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TOPIC 1 CELLS AND MICROORGANISMS

Chapter 1.1 Living things consist of cells

Living things are distinguishable from non-living things.

The cell theory unifies all living things.
Living things are made up of one or more cells.
Cells:

e are the structural and functional units of life
e come from pre-existing cells
e contain hereditary material.

The cell is the smallest independent unit of life.
The cell membrane defines a cell; it separates the cell from its surroundings.
© SACE 2025

The invention of the microscope enabled the discovery of the microscopic structures that make up organisms.
These microscopic structures were named “cells” by Robert Hooke because the cork cells he viewed under the
microscope reminded him of the cells (rooms) in monasteries. The discovery of cells led to the formation of the
original cell theory, which was proposed by Theodore Schwann in the 19" century. The original cell theory is a set
of principles that explains how all living things are made up of cells and can be used to distinguish between living
and non-living things.

The original cell theory states that:

e all organisms are made of cells
e cells are the basic units of life
e cells come from pre-existing cells that have multiplied.

There have been many scientific advancements since the development of the original cell theory in the 19
century. These advancements have led to a greater understanding of cells and some subsequent additions to the
original cell theory. The three modern additions state that:

e DNA is passed between cells during cell division
e the cells of all organisms within a similar species are mostly the same, both structurally and chemically
e energy flow occurs within cells.

[ Helpful online resources

Scio-ology: Cell Theory | Cell Biology
https://www.youtube.com/watch?v=o0gQyN4_ruUA

MinuteEarth: An Egg Is Just One Cell
https://www.youtube.com/watch?v=bfGJw-t7060

Living things

The Earth is the only place known to sustain life. The term ‘life’ refers to the vast diversity of living things that inhabit
the planet. The scientific study of living things is called biology and scientists who study living things are called
biologists. But what exactly is a living thing?

One way to define living things is to ask what makes living things alive. To most biologists, something is alive if
it carries out fundamental processes associated with life called life processes (see Table 1.1.1). All living things
carry out these same fundamental life processes. Conversely, the organelles within cells cannot carry out these
fundamental life processes independently and are therefore considered non-living.

2 © Essentials Education 2025



Life process

Maintaining a

Example

Humans sweating on a §

stable internal hot day
environment

Controlled Plants absorbing
exchange of carbon dioxide and
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elements
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Transport of
materials

Blood carrying oxygen
to muscle cells

LIVING THINGS CONSIST OF CELLS CHAPTER 1.1

Table 1.1.1: The main life processes and some specific examples.

- cuticle

e
=4 _.-upper epidermis
e

mesophyll
cell

spongy
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TOPIC 1 CELLS AND MICROORGANISMS

Life process Example

Removal of waste | Human kidneys
producing urine

Cell division A fertilised ovum
dividing many times to
form an embryo

Growth and The metamorphosis

development of a caterpillar into a
butterfly

Independent A turtle swimming

movement

Reproduction A bacterium dividing by
binary fission

An organism is the name given to aliving thing. Organisms can be unicellular (made up of one cell) or multicellular
(made up of many cells), sometimes many billions, even trillions of cells. It has been estimated that there are about
35 trillion cells in an adult human being.

The cell is the fundamental or basic unit of life. It is often stated that the cell is the unit of structure and function of
organisms. As such, the cell is the smallest independent unit of life that can carry out life’s processes.

4 © Essentials Education 2025



LIVING THINGS CONSIST OF CELLS CHAPTER 1.1

Cells

There are two major types of cells: prokaryotic and eukaryotic. Prokaryotic cells, such as bacteria, are less
specialised than eukaryotic cells such as plant and animal cells. All cells consist of a volume of fluid (cytoplasm)
enclosed by a cell membrane. The cytoplasm is mostly made up of water in which substances are dissolved and
some insoluble proteins. Eukaryotic cells also have structures called membrane-bound organelles that reside in
the cytoplasm. Each organelle has a specific function; for example, a nucleus stores DNA and controls the overall
function of the cell. These cell types, organelles and their functions are discussed in further detail in Chapter 1.2.

Unicellular organisms

All life in earth has evolved from a single cell over millions of years. Living things that consist of one cell are known
as unicellular organisms. They are also called microorganisms because they generally cannot be seen with the
naked eye.

Unicellular organisms can be prokaryotes or eukaryotes and can be found in almost all habitats including thermal
vents, caves and even deep underground. They usually reproduce asexually and obtain their nutrients through a
process called diffusion. Some examples are highlighted in Table 1.1.2.

Table 1.1.2: Some examples of unicellular organisms.

Unicellular Kingdom Type of cell
organism
Escherichia coli Bacteria Prokaryotic
Euglena Protista Eukaryotic
Paramecium Protista Eukaryotic
Baker’s yeast Fungi Eukaryotic
(Saccharomyces
cerevisiae)

© Essentials Education 2025 5




TOPIC 1 CELLS AND MICROORGANISMS

Multicellular organisms

Living things that consist of more than one cell are called multicellular organisms. They are eukaryotes and some
examples include mushrooms, animals and plants. Multicellular organisms are more complex than unicellular
organisms. They generally consist of large numbers of different types of cells. The different cells within multicellular
organisms are specialised cells with different structures and functions (see Figure 1.1.1). They are produced
through a process called differentiation, which involves stem cells. As the different cells have different functions,
coordination is required between cells to carry out the life processes. As a result, they generally have organs and
organ systems to help control and facilitate these life processes. This is explored further in Topic 3: Multicellular
organisms.

0 ¢

(@) Red blood cells (b) Sperm cell (c) Motor neuron cell
5 B g
= — — :
- 5 H %
= & 2y
= : )
o e I i | '!-,_ 4
| - — 3 \é,-’l

(d) Xylem cells (e) Palisade cells (f) Root epidermis cell

Figure 1.1.1: Some examples of specialised animal cells (a),(b),(c) and some specialised plant cells (d),(e), ()

Hereditary material in cells

Heredity is defined as the passing on of characteristics genetically from one generation to the next. All cells contain
hereditary material known as DNA (deoxyribonucleic acid). DNA is essential to life as it enables cells to synthesise
important molecules like proteins for cellular function and divide to produce new cells.

DNA molecules consist of two complementary strands. Each strand consists of a phosphate backbone and a
specific sequence of DNA bases. There are 4 bases: adenine (A), thymine (T), cytosine (C) and guanine (G), but
A only pairs with T and C only pairs with G (see Figure 1.1.2). The complementary nature of the two DNA strands
allows it to be replicated prior to cellular division so the genetic information can be passed from parents to their
offspring.

Cytosine [ Adenine L Phosphate
Guanine | Thymine backbone

Figure 1.1.2: The basic structure of a DNA molecule showing the two complementary strands and double helix shape.

6 © Essentials Education 2025



LIVING THINGS CONSIST OF CELLS CHAPTER 1.1

DNA molecules are generally very long; for example, human cells contain approximately 2 metres of DNA. It
is remarkable that this amount of DNA can fit into a single microscopic cell, but it does so by being packed
into structures called chromosomes. Chromosomes are the structural unit of information in cells and consist
of a DNA molecule wrapped around proteins (see Figure 1.1.3). This packaging structure condenses the DNA
molecule significantly and helps to protect the genetic code from mutations.

The number of chromosomes, their shape and location in a cell differs between prokaryotes and eukaryotes. This
is explored further in Chapter 1.2.

Histone proteins

packed together Cytoplasm Nucleus

An animal cell

__Nucleotide
1[ ’ bases

Figure 1.1.3: Chromosomes consist of a DNA molecule wrapped around histone proteins allowing the long DNA
molecule to fit inside microscopic cells.

A histone !
protein !

The cell membrane

The cell membrane is a structure found in all cells. It defines a cell and separates the intracellular environment
from its extracellular environment (see Figure 1.1.4). The cell membrane is a thin layer (0.01um) consisting of two
layers of phospholipid molecules with a range of different proteins embedded in it. As the boundary between the
intracellular and extracellular environments, the cell membrane controls the entry and exit of materials to and from
the cell. This will be discussed further in Chapter 1.5.

Extracellular

Phospholipid
bilayer

Intracellular

Extracellular
(Outside cell)

Figure 1.1.4: A model of a cell membrane highlighting that it is the boundary of the cell that separates the cell
from its surroundings.

© Essentials Education 2025 7



TOPIC 1 CELLS AND MICROORGANISMS

Microscopes

As cells are microscopic and cannot be seen with the naked eye, a microscope is required to view them. There are
two major types of microscopes: light and electron microscopes. These two types of microscopes have different

applications as they vary in magnification power, resolution and portability.

The light microscope

Light microscopes use visible light to illuminate specimens and lenses to magnify an image (see Figure 1.1.5).
Light microscopes are therefore essential tools in scientific research, offering a window into the microscopic world.
Scientists use light microscopes across various fields like biology, medicine and more, to study cells, tissues,
microorganisms, and other small structures. They’re valued for their versatility, ease of use, and ability to provide

real-time imaging of living samples.

Eyelight lens - x10

Revolving nose piece -
. rotates to bring the
objective lenses into place

Coarse focus - used to
focus the low and
medium power objective
lenses

Objective lenses -
x 4 (low); x 10 (medium);
x 40 (high power)

Stage - microscope slide
is placed here

Fine focus - used to
focus the high-power
objective lens

Condenser - used to vary
the intensity of light
reaching the object

1 2

Ty

Vo

Light microscope VS Electron microscope

Figure 1.1.6: A comparison of the magnification of the nucleus (1) and mitochondria (2) of some animal cells
when viewed under a light microscope and electron microscope.

8 © Essentials Education 2025



LIVING THINGS CONSIST OF CELLS CHAPTER 1.1

Table 1.1.3: A comparison of some features of light and electron microscopes.

Light microscope Electron microscope

Small, compact and portable Big, bulky and requires permanent installation

Light energy used to illuminate specimens Beams of electrons used to illuminate specimens
Generally x400 magnification but most powerful | Generally x500,000 but most powerful magnification
magnification is approximately x2000 is approximately x2,000,000

Low resolution (200 nm) High resolution (0.5 nm)

Living and non-living specimens can be viewed |Only non-living (dead) specimens can be viewed
(must be thin to allow light through)

Affordable and low maintenance required Expensive and requires high maintenance

[ Helpful online resources

Insider Science: Award-Winning Footage Of The Microsopic World Around Us
https://www.youtube.com/watch?v=ZyXrtODhJEA

The electron microscope

Electron microscopes are powerful instruments used in scientific research to study objects at an extremely high
resolution. Unlike light microscopes, which use visible light, electron microscopes use a beam of electrons to
illuminate specimens. This allows for much higher magnification and resolution, revealing details at the nanoscale
level (see Figure 1.1.6). Electron microscopes are commonly used by scientists in laboratories where detailed
imaging of the components of cells are required. There are two main types of electron microscopes: Scanning
Electron Microscopes (SEM) and Transmission Electron Microscopes (TEM). SEMs produce detailed 3D images
of the surface of specimens, while TEMs create high-resolution images by passing electrons through thin sections
of specimens, offering insights into internal structures. Refer to Table 1.1.3 for a comparison of some features of
light and electron microscopes.

Magnification calculations

To calculate the actual size of a cell using the image size and magnification of a light microscope lens, you can
use the formula:

Actual size = Image size + Magnification

First, measure the size of the cell in the microscope’s field of view (image size). Then, divide this measurement by
the magnification of the microscope lens being used. This calculation provides an estimation of the actual size of
the cell being observed.

This formula can be rearranged to find the magnification and image size when required.

Magnification = Image size + Actual size

Image size = Actual size x Magnification

Note: magnification does not have any units and is just written as ‘x10’ or ‘x5000’
An easy way to complete microscopy calculations is to use the ‘| AM’ triangle method (see Figure 1.1.7). To use
this method, you must first determine what you are trying to find and then place your finger over it in the triangle
(e.g. if you are trying to find the actual size, you would put your finger over the ‘A). This will leave two other

variables that will be multiplied or divided depending on their position in the triangle. You may also need to convert
units where appropriate (see Figure 1.1.8). Refer to the example calculation on page 10 for further information.

© Essentials Education 2025 9



TOPIC 1 CELLS AND MICROORGANISMS

i

| - Image size | A - Actual size | M - Magnification

Figure 1.1.7: The ‘I AM’ triangle method, where the horizontal line below ‘I’ represents a division symbol (+) and
the vertical line between the ‘A’ and ‘M’ represents a multiplication symbol (x).

To convert mm — pm

x1000 x1000 x1000

1m = 1000mm m 1000 pm Tpm = 1000nm

m
+1000 +1000 +1000

To convert pm — mm

Figure 1.1.8: A length conversion chart

. Example calculation

An image of an animal cell is 30 mm in size and it
has been magnified by a factor of x3000. Determine
the actual size of the cell.

To find the actual size of the cell:

30mm
A= M = 3000 =0.01mm

0.01mm = 10um

1 0 © Essentials Education 2025



LIVING THINGS CONSIST OF CELLS CHAPTER 1.1

1.1 Review questions

- Multiple choice questions

1. Refer to the diagrams in the table below to answer the following question.

A B

Identify the non-living thing in the table above.

J A
K B
L C
M D
2. Which of the following options is not a unicellular organism?
J  Seaurchin
K Streptococcus
L  Escherichia coli
M Paramecium
3. Unicellular organisms
J  do not adhere to every principle of the cell theory.
K cannot be seen with the naked eye.
L  do not respond to stimuli.
M are only found living on other organisms.

4. Which of the following options is the least likely to be considered as a fundamental life process to classify an

organism as living?

J
K
L
M

Independent cell division.
Ability to reproduce.
Ability of sight.

Move independently.

5. Which of the following is not a principle of the cell theory?

J
K
L

All living organisms are multicellular.
Cells contain genetic information.
All cells arise from pre-existing cells.

M Al living organisms are made up of one or more cells.

6. Which of the following options best explains why all cells contain hereditary material?

J

K
L
M

Because containing hereditary material is a principle of the cell theory.
Hereditary material is required for cells to make proteins and to reproduce.

Hereditary material is required to divide and produce new cells, but it is not required for anything else.

Having hereditary material is a fundamental life process required to be classified as a living cell.

© Essentials Education 2025 11



TOPIC 1 CELLS AND MICROORGANISMS

Refer to the image below to answer question 7.

10.

\‘ ] ' ; '\5:;._}\;.' 4 *‘:X‘w-
A N ' ‘ W _.(
\ N .
- e
2 e ¢ el \‘
{ % . r“\_‘ .
e L4 . $ 2
“ - J

a

The image of some human cheek cells above is likely to have been magnified using

J  alight microscope.

K amagnifying glass.

L atransmission electron microscope.
M a scanning electron microscope.

The cell membrane defines a cell. This means that

J  the cell membrane is the boundary between the intracellular and extracellular environments.
K only the cells that make up multicellular organisms have cell membranes.

L something is classified as a cell if it has a membrane.

M the cell membrane is where the DNA is located.

The human endocrine system consists of glands that communicate through the secretion of hormones into the
blood. These hormones have specific shapes and only bind to specific receptors that have a complementary

shape.

The most correct reason why humans require an endocrine system, but bacteria do not is because

J  bacteria only respond to antibiotics.

K living things require hormones to exhibit every fundamental life process.

L humans are multicellular.

M if humans did not have an endocrine system, they would not be classified as living in accordance with

the cell theory.

A plant cell with an actual size of 80um was viewed under a light microscope. Use the image below to
determine the magnification of this plant cell.

J %400

K %500

L x1500

M x3200
12

|\\\\l\\H|H\\|H\\|\\H|H\\|H\\lH\\|\H\|\H\|\H\|HH|HH|HH|HH|
/6 5 4 3 2 1 0
cm

© Essentials Education 2025



LIVING THINGS CONSIST OF CELLS CHAPTER 1.1

. Free response questions

1. State three life processes performed by all forms of life.

2. Using examples, explain the difference between a unicellular and multicellular organism.

3. State the three features of the original cell theory.

4. Cells vary in size. State one example of:

a) very small cell in a human
b) alarge cellin a human

5. Explain why the cell theory was not formulated until after the invention of the light microscope.

6. State two functions of the cell membrane.

7. State why specimens observed using a light microscope must be very thin.

8. State two properties of the molecule DNA that explain why it is found in virtually all forms of life.

9. Explain why the cell is described as the unit of structure and function in a multicellular organism.

10. A student found a scaly leafy type structure growing on a rock surface. Describe two pieces of evidence they
could collect or observe to enable them to determine if this was a living organism.

© Essentials Education 2025 13



TOPIC 1 CELLS AND MICROORGANISMS

11. Explain one likely reason why all the leaves of an indoor plant have grown towards the window it faces.

12. A student was examining two sets of photographs one taken with a light microscope and the other with an
electron microscope. Explain the evidence to the student that would enable them to determine which one

was which.

13. Refer to the table below of some typical sizes of cells to answer the questions that follow:

Human skin cell Bacteria Human ovum Amoeba

Approximate size gs0IViy 2 um 0.12 mm 50 um

a) Use data from the table above to determine if a human ovum or an amoeba is bigger.
b) Determine how many times bigger an ovum is than a skin cell.
c) Approximately how many E. coli bacteria would fit across a human skin cell?

14. The diagrams below show three types of cells. Use the scale bars to select the longest cell and explain your
reasoning.

5um
20um

Moss cell Banana cell Liver cell

15. Use the scale bars on the diagram to the right to determine:

a) the actual size of this animal cell.

b) the magnification used to view this animal cell.

14 © Essentials Education 2025



TWO MAJOR TYPES OF CELLS CHAPTER 1.2

Chapter 1.2 Two major types of cells
Science Understanding

The major cell types are:

e prokaryotic
e eukaryotic.

Prokaryotic and eukaryotic cells have many features in common (a reflection of their common evolutionary
past). These features include:

cell membrane
e nucleic acids

e  proteins

e ribosomes.

Prokaryotic cells lack internal membrane-bound organelles, do not have a nucleus, are significantly smaller than
eukaryotic cells, and usually have a single circular chromosome.

e  Compare the structure of prokaryotes and eukaryotes.

© SACE 2025

The two major types of cells

The two major types of cells are prokaryotic cells and eukaryotic cells. Prokaryotic cells are smaller, simpler and
less specialised than eukaryotic cells. Prokaryotic cells do not have a true nucleus and do not contain membrane-
bound organelles, whereas the more complex eukaryotic cells do. Prokaryotes have the ability to adapt to a vast
range of habitats and their collective mass is considered to be many times that of all of the eukaryotes.

Prokaryotic cells have existed for millions of years and are known to be the first organisms to inhabit the earth.
There is strong evidence that supports that eukaryotes evolved from prokaryotes. Some examples of evidence
supporting this are:

e prokaryotic cells and eukaryotic cells do share some common features such as cell membranes, nucleic
acids (DNA and RNA), ribosomes and proteins, and

e fossil records show that the oldest prokaryotes discovered are 3.5 billion years old whereas the oldest
unicellular eukaryotes are 2 billion years old.

Prokaryotic cells

Prokaryotic cells are unicellular and are generally very small (approximately 0.1-5um). They may be rod-shaped,
spherical or spiral. They do not contain a nucleus, so the single circular chromosome resides in the cytoplasm
in a region called the nucleoid. The two examples of prokaryotic cells are bacteria and archaea. Even though
prokaryotic cells are small and relatively unspecialised, they are well organised and possess all the necessary
chemicals and processes that enable them to carry out all of life’s processes (see Figure 1.2.1).

Prokaryotic cells usually:

e exist as single cells

e have a cell wall that surrounds the cell membrane

e contain a single circular chromosome located in the nucleoid region of the cytoplasm
e contain ribosomes that are free floating in the cytoplasm.

Some prokaryotes have structures in addition to those mentioned above. These may include:

e Alayer of sticky material that covers the cell wall called a capsule

e Hair-like structures that project from the cell wall called pili (singular pilus)

e Filaments attached to the cell wall called flagella (singular flagellum)

e Small loops of DNA in the cytoplasm that are separate from the chromosome called plasmids.

© Essentials Education 2025 15



TOPIC 1 CELLS AND MICROORGANISMS

Sometimes

Flagellum
Motion

Capsule
For protectionand —————__
sticking to surfaces

Infolding of cell surface -
membrane e
May allow photosynthesis or
carry out nitrogen fixation

Plasmid -
Small circle of DNA

Pili
For attachmentto ~————_
other cells or surfaces

Always present

Cell wall
(Containing peptidoglycan)
Strengthens cell and maintains
shape

Cell surface membrane
Controls the entry/exit of
materials to and from cell

Cytoplasm
— Provides a medium suitable for
chemical reactions to occur

Circular DNA
— Stores genetic information
for cells

— Ribosomes
Site of protein syntesis

Figure 1.2.1: The structure and functions of different parts of a generalised prokaryotic cell.

Eukaryotic cells

Eukaryotic cells tend to be larger (approximately 10-100 um)
and more complex than prokaryotic cells. They contain many
membrane-bound organelles including a nucleus, which have
specific structures that suit their particular function in the cell. The
compartmentalised nature of eukaryotic cells means that they
can maintain different environments within a single cell, enabling
them to conduct numerous metabolic reactions simultaneously.
As a result, eukaryotic cells can grow much larger than prokaryotic
cells. Eukaryotic cells are predominantly found in multicellular
organisms, but not exclusively. Protists, fungi, plants and
animals are all consist of eukaryotic cells.

Eukaryotic cells usually:

e store DNA in a nucleus as pairs of linear chromosomes
(see Figure 1.2.2).

e contain a variety of membrane-bound organelles (see Table
1.2.1 for the main organelles and their functions).

e exist with large numbers of similar cells (e.g. in animals/plants)
but may exist as single cells (e.g. protists).

e are significantly larger than prokaryotic cells.
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Figure 1.2.2: A human karyotype
which highlights the 23 pairs of linear
chromosomes that exist in the nucleus of
human cells (eukaryotic cells).

Although animal and plant cells are both eukaryotic cells, their structure differs in several ways (see Figure 1.2.3).

The main differences are:

e plant cells have a cell wall (composed of cellulose); animal cells do not.
e plant cells have a large central vacuole; animal cells do not.

e plant cells may have chloroplasts; animal cells do not.

