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3.1 Overview
Numerous videos and interactivities are embedded just where you need them, at the point of learning, in your
learnON title at www.jacplus.com.au. They will help you to learn the content and concepts covered in this topic.

3.1.1 Introduction
Cells are the basic units of all living things. The first cell appeared on Earth about 3.6 billion years ago. Bacteria
living near hydrothermal vents in our oceans may share some similar features to these ancestral cells. The
cellular machinery within each of these bacteria enables them to survive extremely high temperatures and to
derive their energy from minerals and chemical laden superheated liquid that spews from the vents.

On Earth today, there are many different types of organisms. Some of these organisms are made up of a single
cell (unicellular) like those of bacteria mentioned earlier, while others are made up of many cells (multicellular).
The evolutionary twists and turns taken from these single-celled organisms to the largest ever land animals, the
sauropod dinosaurs, or to the tallest tree, the giant sequoia, Sequoiadendron giganteum, or the largest colony
of fungus, the humongous fungus (Armillaria ostoyae) spanning 8.9 square kilometres in Oregon, have been
plentiful.

The cells that make up organisms differ not just in their number, but also in their size, shape, and contents. The
cell that makes up one type of unicellular organism may be different from that of another type of unicellular
organism. The cells that make up multicellular organisms are also different. The structure of different types of
cells and how they are organised within multicellular organisms are well suited to their specific tasks within the
organism. No matter the difference, the features of the cell(s) that make up organisms all share the ultimate
goal — to keep the organism alive.

FIGURE 3.1 Sequoiadendron giganteum. The oldest tree of this species was over 3200 years making it one
of the oldest living organisms. They grow to an average height of 50–85 metres, with trunk diameters ranging
6–8 metres.
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Resourceseses
Resources

Video eLesson Robert Hooke and cells (eles-1780)

Watch this video from ‘The story of science’ to see how microscopes
allowed us to understand that every organism on Earth is composed of cells.

3.1.2 Think about cells

1. How can you make small things look bigger?
2. Which are bigger: viruses or bacteria?
3. What does Theodor Schwann have to do with cells?
4. Why are beaches tested for the presence of bacteria E. coli?
5. How does a cell become a clone?
6. Why don’t all cells look the same?

3.1.3 Science inquiry

Who am I?

Microscopes are responsible for opening a whole new world to us. They have allowed us to see beyond our own
vision. The more developed these microscopes become, the more detail and wonder we are able to observe —
but often, rather than answering our questions, they provide us with many more.

The three photos in figure 3.2 show parts of different animals. They were taken with a scanning electron
microscope, which allows us to see more detail of the surface of specimens.

FIGURE 3.2 Different animal parts taken with a scanning electron microscope
(a) (b) (c)

Observe, think and share

1. Look carefully at the photos of each animal part in figure 3.3, and think about:
a. what they could be
b. what they may do
c. what animal they may belong to.

2. Talk through your suggestions with a partner, adding all of the details that you have both observed onto
a sheet of paper.

3. Two of these photos show parts of one type of animal, and the other image is from a different animal.
Does that information change the way that you look at the details? Which animal do you think two of
the parts belong to? Brainstorm to decide which animal the other part could belong to.

4. Suggest other sorts of information that may be helpful in determining which animals these parts belong
to and what they are used for.
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Resourceseses
Resources

eWorkbook Topic 3 (ewbk-2993)

Student learning matrix (ewbk-3017)
Starter activity (ewbk-2995)

Practical investigation eLogbook Topic 3 (elog-0431)

Access and answer an online Pre-test and receive immediate corrective feedback
and fully worked solutions for all questions.

3.2 A whole new world
LEARNING INTENTION

At the end of this subtopic you will understand that our knowledge and understanding of cells has improved as
a result of continued scientific investigation, human inventions and technological advancement. This work by
scientists lead to the creation of scientific theories such as the cell theory.

Science as a human endeavour

3.2.1 The discovery of cells
A whole new world was discovered just over 400 years ago when an English inventor and scientist used
magnifying lenses to observe the basic units of which all living things are made. This led to a new way of
thinking about living things that required a new scientific language, new classifications and new inventions to
find out more about this new world.

microscope an instrument for
viewing small objects

cell the smallest unit of life. Cells
are the building blocks of living
things. There are many different
sizes and shapes of cells.

In the seventeenth century, Robert Hooke looked at thin slices of cork under a
microscope that he had made himself from lenses. He observed small box-like
shapes inside the cork. He called the little boxes that he saw cells. Microscopes
opened up a whole new world that had never been seen before.

int-3392
FIGURE 3.3 Timeline showing the development of microscope and cell theory
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Robert Hooke (1635–1703) used his 

microscope to describe tiny box-shaped 

units in a thin slice of cork. He called 

these ‘cells’ — a term we still use today.

1831

Robert Brown (1773–1858) 

and identified a structure he

made microscopic 

observations of plant cells 

called the nucleus.
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1670

Anton van Leeuwenhoek (1632–1723) 

designed and constructed his own 

microscopes made of a small, 

single-mounted lens that was held up 

close to your eye. Using these, he was 

micro-organisms.

the first to observe unicellular

1839

Theodor Schwann (1810–1882) 

proposed that all animals are made up 

of one or more cells, and that the cell is 

the basic unit of all living things.

1838

Matthias Schleiden (1804–1881) proposed 

that all plants are made up of cells.
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FIGURE 3.4 An early microscope
used by Robert Hooke

Using microscopes to carefully observe different living things showed
that they were all made up of cells. Observations also showed that
many of these cells shared common features, such as the presence of a
structure called the nucleus.

As the magnification provided by microscopes increased, it was seen
that although cells shared similar basic structures, there could also be
differences between them. Groups of organisms could be made up of
cells that differed from the cells of other groups. Some organisms were
made up of a single cell (unicellular), whereas others were made up of
many cells (multicellular). Different types of cells were also observed
within an individual multicellular organism.

Cell theory

1. All organisms are composed of cells.
2. The cell is the basic unit of structure and organisation in

organisms.
3. All cells come from pre-existing cells.

Resourceseses
Resources

Video eLesson Historic bacteriologists Van Leeuwenhoek, Pasteur and Koch (eles-2026)

WHAT DOES IT MEAN?

The word microscope comes from the Greek words micrós, meaning ‘small’, and skopein, meaning ‘to view’.

FIGURE 3.3 (continued)
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1858

Rudolf Virchow (1821–1902) 

proposed that all cells arise 

from cells that already exist.

1933

Ernst Ruska (1906–1988) built the 

uses a beam of electrons and 

and resolution than light 

first electron microscope, which

provides higher magnification

microscopes.

1937

microscope was built. These 

The first scanning electron

microscopes show images of

cell surface features such as the 

blood cells shown opposite.

1981

Gerd Binnig and Heinrich Rohrer

invented the scanning tunneling

micrscope. This microscope can

provide 3D images of objects

at an atomic level.

1957

Marvin Minsky (1929–) invented

which became commercially
the first confocal microscope,

available in the 1980s.
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3.2.2 Little, littler, littlest …
With the development of instruments such as microscopes, scientists needed to find words to describe some
of the tiniest lengths and time scales in nature. They wanted some simple names to describe, for example, a
billionth of a billionth of a metre.

In the microscopic world, there is often a need to describe things in much smaller terms than the units of
measurement that you already know, such as metre, centimetre and millimetre. In describing cells, other units
of measurement, such as micrometre (µm, also called micron) and nanometre (nm), are often used.

FIGURE 3.5 Units of measurement are used to describe different sizes.
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TABLE 3.1 Units of measurement that are often used to describe cells and molecules

Unit Symbol No. units in 1 m

Millimetres mm 1000

Micrometres µm 1 000 000

Nanometres nm 1 000 000 000

CASE STUDY: Scientists who study cells

There are many different types of scientists who study cells. Examples include bacteriologists, cell biologists,
clinical microbiologists, cytologists, electron microscopists, genetic scientists, medical microbiologists and
virologists.
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SAMPLE PROBLEM: Evidence-based conclusions

Sam is a virologist, a scientist who studies viruses. In a talk to students, Sam is asked if she uses a
microscope to see viruses or if she can see them without using a microscope.
Do you think Sam would need a microscope to see a virus? Use evidence to support your conclusion.

THINK WRITE

• Viruses are between 50 and 100 nm in size.
• The naked eye can only see things that are

greater than 100 μm (or 100 000 nm).
• Since viruses are much smaller than 100 μm,

Sam must use a microscope to see the virus.
• Sam would need to use an electron microscope.

Sam would need to use a (electron)
microscope as viruses are much too small
to be seen with the naked eye. Viruses are
less than 100 nm in size and the naked eye
can only see things that are bigger than
100 000 nm (100 μm).

3.2.3 Present day
A new generation of three-dimensional microscopes are being developed that provide even further details
of objects. Superfast electron microscopes enable scientists to capture movement of atoms. Newly invented
portable microscopes are becoming important field tools in research and diagnosis of diseases.

FIGURE 3.6 a. Portable microscope for spotting and tracking disease b. Looking like a grotesque eyeball, this
handheld microscope magnifies your specimens to two hundred 200 times their normal size.

(a) (b)

Resourceseses
Resources

eWorkbook History of the light microscope (ewbk-2981)

Additional automatically marked questions
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3.2 Exercise

To answer questions online and to receive immediate feedback and sample responses for every question, go to
your learnON title at www.jacplus.com.au.

Select your pathway

LEVEL 1:
Questions
1, 2

LEVEL 2:
Questions
3, 5

LEVEL 3:
Questions
4, 6

Remember and understand

1. Match the scientist with their cell discovery contribution in the table provided.

Scientist Cell discovery contribution

a. Anton van Leeuwenhoek A.Built the first electron microscope

b. Robert Hooke B.Proposed that all plants are made up of cells

c.Robert Brown C. Proposed that all animals are made up of cells

d. Matthias Schleiden D. Designed and constructed microscopes and was the first to
observe unicellular microscopic organisms

e.Theodor Schwann E.Proposed that all cells arise from cells that already exist

f. Rudolf Virchow F. Used the term ‘cell’ to describe the tiny box-like units in cork

g. Ernst Ruska G. Used the term ‘nucleus’ to describe a structure found in plant cells

2. Identify:
a. a feature that all living things have in common
b. two units often used to describe cells.

Apply and analyse 

3. Use the timeline in figure 3.3 to answer the following questions.
a. In which year did Hooke use the term ‘cells’ to describe his observation of cork slices?
b. In which year did Ruska build the electron microscope?
c. How many years were between:

i. Hooke first using the term ‘cells’ and Ruska building the first electron microscope
ii. Leeuwenhoek’s first observation of unicellular microscopic organisms and Schwann’s suggestion

that all animals are made up of cells?
d. Credit for developing the cell theory that ‘all living things are made up of cells and that cells come

from pre-existing cells’, is usually attributed to three scientists. Who are they?
e. Suggest how the development of the microscope has contributed to our understanding of cell

structure.
f. Suggest possible uses for portable microscopes.

4. Use figure 3.5 to complete the table.

TABLE Size of different objects in different units

Object Size in nanometres (nm) Size in micrometres (µm) Size in millimetres (mm)

Frog egg

Hair (width)

Plant cell 100

Bacteria 10

Protein 10
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Evaluate and create

5. SIS A student is presented with two slides with different cells on each. The teacher asks the student
to identify which cell is the bacterium and which cell belongs to the plant. They have access to a light
microscope and the images are seen here.

a. Which feature could be used to identify the different cells?
b. Which cell do you think is the plant cell? Explain why you reached this conclusion.
c. What data should be collected to support your conclusion in for b) above?

6. SIS To determine the average size of an elephant skin cell, two methods were suggested. These are
outlined below:
Method 1 required ten Asian and ten African elephants to have one skin sample taken and measured to
create an average using a light microscope.
Method 2 required one Asian and one African elephant to have ten skin samples taken and all of
these were used to create the average. These would be measured using a range of light and electron
microscopes.
a. In a table like the one provided, compare and contrast these two methods in terms of accuracy,

reliability, validity, and fairness (fair test).

TABLE Comparison of methods to determine cell size

Method 1 Method 2
Accuracy

Reliability

Validity

Fairness (fair test)

b. Create your own experimental design to determine the effect of elephant type on the average size of
elephant skin cells. Remember to include:
i. What will change?
ii. What will stay the same?
iii. What will be measured?
iv. How will the test be reliable?

Fully worked solutions and sample responses are available in your digital formats.
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3.3 Focusing on a small world

LEARNING INTENTION

At the end of this subtopic you will be able to identify different types of
microscopes, and understand their specific purposes. You will be able to
describe how microscopes work.

Science as a human endeavour

3.3.1 Types of microscopes

light microscopes instrument for
viewing very small objects. A light
microscope can magnify things
up to 1500 times

electron microscopes
instrument for viewing very small
objects. An electron microscope
is much more powerful than a
light microscope and can magnify
things up to a million times

The two main types of microscopes are light microscopes and electron
microscopes. Light microscopes use light rays whereas electron microscopes
use small particles called electrons to illuminate the specimen being viewed.

