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EMULSION

This cover image shows a mixture of milk, oil
and acrylic paint. This type of mixture is known
as an emulsion. Liquids in emulsions are usually
immiscible, meaning they cannot mix with

each other.

Milk itself is an emulsion, with droplets of

oil dispersed in water. Oil is classified as
‘hydrophobic’ because it is repelled by water
molecules. Some of the droplets you can see are
the water-based acrylic paint suspended in oil,
while others are droplets of oil suspended in the
water component of the milk.
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Country/Place

Spaces mapped out that individuals or groups of First
Nations Peoples of Australia occupy and regard as their
own and that have varying degrees of spirituality. These
spaces include lands, waters and sky.

Cultural narrative

Abroadtermthatencompasses any cultural expression that
includes (but is not limited to) knowledge and community
values that are central to the identity of a particular group
of First Nations Peoples.

Cultural narratives can hold information about almost
anything, such as the origins of life, or can teach people about
acceptable behaviour and rules, such as caring for Country.

They can take the form of songs, stories, visual arts or
performances. ‘Cultural narrative’ is a more accurate and
respectful term than ‘myth’, ‘story’ or ‘fable’; terms that
often diminish their importance.

First Nations Australians

‘First’ refers to the many nations/cultures who were in
Australia before British colonisation. This a collective
term that refers to all Aboriginal Peoples and Torres Strait
Islander Peoples. The term ‘Indigenous Australians’ is
also used to refer to First Nations Australians.

Nation

A self-governed community of people based on a common
language, culture and territory.

Peoples and Nations

We use the plural for these terms because First Nations
Australians do not belong to one nation/culture. There
are many distinct Peoples and Nations. Also, some
Nations consist of distinct clans or groups, so are
referred to as Peoples.
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How to use this book

BIG SCIENCE CHALLENGE #6

Every time you use a ca rain o bus,the veicle emits polltants.

petroland dieselengines. The emissions nclude carbon dioxde,

SCIENCE CHALLENGE

the climate faster than we - and plans and anmals - can adapt
» Howoten

' Can you think o other human activities, such as faod prodiction
and transport, that contrbute o extra carbon n our atmosphere?

Think, do, communicate: You are encouraged to reflect
on and apply your learning to a set of activities, which
allows you to make meaningful connections with the
content and skills you have just learned.

Learning modules: Content is
chunked into key concepts for
effective teaching and learning.

. . . @ Reducing carbon dioxide in the atmosphere
Learning objectives: Clear,

concise objectives give you mEER
oversight of what you are

Big science, real context: The opening page
begins the chapter by placing the science
topic into a real-life context that is both
interesting and relevant to students’ lives.

BIG SCIENCE CHALLENGE PROJECT 19

Make an action plan

Communicate

In contrast,

materials into the sol.

Other methods to reduce carbon dioxide
“To redoce th carbon dioid n the atmosphere el
need o find ways o reducethe emissons produced by
oura ch s lectricty generation and us of

learning and set you up for
success.

on the enifonment?Discuss you reasaning with your partner.

Carbon sequestration

With human actviies emiting more carbon dioxide.
i

et futur. (Figure 66.3) When
clean hydrogen is bumed, the only product s wate.

‘There are also a lot o small steps you can take to
gtod

Key words: These are
defined the first time
they appear.

Anariicial method
nvolves capiuring

be stored insilor
oceansor inected into
underground rock, a5
shownin Figure 66.2.
Carbon farming is
another method of
reduci

and soil management

Nelson Science 9 | Australian Curriculum

econdhand
msumpion. 3

information to answer the question
e there any negatve aspects to arourEsea  Austol

3 0 2020 (ased o
using hydrogen as a fuef 2

[Ere— Chters | Tecaboncyde 201

Learning check: These are engaging activities to check
your understanding. Activities are presented in order of
increasing complexity to help you confidently achieve the
module’s learning objectives. Bolded cognitive verbs help
you clearly identify what is required of you. Activities are
presented in order of increasing complexity.

9780170472838



FIRST NATIONS

First Nations science
contexts: This content was
developed in consultation
with a First Nations
Australian curriculum
specialist. It showcases the
key Aboriginal and Torres : i
Strait Islander History — .
and Cultural Elaborations, g

with authentic, engaging v o o et

First Nations Australians’ fire
management of Country

Science as a Human Endeavour: Elaborations
are explicitly addressed with interesting,

contemporary content and activities.

Managing the environment with fire
Austali in the st 200y bil
dlivestock. They
endanger Australv's blodiversiy and increase carbon emissions.

First N ands of
years before European colonisation.

have increased.

NG and CUItUraIIy appropriate lowering greenhouse gas emissions (Figure 6.7.1)

Using mosquito biology to

fight the spread of disease science content.

Malaria

“There were 241 millon cases of malaria
12020, most of them occuring in Afrca.
On average, more than 400 000 people die
from malari cvey year: AT Al trsty o Gty Orgontsn Hort
Curtent tateges for reducing the sread

of mosquito-borne discase are ot ffctve
enough to signficanty reduce the number
ofdeaths asociatd with thesedisases. AS
aresull, millions of dollrsare spent every.
year on research intotheprevention and
reatment of malaia.

A case study
“The North
10 demonsirate the impact of raditional-styl burning, Teams of First Nations land
anagrs andsene partnes sl regon o thefand o sy Theyrecord he ypes
of plants on the

width of res. They
and ground lter. This i the before burning’ measurement

calian Indi

Land and Sea M: ¢

dand i he canopy s wel
berof 1 plo

How is malaria
transmitted?

i ersol hewot whre s s
ot st e o, A o spinf
T P —" e an St esmoter v
untreated, severe illness can develop, followed by death. peadachertles A t. .t. A t t by wildfie.
‘ ‘ ctivities: Activities are
Methods of preventing malaria Investigating the impact of fire management
Doyou i any o these e o et o e open-ended and often hands
« Avoid outdoor activities at dawn and dusk. . P
+ Use et repeln on, helping you understand ghrents
« Wear long clothing a davn and dusk. the connections between
First Nations cultures and —
histories and science. 3 i Wi 5, i
(‘l-"v-ﬂ (Ih- year) (tha" year) (tha year)
o

of fuelburnec.

emissions according to theiformaton i Table 6.7.17
2 Figure 67.2 shows areas of Martu County afected by ire i 1954, 1973 and 2000,

il determination have relued since 2000,

Science skills in focus: Each chapter focuses

on a specific science investigation skill. This is
explained and modelled with our Science skills in a
minute animation, before you put it into practice in a
science investigation. The science skill is reinforced
with our Science skills in practice digital activities.

——

Arauntezz ovs et by v s Counry T e mag s wken
wihen 1o Martu Peoples wereon Coun

Table 67.1
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SCIENCE . 8
INVESTIGATIONS j @ Dissection

INVESTIGATION 1: DISSECTION OF

fowers, ook at ther
AFLOWER

7
students’

» conducting a safe dissection of a flower \
» drawing a labelled diagram of a issected lam

o locate,draw and study the reproductive structures. INVESTIGATION 2: INVESTIGATING
VEGETATIVE REPRODUCTION IN
SWEET POTATOES

vegetative reproduction.
(materiaLs )

§f assorted flowers (tlps,daffodis and gladiolus

e G
o o

BT o Bt A
g andlens reduce growth by choosing one independent variable to

1 Wearsafety glasses. 1 piece of A3 poster paper

2 Use a dissecting board or e undemeath o sticky tape (HvpoThEsts . . . .
feiesioatl e am—— Investigations: Practise
e e Sty o e e e

use and do not walkaround with themn

and reinforce good
scientific method through
fit-for-purpose, hands-on
science investigations.

Wrie a predicton based on your hypothesis

containerof disnfectant.

‘Typical dissection ools and thei unctions are
lsted nTable 3101

parts rfer t Figue 3.10.1) Name them s you pont.
athem. Trytoub some pollen f the anthr. Not
the colou.Ifyou have access 103 stereomicroscope,

Note: Awhole sweet potato takes 10-14 weeks to
mature. The vegeable partof the sweet potato s caled
 tuber,whichis where roots and shoots grow from.

EDBEAR:ZHispecion ok 2 Carefully cut the flower n half lengthwise. Observe: JRATERIALS
Tool Function theimermalorgans.

Scissors

2 sweetpotatoes per group.

2 beakers, onefor ach tuber
& FIGURE 3101 _(a) Fower dissection and (o) reproductve | & 8 toothpicks:

N ot of the fower o water

5 Countthe number of petls f thee are ot oo many. o sol

3
petal, stems, oot the structures carefuly.

Foroos (arge
neszes) cuting ssue

Mounted nesde

scape Makingncisons

Dissecion pins  Secuig parts f asample o
haboars

female parts. Arange ther on the poster paper and
Iabel each part. Refr to Figure 3.10.1 fo guidance.

Wihen you draw a dissected sructure:

- use aninformative ile

+ make your drawing large enough fo your
teacher 1o seeallparts (alfa page s
usually big enough)

+ drawwithapenci

- label strucures.
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EVALUATION

1 Explain why students and researchers need to 6o

dissections
2

& 2 plant pot
6 slowrelease fertiser (optonal)

(merHoo

senses of sight, smelland touch.

Use your

1
four toothpicks around the centre. This will help
outof

3
features helped with their function.

State one featureof the reproductive organs you
thought was most interesting and explain why.

beaker
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Homeostasis is the way the body’s internal environment
remains constant.

The nervous system helps maintain the internal environment
@ and processes in most animals. Our nervous system is made

up of the central and peripheral systems.
Neurons, also known

as nerve cells, transmit
messages in the form
of electrical impulses.

The brain processes information sent from the body and controls
how the body responds to external and internal changes.

The endocrine system produces chemical substances called
hormones. They respond to external and internal changes.

Some organisms regulate their temperature internally.
Sweating and shivering are two ways humans do this.

Some organisms need to regulate their blood glucose
levels. Hormones play a vital role in regulation.

New technology and engineering allow people with
diabetes to monitor their glucose levels continuously.

1 Microscope investigation of the pancreas
2 Interpreting data and communicating relationships between variables
3 Dissecting a brain
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BIG SCIENCE CHALLENGE

A FIGURE 1.04 Sweating is one way our

. . . bodi intai body t ture.
Do you get really hot in summer or during exercise? In 2021, people B

living in Julien Creek in Queensland experienced a 43.6°C day,

while people living in the town of Wyndham in Western Australia
experienced temperatures of 45°C. Air conditioning and sweating are
two different ways of cooling down. Air conditioning is expensive, and

SCIENCE CHALLENGE
ACCEPTED!

generally not good for the environment. Sweating is our body’s natural
mechanism for cooling down; however, excessive sweating can be life-
threatening due to dehydration.

» What alternative, effective strategies can we choose instead of air
conditioning to help us stay cool on a hot day?

Assessments Science skills resources
® Prior knowledge quiz ® Science skills in practice: Using a microscope to
® Chapter review questions examine cells (1.9)

* End-of-chapter test ® Extra science investigations: Negative feedback

loops (1.1); Dissecting a spinal cord (1.2
® Portfolio assessment task: Science investigation ps (1) gasp 1.2)

Interactive resources

Videos i

. I . . . ® | abel: Negative feedback model (11); Parts of
® Science skills in a minute: Using a microscope (1.9) the brain (1.4); Endocrine system (1.5); Negative
® Videos activities: Nervous system (1.2); Neurons as feedback loops (1.7)

cells (1.3); The brain (1.4); Endocrine system (1.5);

What is diabetes? (1.8) ® Drag and drop: Different types of neurons (1.3);

Maintaining body temperature (1.6)

) . —
;‘: Nelson I\/IlndTap To access these resources and many more, visit:

cengage.com.au/nelsonmindtap

Chapter 1 | Homeostasis 3



BY THE END OF
THIS MODULE, YOU
WILL BE ABLE TO:

-l
o‘:

Interactive
resources
Label: Negative
feedback model

Extra science
investigation
Negative feedback

loops

homeostasis

the maintenance of
a constant internal

environment necessary

for survival

tolerance range

the range of a particular
condition inside the body

that an organism can

survive

» FIGURE 111
For survival,
internal factors
need to be
maintained
within a
tolerance
range. The
body works
best when
these factors
are within
optimal range.

Number of organisms

Examples of changing

factors

v define homeostasis, positive feedback mechanism, negative feedback mechanism,
stimulus, receptor, coordinating centre, effector and response

v draw a model of a negative feedback mechanism and describe each step
v explain the function of a negative feedback mechanism in relation to homeostasis.

GET THINKING

Have you heard of the term ‘homeostasis'? As you scan this first module, try to find some
familiar scientific terms and take note of the terms you do not know yet.

Homeostasis is a balancing act

On hot days setting your air conditioner to a specific temperature keeps your house at
a constant, comfortable temperature. When the temperature of the room goes above or
below the set temperature, the air conditioner’s sensors detect the change, and the air
conditioner switches on or off. Similarly, when our body’s temperature rises above or
below 37°C, processes inside our body ‘switch on’ or ‘switch off” to regulate our body’s
temperature and keep it stable. This balancing act is known as homeostasis.

Tolerance range and homeostasis

Your body responds to changes in internal or external conditions, such as temperature,
blood glucose levels, water and salts, and uses different processes to keep these factors within
the specific ranges you can tolerate. This known as a tolerance range. If the conditions inside
your body change too far from these ranges, you can become sick or even die (Figure 1.1.1).

Tolerance range

| Optimal range |

Zone of Zone of Zone of Zone of
intolerance stress | | stress intolerance
o E
2 S
2 3
2 2
[0} <Q
el Q0
E g
S 5
5 5
s G
o (=)
= S
o o
Too cold Temperature Too hot

Too acidic pH Too alkaline
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Our bodies function best when factors are within an optimal
range. Beyond this range, our bodies become stressed, but we
can usually survive unless the factor deviates into the zone of
intolerance. Different organisms have different ranges within
which they can survive.

Have you done the ice bucket challenge? Many celebrities have,
to fundraise for charity. The challenge involves pouring a bucket
of ice water over your head, as shown in Figure 1.1.2. The cold
water causes the internal temperature to decrease. The change in
temperature is a stimulus that is detected by the body. The body
responds by shivering and producing goose bumps. In 2021, one

Getty Images/Moment Open/Nino H. Photography

celebrity’s internal body temperature dropped until her shivering
turned into violent shaking.

Some athletes use an ice bath or very cold water to help muscle
recovery (Figure 1.1.3). They follow strict instructions about
how long they can stay in the cold water so that their body

temperature does not fall below the tolerance range.

While the athletes are in cold water, their internal body
temperature astonishingly remains at 37°C. This homeostasis is
possible through mechanisms such as shivering.

A FIGURE11.2  The ice bucket challenge

Getty Images/Tullio Puglia - Juventus

A FIGURE 11.3  Athletes recovering in an ice bath

Chapter 1 | Homeostasis 5



Factor e.g.
normal  Temperature

Stimulus—-response models

Scientists have developed a model called the stimulus-response model to help us
understand the mechanisms that work to maintain our body’s constant internal
environment (see Figure 1.1.4).

Negative feedback
e Factor » Negative Positive
increases feedback ik )
Stimulus OR Response  OR reinforces End point
e Factor o Positive factor
decreases feedback

A FIGURE 11.4  The stimulus-response model

stimulus

a change in a factor
above or below the
optimal range; causes
a movement away from
normal

receptor

a specialised cell that
detects a stimulus; may
be internal or external

coordinating centre

an organ or tissue that
receives and processes
information from receptor
cells and coordinates a
response

response
the action of an effector
that reverses a change in
condition due to detection
of a stimulus

effector

a muscle or gland that
receives a message from
the coordinating centre
and carries out a response

negative feedback

a mechanism in which
aresponse reduces a
condition or factor back to
its optimal range

positive feedback

a mechanism in which a
response reinforces the
condition or factor until an
end point

Stimulus: detecting change

A stimulus is a mechanism that causes a change in the environment (inside or outside
the body) that can be detected by one of the body’s receptors. For example, an increase
or decrease in environmental temperature (e.g. a cold wind) is a stimulus. A receptor is
any part of the body (cell, tissue or organ) that can receive information from a stimulus.
For example, thermoreceptors in the skin and brain are receptors for temperature.