To determine if a cell is a plant cell, it is best to look for the presence of these features mentioned above.
Chloroplasts are only found in plant cells and therefore any cell containing them is a plant cell. Be careful not
to mix up chloroplasts with mitochondria though. They both have a similar shape and size, but they have different

structures and functions (see Table 1.2.2 for more information).
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Cellwall __
(cellulose)

Golgi body =~
Golgi vesicle =~

Amyloplast = __
Chloroplast ="~
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Plant cell Animal cell

__Nucleolus .
== Nucleus ..
T - RER -

~~~—— Mitochondria - |,

~-SER-—T

"= Large central
vacuole

"~ Cytoplasm <

~ —— - Ribosomes -~ ;
_ ———— Cellmembrane ——_J~ %

Golgi E;ody Jl,f .

Golgi vesicle

=¥~ Lysosome

Centriole

Ribosomes

Figure 1.2.3: The structural differences of a typical plant and animal cell.

Table 1.2.1: A summary of some eukaryotic structures and their respective functions.

Cell structure

Cell wall

Note: they are not
found in animal
cells.

Note: it is not an
internal membrane-
bound organelle.

Image
Cell wall

Function(s)

To strengthen the cell and to help
maintain its shape.

Cell membrane

Note: it is not an
internal membrane-
bound organelle.

Extracellular

To control the exchange of materials
between the cell and its external
environment and to facilitate
communication between cells.

Cytoplasm

Note: it is not
considered an
organelle, but it is
the space inside
the cell membrane

Nucleus

To contain the eytosol, which is the fluid

in the cytoplasm, and provide a medium
suitable for biochemical reactions to take
place.

where internal Cytoplasm Cell
organelles reside. membrane
Nucleus Nuclear pore Nucleolus To store and protect the genetic

Note: the plural of
nucleus is nuclei.

\,'

hromatin

kS

Nuclear—
membrane <. .-~

information (DNA), and to coordinate the
overall functions of a cell.

Mitochondrion

Note: the plural of
mitochondrion is
mitochondria.

_- Inner membrane

~_~Outer membrane

Cristae

To carry out aerobic respiration to produce
an energy-carrying molecule called ATP
which cells use for energy-requiring
processes.

© Essentials Education 2025
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Cell structure Image Function(s)
Chloroplast Outer membrane Inner membrane | To carry out photosynthesis to produce
) Stroma ., yd organic molecules (glucose) using simple
Note: they are only ' o . . ey
. " inorganic ones (carbon dioxide and
found in some \\ -

types of plant cells. water).

-~
Granum*

Rough ; :
Rough endoplasmic To package proteins made by ribosomes

enqoplasmic reticulum (RER)___ . into small vacuoles for transport to a Golgi
reticulum (RER) \ 23 body.

Ribosomes To synthesise proteins for the cell or for
secretion from the cell.
P ..‘-J 3 e
i
1.8
b
_ﬂ.
' AY
™ Ribosomes
Smooth To synthesise lipids (e.g. phospholipids
endoplasmic 10 and cholesterol) and metabolise
reticulum (SER) - ) TR carbohydrates.
I' \.-- : b
\ &
SN ~_Smooth
endoplasmic
reticulum (SER)

. CISf Incoming s : : :
Golgi body ace  transport vesicle Modlﬂoghorj, processing and paokag[ng.
Note: They are “ " Lumen of proteins into vesicles for storage within

) . Cisternae the cell or movement out of the cell by
also called golgi - exocytosis
apparatus. '

Secretory vesicle

New formlng o
vesicle Trans face
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Cell structure

Large central
vacuole

Note: they are only
found in some
types of plant cells

Note: vacuoles can |
be found in animal
cells but they are
much smaller

and are not large
central vacuoles.

Centrioles

Note: they are only
found in animal
cells.

TWO MAJOR TYPES OF CELLS CHAPTER 1.2

Function(s)
y functions including:

storage of water in plant cells
provides structural support and
regulates plant cell shape
nutrient storage

storage and disposal of waste
products

Required for development of the spindle
apparatus and the separation of sister
chromatids during cellular division (see
Chapter 1.3 for more information).

Table 1.2.2: A comparison of the nucleus, chloroplast and mitochondrion structures viewed as an electron
micrograph. Note: these micrographs are not to the same scale.

Nucleus

Nucleolus

Chloroplast

Mitochondrion

Cristae

The nucleus is the biggest organelle
in the cell (apart from the vacuole in
plant cells) and contains a nucleolus
inside it which can generally be
seen easily and can help identify it.

The grana (stacks of membrane
containing chlorophyll) can clearly
be seen in the chloroplast above
and can help identify it.

The folded inner membrane
extensions (called cristae) can
clearly be seen extending across
the mitochondrion. These ‘lines’
can clearly be contrasted to the
‘stacks’ of chloroplasts.

© Essentials Education 2025
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Comparing the structure of prokaryotic and eukaryotic cells

Whilst there are a number of differences between prokaryotic and eukaryotic cells there are also a number of
structural and functional similarities, a fact that supports and is a reflection of their common evolutionary past.
Refer to Table 1.2.2 for a comparison of prokaryotic and eukaryotic cells.

Table 1.2.2: A comparison of the structural features between prokaryotic and eukaryotic cells.

Structural Prokaryotic cells Eukaryotic cells
features (e.g. bacteria, archaea) (e.g. protists, fungi, plants and animals)

Size Generally smaller (most bacteria 0.1- Generally larger (most animal & plant cells 10-
5pm) 100pm)

Cell type Unicellular Unicellular or multicellular

Chromosome |One circular chromosome Many linear chromosomes (generally in pairs)

shape

Location of In cytoplasm In nucleus

chromosome(s)

Membrane- None Many different types

bound

organelles

Ribosomes Smaller ribosomes are present and free |Larger ribosomes are present and generally
floating in the cytoplasm attached to a rough endoplasmic reticulum

(can also be free floating in the cytoplasm)

Cell division Binary fission Mitotic division

Cell wall Present but consists of a different Only present in plant (cellulose) and fungi (chitin)
carbohydrate to eukaryotic cell walls cells but both consist of a different carbohydrate
(peptidoglycan) to prokaryotic cell walls

Cell membrane |Present Present

and cytoplasm

0 Helpful online resources

RicochetScience: Prokaryotic Vs. Eukaryotic Cells
<https://www.youtube.com/watch?v=RQ-SMCmWB1s>
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1.2 Review questions

- Multiple choice questions u

1. Which of the following statements is true for prokaryotic cells.

J  They are generally about 10-100pm in size.

K They contain a single circular chromosome in the nucleus.
L Bacteria and archaea are examples of prokaryotic cells.

M  They contain membrane-bound organelles.

2. Refer to the diagram below to answer the following question.

Identify the four structures in the diagram above labelled A, B, C and D.

A B C D
J |Ribosome Circular chromosome | Cell Wall Pili
K |Plasmid Circular chromosome Cell wall Flagellum
L [Plasmid Cytoplasm Cell Wall Flagellum
M | Ribosome Cytoplasm Flagellum Pili

3. Which of the following options would be the most useful when trying to identify whether a cell is prokaryotic
or eukaryotic?

J  The presence of a cell wall surrounding the cell membrane.
K The presence of linear chromosomes.
L  Determining that the cell is unicellular.
M  The presence of ribosomes in the cell.

4. Refer to the diagram below to answer the following question.

A —

Identify the four organelles labelled A, B, C and D in the diagram above.

A B C D
J |Nucleus Golgi body Vacuole Chloroplast
K |SER RER Vacuole Chloroplast
L |SER Golgi body Ribosomes Mitochondrion
M | Nucleus RER Ribosomes Mitochondrion
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Refer to the text and image below to answer questions 5 to 7.

NOINS

BLUEPRINT ROOM PRODUCTION ROOM

O)
Blueprints A
[ ]

— Product

*

Factory Walls

A cell is often compared to a factory where the blueprint (DNA) is translated into a product (protein) using the
factory’s (cells) machinery.

5. Use the image and the information provided above to determine the organelle that best represents the
‘Production Room’ in this analogy.
J  ribosome
K cytoplasm
L  smooth endoplasmic reticulum
M nucleus

6. The ‘Factory Walls’ have doors that require a security pass, which helps to control the movement of people
in and out of the factory.

Use the image and information provided above to determine the organelle that best represents the ‘Factory
Walls’ in this analogy.

J cellwall
K cytoplasm
L capsule

M cell membrane
7. Theimage above does not show the ‘Powerplant Room’ of the factory that supplies the factory with electricity.

Using the image and information provided above, determine the organelle that best represents the ‘Powerplant
Room’ in this analogy.

J  nucleus

K chloroplast

L mitochondrion

M ribosome

8. Which of the following options is not evidence that prokaryotic and eukaryotic cells share a common
evolutionary past and eukaryotic cells likely evolved from prokaryotic cells?

J  Prokaryotic cells and eukaryotic cells share some common features such as cell membranes and
ribosomes.
K Eukaryotic cells are more primitive and less specialised than prokaryotic cells.

L  Fossil records show that the oldest prokaryotes discovered are 1.5 billion years older than the oldest
eukaryotic cells discovered.

M  Both prokaryotic and eukaryotic cells contain the same genetic code — DNA.
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9. Refer to the image below to answer the following question.

Identify the type of cell and the structures labelled E, F, G and H.

Type of Cell E F (¢] H
J |Animal cell Ribosomes Mitochondrion RER Golgi body
K |Plant cell Ribosomes Chloroplast SER Golgi body
L [Animal cell Ribosomes Chloroplasts RER SER
M | Plant cell Proteins Mitochondrion Golgi body SER

10. Refer to the two electron micrographs (1 and 2) below to answer to following question. Note that they are not
viewed at the same magnification.

Magnification Magnification

of Image 1 of Image 2
J | Mitochondrion Nucleus Mitochondrion Nucleus Lower Higher
K | Chloroplast Nucleus Chloroplast Nucleus Lower Higher
L [Mitochondrion Nucleus Mitochondrion Nucleus Higher Lower
M | Chloroplast Nucleus Chloroplast Nucleus Higher Lower
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- Free response questions

1. Complete the following table for some of the organelles found in bacterial, plant and animal cells.

Organelle Present in bacterial, plant  Structural features Special functions
and/or animal cells
Cell wall
Nucleus
Nucleoid

Mitochondria

Chloroplasts

Ribosomes

Smooth endoplasmic
reticulum

2. State three features that eukaryotic and prokaryotic cells have in common.

3. Describe two differences between prokaryotic and eukaryotic cells.

4. a) Identify and label the highlighted structures of the following eukaryotic cell:

b) Identify the structures of the eukaryotic cell in the diagram above that are not considered internal
membrane-bound organelles.
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Prokaryotic cells do not contain membrane-bound organelles. Discuss how is it possible for them to grow,
divide and make energy available.

A human consists of approximately 230 different types of
cells. As each type of human cell has different structures 5-
and functions, they often contain differing numbers of each
organelle. Suggest one type of human cell where large
numbers of the following organelles would be found:

a) Mitochondria
b) Golgi bodies

4
Refer to the adjacent diagram, which shows the structure
of a eukaryotic plant cell and some of its organelles to
answer the following questions.

a) State two functions of organelle 2.

b) Determine if this plant cell is likely to be found in leaves and justify your answer using evidence from the diagram.

The adjacent diagram shows a student’s partly labelled
drawing of a cell.

a) Based only on the information shown in the diagram,

determine if the cell is prokaryotic or eukaryotic. cell wall —

cytoplasm

b) Justify your answer.

Refer to the electron micrographs of ‘Cell 1° and ‘Cell 2’ below to answer to following questions.
Cell 1 Cell 2

O W >

a) ldentify what type of cell ‘Cell 7’ is and use evidence to justify your answer.

b) Identify what type of cell ‘Cell 2’ is and use evidence to justify your answer.
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c) ldentify the organelles labelled A, B, D and E and state their functions.
()  Name of organelle A:

Function of organelle A:

(i) Name of organelle B:

Function of organelle B:

(i) Name of organelle D:

Function of organelle D:

(iv) Name of organelle E:

Function of organelle E:

d) Compare the structure and function of the two organelles labelled C and F.
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Chapter 1.3 Cell division
Science Understanding

cells.

e Describe and represent binary fission in prokaryotic cells.
e Describe and represent mitosis.
e  Compare binary fission with mitotic cell division in eukaryotic cells.

© SACE 2025

New cells are formed by a process called cell division. The division of cells is fundamental to the continuity of life
of all living things. This is because cell division:

e Permits genetic information (encoded in DNA) to be transmitted from generation to generation.
e Provides a way for multicellular organisms to grow and develop from a fertilised ovum.

e Makes new cells available in multicellular organisms to replace dead or repair damaged cells.
e Allows some organisms to reproduce asexually.

It is important to recognise that only binary fission in prokaryotic cells and mitotic division in eukaryotic
cells is discussed in Chapter 1.3. Many multicellular eukaryotic organisms reproduce sexually. This involves
another type of cell division called meiotic division, which occurs in germline cells to produce gametes (e.g. sperm
and ova in animals). Meiotic division is covered in the Stage 2 Biology course. Therefore, in Chapter 1.3,
mitotic division for the purpose of reproduction, is only referring to eukaryotic organisms that can reproduce
asexually. Some examples include:

e unicellular amoeba

e multicellular hydra

e multicellular sea stars

e multicellular strawberry plants

Transferring DNA between generations of cells

A dividing cell, called a parent cell, must pass on an identical copy of its DNA to each of the two new daughter
cells formed. It is therefore essential for the doubling of DNA to occur through a process called DNA replication,
prior to cell division (see Figure 1.3.1). If DNA replication does not occur prior to cell division, it is not possible
for a parent cell to supply an identical copy of its DNA to its two potential daughter cells. It is important to note
that the process of DNA replication is covered in the Stage 2 Biology course, but the general understanding of the
purpose of this process is required when discussing cell division in Stage 1 Biology.

One chromosome Sister chromatids
(unduplicated) (duplicated)
DNA
Centromere ——>» Replication <+—— Centromere
Chromosomes: 1 Chromosomes: 1
DNA Molecules: 1 DNA Molecules: 2

Figure 1.3.1: Prior to mitotic division, a eukaryotic cell has one copy of each chromosome, but following a
process called DNA replication, a cell has two identical copies of each chromosome (called sister chromatids)
that are joined together at the centromere.
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The transfer of identical copies of DNA from parent cells to daughter cells involves a few events:

1. The doubling of DNA through DNA replication, prior to cell division.

2. The two copies of the DNA need to be moved to opposite ends of the parent cell (to ensure each daughter
cell gets one copy each).

3. The cytoplasm of the parent cell must be divided to form the two new daughter cells.

The three events mentioned above are required for both binary fission and mitotic division to occur. There are
differences in how the three events occur in prokaryotic and eukaryotic cells and this is discussed further in the
specific sections on binary fission and mitotic division in this Chapter 1.3. Additionally, Figure 1.3.2 highlights these
three steps occurring in a unicellular eukaryotic amoeba cell.

1. One amoeba 2. Nucleus divides o o
prepaing to divide into two identical  3- Cytoplasm dividing 4. Two identical amoeba

(DNA replication) nuclei are produced

Figure 1.3.2: Cellular division can allow unicellular organisms such as an amoeba to reproduce asexually,
resulting in two identical and fully functional amoeba.

Binary fission

Most unicellular prokaryotic organisms, such as bacteria and archaea, reproduce by a type of cell division called
binary fission. As prokaryotic cells are simple cells and their DNA is located in the cytoplasm rather than a nucleus,
the process of binary fission is also a relatively simple one.

Prior to binary fission, the cell’s contents doubles. This includes the synthesis of more ribosomes, plasmids
and doubling of DNA. The parent cell’s circular chromosome is replicated to produce two identical copies
to ensure that each eventual daughter cell has a copy of its own upon the division of its cytoplasm. Refer to Table
1.3.1 and Figure 1.3.3 for an outline of the main steps in the process of binary fission.

Table 1.3.1: The main steps in the process of binary fission in prokaryotic cells.

Prokaryotic binary fission process

1. | The cell’s circular chromosome attaches to the inside of the cell membrane.

DNA replication occurs, resulting in two identical circular chromosomes that are attached to the cell membrane.

The size of the cell increases length-ways (elongates), which separates the two chromosomes.

The separated chromosomes are moved to the opposite ends of the original (parent) cell as the cell elongates.

A new cell wall and cell membrane form (known as the cross wall) through the centre of the cell.

2 L Bl I A

The cell divides into two daughter cells, each one with one identical circular chromosome.
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Parent Cell

Attachment site

-

. Prokaryotic parent
Cell wall Circular 4 P

Cytoplasmic chromosome cell .InltllateS
membrane replication
Replicated
" chromosome
' 2. An identical copy of
the cell's DNA is
created.

Cross wall

3. Cell elongates and
cross wall forms

4. Cross wall forms
completely and
daughter cells
separate

Daughter cell Daughter cell

Figure 1.3.3: A visual representation of the major steps involved in the process of binary fission.

[ Helpful online resources

Cognito: Binary Fission - How Do Bacteria Divide?
<https://www.youtube.com/watch?v=kKiz8Wzcfc8>

Mitotic division
As eukaryotic cells are more complex and have their DNA stored in a nucleus, a more complex division is required.

Both the contents of the nucleus and the cytoplasm need to be divided. Most eukaryotic cells divide by a type of
cell division called mitotic division.

Prior to mitotic division, the DNA is in a decondensed (or uncoiled) structure called chromatin. This decondensed
structure of chromatin makes it easier for the DNA molecules to be replicated. Each linear DNA molecule in the
nucleus is replicated to produce two identical sister chromatids joined at the centromere within the cell's
nucleus (see Figure 1.3.1).

Before mitotic division can begin, the chromatin must condense (coil tightly around the histone proteins) to
form chromosomes (see Figure 1.3.4). This condensation allows the DNA to be moved around the cell easily
during mitosis and helps to protect the long DNA molecules from getting tangled during the division of the nucleus.
For example, there are 46 duplicated chromosomes in human cell ready to divide by mitotic division. This equates
to approximately 4 metres of DNA if stretched out end-on-end. The condensation of this roughly 4 metres of DNA
into tightly packed chromosomes, helps to ensure the protection of the genetic code and also makes the
individual chromosomes visible under a light microscope (see Figure 1.3.5).

Once the cell is fully prepared to divide, mitotic division can begin. Mitotic division involves two processes:

e Mitosis (division of the nucleus), and
e Cytokinesis (division of the cytoplasm)
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DNA - . Chromosome - Nuclear
== replication = condensation . membrane
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Figure 1.3.4: Prior to mitotic division the genetic information is decondensed and is called chromatin (A). This
makes it easier for the cell machinery to access the genetic code in the process of DNA replication, resulting in a
duplicated set of DNA that is still in chromatin form (B). Following DNA replication, the chromatin must condense

to form chromosomes seen at (C).

Decondensed chromatin
(individual structures are not
visible under light microscope)

/ e
TR

Interphase Prophase Metaphase Anaphase Telophase Cytokinesis

Condensed chromosomes
(visible under light microscope)

Figure 1.3.5: A photo micrograph of the stages of mitotic division and the distinguishment between chromatin
and chromosomes.

Mitosis
Mitosis refers to the division of the nucleus and is a continuous process. During mitosis the nucleus of the parent

cell divides to give rise to two identical daughter nuclei. There are four phases in this process where recognisable
changes occur to the visibility and location of chromosomes in cells undergoing mitosis.

The four phases of mitosis are:

e Prophase

e Metaphase
e  Anaphase
e Telophase

A detailed look at each phase of mitosis is highlighted in Figures 1.3.6 to 1.3.9.
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PROPHASE

Nuclear membrane breaks down

&F suiiEes (it breaks up into small vesicles
e + which are not visible with a light
membrane - . ; )
gt r microscope)

Ovtoplasm - % E
Pl |
Spindle fibres f == ;"'r
start radiating |
}r r Chromosomes are seen to

o . )
from centrioles ! )
!f \ consist of two identical
3 f J J | chromatids: each chromatid
/ I | ‘ L contains one DNA molecule
s !
e \ =G,
- b > o “""l — H-\-\.\-\-\-\-\-"‘-\.

Centrioles duplicate and move to = © - Centromere
opposite ends of nucleus where :
they form the poles of the spindle
apparatus

Figure 1.3.6: A summary of the main events that occur in prophase in a dividing animal cell.

METAPHASE
Each centriole reaches a pole. The

. .= —= radiating spindle fibres attach to the
- " centromeres of the chromosomes
F g that are now in the cytoplasm.
y \

Spindle (made from
protein microtubules)

ey -

g W g S g S, g
.-l""ll--"'{-

f,‘(‘- )
% \‘-___ .\“‘“--.._‘__h ",

Figure 1.3.7: A summary of the main events that occur in metaphase in a dividing animal cell.

ANAPHASE |

The chromosomes are lined up on
top of each other across the equator
of the cell (also called metaphase
plate) by the spindle apparatus.

e W
.'. LY .-r"n-.,
Each chromosome
| splits at the centromere

—

VAVAVLY,

Sister chromatids move to
opposite poles, centromeres
first, resulting in identical sets of b .
DNA at each pole of the cell.

The sister chromatids '( \l
start to be pulled apart |\ ;,
7 by spindle fibres *

Figure 1.3.8: A summary of the main events that occur in anaphase in a dividing animal cell.

TELOPHASE |
Nuclear membrane
Cell surface e T re-forming
membrane -, -
i o N B k! The chromosomes at each pole of
Remains of spindle ( [ : 5{ r':_ L, the cell are enclosed in a nuclear_
apparatus whichis - ; o et s membrane .an.d decondense (uncoil)
breaking down. \ into chrpmatln, they no Igngelr appear
= A as visible structures, signalling the
end of mitosis.
F T y Cytokinesis- this is division of the
The centriole at each pole r N \ cytoplasm and cell into two by
ensures each daughter | % constriction from the edges of the

cell has the cellular | 4
b ; . L v
machinery required for its il N
own nuclear division. L

cell.

Figure 1.3.9: A summary of the main events that occur in telophase in a dividing animal cell.
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Cytokinesis

Cytokinesis is considered separate to mitosis and is the division of the cytoplasm (not the nucleus). Cytokinesis
starts in either anaphase or telophase (depending on the type of cell) and finishes after telophase. In animal cells,
protein fibres (microfilaments) constrict the cell membrane to form an infolding called a cleavage furrow. Eventually,
the constriction results in two separate genetically identical daughter cells (see Figure 1.3.10).

Microfilaments ring Cleavage furrow Two genetically
identical cells
Time

Figure 1.3.10: Cytokinesis is the division of the cytoplasm into two cells by constriction from the edges of the cell.

[ Helpful online resources

Amoeba Sisters: Mitosis: The Amazing Cell Process that Uses Division to Multiply! (Updated)
<https://www.youtube.com/watch?v=f-ldPgEfAHI>

Cancer

In the bodies of multicellular organisms there is a constant cycle of cells undergoing mitotic division to form new
cells. For example, every epithelial cell in the lining of the intestines are replaced every 2-5 days. It is important
that mitotic division is highly regulated. This is because the loss of control could lead to uncontrolled cell
division and the formation of a mass of cells known as a tumour or cancer (see Figure 1.3.11). There are
several factors that can increase the likelihood of uncontrolled cell division occurring such as exposure to ionising
radiation, cigarette smoke, asbestos and even some viruses. The cell cycle that controls cell division is covered in
more detail in Stage 2 Biology.

A tumour is forming

‘ '.',.v"— 1"‘,_ ."

*.
Des&\ﬁ@@@.(.. \ ecaeasaq
eoeo g oo of ®) . .mee@ecs@
EQ/)QQD@QQ ._. .QD@@Q@QG:

?9‘:‘2???‘0 000 ®) L ‘*’L?‘."?ff‘f
Cancer cells dividing J—T Normal cells

Figure 1.3.11: If one cell loses its control over one or more of the mechanisms controlling cell division, it can
lead to uncontrolled cell division and formation of a tumour.
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Comparing binary fission and mitotic division

Both binary fission and mitotic division allow prokaryotic cells and eukaryotic cells respectively to divide into two
new genetically identical cells. There are some similarities and differences between these two processes. Refer to

Table 1.3.2 for more details.

Table 1.3.2: A comparison of some features of binary fission and mitotic division.

Area of comparison

Binary fission

Mitotic division

Type of cell Prokaryotic Eukaryotic
Replication prior to division Yes Yes
Nuclear division No Yes

Type of chromosome(s) Single, circular Many, linear
Number of cells produced Two Two

Daughter cells

Clones of parent cell

Clones of parent cell

Spindle fibres involved

No

Yes

Growth if no restrictions

Exponential

Exponential

1.3 Review questions

- Multiple choice questions

1. Refer to the image to the right to answer the following question.

Identify the process shown in this image.

J  Mitosis

K Chromatin condensing

L  Asexual budding
M Binary fission

2. Which of the following options is not a phase of mitosis?

J  Prophase
K Metaphase
L  Anaphase
M  Cytokinesis

3. Which of the following options is not a purpose of mitosis for all eukaryotic organisms?

J  Reproduction

K Repair

L  Growth

M  Cell replacement

4, Sister chromatids are:

J  formed during mitosis.
attached by a centriole.

K
L  genetically identical.
M

separated during metaphase.

© Essentials Education 2025
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5. Outlined below are some various events that occur in the process of binary fission in no particular order:

New cell wall forms between the two circular chromosomes.
Circular chromosomes are separated due to cell elongation.
DNA replication results in two identical circular chromosomes.
Daughter cells separate.

DNA replication is switched on when cell reaches a certain size.

moow >

Select the correct order of these events of binary fission in the table below.

1st 2nd 3rd 4th 5th
J C B A D E
K C E B A D
L E C B A D
M E C A B D

6. Which of the following is not a phase of mitosis?

C > Toma s
fle—c >
J =< >=))) K W & 5
, c _-) S ¥
L | ’Kﬁ M & Bt |
', 1 I | | i ” g % -\- r / |
..\ L% -\_q_,_'_ _H'. LY - __-" !

ey

7. ldentify the statement below that is not true of spindle fibres in mitotic division.

J  They help align chromosomes along the metaphase plate.
K They radiate from centromeres.

L  The break down during telophase.

M Are composed of protein microtubules.

8. Refer to the image below which shows some cells at various stages of mitotic division.

Identify the correct order of the 4 phases of the process of mitosis.
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9. Refer to the image below which shows an enzyme called separase breaking down a protein called cohesin
during mitosis.

o cohesin n
a o

¢ » - separase

PO—Aa

Cohesin is a protein that helps hold the two structures shown in the image together.

Identify the most likely phase of mitosis that separase breaks down cohesin.

J  Prophase
K Metaphase
L  Anaphase
M Cytokinesis

10. Refer to the image to the right to answer the following question.
Identify the structure labelled X’ in this image.
J  Centromere

K Chromatid
L Chromosome
M  Centriole

- Free response questions

1. Explain why the daughter cells produced by binary fission and mitosis are identical to the parent cell.

2. Outline two key events that occurs at each of the four phases of mitosis.
a) Prophase

b) Metaphase
c) Anaphase
d) Telophase

3. Distinguish between mitosis and cytokinesis.
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4. Complete the table below comparing binary fission with mitosis.

DNA
replication
involved?

Type of Type of Type of Number of Spindle fibres

division organism chromosome cells formed involved?

Binary fission

Mitotic
division

5.  The diagram below shows events that occur in mitosis.

nucleus
cellmembrane |  chromosome spindle

A B C D E

a) ldentify how many chromatids can be seen at C.
b) Determine the correct sequence of the events.

6. A student wrote the following to compare mitotic division with binary fission:

“Binary fission is how all prokaryotic organisms reproduce and mitotic division is how all eukaryotic organisms
reproduce.”

Analyse the accuracy of the student’s statement.
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7. Refer to the graph below to answer the following questions.
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a) Explain what is happening in the cell between stages B and C.

b) Explain what is happening in between the stages D and E.