Electron microscopes

FIGURE 3.7 This electron micrograph
shows examples of diatoms, which belong
to a group of photosynthetic, single-celled
algae.

Transmission electron microscopes (TEM) show the internal
structures of cells whereas scanning electron microscopes
(SEM) show images of the surface features of the specimen.
New electron microscope technologies are being developed,
such as superfast electron microscopy, which enables scientists
to capture the movement of electrons, and a variety of three-
dimensional microscopes that have exciting research and
medical applications.

Light microscopes

monocular microscope
a microscope with a single
eyepiece through which the
specimen is seen using only one
eye

binocular microscope a
microscope with two eyepieces
through which the specimen is
seen using both eyes

stereo microscope a type of
binocular microscope through
which the detail of larger
specimens can be observed

You may have light microscopes at your school. These may
be either a monocular microscope (using one eye) or
binocular microscope (using two eyes). It is important that
the specimen you observe is very thin, so that the light can
pass through it. However, one type of binocular microscope, a
stereo microscope, allows you to see the detail of much larger
specimens. Stereo microscopes can be used to observe various
objects including living organisms or parts of them.

FIGURE 3.8 What’s in your water? These images show zooplankton viewed through a scanning electron
microscope. a. Chaetognath b. Daphnia c. A rotifer

(a) (b) (c)
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FIGURE 3.9 Scanning electron microscope
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FIGURE 3.10 Stereo light microscope
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SwitchStage

Lens

Tube

Light

Comparing microscopes

TABLE 3.2 Some comparisons between light microscopes and electron microscopes

Type of
microscope

Magnification
(how many
times bigger)

Resolution (how
much detail can
be seen)

Advantage(s) Disadvantage(s)
Examples of
detail that can
be seen

Light
microscope

Up to × 2000 Up to about 500
times better than
the human eye

Samples
prepared quickly;
coloured stains
can be used;
living cells can
be viewed

Limited visible
detail

Shapes of cells;
some structures
inside cells,
e.g. nucleus and
chloroplasts

Electron
microscope

Up to ×
2 000 000

Up to about
5 million times
better than the
human eye

High
magnification
and resolution

Only dead
sections can be
viewed; specimen
preparation is
difficult; very
expensive

All parts of cells;
viruses

3.3.2 Award-winning images
Microscopes are used not just to observe images of organisms, but also in many other areas of science. Some
microscope images win awards recognising not just expertise but also creativity. For example, the Nikon Small
World Photomicrography Competition invites photographers and scientists to submit images of all things visible
under a microscope. The figures shown examples of some of the 2019 winner and honourable mentions.
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FIGURE 3.11 Turtle embryo imaged with
fluorescence and stereo microscopy

FIGURE 3.12 Small white-hair spider

FIGURE 3.13 Alligator embryo developing nerves
and skeleton

FIGURE 3.14 The heart of a geranium dissectum

3.3.3 Magnification

magnification the number of
times the image of an object
has been enlarged using a lens
or lens system. For example, a
magnification of two means the
object has been enlarged to twice
its actual size

The two lenses that determine the magnification of your microscope are the eyepiece lens and the objective
lens. Each lens has a number on it that signifies its magnification. Multiplying the eyepiece number by the
objective lens number will give you the magnification of the microscope. For example:

• eyepiece lens (ocular) magnification is ×10
• objective lenses magnification is ×40
• the total magnification of the microscope is = ×400.
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FIGURE 3.15 The monocular light
microscope
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FIGURE 3.16 As the field of view gets smaller, the
magnification gets larger.

Field of view 4 mm

(4000 µm)

Magnification x40

Field of view 1.6 mm

(1600 µm)

Magnification x100

Field of view 0.4 mm

(400 µm)

Magnification x400

int-3390

int-5702

Important points to remember when using a microscope 

1. When lifting the microscope, put one hand on the body of the microscope and one hand under its
base.

2. The microscope should be used on a flat surface and not too close to the edge.
3. Take care that the light intensity is not too high, or it might damage your eye.
4. When you have finished using the microscope, return the shortest objective lens into position.
5. Remove the slide, and ensure that the stage is clean.
6. Make sure that when your microscope is not in use, it is always clean and carefully put away.

Using a microscope 

1. Adjust your mirror so the appropriate amount of light
passes through the hole in the stage.

2. Place the glass microscope slide (with a single hair
specimen on top) onto the stage.

3. While watching from the side, use the coarse focus
knob to adjust the objective lens or stage, until they
are just apart, or just above the slide. Moving it too
close may shatter the slide.

4. While looking through the eyepiece lens, carefully
turn the coarse focus knob, moving the stage and
objective lens apart, until the specimen is seen clearly.

5. Carefully use the fine focus knob so that you can see
the details of your specimen as clearly as possible.
Each time you change the objective lens, adjust only
with the fine focus knob.

6. Sketch what you see.
7. Suggest by how many times your specimen has been

magnified.

FIGURE 3.17 How to focus your microscope —
and how not to!
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INVESTIGATION 3.1
elog-0390

Getting into focus with an ‘e’

Aim

To practise focusing a monocular light microscope

Materials

• 1 cm square piece of newsprint containing the letter ‘e’
• monocular light microscope
• microscope slide
• clear sticky tape
• 1 cm square piece of a coloured magazine or newspaper picture
• hair strands (from different individuals)
• spatula
• selection of white powders and crystals (e.g. flour, salt, sugar, baking soda)
• different brands or types of spices and leaf tea
• fibres (e.g. cotton, linen, silk, wool, nylon)

Method

1. Carefully stick the 1 cm square of newsprint onto a clean microscope slide using sticky tape.
2. Using the microscope directions, get the paper into focus using the coarse focus knob and the lowest

power objective lens (smallest magnification).
3. Carefully move the slide until you have a letter ‘e’ in focus.
4. Change to a higher level of magnification by rotating to a higher power objective lens.
5. Draw a sketch of what you see under x100 or x400 magnification in the results section. Remember

not to shade the image, outline only.
6. Record how many e’s would fit across the field of view. Use this to estimate the size of the ‘e’ by

dividing the size of the field of view by the number of e’s that would fit across the field of view.
7. Move the slide towards you. Record which direction the ‘e’ moves.
8. Move the slide to the left. Record which direction the ‘e’ moves.
9. Using sticky tape, stick a selection of sample specimens onto microscope slides.

10. Repeat steps 2–6 for each specimen.

Results

1. In which direction did the paper under the microscope move when you moved the slide (a) towards you
and (b) to the left?

2. What does the letter ‘e’ look like under the microscope? Draw a pencil sketch of what you see.
3. Record the magnification that you use and estimate how much of the viewed area is covered by the

letter ‘e’ at this magnification.
4. View your taped specimens using low power under the microscope and record your observations.

Include detailed descriptions, the magnification used and an estimate of size next to your diagrams.

Discussion

1. Did changing the magnification change the amount of detail you could see on the ‘e’ and the
specimens?

2. What occurred when the slide was moved (a) towards you and (b) to the left? Can you suggest a
reason for this? (Hint: Look at how a light microscope works.)

3. Suggest what the letters ‘P’ and ‘R’ would look like under the microscope.
4. Summarise your microscopic observations of the sample specimens. Identify ways in which they were

similar and ways in which they were different.
5. Propose a research question that you could explore using a light microscope, and describe how you

could investigate it.

Conclusion

On the basis of your experience, suggest advantages and disadvantages associated with light microscopes.
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Resourceseses
Resources

eWorkbook In focus (ewbk-4055)

Additional automatically marked questions

3.3 Exercise

To answer questions online and to receive immediate feedback and sample responses for every question, go to
your learnON title at www.jacplus.com.au.

Select your pathway

LEVEL 1:
Questions
1, 2, 3, 10, 12, 13

LEVEL 2:
Questions
4, 7, 8, 9, 14

LEVEL 3:
Questions
5, 6, 11, 15

Remember and understand

1. Identify whether the following statements are true or false. Justify any false responses.

Statement True or False
a. A light microscope can produce a greater magnification than an electron

microscope.

b. Only dead sections can be viewed on an electron microscope.

c. Viruses can be viewed on a light microscope.

d. Resolution refers to how many times bigger a specimen is, whereas
magnification refers to how much detail you can see.

e. More detail can be seen in thicker specimens when using a monocular
light microscope.

2. Suggest why it is important not to have the light intensity setting too high on a light microscope.
3. Explain the importance of watching from the side of the microscope while using the coarse focus knob.
4. As the field of view of your microscope gets smaller, what happens to the magnification?
5. When you are looking down the microscope, what happens when you move the microscope slide

a. to the left
b. to the right

c. towards you
d. away from you?

Apply and analyse 

6. Use figure 3.16 to answer the following questions. (Note: 1000 µm = 1 mm)
a. Estimate the length of the specimen shown in the diagram at ×40, ×100 and ×400 magnification.
b. Describe the differences in your observations of the three different magnifications.

7. Create Venn diagrams to distinguish between:
a. a monocular microscope and a stereo microscope
b. a light microscope and an electron microscope
c. a transmission electron microscope and a scanning electron microscope
d. resolution and magnification
e. field of view and magnification.

8. If a specimen is 1 mm in length, how big will it appear if it is magnified ×100?
9. If a specimen takes up the entire field of view at ×100, how much of it will be seen at ×400?

10. a. Sketch a line diagram or take a photo of your microscope and label as many of its parts as you can,
using figure 3.15.

b. Compare your labelled microscope figure with figure 3.15.
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11. Copy and complete the table provided.

Ocular lens (eyepiece) Objective lens Magnification

×5 ×5 ×25
×5 ×10

×10 ×100
×40 ×400

12. Match the part of the microscope with its function.

Part Function
a. Objective lens A. Where the slide is placed

b. Slide B. Thin piece of glass where the specimen is placed

c. Stage clip slide C. Magnifies the image

d. Iris adjustment D. Allows large adjustments to the distance between the stage and
objective lens, which helps bring images into focus

e. Coarse focus knob E. Adjusts the amount of light reaching the eyepiece

f. Stage F. Allows small adjustments to the distance between the stage and the
objective lens, which helps bring the image into closer focus

g. Fine focus knob G. Holds the slide in place

Evaluate and create

13. Design and make a poster that shows either how a microscope should be used or what happens when
you use it the wrong way.

14. SIS This graph shows how the field of view changes with magnification under a light microscope.
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a. This graph is missing a title. How would you title this graph?
b. Some light microscopes have an additional objective lens called an oil immersion lens. This can

magnify x100.
i. Assuming the eyepiece is x10, what would the total magnification be if you were using this lens?
ii. Use the graph to determine how big the field of view would be.

c. The oil immersion lens increases resolution. What does the term resolution mean?
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15. SIS Determine which of the following plant cell images, a or b, is taken with a light microscope
and which is taken with an electron microscope. Use evidence from the images to support your
conclusion.

(a) (b)

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

3.4 Form and function — Cell make-up

LEARNING INTENTION

At the end of this subtopic you will recognise that some organisms consist of a single cell. You will also identify
structures within cells and describe their function.

3.4.1 Similar, but different unicellular made up of only one
cell

multicellular made up of many
cells

organelles any specialised
structure in a cell that performs
a specific function

Cells are the building blocks that make up all living things. Organisms may be made
up of one cell (unicellular) or many cells ( multicellular). These cells contain small
structures called organelles that have particular jobs within the cell and function
together to keep the organism alive.

FIGURE 3.18 The most commonly used unit is the
micrometre (μm).
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Plant cell

1
0
0
 μ

m

Cells can be categorised on the basis of the
presence and absence of particular organelles and
other structural differences. Organisms can be
classified by the different types of cells they are
made up of.

 How big is small?
The size of cells may vary between organisms and
within a multicellular organism. Most cells are too
small to be seen without a microscope. Cells need
to be very small because they have to be able to
quickly take in substances they need and remove
wastes and other substances. The bigger a cell is,
the longer this process would take.
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micrometre one millionth of a
metre

Very small units of measurement are used to describe the size of cells. The most commonly used unit is the
micrometre (µm). One micrometre equals one millionth (1/1 000 000) of a metre or one thousandth (1/1000)
of a millimetre. Check out your ruler to get an idea of how small this is! Most cells are in the range of 1 µm
(bacteria) to 100 µm (plant cells).

nanometre one billionth of a
metre

Advances in technology are creating an increased need for the use of the nanometre (nm) as a unit. One
nanometre equals 1 billionth (1/1 000 000 000) of a metre. Investigating the organelles within cells and the
molecules they react with requires this level of measurement.

nanotechnology a science
and technology that focuses
on manipulating the structure
of matter at an atomic and
molecular level

Nanotechnology is a rapidly developing field that includes studying and investigating cells at this ‘nano level’.
While it requires lots of creative, exciting and futuristic ‘what if’ thinking, it also involves an understanding of
the basics of information and ideas that are currently known.

