derived from the shape of the organism —
rather like that of a liver — and the
Anglo-Saxon word for herb — wort.
In addition to reproducing sexually,
liverworts reproduce asexually by means
of fragmentation of parts of the plant.
Also, liverworts produce gemmae —
small, multicellular bodies produced in
special cup-like structures called gemma
cups (see figure 2.17). When rain falls,
the gemmae are splashed out of the cup.
Gemmae are produced from cells of the
parent plant by mitosis. When they grow
into new plants they do so by mitosis.
The new liverwort plants produced by
growth of the gemmae are genetically
identical to the parent plant from which
they were derived.       

Cell cycle in fungi
The cell cycle plays an important role in the reproduction of fungi.

fungal spores microscopic
biological particle that
allows fungi to reproduce asexually

hypha long, branching, filamentous
structure of a fungus that make up
mycelium

The fungus or mould you see on bread or fruit grows by mitosis. A single cell,
a fungal spore, lands on food and grows into a mass of threads called hyphae.
Specialised stalks — each with a spore case at its tip — grow up from the mass of
hyphae (see figure 2.18 ). Mitosis occurs within the spore case and thousands of black
spores are formed. On maturing, the spore case splits open and the tiny, light spores
are scattered. When conditions are favourable, each spore germinates and grows into a
new hyphal mass.

FIGURE 2.18 The fungus on a rotting tomato a. comprises a mass of white threads or hyphae. Asexual
reproduction occurs at the tips of some hyphae and b. large numbers of black spores are formed, each genetically
identical to the parent.

a.

Hyphae

of the 

mycelium

b.

Spores
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2.3.3 Programmed cell death

FIGURE 2.19 A healthy cell will continue replicating,
whereas one that can no longer replicate undergoes
apoptosis.

Cell with genetic

alteration

Apoptosis

Senescence is process, from the first cell division to apoptosis

Normal cell

Each healthy cell divides into two different

cells with identical sets of genetic material

At any time, the cells in many organs and tissues of
our bodies are in a state of turnover — old cells are
dying and new cells are being formed through the
cell cycle. This turnover is happening, for example,
in cells that form the lining of the gut, in cells of
the epidermis of the skin and in cells of the blood.
In adults, the rates of the two processes are closely
related so that, normally, a balance exists between the
rate of new cell production and the rate of cell loss;
that is: rate of cell renewal = rate of cell death.

Problems in cells result in abnormal cell behaviour.
Damage to the cell’s DNA is detected by the
organism and leads to a process called apoptosis or
programmed cell death(figure 2.19). Apoptosis is a
genetically controlled and highly regulated process of
cell self-destruction. Apoptosis plays an essential role
in healthy body functioning.

apoptosis the programmed death
of cells that occurs as a normal and
controlled part of an organism’s
growth or development

The signal pathway of apoptosis brings about the
planned death of various cells. These include
the following.

• Cells at the end of their natural life, such as gut
lining cells and skin cells

• Dysfunctional, damaged or diseased cells,
including:
• cells infected with a virus — the programmed death of these cells prevents the virus from replicating and

spreading to other cells
• cells with irreparable issues detected during the checkpoints in the cell cycle.

• Excessive cells:
• Every day, the bone marrow produces millions of new immune cells (white blood cells) and red blood

cells. Over the same period, this production of new cells must be balanced by the loss of a similar
number of cells. This is achieved in an orderly manner through apoptosis.

• During embryonic development, the final shaping of organs depends on the
programmed cell death of excess cells. Figure 2.19 shows the role of
apoptosis in digit formation in a human embryo. By week eight, a
structure with five distinct digits is clearly visible, with the ‘webbing’
between the digits having been removed by apoptosis.

FIGURE 2.20 Apoptosis allows for the formation of five digits by removing excessive cells.

Cell death

Viable tissue

1 2 3 4
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Pathways leading to apoptosis

There are two mechanisms by which apoptosis can be achieved:

intrinsic coming from inside

extrinsic coming from outside

blebs bulges of the cell membrane
created as the cytoskeleton of the
cell breaks down; these break off to
form apoptotic bodies

apoptotic body vesicle containing
parts of a dying cell

• an intrinsic (internal) signal within the cell
This is also known as the mitochondrial pathway. The intrinsic pathway is used when cells come
under stress such as through infection or damage. When cells are damaged during the cell cycle and
the damage cannot be repaired, they undergo apoptosis via the intrinsic pathway.

• an extrinsic (external) signal generated by our immune system.where the signal is
from a source external to the cell.
This is also known as the death receptor pathway. One way this may be generated
is by a signal from the immune system.

Both mechanisms set off a biochemical pathway (shown in figure 2.20) that results in:
• cell shrinkage
• the formation of blebs (protrusions of the cell membrane)
• the eventual formation of apoptotic bodies
• the cleanup of apoptotic bodies through phagocytosis (after apoptosis)

FIGURE 2.21 A cell receives the signal to undergo apoptosis and undergoes shrinkage and blebbing to form
apoptotic bodies. Phagocytosis occurs to clean up and recycle the contents of the apoptotic bodies, but is not a
part of apoptosis.

Cell begins

apoptosis

Formation of blebbing

Partition of

cytoplasm and
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EXTENSION: Mechanisms of apoptosis

Delving deeper into the control of apoptosis, we must divide the mechanisms based
on where it originates within the cell (intrinsic pathway) or outside the cell
(extrinsic pathway).

cytochrome C a protein that has
a role in the formation of ATP in
mitochondria; its leakage from the
mitochondria leads to apoptosis

apoptosome a large protein formed
during apoptosis; its formation
triggers a series of events that leads
to apoptosis

caspase cascade a group of
proteins that are sequentially
activated to bring about apoptosis

caspases protease enzymes
that break down proteins during
apoptosis

ligand a substance that forms a
complex with a biomolecule to serve
a biological purpose, such as the
production of a signal upon binding
to a signal

death receptor receptors on
the surface of the cell that, when
activated, lead to apoptosis of the
cell

The protein p53, as mentioned in section 2.3.1, is a tumour suppressor protein.
When problems in the DNA arise, p53 leads to leakage of a protein called
cytochrome C from the mitochondria. This results in the formation of the
apoptosome, a large protein that in turn activates the caspase cascade
(figure 2.22). Caspases are a set of proteins that are sequentially activated
(from a pro-caspase) and break down proteins within the cell. This cell breakdown
results in the formation of apoptotic bodies.

Sometimes the intrinsic pathway is not activated but the cell can still be marked
for destruction. A ligand binds to a death receptor on the surface of the cell. This
then activates the caspase cascade, leading to apoptosis. The extrinsic pathway,
once activated, can also lead to the activation of the intrinsic pathway. This pathway
is activated by signals such as tumour necrosis factors (TNF). An example of a
TNF is the ligand Fas. This intiates FADD, a specialised protein that cactivate
a pro-caspase.

FIGURE 2.22 The intrinsic and extrinsic pathways leading to apoptosis. Both these pathways involve the
activation of caspases.
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Resourceseses
Resources

eWorkbook Worksheet 2.4 Apoptosis (ewbk-7217)

Video eLesson Apoptosis (eles-3694)

Interactivity Apoptosis (int-8291)
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2.3.4 When things go wrong: deviant cell behaviour
As discussed earlier in this topic, the cell cycle in various tissues is normally regulated so that, in a mature
organism, the rate of production of new cells balances the rate of loss of cells.