A receptor detects a stimulus when conditions go above or below its normal narrow
range. So, when your body is cold in winter or hot in summer, receptors will detect these
changes.

Response: reacting to change

A coordinating centre receives information from the receptor, processes the information
and coordinates a response. For example, the hypothalamus is the part of the brain that
acts as the coordinating centre for temperature regulation. The coordinating centre sends
signals to an effector to carry out a response. An effector is any muscle or gland that does
the work to return the body’s condition to normal. For example, when your body is too
cold, the hypothalamus sends a message to muscles attached to your hair follicles, telling
them to contract. This makes your hairs stand up and conserves heat. You may know this
as ‘goose bumps’.

Returning to normal range

A response is the action the body takes to return conditions inside the body to the
normal range. When the response reduces the condition or factor back to its optimal
range, the mechanism is known as negative feedback. When the condition or factor is
further increased away from normal, the mechanism is called positive feedback.

Negative feedback

When the body detects a stimulus, it will act to restore normal conditions. The effects of
the stimulus can be reduced through a negative feedback mechanism.
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We use the negative feedback

model to understand the steps

involved in homeostasis. The model

represents homeostasis as a circuit, :
Normal/optimal

S
which suggests this process occurs V\e(éi;\)ao\‘ value

continuously inside our bodies. &e/ \
However, in reality it is a bit like the

air conditioner that switches on and

off to bring the room temperature Response Stimulus
back to the set temperature.

The negative feedback mechanism
can be modelled by a flow diagram
(Figure 1.1.5).

Positive feedback

If a response forces a stimulus to
increase instead of returning to
normal, the mechanism is referred to
as positive feedback. Positive feedback

is rare. One example is blood clotting. \ Coordinating /
When skin is cut, special white blood (control) centre

cell fragments, known as platelets,
release clotting factors. This causes
more platelets to be transported to the
wound to help form a clot, preventing
blood loss and forming a scab. Positive
feedback continues until a certain
point has been reached, such as the finished formation of a blood clot.

Q LEARNING CHECK

Define ‘homeostasis’.

Receptor

A FIGURE11.5 A negative feedback model

2 Describe negative feedback.

3 Find a friend who currently has a wound. Does it have a scab? Describe the feedback
mechanism their body went through to form it.

4 Compare and explain the principles of negative and positive feedback mechanisms by
copying and completing the following table.
Principle Negative feedback Positive feedback

Role in homeostasis and the
survival of an organism

Deviation of factor
(e.g. temperature) from normal

Frequency (often or rare)

Chapter 1 | Homeostasis 7



BY THE END OF
THIS MODULE, YOU
WILL BE ABLE TO:

central nervous system
(CNS)
the brain and spinal cord

nerve
a collection of fibres,
surrounded by a
protective coat, that
transmit messages as
nerve impulses to and
from the CNS

NN

SN

———\

——
ey,
——

NN

/=

v,

)

oy

v compare the structure and function of the central nervous system and the peripheral
nervous system

v label diagrams that represent the central nervous system and the peripheral nervous system.

GET THINKING

Scan the information in this module and see which words best describe the structures and
functions of the nervous system.

Parts of the nervous system

Animal systems depend on the nervous system as a communication network. Specific
functions of the nervous system include monitoring change, transmitting messages and
coordinating responses.

The nervous system consists of two parts: the central
nervous system and the peripheral nervous system, as

Brain Central shown in Figure 1.2.1.
nervous
4 system
Spinal cord Central nervous system

The central nervous system (CNS) consists of the brain
and spinal cord. Its function is to detect a stimulus,

} Peripheral interpret and process information, and coordinate a
—— Nerves

nervous .
system response. The CNS is connected by nerves to receptors

in tissue where our five senses are at work: sight,
hearing, taste, touch and smell. When the brain or
spine receives information from the receptors, they
coordinate a response. Responses vary enormously
and include avoiding danger, resetting body
temperature and readjusting our eyes to manage
bright light.

i\

A FIGURE1.21  The two parts of the nervous system: the central
nervous system (red) and peripheral nervous system (blue)
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Peripheral nervous system

The peripheral nervous system (PNS) is made up /
of a network of nerves. The nerves are made of

nerve fibres that transmit messages in the form Collection of
nerve fibres

of nerve impulses to and from the CNS.

Messages travel along nerves in the PNS. Each

nerve is a collection of nerve fibres, as shown in

Figure 1.2.2. Nerves extend from the spinal cord | =

to all muscles, glands and organs in the body. gi:;’r?)f'bre //
Artery

The PNS consists of the sensory division and Vein

the motor division, which can be further
divided into two parts: the autonomic nervous A FIGURE1.2.2  The structure of a peripheral nerve in the human body

system and the somatic nervous system, as
shown in Figure 1.2.3. Both systems transport nerve impulses away from the CNS to

muscles or glands (effectors) to carry out a response. peripheral nervous
system (PNS)

The autonomic nervous system performs involuntary functions that we are not conscious  the ngthrkbof herve;js
outside the brain an

of, such as sweating, shivering, the beating of our heart and insulin release. spinal cord
The somatic nervous system performs voluntary functions that we are conscious of, such nerve fibre
Y p ry ’ the section of a nerve
as muscular movements required to walk, eat and game. cell that carries nerve
impulses away from the
cell body
Central nervous system Peripheral nervous system nerve impulse
e Brain and spinal cord e Peripheral nerves fantelectm_:til zjnelssage that
e Control centre — e Communication between CNS IS fransmittec along nerves
N to and from the CNS
and body
I
~ I'
Sensory (afferent) division Motor (efferent) division T
e Conducts signals from receptors e Conducts signals from CNS via -
to CNS to effectors ideo activity

Nervous system

Extra science
Somatic nervous system investigation

Dissecting a spinal
e Controls involuntary responses e Controls voluntary movement cord

A FIGURE1.2.3  The divisions of the nervous system

Q LEARNING CHECK

1 State the main parts of the CNS and the PNS.
2 Draw a diagram showing the distinct parts of the CNS and the PNS.
3 Describe the function of the autonomic part of the PNS.

4 Research the sensory division and the motor division of the PNS.
Write 3—5 sentences about each function and include examples.
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BY THE END OF
THIS MODULE. YOU
WILL BE ABLE TO:

-l
o‘:

Video activity
Neurons as cells

Interactive resource
Drag and drop:
Different types of
neurons

neuron
a specialised cell that can
transmit nerve impulses;

also known as a nerve cell

dendrite

a branching network at
the end of a neuron that
receives information from
other neurons

cell body

the part of a neuron that
contains the cytoplasm,
including the nucleus

axon
a long, thin fibre that
carries electrical impulses
from the cell body of a
neuron towards the next
neuron

myelin sheath

a protective coat around
an axon that increases the
speed of nerve impulses

v define and draw labelled diagrams of a neuron, a sensory neuron, an interneuron and a
motor neuron

v compare and classify different types of neurons

v describe how neurons transmit messages and describe the function of a
neurotransmitter.

GET THINKING

Prepare a concept map to summarise the content in Modules 1.1 and 1.2. As you work
through Modules 1.3-1.5, add new the information to your concept map. You may wish to
include diagrams to help your understanding.

Neurons

Information is carried around the human body at mesmerising speeds, up to 120 metres
per second (ms™). The structures that carry the information are highly specialised nerve
cells - neurons. There are an estimated 100 billion neurons in the brain and spinal cord
combined, and many more specialised neurons in the peripheral nervous system.

As shown in Figure 1.3.1, a neuron has branching, finger-like dendrites at one end of its
cell body that receive information from other cells in the form of chemical signals. The
cell body contains the nucleus. A long, thin fibre, an axon, extends from the other end of
the cell body. Electrical signals flow along the axon towards the next neuron. The myelin
sheath is the fatty, insulating layer around axons. The functions of each part of a neuron
are described in Table 1.3.1.

Soma
(cell body)

Axon

sheath

N\

Node of
Ranvier

Nucleus

Dendrite A7

Axon terminal

Direction of electrical impulse

A FIGURE 131  The basic structure of a neuron and the direction of the nerve impulse
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¥ TABLE 1.31 The basic neuron structures and their functions

Structure Functions

Dendrite Receives information from other neurons in the form of chemical signals

Cell body Contains the nucleus

Axon Conducts (carries) electrical impulses from the cell body, or another cell’s dendrites,

to the end of the neuron (axon terminals)

Myelin sheath Increases the speed of nerve impulses

Insulating (high electrical resistance) fatty layer that protects the nerve fibres from
other electrical signals

Neuron communication

A neuron conducts an electrical signal along its axon, as shown in Figure 1.3.2. In some
cases, the signal needs to transform into a chemical signal to flow across the gap (synapse)
between most neurons. If there were no gaps, the network of neurons would conduct the
electrical impulses continuously and uncontrollably. Imagine your home without light
switches. You would not have any control over switching the lights off and on.

Synapses provide some communication control. When an electrical impulse arrives at
the axon terminal, it activates the release of a neurotransmitter. The neurotransmitter
delivers the message across the synapse to the dendrite of the next neuron, or a muscle
or gland cell. At the synapse, the impulse can be modified to be made bigger or smaller
depending on the needs of the body. Once the message has been delivered across the
synapse, the message is converted back into an electrical impulse.

Axon terminal

Dendrite of neuron,
has receptors for ’Z \‘ Neurotransmitter
neurotransmitters

Synapse

Dendrite
Neuron
O
Electrical
impulses
S —
A
A
A S

Axon

A FIGURE 1.3.2  Neurotransmitters pass messages across a synapse from the axon
terminal of one neuron to the receptors on the dendrite of the next neuron.

synapse
the gap between two
neurons

neurotransmitter

a chemical signal that
delivers a message that
was in the form of an
electrical impulse
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sensory neuron

a neuron that sends
electrical impulses from
receptors to the CNS

interneuron

a short neuron that sends
nerve impulses between
sensory and motor
neurons within the CNS

motor neuron

a neuron that sends
electrical impulses from
the CNS to effectors

Three types of neurons

Figure 1.3.3 shows the structure and function of the three main types of neurons -
sensory neurons, motor neurons and interneurons. The function of each type is possible
because of their unique structure. They can be classified according to the direction in
which they send nerve impulses.

® Sensory neurons have sensory structures that detect change in their environment.
They send an electrical impulse with this information towards the CNS (afferent
direction).

® [nterneurons are shorter neurons that have many branching dendrites to
communicate a lot of information between sensory neurons and motor neurons.

® Motor neurons have long axons reaching effector muscles or glands with information
sent from the CNS (efferent direction).

Central nervous

system (spinal cord Peripheral

and brain)

nervous system

Cell body

Axon terminals o
Direction of nerve

impulse (afferent)
%

Adapted from Helder T. Moreira

Central
axon

Peripheral axon

Sensory neuron

Sensory
receptor

Interneuron

Direction of
nerve impulse

(efferent) Effector organ

(muscle or gland)

Axon

Axon terminals
Cell

A FIGURE1.3.3  The three types of neurons work together to send nerve impulses towards or
away from the CNS.

The structures and functions of these three types of neurons are summarised in
Table 1.3.2.

Sometimes the myelin sheath is damaged. This can be the result of a disease known as
multiple sclerosis — a disease that results in nerve damage and causes symptoms such as
weakness, fatigue and blurry vision.
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v TABLE 1.3.2 The structure and function of the three main types of neurons

Sensory neuron Interneuron Motor neuron

Structure Receptors at one end of a relatively Relatively short but branching Many branching dendrites at one end
long axon with a cell body branching dendrites, with a cell body and of a large cell body with a long axon
off the axon closer to the axon branching axons ending with axon terminals
terminals

Location Sensory organs such as eyes and skin, = CNS, within brain and spinal cord Dendrites in CNS, axon terminals in
in PNS PNS

Function To detect changes and transmit nerve = To transmit nerve impulses from a To transmit nerve impulses from brain

impulses towards spinal cord or brain = sensory neuron or other interneurons to = and spinal cord to a muscle or gland
a motor neuron or other interneurons to carry out a response

Direction of  From sensory receptors to CNS Between sensory and motor neurons From CNS to an effector muscle or a
impulse (afferent direction) gland (efferent direction)
@ LEARNING CHECK

1 Visit the Queensland Brain Institute website to view various stained microscope images :“:

of neurons. Observe and describe a typical neuron.
2 Define ‘neurotransmitter’. Weblink
X X X . Queensland Brain
3 Three common neurotransmitters are acetylcholine, serotonin and dopamine. Choose Institute

one to research. Write five sentences about its function.
4 Explain why the axon part of a neuron is covered in myelin.

5 Investigate the speed of your nerve impulses (reaction time). Ask a partner to hold a
ruler between your thumb and first finger (don't grip the ruler). Line up 0 cm at your finger.
Your partner drops the ruler while you try to catch it. Record the length on the ruler where
you caught it (Figure 1.3.4). Swap and repeat. The person with the shortest length may
have the fastest impulses!

R
=12
—11
10,
=9
= 8 —13
) =12
= 6 =11
=5 =10
=4 =9
] 8
) 7
1 —6
| &
—_\ é\\
- 3 \
4=2
1
=0

A FIGURE 1.3.4  Testing reaction time with a ruler
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@ The brain

BY THE END OF

THIS MODULE, YOU

WILL BE ABLE TO:

9
o‘:

Video activity
The brain

Interactive resource
Label: Parts of
the brain

brain
a very complex organ,
the coordinating centre

of

the CNS

hemisphere

one of the two
symmetrical halves
of the brain

14

Cerebrum

Getty Images/Science Photo Library/MIRIAM MASLO

A FIGURE 1.41

Corpus callosum

v describe the structures and functions of the brain and its parts: cerebrum, cerebellum,
pituitary gland, hypothalamus and brain stem

v explain how changes to the brain can affect body functions.

GET THINKING

How much do you know about the human brain? After you read this module, reflect on
which part of the brain fascinates you the most.

Brain facts

What memories do you have of last school holidays? Where are those memories filed
away? They are stored in a very complex organ, the brain. Situated within the protective
bones of the cranium (skull), the brain is about 1.4kg of living tissue that does your
thinking, learning, feeling and remembering. The brain is the coordinating centre of
the CNS.

The brain contains grey matter (mostly neuron cell bodies) and white matter (mostly
bundles of axons found in the interior part of the brain). Nerve impulses between
neurons are generated when the brain is performing its major functions such as
learning science, feeling emotions, monitoring and analysing sensory information, and
coordinating a response.

The brain has a symmetrical structure: it has a right hemisphere and a left hemisphere.
Most of the knowledge we have today about the brain was gained through technological
advancements in brain imaging such as magnetic resonance imaging (MRI). The

left hemisphere controls motor function on the right side of the body and the right
hemisphere of the brain controls motor function on the left side of the body. The image
in Figure 1.4.1a was made possible because of MRI.

Thalamus

Pituitary gland

Midbrain

Pons

Cerebellum

Medulla oblongata

Spinal cord

(a) An MRI image of one hemisphere of the brain. The brain stem consists of the midbrain, pons and

medulla oblongata (marked in red). (b) The symmetrical structure of the brain, the hemispheres.

Nelson Science 9 | Australian Curriculum
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External brain anatomy

The largest part of the brain, the cerebrum, is above the cerebellum and brain stem.

cerebrum
Major functions of the cerebrum include controlling movement, learning, emotion, the largest part of the
. . . brain; controls movement,
memory and perception. The wrinkly, grey, outer layer is the cerebral cortex, the learning, emotion, memory
information processing centre of the brain. Scientists studying the brain have found that ~ 2nd perception
. o e . . cerebellum
four sections of the cerebrum, called lobes, carry out distinct functions, as shown in a smaller section at the
Figure 1.4.2. back of the brain; controls
movement and balance
The two hemispheres communicate via the corpus callosum, which is a collection of brain stem

. . consists of the midbrain,
axons that extend across the two hemispheres. The corpus callosum is near the centre of ;| pons and the

the brain. It allows comparison and combination of the sensory inputs from the left and medulla oblongata;
controls automatic and

right sides of the bOdY- involuntary activities such
X i . as breathing, heart rate,
The cerebellum is tucked under the cerebrum and behind the brain stem. When the digestion and vomiting
cerebellum is damaged or old, people become uncoordinated and can lose their balance. corpus callosum
s . . . . a collection of axons
This indicates that some of the functions of the cerebellum include coordination when that extend across the
moving, and balance; for example, when walking. two hemispheres of the

brain that compares and
combines the sensory
inputs from the left and

® The midbrain receives sensory information, such as sight and sound, and transfers it ”?:‘; Siéieds
of the body
to the cerebrum.