8. Refer to the image below which shows some plant cells viewed under a light microscope to answer the
following questions.

a) ldentify the highlighted phases of mitosis represented in the image above.

b) Cells A and B on the image display the genetic information in two different forms. Determine the form of
the genetic information in each cell and justify your answer.
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c) Explain why the genetic information in cells must condense prior to cell division.

9. a) Explain why mitotic division is highly regulated in multicellular organisms.

The image below shows a eukaryotic cell undergoing mitosis.

b) Identify the error being made in mitosis by this cell and explain the likely consequences for the cell.
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Chapter 1.4 Cell requirements
Science Understanding

Cells require energy.

The source(s) of energy are light (most autotrophs) and chemical (heterotrophs). Photosynthesis, respiration,
and fermentation are important energy processes for cells.

e Write word equations for photosynthesis, respiration, and fermentation (in plant and animal cells).
Cells require materials and the removal of wastes:

e  Compare the sources of materials for autotrophs and heterotrophs.
e Explain the need for removal of wastes.

© SACE 2025

Cells require energy

All organisms are composed of cells. These cells are constantly performing many processes such as movement,
synthesis of materials and maintaining a stable internal environment (see Table 1.4.1). All cells therefore require
constant inputs of suitable forms of energy.

The main source of energy for life on Earth is the sun. Energy is radiated from the sun as physical light and heat
energy. Light energy can be used by photosynthetic organisms to convert inorganic materials into potential
chemical energy (glucose). Heat energy that reaches the Earth ensures surface temperatures remain suitable
for life.

In all living cells there is a continual transformation of energy from one type into another. The chemical energy
stored in glucose molecules can be converted into a usable form of energy to do work within the cell. This
occurs through the process of respiration where glucose is converted into a usable form of energy (through the
synthesis of ATP). ATP (adenosine triphosphate) is the cell’s immediate source of energy and is used for almost
every energy-requiring reaction or process that occur in cells. The source of ATP’s power is its triphosphate tail
(see Figure 1.4.1). To release the usable energy for the cell to do work, the bond between the second and third
phosphate group is broken forming ADP (adenosine diphosphate) and a free phosphate group (see Figure
1.4.1). ATP is therefore termed ‘the energy currency of the cell.’

Adenine

o ~ Triphosphate B
/  Hyeee \

/ Phosphate

Ribose sugar \

/

/ \
{ Phosphoryiation Hydrolysis |
\

Energy
« forcells

Energy -
-~ from food"

Adenine
\ 7 /
_ Diphosphate
7y ee

Riboée sdgar

l ADP

Figure 1.4.1: ATP captures the chemical energy obtained from digested food molecules (e.g. glucose) which
can be released to supply usable energy for different cellular processes.
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Table 1.4.1: Some examples of essential processes that occur within cells and organisms to maintain life.

Type of process Examples

Movement e the contraction of muscle cells
e the spinning movement of sperm flagella (tails) to propel forward

e the movement of chromosomes within the cell by spindles fibres during cell
division

Synthesis of materials e the synthesis of DNA molecules during DNA replication
e the synthesis of proteins at ribosomes
e the synthesis of glucose through photosynthesis

Maintaining a stable e gctively regulating the concentration of various substances in the cell (e.g. ions
internal environment and waste products)

e maintaining a constant internal blood temperature

e maintaining a suitable pH

e maintaining suitable blood glucose levels

Autotrophs and heterotrophs

An autotroph is an organism that can synthesise its own organic energy-rich molecules (e.g. glucose) from
simple inorganic molecules (e.g. carbon dioxide and water). As autotrophs can synthesise their own food, they
are also called producers as ecosystems depend on them to produce energy-rich molecules. There are two main
types of autotrophs:

1. Photosynthetic autotrophs
2. Chemosynthetic autotrophs

Most organisms on Earth depend on photosynthetic organisms converting light energy from the sun into glucose
that they can eventually consume (see Figure 1.4.2). However, there are some ecosystems on Earth where light
cannot penetrate, yet life still exists. It is here that life generally depends on chemosynthetic organisms to produce
energy-rich molecules to fuel the ecosystem. One example is the sulfur bacteria that live near deep-ocean
hydrothermal vents. These hydrothermal vents release molecules such as hydrogen sulfide (H,S) from the Earth’s
interior, which are used by the sulfur bacteria as a chemical energy source to synthesise carbohydrates (food).

Table 1.4.2: A comparison of photo-autotrophs and chemo-autotrophs.

Type of Energy Chlorophyll  By-product(s) formed Examples
autotroph source used required?
Photosynthetic |Light Yes Oxygen Plants, algae, cyanobacteria.
Chemosynthetic | Chemical No Depends on the type of | Sulfur bacteria, nitrogen-fixing
chemosynthesis bacteria.

A heterotroph is an organism that cannot synthesis its own organic energy-rich molecules (e.g. glucose).
Heterotrophs must therefore obtain their organic molecules by consuming other organisms or parts of them (see
Figure 1.4.2). Heterotrophs rely on autotrophs to produce a continuous supply of organic energy-rich molecules.
They can directly consume autotrophs or consume other heterotrophs that have already consumed autotrophs to
obtain their energy needs. As a result, heterotrophs are also referred to as consumers.
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Figure 1.4.2: A flow diagram showing some of the interactions between autotrophs and heterotrophs and how
heterotrophs must consume their energy-rich compounds (glucose).

[J Helpful online resource

Amoeba Sisters: Autotrophs and Heterotrophs

<https://www.youtube.com/watch?v=f8G7IlulYxiA>

Photosynthesis

Photosynthesis is an important process that occurs in photosynthetic autotrophs. These organisms can use the
light energy emitted by the sun to convert inorganic molecules into organic energy-rich molecules (glucose). In this
process, light energy is trapped by the green pigment chlorophyll and is used to break the bonds between the
atoms of the reactants so they can be rearranged to form a glucose molecule and six oxygen atoms (see Figure
1.4.3 below).

o090 of o0 . . e ° e
S5 + 929eQ2 @ + 00°0
®o,00° ° o%0 . ” OH oH %o,

Q oM
Carbon dioxide Water Glucose Oxygen
(6C0O,) (6H,0) (C,H,0,) (60,)

Figure 1.4.3: The word and chemical equations for photosynthesis.

Factors that affect photosynthesis

Photosynthesis is the process that occurs in producers to synthesise glucose. If the rate of photosynthesis is high
in a producer, it is likely to have an abundance of energy-rich molecules to fuel its growth, and hence grow faster.

Humans are consumers that rely on photosynthetic organisms to feed us directly (e.g. fruits and vegetables) or to
feed animals that we consume (e.g. cattle feedstock). Humans therefore have a strong interest in understanding
the factors that affect photosynthesis so that they can be manipulated with the aim to producing higher yield
crops. Factors that prevent photosynthesis occurring at its maximum rate are called limiting factors. Some
examples include:

e Light intensity (see Figure 1.4.4)
e  Carbon dioxide concentration (see Figure 1.4.4)
e Wavelength/colour of light (see Figure 1.4.5)
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Figure 1.4.4: The effect of light intensity and carbon dioxide concentration (%) on the rate of photosynthesis
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Figure 1.4.5: The effect of light wavelength on the rate of photosynthesis.
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[ Helpful online resources

Cognito: GCSE Biology—Photosynthesis

<https://www.youtube.com/watch?v=X810lkeuHJw>

Cognito: GCSE Biology—Factors Affecting the Rate of Photosynthesis
<https://www.youtube.com/watch?v=JOKxRX3fyol>

Respiration

Cellular respiration is a metabolic pathway that uses glucose to produce ATP, which the body can use to power
cellular processes. There are two types of respiration, aerobic and anaerobic. Aerobic respiration occurs in the
presence of sufficient oxygen and involves mitochondria. Anaerobic respiration, also called fermentation, occurs
in the cytoplasm of cells when there is not sufficient oxygen available.

Aerobic respiration

Aerobic respiration is a process that occurs in cells where glucose is converted into cellular energy (ATP) in the
presence of sufficient oxygen. This process produces a large amount of cellular energy (36 ATPs) as the
presence of oxygen allows for a more complete breakdown of glucose. The by-products of this process are
carbon dioxide and water (see Figure 1.4.6).

Aerobic respiration consists of three main stages. The first stage (glycolysis) occurs in the cytoplasm of the cell
and produces two ATPs. The second and third stages (Krebs cycle and electron transport chain respectively) both
occur in the mitochondria of cells and produce a further 34 ATPs in the presence of oxygen (see Figure 1.4.7).

CH,OH
°° g o
oM + 9 o° : :,'..' +
OH OHON y > LY 0@ o
Glucose Oxygen Carbon dioxide Water
(CH,0,) (60,) (6C0,) (6H,0)

Figure 1.4.6: The word and chemical equations for aerobic respiration.
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Figure 1.4.7: Aerobic respiration consists of three main stages and requires the presence of oxygen and
mitochondlria to produce large amounts of cellular energy (36 ATP) through a more complete breakdown of
glucose.
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[ Helpful online resource

Cognito: GCSE Biology—Respiration
<https://www.youtube.com/watch?v=U4WwWuVZSe4>

Anaerobic respiration (fermentation)

[t is important for cells to have an alternative energy producing pathway to aerobic respiration in case sufficient
oxygen is unavailable. An example of this is when humans exercise vigorously and our muscles require greater
amounts of energy. If the circulatory system cannot deliver enough oxygen for the muscle cells to respire aerobically,
an anaerobic alternative is required.

Anaerobic respiration occurs only in the cytoplasm of cells and in the absence of oxygen. This process
produces much smaller amounts of cellular energy (2 ATPs) than aerobic respiration (36 ATPs) due to the
incomplete breakdown of glucose in the absence of oxygen. Like aerobic cell respiration, anaerobic respiration
begins with a process called glycolysis in the cytoplasm. An anaerobic process of fermentation then follows.

There are two kinds of fermentation:

e ethanol (alcohol) fermentation, which occurs in plants and yeast, and
e |actic acid fermentation, which occurs in animals and some bacteria.

Ethanol fermentation equation
glucose — ethanol + carbon dioxide
CH,,0, > C,H.OH + 2CO,
Lactic acid fermentation equation
glucose — lactic acid
CH,,0,~> CHLO,
Glycolysis Glucose Glycolysis
(Cytoplasm) (Cytoplasm)

*DK .

2 Pyruvic Acid

Fermentation
2CO (Cytoplasm)

Alcoholic m
Fermentation :: m

(Cytoplasm) 5 Ethanol 2 Lactic Acid

Figure 1.4.8: A comparison of ethanol and lactic acid fermentation. Note that each black circle represents a
carbon atom and that both processes start and finish with 6 carbon atoms in their reactants and products.
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Comparison of aerobic and anaerobic respiration

Aerobic respiration produces more energy (34 ATPs more) than anaerobic respiration (fermentation) due to a more
complete breakdown of glucose in the presence of oxygen. The products produced by aerobic respiration are
always the same, however the products of fermentation differ depending on the type of organism it is occurring in.
Refer to Table 1.4.3 for more information and a comparison of a Bunsen burner to respiration in terms of energy

output.

Table 1.4.3: Comparing the energy output of a Bunsen burner to aerobic respiration and fermentation.

Reaction Products Energy
Output
Bunsen I Methane Combustion High CO, and High
burner .1|. (collar open) water (blue flame)
3 - Aerobic High CO, and High
Acell Ay Glucose respiration (aerobic) water (8BATPs)
Bunsen i ) Low Carbon, Low
burner ,+ Msthane Combustion (collar closed) carbon monoxide (yellow flame)
T i .
Animal cell g . = Glucose L2 aC.Id Lo . Lactic acid o
PR fermentation (anaerobic) (2ATPs)
Plant cell Glucose Ethanol Low CO, and Low
fermentation (anaerobic) ethanol (2ATPSs)

Material requirements and waste production of cells

As well as energy requirements, cells also need very specific nutrients and materials for their survival. Generally,
organisms need a supply of water, macronutrients (carbohydrates, protein and lipids) and essential
micronutrients (vitamins and minerals) for their growth and development. Organisms may also need a supply
of nucleic acids (DNA and RNA) if they cannot synthesis their own. Due to the diverse nature of life on Earth,
different species have evolved different mechanisms to obtain essential nutrients and deliver them to their cells.
Additionally, different species can produce different waste products that must be removed from cells, to maintain
a suitable internal cellular environment for chemical reactions to occur.

Sources of materials for autotrophs

Autotrophs can convert inorganic materials into organic energy-rich molecules through the process of
photosynthesis or chemosynthesis. Photosynthetic autotrophs need to source carbon dioxide from the air, water
from the soil or a waterbody, and light from the sun (see Figure 1.4.9). Whereas chemosynthetic autotrophs need
to source their inorganic materials such as hydrogen sulfide, methane, carbon dioxide from their environment (e.qg.
hydrothermal vents in oceans), often by diffusion.

Autotrophs also require a range of additional inorganic nutrients. In the case of plants, they require at least 14
mineral nutrients, which are dissolved in water and absorbed by their roots from the soil (see Figure 1.4.9).
Two vital minerals are nitrogen and phosphorus because they are required in large amounts to synthesise
important molecules for life (see Table 1.4.4 for further information). The nitrogen and phosphorus cycles are
discussed further in Topic 4: Biodiversity and ecosystem dynamics.

© Essentials Education 2025 45



TOPIC 1 CELLS AND MICROORGANISMS

Table 1.4.4: Nitrogen and phosphorus are two mineral nutrients that are essential for plants to absorb in
large amounts as they are required in the synthesis of some very important molecules required for life. When
heterotrophs consume plant-based products, they also consume the minerals incorporated into molecules that

the plant(s) have synthesised.

Is this mineral vital to these essential life processes?

Mineral Photosynthesis DNA/RNA Protein ATP synthesis Membrane
synthesis synthesis (energy) synthesis
Nitrogen Yes Yes Yes Yes No
Is a key component | Is a key Is a key Is a key
of chlorophyll component of |component of | component of
pigments the nitrogenous |amino acids the adenosine
bases that form | (the building base in ATP
nucleic acids blocks of
proteins)
Phosphorus |No Yes No Yes Yes
Is a key Three It is a key component
component phosphate of the phospholipids
of the sugar- groups make up | that make up cell
phosphate the triphosphate | membranes
backbone of tail of ATP
nucleic acids

Taken up from soil by the Diffuses out of the leaf

roots and transported through the stomata; or
through the xylem to the remains in leaf cells to be
leaves used in respiration
LIGHT
GRIZON —
DIOXIDE 4+ | WATER GLUCOSE |4 | OXYGEN

Used to make materials
needed by the plant; or is
used in respiraton to
release energy

Diffuses from air
into the leaf through
the stomata

Figure 1.4.9: An example of how plants source their materials for the essential process of photosynthesis and
how the products formed can be used as a source for other processes, such as respiration.

Sources of materials for heterotrophs

Heterotrophs must obtain their essential nutrients through consumption. Essential macronutrients, micronutrients
and nucleic acids are consumed by eating a wide range of animal and plant-based products. Many of these foods
also provide some water to heterotrophs but drinking water separately is also required to obtain their daily needs.
The carbohydrates, protein, lipids and nucleic acids consumed are broken down into their building blocks (simple
sugars, amino acids, fatty acids/glycerol and nucleotides respectively) in the digestive system so they can be
absorbed across the small intestinal lining. The circulatory and lymphatic systems then transport these nutrients
to cells to be used for specific processes (see Figure 1.4.10). This is explored further in Topic 3: Multicellular
organisms.
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Figure 1.4.10: Consuming animal and plant-based products (food) provides heterotrophs with the three
macronutrients and nucleic acids that can be digested and transported to cells to perform specific functions. It
also provides water and the micronutrients (vitamins and minerals), but this is not shown in this flow diagram.

Waste production and removal

Some metabolic reactions in cells produce waste products that can be toxic, especially if they build up to high
concentrations. These waste products therefore need to be excreted from cells, and eventually the body of
multicellular organisms.

Carbon dioxide

Carbon dioxide is produced by all cells in aerobic respiration. It is also produced by plant and yeast cells when
they perform ethanol fermentation. In animals, carbon dioxide is excreted into the blood and is transported to the
respiratory system. The carbon dioxide diffuses from the blood into the lungs and is then removed from the body in
exhaled air. In plants, the carbon dioxide can be transported to leaf cells and used as a reactant in photosynthesis.

Urea

Urea is a by-product of the metabolism of protein, which occurs in the liver cells of animals. Urea is excreted into
the blood and is transported to the excretory system. The kidneys filter the blood and excrete urea and other
waste products forming urine, which is removed from the body though urination. Urea is a molecule that contains
nitrogen, which is an important element for plant growth. Many plants can metabolise urea and use the nitrogen it
provides to produce essential molecules for cells as outlined in Table 1.4.4. Some plants can absorb urea directly
from the soil, whereas others require bacteria to convert it to a usable form first.

Ethanol and lactic acid

Ethanol and lactic acid are by-products of ethanol and lactic acid fermentation respectively. Ethanol and lactic acid
are toxic to cells. If they accumulate to high levels, they can denature proteins and eventually cause cell death.
Additionally, the production of high levels of lactic acid during very strenuous exercise, can contribute to muscle
fatigue and soreness. As lactic acid increases acidity inside cells that produce it (lowers pH), it must be excreted
into the blood. It is transported to the liver where it is metabolised in the presence of oxygen to release additional
energy. Energy is also available to cells from ethanol, which is involved in further metabolic pathways in plant and
yeast cells to make it available for cellular use.
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1.4 Review questions
. Multiple choice questions

1.

All autotrophs:

J  require light for photosynthesis.

K convert inorganic materials into potential chemical energy.
L  are bacteria.

M require hydrogen sulfide as a chemical energy source.

2. The amount of energy (ATP) produced by respiration in the presence of oxygen when compared to the

absence of oxygen is

J  slightly less.
K slightly more.
L  significantly less.
M significantly more.
3. Refer to the graph to the right to answer the following question. “
Which of the following answers correctly explains the significance of the plateau .,
in the graph highlighted at ‘A’? 8 e B
J  Photosynthesis is not occurring at all due to a limiting factor. g //
K The rate of photosynthesis is occurring at the maximum possible rate for j%
the conditions provided. g/
L  Carbon dioxide concentration is a limiting factor at this point. //

M  The mitochondria are performing photosynthesis at a constant rate.

Carbon dioxide concentration
4. Which of the following options most correctly describes how plants obtain the

nucleotides that make up their DNA.

J  They synthesise them from nutrients obtained from their environment.

K They consume them.

L  Their roots absorb them from the soil.

M  They are a product of photosynthesis.

5. Refer to the graph below to answer the following question.

Photosynthesis

Rate of CO, production by
cellular respiration (= =-}
Rate of CO, consumption by
photosynthesis (—)

10 12 2 4 B B8
Time, AM to FM

12 2 4 & B

The points on the graph where the two lines intercept (A and B) represent:

J  the times at which the sun rises and sets.

K the peak rate of cellular respiration.

L the optimum rates of cellular respiration and photosynthesis for all plants.
M when the rate of cellular respiration and photosynthesis are the same.
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6. Which of the following options correctly matches an organism with an energy producing reaction that occurs
in that organism, the location this reaction occurs in its cell(s) and the products produced?

Organism Energy producing Location this reaction Products
reaction occurs in cells
J. Animal Aerobic respiration Cytoplasm Carbon dioxide and water
K. Animal Fermentation Cytoplasm Carbon dioxide and lactic acid ﬂ
L. Yeast Aerobic respiration Mitochondria Carbon dioxide and lactic acid
M. Yeast Fermentation Cytoplasm Carbon dioxide and ethanol

Refer to the graph below to answer questions 7, 8 and 9.
100 20

Grape sugar

50

Grape sugar (g)
o
(%) Joueyg
(Qwys|ie2 401) 1SBSA

Yeast Ethanol

0 5 10
Time (days)

7. The process occurring in the yeast cells that the graph highlights is:
J  fermentation.
K aerobic respiration.
L chemosynthesis.
M wine making.
8. The best explanation for the decrease in yeast cells shown in the graph is:
J  there is not enough grape sugar left to support all yeast and some start to die off.
K yeast only live for about 3 days.
L  yeast cells can only respire aerobically and without available oxygen cannot produce energy.
M the yeast cells are dying due to the increase in ethanol production.
9. Identify the mistake made by the individual who constructed this graph.
J  There is no legend supplied in the graph.
The scales are not constant.

K
L It doesn’t show the rate of carbon dioxide production.
M The x-axis label is incorrect.
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10. Refer to the graph below which shows the oxygen concentration in the water of a lake containing both
autotrophic and heterotrophic organisms to answer the following question.

Hours of sunlight Hours of darkness

Oxygen Concentration (ppm)

| | | | | |
06:00 08:00 10:00 12:00 14:00 16:00 18:00 20:00 22:00 24:00 02:00 04:00 06:00
Time of Day

Which of the following options provides a correct explanation to a trend shown in the graph above?

J
K
L

M

More organisms in the lake respire at night than during the day.
Autotrophs are unable to photosynthesise and respire during the hours of darkness.

More oxygen is produced by autotrophs than is consumed by organisms in the lake during the hours of
sunlight.

Oxygen is absorbed by the lake during the hours of sunlight and released back into the atmosphere
during the hours of darkness.

. Free response questions

1. Outline three processes that occur in cells that require energy.

a)

b)

c)

2. Complete the table below comparing two different organisms and their sources of nutrition.

Organism Type of nutrition Process by which Initial energy input
carbon is obtained
A fern
A human

3. Write word equations for each of the following processes:

a)
b)
c)
d)

Photosynthesis

Aerobic respiration

Lactic acid fermentation
Ethanol fermentation

4. Name two metabolic waste products produced by cells.
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Explain why carbon dioxide (CO,) can be considered a metabolic waste product from human cells but not
from plant cells.

Visible light is part of a continuum of radiations with different wavelengths called the electromagnetic spectrum.
These wavelengths are measured in nanometres (nm).

Refer to the graph below that shows how the wavelength (colour) of light affects the rate of photosynthesis
for a typical flowering plant.

Rate of Photosynthesis

400 500 600 700

Visible light wavelengths (nm)

a) ldentify and explain which wavelength(s), and colours, are most likely to increase the growth rate of a
typical flowering plant.

b) Use information in the graph to explain why leaves tend to be green.

State and explain three factors that may alter the rate of photosynthesis, other than the wavelength (colour)
of light.

Plants can convert inorganic materials into organic materials through the process of photosynthesis. The

chemical equation for photosynthesis is:
6CO, + 6H,0 - CH,,0, + 60,

6 1276

a) Use the chemical equation to complete the number of atoms of carbon, oxygen and hydrogen for the
reactants and products of photosynthesis:

Element Number of atoms
Reactants Products

Carbon

Oxygen

Hydrogen
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b))

Compare the number of atoms for the reactants and products of photosynthesis.

(i) Identify the inorganic source of carbon for plants and state the main way that plants obtain it.

Plants can also respire aerobically.

c) Use your understanding of aerobic respiration and photosynthesis to label the following diagram.

CELL RESPIRATION

PHOTOSYNTHESIS ]

- /.

d) Explain why plants need to be able to perform both photosynthesis and aerobic respiration.

9. Refer to the Figure 1 below, which shows the setup of a basic respirometer measuring the respiration rate of
a small animal called a woodlouse, to answer the following questions.

Start 0 minutes

Mesh barrier

Ruler
cm

£

- . il

Potassium \ Airtight Capilary Dropof
hydroxide to absorb Woodlouse bung tube coloured liquid
carbon dioxide
End 30 minutes
Ruler

Mesh barrier

Potassium
hydroxide to absorb
carbon dioxide

\ Woodlouse

Airtight Capillary Drop of
bung tube coloured liquid
Figure 1

At the start of this respiration experiment (O minutes), the position of a coloured drop of liquid in a capillary
tube is recorded. The coloured droplet in the capillary moves as the woodlouse respires. The position of the
coloured droplet is recorded again at the end of the elapsed time (30 minutes).
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a) Calculate the total distance (in mm) the coloured droplet has moved in the capillary tube during the
elapsed time.

b) Calculate the rate of movement (in mm per minute) of the coloured droplet in the capillary tube during the
elapsed time.

The rate of movement of the coloured drop of liquid along the respirometer can be used as an estimate
of the rate of respiration.

c) Explain why the coloured droplet moved in the capillary tube as the woodlouse respired.

In a separate experiment, some students used the same respirometer setup (Figure 1) and procedure
mentioned above to estimate the respiration rate of four different animals. The students completed
3 trials for each of the four species (A to D). Refer to Table 1 below to see the results.

Table 1
. Estimated respiration rate (mm/min)
Animal
Trial 2 Trial 3 Average (mean)
A 1.4 1.6 1.5
B 0.5 0.9 0.9
C 1.7 2.3 2.0
D 1.3 1.1 1.4

d) Calculate the average estimated respiration rate for each of the four animals (A, B, C and D) and add your
answers to Table 1. Note: some working out space is provided below.

e) () Identify which set of data in Table 1 (animal A, B, C or D) is the least precise.

(i) Use data from Table 1 to explain why the identified set of data from part (e)(i) is the least precise.

f)  Identify and explain one limitation of this experiment with regard to comparing the respiration rate of the
four animal species.
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Chapter 1.5 The cell membrane
Science Understanding

. Material requirements move in and wastes and some cell products move out of cells. The cell membrane
separates cellular activity from the external environment.

e Describe the structure of the semi-permeable cell membrane.
The selectively permeable nature of the cell membrane maintains relatively constant internal conditions.

e Explain how the cell membrane controls the exchange of materials between the cell and its environment.

e Describe how some substances move passively across the cell membrane with the concentration gradient
(i.e. by diffusion and osmosis).

e Compare active and passive transport with regard to:

o concentration gradient
O energy requirement

The surface area-to-volume ratio of cells is critical to their survival.
© SACE 2025

The cell membrane

All living cells consist of a cell membrane (also known as the plasma membrane). The cell membrane physically
separates the internal environment of the cell from its surroundings and controls the movement of materials in and
out of the cell. It is often called semi-permeable because some molecules can pass through it, but not all. This
is based on factors such as the size, charge and water solubility of molecules and will be explored further in this
chapter.

Structure of the cell membrane

The cellmembrane mostly consists of phospholipids and membrane proteins, but it also consists of carbohydrates
and another lipid called cholesterol (see Figure 1.5.1).

Cell membranes consist of:

e aphospholipid bilayer (two layers of phospholipid molecules)

e arange of membrane proteins that either span the width of the membrane or sit in the bilayer
e glycoproteins which are carbohydrate chains attached to membrane proteins

e glycolipids which are carbohydrate chains attached to phospholipids

e  cholesterol (a type of lipid) which is embedded within the phospholipids.

”.7 glycoprotein

Extracellular
environment

carbohydrate chain

glycolipid

e I "‘%;'ul“ | 'é” | i

“cholesterol

integral (transmembrane)

protein ™~ N