Psoriasis

FIGURE 2.23 Psoriasis
on the skin of a person’s
back. This condition
is a result of the
overproduction of
skin cells.

psoriasis chronic autoimmune
condition in which skin cells are
overproduced, resulting in raised
patches of red, inflamed skin, often
covered in a crust of small silvery
scales

If the rate of cell production exceeds that of cell loss, a build-up of cells results.
This can be seen in the skin condition psoriasis (see figure 2.23). Psoriasis is a
chronic autoimmune condition in which skin cells are overproduced, resulting

in raised patches of red inflamed skin, often covered in a crust of small
silvery scales.

Cancer: control of the cell cycle gone awry
More serious consequences of errors in the regulation of the cell cycle in a tissue
are cancers.

melanoma cancer derived from
the pigment-producing cells
(melanocytes)

Cancers may result from a breakdown of the normal regulation of the cell cycle,
when the cycle becomes uncontrolled. In cancerous tissue, cells reproduce at
a rate far in excess of the normal regulated rate of the cell cycle and produce masses
of cells called tumours. Some tumours are malignant, such as melanomas, which are cancers derived from the
pigment-producing cells, or melanocytes, of the skin epidermis. In malignant tumours, individual cells can break
free from the primary tumour and migrate throughout the body, establishing sites of secondary cancers.

A clue to what goes wrong in cancer comes from studying cells growing in culture in a Petri dish in a laboratory.
In culture, normal (non-cancerous) cell numbers increase through regulated cell divisions and form a single,
orderly layer attached to the base of plastic dishes. These cells do not crowd; they are said to show contact
inhibition. In addition, normal, non-cancerous cells typically undergo a limited
number of cell cycles.

In contrast, cancerous cells in culture continue to divide in an unregulated manner.
These cells show no contact inhibition, become crowded and form masses of cells
in disorganised multiple layers. In addition, the number of cell cycles that cancerous
cells can undergo is unlimited.

What causes the breakdown in the control of the cell cycle in cancerous cells?

TABLE 2.2 Comparing the cell cycle in normal and cancerous cells

Normal cells Cancerous cells
The rate of cell division is regulated so that, in a
mature organism, cell production matches cell loss.

Mutations in genes that control the cell cycle occur,
causing the cell cycle to continue in an unregulated
manner.

Checkpoints exist in normal cells to ensure that the
DNA that is to be transmitted to daughter cells is
complete and error free (see section 2.3.1).

Checkpoints are overridden or fail.

Chemical signals convey information to cells about
when to divide faster and when to slow down or stop
dividing.
Two kinds of genes are involved in this signalling:
proto-oncogenes that signal cells to continue
dividing, and tumour-suppressor genes that signal
cells to stop dividing.

Mutations in the proto-oncogenes and tumour-suppressor
genes disrupt the control of the cell cycle. Proto-
oncogenes that are mutated that lead to cancer are known
as oncogenes.

Contact inhibition occurs, which stops cell division if
overcrowding occurs.

Contact inhibition does not occur — the cells continue to
grow and masses of cells form.
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metastasis a process where
malignant tumours spread
throughout the body

In cancer cells, these various controls of the cell division cycle are lost and no error detection or error correction
takes place. The cells continue to divide even in the presence of significant DNA damage and do not respond to
signals to stop dividing. When this happens, abnormal cells with errors in their DNA continue through the cell
cycle, passing these errors on to their daughter cells, and these cells in turn will pass the errors on to their
daughter cells. This results in the formation of a tumour. While some tumours are
benign, others are malignant because cells from these tumours can enter the
bloodstream or lymphatics and spread to other regions of the body —
a process known asmetastasis (see figure 2.24)

FIGURE 2.24 a. Longitudinal section of a breast showing normal tissues b. i. Development of a discrete tumour
or ‘lump in the breast’ ii. Development of tumour into cancer iii. Spread of cancer within the breast, and migration
of cancer cells from the breast through lymph vessels and blood vessels to new sites where secondary cancers
develop — the process of metastasis c. Spread of breast cancer cells in vitro; that is, in a cell culture in the
laboratory. Migrating cancer cells show the presence of a specific protein, vimentin, that stains green and is not
present in normal cells. Note how the cancer cells (green) migrate and multiply, filling the space and crowding out
the normal cells (red). (Image courtesy of Professor Leigh Ackland)

b.  i.

ii.

iii.

Tumour

Lymph

vessel

Secretory lobule

Rib

a.

Milk duct

c. i.

iii.

ii.

114 Jacaranda Nature of Biology 1 VCE Units 1 & 2 Sixth Edition

UNCORRECTED PAGE PROOFS



To illustrate the overriding of checkpoints, as introduced in section 2.3.1, the ‘security guard’ that operates the
G2 checkpoint is a protein called p53. The normal p53 protein binds to DNA, and this sets up a sequence of
events that stops cells from continuing through the cell cycle and enables checks to be carried out. However,
when a mutation of the controlling gene occurs, the abnormal p53 protein cannot bind to DNA, so the cell cycle
cannot be stopped. As a result, cells can divide in an uncontrolled manner and form tumours.

SAMPLE PROBLEM 3 Effect of drugs on mitosis and cell replication
tlvd–1746

Some drugs used in the treatment of cancers act on microtubules. They act by interfering with the
normal contraction and extension capabilities of microtubules. Explain the effect you would expect
such drugs to have on mitosis and cell replication. (4 marks)

THINK WRITE

Recall that microtubules are a component
of centrioles and spindle fibres are made of
microtubules that extend from the centrioles.

Consider the distinct points required to gain four
marks. If any of the microtubules are affected by
the drug, the spindle will not:
• form correctly
• adhere to the kinetochore; or
• function (contract) to pull the chromosomes

apart at anaphase. This will be picked up at the
M checkpoint.

As a result, mitosis cannot be completed, so there
will be no cellular reproduction.
TIP: Use key terms: mitosis, cell replication,
contraction, expansion, microtubules.

Interference with the ability of microtubules to expand
and contract will affect the formation and contraction
of the mitotic spindle, (1 mark) therefore affecting its
ability to separate chromosomes during anaphase
(1 mark).

Without a functioning spindle, mitosis cannot occur,
(1 mark) therefore there will be no cell replication
(1 mark).

Many cancers have a genetic component. Some cancers are inherited; for example, retinoblastoma, a cancer of
the eye. In other cases, the presence of a particular gene can increase the risk of occurrence of a cancer. The
BRCA1 and BRCA2 genes are rare, but between 45 and 90 per cent of women with one of these genes develop
breast cancer. These genes also increase the risk of ovarian cancer. The BRCA2 gene in men increases their risk
of developing breast or prostate cancer. However, it should be noted that these genes are involved in only a small
percentage of cancers of a particular organ; for example, less than 3 per cent of breast cancers are caused by a
faulty gene.

Resourceseses
Resources

eWorkbook Worksheet 2.5 Disruption of the cell cycle (ewbk-7219)
Teacher-led video Apoptosis and malfunctions (tlvd-1846)

Weblink Apoptosis in cancer: from pathogenesis to treatment
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KEY IDEAS

• Checkpoints occur at various points in the cell cycle. Some checkpoints identify damaged or missing
DNA and delay or stop the cell cycle.