3.4.2 Have it or not?

prokaryotes any cells or
organisms without a membrane-
bound nucleus (e.g. bacteria)

Prokaryotes such as bacteria were the first type of organism to appear on Earth. The key difference between
prokaryotes and all other kingdoms is that members of this group do not contain a nucleus or other membrane-
bound organelles. The word prokaryote comes from the Greek terms pro, meaning ‘before’, and karyon,
meaning ‘nut, kernel or fruit stone’, referring to the cell nucleus.

FIGURE 3.19 Prokaryotes and eukaryotes

Eukaryotae

All organisms

No membrane-

bound organelles

Membrane-

bound organelles

Prokaryotae

eukaryote any cells or organisms
with a membrane-bound nucleus
(e.g. plants, animals, fungi and
protists)

Eukaryotic organisms made up of eukaryotic cells appeared on Earth billions of years later. As eu is the
Greek term meaning ‘good’, eukaryote can be translated as ‘true nucleus’. Members of the kingdoms
Animalia, Plantae, Fungi and Protoctista are eukaryotes and are made up of cells containing a nucleus and other
membrane-bound organelles.

FIGURE 3.20 Eukaryotic cells a. contain a nucleus and membrane-bound organelles, whereas prokaryotic cells
b. do not.

(a) Eukaryotic cell

Mitochondrion

Ribosomes

Golgi body

Chloroplast

Nucleus

Cytosol

Endoplasmic

reticulum

(b) Prokaryotic cell

Nucleoid

Cell wall

Ribosomes

Cytoplasmic membrane

Cytosol

Plasmid
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3.4.3 What do we share?

cell membrane the structure
that encloses the contents of a
cell and allows the movement of
some materials in and out

cytosol the fluid found inside
cells

ribosomes small structures within
a cell in which proteins such as
enzymes are made

cytoplasm the jelly-like material
inside a cell. It contains many
organelles such as the nucleus
and vacuoles

metabolism the chemical
reactions occurring within
an organism that enable the
organism to use energy and grow
and repair cells

What most cells have in common is that they are made up of a cell membrane containing a fluid called cytosol
and small structures called ribosomes. The collective term used to describe the cytosol and all the organelles
suspended within it is cytoplasm. The hundreds of chemical reactions essential for life that occur within the
cytoplasm are referred to as the cell’s metabolism. The ribosomes are where proteins such as enzymes, which
regulate the many chemical reactions important to life, are made. The cell membrane regulates the movement of
substances into and out of the cell. This enables the delivery of nutrients and substances essential for reactions,
and the removal of wastes.

FIGURE 3.21 Different sizes
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Resourceseses
Resources

Video eLesson Inside cells (eles-0054)

3.4.4 Five Kingdoms?
Animalia the kingdom of
organisms that have cells with
a membrane-bound nucleus,
but no cell wall, large vacuole or
chloroplasts (e.g. Animalia)

Plantae the kingdom of
organisms that have cells with
a membrane-bound nucleus,
cell wall, large vacuole and
chloroplasts (e.g. plants)

Fungi the kingdom of organisms
made up of cells that possess a
membrane-bound nucleus and
cell wall, but no chloroplasts (e.g.
mushrooms). Some fungi can help
to decompose dead and decaying
matter.

Protoctista the kingdom of
organisms made up of cells that
possess a membrane-bound
nucleus but vary in other features
and do not fit into other groups
(e.g. protozoans). Also called
Protista

Prokaryotae the kingdom of
unicellular organisms made up
of a single cell that does not
possess a membrane-bound
nucleus or other membrane-
bound organelles (e.g. bacteria).
Also called Monera

Living things can be divided into five kingdoms — Animalia (animals), Plantae
(plants), Fungi (for example, mushrooms), Protoctista (also called Protista) and
Prokaryotae (also called Monera). While this system provides an opportunity
to classify organisms into these groups (figure 3.23), information from currently
developing technologies means that it will not be long until a new extended
classification system evolves.

FIGURE 3.22 The five kingdoms of living things
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FIGURE 3.23 A key characteristic used to classify organisms into kingdoms is the structure of their cells.

Eukaryotae

All organisms

No membrane-

bound organelles

Membrane-

bound organelles

Has no cell wall Has a cell wall

Doesn’t fit

anywhere else
Multicellular

Prokaryotae

Bacterium

Protoctista

Animalia Cell wall made of

cellulose

Cell wall made of

chitin

Plantae Fungi

WHAT DOES IT MEAN?

The prefix uni- comes from the Latin term meaning ‘one’. The prefix multi- comes from the Latin term
meaning ‘many’.

3.4.5 All on my own

binary fission reproduction
by the division of an organism
(usually a single cell) into two new
organisms

Unicellular organisms such as bacteria and some protists such as Amoeba, Euglena and Paramecium need to
carry out all the required processes themselves. They even reproduce themselves by dividing into two. This
process is called binary fission.

To live long enough to reproduce, unicellular organisms need to be able to
function on their own. They need to obtain their nutrients and remove their
wastes. The solution to this requirement has resulted in the wonderful diversity
of unicellular organisms that are alive on Earth today or have lived in our
planet’s history.
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FIGURE 3.24 Unicellular organisms

Nucleus

Vacuole containing water

Ingested food

(inside a food vacuole)

Food

(a unicellular

organism called

a desmid)

The food is digested inside the 

food vacuole. Nutrients diffuse 

out of the food vacuole into the 

cytosol of the amoeba.

3.4.6 Specialist workers
cellulose a natural substance

that keeps the cell wall of

plants rigid

cell sap the mixture inside

a plant's vacuoles

Multicellular organisms are made up of many different types of cells that have
different jobs to do. Each of these different types of cells has a particular
structure so that it is able to do the job it is specialised for. This may include
the presence and number of particular organelles or additional external
structures to assist with movement (such as flagella or cilia).

int-3393
FIGURE 3.25 Different types of cells have particular structures enabling specialised tasks.

Plant cell Animal cell

Vacuole

The vacuole is an organelle used to store water and 

dissolved substances. Vacuoles can look empty, like 

an air bubble. Plant cells usually have one large 

vacuole. The mixture inside a plant’s vacuoles is 

called cell sap. The red, blue and violet colours that 

you often see in plant leaves and flowers are due to 

the substances stored in vacuoles. Most animal cells 

don’t have vacuoles.

Cell membrane

The thin layer that encloses the cytosol is the cell 

membrane. It keeps the cell together and gives it 

its shape. Some substances, such as water and 

oxygen, can pass through the cell membrane, but 

other substances cannot. The cell membrane 

controls what enters and leaves the cell.

Nucleus

The nucleus is the control centre of the cell. It 

contains DNA in the form of chromosomes and 

controls what the cell does and when.

Cytosol

The jelly-like substance inside cells is the cytosol. It contains 

many important substances, such as glucose, that are 

needed for chemical reactions that occur inside cells.

Chloroplasts

Chloroplasts are the oval-shaped 

organelles found only in plant cells. 

Chloroplasts contain a green 

substance called chlorophyll. 

Chloroplasts use energy from the 

sun to make food. Not all plant 

cells contain chloroplasts. They are 

found only in leaf and stem cells.

Cell wall

The tough covering around plant 

cells is the cell wall. It gives plant 

cells strength and holds them in 

shape. Plant cell walls are made 

of a substance called cellulose. 

Water and dissolved substances 

can pass through the cell wall. 

Animal cells do not have

a cell wall.
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Microfactories

mitochondria small rod-shaped
organelles that are involved in the
process of cellular respiration that
results in the conversion of energy
into a form that the cells can use
Singular = mitochondrion

chloroplasts oval-shaped
organelles that are involved in
the process of photosynthesis
that results in the conversion of
light energy into chemical energy

cellular respiration a series of
chemical reactions in which the
chemical energy in molecules
such as glucose is transferred into
ATP molecules, which is a form of
energy that the cells can use

photosynthesis a series of
chemical reactions that occur
within chloroplasts in which the
light energy is converted into
chemical energy. The process
also requires carbon dioxide and
water, and produces oxygen,
water and sugars — which the
plant can use as ‘food’.

chlorophyll the green-coloured
chemical in plants that absorbs
light energy so that it can be used
in the process of photosynthesis

Mitochondria and chloroplasts are examples of membrane-bound organelles found in eukaryotic cells. While
all eukaryotic cells contain mitochondria, because they are all involved in cellular respiration, only those
involved in photosynthesis (such as those in plant leaves) contain chloroplasts. Chloroplasts contain the green
pigment chlorophyll. This pigment is used to trap light energy so that it can be
converted into chemical energy and used by the cells.

EXTENSION: The endosymbiotic theory

There is a theory called the endosymbiotic theory that suggests that mitochondria
and chloroplasts were once prokaryotic organisms. This theory suggests that, at
some time in the past, these organisms were engulfed by another cell and over
time they evolved to depend on each other.

FIGURE 3.26 The origin of the eukaryotic cell? Some scientists also suggest
that our nucleus may have come from a giant viral ancestor.

3.4.7 Some differences in the basic cell design in the five kingdoms

TABLE 3.4 Differences in the basic cell design in the five kingdoms

Kingdom

Characteristic Animalia
(animals:
e.g. lizards,
fish, spiders,
earthworms,
sponges)

Fungi
(e.g. yeasts,
moulds,
mushrooms,
toadstools)

Plantae
(plants: e.g.
ferns, mosses,
conifers,
flowering plants)

Protoctista
(e.g. algae,
protozoans)

Prokaryotae
(bacteria and
cyanobacteria)

Number of cells Multicellular Usually
multicellular
but some
unicellular

Most
multicellular

Unicellular or
multicellular

Unicellular

Nucleus Present Present Present Present Absent

Cell wall Absent Present Present Present in some Present

Large vacuole Absent Absent Present Present in some Absent

Chloroplasts Absent Absent Present in leaf
and stem cells

Present in some Absent (but
chlorophyll may
be present in some)

TOPIC 3 Cells — the basic units of life 77

UNCORRECTED PAGE PROOFS

UNCORRECTED PAGE PROOFS



“c03CellsAreTheBasicUnitsOfLife_PrintPDF” — 2020/8/3 — 20:00 — page 78 — #23

Resourceseses
Resources

Additional automatically marked questions

3.4 Exercise

To answer questions online and to receive immediate feedback and sample responses for every question, go to
your learnON title at www.jacplus.com.au.

Select your pathway

LEVEL 1:
Questions
1, 4, 7, 12

LEVEL 2:
Questions
2, 3, 6, 10

LEVEL 3:
Questions
5, 8, 9, 11

Remember and understand

1. State why the nucleus is important to the cell.
2. Identify where enzymes are made in a cell and state why they are important.
3. SIS Emily is trying to determine if increasing the temperature of an enzyme will increase the reaction

rate. She uses an enzyme that breaks down the starch in potato into sugar. She sets up three beakers.
The first has 10 g potato in 200 mL water at 20 oC (room temperature). The second beaker has 10 g
potato in 200 mL water and 5 g of the enzyme at 20 oC. The third beaker has 10 g potato in 200 mL
water and 5 g of the enzyme heated to 30 oC. She measures the amount of glucose at the end of
10 minutes.
a. Identify the independent and dependent variables.
b. Is a control used in this experiment? If so, which beaker is it?
c. Is this experiment a fair test? Provide an explanation for your decision using the definition of fair test.

Apply and analyse

Use table 3.4 to answer the following questions.
4. Complete the table by identifying which kingdoms relate to

these characteristics.

Characteristics Kingdom

Not have a cell wall, large vacuole or
chloroplasts

Have a cell wall, large vacuole and
chloroplasts

Have a cell wall, but no large vacuole or
chloroplasts

Have a cell wall and a nucleus without a
membrane around it

5. List two examples of each of the five kingdoms.

Evaluate and create

6. SIS Review the image given, and answer these questions.
a. What features can you identify in the cell?
b. Hypothesise which kingdom this cell belongs to.
c. Can a hypothesis be incorrect?
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7. Make a labelled model of a cell from one of the kingdoms. Use materials available at home, such as
drink bottles, egg cartons, cottonwool, wool, cotton or dry foods.

8. SIS Algae have many different forms. Broadly they can be broken into three groups:
• green algae
• brown algae
• red algae.

Green algae are a group of 9000 to 12 000 species. They all have a central vacuole and
chloroplasts, and some forms have flagella making them motile (able to move). They can be
unicellular, form colonies or be multicellular.

a. Desmid — a unicellular green algae, b. Volvox — colony formed of unicellular algae, c. Sea lettuce — a
multicellular green algae

(a) (c)(b)

Brown algae are a large group of
multicellular algae including many
seaweeds. They have chloroplasts
surrounded by four membranes
(compared to the usual two). Some
also possess flagella.