peripheral integral membrane
protein protein
Intracellular

environment

Figure 1.5.1: The basic structure of a cell membrane.
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Phospholipids

The structure of the phospholipid bilayer is a result of the physical properties of the phospholipid molecules.
A phospholipid molecule consists of a phosphate head and two fatty acid chains (see Figure 1.5.2). The phosphate
heads are hydrophilic (water-loving) and therefore orientate towards the aqueous environments of the cytoplasm
and extracellular fluid. Conversely, the fatty acid tails do not interact well with water and are hydrophobic
(water-fearing). The fatty acid tails therefore project inwards towards each other and away from the aqueous
environments (see Figure 1.5.2).

channel - recognition

protein carrier / glycoprotein

rotein
P carbohydrate
«<— chain

phospholipid l
Water

Water

integral proteins cholesterol
peripheral

protein
phosphate head
(polar/hydrophoilic)

— |

2 fatty acid tails — | ,
(non-polar/hydrophobic)

Figure 1.5.2: A cross-section view of the structure of the cell membrane and a close-up ook at the structure of
a single phospholipid.

Proteins

There are two main types of proteins that the cell membrane consists of: integral proteins and peripheral proteins.
Integral proteins are integrated in the phospholipid bilayer, whereas peripheral proteins attach to internal or external
surfaces of the bilayer (see Figure 1.5.1 and 1.5.2). There are a variety of integral and peripheral proteins within the
cell membrane that perform essential functions for the cell. These proteins include transport proteins, enzymes,
receptor proteins, recognition (or cell identity) proteins and adhesion proteins (see Figure 1.5.3).

Functions of the cell membrane

The cell membrane is the physical barrier between the intracellular and extracellular environments and therefore
has many important cellular functions (see Figure 1.5.3). Some of the important functions include:

e Protecting the intracellular environment.

e Providing support and helping to maintain cell shape through adhesion proteins that can stick out and bind
to specific protein molecules on adjacent cells.

e  Selectively controls the exchange of molecules between the cell and its external environment through
transport proteins.

e Allows communication through receptor proteins and complementary hormones.

e Involved in cell recognition through glycoproteins and glycolipids that act as cell identity markers
and allow the immune system to distinguish between the organism’s ‘self’ cells and foreign ‘non-self’ cells
(e.g. bacteria).
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Figure 1.5.3: The cell membrane has a range of different proteins within it that perform a variety of functions.

The fluid-mosaic model

Like many other structures or processes too small to see, or to comprehend, scientists have constructed a
‘model’ to visualise, and thus better understand cell membrane structure. This is called the “fluid mosaic model’
(named by S.J. Singer and G.L. Nicholson who proposed it in 1972).

The word ‘“fluid’ in the name of the model refers to the ability of both lipids and proteins to continually move in the
membrane. This characteristic is critical for membrane permeability, or ease of movement of molecules across
the membrane.

The term ‘mosaic’ refers to the pattern formed by the variety of proteins embedded within the phospholipid
bilayer. These proteins are fundamental to the function of the cell membrane.

0 Helpful online resource

TED-Ed: Cell membranes are way more complicated than you think—Nazzy Pakpour

<https://www.youtube.com/watch?v=nsklF1w4eok>

Selective permeability of the cell membrane

Some molecules can pass through the phospholipid bilayers of the cell membrane easily, but others cannot (see
Figure 1.5.4). This is why it is called semi-permeable. However, some of the molecules that cannot pass through
the bilayer easily can be important for cell survival, such as amino acids and nucleic acids. These molecules rely
on transport proteins to be transported across the cell membrane. The transport proteins for these molecules are
specific and therefore selective for the molecules that can move across them (see Figure 1.5.5). The cell
membrane therefore controls which molecules move into and out of the cell, which is important as cells need
to maintain a narrow range of conditions to function normally. Collectively, the semi-permeable nature of
the cell membrane and the selective transport proteins allow the cell to dispose of waste products and accrue
important nutrients in higher concentrations internally than its external environment.
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High permeability Moderate permeability Low permeability Very low permeability
) ions sodium, potassium
some gases CO, O, | water polar organic glucose P
molecules
charged polar amino acids
very small ethanol molecules and ATP
uncharged rea macromolecules proteins
polar molecules )
polysaccharides
nucleic acids

Figure 1.5.4: The relative membrane permeability of some example molecules.

. Glucose
s transporter

Figure 1.5.5: The cell membrane has a range of different transport proteins that facilitate its ability to select
which molecules can enter and leave the cell.
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Passive transport across the cell membrane

According to the kinetic model for matter, atoms and molecules are in a state of constant, random motion. In
gases and liquids, this causes them to collide so often that there is a gradual net movement away from where
the atoms or molecules are most concentrated to where they are least concentrated. The movement of atoms
and molecules in this way is called passive transport because it does not involve the expenditure of energy.
Simple diffusion, facilitated diffusion and osmosis are passive transport processes across the cell membrane.

Simple diffusion

Simple diffusion is the movement of molecules from a region of high concentration to a region of lower concentration
until an overall even concentration is reached. The steeper the gradient, the greater the rate of diffusion. Small,
uncharged molecules such as oxygen and carbon dioxide are free to cross membranes by diffusing between the
phospholipids (see Figure 1.5.6).

[ Helpful online resource

Cognito: What is Diffusion? How Does it Work? What Factors Affect it?
<https://www.youtube.com/watch?v=IxHMJaX0OzP4>

Facilitated diffusion

Some important molecules that cells require are unable to move directly into cells through simple diffusion due to
the properties of the phospholipid bilayer. Instead, the movement of some of these molecules can be facilitated
through transport proteins embedded in the phospholipid bilayer (see Figure 1.5.6). This process is called
facilitated diffusion and it is still a passive process because molecules still move down the concentration gradient
and requires no energy. Substances that enter cells by facilitated diffusion include:

e hydrophilic molecules such as glucose and amino acids, and
e jons (charged particles) such as sodium and potassium ions.

Osmosis

Osmosis is the name for the diffusion of water from an area of high water concentration to an area of low
water concentration. The movement of water differs to diffusion and facilitated diffusion because the movement
of water is also affected by the concentration of solutes. This is because solute molecules attract and bind
to water, reducing the number of ‘free’ water molecules within the solution. The greater the concentration of
solutes, the lower the number of free water molecules. Water molecules will therefore move from a low solute
concentration (high water concentration) to a high solute concentration (low water concentration) through a semi-
permeable membrane. Water molecules can move directly through the phospholipid bi-layer or through specific
channel proteins called aquaporins (see Figure 1.5.6). Aquaporins help regulate the movement of water into and
out of cells.

It is important to note that this process is passive and only water molecules move by osmosis (see Figure 1.5.7).
Osmosis continues until the same solute concentration is attained on both sides of the membrane, also known
as isotonic solutions.

Isotonic solutions

When two solutions have the same solute concentration on either side of a membrane, they are said to be
isotonic. Water molecules will move across the membrane in both directions but there will be no net movement of
water molecules. This is also known as a state of dynamic equilibrium.

Hypotonic and hypertonic solutions

If two solutions are separated by a membrane their solute concentrations may not be equal. The solution that has
a lower solute concentration is called hypotonic. The hypotonic solution has more free water molecules than
the other solution and these water molecules will move by osmosis into the other solution. The other solution in
this case is a hypertonic solution as it has a higher solute concentration and less free water molecules than
the hypotonic solution (see Figure 1.5.7).
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Small lipid-
insoluble solutes

€) Channel-mediated
facilitated diffusion
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basis of size and charge

specific for one

Water
molecules
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Figure 1.5.6: Passive transport can occur directly across the phospholipid membrane for some molecules,
whereas others require a transport protein to facilitate its movement across the membrane. \Water can move
directly through the membrane, but the presence of aquaporins can increase the movement of water across the
membrane. In all cases, the molecules move from an area of high concentration to an area of low concentration
and therefore no energy is required to facilitate the movement.
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Figure 1.5.7: Solute molecules bind to water molecules reducing the number of free moving water molecules.

Even though the two solutions above both have 24 water molecules, only 4 water molecules in the hypertonic

solution (right) are ‘free.” Therefore, water molecules from the hypotonic solution (left) move by osmosis to the
hypertonic solution in an effort to even up the number of ‘free’ water molecules.
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The effects of osmosis on plant and animal cells

Osmosis generally has a greater impact on animal cells as they do not contain a cell wall like plant cells. The typical
solute concentration of animal and plant cells is approximately 0.9%. \When exposed to a hypotonic
environment (less than 0.9% solute concentration), water moves into cells and osmotic pressure can build up
inside cells placing pressure against the cell membrane. In animal cells, the pressure can become too great for the
membrane causing the cell to burst (called cell lysis). In plant cells however, the cell wall helps to maintain the
water balance. Water moves into plant cells until it becomes turgid (firm) in hypotonic environments (see Figure
1.5.8). The tough cell wall stops any further entry of water into plant cells and prevents them from bursting. On the
other hand, when exposed to hypertonic environments (greater than 0.9% solute concentration), water moves
out of both animal and plant cells, dehydrating them. This causes animal cells to shrivel and can result in cell
death. Plant cells also shrivel, but as they contain a cell wall, the cell membrane pulls away from it. This is called
plasmolysis (see Figure 1.5.8).

Hypertonic Isotonic Hypotonic
Solution Solution Solution
(net movement (no net movement (net movement
of water out) of water) of water in)
L)
3 HO H,0 H,0
S HO
b : H,0
L)
g H,0
o HO
e ’ H,0 H,0 H,0
c
g 10% solute 0.9% solute 0% solute
5':' Shriveled Normal Cells swell and
cells cells eventually burst

HO Hzo

[7)
3 L
c /
i
o 10% solute 0.9% solute 0% solute
Cell body shrinks, large Large central vacuole
central vacuole shrinks, expands and the cell
and membrane pulls Normal cells swells and becomes
away from cell wall turgid

Figure 1.5.8: The varying effects of different solute concentrations on animal and plant cells, which have a
general internal solute concentration of 0.9%.

[J Helpful online resource

Cognito: GCSE Biology-What is Osmosis®?
<https://www.youtube.com/watch?v=vCJVXYmXkzM>
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Active transport across the cell membrane

Some molecules cannot be transported across the cell membrane passively and may require an input of energy to
be transported into or out of the cell. This could be a waste product that needs to be excreted by a cell or it could
be a useful product that the cell requires. In these cases, the cell will expend energy to transport these molecules
through active transport or endocytosis/exocytosis.

Active transport

Active transport is a process in which solutes are moved against the concentration gradient from an area of
low concentration to an area of high concentration. This process requires energy as the molecules need to be
transported in the opposite direction that they would normally move by diffusion (see Figure 1.5.9).

The absorption of glucose in the human small intestine is a good example of where active transport is utilised.
Glucose from digested carbohydrates is absorbed by facilitated diffusion and active transport. Glucose moves
from the small intestine into the epithelial cells of the villi by facilitated diffusion, but when the concentration of
glucose is lower in the small intestine, active transport is used to absorb glucose.
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Figure 1.5.9: Active transport requires energy in the form of ATP to transport molecules against the
concentration gradient.

[ Helpful online resource

Cognito: GCSE Biology—Active Transport
<https://www.youtube.com/watch?v=tMObGaaQ2jY>

Endocytosis and exocytosis

Some materials are too big to pass through the phospholipid bilayer and transport proteins. To move these
molecules into or out of cells, endocytosis or exocytosis is used. These two processes are active transport
processes as they both involve the movement of the cell membrane which requires energy expenditure.

Endocytosis

Endocytosis is the process in which large molecules (or particles in bulk) outside the cell are engulfed by the cell
membrane and moved into the cell. This involves the cell membrane folding inwards around the large molecule(s)
and pinching off to form a vesicle inside the cell containing the large molecule(s) (see Figure 1.5.10).

Exocytosis

Exocytosis is the process in which large molecules (or particles in bulk) inside the cell are secreted out of the
cell. Molecules are packaged inside vesicles, for example by a golgi body, which are then transported to the
cell membrane. These vesicles then fuse with the cell membrane releasing the molecules to the extracellular
environment (see Figure 1.5.10).
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Figure 1.5.10: Endocytosis and exocytosis are complementary processes that require energy to move materials
across the cell membrane.

0 Helpful online resource

Osmosis: Endocytosis and Exocytosis
<https://www.youtube.com/watch?v=HMbNAKUX3i4>

Richochet Science: Active, Passive, and Bulk Cell Transport

<https://www.youtube.com/watch?v=BGeSDI03aaw>

Factors that affect the rate of exchange of materials across the
cell membrane
How quickly materials are exchanged across the cell membrane depends on factors including the:

e nature of the material being exchanged,
e concentration gradient (or, in the case of water, the solute concentration gradient), and
e surface area to volume ratio of the cell.

It is important to note that there are other factors that can also affect the rate of exchange of materials across the
cell membrane. One example being temperature, which is explored further in Stage 2 Biology.
Nature of the materials being exchanged

Both the physical (size in particular) and the chemical nature of molecules, influence their ability to move across the
cell membrane. Factors that influence whether a substance will pass across the cell membrane or not include its
size, water solubility and charge (see Table 1.5.1). Two characteristics of the membrane that are largely responsible
for the selective nature of the exchange are

e the lipid nature of the membrane, and
e the proteins embedded in the lipid bilayer.
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Table 1.5.1: The nature of materials can affect the movement of materials across the cell membrane.

Factor Explanation

Size Only very small molecules are freely exchanged, such as gases like oxygen and carbon dioxide.
Larger molecules, like many proteins, are too big and not exchanged freely. They may require other
transport methods such as endocytosis and exocytosis.

Solubility | Molecules that are highly soluble in water (hydrophilic molecules) can only be exchanged if

in water |specific membrane transport proteins are used as well. This is because molecules that are water
soluble do not interact easily with the lipid molecules that the bilayer is made up of. Conversely,
molecules that interact easily with lipids (lipophilic molecules), such as steroid hormones, can move
through the lipid bilayer more easily.

Charge |lons (charged particles) are highly soluble in water and can only be exchanged if specific transport
membrane proteins are present.

Concentration gradient

A concentration gradient exists when there is a difference in the concentration of molecules in two regions. The
greater the difference in concentration of the molecules between the two regions, the greater the rate of diffusion
(see Figure 1.5.11).

High Low High Low

concentration concentration concentration concentration

Figure 1.5.11: The greater the difference in concentration gradient between two areas, the greater the rate of
diffusion.
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Surface area to volume ratio

The surface area to volume ratio (SA:V) is an important concept for cells in explaining the efficiency of the exchange
of materials between the external and internal environments. The ratio is a numerical value that represents the
relationship between the amount of external surface area of the cell membrane and the volume of the cytoplasm.
Virtually all cells are microscopic for a reason. By being incredibly small they have a very large surface area to
volume ratio. This is critical to their survival because it means they can exchange materials with the external
environment very efficiently.

No cells are the size of a seed, let alone a tennis ball because to be that large would mean having a very small
surface area to volume ratio. Cells that big could not survive because the efficiency of exchange of materials with
the external environment would be far too low to carry out life processes. As a cell grows larger it will have relatively
less membrane area compared to its volume and this can be a stimulus for the cell to divide.

To summarise, as a cell grows:

e jts surface area increases,
e jts volume increases, but
e its surface area to volume ratio (SA:V) decreases

This is because as cells grow their volume increases more than its surface area (Figure 1.5.12).

Radius Surface area Volume

Figure 1.5.12: As the radius of the cell increases from 1x to 3x the surface area does not increase as much as
the volume. The surface area only increases to 9x whereas the volume increases to 27x. The SA:V therefore
decreases as the size of the cell increases.

[ Helpful online resource

Cognito: GCSE Biology-Surface Area to Volume Ratio
<https://www.youtube.com/watch?v=HMbNAKUX3i4>

1.5 Review questions
. Multiple choice questions

1. Which of the following molecules is not part of the cell membrane structure?
J  Carbohydrates
K Cellulose
L Lipids
M  Protein
2. Cholesterol

J  contributes to the fluid nature of the phospholipid membrane.

K is not a component of the cell membrane.

L is hydrophilic and is located in aqueous parts of cells.

M is embedded in the phospholipid membrane and is responsible for its mosaic nature.
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3. Refer to the diagram of a cell membrane below to answer the following question.

P

Select the option in the table below that correctly matches a part of the cell membrane with its structure and

primary function.
Label of membrane structure Structure Function
J P Protein Anchorage
K Q Carbohydrate Communication
L R Protein Transport
M W Lipid Energy

4. Endocytosis
J is apassive process.
K allows molecules to be transported out of the cell.
L is an active process involving a vesicle merging with the cell membrane.
M allows molecules to enter a cell without having to pass through the membrane directly.

5. Refer to the diagram below which shows the movement of molecules across a cell membrane to answer the
following question.

C

o ° o0
.. o®
o0®

Which one of the transport mechanisms shown above best represents active transport?
J A
K B
L C
M None of the above
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6. Refer to the diagram below which shows two solutions (A and B) separated by a semipermeable membrane

to answer the following question.

A

water molecule

sugar molecule

B

semipermeable
membrane

After 10 minutes, the most likely outcome observed would be that...

J  the volume of solution A increased.
K the volume of solution B increased.
L  the volume of solution A decreased.
M

no net change occurred in the volume of solutions A or B.

Refer to the diagram below which shows the movement of molecules across a cell membrane to answer the
following question.

KEY

- = Glucose

Outside = H,0 molecules

After

Outside Inside

Inside

Before

By referring only to the diagram above, it can be concluded that
J
K
L
M

water and glucose molecules both move into the cell by passive transport.

water and glucose molecules both move into the cell by active transport.

water moves into the cell by passive transport and glucose moves into the cell by active transport.
only water molecules move into the cell by passive transport.

Refer to the diagram below which shows four 3D shapes and their respective total surface areas (SA) and
volumes (V) to answer the following question.

SA =281
V=216

SA =216
V=216

SA =228
V=216

SA =252
V=216

Which of the above 3D shapes has the greatest SA:V?

J

K
L
M

66

A

B
C
D
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9. Refer to the diagram to the right which shows the effect of solution X on a plant cell Solution X
to answer the following question. ——

By referring only to the adjacent diagram, identify the concentration of solution X in ! —
comparison to the plant cell’s intracellular concentration. '1

Hypotonic
Hypertonic

‘\-ﬂ
Isotonic | P
Dynamic equilibrium \ !
\ 7/

10. Referto the diagram below which shows a section of a cell membrane and three transport routes for molecules
into the cell to answer the following question.

ﬂﬂgﬁﬂ ARAC AR | AR
:

@ X<«

WU | JHUHEHEH] L JHHb

¥ Z

Cells require essential vitamins for cellular processes. Some vitamins are water soluble whereas others are
lipid soluble.

Identify the most likely transport routes of vitamin C (water soluble) and vitamin D (lipid soluble) across the
cell membrane.

Vitamin C Vitamin D

J X X
K Y Z
L Z X
M X Y

- Free response questions

1. Name the three macromolecules that the cell membrane consists of.

2. Name three useful substances that move into a cell from the external environment and state why each
substance is required by the cell.

3. Describe the general structure of the cell membrane.

© Essentials Education 2025 67



TOPIC 1 CELLS AND MICROORGANISMS

4. State three functions of the cell membrane.

5.  Explain why the ‘fluid mosaic model’ is a suitable model for describing the cell membrane.

6. Explain why the cell membrane is described as semi-permeable.
7. Glucose is highly soluble in water. Explain why glucose has a low cell membrane permeability.
8. Describe why the cell membrane is also described as selectively permeable.

9. Compare and contrast the different types of passive and active transport processes by completing the table
below:

Transport Are proteins in the lipid What is the Is an energy input

process bilayer required? concentration gradient? required?
Simple diffusion

Facilitated
diffusion

Active transport

Osmosis

10. Refer to the diagram below to answer the following questions.

a) lIdentify the process shown in the diagram above.

b) Justify your answer to 10(a).
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11. State the likely method used to transport each material in the following examples:

a) Water moves from wet soil into the roots of a plant
b) Low concentrated mineral ions move from the soil into the roots of a plant
c) Epithelial cells in the small intestine absorbing small droplets of lipid from the intestinal lumen

d) A white blood cell engulfing a bacterium
e) Oxygen gas moving from an animals’ lungs into the blood

12. Surface area to volume ratio (SA:V) of cells is one factor that affects the rate of exchange of materials across
the cell membrane. Cubes are often used to model the effect of increasing cell size on SA:V.

a) Complete the following table to calculate the SA:V of the different sized cubes. One row has already been
completed to provide an example.

IEdgti Total surface area Volume . 80

en . .

om) SA=lxwx6(cmd V=lxwxh(cm?) (simplified zzsci‘l’yr)"pa’e more
1

2

3

4 4x4x6=96 4x4x4=064 96 : 64 1.5:1

5

6

b) Use data from the table to describe the trend observed as the cube size increases.

c) Explain why the trend observed in part (b) occurs as the cube size increases.

d) Using the trend observed in part (b), discuss the effect of increasing cell size on a cells ability to exchange
materials with its environment.

13. Refer to the diagram below which shows some human red blood cells before and after being placed in an
unknown solution to answer the following questions.

Before being After being
placed in placed in
solution solution

a) State whether the external solution the red blood cells were exposed to is isotonic, hypotonic or
hypertonic, when compared to the internal solute concentration of the red blood cells.
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14.

15.

b) Using evidence from the diagram above, describe the effect(s) that exposing the red blood cells to this
solution had.

c) Name the process that is responsible for the change seen in the diagram above and explain why this
change occurred.

d) Explain why it is important for cells to maintain a relatively constant internal environment.

Endocytosis and exocytosis are essential transport processes to cells.

a) Explain why endocytosis and exocytosis are considered active transport processes.

b) Draw a simple labelled diagram to show the process of endocytosis.

Refer to the diagram to the right which shows a
photomicrograph of a paramecium at 400x and the
information that follows to answer Question 15.

Paramecium is a unicellular organism that lives in
fresh-water and possesses a structure known as
a contractile vacuole. This vacuole fills with fresh
water and periodically contracts to expel water
from the cell. Paramecium have a cell membrane
but lack cell walls.

A researcher conducted an investigation to
observe the effect of changing the external solute
concentration on the rate of contraction of these
vacuoles in a paramecium. The results from this
investigation are shown in the following Table.
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External solute concentration (arbitrary units) Number of contractions per minute
0.00 7.1
0.02 7.0
0.04 5.3
0.06 5.2
1.00 4.9

a) Using the data in the table, draw a graph showing the number of contractions per minute against the
external solute concentration.

b) Describe the relationship between the external solute concentration and the number of contractions per
minute.

c) lIdentify and explain the likely effect on a paramecium of being exposed to a 0% solute concentration
environment if it didn’t have contractile vacuoles.

d) Using the data, explain one likely reason why the number of contractions changes as the solute
concentration changes.

e) Outline two possible limitations to any conclusions made from this investigation.
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Chapter 1.6 The importance of microorganisms
Science Understanding

Microorganisms are important living things. Microorganisms include bacteria, fungi and protists. In ideal
conditions bacteria grow exponentially.

Different bacteria require specific conditions for growth.
e Discuss the effects of factors such as:

temperature

nutrient availability
moisture

pH

o the removal of wastes.

O
O
O
O

Microorganisms act as decomposers, which enables recycling of essential nutrients. Bacteria reproduce by
binary fission (asexual).

Microorganisms are important to humans.
e Discuss the role of microorganisms in:

o the digestive system

o oxygen production by phytoplankton

o recycling nutrients through the non-living environment by decomposing dead and waste materials
o recombinant DNA technology.

e Humans have cultured and used microorganisms for about 10,000 years.
© SACE 2025

Types of microorganisms

Microorganisms (or microbes) are living organisms that are too small to be seen with the naked eye. They are a
diverse group, consisting of both unicellular and multicellular organisms. The five major types of microorganisms
are bacteria, archaea, fungi, protists and viruses.

Microorganisms exist in virtually all environments on Earth making up approximately 60% of all living matter. Some
perform crucial roles such as nutrient recycling and producing oxygen. Many microbes are beneficial to life, but
others can be harmful and cause disease.

Bacteria

Bacteria are unicellular and consist of a prokaryotic cell that lacks a nucleus and other membrane-bound organelles.
They contain cell walls consisting of peptidoglycan and reproduce through the process of binary fission (see
Chapter 1.3 for more information). Some bacteria can produce spores, which allow them to survive environmental
stresses, such as extreme temperatures. Bacteria exist in different shapes including bacillus (rod shaped), coccus
(spherical shape), spirilla (spiral shape) and vibrio (curved shape).

Bacteria can be classified as aerobes (requires oxygen for life), anaerobes (do not require oxygen for life) or
facultative anaerobes (can live in environments with or without oxygen). Some bacteria use autotrophic nutrition