• During the G1 checkpoint, the DNA of the cell is check for damage before being replicated.
• During the G2 checkpoint, DNA replicated in the S stage of interphase is checked.
• The spindle is essential for chromosome arrangement and precise movement during mitosis.
• Sister chromatids must become linked to spindle fibres from opposite poles of the spindle to pass the

M checkpoint.
• Actively dividing human tissues include the epidermis of the skin, the epithelium of the gut and the

bone marrow.
• The meristematic tissue of plants contains cells that can complete the cell cycle and produce identical

daughter cells.
• In vascular plants, meristematic tissue is present in root tips, shoots and stems.
• Cell division in epicormic shoots is important in the recovery of trees damaged by bushfire.
• Some cells produced by the cell cycle have a reproductive function, but offspring from this process are

genetically identical.
• Apoptosis is programmed cell death for cells that are infected, no longer needed or no longer able to

reproduce correctly.
• Apoptosis requires either an internal or external signal to proceed.
• Apoptosis results in cell shrinkage and blebbing to form apoptotic bodies.
• The cell cycle is normally regulated so that, in a mature organism, the rate of production of new cells

balances the rate of loss of cells.
• Cancers may result from the breakdown of the normal control of the cell cycle.
• Cancerous cells are characterised by unregulated rates of cell division.

2.3 Activities
To answer questions online and to receive immediate feedback and sample responses for every question, go to
your learnON title at www.jacplus.com.au. A downloadable solutions file is also available in the resources tab.

2.3 Quick quiz 2.3 Exercise 2.3 Exam questions

2.3 Exercise

1. What is the role of the M checkpoint?
2. In which plant tissues would you expect to find dividing cells?
3. Consider the gemmae of liverworts. Would the next generation of plants that are derived from the

gemmae of one liverwort be genetically identical or genetically dissimilar?
4. How do epicormic shoots contribute to the survival of fire-damaged trees in the Australian bush?
5. After a cell with 10 chromosomes completed the cell cycle, its daughter cells were examined.

One daughter cell was found to contain 11 chromosomes and the other daughter cell had only 9
chromosomes. Suggest a possible explanation in biological terms for this observation.

6. What are the role of proto-oncogenes and tumour-supressor genes in controlling the cell cycle?
7. An error occurs in the DNA that leads to the formation of p53, a tumour-supressor gene. Outline what

will occur as a result of this damage.

2.3 Exam questions

Question 1 (1 mark)
Source: VCAA 2014 Biology Exam, Section A, Q9

In apoptosis
A. a cell rapidly divides and releases antibodies.
B. an inflammatory response is initiated by cell fragments.
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C. nuclear material and organelles are broken down.
D. DNA is replicated.

Question 2 (1 mark)
Source: VCAA 2013, Biology Section A, Q12

In multicellular organisms, cells have receptors for death-signalling molecules. These death-signalling molecules
play a role in apoptosis. The death-signalling molecules
A. allow for tumour formation.
B. act by decreasing the rate of mitosis.
C. initiate a response causing a cell to swell and burst.
D. result in destruction of cells that are no longer required.

Question 3 (2 marks)

The p53 gene is a tumour-suppressor gene that checks for damage to DNA during interphase of the cell cycle.

A scientist investigated the action of the p53 gene by irradiating cells during the G2 phase of the cell cycle. The
radiation treatment caused damage to the cells’ DNA. He then observed the cells’ behaviour through the rest of
the cell cycle.

The scientist had two groups of cells in his experiment:

Group A—cells that possessed the normal p53 gene Group B—cells that lacked the p53 gene.

In group A cells, the G2 phase stopped until the DNA damage was repaired. Following the repair, mitosis
commenced and the cell cycle continued.

State two observations that the scientist would make for the irradiated group B cells.

Question 4 (2 marks)
Source: VCAA 2009, Biology Exam 2, Section B, Q1b, c

Diagram X outlines a mitotic cell cycle. Image D shows the appearance of a chromosome during one of these
cycles.

gap 1
P

Q
R

V

W

Diagram X: Outline of the mitotic cell cycle Image D

a. Explain at which labelled point (P, Q, R, V, W) in the cycle image D would be found.
b. Explain why apoptosis sometimes occurs during the cell cycle represented in the above diagram.

Question 5 (2 marks)

The diagram shows cells in a cancerous tumour.
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Normal cells Cancer cells

a. How does a tumour form?
b. If a tumour invades healthy tissue it can harm a person’s health. Explain why invasive tumours are

harmful.

More exam questions are available in your learnON title.

2.4 Cell differentiation
KEY KNOWLEDGE

• Properties of stem cells that allow for differentiation, specialisation and renewal of cells and tissues,
including concepts of pluripotency and totipotency

Source: VCE Biology Study Design (2022–2026) extracts © VCAA; reproduced by permission.

2.4.1 Differentiation and specialisation

differentiation the process by which
cells, tissues and organs acquire
specialised features

specialisation the adaptation of
something for a specific function

Cell differentiation is the process by which cells become specialised for a specific function. In this process, the
gene expression (proteins produced by the cell) becomes specialised for a purpose. But this comes at a cost —
these cells lose the ability to reproduce themselves.

As a result, some cells must remain undifferentiated to replenish cells when needed. These cells are called
stem cells.

Consider the development of a human from one solitary cell to the 37.2 trillion cells and numerous different cell
types of a human adult.

In the transition from a single-celled zygote to a newborn baby, remarkable changes will take place:
• Many mitotic cell divisions occur that, by the time of birth, will increase the total number of cells to many

billions. Estimates of the number of cells in a newborn vary; however, a reliable indication that this figure
must be in the billions comes from one study that identified, at birth, the
number of cells in just the forebrain is 38 billion. (Source: GB Samuelsen
et al., ‘The changing number of cells in the human fetal forebrain and its
subdivisions: A stereological analysis’, Cereb. Cortex, vol. 13, pp.
115–122, 2003.)

118 Jacaranda Nature of Biology 1 VCE Units 1 & 2 Sixth Edition

UNCORRECTED PAGE PROOFS



• A process of cell differentiation occurs, which will produce an over 200 different cell types.
• A process of organisation of these differentiated cells of various types into tissue organs and systems

occurs.

2.4.2 Stem cells FIGURE 2.25 Stem cells are unspecialised and can
differentiate into specialised cells

Stem cells possibities

Neurons (nerve cells)

Cardiac cells

Hepatocytes (liver cells)

Enterocytes (intestinal cells)

Stem cell

Osteocytes (bone cells)

Stem cells are undifferentiated or unspecialised
cells that have the ability to differentiate into
organ or tissue-specific cells with specialised
functions, such as nerve cells, blood cells, bone
cells, heart cells, skin cells and so on. These
terminal cells with specialised functions, such as
a liver cell or a muscle cell, are differentiated and,
once differentiated, cannot normally revert to an
undifferentiated state.

A second feature of stem cells is that they are
capable of dividing and renewing themselves over
long periods. Figure 2.27 shows mouse stem cells
that have been stained to show the presence of one
of the proteins (Oct4) that is essential to keep the
stem cells in an undifferentiated state.

FIGURE 2.26 The ear and hand of a 20-week-old
male foetus. Twenty weeks prior it was a single
fertilised egg.