Red algae are a group of
approximately 7000 species that
have a lifecycle much like that of a
fungus. They have no flagella and so
they are non-motile. They are mainly
multicellular but there are some
that are unicellular. They contain
chloroplasts.

All algae have cell walls that
contain cellulose.

Harpoon weed red algae (Asparagopsis armata)
underwater in the Mediterranean Sea, Spain

There is much discussion over which kingdom the algae should belong and whether or not
the three divisions should be grouped together.

Which kingdom do you think the algae should belong? Justify your response using evidence
from the above text.

9. SIS What does the endosymbiotic theory suggest? Formulate questions to ask about it. Research
and report on your questions.

10. SIS Research and report on:
a. examples of prokaryotic cells and interesting survival strategies
b. mitochondrial DNA and haplogroups.

11. SIS Research two of the organelles or cells listed. Create a play and construct puppet models for
your characters. Present your play to the class.
• Nucleus
• Mitochondrion
• Chloroplast
• Prokaryotic cell
• Protoctistan cell
• Animal cell
• Plant cell
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12. Investigate the different types of cells and create your own picture book about them using the
following steps.
a. Construct a matrix table (see section 10.9 Matrixes and Venn diagrams) to show the differences

between the cells of the different kingdoms.
b. Construct a storyboard for a picture book about them.
c. Create the picture book.

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

3.5 Zooming in on life

LEARNING INTENTION

At the end of this subtopic you will understand how to prepare a specimen for viewing, including the use of dyes
to highlight specific cell features. You will also be able to record images using scientific drawing techniques.

3.5.1 Sketching what you see under the microscope

Some points to remember
1. Use a sharp pencil.
2. Draw only the lines that you see (no shading or colouring).
3. Your diagrams should take up about a third to half a page

each.
4. Record the magnification next to each diagram.
5. State the name of the specimen and the date of observation.
6. A written description is also often of considerable value.
7. When you are viewing many cells at one time, it is often

useful to select and draw only two or three representative cells
for each observation.

FIGURE 3.27 An example of a sketch of a
microscope specimen

3.5.2 Preparing a specimen
Light microscopes function by allowing light to pass through the
specimen to reach your eye. If the specimen is too thick, the object
cannot be seen as clearly or may not be seen at all.

Careful peeling, scraping, slicing or squashing techniques can be
used to obtain thin specimens of the object to be studied.

Staining a specimen
Many objects are colourless when viewed under the microscope, so specimens are often stained to make them
easier to see. Methylene blue, iodine and eosin are some examples of commonly used stains.

Each stain reacts with different chemicals in the specimen. For example, iodine stains starch a blue-black colour.

Take care when using these stains, because they can stain you as well!
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INVESTIGATION 3.2
elog-0391

Preparing a wet mount

Aim

To prepare a wet mount and observe micro-organisms on a microscope slide

Materials

• light microscope
• coverslips
• pipette
• toothpick
• pond water

• microscope slides (well slides work best for
this)

• culture of living microscopic organisms:
paramecium, amoeba, rotifers, euglena

Method

1. Use the pipette to put a drop of pond water or microbe culture on a clean microscope slide.

2. Gently place a coverslip over the drop of water by putting one edge down first. Use a toothpick as
shown.

3. Incorrect placement of the coverslip can result in air bubbles.
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4. Use a microscope to observe the slide.

Air bubbles

Air bubbleNucleus

Cell

5. Once you have recorded your results, remove the coverslip, rinse and dry the slide, and then prepare a
new slide specimen and repeat the steps above.

Results

Draw detailed sketches of what you see. Remember to include a title, the magnifications used and as many
comments as you can.

Discussion

1. Construct a matrix to show the similarities and differences between the specimens.
2. Suggest reasons for these differences.
3. Use resources on the internet to identify your specimens.
4. Which kingdoms do you think each specimen may belong to? Provide reasons for your classification.
5. Identify two structures you observed in the investigation and find out more about their function (that is,

what their ‘job’ is).
6. You have been observing living specimens. Identify advantages and disadvantages of using living

rather than dead specimens or prepared slides.

Conclusion

Write a conclusion for this investigation.

INVESTIGATION 3.3
elog-0392

Preparing stained wet mounts

Aim:

To prepare, stain and observe a specimen on a microscope slide

Materials

• light microscope
• pipette
• blotting paper
• toothpick

• forceps or tweezers scalpel
• microscope slides and coverslips
• water, methylene blue, iodine
• onion, ripe and unripe banana, celery stick

CAUTION

The scalpel has a very sharp blade. Handle it with care.
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Method

1. Use the pipette to put a drop of water on a clean microscope slide.

2. Use a scalpel and forceps to peel a small piece of the very thin, almost transparent onion skin from the
inside surface of an onion. You may also be able to snap the piece of onion and peel a thin layer of skin
off.

3. Use the forceps to put the thin piece of the onion skin into the drop of water on the microscope slide.
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4. Gently place a coverslip over the drop of water containing the onion skin by putting one edge down
first. Use a toothpick as in investigation 3.2 to avoid air bubbles. Use blotting paper to soak up any
excess water outside the coverslip.

5. Use a microscope to observe the slide; first use low power and then increase the magnification.
6. Prepare another slide of onion skin, except this time add a drop of methylene blue instead of water to

the slide. Make sure that you carefully blot excess stain from the slide after you add the coverslip.
7. Observe this stained onion specimen; first use low power, then view at a higher magnification.

Once you have recorded your results:
8. Remove the coverslip, and rinse and dry the slide.
9. Use the steps outlined on the previous page to prepare the following slides:

• celery epidermis (outer layer of the celery stem) with and without methylene blue stain
• squashed ripe and unripe banana with and without iodine.

Results

Draw detailed sketches of what you see. Remember to include a title, the magnifications used and as many
comments as you can. Label any parts that you can identify.

Discussion

1. Compare the cells of the stained onion epidermis and the celery epidermis. Identify their similarities
and differences. Suggest reasons for the differences.

2. Compare the cells of the stained ripe and unripe banana. Identify their similarities and their differences.
Suggest reasons for the differences.
Methylene blue is used to stain the nucleus so that it is easier to see. Iodine changes from
yellow-brown to a dark blue when it combines with starch.

3. Why stains are used. Include reasons for using methylene blue and iodine that relate to your
observations in this investigation.

4. Investigate the functions of the structures observed in your stained specimens. Suggest how features
of these structures assist their function.

Conclusion

1. Identify strengths, limitations and improvements related to this investigation.
2. Watch the Inside cells animation in your Resources section to learn about cells and organelles.

Resourceseses
Resources

eWorkbook Preparing a stained wet mount (ewbk-2985)

Additional automatically marked questions
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3.5 Exercise

To answer questions online and to receive immediate feedback and sample responses for every question, go to
your learnON title at www.jacplus.com.au.

Select your pathway

LEVEL 1:
Question
1

LEVEL 2:
Questions
2, 3

LEVEL 3:
Question
4

Remember and understand

1. a. Carefully observe the image of plant
cells given and construct a sketch of
one of the cells.

b. Use references to suggest labels for
the structures shown in your sketch.

Apply and analyse 

2. SIS Carefully observe the student sketches shown. For each diagram, list what is wrong with it and
suggest how it could be improved.

x40

(a) (b) (c)

Cell membrane

Cytoplasm

Nucleus

x10

Evaluate and create

3. SIS Design a poster that shows others how to prepare a variety of specimens to be viewed under a
microscope.
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4. SIS Methylene blue has the following warnings symbols on the Safety Data Sheet that need to be
considered when it is used.

a. What do these symbols mean?
b. What precautions should be taken when using methylene blue?

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

3.6 Focus on animal cells
LEARNING INTENTION

At the end of this subtopic you will be able to describe how cell shape and size (form) enables the functions of
animal cells.

3.6.1 In all shapes and sizes
Cells within an organism may differ in their shape and size. This difference may be due to the particular jobs
or functions that the cells carry out within the organism. The human body is made up of more than 20 different
types of cells, with each type suited to a particular function.

Nerve cells develop long, thin fibres that quickly carry messages from one cell to another. Cells lining the
trachea have hair-like cilia that move fluid and dust particles out of the lungs. Muscle cells contain fibres that
contract and relax, and the human sperm cell has a tail or flagellum that helps it swim to the egg cell.

Cells can also differ in the organelles that they contain within them. Muscle cells, for example, contain many
more mitochondria than other types of cells due to their high energy requirements. Red bloods cells also differ
from many other types of cells because, as they mature, they lose their nucleus. This makes more room available
for them to carry more oxygen throughout your body.

EXTENSION: Facts about human cells

Did you know these facts about human cells?
• Hair and nails are made of dead cells, and because they

are not fed by blood or nerves you can cut them without it
hurting.

• A human baby grows from one cell to 2000 million cells in
just nine months.

• Red blood cells live for one to four months and each cell
travels around your body up to 172 000 times.

• Some of the nerve cells in the human body can be one
metre long. But that’s small compared with the nerve cells
in a giraffe’s neck. They are two to three metres long!
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FIGURE 3.28 The human body is made up of more than 20 different types of cells, with each type suited to a
particular function.

Muscle cells
Muscle cells are long 
and elastic. Long 
thin cells can slide 
further over each 
other to allow you 
to move. There are 
different types of 

muscle cells. The walls of your blood vessels 
and parts of your digestive system have 

‘smooth muscle’ cells. The muscles that are

joined to your bones are called ‘skeletal

muscles’. Skeletal muscles work in pairs —

one muscle contracts (shortens) and pulls

the bone in one direction while the other

muscle relaxes.

Red blood cells
Red blood cells carry 

through blood vessels. The 
nucleus in a red blood cell dies soon after the cell 
is made. Without a nucleus, red blood cells live for 
only a few weeks. The body keeps making new blood 
cells to replace those that have died. Red blood cells 

cells per minute! This is why most people can donate 
some of their blood to the Red Cross without harm. 
White blood cells, which are larger than red blood 
cells, are also made in the bone marrow. Their job 
is to rid the body of disease-causing organisms and 
foreign material.

Bone cells
Minerals such as 
calcium surround your 

hard and strong. Bone cells need to be hard so 
that they can keep you upright.

Nerve cells
Nerve cells are very long 
and have a star shape at 
one end. The long shape 
of nerve cells helps them 
detect and send electrical 
messages through the 
body at the speed of a 
Formula 1 racing car. 
There are nerve cells all 

over your body. They allow you to detect touch, smell, taste, 
sound, light and pain.

Lung epithelial cells
The cells that line your nose, 
windpipe and lungs are a type 
of lining cell. They have hair-like 
tips called cilia. These cells help 
protect you by stopping dust 

your windpipe. The cilia can 
also move these substances away from your lungs. You remove 
some of these unwanted substances whenever you sneeze, 
cough or blow your nose.

Adipose tissue cells
Some cells store fat. Fat stores 
a lot of energy for cells to use 
later. Round shapes are good for 
holding a lot of material in a small 

space. Fat cells are mostly found underneath your 
skin, especially in the chest, waist and buttocks.

Skin cells
Special cells 
line the outside 
surfaces of your 
body. These are 

the cells that form your skin. These cells have 

protect your body.

Sperm cells
Sperm cells have long tails 
that help them swim towards 
egg cells. Only males have 
sperm cells.

Egg cells
Egg cells are some 
of the largest cells 
in a human body. 
Their large round 
shape helps them 
store plenty of food. 
Only females have 
egg cells. When a 

sperm cell moves into an egg cell, the egg cell is 
fertilised.
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INVESTIGATION 3.4
elog-0393

Animal cells — what’s the difference?

Aim

To observe the features of different types of animal cells

Materials

• light microscope
• prepared animal slides: blood cells, muscle cells, cheek cells, nerve cells

Method

Use a microscope to observe the prepared slides.

Results

Record detailed diagrams of your observations. Next to your diagrams, include details of the (a) source of the
specimen, (b) type of specimen, (c) magnification used and (d) a detailed description of the specimen.

Discussion

1. Were all of the animal cells you observed the same size? Explain.
2. Did all of the cells observed contain a nucleus? Explain.
3. Identify features that all of the observed animal cells shared.
4. Identify differences between the features of the cells observed.
5. Suggest reasons for the differences between the cells.
6. Compare your cells with those in figure 3.32.

a. Do your sketched diagrams match the structures shown in the figure? Explain.
b. Read through the text related to the functions of the different types of cells. Do these match those

you suggested in question 5? Explain.

Conclusion

Suggest how the shape or size of a cell may assist it in doing its job.

3.6 Exercise

To answer questions online and to receive immediate feedback and sample responses for every question, go to
your learnON title at www.jacplus.com.au.