The brain stem consists of the midbrain, the pons and the medulla oblongata.

® The pons transmits messages between the PNS and midbrain.

® The medulla controls automatic (and involuntary) activities such as breathing, heart
rate, digestion and vomiting.

e Touch perception
® Body orientation and
sensory discrimination

e Motor control
e Problem solving
e Speech production

Cerebrum (occipital lobe)

o Sight
e Visual reception and
visual interpretation

e Auditory processing (hearing)
e Language comprehension
e Memory/information retrieval

Cerebellum

e Balance and
coordination

o Involuntary responses

A FIGURE1.4.2 The external anatomy of the brain
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hypothalamus

a pea-sized structure of
the brain; plays a major
role in homeostasis

pituitary gland

a gland that produces
and secretes several
hormones; is connected
to, and is controlled by,
the hypothalamus

Internal brain anatomy

The hypothalamus works with the pituitary gland to play a major role in homeostasis.
The hypothalamus (hypo = low) is located below the cerebrum and in front (anterior)
of the brain stem. Although it is only the size of a pea, it has important functions. Major
functions of the hypothalamus include:

® detecting changes in temperature and water levels within the body

® coordinating negative feedback responses

® regulating hunger and thirst

e controlling the fight-or-flight response

® producing hormones

e controlling the pituitary gland.

Feeling thirsty? The hypothalamus produces antidiuretic hormone (ADH) and stores it
in the pituitary gland. Your pituitary gland can release ADH when you need to conserve
water. The pituitary gland can produce and secrete many other hormones, such as
growth hormones, which are essential for homeostasis and sexual development. The
pituitary gland sits just under and is connected to the hypothalamus.

A traumatic brain injury can disrupt the functioning of the hypothalamus and the
pituitary gland. Signs that the hypothalamus and the pituitary gland have been injured
or disrupted include reduced growth and weight, and unregulated water levels and body
temperature. These symptoms can be attributed to hormone deficiencies resulting from
injuries to certain structures.

Frontal

lobe Parietal

lobe

Shutterstock.com/Hank Grebe

Corpus
callosum

Occipital
lobe

Hippocampus

Midbrain

Pons Cerebellum

Medulla
oblongata

A FIGURE 1.4.3  The internal anatomy of the brain
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@ LEARNING CHECK

Identify the part of the brain that controls several homeostasis processes in the body.
2 Describe the structure of the brain in two or three sentences.

3 Summarise the functions of different parts of the brain by copying and completing the
following table.

Part of the brain Function
Corpus callosum

Brain stem

Pituitary gland

Cerebellum

Hypothalamus

4 A student recently suffered a traumatic brain injury during a car accident. One of his
symptoms is that he is excessively thirsty all the time. What information about the
brain could you share with the student that may help him understand the cause of
this disruption to water homeostasis? Research traumatic brain injury to find other
symptoms.

5 Copy the following diagram and label the main parts of the brain’s external anatomy.

6 Draw the internal brain anatomy as shown in Figure 1.4.3. Try to label the sketch from
memory.
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@ The endocrine system

BY THE END OF
THIS MODULE, YOU —
WILL BE ABLE TO: unctions

v describe, explain and compare the functions of different types of hormones

v describe the endocrine system, including the main glands and their major hormones and

v compare the endocrine and nervous systems and demonstrate their interdependence.

~1 GET THINKING
"<

[}
Return to the concept map you started at the beginning of Module 1.3. Do you now have

En"d'gzgna:ts')‘ggm more information to add to the map? Scan this module to preview which vocabulary and
concepts you could add.

Interactive resource
Label: Endocrine

system
Endocrine system
endocrine system The endocrine system consists of a network of glands that secrete chemical messengers —
a network of glands that hormones - into the bloodstream (Figure 1.5.1). In the bloodstream, hormones are
secrete hormones into . . . . .
the bloodstream to be transported to receptors, which receive the information. The messages instruct organs to
transportedtotarget cells  porform a variety of responses needed for homeostasis, sexual development and survival.
gland
ﬁ“ssue that releases Hormones travel in the blood from a gland to a targeted receptor on a cell. Generally,
ormones
hormone hormones provide a slower communication system than electrical messages (nerve
a chemical messenger impulses), but they can have a longer effect. For example, hormones that are responsible

for reproductive development cause a slow response compared with the instantaneous
nervous response of shivering when cold.

Science photo library/Dee Breger

A FIGURE 1.51 A coloured scanning electron micrograph of the
secretion of thyroid hormones from thyroid tissue. Hormones enter the
capillary network (blue) and circulate throughout the bloodstream.

The main human endocrine glands

Are you still growing? During puberty, and for a few years afterwards, you may experience a
series of growth spurts due to growth hormones released by the pituitary gland. Endocrine
glands secrete hormones directly into the bloodstream. They regulate many human body
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functions, including growth.

Figure 1.5.2 shows the location of

the main endocrine glands: the
hypothalamus, pituitary, thyroid,
parathyroid, pancreas, thymus,
gonads (testes in males and ovaries in
females), pineal and adrenal glands.

Hormones

Hormones secreted by the
hypothalamus, pituitary, thyroid,
parathyroid, pancreas and adrenal
glands are involved in negative
feedback mechanisms. Hormones
can be classified according to their
chemical class, as either water-
soluble proteins (long chains of
amino acids), peptides (short chains
of amino acids), amines (hormones
made from a single amino acid) or
fat-soluble steroids (made from the
lipid cholesterol). The chemical
class helps us predict their action
when they arrive at a target cell.

Hypothalamus
Pituitary gland /—
\" NHn Pineal gland

4

Thyroid gland
Parathyroid glands

(behind thyroid gland)
L Thymus gland
Adrenal glands
Kidney ‘
\ ‘ O Stomach
Small \
intestine \ {l Adipose tissue
\ Pancreas
Ovaries /_/-——""
(female) '
‘ \ Testes (male)
A FIGURE 1.5.2  The human endocrine glands (shown in yellow)

Some examples of hormones and their functions are listed in Table 1.5.1.

Vv TABLE 1.51 Some of the human endocrine glands, major hormones and their functions

Gland Hormone example

Antidiuretic hormone
(ADH)

Pituitary gland

Growth hormone

Thyroid gland Thyroxine
Pancreas Insulin
Glucagon
Ovaries Progesterone
Testicles Testosterone
Pineal gland Melatonin

Hormone class Hormone function

Peptide Controls water regulation by
increasing reabsorption of water
in kidneys

Peptide Stimulates growth

Protein Controls metabolic rate

Protein Lowers blood glucose level

Protein Raises blood glucose level

Steroid Regulates the menstrual cycle,
prepares and supports the
process of pregnancy

Steroid Develops and maintains male
sexual characteristics

Amine Regulates the biological

‘sleep—wake’ rhythm

Chapter 1 | Homeostasis
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The main steps of how a hormone works are summarised in Figure 1.5.3.

Hormone binds and Target cell
Endocrine gland Hormone travels Hormone arrives N ar(été\éattif Fg:gg:f N responds;
secretes hormone through blood at target cell P €.g. Increases
membrane or glucose
inside cell) absorption

A FIGURE1.5.3 How a hormone works

Endocrine and nervous systems

The endocrine and nervous systems act individually and collaboratively to
communicate and regulate body functions. The hypothalamus plays a major role in
coordinating the endocrine and nervous systems. The hypothalamus receives sensory
information from the nerves. In response, it uses a combination of endocrine and
nervous messaging. The pituitary gland extends down from the hypothalamus, joined
by axons. Hormones produced in the hypothalamus can be transported through the
axons to the pituitary gland for storing.

Endocrine glands secrete hormones that travel through the blood to coordinate slower,
longer-acting responses to stimuli. The nervous system uses fast, electrical nerve
impulses along neurons. The two systems can work together to achieve homeostasis,
development and reproduction.

@ LEARNING CHECK

1 Describe how a hormone works, step by step.

2 Copy and complete the table of glands and hormones by adding the missing
information. Extend the table by adding three more glands and their hormone examples
and functions.

Gland Hormone example Hormone function

Pituitary gland Controls water regulation by increasing
reabsorption of water in kidneys

Growth hormone Stimulates growth
Insulin

Glucagon

3 Create a table with one similarity and two differences between hormones and nerve
impulses.

4 Describe the individual and collaborative roles of the endocrine system and nervous
system.
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@ Temperature regulation

BY THE END OF
THIS MODULE, YOU
WILL BE ABLE TO: v explain how and why body temperature is controlled

v describe several mechanisms that help control body temperature

v draw a labelled negative feedback loop for temperature regulation.

GET THINKING ~
"<

1
Scan this module for key science terminology to add to your growing mind map for this chapter.

Interactive resource
Drag and drop:
Maintaining body

Temperature variation

Humans are exposed to extreme variations in temperature. In 2022, the temperature in
Australia ranged from -11.7°C to 50.7°C.

—>42 P—+— 42°C Death from heat stroke

40 — 40°C Hyperthermia
- Exercise and common fever

36 4 | | I Normal range at rest
35 1| | 7 35°C Hypothermia

Getty Images/Stringer/Brook Mitchell

Core body temperature
w
oo

32 1L - Impaired CNS function

30 41F | —' 30°C Loss of consciousness

A FIGURE 1.61  (a) Even small temperature deviations
from the body’s core temperature can have significant
impacts. Australia experiences extreme temperature
variations from (b) hot to (c) cold.

AAP Images/STEVEN SAPHORE

Regardless of these changes in the external environment, our internal body temperature
must stay close to 37°C. Small deviations away from this temperature can cause a range
of medical issues (see Figure 1.6.1a). Just 5° above our normal 37°C can cause death
from heat stroke. This means that humans have a relatively small tolerance range and a
narrow temperature setting for optimal activity. How do we regulate our temperature to
stay within such a small tolerance range?

Chapter 1 | Homeostasis
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insulating

reducing the transfer/loss

of heat

Temperature regulation

The human body has several mechanisms for regulating internal body temperature.
Behavioural mechanisms are simple actions we can take to change our temperature,
such as moving into cold water to cool down or moving into a sunny spot and putting
on a coat to warm up. Structural mechanisms are built-in physical features that help
to regulate body temperature, such as a thick, insulating layer of hair on your head to
keep your head warm. The mechanisms we will focus on for the rest of this chapter
are physiological mechanisms. These are internal mechanisms that are automatically
generated processes. They are controlled by our nervous and endocrine systems, which
are coordinated by the hypothalamus.

Mechanisms that respond to a body temperature above 37°C include:

® sweating

e (dilation of blood vessels

® adecrease in metabolic activity.

Mechanisms that respond to a body temperature below 37°C include:
® shivering
® constriction of blood vessels

® anincrease in metabolic activity.

Sweating and shivering

An increase in temperature may cause sweat glands to open. When water and salt are
released, the water draws heat from the body as it evaporates. As the water vapour moves into
the surrounding air, it takes the heat energy away with it, cooling the body down. The effect is

evaporative cooling known as evaporative cooling. Figure 1.6.2 shows the location of sweat glands in the skin.

the cooling effect that
occurs when water

evaporates

22

Sweat is released,
water evaporates

Hair
Sweat pore Epidermis
Hair root
Hair follicle
—— Dermis
Sweat gland

Blood vessel

A FIGURE1.6.2 Sweat glands in the skin release sweat. Water evaporates
and has a cooling effect.

Shivering is a reflex action activated when we are very cold. Muscles rapidly contract and
relax, generating heat.
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Negative feedback loop

A negative feedback loop can be drawn to represent the key steps in the process of maintaining
an optimal internal body temperature. The hypothalamus has a set optimal temperature

of 37°C. The hypothalamus responds to changes in the internal or external temperature by
coordinating a response through the communication network of the nervous and endocrine
systems. The systems send messages to effector muscles or glands to carry out a response that
counteracts the stimulus. You can see examples of negative feedback loops in Figure 1.6.3.

Sweat glands secrete

Coordinating centre sweat.

Hypothalamus in the

brain coordinates a —

response. ﬁg
Receptor - ,/-"})

Receptor cells in the

hypothalamus detect

the stimulus. Response

Sweat evaporates, removing
heat from the body, cooling

Stimulus
the body.

Temperature rises above
normal and is then
detected by the receptors.

Optimal internal body
temperature 37°C

N
/ i

Temperature falls below

Response
S s e normal and is then detected
Warminghelbody) by the receptors.
Receptor

Receptor cells in the
- fé hypothalamus detect

f ; the stimulus.

7 h 7);%‘2)

Effector \—/ Coordinating centre
Hypothalamus in the
brain coordinates a
response.

4 FIGURE1.6.3 A figure
8 model of two negative
feedback loops for an
increase or decrease in
internal body temperature

Skeletal muscles rapidly
contract and relax, causing
shivering.

@ LEARNING CHECK

1 Define ‘shivering’.
2 Explain why internal body temperature in humans needs to be regulated.

3 Create a negative feedback loop for an increase in internal body temperature above
37°C, using dilation of blood vessels as the mechanism.

4 Create a negative feedback loop for a decrease in internal body temperature below 37°C,
using constriction of blood vessels as the mechanism.

5 Create a crossword of 5-10 words for this module. Hand it to a partner to test it out.
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@ Blood glucose regulation

BY THE END OF
THIS MODULE, YOU
WILL BE ABLE TO: v explain how and why blood glucose is controlled

v describe several mechanisms that assist in the control of blood glucose levels

v draw a labelled negative feedback loop for blood glucose regulation.

o' GET THINKING
| § 4

) You may know someone who has diabetes, a common condition that affects many Australians.
Interactive resource .. . . . .
Label: Negative What do you know about the condition? How do you think it relates to homeostasis? Write down
feedback loops your answers and then revisit them when you've completed the module.

Blood glucose variation

Have you ever been ‘hangry’? Hungry + angry = ‘hangry’. Hunger is a stress response

blood glucose to low blood glucose. When we are hungry, our inhibition to other emotions, including
the amount of glucose in . . .
blood anger, is lowered. Blood glucose is the amount of glucose in blood.

Glucose is required for cellular respiration, a metabolic reaction.
Usually there are about 5L of blood in an adult who weighs
75kg. There are closer to 4L of blood in an adolescent. The level
of glucose in this volume of blood is regulated by the endocrine
and nervous systems. The range of glucose in adult blood is
3.3-7g. Glucose levels rise after every meal by 1-2g. Glucose
levels are lowest just after waking, which usually follows a night
of fasting.

Getty Images/iStock/-101PHOTO-

When glands are not correctly functioning to maintain levels
within the tolerance range, glucose levels can rise to very

| high or fall to low. Persistently high blood glucose is known
as hyperglycaemia. This may indicate low insulin production
due to diabetes and can damage organs, such as the kidneys,
nerves, retina and arteries. In contrast, when blood glucose
is persistently low, symptoms such as sweating, shaking,
drowsiness, seizures and unconsciousness can occur because of
the inadequate supply of glucose to the cells and brain.

Blood glucose regulation

A FIGURE171 ‘H "=h + .
angry:=hungry +angry The human body has several mechanisms to regulate blood

insulin . . . .

a hormone secreted by glucose levels. Behavioural mechanisms include eating a healthy
the pancreas; controls diet. We also have physiological mechanisms (internal processes)
how much glucose is in . .

the blood that are triggered by our nervous and endocrine systems.

glucagon

2 hormone secreted by the Regulation of blood glucose is largely controlled by the endocrine system. The pancreas
pancreas; breaks down is a gland that detects blood glucose levels and secretes two types of hormones that can

lycogen into glucose . . .
giveog g decrease or increase blood glucose: insulin and glucagon.
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Stimulus: blood glucose too high

Varying amounts of insulin are secreted to keep blood glucose within a normal range.
Insulin is secreted from beta cells in the pancreas. Insulin causes glucose to leave the
bloodstream and enter the cells. It does this by binding to a target cell, which activates
the transport of glucose across the cell membrane. Once inside cells, glucose can be
used in cellular respiration. A rise in blood glucose is a stimulus that will be detected by
the pancreas. In response, more insulin is secreted. Less insulin is secreted when blood
glucose drops below normal, as shown in Figure 1.7.2.