FIGURE 2.27 Mouse stem cells. The
yellow colouring shows the presence
of a protein, known as Oct4, which is
essential to keep these stem cells in an
undifferentiated state.

crypts intestinal infoldings located
between intestinal villi, where the
intestinal stem cells are positioned

Some stem cells in your body are constantly dividing to replace tissues. Examples of
these are the stem cells in the basal layer of your skin (refer to section 2.4.4, figure
2.32) and the stem cells in the crypts of your intestine (refer to section 2.4.4, figure
2.33). Each of these stem cells divides to produce a specialised differentiated cell and
a replacement stem cell (see figure 2.28). This is how stem cells self-renew.
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FIGURE 2.28 The division of a stem cell by mitosis gives rise to two daughter
cells, one of which differentiates to become a specific cell type and the
other that replaces or renews the original stem cell. Why is this self-renewal
important?

Stem cell

Self-renewal

Differentiated cell

Differentiation

Different kinds of stem cells occur and they can be distinguished in terms of their
potency to produce different cell types.

Different stem cell potencies

totipotent a cell that is able to give
rise to all different cell types

embryo early stage of a developing
organism; in humans this includes
the first eight weeks of development

pluripotent a cell that can
differentiate into many different cell
types

ectoderm the most external primary
germ layer that differentiates into
epithelial tissue

mesoderm the middle primary germ
layer that differentiates into various
tissues and organs, including the
heart

endoderm the innermost primary
germ layer that differentiates into
digestive lining and organs like the
lungs

multipotent a cell that can
differentiate into a number of closely
related cell types

oligopotent a cell that has the
ability to differentiate into a few
different cell types

unipotent a cell that has the ability
to produce only cells of their own
type

• Totipotent (from the Latin, totus = entire). These cells have the potential
to give rise to all cell types. Totipotent cells include the fertilised egg and
embryonic cells of a two, four or eight-cell embryo.

• Pluripotent (from the Latin, plures = several). These are the cells of the
primary germ layers: ectoderm, mesoderm and endoderm. These cells can
differentiate into many cell types. Examples include embryonic stem cells
from the inner cell mass of the embryonic blastocyst.

• Multipotent. T hese cells have the ability to differentiate into a closely related
family of cells; for example, a multipotent blood stem cell can develop into a
red blood cell, a white blood cell or platelets (all specialised cells).

• Oligopotent. T hese cells have the ability to differentiate into a few
cell types; for example, adult (somatic) lymphoid or myeloid stem cells.

• Unipotent. These cells have the ability to produce only cells of their own
type, but because they can self-renew they are termed stem cells. Examples
include adult (somatic) muscle stem cells.

2.4.3 Sources of stem cells
Stem cells can be obtained from the sources shown in figure 2.29.

FIGURE 2.29 Sources of stem cells

Sources of stem

cells

Parthenote
(unfertilised egg)

Embryonic stem
cells 

Pluripotent stem
cells

Multipotent stem
cells

Induced pluripotent
stem cells

Adult/somatic stem
cells

Embryo
Somatic cells (i.e.

bone marrow)

120 Jacaranda Nature of Biology 1 VCE Units 1 & 2 Sixth Edition

UNCORRECTED PAGE PROOFS



These types of stem cells can be examined in more detail.

embryonic stem cell (ESC) an
undifferentiated cell obtained
from early embryonic tissue that is
capable of differentiating into many
cell types

parthenote potential source of
embryonic stem cells, derived
from unfertilised human eggs that
are artificially stimulated to begin
development

adult stem cells undifferentiated
cells obtained from various sources
and capable of differentiating into
related cell types; also known as
somatic stem cells

• Embryonic stem cells (ESCs) may be obtained from the inner cell mass of an early embryo at the
blastocyst stage (see figure 2.30); that is, the clump of cells adhered to the inside surface of a blastocyst
(see figure 2.31a). A single cell is isolated from this inner cell mass and is grown in culture, dividing by
mitosis to produce a culture of stem cells. These ESCs are obtained from extra embryos created as part of
IVF procedures that are in excess of requirements. Taking these cells from the inner mass of a blastocyst
destroys an embryo and therefore this procedure has raised ethical issues.

• Parthenotes are another potential source of ESCs. These are derived from unfertilised human eggs that are
artificially stimulated to begin development. Such an egg, of course, may start development, but it is not
capable of developing into a human being.

• Adult stem cells (more accurately called somatic stem cells) can be obtained from various sources
throughout the body, such as bone marrow, skin, the liver, the brain, adipose tissue and blood. In addition,
another source of stem cells is cord blood, which can be harvested from the umbilical cord of a baby after
birth (see figure 2.31b). Samples of some of these tissues are more accessible than others, such as blood.
Bone marrow and adipose tissue are harder to obtain, and can be harvested by drilling into bones (usually
the iliac crest or the femur) or through liposuction respectively.
Somatic stem cells are multipotent. This means that they can give rise to particular cell types such as
different kinds of blood cells or skin cells. Cord blood, for example,
contains mainly stem cells that give rise to various blood cells.

induced pluripotent stem cell
(IPSC) a stem cell that has been
genetically reprogrammed to return
to an undifferentiated embryonic
state

• Induced pluripotent stem cells (iPSCs). Research by Shinya Yamamaka
in Japan in 2006 led to the discovery that some specialised adult
somatic (skin) cells could be genetically reprogrammed to return to an
undifferentiated embryonic state. This reprogramming was achieved by
the addition to these cells of four specific embryonic genes, which encode
proteins that are known to keep stem cells in an undifferentiated state.
One of these genes is the OCT4 gene that encodes the Oct4 protein (see
figure 2.27). The creation of iPSCs does not involve the ethical issues
related to the embryo deaths that necessarily accompany ESCs derived
from blastocysts.

The ability to produce iPSCs is supporting new lines of research into disease and
drug development. For example, iPSCs can be made from skin samples of
patients with Parkinson’s disease, and these cells show signs of that disease.
This means that aspects of the disease can be studied in detail in cell cultures
in the laboratory, allowing the effectiveness of new drugs to be explored using
these iPSCs.

cell-based therapies the use of
stem cells in the treatment of human
disorders or conditions to repair the
mechanisms of disease initiation or
progression

Cell-based therapies using iPSCs are not practical at present. The current
procedure for reprogramming of somatic cells involves genetic modification,
which can sometimes cause cells to produce tumours.

FIGURE 2.30 The development of a fertilised egg to a blastocyst stage

Fertilised

egg

Two-cell
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(10–30 cells)

(day 4)
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(day 5)
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(form placenta)
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FIGURE 2.31 Stem cell lines can be created from various sources. a. One source of stem cells is embryonic stem
cells from the inner cell mass of a blastocyst. b. Somatic stem cells can be extracted from bone marrow and from
umbilical cord blood. Somatic stem cells is the preferred term for adult stem cells. In order to differentiate into
multiple cell types like embryonic stem cells, they need to be induced to be pluripotent (iPSCs).

Embryonic stem cells

Bone cells

Nerve cells

Skin cells

a.

b.

Blood cells

Somatic (adult) stem cells

Stem cells removed

from inner cell mass

of blastocyst Stem cells

cultured in
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blood and bone marrow induced to be pluripotent

Resourceseses
Resources

eWorkbook Worksheet 2.6 Stem cells (ewbk-7221)

Teacher-led video The types of stem cells (tlvd-1847)

Weblink Stem Cells Australia

2.4.4 Somatic stem cells
There are a number of cell types that somatic stem cells can be derived from. The following are some examples.

Basal stem cells of the epidermis

FIGURE 2.32 Cell division in the epidermis of the skin. The basal stem
cells divide to produce two cells, one of which replaces the parent stem
cell, while the other will differentiate and progressively move to the skin
surface and be lost. The cells at the surface become filled with keratin
and die.