and others are heterotrophic (see Chapter 1.4 to review these concepts). Bacteria that obtain their organic
molecules by consuming decaying or dead matter are termed decomposers (or saprophytes).
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Figure 1.6.1: Photomicrographs of four bacterial species (at different magnifications) highlighting the four major
bacterial shapes (a) Bacilli, (b) Cocci, (c) Spirilli and (d) Vibrio.
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Archaea

Archaea were initially classified as bacteria because they are unicellular prokaryotic organisms (do not contain
a nucleus) and have a similar structure to bacteria. The structure of their cell wall differs from bacterial cell walls
however and is not composed of peiptidoglycan. Acrhaean cell walls are chemically distinct and contains unique
lipids that allow them to survive in extreme environmental conditions. Some types of archaea include:

e methanogens (methane-producing archaea),

e halophiles (archaeans that live in salty environments),

e thermophiles (archaeans that live at extremely hot temperatures), and
e psychrophiles (archaeans that live in extremely cold temperatures).

When previously classified as bacteria, they were originally named archaebacteria. They are now classified as
their own domain (Archaea) though due to their unique properties that separate them from the other two domains
(bacteria and eukarya).

Archaea are part of the microbiomes of all organisms and perform essential roles such as assisting in the digestion
process in animals. Some archaeans use organic molecules as an energy source, whereas others use inorganic
molecules such as ammonia, hydrogen gas or metal ions to obtain energy rich molecules through chemosynthesis.
Archaeans can reproduce asexually by binary fission, fragmentation, or budding. Currently, no known species of
Archaea form spores like bacteria can.

Fungi

Fungi are comprised of eukaryotic cells that contain a nucleus and other membrane-bound organelles. Fungi
cells also contain a cell wall, but it is composed of chitin, which is a different carbohydrate to bacterial cell walls
(peptidoglycan) and plant cell walls (cellulose). Some fungi are unicellular (yeast), but most are multicellular (moulds
and mushrooms). Mushrooms are not microscopic, but there are multicellular microscopic fungi such as some
moulds and mildews.

Fungi are heterotrophic and obtain their nutrients through absorption. Many fungi form branching networks of
hyphae (collectively known as mycelium) that absorb nutrients (see Figure 1.6.2). Decomposers obtain their
nutrients from decaying and dead matter, symbionts obtain their nutrients through symbiotic relationships with
plants, and parasites obtain theirs through harmful relationships with host organisms. Fungi reproduce by releasing
spores which are then able to grow into new organisms in suitable environments.

Unicellular fungus (yeast) Multicellular fungus

Cell membrane Sporangium

Cytoplasm
Cell wall
(chitin) Lipid granule
Vacuole Mitochondria - Spores
"W ! (released from
= open sporangium)
SER -
RER
Ribosomes—"~
| . P Mycelium
N NuIcIeIUS_ f Golgi body s (collection of
ucleolus i . Hyphae hypae)
Golgi vesicle (feeding tubes) ; i
Figure 1.6.2: The general structures of unicellular and multicellular fungi.
Protists

Protists are a diverse group of eukaryotic organisms consisting of all eukaryotes not classified as fungi, plants
or animals. They are mostly unicellular, but some are multicellular. Protists are consequently the largest group of
organisms on Earth in terms of numbers (over 100,000 living species), biomass and diversity. Protists exhibit a
diverse range of characteristics. Some are autotrophic, whereas others are heterotrophic. Some protists reproduce
through asexual processes (including binary fission and budding), some protists reproduce sexually, and others
can reproduce using a mixture of both reproduction strategies. Protists are generally classified into three main
groups based in their similarities to other kingdoms of life:

1. Protozoa (animal-like protists)
2. Algae (plant-like protists)
3. Slime moulds and water moulds (fungus-like protists)
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Protozoa (animal-like protists)

Protozoa are single-celled eukaryotic organisms that exhibit animal-like behaviors, such as movement and
predation. They are heterotrophic and obtain nutrients by ingesting other microorganisms or organic matter
through endocytosis. Their ability to move is facilitated by structures like cilia, flagella, or pseudopodia (see
Figure 1.6.3). Protozoa are much simpler than animals and are thought to have been the ancestors of animals.

_ | Pseudopod Cilia Flagellum ) =3
:jL" -'-. 5 o . #-_..;I .. / i

Amoeba Paramecium Euglena Clamydomonas Chlorella  Spirogyra

Figure 1.6.3: Some examples of animal-like protists (amoeba and paramecium) and plant-like protists (euglena,
clamydomonas, chlorella and spirogyra).

Algae (plant-like protists)

Algae (also known as cyanobacteria or blue-green algae) are autotrophic organisms that obtain their energy-
rich molecules through the process of photosynthesis. They tend to lack many of the structures associated
with typical plants and can vary in size from unicellular and microscopic (see Figure 1.6.3), to the extremely large
multicellular kelps and seaweeds.

Algae are important contributors to life on Earth. They are producers in aquatic food webs, trapping the sun’s
energy for other organisms in both marine and freshwater environments. They also produce a significant portion
of the Earth’s oxygen (an estimated 50%) through photosynthesis.

The classification of these organisms is not universally agreed amongst scientists as not all algae are closely
related in an evolutionary sense. In fact, some groups of algae are more closely related to fungi and protozoa than
other algae.

Slime moulds and water moulds (fungus-like protists)

Fungus-like protists share some similarities with fungi, such as their flamentous growth (see Figure 1.6.4),
heterotrophic mode of nutrition and reproducing through spore production. They are not classified as fungi though
because there are some clear differences, such as their cell walls being composed of different carbohydrates.
Fungi contain cell wall composed of chitin, whereas the cell walls of fungus-like protists are composed of cellulose.

Figure 1.6.4: A clear example of the filamentous growth of slime mould in search of food on a decaying log.
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Viruses

Viruses are classified as microorganisms, but they are not considered living organisms because they cannot carry
out life’s processes, as discussed in Chapter 1.1. They are non-cellular entities containing nucleic acids (DNA or
RNA), lipids and proteins (see Figure 1.6.5). They can only reproduce inside the cell of a host organism (animals,
humans, plants and bacteria) and often cause disease as a result.
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Figure 1.6.5: The basic structure of a virus.

Conditions for the growth of bacteria

Under optimum conditions a single bacterium can multiply into approximately two million bacteria within 7 hours
and more than 68 billion in 12 hours (see Figure 1.6.6). The number of bacteria doubles through the process of
binary fission, resulting in this exponential growth. As many bacterial species have a short generation time of
approximately 20 minutes, this exponential growth can occur in a relatively short period of time. Fortunately, such
exponential growth rarely occurs because resources are a limiting factor and waste production is toxic.

Different bacterial species require different sets of conditions for optimal growth including:

e asupply of specific nutrients

e Oxygen availability

e available free water (moisture)

e asuitable temperature

e asuitable pH

e ability to remove waste products efficiently.

Time Number of Cells
0 min 1 =20
20 min 2 =21 70
40 min 4 =22 « 60
D
60 min 8 =28 % 50
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o 30
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. . 5 E 20
[ ) L] L) Z
4 hr 4,096 =212 10
° [ ° |
[ ) L] [ ) O
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12 hr 68,719,476,736 = 2%
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Figure 1.6.6: An example of the exponential growth of bacteria that divide every 20 minutes.
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Nutrients

Bacteria need essential matter to provide them with the required elements such as carbon, nitrogen, sulphur, and
phosphorus. As has been explained in Chapter 1.4, there are two distinct types of nutrition, heterotrophic and
autotrophic. Autotrophic bacteria require inorganic nutrients that they can convert into organic nutrients (such
as glucose), whereas heterotrophic bacteria cannot synthesise their own energy rich organic molecules and
therefore must be supplied. Other bacteria use decaying life as a source of energy and are called saprophytes.

Oxygen

Aerobic bacteria (aerobes) require oxygen for life whereas anaerobic bacteria (anaerobes) do not. Aerobes require
oxygen to respire and produce energy for cellular activity and division. If oxygen availability is reduced, aerobes
cannot grow and divide as efficiently. An example of an aerobe is Escherichia coli (E. coli) bacteria. Conversely,
anaerobes do not need oxygen to produce energy and can survive in environments very low in oxygen. An
example of an anaerobe is Clostridium botulinum, which can survive in the very low oxygen environment of tinned cans.

Moisture

All bacteria need moisture to survive. Bacteria require water to perform many chemical reactions and they
obtain this from their environment. However, water molecules can be bound to salts (such as Na* and CI),
soil or cell structures and be unavailable for microorganisms to use for chemical reactions. The amount of free
water that is available to support bacterial growth is known as water activity (a ). Water activity is measured
on a scale of 0.0 (no free water) to 1.0 (pure free water). Most pathogenic bacteria require a water activity above
0.9 and bacterial growth is inhibited below a water activity of 0.75 (see Figure 1.6.7 for some specific examples).
However, some yeasts and moulds can still grow below a water activity of 0.75. Environments that have a water
activity below 0.6 prevent all growth of microorganisms.

Product a, Microorganism a,
water 1 Clostridium botulinum 0.97
meat 0.97-0.99  Pseudomonas fluorescens 0.97
milk 0.97 Escherichia coli 0.95
juice 0.97 Clostridium perfringens 0.95
cheeses 0.93-0.96  Salmonella 0.95
bacon <0.85 Vibrio cholerae 0.95
jams 0.82 -0.94 Clostridium botulinum A, B 0.97
saturated solution of NaCl 0.75 Bacillus cereus 0.93
room air 0.5-0.7 Listeria monocytogenes 0.92
honey 0.5-0.7 Bacillus subtilis 0.91
dry fruits 0.5-0.6 Staphylococcus aureus 0.87
crackers 0.3 Most of the moulds (fungi) 0.70
infant formula <0.2 No development 0.60

Figure 1.6.7: Some examples of the water activity in various foods and the minimum water activity various
microorganisms can survive at.

Temperature

As bacteria are such a diverse group they can live in a vast range of temperatures, from very cold (beneath ice)
to extremely hot (in hot springs). Bacteria that live in very cold temperatures are called psychrophiles and those
that live in high temperature environments are called thermophiles. Nonetheless many disease-causing bacteria
flourish from about 30°C to 40°C.

Many bacteria tend to grow and divide readily in temperature’s ranging from 5°C to 60°C. This temperature range
is often referred to as the temperature danger zone, especially in the context of food safety (see Figure 1.6.8).

Bacteria that prefer the danger zone temperature range do not multiply quickly at temperatures below 5°C. For
example, at 1°C, some bacteria double approximately every 6 hours and at -10°C some bacteria can double
every 60 hours. At temperatures below -18°C, bacteria become dormant (no growth and division at all). At
these temperatures, the water in the food needed for chemical reactions by bacteria to grow and divide is frozen.
Therefore, there is no free water for bacteria to use (water activity is 0.0).
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Most bacteria cannot grow above 60°C so this slows their growth. If bacteria are exposed to high temperatures
for long enough, they die. For example, salmonella die at 71°C. With the exclusion of thermophiles and
hyperthermophiles, most bacteria die at temperatures above 75°C. Some bacteria are able to form dormant
spores that are very resistant to environmental stresses, such as extremely high temperatures, to ensure its
survival. Once the environmental stress passes and conditions return to normal, the spores are able to reactivate,
and the bacterial growth can continue. Exposure to extremely high temperatures does not destroy dormant
spores or the toxins already released by bacteria.

100C

Bacteria die; spores and toxins generally survive

75°C  Reheat food to 75°C or above

COOKING

60°C Hold foods at 60°C or above

AVOID STORING FOOD IN
THIS TEMPERATURE RANGE
5C to 60C
BACTERIA MULTIPLY RAPIDLY

DANGER
ZONE

5°C  Store and thaw food at 5°C or below

Most bacteria will survive but
OOC will not multiply quickly

Most bacteria will survive
but not grow

— -18°C Freeze food to below -18°C for storage

Figure 1.6.8: A summary of the storage, cooking and danger zone temperatures to reduce the risk of
contracting food poisoning.

pH

pH is a measure of how acidic or alkaline an environment is. The pH scale ranges from 0 to 14. At a pH of 7, the
environment is neutral. As the pH decreases towards 0O, it becomes progressively more acidic; as pH increases
towards 14, it becomes progressively more alkaline (see Figure 1.6.9). The majority of bacteria prefer a pH closer
to neutral in the range 6.6 to 7.5 for optimal growth, however some bacteria prefer acidic environments and others
prefer alkaline environments.

Battery Lemon Tomato Milk Seawater Antacids Soap Drain cleaner

e e

Stomach acid  Vinegar Coffee Water  Baking soda Ammonia Bleach
| solution |
| Acidic Neutral Alkaline |

Figure 1.6.9: The pH scale and some examples of substances at the various levels of the pH scale.
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Importance of microorganisms to humans
Microbiome

The human microbiome is the collection of microorganisms such as bacteria, fungi, protozoans and viruses
that inhabit the human body. It is estimated that there are 100 trillion microorganisms living on or within the body.
In fact, current research estimates there are approximately the same number of microbial cells on or within a
human as there are human cells. Every individual has a unique commmunity of microorganisms with some studies
suggesting that only 10% to 20% of the bacteria an individual has is shared with others.

Recent research is highlighting the important role our unique microbiome has on our health. This is because
we have a symbiotic relationship with most of the microorganisms that live on or within us. Most of these
relationships are mutualistic, where we provide them with a home and nutrition, and they benefit us in various ways
such as extracting energy and vitamins from our food for us to absorb. However, humans can experience health
issues if the wrong type(s) of species are introduced or if the balance of populations is disrupted.

The human microbiome is possibly the most diverse ecosystem on earth. Each area of our body is a different
‘habitat’ that has its own unique community of microorganisms, which develop and change throughout our lives.
The species in these habitats are very specific, for example, there are certain bacteria that will only be found on
the front of your teeth and not the back (and vice versa). See Figure 1.6.10 which shows the percentages of some

‘divisions’ of bacteria at different habitats of the body.
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Figure 1.6.70: The general compositions of bacterial communities at various sites on or within the body.

0 Helpful online resource

Kurzgesagt: How Bacteria Rule Over Your Body — The Microbiome
<https://www.youtube.com/watch?v=VzPD009¢gTN4>

The gut microbiome

Although there are trillions of microorganisms on and within our bodies, the majority of them live in our
gastrointestinal tract. Collectively, the gut microbiome weighs about 1.5kg. It is currently estimated that there
are up to 1,000 different species of microorganisms within our guts. Only a small percentage of these species
reside in the stomach because of its acidic nature. Many more species reside in the small intestine but most of
them live in the large intestine. The majority of the gut microbiome is made up of bacteria. There are currently
55 recognised ‘divisions’ of bacteria, of which eight have been found residing in the guts to date. Three of these
bacterial divisions are common in the gut. Bacteroidetes and Firmicutes make up two thirds of the microbes in the
guts. The third common division is Proteobacteria.
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[t is now known that the more diverse an individual’s microbiome is, the less likely they are to develop
adverse health outcomes (see Figure 1.6.11). One reason for this is that the more diverse an individual’s
microbiome is, the more resilient it is. A resilient microbiome can recover more easily from disturbances,
such as infections and antibiotics. This concept is also seen elsewhere in nature, such as stable ecosystems
throughout the world. Each species in an ecosystem has a specific role(s) and removing one species can start a
chain reaction of adverse effects and destabilise it. Healthy ecosystems with a large biodiversity exhibit greater
resilience to the removal of a species than ecosystems with reduced biodiversity. This is generally because there
is a greater number of species available to fill the role(s) of the missing species (see Topic 4: Biodiversity and
Ecosystem Dynamics for more information).
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Figure 1.6.11: A microbiome with high diversity is generally associated with more favourable health outcomes

than a microbiome with low diversity.

The roles of gut microbiome in the digestive system

The gut microbiome plays many important roles in the digestion of food. There are many we know about and there
are also many that are yet to be determined.

Bacteria in the intestines increase energy availability from our food by helping with the digestion of
carbohydrates, especially those we cannot digest (such as fibre and resistant starch). The bacteria use some of
this energy, but the remainder is made available to us. In fact, the bacteria in our guts can produce up to 30% of
our daily energy. Bacteroides thetaiotaomicron is one species of bacteria that lives in our guts and it has over 460
different enzymes that can extract energy from carbohydrates. That is approximately 360 more enzymes involved
for carbohydrate digestion than our bodies possess. These additional enzymes allow the bacteria to digest some
fibre and extract energy and other nutrients from it. As every individual’s microbiome is unique, the amount of
nutrients extracted from the carbohydrates we cannot digest varies from person to person. A microbiome that
can extract more energy from indigestible carbohydrates could increase the risk of the host being
overweight/obese. However, all of us rely on our microbiome to extract the energy required for our daily needs.

Gut bacteria also release short chain fatty acids (SCFAs) as a result of fermenting our dietary fibre. Short
chain fatty acids, such as butyrate, nourish our intestinal lining and protect against inflammation of the gut.
Ultimately, this also protects us against intestinal cancer and other adverse health conditions (see Figure
1.6.12). Additionally, bacteria also release vitamins from our food increasing their bioavailability. An important
vitamin produced by the microbiome is vitamin K. Infants have severely underdeveloped microbiomes and
therefore cannot synthesise vitamin K efficiently. As a result, they are generally given a vitamin K supplement
injection to last until the microbiome develops and they can become more self-sufficient at producing it. The gut
microbiome can produce additional vitamins, but not enough for our body to rely on. Furthermore, as everyone’s
microbiome and diet are unique, the production of these vitamins will differ from person to person.

Some intestinal bacteria produce lactic acid as a byproduct when fermenting carbohydrates. This helps
to lower the pH of the gut (increases acidity) and make the environment less suitable for pathogenic
microorganisms to grow. They are also known to produce a variety of substances that can inhibit or destroy
potentially dangerous or pathogenic bacteria. Some strains can also produce enzymes capable of destroying
bacterial toxins. Microorganisms in our intestines are an important component of a robust, balanced immune

system.
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Figure 1.6.12: The gut microbiome ferments oligosaccharides and dietary fibre to produce short chain fatty
acids (SCFAs). The three major types of SCFAs are acetate, proprionate and butyrate, which play multiple
roles within the body including reducing inflammation (and disorders associated with it), anti-obesity roles (e.g.
decreasing fat accumulation) and anti-diabetic roles (e.g. increasing insulin sensitivity). Please note that the
arrows pointing upwards indicate an increase, and arrows pointing downwards indicate a decrease.

[0 Helpful online resource

FuseSchool — Global Education: Bacteria in Digestion

<https://www.youtube.com/watch?v=laUPud5PVhU>
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Oxygen production

The ocean has a relatively high solute concentration and is low in nutrients. As a result, not all organisms can survive
the limiting environmental conditions of the oceans. Phytoplankton (also known as microalgae) thrive in these
conditions though. These plant-like protists are autotrophic and contain chlorophyll to capture sunlight which
is used in the process of photosynthesis. It has been estimated that approximately 50% of the Earth’s oxygen
production comes from the ocean’s phytoplankton. In fact, the smallest known phytoplankton — Prochlorococcus—
produces up to 20% of this, which is more than all tropical rainforests on land produce collectively.

[t is important for ocean ecosystems to remain balanced because phytoplankton not only provide food for a wide
range of organisms, but they also produce the majority of oxygen that both land and aquatic organisms require
for respiration and survival (see Figure 1.6.13).

Recycling of essential nutrients

All organisms need energy and matter to build up their tissues. The main elements that make up living tissue are
carbon, oxygen, nitrogen, sulfur, phosphorous, potassium and calcium. Large animals, in fact, require around 40
essential nutrients to sustain life processes. Matter is neither created nor destroyed, it is recycled. If matter
was not recycled, dead organic matter would pile up everywhere and nutrient enrichment of soil would not occur.

Living microorganisms are important role players in the recycling of these nutrients back into the physical (abiotic)
environment. Decomposers, such as bacteria and fungi, feed on dead and decaying organic matter. The
metabolic action of decomposers breaks down the organic material (carbohydrates, proteins, nucleic acids and
lipids) back into inorganic substances, returning them to the environment (such as the soil or oceans). Producers
can then absorb them and incorporate into new cellular materials. When heterotrophic consumers feed on these
producers (or other animals that have already fed on these producers) the nutrients are passed on to them, and
the cycle continues.

A specific example of this is the aforementioned oceanic phytoplankton. They are primary producers and the
foundation of oceanic food webs. Phytoplankton require inorganic nutrients such as nitrates, phosphates, and
sulfur which they absorb from the ocean and convert into proteins, fats, and carbohydrates. They are fed on by
a wide range of consumers such as microscopic zooplankton, small fish, and whales. When phytoplankton die,
they are decomposed returning the nutrients to the ocean (see Figure 1.6.13).

Microorganisms play important roles in the carbon, nitrogen, and phosphorus biogeochemical cycles. These
cycles are covered in detalil in Topic 4: Biodiversity and Ecosystem Dynamics.
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Figure 1.6.13: Phytoplankton are microorganisms that transfer carbon dioxide from the atmosphere to the
ocean. Carbon dioxide is consumed during photosynthesis producing glucose and oxygen. Most of the carbon
and other inorganic nutrients are returned to near-surface waters when phytoplankton are consumed or
decomposed by other microorganisms.
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Recombinant DNA technology (genetic engineering)

Recombinant DNA technology is used to produce artificial DNA by recombining DNA from two or more different
sources. It is also known as genetic engineering. Microorganisms such as bacteria, viruses, and fungi, are
frequently used in genetic engineering. Features such as a short generation time, small size, simple DNA and less
ethical concerns make microorganisms (especially bacteria) ideal to use in this technology.

Genetic engineering refers to the techniques and processes used to directly manipulate the genomics of organisms.
Genetic engineering allows scientists to transfer specific genes from one species to another, providing the
target organism with the new desired physical trait(s). The products of genetic engineering are generally called
genetically modified organisms (GMOs). Very specific trait(s) can be transferred, and it is possible because
DNA is universal across all organisms. [t is also possible to ‘knockout” unwanted genes, removing the limiting
effect, or undesired trait, of that gene on an organism.

Genetic engineering can also be used to produce proteins using microorganisms such as bacteria and yeast. This
is often referred to as protein engineering, and it is a reliable process to help manufacture large quantities of
proteins like:

e insulin for diabetics,

e some antibiotics

e anti-blood clotting factors for the treatment of haemophilia,
e human growth hormone (HGH), and

e antigens for use in some vaccines.

Synthesising recombinant DNA and gene cloning

Recombinant DNA is DNA composed of genetic material taken from two or more sources. To synthesise
recombinant DNA, plasmids from bacteria and DNA from the target cell must first be extracted. A specific restriction
enzyme is then used to cut the target DNA and bacterial plasmid. Bacterial plasmids are loops of DNA that when
cut once with a restriction enzyme, allows the insertion of a sequence of DNA or gene (see Figure 1.6.14). The two
sources of DNA are then recombined using another enzyme called DNA ligase, forming recombinant DNA. The
recombinant DNA plasmid can then be transferred back into bacteria through a process called transformation
and is then cultured. As the bacteria are provided with optimum conditions, they divide by binary fission
quickly, growing in number exponentially. As the plasmid can replicate independently, more copies of the gene of
interest are produced with each division, cloning the gene. This method is quicker and cheaper than the artificial
synthesis of DNA, known as gene synthesis.

If the goal is to produce and harvest proteins (protein engineering), the ribosomes in the transformed bacteria can
synthesise the desired protein that the gene of interest codes for (such as insulin). The desired protein can then
be harvested and processed for human use. However, if the goal is to transfer the genes of interest into another
organism through transgenesis (genetic engineering), then they need to be isolated from the recombinant
plasmids using restriction enzymes. Many copies of the gene of interest are required in transgenesis to increase
the chance of it being incorporated into the genome of the desired organism.

Human cell Bacterium

Chromosome O

Plasmid
“ | 4
ATAYS O
NN\ S o Isolated plasmid
|
“ O -
Gene responsible for Y X =~ Plasmid cut with
controlling A @ enzyme
formation of insulin
<—_ Gene inserted
in plasmid
v p
O Plasmid with
© © insulin gene
@ inserted in
bacterium

Figure 1.6.14: An overview of the formation of a recombinant DNA plasmid containing a gene of interest and its
transformation of the recombinant plasmid back into the bacterium.
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[ Helpful online resource

FuseSchool — Global Education: Genetic engineering
<https://www.youtube.com/watch?v=DIM38NIkWEo>

Transgenesis

Gene transfer involves techniques in which genetic material is transferred from one organism to another. The
process is called transgenesis and organisms formed in this manner are called transgenic organisms. Prior to
transgenesis, the gene(s) of interest are cloned. They are then isolated using restriction enzymes and can then be
transferred into the cells of desired species. The gene of interest must be transferred into the ‘first’ cell of
the transgenic organism, so that the recombinant DNA is present in all cells in the organism. Multiple
copies of genes are needed to increase the chance of the gene of interest incorporating into the new organism’s
genome and being expressed in the correct cells. Gene transfer can be achieved chemically, physically or by
using vectors, such as viruses or bacterial plasmids. Some examples of transgenic organisms are summarised in
Table 1.6.1.

Table 1.6.1: Some examples of transgenic organisms produced through the manipulation of microorganisms
and DNA recombinant technology to benefit humans.

Transgenic organism Purpose of its genetic modification

Golden rice and golden bananas | To increase the vitamin A content in staple foods of Asia and Africa,
reducing the number of disorders and deaths associated with vitamin A
deficiency (VAD).

Herbicide resistant crops To increase yields by creating crops that can be sprayed with herbicides
and remain unaffected. Only weeds are affected by the herbicides
resulting in less competition for resources for crops.

Pest resistant crops To produce crops that can secrete their own insecticides and protect
themselves from insects. This results in increased yield due to less