Select your pathway 

LEVEL 1:
Questions
1, 2, 3

LEVEL 2:
Questions
4, 5, 7

LEVEL 3:
Questions
6, 8

Remember and understand

1. Match the types of cells with their descriptions.

Type of cell Description

a. Muscle cell A. Has a long tail that helps it to swim towards the egg cell

b. Skin cell B. Long, thin elastic cells that contract and relax

c. Red blood cell C. A flat cell that lines the outside surface of your body

d. Nerve cell D. Very tiny cell that lacks a nucleus when mature and carries oxygen

e. Sperm cell E. Very long cell, star-shaped at one end, detects and sends messages
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2. Identify which features most animal cells have in common. Suggest reasons why.
3. Describe some ways in which cells may differ.
4. Suggest why the cells in a multicellular organism are not all the same. Give examples in your answer.
5. Distinguish between:

a. skin cells and sperm cells
b. red blood cells and nerve cells
c. adipose tissue cells and muscle cells.

Apply and analyse

6. SIS

a. Summarise the information from figure 3.28 into a table with the headings: ‘Type of cell’, ‘Function’,
‘Shape’ and ‘Size’.

b. Using these data, determine the average size of an animal cell.
c. Use a bar graph to plot the sizes of the different types of animal cells.
d. Identify which animal cells are ‘above average’ in size and which are ‘below average’. Suggest

reasons for the differences.
e. Comment on the differences in other features between the cells.

7. Sperm cells have large numbers of
mitochondria. Explain, with reference to the
function of the sperm cell, why this is the
case.

Evaluate and create

8. SIS Using your own research and the
information in figure 3.28, construct a ‘peep
through’ learning wheel that shows the
structure and function of the different types
of animal cells. Instructions for making a
‘peep through’ learning wheel are given at
in figure 3.29.
a. On an A4 piece of white paper or

card draw two circles, one with a ‘tab’
(wheel 2) and one without (wheel 1).

b. Cut out the two rectangular box areas as
shown on wheel 1.

c. Draw in the large and the small rectangles
as shown on wheel 2.

d. Write the animal cell types in the small
boxes on wheel 2. Sketch matching
diagrams of examples of these cell types
in the corresponding large box opposite.

e. Attach the two wheels, with wheel 1 on
top, using a paper fastener.

f. Rotate your wheel to view examples of
types of animal cells.

FIGURE 3.29 How to make a ‘peep through’ learning
wheel

Wheel 1

Wheel 2

Figure A

Label A

Fully worked solutions and sample responses are available in your digital formats.
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3.7 Focus on plant cells

LEARNING INTENTION

At the end of this subtopic you will be able to identify and describe cells that are specialised for function in
plants.

3.7.1 Have or have not
Like animal cells, plant cells have cytoplasm, a membrane and a nucleus. Unlike animal cells, plant cells have
a cellulose cell wall and a large central vacuole filled with cell sap. Often plant cells also contain chloroplasts
in their leaves, which enable them to make their own food in a process called photosynthesis. In this process,
carbon dioxide and water move into the chloroplast, leading to the production of glucose and the release of
oxygen.

FIGURE 3.30 Process of photosynthesis in the leaves of plants

Chloroplasts
Stoma

Chloroplast

Oxygen gas

Carbon dioxide

Nucleus

Cell wall
Cell membrane

Vacuole

Light energy

from the sun

Single leaf cell

Leaf 

cross-section

Water from 

the plant’s 

roots

On the surfaces of leaves, there are pairs of special cells called guard cells, which surround tiny pores called
stomata. The guard cells can change shape, opening or closing the stomata. Special cells on the roots extend into
microscopic hairs that penetrate between soil particles. The hairs provide a large surface area through which
water may be absorbed from the soil.

WHAT DOES IT MEAN?

The word xylem comes from the Greek word xulan, meaning ‘wood’. The word phloem comes from the Greek
word phloos, meaning ‘bark’.
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int-3396
FIGURE 3.31 Some of the types of cells found in plants
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25 µ

Xylem cells

Xylem cells form xylem tubes, which carry water and dissolved 

minerals up the plant and into the leaves. Xylem tubes 

are made up of dead xylem cells joined end to end. When xylem 

cells die, the cell walls at each end of the cells dissolve, forming 

a long straw-like tube. They have thick cell walls with lots of

cellulose to make the xylem tubes strong.

Root hair cells

Root hair cells absorb water and dissolved minerals from 

the soil. They have small hairs, called root hairs, on their 

surface. This increases the surface area of the root cells so 

that they can soak up water more quickly.

Leaf cells (palisade cells)

The main function of 

Epidermal cells

Epidermal cells are found on the outside of the

plant. They form an outer skin for the plant and

protect the cells underneath. This explains why

they need a flat shape and why they interlock

like tiles. Epidermal cells do not usually

photosynthesise so they lack chloroplasts.

Light needs to pass through them, and they are

usually transparent. The cells in the diagram

below are onion epidermal cells.

Guard cells

Guard cells are kidney-shaped cells found on

the surface of leaves. They can change shape

to either open or close the small hole between

them. The small holes, called stomata (or

stomates), allow substances such as carbon

dioxide to enter the leaf. They also let water

out of the leaf. Most plants open their stomata

at night; they close their stomata during the

day (when it is hotter) to conserve water.

leaf palisade cells is to 

photosynthesise, so they are 

packed with chloroplasts and 

are usually green.

65 µ

µm

Phloem cells

Like xylem cells, phloem cells form 

tubes. The tubes formed by phloem 

cells carry the food made in the 

leaves to all parts of the plant. 

Phloem cells do not need to die to 

do this job. The ends of phloem cells 

have holes and look like sieves.

elog-0394

INVESTIGATION 3.5

Plant cells in view

Aim

To observe the features of different types of plant cells

Materials

• light microscope
• prepared plant slides: leaf epidermal cells, root hair cells, stomata/guard cells

Method

Use a microscope to observe the prepared slides.
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Results

Record detailed diagrams of your observations. Next to your diagrams, include details of the (a) source of the
specimen, (b) type of specimen, (c) magnification used and (d) a detailed description of the specimen.

Discussion

1. Were all of the plant cells the same size? Explain.
2. Did all of the cells observed contain a nucleus? Explain.
3. Identify features that all of the observed plant cells shared.
4. Identify differences between the features of the cells.
5. Suggest reasons for the differences between the cells.
6. Compare your cells with those in figure 3.31.

a. Do your sketched diagrams match the structures shown in the figure? Explain.
b. Read through the text related to the functions of the different types of cells. Do these match your

answer to question 5? Explain.

Conclusion

Suggest how the shape or size of a cell may help it to do its job.

Resourceseses
Resources

eWorkbook Plant transport highways (ewbk-2987)

Additional automatically marked questions

3.7 Exercise

To answer questions online and to receive immediate feedback and sample responses for every question, go to
your learnON title at www.jacplus.com.au.

Select your pathway 

LEVEL 1:
Questions
1, 2

LEVEL 2:
Questions
3, 5, 6

LEVEL 3:
Questions
4, 7

Remember and understand 

1. Match the types of cells with their descriptions.

Type of cell Description

a. Guard cell A. Sieve-like cells that form tubes that carry food made in the leaves
to other parts of the plant

b. Phloem cell B. Cells with small hairs that increase their surface area so that they
can absorb more water

c. Xylem cell C. Thick-walled cells that carry water up the plant

d. Root hair cells D. Kidney-shaped cells that can change shape to either open or
close the small hole between them, which allows gas exchange
between the plant and its environment
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2. Describe some ways in which plant cells may differ.
3. Distinguish between:

a. palisade cells and guard cells
b. xylem cells and phloem cells
c. epidermal cells and root hair cells.

Apply and analyse

4. SIS

a. Summarise the information in figure 3.31 into a table with the headings: ‘Type of cell’, ‘Function’,
‘Shape’ and ‘Size’.

b. Using these data, determine the average size of a plant cell.
c. Use a bar graph to plot the sizes of the different types of plant cells.
d. Identify which plant cells are ‘above average’ in size and which are ‘below average’. Suggest reasons

for the differences.
e. Comment on the differences in other features between plant cells.

Evaluate and create

5. Construct a model of a pair of guard cells, using balloons.
6. Using your own research and the information in figure 3.31, construct a ‘peep through’ learning wheel

that shows the structure and function of the different types of plant cells. Instructions for making a
‘peep through’ learning wheel are given in 3.6 Exercise.

7. SIS Consider the following diagram of a leaf.

Cuticle

Upper epidermis

Xylem

Ohyloem

Palisade mesophyll cells

Lower epidermis

Spongy mesophyll cells

In most leaves, sunlight hits the upper side of the leaf. The light penetrates (passes through) the upper
epidermis before hitting the palisade mesophyll cells.
a. The mesophyll cells all have chloroplasts. What is the function of chloroplasts?
b. Suggest a reason the palisade mesophyll cells have more chloroplasts than the spongy mesophyll

cells.
c. During photosynthesis, water is taken up by the roots and combined with carbon dioxide in the air.

Glucose is made and stored for future use and oxygen is released. What is the role of the large air
spaces between the spongy mesophyll cells?

Fully worked solutions and sample responses are available in your digital formats.
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3.8 Plant cells — holding, carrying and guarding

LEARNING INTENTION

At the end of this subtopic you will understand that plants have specialised transport systems.

3.8.1 Sweet transport: phloem
As in animals, plant cells can work together for a variety of functions to meet their survival needs. Plants have
their own transport systems, which consist of many thin tubes made up of different types of cells. Other types of
plant cells are involved in water regulation and exchange of important gases, such as oxygen and carbon dioxide,
with their environment.

FIGURE 3.32 Diagrams of typical cross-sections of the stem of a. a young dicot and b. a monocot. The
photographs show how the cells of c. a dicot (buttercup) appear when viewed under an electron microscope
and d. a monocot (sugarcane) appear under a light microscope.

The movement of water from

roots to leaves is known as the

transpiration stream.

Vascular

bundles

Vascular

bundles

(a) (b)

(c) (d)

Root hairs take

up water in

the soil.

Water flows 

up the stem in 

xylem tubes.

Some water evaporates through

the stomata; some water is used

for photosynthesis.

94 Jacaranda Science Quest 8 Victorian Curriculum Second Edition

UNCORRECTED PAGE PROOFS

UNCORRECTED PAGE PROOFS



“c03CellsAreTheBasicUnitsOfLife_PrintPDF” — 2020/8/3 — 20:00 — page 95 — #40

phloem a type of tissue that
transports sugars made in the
leaves to other parts of a plant

translocation process in which
sugars and amino acids are
transported within the plant by
phloem tissue in plants

Using the process of photosynthesis, plants make sugar in their leaves. The
system of thin-walled tubes that carries this sugar (in the form of glucose or
sucrose) from the leaves to other parts of the plant is called phloem. Phloem
consists of living cells called sieve tubes and companion cells. The transport of
the sugar solution up and down the plant is called translocation.

3.8.2 Water pipes: xylem xylem vessels pipelines for the
flow of water up plants. They are
made up of the remains of dead
xylem cells fitted end to end with
the joining walls broken down.
Lignin in the cell walls gives them
strength.

lignin a hard substance in the
walls of dead xylem cells that
make up the tubes carrying water
up plant stems. Lignin forms up to
30 per cent of the wood of trees.

Flowering plants also have tubes with strong, thick walls that carry water and
minerals up from the roots through the stem to the leaves. These are called xylem
vessels. These tubes are formed from the empty remains of dead cells, the walls
of which are strengthened with a woody substance called lignin. The xylem is
therefore a ‘dead’ one-way street, rather than a ‘living’ two-way highway like the
other transport tubes you have studied.

stomata small openings mainly
on the lower surface of leaves.
These pores are opened and
closed by guard cells. Singular =
stoma.

transpiration stream the
movement of water through a
plant as a result of loss of water
from the leaves

Water moves up from the roots of the plant, through its stem and to its leaves,
where some water may pass out of the plant as water vapour through pores called
stomata. This movement of water is called the transpiration stream.

INVESTIGATION 3.6
elog-0395

Stem transport systems

Aim

To identify xylem cells in celery

Materials

• celery stick
(stem and leaves)

• knife
• two 250 mL

beakers

• water
• blue food colouring
• red food

colouring
• hand lens

Method

1. Slice the celery along the middle to about halfway
up the stem.

2. Fill two beakers with 250 mL of water. Colour one
blue and the other red with the food colouring.

3. Place the celery so that each ‘side’ of the celery is
in a separate beaker.

4. Leave for 24 hours and then observe the celery.
5. Cut the celery stick across the stem.
6. Use the hand lens to look at the inside of the stem.

Results

1. Look at where the water has travelled in the celery. Draw a diagram to show your observations.
2. Draw a diagram to show what you can see when you cut across the stem.
3. Where are the different colours found in the stem?
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4. Where are the different colours found in the leaves?
5. Draw a diagram of the whole celery stick and trace the path of the water through each side to the

leaves.

Discussion

1. Explain your observations of where the water was found in the stems and leaves. Make sure you
comment on the relationship between the shape of the structures and your findings.

2. Identify strengths and limitations of this investigation and suggest possible improvements.

Conclusion

What are xylem vessels and where are they found?