Basal stem cell

Stem cell

In human skin, surface cells are
constantly being shed and are being
replaced by daughter cells produced
by division of basal stem cells. Each
basal stem cell that undergoes cell
division produces two daughter
cells. Of these two daughter cells,
one becomes a keratinocyte and
the other remains in the basal layer
as a basal stem cell, replacing the
original parent cell. The other
daughter cell progressively moves
upwards through the epidermis,
differentiates into a keratinocyte
and is shed from the skin surface
(see figure 2.32). Within a period of
about 48 days, the entire epidermis
is replaced by new cells. This means
that the skin that you have today is
made of completely different cells
from the skin that you had two
months ago.

122 Jacaranda Nature of Biology 1 VCE Units 1 & 2 Sixth Edition

UNCORRECTED PAGE PROOFS



For a newly produced cell to move from the base of the epidermis where it was formed to the base of the dead
layer of cells takes about two weeks. To move through the layer of dead cells and be shed takes a further four
weeks. An estimate of the rate of loss of dead skin cells from an adult person is 30 to 40 thousand per hour.
This makes the cell cycle activity of basal stem cells of the epidermis very important.

The ability of the skin to heal after considerable damage, as exemplified by the recovery of burns patients, is due
to the presence of stem cells in the basal layer of the epidermis and the stem cells in the dermis.

Intestinal stem cells of the gut
The epithelial lining of the small intestine is regenerated every four to five days. This means that a person aged
18 years will have experienced more than 1000 replacement cycles of the lining of the small intestine.

FIGURE 2.33 a. Longitudinal section through the small intestine showing the upward-projecting villi with the
downward-projecting crypts. Intestinal stem cells that are responsible for the regeneration of the intestinal lining
are located in these crypts. b. Diagram showing the progression of the cells produced by the intestinal stem cells.
Note that of the two cells produced by a stem cell, one will differentiate into a cell on the villus and the other
replaces the stem cell.
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As intestinal cells die, they are replaced by new cells produced by intestinal stem cells. These stem cells are
located at the base of infoldings, known as crypts, that are located between intestinal villi (singular = villus)
(see figure 2.34). The replacement cells formed by division of the stem cells take two to seven days to move
from the crypts to the tip of the villi from where they are lost.

Haematopoietic stem cells
Haematopoietic stem cells, located in the bone marrow, divide to give rise to cells that subsequently differentiate
into the various types of blood cells, including red blood cells, white blood cells of various kinds and platelets
(figure 2.34). Bone marrow is a spongy tissue found in the core of most bones, including the ribs, hips and spine.
Most blood cells are short-lived and must be constantly replaced.

FIGURE 2.34 All blood cells develop from stem cells in bone marrow. Stem cells continually reproduce by mitosis
and then differentiate.
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Resourceseses
Resources

Video eLesson Somatic nuclear transfer (eles-2465)

2.4.4 Stems cells in medicine

Stem cells in regenerative medicine
As people age, a number of degenerative disorders appear more commonly, such as Parkinson’s disease. This
particular disorder results from the death of certain brain cells that normally produce a chemical (dopamine)
that controls muscle movements. People with Parkinson’s disease show impairment of their motor movements,
balance and speech. Early treatment for Parkinson’s disease involved administering dopamine to affected
persons. This treatment gave only short-term improvement.
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Is there a way in which the lost dopamine-producing cells can be replaced? Experimental work is now
proceeding on the potential use of stem cells to replace the lost cells in the brain.

regenerative medicine an
experimental field of research
involving stem cells in medicine that
raises promise for the treatment of
degenerative conditions and severe
trauma injuries

Because stem cells have the unique ability to regenerate damaged tissue, research is being carried out on the
potential of their use in the treatment of a large number of human disorders or conditions. Potential uses of
stem cells for these purposes are called cell-based therapies, and the field of research is termed regenerative
medicine.

In Australia, the only proven cell-based therapies are corneal (eye), skin grafting and blood stem cell transplants
for the treatment of some cancers, autoimmune diseases, as well as some blood, inherited immune and metabolic
disorders. These therapies are traditional cell therapies in which cells or tissues
are taken from a donor and transplanted into or onto a recipient. As detailed
in the Case study, significant developments are being made in the culturing
of stem cells and their differentiation into specific cell types under laboratory
conditions. This will significantly increase our understanding of genetic diseases
and ultimately allow for more targeted (patient-specific) treatments to be
developed.

CASE STUDY: Stem cell research in
Melbourne — Murdoch Children’s
Research Institute

FIGURE 2.35 Small round blood cells (blue)
in close association with linear, branching
blood vessels (endothelium) (red). All cells
were differentiated in vitro from human
pluripotent stem cells as part of the Stem
Cell Medicine program at MCRI.

The Murdoch Children’s Research Institute in Melbourne is
home to the Stem Cell Medicine program, which is a world-
leading research program in induced pluripotent stem cells
(iPSCs). The program is currently conducting research into
a number of diseases, including kidney and heart diseases,
blood, immune, brain and muscle disorders.

For detailed information on the stem cell research of the
institute, please see the digital document.

Resourceseses
Resources

Digital
document

Case study: Murdoch Children’s Research
Institute (doc-35875)

Resourceseses
Resources

Weblinks Murdoch Children’s Research Institute

Stem Cells Australia

TOPIC 2 The cell cycle and cell growth, death and differentiation 125

UNCORRECTED PAGE PROOFS



FIGURE 2.36 Injured spinal cord of mouse
following injection of human stem cells.
These stem cells developed into myelin-
producing cells that form a wrapping
(green) around nerve cells (red) (see the
areas marked by arrowheads). Other nerve
cells remained without a myelin wrapping
(see the areas indicated with arrows).

Regenerative medicine using stem cells has extraordinary
potential to reverse or alleviate conditions once thought to be
permanent. Scientists at the University of California reported
that, following the injection of human stem cells from nerve
tissue into the spinal cords of paralysed mice, the test group of
mice displayed better mobility than the non-injected controls
after just nine days and, after four months, the test group of
mice could walk. The stem cells migrated up the spinal cord
and developed into different kinds of cells, including those cells
that form insulating layers of myelin around nerve cells. Figure
2.36 shows the growth of myelin around nerve cells in the
damaged region of a mouse spinal cord following injection of
stem cells. Unfortunately, use of stem cells to treat spinal cord
injuries in humans is problematic, largely due to a significant
lack of trials in humans, which precludes strong evidence that
the treatment is effective and safe over the long-term. However,
in 2019, Japan approved stem cell treatment for spinal-cord
injuries in a therapy known as Stemirac. In this case, the
therapy uses stem cells from the patient’s bone marrow, which
are cultured externally and then returned to the patient, making
double-blind studies impossible.

Resourceseses
Resources

Weblinks Japan’s approval of stem-cell treatment for spinal-cord injury concerns scientists

Japan responds: stem-cell therapy justified

Therapeutic cloning

therapeutic cloning cloning carried
out to create an embryo from which
stem cells can be harvested

The purpose of therapeutic cloning is to produce stem cells for use in treatment.