Stimulus: blood glucose too low

An additional response to low blood glucose is the secretion of glucagon from alpha
cells in the pancreas. Glucagon breaks down stored glycogen to glucose. Glucagon glycogen

travels to the liver and attaches to liver cells. Liver cells convert glycogen into glucose ﬁvztrf’; gfnsllz‘;i‘l’:; in the
molecules and release them into the bloodstream, increasing blood glucose levels

(see Figure 1.7.2). A saying to help you remember the hormone that is released when

glucose levels are low is: “When the glucose is gone, release glucagon’.

Beta cells in secrete

pancreas Alphacellsin >
[PEIEES Glucagon
secrete
Rise in blood
glucose
Fall in blood
causes
glucose
Conversion of

@_> glucose to Normal blood
lucose
I f g
heesenand Conversion of

glycogen to
causes glucose in liver

and muscles

Negative feedback

Uptake of
glucose by /
body cells Rel ¢ results in
Decreased levels elease 0
resulm of glucose in glucose into

bloodstream bloodstream

A FIGURE17.2 The negative feedback loops of glucose regulation

G LEARNING CHECK

1 State the hormone released from:
a alphacells. b beta cells.
2 Define ‘blood glucose'.
3 Draw a negative feedback loop using insulin for an increase in blood glucose above normal.

4 Analyse Figure 1.7.2. Start at one point in the ‘double’ loop and write one sentence per
stage to summarise the complete cycle of blood glucose negative feedback.
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SCIENCE
AS A HUMAN
ENDEAVOUR

Use of technology to control
blood glucose

BY THE END OF

y . . - .
THIS MODULE, YOU describe diabetes monitoring and the use of data to make action plans

WILL BE ABLE TO: v investigate and evaluate how technologies and engineering enable advances in diabetes
monitoring.
> Insulin — a vital hormone
(L

) N Insulin is a vital hormone because it is the only hormone that can lower blood glucose
What s diabetas? levels. Insulin is produced by the beta cells in the islets of Langerhans in the pancreas. In
a healthy person, insulin is secreted in response to rising blood glucose levels. The job of
insulin is to attach to receptors on target cells to activate the transfer of glucose from the
blood and into cells for use in cellular respiration.

What is diabetes?

About 1.8 million Australians have diabetes. People with diabetes cannot regulate their
blood glucose levels because their bodies do not produce enough insulin. When they
eat food containing glucose, the glucose stays in the blood instead of entering cells to
make energy. This makes people with diabetes feel lethargic, dizzy and hungry. Long-
term symptoms can be life-threatening.

There are three main types of diabetes: type 1, type 2 and gestational diabetes. Diabetes
can be managed either through strict diets or by regularly injecting insulin (Figure 1.8.1).

Keeping blood glucose levels in a healthy range prevents short-term and long-term
complications. Diabetes technology has developed over time, making the monitoring and
treatment processes more accurate and less invasive.

Shutterstock.com/Orawan Pattarawimonchai

A FIGURE 1.81 People with type 1 diabetes usually have to
inject themselves with insulin several times a day to manage
their blood glucose levels.
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Blood glucose monitoring

A blood glucose monitor measures blood glucose levels. A small, needle-like device is
used to create a puncture in the person’s finger. Squeezing slightly ensures a small sample
of blood appears. The blood is then transferred onto a test strip and, within 10seconds,

a result can be read and recorded in a journal. If the blood glucose value is too far away
from normal, the person may need to inject insulin or have something to eat.

New technology and engineering now allow people to use the blood prick test three
times a day or to monitor glucose continuously using a sensor inserted under the skin, in
a process called flash glucose monitoring (Figure 1.8.2).

Shutterstock.com/Proxima Studio

Shutterstock.com/Andrey_Popov

A FIGURE 1.8.2 (a) Finger-prick testing: a person punctures their finger to draw a drop of blood. (b) Flash glucose monitoring involves

continuous monitoring with a sensor and compatible smartphone.

One benefit of flash glucose monitoring is that it collects continuous data, which can
give more information about changes in blood glucose levels over time. This helps people
living with diabetes to manage the disease better. In flash glucose monitoring, a sensor
sits on the skin (on the back of the arm) and a small electrode is inserted just under the
skin. A reader, such as an application on a smartphone, collects and provides a view of
the data and trends. The reader can instantly share the data with a medical team. Alarms
can be set to indicate when blood glucose levels are too high or low.

However, the flash glucose monitoring technology is not perfect. Finger pricks are still a
more accurate monitoring method and are often preferred by doctors if glucose levels are
changing too rapidly. Other potential drawbacks of flash glucose monitoring are:

® wearing a sensor may make it hard to do some sports such as swimming
® the electrode or sensor may irritate the skin

® it is more expensive to operate than the regular finger-prick test.

@ LEARNING CHECK

1 Describe the finger-prick glucose monitoring technique.
2 Describe the more technologically advanced flash glucose monitoring technique.
3 Evaluate the flash glucose monitoring technique, outlining the pros and cons.

Chapter 1 | Homeostasis
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SCIENCE U @ Using a microscope to
N ESEIC A examine cells and collect data

SCIENCE SKILLS IN FOCUS

a8
&
O‘.

Delta cell

IN THIS MODULE, YOU WILL FOCUS ON
LEARNING AND IMPROVING THESE SKILLS:

Video
Science skills in
a minute: Using a
microscope

» selecting and using appropriate Beta cell

microscope equipment, including digital
technologies, to record and communicate
structures involved in homeostasis

» analysing and connecting a variety of
data and information to identify and
explain relationships.

Science skills
resource
Science skills in
practice: Using
a microscope to
examine cells

Capillaries

A FIGURE 1.91 A sketch of the islets of
Langerhans

USING MICROSCOPES

» Microscopes can magnify objects up
to 400 times their actual size, which
is why we use microscopes to see
some cells. Using microscopes is an
important science skill. When using a
microscope, remember the following:

« Carry the microscope with two hands.

INVESTIGATION 1: MICROSCOPE
INVESTIGATION OF THE PANCREAS

The pancreas is an endocrine gland that secretes
hormones required for blood glucose regulation.

The hormone-producing cells are located in sections
called islets of Langerhans (discovered by anatomist
Paul Langerhans in 1869).

(am )

To conduct a microscope investigation of the islets of
Langerhans (the location of alpha and beta cells)

« Click the lowest objective lens into place
first. fter focusing images on a low
magnification, turn the revolving nose to
click higher objective lenses into place.

« If your school owns a digital microscope,
you can use it to capture and record
images or videos on a computer. You can
use your laptop if it is compatible.

« To calculate total magnification, multiply
the objective lens magnification by the
eyepiece lens magnification. ook for the
values on the microscope parts.

(mMATERIALS )

™ prepared and stained specimen of a pancreas
section showing an islet of Langerhans

™ access to the Internet
™ light microscope
™ digital microscope (optional)

» Locating cells under a microscope is
difficult. Use a combination of viewing
specimens under the microscope
and looking at photos of stained
specimens.

(mMETHOD )

» Draw and label a section of what you
see, such as Figure 1.9.1. Figure 1.9.2
shows the labelled parts of the

microscope.

1 Set up your microscope by turning on the light and
positioning the stage close to the objective lens.

2 Turn the revolving nosepiece until the lens with the
lowest magnification clicks into place.

3 Place a prepared slide of an islet of Langerhans on
the stage and use the stage clips to secure it in place.

4 Turn the coarse focus knob slowly until the image
comes into focus. Without any further adjustments,



Eyepiece/ocular lens

Revolving
nose piece

Arm —
Objective lens

Slide holder
Slide

Stage
Condenser

Fine focus | 1
-9
Coarse
focus 1 } l
Base Light source
On/off

switch B ]

Iris diaphragm

A FIGURE1.9.2 The parts of a microscope

turn the lens with the next highest magnification
into position. Adjust the fine focus knob until the
image in is focus.

5 Draw a sketch of what you see under low
maghnification, showing the distribution of islet
cells. If the parts are stained, identify and label
them on your diagram.

6 Focus a section of the specimen under high
magnification. Draw a diagram of one islet,
labelling what you can. Include a title and the total
maghnification next to each of your diagrams. You
may see something like Figure 1.9.3.

7 Conduct an Internet search of at least 10 different
microscope photos of islets of Langerhans. Draw
one more sketch, one-third of a page in size,
labelling the islet of Langerhans and alpha and
beta cells.

Getty Images/Stone/Ed Reschke

L

A FIGURE1.9.3 A microscope photo of
pancreas cells. Islets of Langerhans are pale.

(evaLuation )

1 Describe the location of alpha and beta cells (where the
hormones that regulate blood glucose are secreted from).

2 Describe what you could see under low power
compared with what you could see under high power.

3 Evaluate the pros and cons of using a light microscope
compared with using an electron microscope to look at
these cells.

INVESTIGATION 2: INTERPRETING DATA
AND COMMUNICATING RELATIONSHIPS
BETWEEN VARIABLES

(BACKGROUND )

You will be studying the graphed results of a study
conducted by specialist doctors. In the study, healthy
participants fasted for 5 hours and then consumed
glucose. Their blood glucose and insulin levels were
monitored, and averages were recorded, over 5 hours.

(Am )

To analyse and communicate trends in glucose and
insulin data

(mMETHOD )

Analyse the two curves in Figure 1.9.4.

Blood glucose concentration

—~

5
©
(o))
£
o
(3]
>
Q
[
(o]
@©
o
<
50 4 Insulin concentration
T T T T T
0 1 2 3 4 5
Time (h)

A FIGURE 1.9.4 Mean (average) concentration of insulin and
blood glucose 0-5 hours after glucose consumption
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(evaLuaTion )

1 Describe the blood glucose concentration between
0 and 5 hours.

2 Describe the relationship between blood glucose and
insulin levels.

3 Explain the cause of the insulin fluctuation between
2 and 4 hours.

INVESTIGATION 3: DISSECTING
A BRAIN

(am )

To dissect a sheep’s brain to observe the main
structures visible

(mATERIALS )

sheep’s brain (slightly frozen if possible)

dissecting equipment, including a scalpel and
probe

[}

[}

 cutting board wrapped in newspaper
& gloves and apron

M safety glasses

& camera

-

Warning

Scalpels are sharp and cut easily.
Carry the scalpel on a tray, always
cut away from yourself, and keep the
scalpel in the middle of the bench,
not on the edge where it could fall.
Wear covered shoes.

Biological material can contain
disease-causing bacteria. Wear
gloves and an apron and wash your
hands thoroughly at the end of the

\ experiment. y

(METHOD ]

1 Hold the brain carefully and locate the cerebrum,
cerebellum, medulla oblongata and spinal cord.

2 Locate the lobes of the cerebrum, being aware that
these are general areas, not discrete structures.

30  Nelson Science 9 Australian Curriculum

3 Take a photo of the brain. You will label the
structures you located in step 1 later.

4 Gently feel the texture of the brain. Record your
observations in a table.

5 Place the brain on your cutting board. Use
the scalpel to carefully cut between the two
hemispheres of the cerebrum. Try to locate the
pituitary gland and hypothalamus. Take a photo of
what you see.

6 Use the scalpel to carefully cut across the cerebrum.
Identify the white matter and grey matter. Take a
photo of what you see.

7 Repeat step 6 for the cerebellum.

8 Repeat step 6 for the spinal cord.

(ResuLTs )

1 Draw a table to record your observations and
photos.

2 Label the photos with the names of the parts that
you identified. Use Figure 1.9.5 as guide.

Corpus
callosum

lobe

Hippocampus

Cerebellum
oblongata

A FIGURE 1.9.5

(EVALUATION j

1 Suggest a reason for the soft texture of the brain.

2 Explain the reason for the difference between the
white matter and the grey matter.

3 Reflect on what you thought the brain would
look like. Does it look different? Name one
characteristic that is different in structure and
suggest why, in terms of its function.

Shutterstock.com/Hank Grebe



1 REVIEW

(REMEMBERING

) [UNDERSTANDING

1 Describe a stimulus-response model.

2 Copy and complete the following table by identifying
or describing the functions of the parts of a negative
feedback model.

Part Function

Stimulus

A specialised cell that detects the
stimulus. The receptor may be
internal or external.

Coordinating
(control) centre

A muscle or gland that receives
a message from the coordinating
(control) centre and carries out a
response

Response

3 Copy and complete the following table by identifying
the three types of neurons according to their
function.

Function Type of neuron

Transmits nerve impulses
from a sensory neuron to a
motor neuron

Detects changes and transmits
nerve impulses towards the
spinal cord or brain

Transmits nerve impulses
from the spinal cord towards a
muscle or gland to carry out a
response

4 List the three parts of the brainstem.

5 Identify the following statements as true or false.
a The cerebellum controls involuntary responses.
b The brainstem controls involuntary responses.
¢ The cerebrum controls muscle movements.

6

10

Draw a generalised model of a negative feedback
loop.

Explain how the message in an electrical signal can
get across a synapse.

Compare positive feedback and negative feedback
and include an example of each.

State the internal body temperature tolerance range
and optimal temperature for humans.

Describe the disease diabetes.

[APPLYING )

11

Read the following scenario and identify the type of
feedback mechanism involved. Justify your answer
by using the stimulus—-response model.

After a run along the beach on a dry summer’s day,
Dave was feeling thirsty. The thirst centre in the
hypothalamus part of his brain detected low water
levels in his blood, so it sent a hormone to his kidneys
to increase permeability (an increase in the ease of
water flow), allowing water to return to his blood. This
caused a decrease in the amount of water becoming
part of his urine and moving into his bladder. When
Dave went to the toilet, he found he only excreted a
tiny amount of urine.

Explain how the structure of a sensory neuron allows
for its function.

Compare the composition of white matter and grey
matter in the brain.

Create a negative feedback loop for a decrease

in internal body temperature below 37°C, using
metabolic heat production as the mechanism.

Use the negative feedback model in Figure 1.1.5 as
a guide.

Explain how sweating works in regulating body
temperature.

Explain the roles of insulin and glucagon in regulating
blood glucose after a meal is consumed.

Chapter 1 | Homeostasis




17 Explain why people who cannot produce sufficient
insulin feel tired and lethargic.

(aNALYSING

18 Analyse the following MRI image and locate and
label eight parts of the brain.
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19 The following diagram depicts two homeostasis
processes.

a ldentify the two processes.

b State which type of feedback loop is shown in
each case.

¢ Write out the steps shown in more detail, using
the labels as subheadings.

Homeostasis

&1 aslli

Stlm %?nulus 2

Receptor Sensor Receptor

= o0
@ Feedback Feedback
n loop loop

Response Control Response
/ centre &

Effector

Q’:ﬂ Effector
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(evaLuating )

20 Look at the image of Robert Wadlow. He grew to be
2.52 m tall.

=
1o
=
3}
2
=)
(@]
=
t
<<
=l
=
@
=
S
g
LD
=
=
o
2
o
=
a
x
3}
o
7]
>
=
&)

a How tall are you in comparison?

b State the hormone that may have caused the
excessive growth.

¢ Evaluate whether there was too much or too little
of the hormone secreted.

d Name the gland the hormone was excreted from.

(CREATING )

21 Produce a short, engaging presentation for Year 7
students that explains what a negative feedback loop is,
and how it is important in keeping us healthy. Include:

+ what the term ‘homeostasis’ means

+ information on the terms: stimulus, sensor,
receptor, response and effector

+ animage of a negative feedback loop

« examples of different negative feedback loops

+ reasons why negative feedback loops are
important for keeping our body in a steady state.

22 Create a model in the form of a diagram or poster that
demonstrates the flow of an electrical impulse along the
three types of neurons between the PNS and the CNS.