Extension 

How could you turn a white carnation blue? Try it.

Xylem for support

vascular bundles groups of
xylem and phloem vessels within
plant stems

The phloem and the xylem vessels are located together in groups called vascular bundles. The strong, thick
walls of the xylem vessels are also important in helping to hold up and support the plant. The trunks of trees are
made mostly of xylem. Did you know that the stringiness of celery is due to its xylem tissues?

3.8.3 Leaf doorways: stomata

transpiration the loss of water
from plant leaves through their
stomata

Water transport occurs within the xylem vessels. Some of the water that is transported through the xylem to
the leaves is used in photosynthesis. Some water is also lost as water vapour through tiny holes or pores in the
leaves. These tiny pores, called stomata (or stomates), are most frequently found on the underside of the leaves.
Evaporation of water from the stomata in the leaves helps pull water up the plant. Loss of water vapour through
the stomata is called transpiration.

Guard cells in control

guard cells cells on either side
of a stoma that work together to
control the opening and closing of
the stoma

Oxygen and carbon dioxide gases also move in and out of the plant through the
stomata. Guard cells, which surround each stoma, enable the hole to open and close,
depending on the plant’s needs. When the plant has plenty of water, the guard cells fill
up with water and stretch lengthways. This opens the pore. If water is in short supply,
however, the guard cells lose water and they collapse towards each other. The pore is
then closed. This is one way in which the plant can control its water loss.

FIGURE 3.33 Stomata can close to conserve water.

Guard cells

Cell wall

thickening

Nucleus

Stomatal pore

Epidermal cells
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Dusty doors

FIGURE 3.34 ‘Stomata art’: the arrangement of
stomata in a plant

Air pollution can result in particles of dust settling on
the leaves of plants. This may limit the amount of light
reaching the leaf and therefore reduce photosynthesis. If
these dust particles block up stomata, they can also affect
transpiration and gaseous exchange.

EXTENSION: Genetic engineering plants

Scientists have used genetic engineering to produce
plants that glow particular colours when they have
mineral deficiencies. This provides farmers with
information about which soils need extra minerals
added.

elog-0396

INVESTIGATION 3.7

Observing leaf epidermal cells

Aim

To observe leaf epidermal cells and identify stomata

Materials

• leaf
• clear sticky tape

• microscope slide
• microscope

Method

1. Put some sticky tape over a section of the underside of the leaf.
2. Press the sticky tape firmly onto the leaf.
3. Tear the tape off. Some of the lining cells should come off with the

sticky tape.
4. Press the tape, sticky side down, onto a microscope slide.
5. View the sticky tape under the microscope.
6. Try to find a pair of guard cells and one of the stomata.

Results

1. Is the stoma (the opening) open or closed?
2. Make a drawing of a group of cells, including the guard cells. Include as much detail in your drawing as

possible.
3. Label the guard cells and stomata.
4. Title and date your drawing. Write down the magnification used.

Discussion

1. Summarise your findings. Include comments on the relationship between the shape of the structures
and their function.

2. What causes the changes in guard cells so that stomata open and close?
3. Identify strengths and limitations of this investigation and suggest possible improvements.

Conclusion

What is the function of guard cells and where are they found?
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EXTENSION: Water loss

Although water makes up about 90–95 per cent of the living tissues of plants, water is often being lost to their
surroundings. As much as 98 per cent of the water absorbed by a plant can be lost through transpiration.
A variety of factors affect the amount of water that plants lose. Weather is a major factor, as high temperatures,
wind and low humidity can increase the evaporation of water from the stomata. It has been recorded that large
trees may lose more than 400 litres of water in a day.

elog-0397

INVESTIGATION 3.8

Looking at chloroplasts under a microscope

Aim

To observe chloroplasts under a light microscope

Materials

• tweezers
• water
• moss, spirogyra or elodea

• dilute iodine solution
• light microscope, slides, coverslips

Method

1. Using tweezers, carefully remove a leaf from a moss or elodea plant or take a small piece of spirogyra.
2. Place the plant material in a drop of water on a microscope slide and cover it with a coverslip.
3. Use a light microscope to observe the leaf. Complete a drawing of a cell. Include (a) title, (b)

magnification, (c) scale bar and (d) appropriate labels.
4. Put a drop of dilute iodine solution under the coverslip. (Iodine stains starch a blue-black colour.)
5. Using the microscope, examine the leaf again. Complete a drawing of a cell. Include (a) title, (b)

magnification, (c) scale bar and (d) appropriate labels.

Results

1. Draw what you see before staining.
2. Label any chloroplasts that are present.

Discussion

1. Describe the colour of the chloroplasts before staining.
2. What gives chloroplasts their colour?
3. Did the iodine stain any part of the leaf a dark colour?, If so, what does this suggest?
4. Identify strengths and limitations of this investigation and suggest possible improvements.

Conclusion

What conclusions can you make about chloroplasts?

3.8.4 Moving in or out?
The movement of substances into and out of cells is controlled by the cell membrane.
This enables useful substances to be delivered into the cells and waste products to
be moved out. Some types of movements require energy and others do not.

diffusion movement of a
substance from where it is in a
high concentration to where it is
in a low concentration

osmosis the movement of
water across a semipermeable
membrane from where it is in a
high concentration to where it is
in a low concentration

Oxygen and carbon dioxide enter the cell by a process called diffusion. Diffusion
moves substances from where they are in a high concentration to where they are in a
low concentration and so does not require energy. Water moves across the membrane
via a special type of diffusion called osmosis. This movement of water into and out of
the guard cells is responsible for opening and closing the stomata.
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Flaccid or firm?

wilt plant stems and leaves droop
due to insufficient water in their
cells

vacuoles sacs within a cell used
to store food and wastes. Plant
cells usually have one large
vacuole. Animal cells have several
small vacuoles or none at all.

flaccid cells that are not firm due
to loss of water

turgid something that is firm

If too much water is lost or not enough water is available, the plant may wilt.
When this occurs, water has moved out of the cell vacuoles and the cells have
become soft or flaccid. The firmness in the petals and leaves is due to their cells
being firm or turgid.

FIGURE 3.35 If the cells of a plant do not contain enough water, they become flaccid and the plant wilts.

Guard cells are curved.

Guard cells are straight.

Wide

open

stoma
Closed stoma to reduce water loss

Turgid cells Flaccid cells

INVESTIGATION 3.9
elog-0398

Moving in or out?

Introduction

Water moves from areas of high water concentration to areas of low water concentration. In this way, water can
move from the xylem cells into photosynthetic cells so that photosynthesis can occur. In this investigation you will
see how water moves across a membrane.
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Aim

To make a model of a cell membrane to simulate the effect of water moving in and out of a cell

Bag A

Starch solution
Water

Bag B

Starch solution

Hypothesis

What do you expect will happen to the water in the beaker around Bag A?

What do you expect to happen to the water in Bag B?

Materials

• two 20 cm lengths of dialysis tubing
• scales
• starch solution

• iodine solution
• 2 beakers

Method

1. Soak the dialysis tubing in water so it becomes soft.
2. Tie a knot at one end of each piece of dialysis tubing. This will form two small bags.
3. Pour water into Bag A until it is one third full. Pour the same amount of starch solution into Bag B and

add 10 drops of iodine solution.
4. Tie a knot at the top of each bag to seal them.
5. Weigh each bag and record weight in the table in the results section of this investigation.

Obtain a soaked

dialysis tube

Fold one end;

tie securely

Add appropriate

contents

Press slightly to

remove most bubbles;

tie securely

Rinse bag; place

in beaker containing

appropriate solution
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6. Put Bag A in a beaker of starch solution. Add enough iodine to the starch solution to produce a dark
blue colour.

7. Put Bag B in a beaker of water.
8. Leave the two bags undisturbed for at least two hours (or overnight).
9. Weigh the bags again. Record in the table in the results section.

10. Draw bags A and B in the beakers they were left in. On your diagram, label where blue and yellow
colour can be seen.

Results

Weight Bag A (bag of water in starch solution) Bag B (bag of starch in water solution)

Before

After

Discussion

1. In this experiment, we made a model of a cell. Which part represented the cell membrane?
2. What happens to iodine when it is added to starch solution?
3. Dialysis tubing allows some substances, but not others, to pass through. Which of the following

substances could pass through the dialysis tubing and which could not? What evidence supports this?
a. Starch
b. Water
c. Iodine

4. Did the masses of the two bags change? What caused the change or lack of change?
5. When water moves in or out of cells by osmosis, it moves in the direction that balances the

concentrations of substances inside and outside the cell. Use this information to explain why the
masses of the bags changed.

6. Identify the strengths and limitations of this investigation and suggest possible improvements.

Conclusion

Write a conclusion for this practical investigation.

Resourceseses
Resources

eWorkbooks Leafy exchanges (ewbk-2989)
Photosynthesis (ewbk-2991)

Additional automatically marked questions

3.8 Exercise

To answer questions online and to receive immediate feedback and sample responses for every question, go to
your learnON title at www.jacplus.com.au.

Select your pathway

LEVEL 1:
Questions
1, 2, 3, 4, 5, 9

LEVEL 2:
Questions
6, 8, 10, 13

LEVEL 3:
Questions
7, 9, 11, 12

TOPIC 3 Cells — the basic units of life 101

UNCORRECTED PAGE PROOFS

UNCORRECTED PAGE PROOFS



“c03CellsAreTheBasicUnitsOfLife_PrintPDF” — 2020/8/3 — 20:00 — page 102 — #47

Remember and understand

1. State the name used for the tubes that carry sugar solution around the plant.
2. Describe the difference between:

a. phloem and xylem vessels
b. sugar and water transport in plants
c. the arrangement of vascular bundles in dicots and monocots.

3. In what ways are the vascular bundles important to plants?
4. State two things that may happen to water in a plant.
5. On which part of the plant are stomata usually found? Can you suggest why?
6. What helps ‘pull’ water up a plant?

Apply and analyse

7. Describe how the guard cells assist the plant in controlling water loss.
8. Describe the difference between flaccid cells and turgid cells.
9. Copy and complete the table given.

Tissue What it carries
Direction of
movement

Name of cells that
form tubes

Are cells that form
tubes living?

Xylem

Phloem

Evaluate and create

10. Carefully examine the reaction for photosynthesis as shown.

Light energy

Chlorophyll
Carbon dioxide + water Glucose + oxygen ( + water)

a. Suggest why water and carbon dioxide are so important to plants.
b. Suggest why guard cells are important to plants.
c. Predict consequences for a plant if the guard cells close the stomata for long periods of time.

11. SIS Grasses and trees have a very different arrangement of their vascular bundles.

This image on the left is the organisation in a grass stem (random) and the image to the right is that of
a stem that eventually becomes a tree (organised in a ring).

MC Choose the feature of trees you think this specialised arrangement leads to.
A. Roots
B. Leaves
C. Wood
D. Flowers
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12. SIS This diagram demonstrates transpiration, the
loss of water from the leaves of a plant.
a. Hypothesise what you would expect transpiration

rate to do in the following scenarios:
i. Wind speed increases
ii. Temperature increases
iii. Humidity increases

b. When a plant experiences water stress because
there is not enough water, the guard cells lose
water and become flaccid, thereby closing the
stomata.
i. Draw a diagram of this process.
ii. Hypothesise what you would expect to happen

to photosynthetic rate.
iii. What dependent variable could you measure

to test your hypothesis from b) above?
iv. Design an experiment to measure the amount

of water lost through the leaves of a plant.
Remember to includ e:

• What will change?
• What will stay the same?
• What will be measured?
• How will the test be reliable?

3. Water lost by

transpiration

2. Water travels up

through plant

1. Roots take up water from the soil

13. Write a story about a group of water molecules that travels from the soil, through a plant and then into
the atmosphere as water vapour.

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

3.9 Cell division
LEARNING INTENTION

At the end of this subtopic you will be able to describe cellular replication and its role in growth, development,
repair and replacement of cells. You will be able to identify that binary fission and mitosis are both methods of
cellular replication.

3.9.1 Cell division in eukaryotes
Ouch! Did you burn or cut yourself? What about those skin cells you left on the
towel when you dried yourself and those hairs you left behind in your brush? Have
you replaced these cells? Throughout the life of multicellular organisms, cell
division takes place to enable growth, development, repair and replacement of cells.
Cell division also plays an important role in reproduction.

Nucleus, chromosomes and DNA

nucleus (in biology): roundish
structure inside a cell that acts
as the control centre for the cell;
(in chemistry) the central part of
an atom, made up of protons and
neutrons. Plural = nuclei

chromosomes the tiny, thread-
like structures inside the nucleus
of a cell. Chromosomes contain
the DNA that carries genetic
information

deoxyribonucleic acid (DNA)
the chemical substance found
in all living things that encodes
the genetic information of an
organism

All eukaryotic cells have a nucleus, which contains genetic information with
instructions that are necessary to keep the cell (and organism) alive. This
information is contained in structures called chromosomes, which are made up
of a chemical called deoxyribonucleic acid (DNA).
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Mitosis
FIGURE 3.36 Mitosis is a type of cell
division that produces identical cells.