Therapeutic cloning involves the creation of an embryo, through the technique of somatic nuclear transfer, for
the purpose of obtaining stem cells from that embryo. These stem cells are intended for use in treating a patient
who has a degenerative disease. The cell that provides the nucleus in therapeutic cloning
is a healthy cell from the patient who is to receive treatment. As a result, the embryo
that is created is a genetic match to the patient and these cells do not cause an immune
response. Figure 2.37 shows the process of therapeutic cloning.

ethical issue - A problem or
situation that requires a person or
organisation to choose between
alternatives that must be evaluated
as right (ethical) or wrong (unethical)

The use of early embryos as a source of stem cells raises ethical issues because
establishing an embryonic stem cell line destroys an embryo. Likewise, ethical issues
arise for therapeutic cloning because this procedure involves the artificial creation of
an embryo solely for the purpose of obtaining stem cells, a process that then
destroys the embryo.

In December 2002, the Research Involving Human Embryos Act 2002 was passed in the Australian Parliament.
This Act established a framework that regulated the use of ‘excess’ embryos. Provisions of this Act included
the statement that ‘embryos cannot be created solely for research purposes’. Under the provisions of this Act,
therapeutic cloning was not permitted in Australia. However, in December 2006, the legislation was amended,
with Parliament lifting the ban of the cloning of human embryos for stem cell research and allowing therapeutic
cloning to be undertaken.
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FIGURE 2.37 Therapeutic cloning involves the creation of an embryo that is genetically identical to a patient. The
patient’s cell is fused with an enucleated egg cell and develops into an early embryo. Stem cells are then taken
from the inner cell mass of the early embryo (blastocyst) and grown in culture as pluripotent stem cells.
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SAMPLE PROBLEM 4 Ethical considerations in stem cell research
tlvd-1848

A team of medical researchers has successfully developed a new drug that has shown preliminary
signs that it might be effective in reducing the severity of symptoms in Parkinson’s disease. In order to
test its effectiveness, the pharmaceutical company funding the research has opted to do further testing
in the laboratory using embryonic stem cells before proceeding to clinical testing using human
volunteers. Suggest an ethical consideration that may influence the decision in using stem cells for this
purpose. (1 mark)

THINK WRITE

Ethical considerations are those that look at
the benefit versus the harm of the research.
Consider the following:
• If stem cells are used to test the drug, then

no animal or human is harmed by the drug.
• Should embryos be used to procure stem

cells or is this a violation of life?
• What would happen to the embryos if they

were not used for stem cells?
• Further testing could delay treatment for

individuals with Parkinson’s disease.

Any one of the following: (1 mark)
• Is it safe to test the new drugs on stem cells

rather than animals or humans?
• Is it ethical to use embryos to procure stem

cells?
• Should the treatment be tested on those with

Parkinson’s disease rather than stem cells so
treatment is not delayed?

elog-0790
INVESTIGATION 2.3

Debating issues on stem cells

Aim

To explore the different ethical issues related to stem cells and use these to formulate an argument.
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Resourceseses
Resources

eWorkbook Worksheet 2.7 Case studies in stem cells (ewbk-7223)

KEY IDEAS

• Stem cells are undifferentiated or unspecialised cells that have the ability to differentiate into organ or
tissue-specific cells with specialised functions and to self-renew.

• Stem cells include embryonic stem cells and somatic (adult) stem cells.
• Stem cells from different sources differ in their potency or ability to produce differentiated cells of

various types.
• Totipotent stem cells can give rise to all cell types. Pluripotent stem cells can give rise to most cell

types, whereas multipotent stem cells give rise to closely related cells.
• Pluripotent stem cells can be derived from the inner cell mass of an embryo at the blastocyst stage.

They may also be obtained from parthenotes or induced pluripotent stem cells.
• Somatic (adult) stem cells are multipotent, and can be gained from various locations such as the bone

marrow or cord blood.
• Stem cells carry out the cell divisions that are responsible for tissue regeneration.

2.4 Activities
To answer questions online and to receive immediate feedback and sample responses for every question, go to
your learnON title at www.jacplus.com.au. A downloadable solutions file is also available in the resources tab.

2.4 Quick quiz 2.4 Exercise 2.4 Exam questions

2.4 Exercise

1. What is the difference between the members of the following pairs?
a. Totipotent and pluripotent cells
b. Undifferentiated and differentiated cells
c. Embryonic and somatic (adult) stem cells

2. Identify one source of embryonic stem cells.
3. List two sources that could be used to obtain somatic (adult) stem cells.
4. What is a parthenote?
5. Identify where you would find the following:

a. Skin stem cells
b. A red blood cell precursor
c. Keratinocytes
d. Haematopoietic stem cells

2.4 Exam questions

Question 1 (1 mark)

Source: Adapted from VCAA 2011, Biology Exam 2, Section A, Q5

Q1.

Stem cells
A. are used in human reproductive cloning and can differentiate into a limited number of cell types.
B. are also called adult (somatic) cell types and are used in human reproductive cloning
C. can differentiate into a limited number of cell types and can be obtained from a 2 or 4 cell embryo.
D. are also called adult (somatic) cell types and can differentiate into a limited number of cell types.
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Question 2 (1 mark)

A special property of stem cells is that they are able to:
A. develop into many different cell types.
B. divide by meiosis only.
C. divide once only.
D. live forever.

Question 3 (1 mark)

Consider the following cells:
I bone marrow stem cell

II fertilised egg cell
III embryo cell (8-cell stage)
IV blastocyst inner mass cell

Which of the cells listed is a totipotent stem cell?
A. II only
B. II and III only
C. III and IV only
D. IV only

Question 4 (2 marks)

a. What is the difference between totipotent, pluripotent and multipotent stem cells?
b. Which stem cells have the greater potency (power of differentiation), embryonic stem cells or adult

(somatic) stem cells?

Question 5 (2 marks)

The diagram summarises the steps involved in therapeutic cloning. An embryo that is a genetic clone of the
patient is created by somatic nuclear transfer technique. Stem cells from this embryo are then cultured to
produce the cell types needed to replace the diseased cells in the patient.
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of egg cell

Fusion of

cell and

egg

Embryo

cultured and 

stem cells

removed

Embryonic stem 
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and specific cell

types obtained

Required cell
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a. From which part of the embryo would the stem cells be obtained?
b. Why are the patient’s own cells used to create the embryo?

More exam questions are available in your learnON title.
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2.5 Review
2.5.1 Topic summary

The cell cycle, growth

and differentiation
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Resourceseses
Resources

eWorkbooks Worksheet 2.8 Reflection — Topic 2 (ewbk-7227)
Worksheet 2.8 Reflection — Topic 2 (ewbk-7228)

Practical investigation eLogbook — Topic 2 (elog-0158)

Digital document Key ideas summary – Topic 2 (doc-34661)
Key terms glossary — Topic 2 (doc-34650)
Concept study cards —Topic 2 (doc-35892)

Exam question booklet Exam question booklet Topic 2 (eqb—0002)

2.5 Exercises
To answer questions online and to receive immediate feedback and sample responses for every question, go to
your learnON title at www.jacplus.com.au. A downloadable solutions file is also available in the resources tab.

2.5 Exercise 1: Review questions
Short answer questions
1. Do you agree or disagree with each of the following claims about mitosis? Justify your response.

a. The nuclear envelope is visible throughout the process.
b. Mitosis would occur in the developing limb of a larval frog.
c. Mitosis in plants is significantly different from mitosis in animals.
d. Mitosis is accompanied by replication of cell organelles, such as mitochondria and ribosomes.

2. The figure provided shows a series of drawings, all of the same cell at some stage during mitosis.
a. Starting with cell A, place the drawings in the sequence that the stages would occur during mitosis.
b. Draw what you would expect to see next in the sequence.
c. Name each stage.