Connect what you've learned

In this chapter, you have learned a lot
about homeostasis and temperature
regulation. Finish your mind map and
reflect on how the concepts in each of
the modules are related.

e® 0000000000000 c0000 0000

eeeccce,

Make an action plan

Make a list of your ideas for
keeping cool and state how
each idea helps a negative
feedback process. For
example, if you chose eating
ice, you could explain that
some internal heat will be used
to melt the ice, cooling the
body down.

ARTLRTTS) 3 Communicate

BIG SCIENCE CHALLENGE PROJECT g

eeccccccccce,

eeccccccce®

<4

Check your thinking

Think back to when you last experienced a really hot
day.

Name one mechanism your body uses to regulate
temperature.

Can the body regulate its own temperature when the
external temperature is very high?

At which times of the day did you rely on an air
conditioner to stay cool?

Can you explain why our negative feedback systems
are not effective in really hot weather?

What are some smart ideas that can assist your
negative feedback processes to keep you within
human temperature tolerance range? Ideas could
relate to cold drinks, clothing, houses and fitness.

Convert your ideas into a labelled infographic to share with your class.

WS,
é’J/O“"/Luoo'>1oox51"’9‘“
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Infectious diseases are caused by pathogens entering a host.
Bacteria, fungi and viruses can be pathogens.

&

Viruses are non-living pathogens that replicate
inside the cells of their hosts.

Our bodies have ways of preventing pathogens from entering.

Swollen, red and painful injuries can be a good defence
mechanism against infectious disease.

S

When a pathogen enters our body, we adapt by coordinating an immune
response, specific to the pathogen.

S

Vaccination stimulates our immune response without
triggering the full effects of a disease.

First Nations Australians have used plants for
medicinal purposes for many thousands of years.

<)

We use our understanding of the mosquito life cycle
and anatomy to prevent the disease malaria.

)

1 Efficacy of alcohol hand sanitiser
2 Modelling transmission of an infectious disease



BIG SCIENCE CHALLENGE

Infected host coughs or sneezes Potential host inhales

with SARS-CoV-2 o
Stay in air for hours

Can be inhaled
< 5 um diameter

+5-100 pm diameter
Travel >1 m

Droplets

Travel <Tm
Fall to ground quickly
® Inhaled within Tm
>100 ym diameter

Contaminated surface
° ° ° °

S
A FIGURE 2.01 Airborne transmission

) ) ) . . of the SARS-CoV-2 virus, which
Many infectious diseases are contagious. They are diseases that can causes the disease COVID-19 (1 pm

spread (transmit) from person to person, such as COVID-19 and influenza. (micrometre) = one-millionth of a metre)
Infectious diseases spread easily between humans because there are

Lo . . ENCE LLENGE
many modes of transmission. Once you know how a disease transmits SCIENCE CHALLENG

. ACCEPTED!
from an infected host to another person, you can slow or stop the spread.
» What are the two types of transmission of COVID-19 shown in the
diagram? How else can COVID-19 be spread?
» What can we do to protect ourselves and people we come into
contact with?
Assessments Science skills resources
® Prior knowledge quiz ® Science skills in practice: Petri dish safety (2.9)
® Chapter review questions ® Extra science investigation: Sterile technique (2.9)

® End-of-chapter test

® Portfolio assessment task: Science research project Interactive resources

® Match: First line of defence (2.3);

Videos T cell or B cell? (2.5)
e Science skills in a minute: Petri dish safety (2.9) ® Label: Virus replication (2.2); Phagocytosis (2.4)
® Videos activities: Immune defence (2.5); Small pox: ® Drag and drop: Bacteria or fungi? (2.1)

the fi st vaccine (2.6); Facts about malaria (2.8) ® Quiz: Second line of defence (2.4);

Herd immunity (2.6)

. - .
;‘: NelSOn l\/llndTap To access these resources and many more, visit:

cengage.com.au/nelsonmindtap
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@ Pathogens cause infectious disease

BY THE END OF
THIS MODULE, YOU
WILL BE ABLE TO:

-l
o‘:

Interactive
resources
Drag and drop:
Bacteria or fungi?

pathogen

an organism or virus that
can cause an infectious
disease

transmission

the transfer of a pathogen
from one organism or
reservoir to a new host

host
an organism infected with
a pathogen

reservoir

a source of infection
such as a habitat or

an organism where a
pathogen can replicate or
survive for long periods

v define infectious disease, pathogen, host and transmission
v describe three types of pathogens: bacteria, fungi and protists
v explain how pathogens are transmitted.

GET THINKING

Check this list of infectious diseases for ones you are familiar with. Have you suffered from
any of them? Are there any that you haven't heard of?

* Influenza

* Conjunctivitis

*  Whooping cough

* Ross River virus infection
« COVID-19

*  Measles

*  Chickenpox

Infectious disease

‘Disease’ is the term used to describe when an organism’s body, or organs, cannot
function normally. An infectious disease is transmissible and is caused by a pathogen.
Any agent that causes an infectious disease in an organism is known as a pathogen.
Disease-causing agents include micro-organisms, such as bacteria, fungi and protists,
and non-living agents, such as viruses. We will look at viruses in more detail in
Module 2.2. Not all micro-organisms are pathogens.

Transmission refers to the passing of a pathogen from an infected host or reservoir to a
new host. A host is an organism infected with a pathogen. An infection occurs when a
pathogen enters a host, establishes itself and replicates, causing symptoms. If a pathogen
replicates but there are no symptoms, the infected host is described as asymptomatic but
contagious. If transmission is direct from an infected host to a new host, the disease is
contagious. A source of infection can be from another habitat or organism (a reservoir)
where a pathogen can replicate or survive for long periods.

Types of pathogens

Three types of micro-organisms can cause infectious disease — bacteria, fungi and
protists. They each have unique structures that help identify them. Scientists study a
pathogen’s structure and life cycle to make informed decisions about treatment and
managing outbreaks.

Bacteria

Bacteria are unicellular, which means they consist of only one cell. An average
bacterium is a microscopic 1-10 micrometres (um) in length. Like all cells, bacteria have
a membrane that surrounds the cytosol, and a cell wall. The cytosol is the semi-liquid
substance inside all cells. Bacteria are prokaryotes. A prokaryote has no membrane-
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bound organelles such as mitochondria and a nucleus.
This means the chromosome is found in the cytosol.
Some bacteria possess a tail-like flagellum that helps
them move.

Tuberculosis (TB) is an example of a disease

caused by bacteria (Figure 2.1.1). In 2021, TB killed
approximately 1.5million people. TB is thought to be
the world’s oldest pandemic. Symptoms of TB include
coughing (with mucus or blood), chest pains and
fever. Infection occurs by inhaling airborne droplets

e

containing the bacteria. The bacteria reproduce inside
host cells, resulting in the symptoms. Active TB can

cause serious illness and death. Reproduction involves
a single cell dividing into two identical daughter cells.

bacterial pathogen.

Fungi

You may have seen the white fungus that grows on bread
that looks like white, fuzzy cotton. The diverse fungal
world includes large organisms, such as mushrooms, as
well as minute forms that were only revealed with the
invention of the microscope. Fungi have a eukaryotic cell
structure with membrane-bound organelles, including
mitochondria and a nucleus. They also have a cell wall
made of a fibrous substance called chitin.

Moist, warm parts of a body provide ideal conditions for
a fungal disease called tinea (athlete’s foot) (Figure 2.1.2).
Symptoms include an itchy, scaly rash, and peeling and
inflamed skin. This contagious disease can be transmitted
by direct contact with infected skin or contaminated

Protists

Usually microscopic, protists can look very different from each other, and can be
animal- or plant-like. They are eukaryotic organisms. Most protists are single celled
and usually live in water.

The disease malaria is caused by the protist Plasmodium.

Methods of pathogen transmission

Pathogens infect a host by transferring from a source. A source could be an infected person
or a reservoir. Respiratory (lung) diseases such as tuberculosis, influenza and COVID-19
can be transmitted when a person inhales contaminated airborne droplets. If another
living thing transports and assists the entry of a pathogen into a host, from another host

or reservoir, it is known as a vector. A common example of a vector animal is a mosquito.
Some diseases can be transmitted by several means. For example, COVID-19 can be
transmitted by direct contact (touch) or through the air via droplets or aerosols.

Shutterstock.com/Kateryna Kon

A FIGURE 211  Tuberculosis is a disease caused by a

pandemic

a disease that has spread
rapidly across the world,
having grown from an
epidemic

Shutterstock.com/chaipanya

A FIGURE 21.2 Tinea is a disease caused by a fungal
pathogen. The warm, moist environment between the
surfaces such as the floor or shoes. toes provides ideal conditions for reproduction.

vector

an organism that
transmits a pathogen
from an animal or a plant
to another animal or plant

aerosol

fine droplets of saliva
or mucus containing
pathogens
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Some major modes of pathogen transmission are summarised in Figure 2.1.3.

Modes of transmission

Direct Indirect

Aerosol inhalation
(tiny, light particles Vector
hanging in the air)

Close contact
Contact Droplet inhalation
(pathogen in large
droplets of saliva)

Q9 4a |

. ¥

A FIGURE 21.3  Some major modes of transmission of pathogens

1 Define the terms ‘pathogen’ and ‘micro-organism’.

2 Describe the disease tuberculosis (TB), including type of pathogen, symptoms and mode
of transmission.

3 Study Figure 2.1.4, which shows a series of photos taken during an experiment on the
effectiveness of different face masks in protecting against airborne pathogens.

No mask | One-layer cloth nask

The Conversation Australia/theconversation.com

Tworlayer cloth mask Surgical mask

A FIGURE 21.4  An experiment testing the effectiveness of different
types of masks when sneezing

State the dependent and independent variables. Write a statement that summarises
the results. State one controlled variable. State a variable you think was not controlled
that affected the validity.
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BY THE END OF

v . . .
THIS MODULE, YOU describe a virus and give examples
WILL BE ABLE TO: v explain how viruses replicate

v compare viruses with bacteria.

GET THINKING

Viruses are very different types of pathogens from bacteria and fungi. Do you know how :‘,
they are different? In 2 minutes, write down all the things you already know about viruses. o
Interactive resource
Label: Virus

replication

What are viruses?

Viruses are non-living pathogens. We can only see viruses if we use an electron microscope
because they are so small, around 30-300 nanometres long (1 nanometre (nm) =
one-billionth of a metre). The size and shape of viruses vary greatly, as shown in Figure 2.2.1.

R

Ebola Rabies
80 %970 nm 180 x 80 nm 90 nm

Papillomavirus Hepatitis C Influenza HIV-I
50-60 nm 50 nm 80-120 nm 120 nm

SARS-CoV-2 Parvovirus Measles
120 nm 20 nm 150 nm

A FIGURE 2.21  Viruses are very diverse. These are some of the most common human
viruses with their relative size.

There are thought to be more than 200 different types of viruses that can infect humans
and cause disease.
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Viruses consist of genetic material (nucleic acid),
either DNA or RNA, covered by a protective layer
called a protein capsid. The basic structure of a virus
Viral envelope is shown in Figure 2.2.2. In some viruses, the capsid
is protected by another layer called a viral envelope.

Viruses can only replicate (produce new viruses)

inside a host cell. When a virus infects an organism,

it recognises a receptor on the surface of a host
Nucleic acid cell and then attaches. It then enters through the
(RNA/DNA) cell membrane and inserts its DNA or RNA into

the host cell. Once inside, the nucleic acid takes

Capsid control and directs the host cell to make many
copies of the virus parts. The parts are assembled
into new viruses and released by the cell. This can
cause the cell to die. The host usually experiences
DNA symptoms when a virus is replicating. Figure 2.2.3 represents the main steps of how a
deoxyribonucleic acid, the  yjryg replicates inside the host cell.

molecule that makes up

the genetic material inside
cells and in some viruses

RNA 2 Entry ‘_

ribonucleic acid, a

molecule similar to DNA; 5 Assembly

the genetic material found

in many viruses j \ :
: T 4 Virus parts ; 2

capsid : \ f

the protein coating that 1 Attachment N copied ;

protects the genetic
material inside a virus

A FIGURE 2.2.2  The general structure of viruses

/ 6 Release

3 Vlrus nuclelc

viral envelope “ Receptors acid takes
the outer layer of many 2 control Host cell
viruses =

Adapted from Shutterstock.com/IM Vector Studio

A FIGURE 2.2.3 How a virus replicates inside a host cell

COVID-19

COVID-19 is a viral disease that has spread globally. The World Health Organization
(WHO) declared the disease a pandemic on 11 March 2020, three months after it was
first reported. COVID-19 is caused by severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) (Figure 2.2.4).
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» FIGURE 2.24 An
electron microscope
photo (micrograph)
of SARS-CoV-2 virus
particles
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The viral genome has had many variants since 2019. Variants arise when some of the
RNA mutates. A mutation is a permanent change in the nucleic acid that codes for the
production of virus parts. WHO names the variants after letters of the Greek alphabet,
such as alpha, beta, gamma, delta and omicron.

The most common symptoms of COVID-19 are:

® fever ® headache

® tiredness ® shortness of breath
® cough ® sore throat

® Joss of taste or smell ® muscle or joint pain.

Most infected people develop mild to moderate illness. Older people, or those with
compromised immune systems, may develop severe disease symptoms, such as difficulty
breathing and chest pain. It can take 5-14 days from when someone is infected to develop
symptoms. This is called the incubation period. During this period, the infected person is
contagious. This is the reason why, for much of the pandemic, infected people and their
close contacts were often asked to quarantine (isolate themselves) or wear a mask.

Ross River virus

Ross River virus infection is a disease caused by a virus, delivered to humans by
mosquitoes (vectors) when they feed on our blood. Symptoms include fever, chills,
headaches, swollen joints and muscle pain. A rash may occur for 7-10days (Figure 2.2.5).

Shutterstock.com/nechaevkon
Shutterstock.com/chrisatpps

A FIGURE 2.2.5 Ross River virus infection is transmitted to humans by mosquitoes (vectors).

@ LEARNING CHECK

Describe how viruses replicate and spread.

2 Write two or three sentences to explain why viruses are classified as non-living.
3 Choose one virus and one bacterial pathogen to research.

a Draw a diagram of each and label its parts.

b Copy and complete the table to compare them.

Bacteria example Virus example

Size and shape

Living or non-living

How it reproduces

How it is transmitted
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@ First line of defence against disease

BY THE END OF
THIS MODULE, YOU
WILL BE ABLE TO:

«l
o‘:

Interactive resource
Match: First line of
defence

cilia

a hair-like extension of
mucous membranes that
pushes pathogens up and
out of the body

lysozyme
an enzyme that breaks
down pathogens

mucus

thick, sticky liquid in our
airways that captures
pathogens

v list and label external defences of the body
v explain how the skin, stomach acid, cilia and secretions prevent infectious disease.

GET THINKING

Prepare a concept map, similar to the one below, to summarise the content in the modules
you have studied so far. Add to it after you finish each module. You may wish to include
diagrams within the map to help your understanding.

Pathogens

First line ‘ . Second line
of defence of defence

4

Third line
of defence

A FIGURE 2.31  Create a concept map to link what
you have learned so far.

The immune system's three lines of defence

The human immune system has three main lines of defence against infectious disease.
The first and second lines of defence are non-specific, which means they defend against
any foreign bodies or invading pathogens. We will look at the second line of defence in
more detail in Module 2.4.

In Module 2.5, you will learn about a third line of defence - the adaptive and specific
immune response. This is when highly specialised cells and antibodies defend the body
against specific pathogens.

The first line of defence

The first line of defence involves prevention. Prevention is a fundamental principle

of health care because it is easier for your body to prevent disease than it is to cure
disease. The first line of defence consists of four main parts: the skin, stomach acid,
cilia and secretions (which includes lysozymes found in tears and mucus found in nasal
secretions). These help prevent the entry of pathogens and can be seen in Figure 2.3.2.

42 Nelson Science 9 | Australian Curriculum



Lysozymes in
secretions
In tears, nasal
secretions and saliva.
Breaks down some
pathogens

Secretions — mucus
Traps micro-organisms

Cilia in airways skin

F"tehrS andt Physical barrier.
Eth::ec:; many Stops pathogens

entering the body

Acid in stomach
Highly acidic.
Destroys many
micro-organisms

A FIGURE 2.3.2  Parts of the external, first line of defence of the immune system

External defences

Organs such as the lungs, intestines and stomach are considered external to the body. They
are not protected by the adaptive immune response (third line of defence) because they
cannot be reached by the specialised cells that are needed. However, as shown in Figure
2.3.2, parts of the digestive and respiratory systems play a part in the first line of defence.