damage by insects, and less chemical pollution by reducing the need
for insecticide spaying.

Disease resistant crops To save some crops from extinction and increase yields by providing
immunity to certain diseases An example is GM potato crops that are
resistant to the PVY virus.

Nitrogen fixing crops To produce crops that can synthesise their own nitrates from N, gas
in the atmosphere. This would reduce fertiliser use and risk of fertiliser
runoff that cause eutrophication and algae blooms.

Plastic eating bacteria To genetically engineer plastic digesting bacteria to break down multiple
types of plastic at a much faster rate. These GM bacteria could be
applied to oceans and landfill to breakdown plastic that can kill animals
and even microplastics that enter human food chains.

Fast growing Atlantic salmon To cut the time it takes for salmon to grow to full size from 4 years to 2
years. GM salmon supplies food to the growing population faster and
helps to reduce strain on wild salmon populations and the environment.

0 Helpful online resource

FuseSchool — Global Education: GM Crops
<https://www.youtube.com/watch?v=kZIYKYNpnPO>
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Uses of microorganisms by humans

Humans have cultured microorganisms such as bacteria and yeast for about 10,000 years to make products that
are useful including alcoholic beverages, bread and dairy products, such as yoghurt and cheese. Please refer to
Table 1.6.2 and Figure 1.6.15 for more information on the types and uses of microorganisms that are beneficial

to humans.
Glucose
(
Pyruvic acid
/ \/ \
Aspergillus L
: _— . py - Escherichia
Organlsms Propionibacterium ;;zlt,otzzggzlss Saccharomyces Clostridium Acetobacter
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yogurt, soy sauce
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Figure 1.6.15: A flow diagram highlighting some different microbes that humans have cultured to generate some
beneficial products.

Table 1.6.2: Some examples of beneficial products produced through humans culturing microorganisms.

Product produced Description of process

Bread See Figure 1.6.16 for a brief description of the bread making process.

Wine Yeast is added to grape juice, which converts the sugar glucose it contains into the
gas carbon dioxide and an alcohol called ethanol. Wine is one alcoholic beverage
that the ethanol fermentation of yeast is used to produce but there are many more
including beer and spirits.

Yoghurt Lactic acid bacteria ferment the lactose sugars in milk producing lactic acid which
decreases the pH and results in the milk clotting. This results in the soft gel mouthfeel
associated with yoghurt and the sour taste (before more sugar is added to give it
additional flavour).

Swiss cheese When added to milk, bacteria such as Lactobacilli convert the sugar lactose it
contains into an acid called lactic acid. This process is an example of lactic acid
fermentation. Propionic bacteria are then added to the cheese vat which ferments
the lactic acid, producing propionic acid, acetic acid and carbon dioxide. The carbon
dioxide produced causes the holes in the swiss cheese to form.

Blue cheese Just like with the production of swiss cheese, lactic acid bacteria are added to milk to
ferment the sugars and produce lactic acid. However, the fungus (mould) Penicillium
roqueforti is also added resulting in the distinct blue veins and distinctive taste.

Penicillin (antibiotic) | A fungus called Penecillium chrysogenum is added to a commercial fermenter
with the nutrients it requires such as oxygen and lactose. The fungal cells are
also constantly subjected to stress, which is required for penicillin production.
The antibiotic, penicillin, is extracted from the medium and purified.
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Flour

Water

Are mixed and kneaded
together to form dough

In a warm environment, Baking kills the yeast,
yeast breaks down the evaporates ethanol and
starch in flour, then leaves air pockets where
respires anaerobically CO, bubbles were

to rise dough in the rising dough

Figure 1.6.16: The basic process of making bread and how yeast is involved in making the dough rise.

[ Helpful online resource
The beneficial bacteria that make delicious food — Erez Garty

<https://www.youtube.com/watch?v=eksagPy5tmQ>

© Essentials Education 2025 85



TOPIC 1 CELLS AND MICROORGANISMS

1.6 Review questions
- Multiple choice questions

1. Refer to the diagram below to answer the following question.

e
R

A

P

' Peiy
é\n‘ < > .'L’,.‘ ‘f'r 4

Identify the product above that involves the use of both bacteria and fungi.

N A
O B
P C
Q D

2. Which of the following best describes the human gut microbiome?

J  The community of fatty acids found within the digestive tract.

K The total sum of all microorganisms within the body.

L  The community of microorganisms that reside in the gastrointestinal tract.

M  The total sum of all yeast and other living organisms in the human abdomen.

3. Ifthe optimum conditions for bacterial growth are met, they can generally double in number in approximately
J 20 seconds
K 20 minutes
L 2.0 hours
M 20 hours

4. Refer to the image below which shows an organism classified as a protist to answer the following question.
e Y R

The type of protist shown in the image above is most likely to be
J  aprotozoan.

K analga.

L aslime mould.

M  another type of protist.
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Which of the following is not an example of microorganisms being beneficial to humans?

J  Pseudomonas breaking down strawberries at refrigerated temperatures.

K Phytoplankton performing photosynthesis.

L  Fermenting microorganisms producing sauerkraut.

M  Bacteria reproducing exponentially to clone genes to be used in gene therapy.

Which of the following is true regarding water activity?

J  The water activity of a food increases when salt is added to it.

K Araw beef steak has a lower water activity than beef jerky.

L  The amount of available water for microbial growth increases as water activity decreases.
M Water activity decreases when foods are frozen.

Decomposing microorganisms are important because

J  without them, dead organic matter would be destroyed.

K they prevent carbon from being trapped in organic matter.

L plants would not be able to obtain carbon dioxide for photosynthesis.

M otherwise, the carbon cycle would stop immediately.

A microbiologist placed a small sample of bacteria in a culture dish and cultured them in optimal conditions.

The number of bacteria present was recorded every 30 minutes beginning at 1:00 PM, but the 2:00pm
recording was missed. Refer to the table below to observe the results.

Time Number of bacteria present

1:00pm 2400
1:30pm 9600
2:30pm 153,600

The bacteria in this culture dish are doubling every

J 15 minutes.
K 20 minutes.
L 30 minutes.
M 45 minutes.

The technique used to transfer foreign DNA into a host organisms’ DNA using a plasmid vector is called

J  gene cloning.
K protein engineering.
L transgenesis. 100

M recombinant DNA technology. g :’\oﬂﬁgrl?y
Some scientists conducted an experiment to compare the § 75

decomposition rates of dead leaves from two types of trees. The £

scientists measured 100g of each type of leaf (maple leaves and é 50

cherry leaves) and placed them in separate bags. The leaves

were removed from living trees at the same time and the two bags = o5

of leaves were exposed to the same environmental conditions.

The scientists measured the mass of leaves remaining at several

time points across 100 days. The results of the experiment are o5 50 75 100

presented in the graph to the right. Time (days)

Which of the following options is not correct based only on the information provided and the results of the

experiment shown in the graph?

J  The purpose of using 100g of each type of leaf is to control this variable and increase the validity of the
investigation’s results.

K After 100 days, there is approximately 20% difference in the leaf mass remaining between the two types
of leaves.

L Maple leaves decomposed at a faster rate than cherry leaves because there was a greater number of
decomposers in the maple leaves bag than the cherry leaves bag.

M  Even though the leaves were picked from the two types of trees at the same time, there will be some
variation in the time each leaf was picked, and this is a possible source of random error in this investigation.
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. Free response questions

1. Name the five major types of microorganisms.

2. a) Name the process that bacteria use to reproduce and describe how bacterial populations can grow
exponentially.

b) State two reasons why an exponential growth rate cannot be sustained for long periods.

3. a) Compare the different cell wall structures of bacteria and archaea.

b) State the important function of the archaean cell wall.

4. Fungi are heterotrophic eukaryotes. Describe the three main ways that fungal species obtain their nutrients.

5. Describe the role of decomposers in the recycling of carbon.

6. a) Identify the microorganism(s) involved in the production of bread and describe its role in the bread
making process.

b) Identify the microorganism(s) involved in the production of yoghurt and describe its role in the yoghurt
making process.
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a) Explain why protists are the most diverse group of eukaryotic organisms.

b) Discuss why algae are important to humans.

State three features of bacteria that make them highly suitable to use in genetic engineering.

Phytophthora infestans is a water mould (fungus-like protist) that is responsible for the ‘late blight’ disease
responsible for the great potato famine in Ireland in the 1840s. The potato famine resulted in Ireland losing a
quarter of its population killing 1 million people and resulting in another 1 million people emigrating from Ireland.

a) State one piece of evidence scientists use to classify Phytophthora infestans as a protist and not a
fungus.

b) Explain how potato crops could be genetically engineered to be resistant to ‘late blight’ disease.

a) Define the gut microbiome.

Refer to the graph below which shows the general development of the gut microbiome for an individual to
answer part (b).

Microbiome maturation

P
Neonate 1 month 6 month 12 month 2-3 years

b) Identify and explain one likely reason for the dip in this individual’s microbiome maturation between 6
and 12 months.
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Some gut bacteria help with the extraction of energy from carbohydrates in our diet. This results in the
production of lactic acid as a by-product.

c) Explain why lactic acid production by bacteria in the gut can be beneficial to the host organism.

11. Refer to the tables below showing some bacterial water activity (aw) growth limits and the water activity levels
of some foods to answer the following questions.

a_Bacteria Growth Limits

E. coli 0.96
C. botulinum 0.93
L. monocytogenes 0.91
S. aureus 0.86
Yeast and molds 0.65-0.7
Typical Water
Food Activity (a,)
Fresh fruits 0.97-0.99
Most cheese varieties 0.93-0.96
Dried meat 0.80-0.90
Marmalade, jams, and jellies 0.75-0.80
Wheat flour 0.72
Dried fruits 0.60-0.065
Honey 0.50-0.65
Pasta 0.50
Milk Powder 0.20
Potato crisp 0.08

a) ldentify which microorganism(s) can grow well in dried meat.

b) Explain why a lower water activity is less favourable for bacterial growth.
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Chapter 1.7 Microorganisms and food
Smence Understanding

M|Croorgan|sms can cause food spoilage and by controlling the growth of microorganisms, food can be
preserved.

e Describe the causes of food spoilage, and explain the importance of hygienic practices.

e  Describe techniques for preserving food, including the use of heat/cold, the addition of acids, sugars, or
salt, and the removal of water. Relate each technique to growth requirements of microorganisms and/or
diffusion.

© SACE 2025

Food spoilage

Food spoilage is defined as any undesirable change to a food. It can result from physical, chemical or microbiological
changes. Most food spoilage occurs due to microbiological activity, which results in the production of certain
chemicals that can change the colour, texture and odour of foods. These sensory cues can indicate that the
food may be unsafe to eat and can therefore be detected by humans, preventing them from consuming it. It
is important to note that food spoilt by microbes should not be consumed because it could cause iliness, such
as vomiting, and it is a lot less nutritious than its fresh counterpart. Microbiological spoilage can result from
different microorganisms, such as fungi and bacteria. Spoilage by fungi includes the growth of moulds on breads,
cheese, fruits and vegetables (see Figure 1.7.1). If food spoilt by fungi is consumed it could cause food poisoning,
but it is a lot less common and dangerous than food poisoning by bacteria. The majority of microorganisms that
cause food spoilage are non-pathogenic (not disease causing) to humans. Food can also become spoilt through
physical factors, such as damage to the food causing bruising and openings incurred during processing or
transport. This can reduce its appeal and increase the surface area for microorganisms to grow, further
reducing its shelf life.

Figure 1.7.1: An example of microbial spoilage of a mandarin by fungi (left) and an example of how physical
damage to an apple can increase its spoilage by increasing the surface area for bacteria to grow (right).

Food spoilage is not to be confused with food poisoning. Food poisoning occurs when pathogenic (disease
causing) microorganisms spread to food and are consumed. When pathogenic organisms contaminate food, they
can multiply exponentially, especially in optimum conditions, and release toxins that can be harmful to humans
when consumed. Food poisoning is generally associated with symptoms such as fatigue, vomiting, diarrhoea and
dehydration. Most bacteria that cause food poisoning and the toxins they release have no smell or taste.
Microbial contamination that causes food poisoning can therefore commonly go unnoticed before the food is
consumed due to its lack of sensory indicators. It is also important to note that cooking foods to temperatures
above 75°C will kill most pathogenic bacteria, but the toxins they produce remain in the food (please
refer to back to Figure 1.6.8 for more information on the temperature danger zone).

[ Helpful online resource

What if?: What happens if you eat mould?

<https://www.youtube.com/watch?v=6vlogSJ7kTo>
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Hygienic practices

It is essential to always apply safe food handling and the use of proper hygiene techniques. This requires proper
cleaning and sanitising of surfaces involved in food preparation and cooking, including all utensils. Safe food
handling is required by businesses to ensure their food is safe to eat but it is also required when preparing
food at home. All consumers need to know how to handle, prepare and store food optimally to reduce the risk
of contamination and contracting foodborne illnesses. According to OzFoodNet, there are 5.4 million cases of
foodborne illness in Australia every year, which costs the economy approximately $1.2 billion. Many of these cases
could be prevented if greater food safety measures were applied.

Personal hygiene

Prior to handling food, hands should always be washed and dried properly. Hands should be washed rigorously
with soap for 20 seconds and then rinsed. This is an effective technique to destroy many different microorganisms
that contain a cell membrane. The cell membrane is made of lipids that soap molecules bind to ripping
the cells apart, destroying them (see Figure 1.7.2). Rubbing hands against each other rigorously creates
greater friction, destroying and removing more microorganisms from hands. It is also important to wash hands
after handling certain foods that could cross contaminate other foods or cooking equipment, such as raw and
processed meats. Some additional personal hygiene tips when handing food are:

e wash hands frequently, especially after touching digital devices, changing a nappy, etc.

e avoid coughing or sneezing over food or the area where it is being prepared

e wear clean protective clothing, such as an apron

e tie back long hair and wear hair nets

e completely cover all cuts and wounds with a band-aid or wear gloves to cover them

e if anindividual has diarrhoea and/or vomiting they should not prepare food for others and should arrange for
someone else to do it.

VIRUS has a membrane of oily
lipid molecules, which is studded

SOAP MOLECULES have a hybrid structure,
with a head that bonds to water and tail that

with proteins that help the virus infect cells. avoids it.
Spike molecules «—Hydrophilic head
(helps the virus enter cells) (bonds with water)
Hydrophobic tail
" Genetic (avoids water bonds
S Material with oil and fat)

~—— | ipid membrane

and other proteins {I/ { ? l\l\. \_\_'

SOAP DESTROYS THE VIRUSES when the water-
shunning tails of the soap molecules wedge
themselves into the lipid membrane and pry it apart.

(e

o

SOAP TRAPS DIRT and fragments of the
destroyed virus in tiny bubbles called micelles,
which wash away in water.

Micelle
/

it ‘i?ii.

Figure 1.7.2: How soap and water work to destroy and dislodge microorganisms from hands.
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Food preparation

Before foods can be prepared, they need to be purchased. When purchasing foods, the packaging should be
checked for any damage or tampering. For example, swollen cans should not be purchased as they indicate
microbial growth within the can. Also, supermarket employees can accidentally cut through food packaging when
opening boxes. Any slits in the packaging can allow oxygen to enter, promoting microbial life and increasing the
rate of food spoilage. The use by date of foods should also be checked prior to purchasing to ensure it can
be used before the use by date and that it has not already passed. When packing purchased foods for transport,
cold foods should be placed in insulated bags to help maintain their low temperature. Hot foods should also be
kept separate from cold foods to prevent the transfer of heat between them, making the temperature of both
foods more suitable for microbial growth.

Some preparation techniques that should be applied to reduce the risk of microbial contamination include proper
defrosting, eliminating cross contamination and cooking foods to the optimum temperature.

Defrosting

If food requires defrosting prior to preparation, it should be defrosted in a fridge and not on a bench. This is
because when defrosted on a bench at room temperature, the food is in the ‘danger zone’ and this can promote
increased microbial growth and division.

Cross contamination

Meats and vegetables should be prepared using separate cutting boards and utensils, and cooked
foods should never touch equipment used to process raw meats. Raw foods such as meat and other
animal products contain living microorganisms, which can easily be transferred between surfaces. The transfer
of microorganisms from a food, surface or utensil to another food is known as cross contamination. Pathogenic
microorganisms can be transferred through cross contamination increasing the risk of food poisoning.

Cooking and re-heating food

Cooking foods properly Kills the microorganisms on and within it, making it significantly safer to consume. When
cooking or reheating food, it needs to be heated to 75°C or above to ensure that enough microorganisms have
been Killed. This can be tested using a food thermometer.

Some foods contain higher levels of microorganisms than others and are considered high-risk. Raw chicken is an
example of a high-risk food. Unlike beef, chicken needs to be cooked all the way through (well done) and should
not be consumed if any part of it is uncooked.

Food storage

All foods need to be stored appropriately to maximise their shelf life and reduce the risk of food poisoning.
Consumers should adhere to the instructions provided on the individual food product’s packaging. The instructions
generally give the storage location and how many days the item can be used after opening.

Some foods are at risk of contamination by pests. Large bags of grains or grain products should not be stored
on the floor. Doing so allows easy access for pests, such as cockroaches, mice and rats. These pests can damage
the packaging allowing microorganisms to enter and promoting conditions for food spoilage. Another pest
that can contaminate dry foods is pantry moths, which generally enter the pantry through larvae in contaminated
dry foods. They can quickly spread and can chew through cardboard and soft plastic packaging, spreading to
other dry foods. To prevent infestation from pantry moths and promote the shelf life of dry foods, they should be
stored in airtight containers in the pantry.

Cooked foods also need to be stored appropriately. It is important that cooked food is not left on the bench
in the danger zone for more than four hours, otherwise it should be discarded. Instead, the cooked food
should be ‘cooled rapidly’ to 5°C (usually in the refrigerator) and stored in a refrigerator or freezer. ‘Cooled rapidly’
is defined as foods being cooled to 21°C within 2 hours and then 5°C within a further 4 hours. Large casseroles
or pots of soup that have just been cooked can take approximately 24 hours for the entire meal to cool to 5°C in
a refrigerator. This means the centre of the meal is within the temperature danger zone for a long period
of time, providing a suitable environment for microbial growth and increases the risk of food poisoning. To ensure
safe food storage, the casserole or soup should be stored in multiple shallow airtight containers instead. If
stored in the fridge, it should be consumed within a couple of days.

The placement of food products in the refrigerator is also important. For example, high-risk foods, such as meats
and expressed breastmilk should be stored at the back of the fridge, where it is the coldest, to reduce
microbial growth and not in the fridge door. Furthermore, raw meats should always be stored below cooked
meats in the fridge. This storage technique alleviates the risk of fluid leaking from the raw meat packaging
onto cooked meats on a shelf below, contaminating them. In addition, vegetables should not be washed prior to
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entering the fridge as this can provide moisture for microorganisms to grow. They should also be stored in
the salad drawer, which regulates airflow and maintains the humidity surrounding your vegetables, keeping them
fresher for longer (see Figure 1.7.3).

Fridge set at correct temperature
(between 0 and 5°C).

= \\
/ Top shelf

Ready to eat foods
including dairy
products, yoghurts,
creams, margarine,
cooked meats, covered
left-overs, and other
packaged foods (jams,
sauces, etc.).

Raw meat, poultry
and fish (always
cover and keep in
sealed containers).

Salad drawer Keep ready to eat fruit and
vegetables in sealed
bags/containers in the
salad drawer. Remember
to always wash raw fruit
and vegetables before
consuming.

Figure 1.7.3: The recommended storage technique of foods in a fridge.

Food preservation

Foods are processed and preserved to decrease the rate of food spoilage and reduce the risk of food poisoning
occurring. Food preservation aims to eliminate microorganisms already residing on food, deactivate enzymes
involved in food spoilage and prevent future contamination by microorganisms by sealing the food. Food
preservation is essential to modern society because it ensures a safe, continuous and plentiful supply of food by
reducing nutrient loss and increasing shelf life. Food preservation also increases the convenience of certain foods
by allowing some foods to be available all year round, saving time preparing foods and potentially reducing costs.
Without food preservation techniques, we would have less food options and would have to shop more frequently
to purchase foods that are safe to eat.

Examples of preservation techniques include heat treatments, reducing temperature, controlling water activity,
changing the pH, oxygen reduction and irradiation. Sometimes more than one method of preservation is used; for
example, preserving fruit (see Figure 1.7.4).
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Figure 1.7.4: A summary of the many food processing stages involved in producing cans of pears. Multiple
preservation techniques are evident here including cold storage, washing, blanching (heating), addition of syrup
(dehydration), canning sterilisation and vacuum sealing.

Throughout time many discoveries about food preservation were probably uncovered by chance. Today we
understand how these preservation methods disrupt the essential conditions required for the optimal growth of
microbes (see Table 1.7.1 for more information).

Table 1.7.1: A brief overview of some food preservation methods and some explanations of how each method
reduces microbial growth and food spoilage.

Food preservation

method Technique description and explanation of how it preserves food

Heating techniques

Kills microorganisms and deactivates enzymes involved in food spoilage.

Cooking Cooking foods above the temperature danger zone for a certain period can eliminate
microorganisms. It is recommended that foods are cooked above 75°C. There are many
cooking methods including frying, baking, boiling, steaming, blanching and microwaving.

Canning sterilisation | This involves placing foods into cans, jars or similar containers and heating them to
temperatures above 100°C (above danger zone). The canning process also drives
oxygen out and is vacuum sealed preventing air exposure and microorganisms from
entering (see Figure 1.7.4).

Pasteurisation The standard heat treatment for pasteurising milk is heating it for 15 to 20 seconds at
72°C. As pasteurised products are not sterile, they also require refrigeration to preserve
their shelf life.

Ultra-high UHT pasteurisation involves heating the product to 138°C for 2 seconds. If the product
temperature (UHT) is placed in an aseptic container (see Figure 1.7.5) after UHT processing, it can last for
pasteurisation 6 to 12 months at room temperature.

Reducing temperature techniques
Slows microbial growth by exposing them to temperatures below the ‘danger zone’.

Refrigeration (cold Refrigerators are generally set at 3°C and should be set between 0°C and 5°C. This
storage) keeps food out of the temperature danger zone, providing a less suitable environment
for microbial growth and multiplication. Refrigerated food can last for days to weeks,
depending on the product.
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Technique description and explanation of how it preserves food

method

Reducing water activity (a} ) techniques

Slows microbial growth by reducing available water required for chemical reactions and
growth. Reducing water activity does not kill microbes, it prevents them from reproducing.

Food dehydration
(including smoking)

Foods can be dehydrated by air drying, using commercial food dehydrators, freezing, or
smoking. Dehydration removes moisture from microbes and the food itself. This slows
microbial growth, and they can become dormant (enter resting phase).

Deep freezing

Freezing food exposes microorganisms to temperatures below -18°C, which converts the
water in foods to ice, reducing available free water molecules and hence, water activity.

Freezing food below -18°C also significantly reduces the activity of enzymes involved in
food spoilage, slowing microbial growth considerably.

Salt and sugar
additives

Salts and sugars are added to foods like cured meats and jams respectively, where
they bind to free water molecules, reducing water availability for microorganisms. This
increases the extracellular solute concentration, which can result in water moving by
osmosis from microbes to the extracellular environment further dehydrating them.

Reducing pH techniques

Exposes microorganisms to lower pH (more acidic) environment which can kill them by
deactivating enzymes essential for survival. The majority of microorganisms (and their spores)

that are subjected to a pH lower than 4.5, cannot survive.

Pickling with acetic
acid (vinegar)

Acetic acid has a pH of approximately 2.4, therefore foods placed in acetic acid do not
have to be sterile prior to being immersed because the acidic environment will kill most
microorganisms.

Pickling using
saltwater solution
and lactic acid
fermenting bacteria

Saltwater solutions dehydrate the food and promotes anaerobic bacteria to ferment,
producing lactic acid as a by-product. Lactic acid has a pH of approximately 3.5;
therefore, its production by bacteria progressively lowers the pH making it unsuitable for
microorganisms to survive.

Oxygen reduction techniques

Aerobic microorganisms require oxygen to produce energy, therefore less oxygen reduces their
growth and ability to divide efficiently. Reducing oxygen does not kill bacteria, it makes them
dormant. Oxygen also increases food spoilage through oxidation, so reducing oxygen exposure

helps to increase the shelf life of food.

Vacuum sealing
(including canning
and bottling)

Vacuum packaging removes the atmospheric gases from the product and is sealed tightly
to reduce the amount of oxygen in the packaging (see Figure 1.7.5).

Oxygen absorbers

Oxygen absorbers are little packets of chemicals inserted into certain products, such as
pita wraps (see Figure 1.7.5). The chemicals in the packet absorb oxygen, reducing the
availability of oxygen that can react with the food and for aerobic microorganisms to use.

Modified atmosphere
packaging (MAP)

Modified atmosphere packaging extends the shelf life of foods by removing the
atmospheric gas and replacing it with a specific mixture of gases (see Figure 1.7.5). Each
product has a specific mixture of gases based on its physical and chemical qualities to
optimise its shelf life. One example is processed meats, such as salami, which contain
packaging with 30% carbon dioxide and 70% nitrogen.

Additional techniques

Food irradiation

Certain foods can be exposed to ionising radiation in the form of gamma rays, x-rays or
high energy electron beams to increase preservation. The high energy ionising radiation
passes through the food, destroying organisms involved in food spoilage such as insects,
parasites, bacteria and other microorganisms. Food irradiation is an alternative to heating