A B C D E

3. The photograph shows the winner of the 2012 Healthcare Cell Imaging
Competition Microscopy category. Various fluorescent stains have been
used to highlight different components of a cell that is progressing
through the cell cycle.

a. Suggest a possible identity for each of the following:
i. The blue-stained structures
ii. The green-stained structures
iii. The red-stained structures.

b. At what stage of the cell cycle was this image taken?

TOPIC 2 The cell cycle and cell growth, death and differentiation 131

UNCORRECTED PAGE PROOFS

www.jacplus.com.au


4. A cell containing 24 chromosomes reproduced by mitosis. A genetic accident occurred and one of the
resulting cells had only 23 chromosomes.
a. How many chromosomes would you expect to be in the other cell produced? Explain why.
b. At what stage of cell reproduction do you think the genetic accident occurred?

5. Stem cell therapy is a treatment that uses stem cells, or cells that come from stem cells, to replace or repair
damage to a patient’s cells or tissues. The stem cells might be put into the blood or transplanted into the
damaged tissue directly, or even recruited from the patient’s own tissues for self-repair.
a. What differentiated cells might come from pluripotent stem cells?
b. What differentiated cells might come from unipotent stem cells?
c. Outline one procedure by which a patient’s own cells might be recruited for self-repair.
d. Immunological reactivity is when the immune system recognises cells as foreign, which may lead to

their destruction. Which, if any of these procedures, would not entail the problem of immunological
reactivity?

6. A particular gene mutation affects a protein that is a key part of the special attachment site, the kinetochore,
that allows a chromatid to be linked to spindle fibres. This mutation is present in cell B and it disables the
function of the kinetochore.
a. Would this mutation be expected to affect the progress of cell B through the cell cycle?
b. If so, what effect would you predict? If not, give a reason for your decision.

7. The cell cycle in eukaryotes is highly regulated so that cell production in a tissue occurs at a rate that
balances cell loss.
a. What is a possible outcome if a breakdown in the regulation of the cell cycle occurs?
b. A disorder known as polycythemia vera is a result of the overactivity of the bone marrow, resulting in

the production of too many red blood cells. This condition results in a thickening of the blood and the
common treatment is the regular removal of a fixed amount of blood. The cause of polycythemia vera is a
mutation in the JAK2 gene. What is the probable function of the normal JAK2 gene?

8. The figure shows the number of scientific publications in the domain of stem cell research in the period from
1996 to 2012. (Note: ESC = embryonic stem cells; hESCs = human embryonic stem cells;
iPSCs = induced pluripotent stem cells)
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a. Explain why global research publications on iPSCs appear much later than research publications on
hESCs.

b. What area of stem cell research dominates the publications?
c. By what approximate factor has the number of research publication on iPSCs increased in the period

from 2008 to 2012?
d. In what year did the total number of publications on stem cells of all types first exceed 10 000?

9. What is the ethical consideration involved with the use of stem cells in therapeutic cloning?

10. Cytokinesis is not part of the cell cycle but it is important in the production of new cells.
a. What does the term cytokinesis refer to?
b. How does cytokinesis differ in plants compared to animals?
c. What feature of the cell membrane allows this process?

11. Binary fission is a simple form of cell replication where the primary purpose is reproduction. It does not use
the formation of the mitotic spindle, instead relying on the replicated DNA to attach to the cell membrane
(or nuclear membrane in eukaryotes) before separation.
a. What consequences might occur if there was no mitotic spindle used in the cell cycle?
b. Why would organisms use binary fission rather than mitosis?

2.5 Exercise 2: Exam practice questions
Section A — Multiple choice questions

All correct answers are worth 1 mark each; an incorrect answer is worth 0.

Question 1

Use the following information to answer questions 1 – 3

Source: VCAA 2020, Biology Exam, Section A, Q15

The diagram below illustrates two of early stages of apopstosis in a human cell

Stage 2Stage 1

Nucleus

condensing
Blebs

The human cell will begin apoptosis when

A. a toxin is released from the cell.

B. an increase in the number of cell is required.

C. the cell has been irreversibly damaged by very low temperatures.

D. a signalling molecule attaches to a death receptor on the plasma membrane of the cell
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Question 2

Source: VCAA 2020, Biology Exam, Section A, Q16

Consider the change in appearance of the human cell that occurs from stage 1 to stage 2.

The change in appearance can be explained by

A. inflammation in the area surrounding the cell.

B. increased activity of caspases within the cell.

C. the release of histamine from nearby mast cells.

D. decreased activity of DNA polymerase within the nucleus.

Question 3

Source: VCAA 2020, Biology Exam, Section A, Q17

After the condensation of the nucleus and the production of many blebs, the human cell will

A Swell and burst open, and its contents will be released into the surrounding environment.

B Produce apoptotic bodies that are engulfed by phagocytes.

C become larger and be absorbed by adjacent cells.

D be completely broken down by lysosomes.

Question 4

In which phase(s) is the structure shown visible during the cell cycle?

Telomere

Centromere

Chromatids

A. Interphase and prophase

B. Prophase and metaphase

C. Metaphase and anaphase

D. Telophase and cytokinesis
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Question 5

Which part of the figure shown joins to the spindle fibres during the cell cycle?

A. Centromere

B. Telomere

C. Chromatid

D. None of the above

Question 6

Which one of the following is a characteristic of embryonic stem cells?

A. They are difficult to grow in culture.

B. They are more differentiated than tissue stem cells.

C. They have the capacity to differentiate into all different cell types.

D. They will develop into cell types that are closely associated with the tissue they are found in.

Question 7

The following diagram shows how three receptors (A, B and C) on the surface of a stem cell, if activated, can bring
about different responses. The type of response triggered is dependent on the number and which receptors are
activated.

Response

A

B

C

Receptor(s) activated Type of response

A Increased growth of cell

B Cell replication

C Cytokinesis

A and B Differentiation into skin cells

A and C Differentiation into muscle cells

B and C Apoptosis of cell

A, B and C Differentiation into nerve cells
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For a stem cell to differentiate into muscle cells if must receive which of the following signals? UF24

A. and

and

and

B.

C.

and D. ,

Use the following information to answer questions 7– 9.

Question 8

Bynoe’s gecko (Heteronotia binoei) is a lizard found around Australia that has caught the attention of scientists, as
populations of the gecko can be made up entirely of females. The geckos lay eggs from which baby geckos hatch,
and are said to use parthenogensis, or ‘virgin birth’, as a reproductive strategy.

Parthenogenesis is a type of

A. binary fission.

B. asexual reproduction.

C. sexual reproduction.

D. cloning.

Question 9

All offspring would be genetically

A. identical, as they are all clones of the mother lizard.

B. different, as two lizards must be involved to make offspring, thereby combining their DNA.

C. different, as offspring will only have half the DNA of the mother lizard.

D. identical, because it is part of the mother that grows into a new individual.
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Question 10

A researcher captured ten Bynoe’s geckos from one location and genetically tested them all before re-releasing
them.