@ LEARNING CHECK

1 List the four main parts of the first line of defence of the immune system.

2 Draw a human and label your drawing with the list you wrote for Question 1. Include the
functions of those parts in your diagram.

3 There are four main reflexes of the human body that assist in the first line of defence:
coughing, sneezing, vomiting and diarrhoea. Conduct some research on one to find out
what function it serves in your body. Write 3—5 sentences about its function.

Chapter 2 | The immune system 43



@ Second line of defence against disease

BY THE END OF
THIS MODULE, YOU
WILL BE ABLE TO:

Second line of
defence

Interactive resource
Label: Phagocytosis

phagocytosis

a process in which blood
cells called phagocytes
engulf and destroy a
pathogen

inflammation

a response triggered

by damaged cells in

the body or a pathogen;
characterised by redness,
swelling, heat and pain

fever

a non-specific response to
infection where the body
temperature exceeds the
normal 37°C

white blood cell

a specialised cell in the
blood that defends the
body against disease

phagocyte

a specialised white blood
cell that can engulf and
destroy pathogens

v describe and draw labelled diagrams of a phagocyte, a lysosome, phagocytosis,
inflammation and fever

v list the symptoms of inflammation and explain how it protects the body.

GET THINKING

Scan this module for any familiar terms. Have you had a wound swell, turn red and become
painful? This module will help you understand why.

The second line of defence

If a potential pathogen gets past the external barriers and enters the body, the second
line of defence commences. Just like the first line of defence, this second type of immune
system involves a non-specific response. But this time, it is internal processes and cells
that work to defend our body against invading pathogens. The processes of phagocytosis,
inflammation and fever work together to defend the human body, as summarised in
Figure 2.4.1.

Fever

An increase in body
temperature above 37°C.
Often accompanied by
shivering and sweating,
which inhibits growth of
pathogens

Inflammation

Painful redness and swelling
around site of infection as a result
of the body directing more blood
to fight off pathogens

Phagocytosis

Specialised white blood cells
protect the body by engulfing
and destroying pathogens

A FIGURE 2.41  Processes of the internal, second line of defence of the immune system

Phagocytes and phagocytosis

We have many different types of white blood cells as part of our immune system.
Specialised white blood cells called phagocytes are like personal ‘biological weapons’
that can engulf and destroy pathogens in the process of phagocytosis.
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There are different types of phagocytes in our blood, each with slightly different

functions. However, they are all large white blood cells capable of identifying ‘non-

self’ cells and changing their shape to surround an invading substance. As a phagocyte

engulfs the cell, lysosome organelles digest (break down) the pathogen using enzymes. lysosome

Figure 2.4.2 shows the main stages of phagocytosis.

a cell organelle that
contains digestive enzymes

Cell Pathogen
membrane Pathogen Vesicle particles

Nucleus  Lysosome
1

Adapted from The Free Dictionary by Farlex

A FIGURE 2.4.2 The process of phagocytosis

The process of phagocytosis consists of the following steps.

1
2
3
4

5
6

A phagocyte recognises a potential pathogen (e.g. bacteria).
The phagocyte changes its shape to surround the pathogen.
The cell membrane engulfs the pathogen.

The pathogen fuses with a lysosome, which injects a mix of enzymes to help digest
the pathogen.

The pathogen breaks down into small particles.

The particles are released from the phagocyte.

Inflammation

Inflammation usually hurts, but it is a defence system that helps protect the body from
pathogens. Inflammation is triggered by damaged cells in the body or by a pathogen

that got past the barriers of the immune system’s first line of defence (Figure 2.4.3). The
inflammatory response sends for immune cells, such as phagocytes, to remove dead cells
and begin repairing tissue.

The signs of inflammation are:

redness
swelling
heat
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pain.

A FIGURE 2.4.3  This scab is showing signs
of infection.
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Figure 2.4.4 shows the main stages of inflammation.

Splinter

Phagocyte

Inflammation

e

A FIGURE 2.4.4  The process of inflammation

The process of inflammation consists of the following steps.
1 The body suffers a wound, which is an entry point for pathogens.
2 Cells near the wound release chemical signals.

3 These cause blood vessels to dilate, and become more permeable, which increases
blood flow near the wound. This results in redness, heat, swelling and pain.

4 Phagocytes arrive at the site of the wound to destroy the pathogens.

Pus (a mix of used phagocytes, dead cells and tissue fluids) may form but will
eventually be removed by phagocytes.

Fever

Inflammation can also lead to fever, another non-specific
response (Figure 2.4.5). Instead of a localised response,
fever affects the whole body. Symptoms include feeling
unwell, hot and sweaty and shivering. When internal
temperature exceeds the normal 37°C, in response to an
infection, the body is experiencing fever. A high fever
(about 39°C) defends the body by:

® reducing the growth rate of the pathogen

Getty Images/E+/VioletaStoimenova

® increasing the body’s metabolic activity, which

A FIGURE 2.4.5 A temperature above 39.0°C is makes the immune cells respond faster.
considered a high fever.
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Using a digital thermometer @

Test the effectiveness of measuring body temperature by the ‘under the arm’ method with
a digital thermometer. You will need to ask your teacher if you can use a thermometer.
Conduct multiple trials on three people and calculate an average body temperature for each
person. Disinfect the thermometer before using it on different people.

@ LEARNING CHECK

1 Define ‘phagocyte’.

2 Describe the steps of phagocytosis.
3 Draw an annotated diagram of the steps of the inflammation response.

4 Compare (discuss the similarities and differences between) the first and second lines of
defence in terms of:

+ the processes and parts of the body involved
+ whether they are specific or non-specific processes/parts of a disease.
You can do this by using a Venn diagram, as shown below.

1st line of 2nd line of

defence defence

5 Write a paragraph to explain why processes in the second line of defence are described
as ‘non-specific’. Use examples to justify your reasoning.

6 Lysosomes are found in all animal cells. Figure 2.4.6 shows an animal cell with lysosomes.
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Golgi body

Microtubule )
Centrioles

A FIGURE 2.4.6  An animal cell with lysosomes

What is the function of the lysosomes? What type of human cell uses lysosomes in the
second line of defence?
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Third line of defence: adaptive immune

response

BY THE END OF
THIS MODULE, YOU
WILL BE ABLE TO:

classify and describe the function of the major white blood cells of the immune system
identify where the immune cells are produced in the body

define antigen, antibody, lymphocyte, T cell, B cell and memory cell

describe the different parts of the adaptive immune system and how they work together.

~y GET THINKING
"

A RN

Have you had a cold recently? How long did it last? 7-10 days? That is approximately how
Video activity long it took for your third line of defence to launch a specific response and destroy the
Immune defence pathogens

Interactive resource
Match: T cell or

B cell?
The specific immune system
The specific immune system responds directly to a specific invading pathogen by
antibody producing an ‘army’ of immune cells and antibodies. It is also known as the adaptive
a Y-shaped protein that . . . . .
binds to one type of immune system because the immune cells and antibodies need to adapt in structure and
antigen function to suit the specific antigen present on the pathogen.
antigen .
a substance on a The names of our immune cells

pathogen that stimulates
the adaptive immune
response

B cell
a type of white blood cell
involved in the humoral

are B-lymphocytes (B cells) and
T-lymphocytes (T cells). Lymphocytes
are a type of white blood cell. B cells
are produced and mature in the bone

) : Thymus
(antibody)-mediated y marrow (B for bone marrow).
Immune response Lymph T 11 d d . th b
T el Ao cells are produced in the bone

a type of white blood
cell involved in the
cell-mediated immune
response

marrow too, but they mature in the
thymus (so T for thymus). Check
Figure 2.5.1 for the locations of

the organs involved in the specific
immune response.

lymphocyte

a type of white blood
cell involved in specific
immune responses
The spleen contains phagocytes that

engulf and break down old or dead
cells from blood vessels. Lymph
nodes are connected by lymph vessels
that absorb and transport fluid that
leaks out of blood vessels. The fluid
inside lymph vessels is called lymph.

Bone
marrow

Pathogens can travel out of blood
vessels into lymph and collect in
the lymph nodes, where a variety
of immune cells (lymphocytes and
phagocytes) can target them.

A FIGURE 2.51  Organs involved in the specific
(adaptive) immune system
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Antigens and antigen-presenting cells

When pathogens get past the barriers and processes of
the first and second lines of defence, they can be targeted {
by the specific immune system. How does the specific Antibodies*

immune system know which cells to destroy? And how

do the immune cells and antibodies know what specific
structures to develop?

Pathogen

The answer to both questions is ‘antigens’. All cells,
including pathogens, have antigens (usually proteins) on
their surface (Figure 2.5.2). Viruses and toxins contain
antigens too. Antigens stimulate an immune response if
identified by the immune system. There are specialised
white blood cells that can identify ‘non-self’ antigens,
which are antigens that do not belong in the body. The A FIGURE 2,5.2  Antibodies recognise and bind to
specialised white blood cells are called antigen-presenting specific antigens.

cells (APCs). APCs, such as phagocytes, identify, capture and present antigens to T cells

and B cells. T and B cells are stimulated to adapt their structures, ready to defend against

a specific pathogen. Some B cells produce antibodies, which are Y-shaped proteins that

recognise and bind to a specific type of antigen on the surface of a pathogen.

Lymphocyte
Red blood cell )

Shutterstock.com/Meletios Verras

A FIGURE 2.5.3 A lymphocyte compared with a blood cell, a bacterial cell
and a virus

A coordinated response

Have you watched a team of surgeons at work together in a movie? Each surgeon has a
different role during the surgery. One surgeon applies anaesthetic, while another cuts
and sews, but all work together to achieve the same purpose - to heal the patient. Our
B cells and T cells are a team of specialised cells with different roles to achieve the same
purpose - to destroy the pathogen and remember the antigen in case it invades again.
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cell-mediated immunity
the specific immune
response prompted by

T cells on infected host
cells

humoral immunity

the specific immune
response prompted by

B cells, and antibodies
specific to the antigen, on
pathogens found outside
of host cells

B

Phagocytosis \\

Heloer T cell Memory T cells can reactivate faster upon a
SPEILECE second infection with the same pathogen.
' B and T cell activati
the pathogen’s antigens y o el e e e
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Shutterstock.com/Kateryna Kon

A FIGURE25.4 (a)ABcelland (b)aTcell

B and T cells mature into different types of specialised cells when providing a third

line of defence (Figure 2.5.4). They are only activated when they recognise specific
antigens on a pathogen. The main types of specialised T cells are helper T cells, cytotoxic
(killer) T cells and memory T cells. The main types of B cells are plasma B cells (which
produce antibodies) and memory B cells. T cells and B cells work together to provide a
coordinated immune response (see Figure 2.5.5).

Cytotoxic cells destroy infected cells
/‘ Killer T cell

®»
— P v —
@ -

ﬁ Pathogen Cell-mediated response

Pathogen is broken down

Adapted from wikimedia/Sciencia58 (CC BY 4.0)

Y < Humoral immune response
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P Antigen—antibody
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/complexes
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a second infection with the same pathogen Plasma B cells produce specific antibodies

A FIGURE 2.5.5

The coordinated cell-mediated and humoral immune responses. This diagram shows the main

functions of T and B cells.

The immune response generated by T cells is classified as cell-mediated immunity. The
immune response generated by B cells is classified as humoral immunity. Table 2.5.1
summarises the main types and functions of B cells and T cells.
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v TABLE 2.51 Types and functions of the main types of T cells and B cells

Type of cell How are they activated? Function and type of response
Helper T cell Immature helper T cells mature when + Signal immature B cells to become
presented with an antigen plasma B cells

+ Cell-mediated immunity

Plasma B cell Immature B cells mature into plasma + Make lots of specific antibodies that act
B cells and multiply when signalled by on the antigen
helper T cells - Antibodies attach to the antigen on

the surface of a pathogen and make it
harder for the pathogens to invade a
host cell

+ Humoral immunity

Cytotoxic (killer) Antibodies act like a marker for + Release a toxic chemical when it
T cell cytotoxic (killer) T cells to destroy the encounters an infected host cell
pathogen + The chemical destroys the damaged cell

and the pathogen inside
+ Cell-mediated immunity
Memory T celland  Some of the specialised T and B cells + Generate a faster and more intense

B cell form ‘memories’ of a specific pathogen immune response if a host is exposed
to the same pathogen

+ B cells: humoral immunity

T cells: cell-mediated immunity

@ LEARNING CHECK

1 Define:
a antigen.
b antibody.
c Tcell
d Bcell
e memory cell.
2 Describe the function of white blood cells.
3 Identify the correct cell type (B cell or T cell) for the following functions.
a Humoral response
b Produces antibodies
¢ Marks pathogens ready for destruction

4 Draw your own immune system and label the main barriers, bone marrow, thymus, lymph
nodes and spleen. Then construct a table to record the parts and their functions.

5 Analyse Figure 2.5.5. Write out the steps of the coordinated cell-mediated and humoral
immune responses.
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BY THE END OF
THIS MODULE, YOU
WILL BE ABLE TO:

)
&
O‘.

Video activity
Small pox: the fi st
vaccine

Quiz
Herd immunity

natural immunity

the protection obtained
from the production of
antibodies after exposure
to an infectious disease

memory cell

a mature B cell or

T cell that ‘remembers’
information about a
specific antigen

vaccine

a substance that
stimulates a response in
the immune system and
produces antibodies

vaccination
administration of a
vaccine to provide
protection from a specific
disease

artificial immunity

the protection obtained
from the production of
antibodies after receiving
a vaccine or antibodies
found in medicine

v define and compare natural immunity and artificial immunity
v describe how vaccination stimulates the specific immune response
v describe the principles of herd immunity.

GET THINKING

Imagine you have to convince someone that vaccines are important. Scan the information
in this module and list as many facts as you can to support your argument.

Natural immunity

Natural immunity (specific immunity) can be achieved by the production of antibodies
after the invasion of a pathogen. During the coordinated response, antibodies and
memory cells are actively produced, specific to one antigen. This ensures the body is
ready for a quicker and stronger immune response in the case of re-infection with the
same pathogen. This usually provides long-term protection from reinfection.

Artificial immunity from antibodies or vaccination

To treat or prevent an infectious disease, scientists can inject antibodies from the
blood of people who have recovered from the same disease. For example, a treatment
for COVID-19 is the antibody drug sotrovimab. The drug works by binding to the
protein spikes on the virus, which prevents it from replicating. This drug is used early
in the course of an infection, to reduce the severity of the disease. This is a short-term
treatment because the new host does not produce memory cells.

A longer-term solution is the administration of a vaccine.

When you get vaccinated, your immune system responds as if it had been naturally
exposed to a pathogen. The vaccine stimulates the production of mature B cells and

T cells, antibodies and memory cells specific to an antigen. A vaccine is a preparation of a
weakened (attenuated) or inactivated (dead) micro-organism or virus or part of one, used

to artificially induce immunity to a specific disease (Figure 2.6.1). Vaccination is usually
administered by injection, but some vaccines are given by mouth as a liquid or tablet.

Inactivated vaccine
Consists of pathogen killed by heat
or chemicals, e.g. flu and polio

Attenuated (weakened) vaccine
Consists of a living but weakened
version of the pathogen,

e.g. chickenpox, measles

and mumps

Subunit and nucleic acid
vaccines

Consist of a section of genetic
material that codes for a protein,
e.g. COVID-19

Toxoid vaccine

Consists of a treated toxin
(harmful substance) made by the
pathogen, e.g. tetanus

A FIGURE 2.61  The four main types of vaccines

Artificial immunity is generally safer than natural immunity because the symptoms that

follow the vaccine are usually not as severe as those of the infection of a pathogen.
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One of the greatest vaccine success stories is the eradication (elimination) of smallpox.
Smallpox is a highly infectious and deadly disease that killed an estimated 300 million people
in the 20th century alone (Figure 2.6.2). It is the only human disease that has been eradicated.