and chemical preservation methods and generally has comparably less effect on the
appearance, flavour and texture.

Chemical Some chemical preservatives are intentionally added to foods to prevent microbial
preservatives growth and decrease food spoilage. These additives include sodium benzoate,
sodium nitrate and sulfur dioxide. These three preservatives are weak acids that
lower the pH of the food, making the environment less suitable for microbial growth

and disrupt their normal cellular metabolism.
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Figure 1.7.5: Examples of long life UHT milk in aseptic containers (a), vacuum packaged steak (b), oxygen

absorbers (c) and modified atmosphere packaged lean mince (d).

[ Helpful online resource

Are food preservatives bad for you? — Eleanor Nelsen
<https://www.youtube.com/watch?v=2JU34yTJL4M>

1.7 Review questions

- Multiple choice questions

1. Which of the following options best describes food spoilage?

J
K
L

Changes that occur to foods that make them toxic.
Changes that occur to foods that make them more palatable.
Changes that occur to foods that make them unpleasant to see, smell, touch or taste.

M Undesirable changes to food that are only caused by microorganisms.

2. Which of the following options is not a likely sign of food spoilage?

J
K
L
M

Firmness of fruits.

Bulging in cartons or cans.
Rancid smells in oils.

A discolouration.

3. With regard to food safety, touching hair whilst preparing food for other people is advised against because

J
K
L
M

it is considered rude.

doing so could introduce bacteria to the hands.
hairnets get in the way.

hair is in the temperature danger zone.

4. With regard to food safety, chicken breasts should not be defrosted on a kitchen bench because

J
K
L
M

the chicken juices could spread on the kitchen bench when defrosting.
it takes less time to defrost than in a refrigerator.

the kitchen bench is in the danger zone.

it takes up space on the kitchen bench that could otherwise be used.

5. Anindividual was preparing a ham, cheese and salad sandwich at home. After adding the ham to the bread,
the phone rang, and the individual answered the phone immediately.

This is an example of

J

K
L
M

good hygienic practice.
food poisoning.

food spoilage.

cross contamination.
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10.

Which of the following is not an outcome of food preservation.

J  Decreased shelf life of foods.

K Reduced food waste.

L  Decreased rate of food spoilage.

M Increased convenience for consumers.

Refrigerating foods

J  Kills bacteria.

K decreases pH, making conditions less favourable for microbial growth.
L  deactivates enzymes involved in food spoilage.

M slows microbial growth.

Salt can be used to preserve foods because

J it kills bacteria.

K salt causes cardiovascular disease in microorganisms.
L it reduces water activity.

M it lowers acidity.

Refer to the adjacent graph which shows the effect of gamma radiation on the shelf life of strawberries stored

at room temperature. .

Which of the following options is a valid
conclusion based on the data presented in the
graph?

I -

-

J  As shelf life increases so does the amount e
of radiation.

K As gamma radiation decreases, so does the

shelf life of strawberries.

L  Thegreaterthe gammaradiation, the greater
the loss of nutrients in the strawberries.

M  As gamma radiation increases so does the

shelf life of strawberries as more organisms Control (no radiation) 0.5 kGy 1.0kGy 15kGy
involved in food spoilage were destroyed. Gamma radiation dose

11.'&.1 Jre (s

Refer to the graph below which shows three methods of food preservation (R, Q and R) that each work on
the principle that at a particular temperature(s) the growth of food spoiling microbes is adversely affected.
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With reference to the above information and graph, which of the following options is the least correct?

J  Als cooking which eliminates microbes if temperature is maintained.

K Bis UHT in which food is heat sterilised and then stored in microbe-free container.
L  Cis pasteurisation which preserves food for few days if stored in a cool place.

M D is deep freeze preservation which preserves food for longer when it is kept frozen.
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. Free response questions

1. Define food spoilage.

2. Explain how food spoilage is different to food poisoning.

3. State three personal hygiene guidelines that should be followed when preparing food.

4. State three effects of food preservation.

5. Refer to the table below showing a list of a few common foods generally found in supermarkets.
Complete this table by identifying the most likely method(s) of food preservation used to extend its shelf life
and briefly describing how.

Method(s) of Description of preservation method(s)
preservation
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6. Explain how washing hands with soap kills microorganisms and reduces the risk of food poisoning.

7. With regard to risk of food poisoning, explain why hot and cold foods should be packed in separate shopping
bags.

8. Explain why cooked chicken should not be placed back on the cutting board it was previously prepared on.

9. Explain why deep-freezing food preserves food for longer than refrigerating foods.

10. Explain how adding salt to foods can increase their shelf life.

11. An individual cooked spaghetti bolognaise for dinner using minced beef that was 5 days past the use-by-
date. The following day, the individual began experiencing food poisoning symptoms even though the minced
beef was cooked all the way through and above 75°C.

Explain why this individual still contracted food poisoning.
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Toplc 1 Review Test: Cells as the Basis of Life

/t is recommended that 85 minutes is allocated to complete this test. Indicate your choice for each multiple
choice question (each worth one mark) and answer all of the other questions in the spaces provided. The
number of marks allocated for each free response question is shown in brackets. It is recommended that
you compare your answers to the suggested answers section as part of your revision. Please note that the
suggesteo’ answers are not extensive or exclusive.

Sectlon 1: Multiple choice questions (10 marks)
1. A prokaryotic cell can be distinguished from a eukaryotic cell by the:

J  presence of a cell membrane.

K absence of chloroplasts. m
L absence of a nucleus.

M  presence of a cell wall.

2. In mitosis, a parent cell usually produces:

J  two daughter cells, each of which has the same number of chromosomes as the parent cell.
K four daughter cells, each of which has the same number of chromosomes as the parent cell.
L  two daughter cells, each of which has half the number of chromosomes as the parent cell.
M four daughter cells each of which has half the number of chromosomes as the parent cell.
3. [Ifliver cells growing in a solution with required nutrients had the oxygen removed from the solution, they would
most likely:
J  produce alcohol.
K produce lactic acid.
L fail to break down glucose.
M die from a lack of energy for cellular requirements.

4. Autotrophs can be distinguished from heterotrophs by:

J  their ability to carry out photosynthesis.
K the presence of chloroplasts in their cells.
L  the ability to make organic molecules from simple inorganic ones.
M their ability to carry out the process of fermentation.
5. Which of the following statements is correct regarding the surface area of cells?
J  Cells need to have a small surface area to help speed up the rate of diffusion.
K Cells need to have a small surface area to volume ratio to maximise their exchange of materials.
L Cells need to have a large surface area to volume ratio and therefore tend to grow as large as possible.
M  Cells need to remain small to maximise their exchange of materials.
6. Which of the following statements is not correct regarding the structure of the cell membrane?
J  The cell membrane controls what substances enter and exit the cell.
K The cell membrane consists of a bilayer of phospholipids.
L  Proteins are embedded in the cell membrane and can span the whole width.
M Phospholipids have a fluid consistency.
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7.

Refer to the diagram below of a plant cell to answer the following question.

Select the answer that correctly identifies the labelled plant organelles.

A B C D E
J [Cell wall Cell membrane | Golgi body Smooth endoplasmic | Cytoplasm
reticulum
K | Cell membrane | Cell wall Smooth endoplasmic | Rough endoplasmic | Golgi body
reticulum reticulum
L |Cellwall Cell membrane | Rough endoplasmic | Golgi body Vacuole
reticulum
M | Cell membrane | Cell wall Vacuole Cytoplasm Smooth endoplasmic

reticulum

Which of the following options is not an example of the use of microorganisms for the benefit of humans?

J  The development of new pathogenic viruses infecting livestock.

K Bacteria decomposing human waste at sewerage plants.

L  Consuming probiotics to aid the digestive system.
M  Transferring genes to another organism using recombinant DNA technology.

In an investigation into the effects of light on the rate of photosynthesis, a 8
scientist enclosed a group of plants in the dark for a period of 15 minutes

and then exposed them to light. The researcher continually measured o
and recorded the volume of oxygen production. The results of the o

investigation are shown in the graph to the right.

Based on the results of the investigation, which of the following statements

is correct?

J  During the first 15 minutes, no carbon dioxide was produced.

K During the second 15 minutes, oxygen production increased as
the rate of photosynthesis increased, and no aerobic respiration

occurred.

L  During the first 15 minutes, the oxygen decreased due to anaerobic

respiration occurring.

M During the second 15 minutes, the rate of photosynthesis was

greater than the rate of aerobic respiration.
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10. Amoeba, a single-cell freshwater organism lives in water where the solute concentration varies with the
seasons. Amoeba have evolved an internal structure called a contractile vacuole which has the ability to expel
water from the cell if too much water accumulates inside of the organism. Refer to the graph below which
shows the solute concentration of the water in which the amoeba lives and its contractile vacuole activity at
different times of the year.
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Which one of the following changes in the Amoeba’s environment is most likely to explain the increase in
activity of the contractile vacuole between 3-4 months?

J  Anincrease in the solute concentration.
K Anincrease in temperature.

L A decrease in temperature.

M Aninflux of fresh water.

Section 2: Free response questions (70 marks)
11. Refer to the images below to answer the following questions.

Cell A (~5000x%) Cell B (~250x) Cell C (~500x%)
a) Name one organelle that you would expect to find in the cytoplasm of all three types of cells.

(1 mark)

b) State one difference between cell A and cell B, regarding their DNA.

(1 mark)
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c)

d)

e)

State two differences between cells B and cell C.

(2 marks)
Explain why cells A, B and C are all considered cells according to the cell theory.

(2 marks)
Explain why cell A cannot be part of a tissue.

(2 marks)

12. Refer to the two images below (A and B), which show two different stages in mitosis to answer the following questions.

104

- [ ]
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i °
A B

Describe the events that occur in the stage of mitosis pictured at ‘A’.

(2 marks)

Describe the events that occur in the stage of mitosis pictured at ‘B’.

(2 marks)

Identify one important process involving DNA that occurs prior to mitosis and explain why it is important.

(2 marks)

Compare mitotic division and binary fission.

(2 marks)
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13. Refer to the diagram below of some interactions between two organelles (A and B) in a eukaryotic cell to
answer the following questions.

a) ldentify organelles A and B.
A:
B:
(2 marks)

The two pictured organelles play roles in two different cellular processes. Each cellular reaction produces
molecules that can be used as reactants in the other.

b) Identify the four labelled products of these two cellular reactions.
W:
X
Y.
Z:
(4 marks)

c) ldentify the pigment inside the structure labelled ‘R” and explain this pigment’s role in organelle A.

(2 marks)
Both nitrogen and phosphorus are nutrients essential for life.

d) State how plants and animals obtain these nutrients and identify two molecules that they are essential
for synthesising.

(8 marks)

e) Explain why cells must excrete waste products.

(2 marks)
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14. Refer to the diagram below of two potato cubes (X and Y) to answer the following questions.

X Y
a) Calculate the surface area to volume ratio for each cube.

(2 marks)

As part of an investigation, the initial mass of the two potato cubes were measured and then placed in a 5%
solution of glucose. After 20 minutes, the two cubes were removed from the glucose solution and the final
mass was measured. The percentage change in mass was then calculated.

b) (i) State whether the two potato cubes would have gained mass or lost mass after 20 minutes in the
glucose solution.

(1 mark)
(i) Explain your answer to part (b)(i) above.

(4 marks)

(i) Describe the effects of being in the 5% glucose solution for 20 minutes on the plant cells that the
potato cubes consist of.

(2 marks)
c) Explain whether the percentage change in mass would have been greater for cube X or cube Y.

(2 marks)

15. Microorganisms are important living things and have uses to humans. One such example is the use of
bacteria in making yoghurt.

a) Explain why bacteria are useful in the production of yoghurt.

(2 marks)

106 © Essentials Education 2025



TOPIC 1 REVIEW TEST: CELLS AS THE BASIS OF LIFE CHAPTER 1 TEST

Bacteria can grow exponentially when they are exposed to optimum conditions.
b) Explain why sufficient oxygen is required for aerobic bacteria to grow exponentially.

(2 marks)
Microorganisms can cause food spoilage, but controlling their growth can help preserve foods.
c) Explain two ways that freezing foods help to control bacterial growth and therefore preserve food. m
(4 marks)

Ethanol can be used in biofuel.

d) Identify one microorganism that would be useful in the production of biofuel and explain why.

(8 marks)
Microorganisms are also important to humans for DNA recombinant technology.
e) State the structure in bacterial cells that is useful for DNA recombinant technology.

(1 mark)

Some microorganisms have been discovered that can digest plastic waste. These microorganisms cannot
digest all types of plastic though and are generally very slow at processing plastic. Scientists are genetically
engineering these microorganisms to increase the types of plastic they can digest by inserting genes from
other microorganisms that have adapted to do so. They are also genetically engineering microorganisms that
can digest plastic to increase the speed at which they digest certain plastics.

f)  Discuss how this example demonstrates one or more key concepts of Science as a Human Endeavour.

(4 marks)
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16. Some students investigated the effect of varying the concentration of glucose on the rate of carbon dioxide
production by yeast. To do this, the students measured the volume of carbon dioxide produced by yeast in
4 minutes.

The teacher asked students to practice the method prior to completing the whole practical. The students
practiced the method three times using an unknown glucose solution and collected the results shown in
Table 1 below.

Table 1

Volume (mL) of carbon dioxide produced in 4 minutes

1 10.9

2 11.5

3 10.3
Average

a) () Calculate the average volume of carbon dioxide (mL) produced in 4 minutes for the three practice
trials and add the answer to Table 1.

(1 mark)

(i) Using your answer to part (a) above, calculate the average rate of carbon dioxide production per
minute for the 3 practice trials.

(1 mark)

b) Explain the advantage of completing three trials and calculating the average when conducting an
investigation.

(2 marks)

The students then performed the whole investigation. The results are shown in Table 2 below.

Table 2
Glucose concentration (%) Average rate of carbon dioxide production (mL/minute)
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c) Use the grid below and the data from Table 2 to construct a graph of the students’ results.

(4 marks)

d) Use the graph constructed in part (c) and your answer to part (a)(ii) to determine the unknown glucose
concentration the students used for the three practice trials prior to completing the whole investigation.

(1 mark)

It is very hard to ensure that each trial had the exact same number of yeast cells as they are microorganisms.
e) (i) State one method that the students could have used to keep this factor as controlled as possible.

(1 mark)

(i)  Explain the effect on the results if the number of yeast cells in each trial was not controlled and they
differed significantly between trials.

(2 marks)
f)  Write a possible conclusion for this investigation.

(2 marks)
Total: /60
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TOPIC 2 INFECTIOUS DISEASE

Chapter 2.1 Different types of disease
Science Understanding

Infectious disease differs from other diseases.

e Distinguish between infectious and non-infectious disease.
e Determine the characteristics of a pathogen.

© SACE 2025

Disease

A disease is characterised by any change to an organism that negatively impacts on the functioning of that
organism. Diseases can be categorised into two groups infectious and non-infectious. Infectious diseases are
the direct result of pathogens and can be transmitted, whereas non-infectious diseases cannot be transmitted.
A pathogen is a microorganism or infective agent that can cause disease in a host organism.

Infectious disease

Infectious diseases, also called communicable diseases, are illnesses caused by pathogens that can be
transmitted from person to person. There are a variety of pathogens including bacteria, fungi, protists, viruses,
parasites and prions, which can cause a range of diseases (see Figure 2.1.1). These pathogens can spread
through different mechanisms such as airborne transmission, direct/indirect contact, or vectors. Once inside the
host’s body, a pathogen may cause disease by destroying cells, or by releasing chemicals called toxins that
disrupt normal cell function.

CELLULAR (LIVING) ACELLULAR (NON-LIVING)
7N

Parasites Protozoa Fungi Prokaryote Virus Prion
(e.g. helminthes) (e.g. plasmodia) (e.g. tinea) (e.g. bacteria) (e.g. HIV)
— Tapeworm — Malaria — Athlete’s foot — Leprosy - AIDS - CJD

Figure 2.1.1: The six main types of pathogens that can spread infectious disease.

Non-infectious disease

Non-infectious diseases, also called non-communicable disease, are medical conditions that are not caused
by pathogens and are not transmitted to other individuals. These diseases often result from environmental,
lifestyle, and/or genetic factors (see Table 2.1.1). As the focus of this topic is on infectious disease, non-infectious
disease is a point of comparison.
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Table 2.1.1: Non-infectious diseases are caused by a wide variety of factors.

Description

Examples of non-
infectious disease

Chemical
carcinogens

Some chemicals, such as cigarette smoke and asbestos,
can cause irreversible mutations to the genetic code (DNA)
that can result in uncontrolled cell division and cancer.

Some types of cancer, such
as lung and bowel cancer

Physical
carcinogens

Exposure to high energy radiation, such as ultraviolet light
and x-rays, can damage the genetic code (DNA) and can
result in uncontrolled cell division and cancer.

Some types of cancer, such
as skin cancer

Lifestyle choices

Unhealthy lifestyle choices, such as poor diet, lack of
exercise, smoking and excessive alcohol consumption,
can increase the risk of developing some non-infectious
diseases.

Obesity, type 2 diabetes,
cardiovascular disease and
some types of cancer

Organ and tissue
degeneration

Organ and tissue degeneration, often due to ageing or
chronic wear and tear, can lead to or contribute to some
types of non-infectious disease.

Arthritis, Alzheimer’s
disease, heart failure, kidney
failure

Hypersensitivity Hypersensitivity is an excessive immune response to Asthma, allergies, eczema,
substances that are normally harmless, such as pollen and | autoimmune diseases
dust mites.

Genetics Diseases can be directly inherited from parents through Down syndrome, cystic

genetic mutations passed on to their offspring.

fibrosis, sickle cell anaemia,
Huntington’s disease

An increased likeliness to inherit some types of disease,
called genetic predisposition, can also be inherited from
parents.

Obesity, diabetes,
cardiovascular disease and
some types of cancer

Pathogens can cause some non-infectious diseases

As with many situations, things are not always black and white. Even though there are two main categories of disease,
there can sometimes be a link between the two. Some pathogens can indirectly contribute to the development of
non-infectious diseases by triggering immune responses or cellular changes that lead to chronic conditions. For
example, some viruses can trigger autoimmune diseases. Refer to Table 2.1.2 for some specific examples.

Table 2.1.2: Some examples of pathogens that can spread and cause non-infectious diseases.

Disease Pathogen Description

Cervical |Human papillomavirus (HPV) |HPV, which causes generally cause genital warts, can be spread

cancer through direct contact during sexual activity, and can also cause
cellular mutations linked to cervical cancer.

Type 1 Enteroviruses Enteroviruses can spread directly from unwashed hands or

diabetes indirectly through contaminated surfaces and are associated with
triggering autoimmune reactions resulting in the development of
type 1 diabetes.

Pathogenic organisms that cause disease

The human body contains around 10 trillion (10'%) human cells but also some 100 trillion (10') microbial cells such
as bacteria, fungi and protozoa. Most of these microbes live in harmony with its host and form essential mutualistic
relationships that benefit both species. Some, however, can be pathogenic (disease causing) and have developed
characteristics that enable them to exploit the warm, nutrient rich and moist environments of their hosts.

To achieve this, pathogens must be able to:

e cross the protective barriers of the host.
e multiply inside the host.
e avoid the host’'s immune system attempts to destroy them.
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Bacteria

Bacteria are unicellular and consist of a prokaryotic cell that lacks a nucleus and other membrane-bound organelles
(see Figure 2.1.2). They contain cell walls consisting of peptidoglycan and reproduce through the process of
binary fission (see Chapter 1.3 for more information). Bacteria exist in different shapes including bacillus (rod
shaped), coccus (spherical shape), spirilla (spiral shape), and vibrio (curved shape).

Bacteria can be classified as aerobes (requires oxygen for life), anaerobes (do not require oxygen for life) or
facultative anaerobes (can live in environments with or without oxygen). Some bacteria use autotrophic nutrition
and others are heterotrophic (see Chapter 1.4 to review these concepts).

Bacteria can damage host tissues in a number of ways, including:

e  producing toxins, poisonous chemicals, which may act by inhibiting protein synthesis, interfering with nerve
function, or damaging membranes and hence the transport of materials in and out of cells
* invading organs and tissues inside of the host.

Some bacteria produce spores that can survive for long time periods and are highly resistant to tough environmental
conditions. After the spores enter the host, they can germinate and replicate into new bacterial cells. After infecting
a host through their method of transmission, bacteria can grow in number quickly leading to the symptoms
associated with the disease. Refer to Table 2.1.3 and Figure 2.1.3 for some examples.

Circular loop
of DNA

Plasmid

Cell membrane

Cytoplasm

Cell wall made
from peptidoglycan

Ribosomes

Figure 2.1.2: A typical bacterial cell.
Table 2.1.3: Some examples of infectious diseases caused by bacteria.

Examples of bacterial species

Disease Symptoms that can cause this disease
Food poisoning | Nausea, vomiting, diarrhoea, dehydration E. Coli, Salmonella
Syphilis Sores around mouth and genitals, rash, fever Treponema pallidum
Tuberculosis Coughing blood, fatigue, weight loss Myobacterium tuberculosis
Cholera Vomiting, diarrhoea, severe dehydration Vibrio cholera
Pneumonia Chest pain, cough, fatigue, fever, shortness of breath, nausea | Streptococcus pneumoniae

Inflammation in Excess fluid consisting of Streptococcus
one or both lungs bacteria and white blood cells pheumoniae
that reduces gas exchange

Figure 2.1.3: Pneumonia is caused by a bacterial infection that results in the inflammation of the air sacs (alveol))
in the lung(s).
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Fungi are comprised of eukaryotic cells that contain a nucleus and other membrane-bound organelles. Fungi
cells also contain a cell wall, but it is composed of chitin, which is a different carbohydrate to bacterial cell walls
(peptidoglycan) and plant cell walls (cellulose). Some fungi are unicellular (e.g. yeast), but most are multicellular

(e.g. moulds).

Fungi are heterotrophic and obtain their nutrients through secreting enzymes that break down organic matter
so the products can be absorbed. Parasitic fungi obtain their nutrients through harmful relationships with host
organisms (see Table 2.1.4 for some examples). Fungi reproduce by releasing spores which spread remarkably

easily, with numbers upwards of 100,000 per cubic metre recorded in the air.
Essentially, pathogenic fungi can be classified into four types depending on where they grow and reproduce:

1. On the surface of the host.

2. On the superficial layers of the host such as skin and nails.
3. Insubcutaneous tissues, the inner layers of the skin.

4. Inside the host, by infecting inner tissues and organs.

Table 2.1.4: Some examples of infectious diseases caused by fungi.

Examples of fungal species

Disease Symptoms that can cause this disease

Toenail infections | Discolouration and breakdown of nails | Candida albicans (yeast)

Ringworm Red patches and blisters on the skin | Microsporums, Dermatophytons and Trichophytons

Aspergillosis Fever, chest coughs, and pain Aspergillus fumigatas

Figure 2.1.4: Ringworm, also called tinea, is a highly contagious fungal infection of the skin that generally
presents as red circular patches. The fungus feeds on the keratin which is a protein found in skin.

b 7

\- Excess Mucus

|
II — Damaged Cilia

Aspergillus  *
Fumigatus

Figure 2.1.5: Aspergillosis is a group of diseases that generally affect the lungs caused by breathing in spores
from a common mould (fungi) in the Aspergillus genus.
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Protists

Protists are a diverse group of eukaryotic organisms consisting of all eukaryotes not classified as fungi, plants or
animals. The animal-like protists are called protozoa. Some protozoa can produce spores, such as Toxoplasma
gondii. Protists are mostly unicellular, but some are multicellular. Only a small number of this diverse group of
protists are pathogenic, but some can cause severe diseases. They are heterotrophs, absorbing nutrients from
their hosts (see Table 2.1.5 for some examples). These pathogenic protists often require a vector, such as
mosquitoes, to transmit from one host to another. They can be classified into three groups according to their
pathogenic nature and the site of infection:

* Intestinal

e  Uro-genital

e Blood and tissue

Malaria is a very common protist disease infecting several hundred million people and killing over one million
people per year. It is caused by members of the Plasmodium genus which is transmitted to humans via the bite
of an infected Anopheles mosquito. The protozoa infect liver and blood cells which may rupture and release new

parasites into the bloodstream causing a range of symptoms (see Figure 2.1.6). This type of transmission will be
explored further in Chapter 2.2.

Table 2.1.5: Some examples of infectious diseases caused by protists.

Examples of bacterial species

LIEEEER S that can cause this disease
Giardia Diarrhoea, nausea, cramps Giardia lamblia
Uro-genital Infection of the urinary tract or reproductive organs Trichomonas
infection causing a foul-smelling discharge
Malaria Fever, chills, blood cells rupturing and often death Plasmodium
Toxoplasmosis | Often no symptoms but some people will exhibit flu-like | Toxoplasma gondii
symptoms such as fever, headaches and muscle aches

Systemic Central
> High fever » Headaches
» Back pain

» Profuse sweating

i,. Spleen
Lungs /., \.\ » Enlargement
»Dry Cough
Stomach
Muscular > Nausea
) // » Vomiting
:;itr'\%ie N » Abdominal pain
Blood
Skin _L l » Bloody stools
» Chills )~ _|
» Sweating

Figure 2.1.6: Some symptoms associated with malaria.

Viruses

Viruses are classified as microorganisms, but they are not considered living organisms because they cannot
carry out life’s processes, as discussed in Chapter 1.1. They are non-cellular entities, that are better described
as infective particles. They can only reproduce inside the cell of a host organism (animals, humans, plants and
bacteria) and often cause disease as a result.

Virus particles are extremely small and little more than a nucleic acid (RNA or DNA) packaged in a protein coat (see
Figure 2.1.7). Either the entire virus enters the host cell it is infecting, or the virus attaches itself to the cell surface and
injects its genetic material directly into the cell. The host cells machinery is then used to replicate hundreds or even
thousands of new virus particles, which usually rupture the cell, discharging the new virus particles (see Figure 2.1.8).
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Membrane
protein

Glycoprotein

Envelope

(composed of .

phospholipid RNA .

bilayer) (type of nucleic
acid)