Which of the following hypotheses as the researcher testing?

a. That all Bynoe’s geckos of this population eat the same food

b. That all Bynoe’s geckos are genetically identical

c. That all Bynoe’s geckos of this population are genetically identical

d. That all Bynoe’s gecko’s give birth

Section B – Short answer questions

Question 1 (11 marks)

Normal cells Cancer cells

Study the diagram showing cells growing in a cancerous tumour, after staining and viewed under a light
microscope.

a. Construct a table listing three differences between normal cells and cancer cells, that can be observed in the
diagram. 3 marks

b. Cancer occurs after a series of events that would not normally happen:

1. Abnormal cells survive.

2. Abnormal cells multiply rapidly to form a tumour.

3. Abnormal cells invade other tissues.

i. What is meant by the term ‘abnormal cell’ in a genetic sense? 1 mark

ii. State two main reasons for a genetic abnormality being present in a cell. 2 marks

c. The body usually gets rid of abnormal cells or stops them from dividing. There are two classes of genes
involved in this control: proto-oncogenes and tumour-suppressing genes. Describe the role of each type of
gene in controlling the rate of cell division. 4 marks
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d. What disease occurs if the proto-oncogenes or tumour-suppressor genes themselves are damaged or
mutated? 1 mark

Question 2 (8 marks)

Figures A to D show some important stages of the mitotic phase of the cell cycle.

A B

C D

a. Identify the stages shown, giving the evidence from the diagrams that supports your conclusion. 4 marks

b. Arrange the letters A to D to show the correct sequence of stages. 1 mark

c. Give two pieces of evidence that support that the cell shown is an animal cell and not a plant cell. 2 marks

d. Describe how cytokinesis would occur in this cell. 1 mark

Question 3 (9 marks)

Cell A has four pairs of chromosomes with a total DNA content of 12 units. Cell A undergoes one cell cycle.

a. List, in order, the stages that cell A would proceed through, starting from the earliest. 3 marks

b. How many cells would be present at the end of this cell cycle: one, two or three? 1 mark

c. How many copies of DNA would be present in cell A at the following points in the cell cycle?

i.  G2 stage of interphase 1 mark

ii. Anaphase of mitosis 1 mark

iii. G1 stage of interphase 1 mark

d. How many units of DNA would be present in one daughter cell of cell A? 1 mark

e. How many chromosomes would be present in this daughter cell? 1 mark

Question 4 (9 marks)

Cells that undergo a mutation to gene that codes for the p53 protein are unable to regulate their cell cycle. As a
result, their replication continues in an uncontrolled manner.

a. What is the function of the p53 protein? 1 mark

b. In what stage of the cell cycle is this protein important? 1 mark

c. Would the mutation prevent the cell from undergoing apoptosis? Explain. 3 marks
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d. Chemotherapy is used to treat people with cancer. It involves the administration of anti-cancer drugs. There
are many different classes of drugs. One type is an antimetabolite. These drugs interfere with the metabolism
(all chemical reactions involved in maintaining the living state of cells) of the cell. Methotrexate is one of these
drugs. It interferes with the cell’s ability to make nucleic acids such as DNA and RNA.

i. What effect would this have on the cell cycle? 2 marks

Question 5 (12 marks)

The photograph shows cells at different stages of the cell cycle. Cells A, B and C are undergoing different phases
of mitosis. Cell N is in interphase.

B

A

N

C

a. Complete the table for cells A, B and C to show which phase of mitosis is occurring and list two events that
happen during each stage. 6 marks

Cell Phase of mitosis Two events occurring during this phase

A 1 Replicated chromosomes attach by centromeres to spindle fibres.

2 Replicated chromosomes line up across the equator of the cell.

B prophase 1

2

C 1

2

b. i. List two observations from the photograph that support the statement that cell N is at interphase. 2 marks

ii. State three events that would occur in cell N during interphase. 3 marks

c. For some time, biologists included interphase as a substage in mitosis. This is no longer the case; interphase
is now considered to be a separate stage of the cell cycle, significantly different from mitosis. Suggest one
significant difference between interphase and mitosis. 1 mark
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Resourceseses
Resources

eWorkbook Biochallenge — Topic 2 (ewbk-8072)

Teacher-led video Exam practice question — Topic 2 (tlvd-1434)

Test maker
Create customised assessments from our extensive range of questions, including teacher-quarantined questions.
Access the assignments section in learnON to begin creating and assigning assessments to students.

Fully worked solutions and sample responses are available in your digital formats.
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Online Resources Resources

Below is a full list of rich resources available online for this topic. These resources are designed to bring ideas to life,
to promote deep and lasting learning and to support the different learning needs of each individual.

eWorkbooks

2.1 eWorkbook — Topic 2 (ewbk-3156) ⃞
2.2 Worksheet 2.1 Binary fission in prokaryotes

(ewbk-7211) ⃞
Worksheet 2.2 The cell cycle (ewbk-7213) ⃞

2.3 Worksheet 2.3 Regulating the cell cycle (ewbk-7215) ⃞
Worksheet 2.4 Apoptosis (ewbk-7217) ⃞
Worksheet 2.5 Disruption of the cell cycle
(ewbk-7219) ⃞

2.4 Worksheet 2.6 Stem cells (ewbk-7221) ⃞
Worksheet 2.7 Case studies in stem cells (ewbk-7223) ⃞

2.5 Worksheet 2.8 Reflection — Topic 2 (ewbk-7227) ⃞
Worksheet 2.8 Reflection — Topic 2 (ewbk-7228) ⃞
Biochallenge — Topic 2 (ewbk-8072) ⃞

Practical investigation eLogbooks

2.1 Practical investigation eLogbook — Topic 2 (elog-0158) ⃞
2.2 Investigation 2.1 Observing the cell cycle under the

microscope (tlvd-1845) ⃞
Investigation 2.2 Observing the cell cycle under the
microscope ⃞

2.4 Investigation 2.3 Debating issues on stem cells
(elog-0790) ⃞

Digital documents

2.1 Key science skills — VCE Biology Units 1–4
(doc-34648) ⃞
Key terms glossary — Topic 2 (doc-34650) ⃞
Key ideas summary — Topic 2 (doc-34661) ⃞
Concept study cards —Topic 2 (doc-35892) ⃞

Teacher-led videos

2.2 Sample problem 1 Binary fission (tlvd-1744) ⃞
Sample problem 2 dentifying the stages of mitosis
(tlvd-1745) ⃞
Investigation 2.1 Observing the cell cycle under the
microscope (tlvd-1845) ⃞

2.3 Sample problem 3 Effects of drugs on mitosis and cell
replication (tlvd-1746) ⃞
Apoptosis and malfunctions (tlvd-1846) ⃞

2.4 Sample problem 4 Ethical considerations in stem
cell research (tlvd-1748) ⃞

2.5 Exam practice questions — Topic 2 (tlvd-1434) ⃞

Video eLessons

2.2 Binary fission (eles-3692) ⃞
DNA replication (eles-3693) ⃞
Mitosis (eles-4143) ⃞

2.3 Apoptosis (eles-3694) ⃞
2.4 Somatic nuclear transfer (eles-2465) ⃞

Interactivities

2.2 Mitosis (int-8290) ⃞
2.3 Apoptosis (int-8291) ⃞

Weblinks

2.3 Apoptosis in cancer: from pathogenesis to treatment ⃞
2.4 Murdoch Children’s Research Institute ⃞

Stem Cells Australia
Japan’s approval of stem-cell treatment for spinal-cord
injury concerns scientists
Japan responds: stem-cell therapy justified

Exam Question Booklet

2.1 Exam questionbooklet — Topic 2 (eqb-0002) ⃞
2.5 Exam questionbooklet — Topic 2 (eqb-0002) ⃞

Teacher resources

There are many resources available exclusively for
teachers online

To access these online resources, log on to www.jacplus.com.au
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