Immunisation for smallpox started in 1796 when Dr Edward Jenner inoculated a boy
with a mild cowpox, and then a few months later with the smallpox virus. The boy did
not develop the disease. It was not until the 1970s that the World Health Organization
coordinated a global vaccination program for smallpox, which eventually resulted in its
eradication. The last recorded case was in 1977.

In Australia, the national immunisation program
provides vaccines for 13 different diseases for your
age group and younger. You may have received a dose
(booster shot) in Year 7 for human papillomavirus,
diphtheria, tetanus and whooping cough.

Boosters

The live attenuated (weakened) vaccines, such as

Alamy Stock Photo/Science History Images

those used for measles and mumps, can provide

a lifetime of protection after one or two doses.
Other vaccines, such as tetanus, need to be given in ! - 3
additional doses, or boosters, because, over time, A FIGURE 2.6.2 Smallpox before it was eradicated. The boy on
antibodies and memory B and T cells decline. the right and the girl on the left had previously been vaccinated.

. OB ; W\

. booster
COVID'1 9 vaccines an additional dose of
a vaccine, designed
to provide a higher
level of protection
urgent protection was needed. As soon as the genome was sequenced (genetic material when antibodies have

COVID-19 emerged in 2019. Its rapid spread and severe impact on people meant that

decoded), it was shared globally and collaboratively, allowing for more than 250 vaccines decreased
to be developed.
Vaccines need to go through a series of trials before they can be approved by the
Australian Government (Figure 2.6.3). Scientists:
® conduct laboratory research
¢ test for safety and efficacy on animals (such as ferrets or mice)
¢ conduct human clinical trials to ensure the vaccine is safe and effective.
Exploratory phase . X Clinical trials
p A < Preclinical trials ; A S
‘. 74), ‘ Phase 1 I?h.a‘se 2 ‘I.Dhase 3”
Be S " | 'i”i”ﬁ Phiid I
—— B 22c2e it 1]
Replication Characterisation Determination Reaction of { | rere '

of virus of virus of genetic biological
make-up model to
of virus infection

Large-scale manufacturing

A FIGURE 2.6.3 A vaccine needs to go through a series of steps before it can be approved.
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herd immunity

a level of protection
gained when a certain
percentage of a
community is immune

to an infectious disease,
which breaks the chain of
transmission

”w

[ susceptible

A FIGURE 2.6.4
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Herd immunity reduces the transmission of disease.

Herd immunity

Herd immunity is a level of protection gained when a certain percentage of people in a
community is immune to an infectious disease (Figure 2.6.4). This breaks the chain of
transmission and stops the spread of disease. This means, if someone is infected in a
community, but everyone else has been vaccinated and is immune, there will be no-
one to spread the disease. Different diseases require different levels of herd immunity
to stop their spread, depending on their transmissibility. For example, the vaccination
threshold to stop the spread of measles is 95 per cent of the population, whereas polio
has a threshold of 80 per cent. Natural immunity can lead to herd immunity; however,
artificial immunisation by vaccination is a safer method.

Can we achieve herd immunity for COVID-19? It is a bit more complicated for
COVID-19 than it is for many other infectious diseases because very contagious
diseases like COVID need a higher threshold to achieve herd immunity. Additionally,
herd immunity only works if a person can maintain their level of immunity. With
COVID-19, we know people can still become infected even after a vaccine, and there is
also evidence that people can get reinfected with different variants of COVID-19. This
is because natural and artificial immunity wanes over time, or the vaccine is ineffective
against new variants.

So why should we bother with COVID-19 vaccinations? A study by the US Centers for
Disease Control and Prevention (CDC), conducted in 2021, showed that unvaccinated

bl

two times more likely
to be reinfected with
\M ﬂ\ th

COVID-19 than those
who are vaccinated. In

early 2022, there was

approximately a one in
1000 chance of being
B infected M Immune —— Disease transmission

admitted to intensive
care if you were double
vaccinated, buta 15 in
1000 chance if you were
unvaccinated. For most
people, vaccination
reduces the severity of
COVID-19.
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@ LEARNING CHECK

1 Define ‘vaccine'.
2 Analyse Figure 2.6.5. Describe the trend shown in this graph between vaccination and
deaths and intensive care (ICU) admissions.

0.05 i i :
0-9 | @ Unvaccinated @ Vaccinated

10-19

20-29

30-39

40-49

50-59

Age (years)

60-69

70-79

80-89

90+

0 10 20 30

Copyright Guardian News & Media Ltd 2022, based on New South Wales health department surveillance reports

A FIGURE 2.6.5 The proportion of COVID-19 cases with a severe outcome (death or ICU
admission) by age and vaccination status from June 2021 to 1 January 2022

3 Copy and complete the following table to compare natural immunity and artificial
immunity through vaccination.

Characteristic Natural immunity Artificial immunity
(vaccination)

Specific or non-specific to a pathogen?

Are antibodies made in response?

Do memory cells form?
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FIRST NATIONS
SCIENCE
CONTEXTS

First Nations Peoples’ use
of medicinal plants

:{":)LH‘;f'x?DU"E’ v investigate native plant extracts used by First Nations Australians to treat infections and
: iliness.

First Nations Australians’ food and medicine

First Nations Australians have a wealth of scientific knowledge about native plants. For
thousands of years, they have used plants for food and medicines and to develop tools
and technologies (Figure 2.7.1). Medicinal use of plants requires knowledge about the
right plants to use and how to prepare them to be effective.

Joe Sambono

A FIGURE 271 Some First Nations Australians’ foods: (a) lilly pilly, (b) Kakadu plum,
(c) quandong, (d) Dianella, (e) seaberry, (f) native raspberry, (g) kangaroo apple,
(h) native fig, (i) bunya nuts
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Joe Sambono

Medicinal use of plants requires knowledge about
the right plants to use and how to prepare them to
be effective.

Native plants to treat coughs
and cold

When you have a cold, you might use a medicated
rub to soothe coughs and breathe more easily.
Usually, the rub is covered with a warm cloth

to help the medicines in the rub vaporise. First
Nations Australians have been using medicated
treatments for coughs and colds in this way for
thousands of years. Prior to European colonisation,
the Wiradjuri People (central New South Wales)
built steam pits lined with eucalyptus leaves to
treat coughs and colds. The eucalyptus vapour
was released by heating the leaves over a fire with

A FIGURE 2.7.2  Teatree is used by the Yaegl People to
treat the symptoms of coughs and colds.

possum rugs placed on top to create a steam pit. The Yaegl People (Coffs Harbour region,
New South Wales) heat the leaves of tea tree (Melaleuca alternifolia) to relieve the
symptoms of coughs and colds (Figure 2.7.2). Today, many common products that are
used to treat coughs and colds contain eucalyptus or melaleuca oil.

Native plants to treat skin infections

There are many examples of plant extracts being used to treat or prevent skin infections.
The Bundjalung Peoples (northern New South Wales/south-east Queensland) have long
crushed tea tree leaves and applied them to skin wounds and infections, traditionally

held in place with layers of paper bark (Figure 2.7.3).

g

A FIGURE 273  Crushed tea tree leaves were traditionally held

in place by paper bark to treat skin infections.

Joe Sambono
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v ACTIVITY

When European colonists first travelled to Bunjalung Nation, they were affected by
skin infections caused by high rainfall, injuries and insect bites. Supplies of Western
treatments were scarce. European colonists observed the Bunjalung Peoples’ use

of tea tree and adopted these methods to control infections. In the 1920s, scientist

Dr A.R. Penfold investigated the antiseptic properties of tea tree. His study reaffirmed
the knowledge of the Bunjalung Peoples, that the leaves contained powerful antiseptics
that were more than 10 times stronger than other disinfectants of the time. The active
components of tea tree have antimicrobial, antifungal, antiviral and anti-inflammatory
properties. Tea tree grows mostly along the coastal areas of south-east Queensland and
northern New South Wales.

First Nations Peoples in other parts of Australia use different plants to treat infections.
The Peoples of the Torres Strait Islands have traditionally used coconut plant extracts
to treat wound infections. Traditional Owners of the Northern Territory continue to
use traditional medicine such as emu bush leaves (Eremophila species) to treat sores
and cuts.

These examples give a glimpse of First Nations Australians’ medicinal knowledge and
use of native plants that continue today.

Antimicrobial effect of products containing native plant extracts
used by First Nations Australians

Follow your teacher’s instructions. Be aware that some handwashes contain ingredients that
can cause allergic or sensitivity reactions. Do not use these products if you have skin allergies

or skin sensitivities. If you notice a reaction during this investigation, immediately wash your
hands and seek medical advice.

Make sure your agar plates are securely taped once they have been swabbed.

You need

™ 2 nutrient agar plates

handwash containing tea tree or eucalyptus extract
sterile swabs

sterile water

tape

incubator

\ B EE&A

Warning

- Wear appropriate personal
protective equipment (PPE).

« Do not open the Petri dishes after
sealing them.

»  Wash your hands thoroughly at
the end of the investigation.
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What to do
1 Dip a sterile swab into sterile water to moisten it.

2 Run the swab from your wrist at the base of your thumb up and over each of your
fingers, down to the base of your wrist on the other side of your hand.

3 Roll the swab gently over the surface of one of the agar plates to cover the entire surface.
4 Tape the agar plate to seal it.

5 Use a handwash containing tea tree or eucalyptus extract to clean your hands. Make
sure you rub the handwash between your fingers (Figure 2.7.4).

N\ N /// )
Rub the palm of one hand Rub hands palm to palm with
over the back of the other interlaced fingers.

hand with interlaced fingers.
Repeat with your other hand.

A FIGURE 274 How to wash your hands with handwash

6 Rinse off the handwash and wait for 5 minutes for your hands to air dry.

7 Repeat the hand swab in the same way as before, using a clean swab and rolling it onto
the second agar plate.

8 Seal the plates with tape.
9 Incubate the plates at 37°C for 24—48 hours.

10 Count the number of colonies on the agar plates before and after treatment with the
handwash.

11 Record your results in a table.

12 Calculate the percentage difference in the number of bacteria:

Difference in number of _ humber of microbial colonies before handwash — number of microbial colonies after handwash

microbial colonies (%) 100

What do you think?

1 Analyse the results and draw a conclusion about the effect of the handwash on skin
microorganisms.

2 How do your results compare with those of other students in the class? Was one
handwash more effective than the other?

3 Was this a fair test? Why or why not? What did you do to try and make this a fair test?

4 Propose another investigation in which the plant extract could be tested more
specifically for its antimicrobial activity.
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SCIENCE
AS A HUMAN
ENDEAVOUR

Using mosquito biology to
fight the spread of disease

BY THE END OF v ; oty i P
THIS MODULE, YOU investigate how the values and needs of society influence the focus of scientific

WILL BE ABLE TO: research.

Malaria

There were 241 million cases of malaria
in 2020, most of them occurring in Africa.

Proboscis .
On average, more than 400 000 people die
Head Antenna from malaria every year.
Eye Current strategies for reducing the spread
— of mosquito-borne diseases are not effective
Thorax Wing enough to significantly reduce the number
B of deaths associated with these diseases. As
Femur 1
a result, millions of dollars are spent every
Abdomen . .
year on research into the prevention and
Tibia treatment of malaria.
L Genitalia . .
How is malaria
transmitted?
Tarsus
Malaria is an example of a disease that
is transmitted to humans by a vector, the
Anopheles mosquito. Malaria only occurs
in parts of the world where these species
A FIGURE 2.81  The body parts of a mosquito of mosquito are found. As for all species of
mosquito, it is only the female mosquito
that feeds on humans, because they need blood to feed their growing eggs.
% The mosquito’s mouth part, known as a proboscis (Figure 2.8.1), is a set of six needle-like
i~ . . . . .
darts that pierce the skin’s blood vessels. Once pierced, the mosquito sucks blood, leaving
Video activity behind saliva that can contain pathogens. The pathogen that causes malaria is a protist

Facts about malaria

known as Plasmodium. The pathogens can then enter the bloodstream of the human
and cause disease. People infected with malaria initially suffer fever and headache; if left
untreated, severe illness can develop, followed by death.

Methods of preventing malaria

Do you use any of these strategies to prevent mosquito bites?
® Avoid outdoor activities at dawn and dusk.

® Use insect repellent.

® Remove stagnant water (mosquitoes breed in still water).
® Wear long clothing at dawn and dusk.

® Use bed nets and insecticide-treated bed nets.

60 Nelson Science 9 | Australian Curriculum



Why do we use these strategies? Our knowledge
of the mosquito’s anatomy and life cycle helped us
determine which strategies work best to prevent
the spread of disease.

For example, mosquitoes lay their larvae in

still water (Figure 2.8.2). This is why mosquito
populations increase dramatically when it rains.
If still water is treated or removed, the larvae
cannot survive, resulting in fewer mosquitoes and
reduced transmission of diseases such as malaria.

Is mosquito genetics the
answer?

Scientists have decoded the genetic material

of the whole mosquito genome. This opens

up possibilities for many areas of research.

For example, scientists are studying the genes
involved in insecticide resistance. They have

even produced a genetically modified mosquito
by inserting two new genes. One of the genes is

a lethal gene that gets passed to offspring and
results in their death before they reach adulthood.

Blood-fed female lays eggs

X

Adult emerges

Eggs
R /
)
' g™
Larva

A FIGURE 2.8.2 The stages in a mosquito life cycle

The other gene is a fluorescent marker that allows scientists to keep track of the
mosquitoes whose genomes contain the lethal gene. Many trials that involve releasing
sterile males into populations in mosquito-infested areas of the world are currently

under way and being monitored.

@ LEARNING CHECK

State the four stages of the life cycle of a mosquito.

2 Explain why female mosquitoes need to drink human blood.

3 The Bill and Melinda Gates Foundation has spent $1.5 billion on malaria research
and control. Explain how this is an example of society’s values and needs influencing

scientific research.

4 Should we spend more or less money on malaria control research? Justify your answer.

5 Describe the structure and function of the mouthpiece of a mosquito and relate the
structure to its ability to be a vector of an infectious disease.

Chapter 2 | The immune system
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SCIENCE -
INVESTIGATIONS U @ Petri dish safety

SCIENCE SKILLS IN FOCUS

IN THIS MODULE, YOU WILL FOCUS ON

LEARNING AND IMPROVING THESE SKILLS:

» assessing the risk involved in an
investigation

» safely planning and conducting a Petri
dish investigation when growing
micro-organisms.

PETRI DISH SAFETY

» Micro-organisms can cause disease.
Most micro-organisms collected in the
environment are not harmful. However,
once they multiply, they may become a
hazard.

» When you assess the safety
requirements of a Petri dish
investigation remember the following.

1 Itis only safe to grow

micro-organisms in a :‘o
Petri dish if the dish is {17

sealed after you swab.

Video
Science skills in a
minute: Petri dish

safety

2 Dispose of your swab
(cotton bud) straight
after use in a bin.

3 Wash your hands
straight after sealing
the Petri dish.

4 When incubation is
complete, do not open
the lid of the Petri dish.

5 Observe the results

with the lid still sealed.

Science skills
resource
Science skills in
practice: Petri dish
safety

Extra science
investigation
Sterile technique

INVESTIGATION 1: EFFICACY OF
ALCOHOL HAND SANITISER

(am )

To investigate how effective alcohol hand sanitiser is
at killing micro-organisms

(BACKGROUND )

People are encouraged to use more hand sanitiser

to reduce the spread of COVID-19. Theoretically,
hand sanitiser containing alcohol stops the spread of
disease by breaking down the outer lipid layer of

the virus.

(prEDICTION )

Fewer micro-organisms will grow on a Petri dish if a swab
is taken from a surface cleaned with hand sanitiser.

(MATERIALS )

™ 3 Petri dishes

marking pen

sticky tape

cotton buds

hand sanitiser containing 60—-80% alcohol

hand sanitiser or hand wash that does not contain
alcohol

safety glasses

B R E&

(mMETHOD )

( Warning h

«  Wear appropriate personal
protective equipment (PPE).

- Do not open the Petri dishes after
sealing them.

«  Wash your hands thoroughly at
the end of the investigation.