Parent cell

Chromosomes
have replicated.

Chromatid

2 chromatids =
1 chromosome

Chromosomes align
at the equatorial plate.

Chromatids
separate.

Each daughter cell contains
the diploid (2n = 4)
number of chromosomes.

Two daughter
cells

mitosis the cell division process
that results in new cells, which are
genetically identical to each other
and to the original cell

Mitosis is the name of a process involved in cell division
in eukaryotic cells. Some organisms use this type of cell
division to asexually reproduce. Multicellular organisms also use
mitosis to produce cells for growth, development, repair and
replacement.

clone an identical copy

The cells produced by mitosis are genetically identical to each other
and to the original cell. They have the same number and types of
chromosomes and DNA instructions. As they have identical genetic
information, they are described as being clones.

Cytokinesis

cytokinesis the division of the
cytoplasm at the end of the cell
division process so that one cell
divides to form two

Mitosis is a process that involves division of the nucleus. Once a cell
has undergone this process, the cell membrane pinches inwards so
that a new membrane forms, dividing the cell in two. This process of
dividing the cytoplasm is called cytokinesis.

FIGURE 3.37 DNA makes up chromosomes, which are located in the nucleus of the cell.
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FIGURE 3.38 Eukaryotic unicellular organisms like a. Amoeba and b. Euglena divide by binary fission involving
mitosis.

Nucleus divides

by mitosis.

(b)

(a)

Cytoplasm starts

to divide.

Two daughter

cells formed.

Resourceseses
Resources

Video eLesson Binary fission (eles-2028)

elog-0399

INVESTIGATION 3.10

Mitosis: Patterns of order

Introduction

When cells need to replicate, they go through a process called mitosis. There are four stages in mitosis, which are
shown here.

Mitosis

Prophase Metaphase Anaphase Telophase

These stages make up a very small part of a cell’s cycle. Between each mitosis division, cells go through a period
of growth and DNA replication and at the end of it all the cell breaks in two.
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The cell cycle

Mitosis
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S

(growth and DNA

replication)
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(growth and final

preparations for

division)

G1

(growth)

Aim

To observe slides showing mitosis under a light microscope

Materials

• light microscope
• prepared onion root tip cells showing various stages of mitosis

Method

1. Use a light microscope to observe the prepared slides.
2. Construct labelled diagrams to record your observations for each of the following stages: Interphase,

Prophase, Metaphase, Anaphase, Telophase and Cytokinesis. Use a table like the one in the results
section to record your observations.

Results

Interphase Prophase

Metaphase Anaphase

Telophase Cytokinesis
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Discussion

1. Why is interphase important?
2. Where does mitosis occur in plants?
3. What is being referred to when we talk about the ‘parent’ cell?
4. How genetically similar are the two daughter cells compared to the parent cell?

Conclusion

Summarise your understanding of mitosis.

3.9.2 Cell division in prokaryotes

FIGURE 3.39 Binary fission in prokaryotes
Prokaryotes (such as bacteria) reproduce
themselves by dividing into two using
a process called binary fission. Binary
fission involves the replication of the
chromosome, the movement of the two
resulting chromosomes to opposite ends
of the cell and the cleaving of the cell in
two. Although binary fission also occurs
in some eukaryotes, this is much less
complex in prokaryotes as they do not
have a nucleus. The cells produced are
clones; they are identical to each other
and to the cell from which they originate.

3.9.3 Using bacteria to make human proteins
Knowledge of how bacteria reproduce can be used to get them to make human proteins. Scientists can insert
genetic instructions from other organisms (including humans) into bacterial cells. When these bacterial cells
divide, they produce cells that also contain the inserted foreign DNA and are able to make the protein that it
codes for.

This technology can be used to produce insulin, a protein used in the treatment of a type of diabetes. The rapid
rate of bacterial reproduction results in many cells with the human DNA and the production of useful quantities
of this important human protein.

Cell division and disease

infectious diseases diseases
that can be transferred from one
organism to another

non-infectious diseases
diseases that cannot be
transferred from one organism
to another

Diseases can be divided according to whether they are infectious or non-
infectious. Infectious diseases can be transferred from one organism to another.
Tetanus and tuberculosis are examples of infectious diseases in which cells are
damaged by a bacterial infection. Non-infectious diseases are not transferred
between organisms. Cancer is an example of a non-infectious disease that can be
considered as a form of uncontrolled cell division or a disease of mitosis.

antibiotics a substance derived
from a micro-organism and used
to kill bacteria in the body

disinfectants a chemical used
to kill bacteria on surfaces and
non-living objects

antiseptics a mild disinfectant
used on body tissue to kill
microbes

bactericidal an antiseptic that
kills bacteria

bacteriostatic an antiseptic that
stops bacteria from growing or
dividing but doesn’t kill them

Scientists use their knowledge of cell division of disease-causing organisms to
control or kill them Antibiotics can be used to kill bacteria inside your body.
Disinfectants can be used to kill bacteria on surfaces of non-living objects.
Disinfectants should not be used on your skin as they can damage your cells.
Antiseptics can be used on your skin. Antiseptics that kill bacteria are referred
to as bactericidal, and those that stop bacteria from growing or dividing (but do
not kill them) are called bacteriostatic.
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FIGURE 3.40 Bacteria can produce human insulin if the insulin gene is inserted into the bacterial cells.
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INVESTIGATION 3.11

Where are those germs?

Aim

To observe a variety of micro-organisms from your local environment

Materials

• sterile cotton buds
• sticky tape
• nutrient agar plates in Petri dishes (3 per group)

• sterile Pasteur pipette
• marker pen

CAUTION

Agar plates should not be opened after incubation.

Method

1. Swipe a sterile cotton bud across a surface of your choice (such as canteen counter, computer
keyboard, phone mouthpiece or bin lid).

2. Swipe the cotton bud across the surface of the agar. Be careful not to push down too hard. The cotton
bud should not leave a mark on the agar.

3. Use sticky tape to seal the plate around the edge.
4. Use a marker pen to write your group’s name and where you collected the sample from.
5. Use a different cotton bud to swipe a part of your body (such as the inside of your nose, your teeth,

inside your ear or your scalp).
6. Swipe the cotton bud on the surface of the second agar plate, then seal and label it as before.
7. Use the sterile Pasteur pipette to collect about 1 mL of water from a location of your choice (such as a

fish tank, puddle, local creek, school swimming pool or drain pipe).
8. Pour the sample of water over the surface of the agar and swish it around. Seal and label the agar as

before.
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9. Incubate the three plates upside down at 30 °C for 48 hours. Remove the plates from the incubator and
observe the colonies of bacteria through the lid of the Petri dishes. (Do not open the Petri dishes.)

Results

Draw a diagram of each Petri dish showing the location and size of the colonies.

Discussion

1. Colonies of bacteria tend to be smooth whereas colonies of fungus appear furry and are often larger.
Do you have colonies of bacteria or fungi or both on your plates?

2. Look at the other groups’ plates.
a. Which of the surfaces tested by your class had the most microbes? How can you tell?
b. Which body part tested had the most microbes?
c. Which of the water samples tested contained the most microbes?

3. Explain why it would be dangerous to unseal the agar plates and lift the lid to look at the colonies of
microbes.

4. Design an experiment to test whether antibacterial surface spray really does kill bacteria.

Conclusion

Write a conclusion for this investigation.

DISCUSSION

• Design an experiment to test whether antibacterial surface spray really does kill bacteria. Justify your
strategy.

• Research examples of genetic engineering in which bacteria have foreign DNA inserted into them so
that they produce human proteins. Communicate your findings as a newspaper article. What beliefs
and values do you hold about this type of engineering? How is this different to what others think?

Resourceseses
Resources

Additional automatically marked questions

3.9 Exercise

To answer questions online and to receive immediate feedback and sample responses for every question, go to
your learnON title at www.jacplus.com.au.

Select your pathway 

LEVEL 1:
Questions
1, 2, 3, 11, 14

LEVEL 2:
Questions
4, 6, 7, 9, 12, 15

LEVEL 3:
Questions
5, 8, 10, 13, 16

Remember and understand

1. Provide three reasons for cell division.
2. Suggest the relationship and sequence of the following: nucleus, DNA, cell, chromosome.
3. State a feature that the daughter cells produced by mitosis share with the parent cell.
4. If a cell is described as being a clone, what does this mean?
5. Identify a type of unicellular organism that:

a. uses mitosis to reproduce
b. does not use mitosis to reproduce.

6. Identify the difference between mitosis and cytokinesis.
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7. Suggest a way that scientists can apply their knowledge of cell reproduction to benefit humans.
8. Outline the differences between disinfectants, antiseptics and antibiotics.

Apply and analyse

9. SIS Charlotte wanted to find out if antibacterial soap really works. She prepared two agar plates. She
swiped her fingers over the surface of plate A. She then washed her hands with antiseptic soap and
swiped her fingers over the surface of plate B. She incubated both plates. Her results are shown here.

B A

a. Write a conclusion for Charlotte’s experiment.
b. Which plate was the control?
c. What were the independent and dependent variables in this experiment?
d. Which variables need to be controlled in this experiment so that it is a fair test?

10. Clostridium perfringens is one of the fastest growing bacteria, having an optimum generation time of
about 10 minutes, which means the population of bacteria doubles every 10 minutes under optimal
conditions.
a. If you started with 200 bacteria, plot on a graph how many bacteria there would be over a one-hour

period.
b. Find out more about the structure and reproduction of this bacterium.
c. Find out why it is sometimes referred to as a ‘flesh-eating’ bacterium.
d. Write a story that includes features of Clostridium perfringens as a key part of the storyline.

11. SIS This is a graph showing the amount of bacteria grown after being heat treated and then left to
incubate on a Petri dish for 24 hours.
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a. What is the best temperature for bacterial growth?
b. Suggest a reason food is cooked to reduce the likelihood of being affected by this bacterium.

12. Before mitosis begins, the DNA in the cell is replicated. Suggest why this replication step needs to
occur.

13. Suggest the advantages and disadvantages of being a clone.

Evaluate and create

14. Entamoeba histolytica is a unicellular organism that is a cause of diarrhoea among travellers to
developing countries.
a. Find out more about the disease that it causes, its life cycle and what you can do to avoid being

infected by it.
b. Prepare a brochure, poster or PowerPoint presentation that could be used to inform travellers.

15. SIS Investigate cell division in Amoeba, Euglena or Paramecium and create an animation to show
how they reproduce.
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16. a. Find out why Escherichia coli (E. coli) counts at beaches are often reported in newspapers.
b. How is the concentration of E. coli measured?
c. Find out more about the structure and reproduction of E. coli.
d. Create a model of this organism.

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

3.10 Skin ‘n’ stuff
LEARNING INTENTION

At the end of this subtopic you will be able to describe the structure and function of skin. You will be able to
explain the effects of sunburn and skin cancer.

3.10.1 Skin deep
Your skin is made up of lots of cells that work together to keep you alive. A type of cell division called mitosis
enables you to make skin cells for growth, repair and replacement. But what happens when something goes wrong?

Your skin is the largest organ of your body. As well as holding the insides of your body in, it also:
• protects your body from microbes that could cause disease
• is almost completely waterproof
• protects the inside of your body from chemicals and harmful radiation from the Sun
• detects heat, cold, pain, pressure and movement
• helps control your body temperature
• forms vitamin D in sunlight
• releases water and other waste products.

Your skin varies in thickness between about 0.5 millimetres and 5 millimetres. The thickest part is on the soles
of your feet. Skin consists of three layers.

FIGURE 3.41 The skin is divided into three layers.
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epidermis the outermost layer of
the skin

dermis the medical name for the
deeper part of the skin

receptors specialised structures
that sense or receive stimuli

sweat gland a tiny, coiled tube
in the skin through which water
and salt are removed from the
body, helping to control body
temperature

The epi dermis is the top layer. It contains several layers of cells. At the very top is a layer of dead skin cells,
which flake off continually. At the bottom of the epidermis, new cells are always being produced. They push
upwards on the older cells, moving them towards the surface. Below the epidermis is the dermis, which contains
receptors for the sense of touch. It also contains sweat glands and many small blood vessels. Beneath the
dermis is a thicker layer of fatty tissue, which acts as an insulator to help keep the body temperature constant.
This fat has been stored by the body and can be used when needed to provide extra energy.

pores small openings in the skin.
Perspiration reaches the surface
of the skin through pores

evaporates changes state from
a liquid to a gas. Evaporation
occurs only from the surface of a
liquid.

When you get hot, it is important that your body cools itself down so the blood remains at its
constant temperature of about 37 °C. Your sweat glands produce a liquid that is released through the pores at
the surface of your skin. When the water in your sweat evaporates, it takes some of the heat out of your body.