Figure 2.1.7: The basic structure of a virus.

Table 2.1.6: Some examples of infectious diseases caused by viruses.

Disease Symptoms Virus
Influenza (the flu) |Fever, cough, aches, chills etc. Influenza viruses
Common cold Stuffy nose, sore throat, headache Over 200 different types of viral particles

AIDS Fever, sore throat, vomiting, immune deficiency | Human immunodeficiency virus (HIV)

[ Viral DNA or New viral
i // ~ _being injected ~~ \_DNA or RNA

e ((_HostDNA >N

Attachment Entry Replication

The virus attaches to The viral DNA/RNA Viral DNA/RNA replicates

surface of the host cell enters the host cell and new viral proteins are
made (forming new cspsids)

€

Host cell destroyed t
as new viruses leave

Release Assembly

Host cell lyses (bursts) New viral particles
releasing the newly are assembled
made viruses

Figure 2.1.8: The virus life cycle.

[ Helpful online resources
’]. 1

FuseSchool — Global Education: Virus life cycle
https://www.youtube.com/watch?v=Qulwy6ow-Wc
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Parasitic worms

Parasites are organisms that live on or within a host organism and generally relies on the host to complete their life
cycle. They can be considered pathogenic if they cause disease. Parasitic worms, also called helminths, generally
live inside their host organism, and feed on the food the host organism has consumed (see Figure 2.1.9). This
generally takes place inside the host’s intestines, which provides the parasitic worms with an adequate source of
nutrients. Some of these parasites cause few, if any, symptoms in the host, whereas others weaken their hosts
significantly.

Parasitic worms rely on their host organism to reproduce and are well adapted to their life cycles. They have highly
developed reproductive systems, laying copious quantities of eggs, which are then passed out in the faeces to
infect others.

Parasitic worms clearly cause infectious diseases as they spread easily between hosts. Thread worm is a typical
parasite infecting the intestines of humans. When they mature, they lay hundreds of eggs which are released near
the anus of an infected person giving rise to a condition sometimes called ‘itchy bottom’ (see Table 2.1.7).

- — Generally infects the
Can cause infection in 5l lusis. [Wer @

the intestines or the \ blood
body \“t\

Roundworms

Mainly infects animals,
rarely can infect
humans

~

Infects the intestines I;————

Tapeworms Thorny-headed worms

Figure 2.1.9: Some examples of parasitic worms.
Table 2.1.7: Some examples of infectious diseases caused by parasites.

Examples of bacterial species

PIECEED S PEDTIE that can cause this disease
Thread worm [tchy bottom, tiredness, irritability Pin worm or thread worm
Tapeworm infection Nausea, fatigue, weight loss Tapeworm
Prions

Protein molecules are vital in all living organisms as they are involved in both structural and functional roles. These
molecules are made up of chains of building blocks called amino acids which are folded into specific 3D shapes.
It is this specific shape that is crucial for their function. One example of this is the specific shape of protein
antibodies, that are secreted by some white blood cells, that bind to specific antigens on pathogens. This concept
is explored further in Chapter 2.8.

A prion is a misfolded protein that can cause other normal proteins to misfold, leading to cellular death,
brain damage and neurodegenerative diseases (see Figure 2.1.10). Unlike bacteria or viruses, prions are non-
cellular and lack genetic material (DNA and RNA). These infective agents replicate by converting normal proteins
into the abnormal, disease-causing form. This process leads to conditions like Creutzfeldt-Jakob disease in
humans and mad cow disease in animals (see Table 2.1.8). Prions are considered pathogenic because they
disrupt normal cellular functions and cause cell death, particularly in brain tissue. They are exceptionally hard
to treat because they are resistant to heat, radiation, and conventional sterilisation, making them persist in both
infected tissue and contaminated environments.
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protein protein protein
The spontaneous conversion of normal The abnormal prion protein converts a normal These two abnormal prion proteins convert two more normal
protein into an abnormal prion protein protein into another abnormal prion protein proteins and the cycle continues leading to cell death

Figure 2.1.70: Prion disease is caused by a change to the 3D shape of a specific protein. This change can be
spontaneous, which is rare, or through exposure to the infective particle from another contaminated source.
This ‘abnormal’ prion protein causes a chain effect of conformational change, converting normal proteins to the
‘abnormal’ prion protein, resulting in cellular death and neurodegenerative diseases.

Table 2.1.8: Some examples of infectious diseases caused by prions.

Examples of bacterial species that

DIECEED ST can cause this disease
Scrapie Fatal brain degeneration in animals Scrapie prion
Mad-cow disease |Abnormal posture, aggressive temperament, Bovine spongiform encephalopathy
loss of body weight (BSE) prion
Creutzfeldt-Jakob |Failing memory, lack of coordination, total Creutzfeldt-dakob prion
Disease (CJD) memory loss

2.1 Review questions
. Multiple choice questions

1. Which of the following is not an example of an infectious disease?

J  Anaemia

K Pneumonia
L  Ringworm
M Influenza

2. Which of the following characteristics does not enable pathogens to exploit their hosts?

J  Being able to enter a host.

K Being able to reproduce in a host.

L Being able to cause red rashes in a host.
M  Being able to avoid a host’s defences.

3. Select the option in the table that correctly identifies the roles of the mosquito and malarial parasite in the
transmission of malaria.

Mosquito Malarial parasite

J |Host Vector

K | Pathogen Host

L | Vector Pathogen
M | Pathogen Vector

4. Which of the following pathogens do not produce spores?

J  Bacteria
K Viruses
L  Fungi

M  Protists
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5. Refer to the diagrams below of three pathogens to answer the following question.

Pathogen A Pathogen B Pathogen C
Capsid g Nucleic acid
Collar "
— Sheath
Spikes
Select the option that correctly identifies the three pathogens.
Pathogen A Pathogen B Pathogen C

J |Virus Fungus Protist

K |Fungus Bacterium Protist

L |Parasitic worm Fungus Virus

M | Prion Bacterium Virus

6. The symptoms of food poisoning are generally caused by

J  spores left by pathogens.

K prions.
L toxins.
M  protozoa.

7. Which of the following statements about prions is not correct?

J  Prions lack genetic information.

K Prions consist of amino acids.

L  Prions change the shape of DNA causing it to misfold and become abnormal.
M  Prions are considered infective agents.

8. Select the option in the table below that correctly matches a type of pathogen with an example of a disease
it causes and if consists of cells or not.

Type of Cellular or Example of disease
Pathogen non-cellular caused by pathogen
J | Parasitic worm Cellular Ringworm
K | Protist Cellular Tuberculosis
L |Prion Non-cellular Creutzfeldt-Jakob disease
M |Virus Non-cellular Cholera

9. Toxoplasmosis is a disease caused by the Toxoplasma gondii pathogen. This pathogen reproduces in the
intestinal tract of cats and can infect humans who change an infected cat’s contaminated litter box. If a
pregnant woman is infected with this pathogen, the growing foetus can also be infected and can result in
birth defects and miscarriage.

Based on the information above, which of the following statements is most correct?

J  The cat is a direct vector for the Toxoplasma gondii pathogen to infect humans.
K The Toxoplasma gondii pathogen only infects pregnant women and their babies.
L  Toxoplasmosis is a pathogen that infects cats and humans.

M  The Toxoplasma gondii pathogen can also be considered a parasite.
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10. Refer to the image below which shows some steps involved in the viral life cycle to answer the following

question.

Which of the following options correctly matches a step in the diagram with a description of the events that
occur during that step?

Description of event(s) occurring during this step

—

Host cell’'s DNA is injected into the cell

Host cell’'s machinery used to replicate viral genetic code

Viruses attach to the cell membrane of host cell

| X|<

2
3
4

New viruses form

- Free response questions

1. Explain the difference between infectious and non-infectious disease.

2. Describe the difference between a parasite and a pathogen and give an example of each to illustrate your

answer.

3. Thedisease ring worm is not actually caused by a worm. Explain your understanding regarding this statement.

4. Spores, produced by microbes, can have two quite distinct functions:

a) Name two pathogens that can produce spores.

b) Discuss the advantages of producing spores to species that use them.

5. The human body contains about 100 trillion (10'%) cells of bacteria, fungi and protozoa yet remarkably remains
mostly healthy with these microbes living on or inside of it. Explain how this is possible.
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6. Complete the following table by providing an example of a typical disease caused by each pathogen, and
describing how one characteristic it posesses assists their survival and/or transmission to other organisms.

Characteristic that assists survival and/or
transmission

Pathogen Example of disease

Bacteria

Fungi

Protozoa (Protist)

Virus (HIV)

Parasitic worm

Prion

7. Explain why prions are not considered to be alive.

8. a) Describe what a toxin is.

b) Explain why cooking and consuming a steak that has passed its use-by-date could result in food
poisoning.

c) The table below lists some common diseases. Place a tick in the appropriate column(s) to indicate the
type of pathogen(s) that is the causative agent.

Disease Bacterium Fungus Virus Protist Worm

Common cold

Diarrhoea

Malaria

Sinusitis

Skin infections

Pneumonia

Mad cow disease

Genital herpes
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Refer to the table below showing recent global deaths from the most common infectious diseases
according to the World Health Organisation from 2012 to 2015 to answer the following questions.

Disease Year Number of deaths globally
Malaria 2013 584,000
Diarrhoea 2012 1.5 million
HIV/AIDS 2012 1.5 million
Tuberculosis 2012 900,000
Ebola 2013-2015 10,000

State where in the world most of these deaths are likely occurring.

Describe the likely reasons for these deaths in these parts of the world.

Discuss the reasoning behind the following statement: “Most people from developing countries die from
infectious disease whereas people from developed countries die from non-infectious disease.”
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Chapter 2.2 Disease transmission

Describe the methods by which pathogens may be transmitted between hosts, such as:

e air

e dust

e direct contact
e faeces

e food

e animals

© SACE 2025

Pathogens are transmitted from host to host, and vector to host through several pathways or mechanisms.

J Helpful online resources

TED-Ed: How do germs spread (and why do they make us sick)? - Yannay Khaikin and
Nicole Mideo

https://www.youtube.com/watch?v=yxondJTWhBJQ

Airborne and droplet transmission

When humans talk, breathe with their mouth open, cough or sneeze, small droplets are emitted from the mouth
or upper respiratory passages. If a human is carrying an infection, then these droplets contain the pathogenic
microorganisms and anyone who inhales these droplets can also become infected. It has been estimated that one
cough or sneeze may release millions of microorganisms.

Airborne and droplet transmission are two ways infectious diseases can spread through the air, but they differ
in how far the respiratory particles can travel and remain infectious (see Figure 2.2.1). Airborne transmission
involves much smaller respiratory particles called aerosols, which can remain suspended in the air for longer
periods and travel further distances. This makes airborne diseases, like tuberculosis or measles, more easily
transmissible over larger spaces, even without direct contact. Droplet transmission however involves larger
respiratory droplets, which are generally expelled when someone coughs or sneezes. These droplets are heavier
and typically travel only a short distance, up to 1-2 meters, before falling to the ground or surfaces. Diseases like
influenza often spread this way.

Droplet transmission:
Coughs and sneezes can
spread larger droplets of saliva
and mucous

Airborne transmission: Tiny
particles called aerosols can
be produced by talking, which
Extended presence of  |become suspended in the air
aerosol particles in air  |and travel further

= @ LI - it ) - — e
- - -~
. = L .. . ~
" L) - N
L] i e - \ .
e = oG o5 - \
g = (I . 5 A Large droplets
- ":: o c il 4 “ v .>100um
T~ R ) ! Small droplet
. . mall droplets
a s .
. - ==l = ' ® 5um
e . . |
N .l G )
. - | Aerosol particles
\" [ | 1 pm
i ¥
5 sec « . Evaporation Prolonged >
. . exposure
. -
33 min 12.2 hrs

[ ) o '
Horisontal distance traveled

by infectious droplets

im
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45m

Figure 2.2.1: Smaller aerosol particles can travel much further in the air than the larger droplets, therefore
droplet transmission is limited to closer contact compared to airborne transmission that can spread infections
more broadly through the air.
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Dust-borne transmission

Dust can also transmit infectious diseases through a process called dust-borne transmission. In this form of
transmission, infectious agents like bacteria, viruses, or fungi attach to tiny dust particles, which can then be
dispersed into the air. When these contaminated dust particles are inhaled, they can carry pathogens into the
respiratory system, potentially causing infection. Dust-borne transmission is the primary mode of transmission
of hantavirus to humans. This virus can be found in mouse saliva, faeces and urine, which can dehydrate
and disintegrate into fine particles. When disturbed, these particles can become airborne and can potentially be
inhaled. Dust-borne transmission is particularly relevant in environments where dust is disturbed, such as during
cleaning, construction, or agricultural activities.

Indirect contact

If an infected person coughs, sneezes, or touches a surface, they can leave infectious particles behind. These
infectious particles can linger on surfaces and can be spread to another person if they touch it. Athlete’s foot
is an example of a fungal disease that can be spread through indirect contact. If an infected individual walks
barefoot, the fungus can be left on the surfaces walked on. When another barefoot individual walks on the same
surface, they can then contract the Athlete’s foot infection.

Direct contact

Infectious diseases can spread by direct contact when an uninfected person comes into immediate physical
contact with an infected individual. This can happen through actions such as touching, kissing, or sexual contact,
which allow pathogens to transfer from one person to another. Diseases like the common cold, chickenpox,
and genital herpes are commonly transmitted through direct contact.

Faeces

Infectious diseases can also spread through contact with faeces. This is known as vehicle transmission and
occurs when pathogens in the faeces of an infected person contaminate food, water, surfaces, or hands and are
then ingested by another person. Poor sanitation, inadequate hand hygiene, and improper handling of food can
increase the risk of faecal transmission. Hepatitis A, cholera and giardia infections are often spread this way.
This is a significant cause of death in many developing countries as fresh, clean running water is not always readily
available.

Contaminated food

When harmful pathogens such as bacteria, viruses, or parasites enter the food supply and are then ingested
by people, foodborne illnesses can spread. Common foodborne illnesses, such as salmonella, E. coli, and
listeriosis, occur when food is prepared or stored in unsanitary conditions, allowing pathogens to multiply. For
example, raw or undercooked meat, unpasteurised dairy, and unwashed fruits and vegetables are frequent sources
of contamination. Once consumed, these pathogens can cause symptoms like nausea, fever, cramps, vomiting,
and diarrhoea. Refer to Chapters 1.6 and 1.7 for more information on microorganisms that can contaminate food
and hygiene methods to prevent food contamination.

Animal vectors

Infectious diseases can sometimes spread from animals to humans. This transmission can occur through direct
contact with animals, such as petting, bites, or scratches, or through indirect contact with their bodily fluids,
faeces, or contaminated surfaces. These diseases are termed vector-borne diseases because the animal acts as
a vector, or carrier, of the pathogen, in the transmission of the disease to humans. Dogs, cats, bats, monkeys,
and insects such as mosquitoes, ticks, or fleas are some prime examples of animals that carry pathogens
that can be transmitted to humans. Some examples of animals and the diseases they can transmit are outlined
in Table 2.2.1. Some groups of people in society are more vulnerable to transmission of these diseases, including
farmers, vets, abattoir workers and people working with exotic animals. Additionally, the spread of pathogens by
mosquitoes are often more prominent in warm and humid tropical regions, where mosquito populations thrive.
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Table 2.2.1: Some examples of animal vectors and the pathogens they can transmit to humans.

Animal vector Disease Type of Method of transmission
pathogen
Dogs, cats, Rabies Virus Spread via saliva of infected animals, usually through biting. Can
bats, livestock also be spread through scratches from infected animals after
Cats Toxoplasmosis | Protozoan | Contact with cat faeces
Ticks Lyme disease |Bacteria |Bite of some types of ticks
Mosquito Malaria Protozoan | Bite of some types of mosquito (see Figure 2.2.2)
Flying foxes Hendra virus | Virus Exposure to infected horse tissue or bodily fluids (e.g. when
and horses infection sneezing, coughing)
Cats and dogs |Helminth Parasitic | Oral contact and ingestion of cat or dog saliva, such as licking of
(worm) worm hands or face. Can also be spread through contact with faeces
infection or contaminated sail.

[J Helpful online resources

MinuteEarth: Why Do Bats Carry So Many Diseases? (like Coronavirus)
https://www.youtube.com/watch?v=Ao0dqJvH4a0

Kurzgesagt: The deadliest virus on Earth
https://www.youtube.com/watch?v=4u5I8GYB79Y

Examples of parasites that involve more than one animal host
Malaria

This disease is very serious, causing hundreds of thousands of human deaths around the world every year. It
is caused by a few species of a pathogenic parasite called Plasmodium. The Plasmodium spends part of its
life in humans and part of its life in the females of a species of mosquito (Anopheles) which acts as a vector in
transmitting the disease (see Figure 2.2.2).

With some particularly virulent species, the symptoms can be very severe including fever, coma and convulsions,
which can be fatal within a few days. As can be seen in Figure 2.2.2, the Plasmodium multiply inside human liver
and red blood cells, bursting them open and releasing new Plasmodium cells.

2. Plasmodium enters human liver cells where thousands

of copies are produced asexually. The liver cells rupture
releasing these copies into the blood

1. Infected mosquito
bites human

1 Plasmodium 3. Invasion of red blood cells (RBCs) where the
Nﬁima maturation and production of Plasmodium
male and female sex cells (gametes) occurs

6.Plasmodium reproduces in the mosquito’s Plasmodium i
stomach where the male and female gametes ~ mosquito
fuse and parasite migrates to the mosquitoes gf‘a":g"y
salivary glands

. Infected red blood cell bursts releasing
A any copies of the Plasmodium gametes into

Plasmodium in “

mosquito gut i3 he blood

5. Male and female Plasmodium gametes enter
mosquito when it feeds on blood of infected individual

Figure 2.2.2: The life cycle of the protist Plasmodium that causes malaria and is spread through the bite of a
mosquito vector.
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Tapeworms

Another example of a parasite using multiple hosts is the tapeworm. The main host in this example is the household
cat, and intermediate hosts include rats, mice and fleas depending on the species of tapeworm (see Figure 2.2.3
for example of a tapeworm lifecycle). A heavy infestation of tapeworms in a cat can lead to loss of condition,
lethargy and poor fur condition. These worms can also infect humans, especially younger children.

The tapeworms are well adapted to their parasitic way of life with such features as suckers or muscular grooves on
their head enabling them to attach to the cats’ intestines. It is also noted that the tapeworms are hermaphroditic,
that is, a single worm can contain both female ovaries and male testes.

Some tapeworms can
infect humans through ‘
direct contact with an

infected cat or their
faeces

Tissue of intermediate
host ingested by cat

Larval stage

Posterior segments of
adult worms passed
in faeces

Eggs ingested by

intermediate host
feeding on plants
materials containing

cat faeces Eggs released

Eggs in from segments

faeces

Figure 2.2.3: An example of the life cycle of a tapeworm that involves an intermediate host, a rat, transferring the
parasite to a cat, and in turn, humans.

2.2 Review questions

. Multiple choice questions
1. Which of the following options is not a method through which pathogens are transmitted?
J  Water
K Dust
L Food
M  Antibiotics

2. Which of the following options does not spread disease through the air?

J  Direct contact transmission
K Droplet transmission

L  Dust-borne transmission

M Airborne transmission

3. Which of the following options can spread disease the furthest through air?

J  Large droplet
K Small droplet
L  Aerosol
M  Faeces
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4.  What type of transmission of disease is involved when two people share a drink bottle?

J  Direct contact transmission
K Indirect contact transmission
L  Animal vector transmission
M Airborne transmission
5. A mosquito bites a person who subsequently develops a fever and abdominal rash. This type of transmission
is called
J  Direct contact transmission
K Indirect contact transmission
L  Vehicle transmission
M Vector transmission

6. Athlete’s foot is a fungal infection mostly transmitted through

J  Direct contact transmission
K Indirect contact transmission
L  Dust-borne transmission

M Airborne transmission

7. An example of a disease that spreads through a vehicle such as water is

J  Cholera
K Malaria
L  Chickenpox
M  Lyme disease
8. Salmonella can infect humans through the consumption of undercooked chicken. Another example of a
foodborne disease is
J  Lyme disease
K Listeriosis
L  Hendra virus infection
M Tuberculosis

Refer to Figure 1 below which shows some information about the transmission of the Zika virus to answer questions
9 and 10.

) Mosquito
Mosqun_o A.aegypti
Stegomyia A.albopictus

. and . A.luteocephalus
Diceromyia A.hensilli

subgenera of Aedes A.polynesiensis

*  Sexual contact with
an infected partner

® Blood transfusion

*  Pregnancy

Suburban and urban
transmission cycle

Sylvatic
transmission
cycle

Nonhuman primate Nonhuman primate [ i i
K Human Human \_/ ) Human
A
A N
Mosquito
Mosquito A.aegypti
. A.albopictus
St
eg%ﬂ v A.luteocephalus
Diceromyia A.hensilli

subgenera of Aedes A.polynesiensis

Figure 1: Zika virus is a re-emerging disease that can cause congenital abnormalities in newborns and is
associated with Guillain-Barré syndrome in adults, where the immune system attacks the nerves and can lead
to paralysis. The virus can be sexually transmitted and can persist in the male genital tract.
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9. According to Figure 1, two major methods of transmission of the Zika virus are

J  direct contact transmission and vector transmission.
K indirect contact transmission and vector transmission.
L direct contact transmission and vehicle transmission.
M indirect contact transmission and vehicle transmission.

10. With reference to Figure 1, which of the following statements is correct?

J  Only humans can be infected with the Zika virus.
K Sexual activity with an infected male can only infect one female.

L  Only A. aegypti, A. albopictus, A. luteocephalus, A. hensilli and A. polynesiensis mosquitoes can infect
humans with Zika.

M The spread of the Zika virus to humans has been amplified through mosquitoes.

. Free response questions

1. Complete the following table by naming four common methods by which pathogenic organisms can be
transmitted to an individual, and list two pathogens for each method of transmission.

Method Examples of pathogens

2. Describe why measles is considered more transmissible than influenza.

3. Describe three ways in which the HIV virus can be transmitted.

4. Some parasitic worms, including Helminths and tapeworms,can spread from dogs and cats to humans.

a) Outline two methods by which a Helminth parasitic worm could spread from a domesticated pet dog
to a child.

b) Some tapeworms require an intermediate host before infecting cats.

Name one example of an intermediate host and describe how it spreads tapeworm to cats.
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5. Salmonella bacteria are a very common cause of food poisoning.

Describe why chicken is considered a high-risk source for the transmission of this harmful bacteria.

6. Hikers and people camping in the outdoors are often susceptible to Guardia infections. Describe the most
likely source of this disease and explain why.

7. Describe how rabies is transmitted.

8. Global warming is a consequence of human practices. It has been suggested that global warming may be
a major factor in the increased spread of infectious diseases now, and in the coming decades, and that this
may be linked to the vectors involved in the spread of disease. Explain likely reasons for this suggestion.

9. A vector is involved in the life-cycle of the pathogen that causes malaria.

a) Name the vector and describe its role in the transmission of the malarial parasite.

b) Describe how the actions of the malarial parasite could lead to human death.

c) Explain how two organisms are required for the sexual reproduction of the malarial parasite.

d) Suggest one way to reduce the spread of the disease malaria.
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Chapter 2.3 Epidemics and other health issues
Science Understanding

Infectious diseases can cause widespread health issues for local, national, and/or global populations. Describe
the interrelated factors that can determine the spread of infectious disease, including:

e persistence of the pathogen within hosts

e the transmission mechanism

e the proportion of the population that is immune or has been immunised
e mobility of individuals of the affected population.

© SACE 2025

Infectious diseases pose a significant threat to public health, with the potential to affect individuals and communities
on local, national, and global scales. Caused by pathogens such as bacteria, viruses, fungi, and parasites, these
diseases can spread rapidly through human contact, contaminated environments, or vectors like insects. On a
local level, outbreaks can overwhelm healthcare systems and disrupt daily life, while nationally, they can strain
resources, hinder economic productivity, and exacerbate social inequalities. Globally, infectious diseases can
cross borders with ease, facilitated by international travel and trade, leading to pandemics that challenge global
health systems and cooperation. Understanding and addressing the interrelated factors that can determine the
spread of infectious disease, including the transmission mechanism and proportion of the population that is
immunised against a pathogen, can help minimise the impact on health and society.

Epidemics and pandemics

The key difference between an epidemic and a pandemic lies in their scale and geographic spread. An epidemic
refers to an active outbreak of an infectious disease that affects a large number of people within a specific
community, region, or country, such as a localised outbreak of measles. A pandemic, on the other hand, is
an epidemic that extends across multiple countries or continents, affecting a significant portion of the global
population, as seen with COVID-19 or the 1918 influenza pandemic. While epidemics are confined to particular
areas, pandemics require international coordination and pose a broader global health challenge.

Epidemics and pandemics can develop due to a number of factors including:

e the transmission of a pathogen to a group of humans that have not previously been exposed to it

e the transmission of a new pathogen from animals to humans that previously had not occurred, (i.e. crossing
the species barrier)

e the development of a new strain of a pathogen, generally caused by random mutations or genetic changes
in the pathogen

e Jow immunity or natural defence to the pathogen in the population (i.e. decreased herd immunity)

Historical background

Epidemics have been recorded in history since the beginning of human civilisation with populations giving up
nomadic lifestyles and settling in villages and towns. The human population size was kept in check by such
infectious diseases wiping out millions of people (see Figure 2.3.1). A range of factors contributed to such high
mortality rates including poor sanitation, inadequate health systems and little or no understanding of the causative
agents of these diseases.

The Black Plague, or Black Death, that occurred between 1347 and 1353 was one such disease. It has
been estimated that 25 to 50 million people in Europe died of this disease, which is roughly roughly 30-60%
of the continent’s population at the time (see Figure 2.3.1). Globally, the death toll may have reached 75 to 200
million, considering its impact in Asia, the Middle East, and North Africa. This pandemic, caused by the bacterium
Yersinia pestis, spread rapidly due to fleas carried by infected rats and humans, poor sanitation, and dense urban
populations. It remains one of the deadliest p<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>