1 Put on your safety glasses. Collect three Petri
dishes containing pre-prepared nutrient agar.
One will act as a control. Label each in small
writing so that the writing does not obscure your
observations.



Label Petri dish 1 ‘Control’. Label Petri dish 2
‘Surface cleaned with alcohol hand sanitiser’. Label
Petri dish 3 ‘Surface cleaned with non-alcohol hand
sanitiser’.

Leave the cover on the plates at all times unless
adding swabs. Only open the lid of the dish wide
enough so that you can insert the swab or forceps.

Find a heavily used surface such as a handrail, drink
fountain or keyboard. Use a clean cotton bud to get
a swab of micro-organisms from this location. Do
this by rubbing the cotton bud several times over
one-third of the surface section you have chosen.
Streak the first Petri dish (control) with the sample in
a zig-zag motion, as shown in Figure 2.9.1.

Use the alcohol-based hand sanitiser to clean one-
third of the chosen surface. Use another cotton
bud to collect micro-organisms from the same
location and then streak the second Petri dish with
your sample in a zig-zag motion. Try to swab the
same amount into each Petri dish.

A FIGURE 2.91

Swabbing on agar in a Petri dish

7

Use a non-alcohol-based hand sanitiser to clean the
final third of the surface. Use another cotton bud to
collect micro-organisms from this location and then
streak the third Petri dish with your sample in a
zig-zag motion.

Draw a table to record the observed results.

Seal each dish with clear sticky tape and hand

them to your teacher for incubation. Incubate at
(37°C) for 2-3 days. To prevent water condensation
accumulating and affecting your investigation, place
the Petri dishes upside down where your teacher
instructs you to.

Pack up and then wash your hands thoroughly.

(ResuLTs

Do not open the Petri dishes. Sketch or describe the
results observed in each of the three Petri dishes.

Bacterial colonies are slightly circular, cream to
yellowish in colour and shiny on the surface. Fungal
colonies are more irregular and look like threads of
cotton wool.

(evaLuation

1
2

Describe the purpose of the control.

Why was a non-alcohol hand sanitiser useful in this
investigation?

Record the results of three other groups.

Write a conclusion for the investigation. Include a

statement about whether the results supported your
hypothesis.

Evaluate your safety precautions. Did you follow the
steps outlined in Science skills in focus section?
What could you have improved?

A Chapjter-Z | The immune s:ysienﬁ

63



INVESTIGATION 2: MODELLING
TRANSMISSION OF AN INFECTIOUS
DISEASE

(am )

To model the transmission of an infectious disease

(maTERIALS )

& class set of cups containing 50 mL water

& cup containing 50 mL of dilute (0.1 M) sodium
hydroxide solution

 class set of plastic droppers
 safety glasses

(METHOD ]

Note: Your teacher will keep the identity of the cup with
sodium hydroxide in it a secret, but also keep track of
who collects it.

( ] )
' Warning

° - Wear appropriate personal
protective equipment (PPE).
« Sodium hydroxide and phenolphthalein can
irritate eyes and skin. Wash with water if
\_ contact is made. )

1 Wear safety glasses. Collect a clear plastic cup with
50 mL of liquid already poured in. All cups should
contain the same volume of liquid.

2 One cup will contain sodium hydroxide (NaOH)
solution. It is a clear colourless liquid that looks like
water. It also has a high pH (very basic substance).
The student who collects this cup will be ‘patient
zero'. All the other cups will contain water.

3 Collect a dropper.

64 NeIsonSC|ence9 AustrallanCurncqum

4 When your teacher asks you to, walk slowly around
the classroom until the teacher says ‘stop’. Use the
dropper to add 10 mL of your liquid into the cup of
another student. Repeat this two more times until
you have added to the cups of three other students.
By doing this, you are modelling the spread of
infection through body fluids such as droplets of
mucus or saliva, which can contain pathogens.

Record who you shared your liquid with.

A volunteer student can use a dropper bottle with
phenolphthalein indicator solution to test who has
been infected. Phenolphthalein is an acid—base
indicator. If the colourless liquid turns pink, the
person is ‘infected’.

Shutterstock.com/chemical industry

Phenolphthalein indicator turns pink in

A FIGURE 2.9.2
basic solutions.

7 Atable like the one below can be drawn on the board
for all class members to contribute to. Add all names
of students (givers) in the class in the first column,
and then, highlight the ‘infected’ names to process
the data.

Name of giver
(potential source
of infection)

Subject 1  Subject2  Subject 3

8 Discuss and determine who could be patient zero
(the original source of the ‘infection’).



[REMEMBERING

1 List three different types of pathogens.

2 Describe how scientists classify a disease as
infectious.

3 To which line of defence does inflammation belong?

(UNDERSTANDING )

4 Identify the type of biological molecule, and state the
function of, a lysozyme found in tears.

(aPPLYING )

5 Copy and complete the following table to identify
the mode of transmission of each disease as direct
contact, airborne or vector.

Mode of
transmission

Disease Information

Airborne droplets can be
inhaled within 1 m.

Tuberculosis

An Anopheles mosquito
has a blood feed and
simultaneously injects the
pathogen into the blood of
a host.

Malaria

Smallpox

Blood clot
Microbe

9 REVIEW

6 Explain what antigens are and where they are found
on pathogens.

7 Explain why a booster vaccine is required for some
vaccination programs.

8 Copy and complete the following table to classify
the different types of non-specific immune defence
systems.

Line of
defence

Immune system System parts

1 Skin (secretions/ First
barrier)

Non- External
specific

1 Inflammation Second
2

3

Internal

Use the term ‘antimicrobial properties’ to explain
why certain First Nations Australian Peoples
traditionally use tea tree leaves to treat wounds.

When humans suffer a skin wound, they may
experience inflammation before healing, as shown in
the diagram below.

List the signs of inflammation at the site of a wound.

Scab

Inflammation

White blood cell

Red blood cell
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11 Mucous membranes occur in several parts of the
body. The following image shows one of these areas,
the lungs.

State the function of mucus in the human body.

wiki-images/ (CC BY 4.0)

Source: www.scientificanimations.com/

12 Compare natural immunity with artificial immunity by
completing the table.

Natural Artificial

Is exposure to antigen deliberate
or non-deliberate?

Do antibodies develop?

Does long-term immunity result?

13 Draw a diagram showing the steps of phagocytosis.

Label your diagram with short statements to explain
what happens at each stage.

(ANALYSING )

14 Explain the meaning of the term ‘non-specific’ in the
context of the immune system.

15 Explain the impact of a break, or tear, in the skin on
the body’s defence against disease.

16 Compare the specific and non-specific immune
systems. Include the major white blood cells involved.

17 A study was conducted at the University of New
South Wales on how often medical students touch
their face. The study found that:

® the 26 students touched their face an average of
23 times per hour

® just under half of all touches (1024 touches out
of a total of 2345) were to areas that contain
mucous membranes (eyes, nose or mouth).

Nelson Science 9 | Australian Curriculum
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Explain why this behaviour might increase the
spread of disease.

b Predict a message you think should be given to
society about hand hygiene.

The image below represents herd immunity to a virus.
The red figure represents an infected person. The

grey figures represent unvaccinated people or those
vulnerable to infection. The green figures represent
people with either natural or artificial immunity. Imagine
that each infected person is capable of infecting
another two people. Explain what would happen if:

a the scenario remains the same

b the number of people with immunity was halved

c everyone had immunity.

Ht

(EVALUATING j

19

20

Evaluate the usefulness of fever in the immune
response.

In 2020, scientists conducted experiments to
determine how long SARS-CoV-2 (COVID-19) could
remain infectious on a surface. One study found
sunlight could ‘kill’ (denature) the virus within

14 minutes. By mid-2021, scientists had stopped
studying contaminated surfaces and had turned to
research and experiments on the effectiveness of
wearing masks to slow the spread of the virus.

Explain why scientists may have changed their
research focus. Justify your reasoning.

(creating )

21

22

Create a table summarising the structures of
a bacterium, fungus and virus. Use three features
for each type of pathogen.

Design your own poster summarising the
cell-mediated and humoral immune systems.



BIG SCIENCE CHALLENGE PROJECT g

At different times during the COVID pandemic, the number of hospitalisations has increased
significantly. Sometimes there haven't been enough health workers to care for the high
number of patients. How can we avoid overwhelming the hospital system?

Connect what you've learned

Y O

¥ Check your thinking

SN
v

Make an action plan

° Communicate

SA Health

A Medical staff in intensive care treating a patient

Stop the spread
of GASTRO

Stay home while unwell and do not
return to work or school until no
diarrhoea or vomiting for 48 hours.

Avoid preparing food for others for
at least 24 hours if you have been sick.

‘Wash hands with soap
and running water.

@ Wipe down surfaces.
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A single parent reproduces itself to form identical offspring.
There are several different methods of asexual reproduction.

A male sex cell joins with a female sex cell to create offspring
that are not identical to the parent. Two processes are essential
in this method of reproduction: meiosis and fertilisation.

The female reproductive system includes the ovaries, which produce female sex cells,
and the uterus, which protects and provides for the developing offspring until birth.

The male reproductive system includes the testes, which produce male sex cells
(sperm), and the penis, which delivers the sperm to the female reproductive tract.

=2

The type of reproductive strategy used by an animal is influenced by habitat. Offspring
survival rate directly relates to quality of parental care or the number of offspring.

S

Medical and scientific methods can be used to help humans reproduce.

Flowering plants can reproduce both sexually and asexually. Their
sexual reproductive organs are found in the flower part of the plant.

=<

Flowering plants rely on pollinators, such as honey bees and birds, to
deliver male sex cells (pollen grains) to the female part of a flower.

=2

Artificial intelligence increases the success rate of some assistive reproductive technologies.

D

1 Dissection of a flower
2 Investigating vegetative production in sweet potatoes
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Have you seen people vape? Vaping involves heating a liquid with an
electronic device and inhaling the vapour. Some people vape because
they think it is less harmful and cheaper than smoking. Vapes contain

BIG SCIENCE CHALLENGE

#3

A FIGURE 3.01 Is vaping safe for
developing babies? Studies show
that e-cigarettes can affect baby brain
development and are associated
with low birth weight.

several chemicals and toxins, including heavy metals. Even vape liquid
that doesn't contain nicotine can still be very harmful. The vapours

have been shown to slow brain development in teenagers and affect
brain development of unborn babies. The World Health Organization

(WHO) has issued warnings against their use.

» Why do you think some people choose to vape?

SCIENCE CHALLENGE
ACCEPTED!

» Why do you think it is illegal to sell vape fluid containing nicotine
in Australia?

Assessments

® Prior knowledge quiz

® Chapter review questions
® End-of-chapter test

® Portfolio assessment task: Science
research and analysis project

Videos
® Science skills in a minute: Dissection (3.10)

® Video activities: Sexual reproduction in plants (3.7);
Asexual reproduction in plants (3.7); Plants and
pollinators (3.8); Al in health (3.9)

Science skills resources
® Science skills in practice: Dissection skills (3.10)

® Extra science investigations: Growing plants from
other plants (3.7); Flower structure and function (3.7);
Looking at seeds (3.8)

Interactive resources

® | abel: Binary fission (3.1); Steps in meiosis (3.2);
Female reproductive system (3.3); Male reproductive
system (3.4); Male and female fl wer parts (3.7)

® Crossword: Animal sexual reproduction (3.5)
® Drag and drop: IVF process (3.6)

~¢Nelson MindTap

To access these resources and many more, visit:
cengage.com.au/nelsonmindtap
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BY THE END OF
THIS MODULE, YOU
WILL BE ABLE TO:

<l
o‘:

Interactive resource
Label: Binary fissio

Quiz
Types of asexual
reproduction

offspring

a new organism produced

by

asexual or sexual

reproduction

2
=
2
c
<
=
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A FIGURE 3141

asexual reproduction

a method of reproduction

that involves one
individual producing an
identical copy of itself

mutation

a permanent change in
the DNA in the cell of an
organism

70

A koala parent with offspring joey,
which was produced by sexual reproduction

v define asexual reproduction, mitosis, binary fission, budding, fragmentation and
parthenogenesis

v describe several different methods of asexual reproduction and give examples of
each type

v explain why offspring produced by asexual reproduction are generally identical and
why variation is only possible through mutation.

GET THINKING

Species need to reproduce to continue to produce new generations and survive. Can you
name other methods of reproduction in addition to the method used by humans? Have you
heard of binary fission, budding, fragmentation and parthenogenesis?

Reproduction

Are there any organisms that can live forever? Living things need a process that helps
their species continue to exist. Reproduction is that process.

Methods of reproduction

When a living thing reproduces, it is known as the ‘parent’. The new organism produced
through reproduction of one or two parents is the offspring. When the offspring is only a
cell, it may be called a ‘daughter’ cell. There are two main types of reproduction: sexual
and asexual.

For example, two koala parents produce offspring,

a koala joey (Figure 3.1.1), by sexual reproduction,
whereas bacteria, honey bees and some lizards produce
offspring by asexual reproduction.

Asexual reproduction

What do bacteria and sea cucumbers have in common?
They produce offspring by asexual reproduction. This is
a method of reproduction that involves a single parent
making a copy of itself to form offspring identical to the
parent and each other.

Asexual reproduction differs from sexual reproduction. Asexual reproduction is a
relatively simple and fast method of producing offspring. There is no need to find a
mate or use energy to transfer sperm to an egg. In asexual reproduction, there is only
one parent, whose genetic material is passed to its offspring. As a result there is no
genetic variation in asexual reproduction unless there is an error in the cloning process.
This would result in the offspring having different genetic material (DNA). If itis a
permanent change, this error is known as a mutation. Mutations can be passed on to
offspring. Mutated DNA can cause a change in an individual’s characteristics.

Nelson Science 9 | Australian Curriculum



For example, mutations in some species of bacteria have given them the ability to resist
some antibiotic medications.

In this module, we will look at four types of asexual reproduction: binary fission,
budding, fragmentation and parthenogenesis. We will look at asexual reproduction in

plants in Modules 3.7 and 3.8. binary fission
a method of asexual
reproduction in bacteria

Blnary fISSIOn in which a parent cell
splits into two identical
Simple organisms such as bacteria and paramecia (single-celled protists) use a simple daughter cells
form of asexual reproduction called binary fission. After a period of growth, the parent mitosis
cell division and a form of
cell splits into two identical daughter cells - the offspring. asexual reproduction in
some simple organisms
The main steps of binary fission are: )
budding
® replication - the cell duplicates everything, including DNA amethod of asexual
reproduction in which a
® clongation - the cell grows longer bud (a growth on the parent
. . e . . . body) forms, grows and
¢ fission - one parent cell splits into two identical daughter cells (Figure 3.1.2). then separates or spreads

Plasmid, a smaller

Chromosome ring of extra DNA
found in cytosol found in bacteria
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A FIGURE 31.2  The main steps of binary fission in bacteria

Bacteria are prokaryotes — they do not have a nucleus. Simple eukaryotes — organisms
with a nucleus - can also reproduce by binary fission. However, this can involve mitosis,
in which a nucleus divides into two nuclei, then the cell divides.

Budding

Budding is a method of asexual reproduction in which a
bud forms, grows and then separates (or spreads, in the
case of coral) to form new offspring. When it is time to
reproduce, a growth forms on the outer layer of the parent
body. This growth is called a bud and grows by mitosis (cell
division) until it develops into a tiny offspring. When it is
mature, it breaks off to become an independent offspring.
Small freshwater organisms called hydra, which grow

to 1-2cm long, use budding as their method of asexual
reproduction (Figure 3.1.3).
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A FIGURE 31.3 A parent hydra budding new offspring
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fragmentation

a method of asexual
reproduction in which

a body part breaks off
from a parent body and
then develops into a new
offspring

parthenogenesis

a method of asexual
reproduction in which
an unfertilised egg
matures and develops
into offspring without
fertilisation by sperm

Fragmentation

Fragmentation occurs when a body part or a fragment from a parent body breaks off
to form a new independent offspring. For example, sea stars sometimes reproduce by
fragmentation, especially when injured. When a fragment of a sea star breaks off, it
develops into a new sea star that is genetically identical to the parent (Figure 3.1.4).
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