3.10.2 Are you ticklish?
Are you more ticklish on some parts of your skin than others?

Below the surface of your skin there are many receptors that are attached to nerves. The nerves send messages
to the brain. There are different receptors for heat, cold, light contact, pain, pressure and movement. They are all
receptors to the sense of touch.

The light-contact receptors are nearer to the surface and closer together in some parts of your skin than others. It
is those parts that are most sensitive to tickling. Some parts of the skin are also more sensitive to pain, heat, cold,
pressure and movement than others. Your sensitivity depends a lot on how close together the receptors are and
how deep they are.

CASE STUDY: Sweat doesn’t smell?

Sweat doesn’t actually smell until it is consumed by the bacteria that live on the surface of your skin. The regions
around your armpits and external sex organs are warm and moist, providing ideal conditions for bacteria to grow
and feed on the sweat. This is why these areas can get smelly.

3.10.3 Sun sense
Being sun smart in Australia is a must. Along with the obvious pain of sunburn,
exposure to ultraviolet rays leads to skin cancer. Skin cancer is the most
common form of cancer in Australia. In fact, two out of three Australians are
likely to get skin cancer at some time during their lives. The most serious
forms of skin cancer are responsible for about 2000 deaths each year in Australia.

What is cancer?

cancer a disease resulting in the
uncontrolled growth of body cells,
forming tumours

As the body’s cells die, new cells are made to replace them. In a healthy person, just
the right number of new cells are formed using mitosis. Cancer can be considered as
a disease of mitosis. Damage to the DNA in a cell can cause the normal regulatory
processes in cell division to be ignored or overridden. This can result in uncontrolled
cell division — a condition we call cancer.

tumour an abnormal growth

benign a tumour that does not
spread to other parts of the body

malignant a type of tumour that
damages cells and can spread to
other parts of the body

This uncontrolled cell division can form a mass of cells called a tumour. The cells of
a tumour are not specialised and cannot do the jobs of the cells that they are replacing.
Some tumours still respond to the body’s control mechanisms and do not spread to
other parts of the body. These tumours are called benign. Others have uncontrolled
cell growth and do spread, damaging vital organs. These are called malignant
tumours or cancer. If cancer is detected early, the diseased cells can be removed or
destroyed by chemotherapy or radiation. However, once cancer spreads, it is very
difficult to control.
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FIGURE 3.42 Ways to protect your skin from the Sun

Stay in the shade whenever

possible between 11 am

and 3 pm.

Protect your face and

neck with a hat.

Apply a broad-spectrum

sunscreen labelled 30+ (or

more) to uncovered skin.

Wear a long-sleeved shirt

whenever possible when

you are out in the sun.

Use zinc cream to provide

total blockout for your nose

and other sensitive areas.

What causes skin cancer?
The main cause of skin cancer is exposure to the Sun. The ultraviolet radiation reaching Earth from the Sun is
not visible. Ultraviolet radiation, which is also the cause of sunburn, is at its peak in the middle of the day when
the Sun is directly overhead. Ultraviolet radiation causes cancer in the cells of the epidermis, the top layer of the
skin, because it damages the cells’ genetic material.

Resourceseses
Resources

Video eLesson A cure? (eles-0070)

3.10.4 Early detection
The key to curing skin cancer is early detection. Even melanomas can be cured in more than 95 per cent of
patients if they are detected quickly. If you see a new lump or spot, or a changing freckle or mole, see a doctor
promptly.

The three main types of skin cancer include the following.

Squamous cell carcinoma
• Less common and more dangerous than basal cell carcinoma
• Appears as a red, scaly sore
• Usually found on the hands, forearms, face and neck, but can spread to other parts of the body
• Mostly affects people over the age of 40 who have been exposed to the sun for many years
• Kills about 500 Australians each year
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Basal cell carcinoma
• Most common form of skin cancer and also the least dangerous
• Appears as a red, flaky lump on the skin
• Rarely spreads to other parts of the body but needs to be treated before it grows large or forms a deep sore

FIGURE 3.43 Squamous cell carcinoma FIGURE 3.44 Basal cell carcinoma

Melanoma
• Least common but most dangerous form of skin cancer
• First sign is a change in size, shape or colour of a freckle or mole, or

the appearance of a new spot on normal skin
• Can spread quickly to other parts of the body
• Most common in adults aged between 30 and 50 years, usually

caused by long periods of exposure to the sun during childhood and
adolescence

• Cause of the most deaths from skin cancer — about 1500 each year
in Australia

FIGURE 3.45 Melanoma

3.10.5 Some questions about fun in the sun

Q: Is a suntan healthy?

A: No. A suntan is evidence that you have been exposed to the sun for too long. A suntan will not
protect you from skin cancer. Fake suntan lotions do not offer protection from skin cancer either.

Q: Do I need to worry about sunburn or skin cancer when it’s cloudy?

A: Yes. Although clouds block out a lot of the Sun’s visible light, they do not block out enough
ultraviolet radiation to protect your skin completely, especially during summer. The graphs show
that light cloud cover has little effect on the harmful ultraviolet radiation reaching the ground on a
summer’s day in Melbourne. Heavy cloud, however, decreases the amount of ultraviolet radiation
reaching the ground by over 90 per cent.

Q: Do I need to use sunscreen when I wear a hat?
A: Yes. The Sun’s radiation is reflected from the ground and from water. Snow and sand reflect a lot

of radiation, even on cloudy days. In addition, many hats, including baseball caps, do not protect
you from direct radiation. Wide-brimmed hats or ‘legionnaire’ hats provide the best protection
because they shade the neck and ears.
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Q: What does SPF 30+ mean?
A: SPF stands for ‘sun protection factor’. It allows you to estimate how long you can stay in the sun

before your skin starts to go red. This period can be estimated by multiplying the amount of time
that it takes your skin to redden by the SPF factor. For example, if your unprotected skin starts to
burn after 10 minutes in the hot sun, proper use of SPF 4 sunscreen would allow you to remain
in the sun for 10 × 4 = 40 minutes before burning starts. After that 40 minutes, you would burn,
even with more sunscreen applied. An SPF water-resistant 30+ sunscreen reapplied every 2 hours
would allow you to remain in the sun for at least 10 × 30 = 300 minutes before burning starts. SPF
30+ sunscreen blocks out about 97 per cent of the Sun’s radiation.

Q: What does ‘broad spectrum’ mean?

A: The Cancer Council Victoria recommends a broad spectrum SPF 30+ (or higher) sunscreen. Broad
spectrum sunscreens offer protection from the two different types of ultraviolet radiation that
reach Earth’s surface: UVA and UVB.

FIGURE 3.46 These graphs show how the ultraviolet radiation reaching the ground changes on a typical summer
day in Melbourne.

9.00 am 11.00 am 1.00 pm 3.00 pm 5.00 pm 9.00 am 11.00 am 1.00 pm 3.00 pm 5.00 pm

Cloud-free day Cloudy day

Ultraviolet radiation throughout the day

Extreme

Very high

High Heavy cloud Light cloud

Moderate

CASE STUDY: Treating skin cancer with plants

An Australian drug company called Peplin has developed a gel made from a common weed called Euphorbia
peplus, which has been used successfully to treat some skin cancers. The plant contains a cancer-fighting
chemical. Peplin has found a way of extracting this chemical from the plant and making it into a gel that can be
applied to skin cancers. When the gel was tested, it cleared most skin lesions after just two days.

3.10.6 Other injuries to the skin
Any damage to the skin may lead to difficulty in protecting the inside of our bodies from the outside world.
Cuts, abrasions and burns are risks and should be carefully avoided.

Burns

burn any damage to the skin;
combustion of a substance with
oxygen in a flame

A burn is defined as damage to skin. First-degree burns are those that damage the
epidermis of the skin. Second-degree burns are those that result in damage to the
epidermis and the dermis. Third-degree burns result in damage to the underlying
tissues, nerves, sweat glands and hair follicles as well as the two dermal layers.
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FIGURE 3.47 Degree of skin burn depends on
how much of the skin structure is affected.
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FIGURE 3.48 Paramedic cooling a third-degree burn

EXTENSION: Spray-on skin?

Burns can now be treated with skin that is literally sprayed on! Dr Fiona Wood (Australian of the Year in 2005)
pioneered the development of ‘spray-on skin’. Using the patient’s own skin cells, it can be sprayed onto burnt
areas and reduces scarring.

FIGURE 3.49 Dr Fiona Wood,
pioneer of ‘spray-on skin’

FIGURE 3.50 ‘Spray-on skin’ in
action

DISCUSSION

• Construct a mind map that shows links between key scientific terms that are relevant to skin cancer.
Use this map as a framework to create a song or poem about skin cancer that will increase awareness
of types, causes, detection and prevention.

• Discuss the validity of the following statements.
• Cancer can be considered a disease of mitosis.
• Melanoma are less dangerous than carcinoma.

Resourceseses
Resources

Additional automatically marked questions
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3.10 Exercise

To answer questions online and to receive immediate feedback and sample responses for every question, go to
your learnON title at www.jacplus.com.au.

Select your pathway

LEVEL 1:
Questions
1, 2, 3, 5, 6, 7, 8

LEVEL 2:
Questions
4, 10, 11, 13, 14, 17

LEVEL 3:
Questions
9, 12, 15, 16, 18, 19

Remember and understand

1. Identify the most serious form of skin cancer and how it is caused.
2. Outline the difference between a benign tumour and a malignant tumour.
3. State which part of the Sun’s radiation is the major cause of skin cancer and sunburn.
4. Identify the most dangerous time of day to be out in the sun.
5. Describe what you should look for on the skin when checking for signs of skin cancer.
6. List five ways that you can help protect yourself from skin cancer.

Apply and analyse

7. Melanomas occur mostly in adults over the age of 30. Why is it so important that young children and
adolescents are aware of the dangers of the Sun’s radiation?

8. Daniel has very pale, sensitive skin that begins to burn after only eight minutes in the summer sun. He
goes to the beach and takes a tube of SPF 6 sunscreen with him.
a. If he doesn’t go swimming, how long would he be able to sit in the sun before getting burnt,

assuming that he applies his sunscreen correctly?
b. If he used SPF 30+ sunscreen instead, would he be safe sitting in the sun all day? Give a reason for

your answer.
9. Discuss the validity of the following statements.

a. Cancer can be considered as a disease of mitosis.
b. Melanomas are less dangerous than carcinomas.

10. Tissues are grouped together to form organs to help you function effectively. Describe how the
following are important to your survival.
a. Muscles b. Bones c. Skin

Evaluate and create

11. SIS Use the 2006 melanoma incidence in Victoria graphs to complete the following.
a. Describe the pattern of melanoma incidence in Victoria in 2006.
b. Suggest reasons for this pattern.
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c. Identify the age group that has the highest number of new cases of melanomas:
i. for males
ii. for females.

d. Do the data suggest that there is a higher incidence of melanomas in males or females?
e. Suggest possible reasons for these data.

12. SIS Use the 1986 and 2006 melanoma incidence in Victoria graph to complete the following.
a. State the age group and year with the highest incidence of melanoma cancer.
b. State the age group and year with the lowest incidence of melanoma cancer.
c. Discuss your responses to parts (a) and (b) and suggest possible reasons for your findings.
d. Describe differences in the patterns of melanoma incidence in Victoria between 1986 and 2006.
e. Discuss your observations and suggest reasons for this difference.
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13. Design and construct a model that shows details of the three layers of skin.
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14. SIS Design and construct a multipurpose hat that shades the head and has at least one other
purpose. Give your multipurpose hat a name. Prepare an advertising brochure and instruction manual
for your hat.

15. SIS Design and carry out a survey (consisting of a series of questions) to find out whether people of
different age groups protect themselves from the danger of skin cancer by wearing hats, shirts and
sunscreens. By sharing your data with other members of your class, you may be able to form a sound
conclusion.

16. A number of schools describe themselves as being ‘sunsmart’. Find out what the criteria are and who
decides whether they are ‘sunsmart’.

17. Design your own ‘sunsmart’ advertising campaign. Present your advertisement as a video clip with
music.

18. SIS Investigate the correct treatment for burns. Create a poster to be displayed in your laboratory.

19. SIS Obtain a selection of at least five different sunscreens. Identify criteria that could be used to
determine their similarities and differences. Construct a matrix table with these criteria and record
details for each sunscreen. Determine which sunscreen you would use. Which criteria did you use?
Give reasons for your criteria. If you were to invent the ‘ideal’ sunscreen, what features would it have
and why? Design an advertising brochure or advertisement for your ‘ideal’ sunscreen.

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

3.11 Tiny size, big trouble

LEARNING INTENTION

At the end of this subtopic you will be able to explain that microbes are microscopic organisms that can cause
disease. You will be able to describe that some microbes can indicate the health of an organism by their presence
or absence or extreme numbers.

Science as a human endeavour 

3.11.1 ‘Down the hatch’

FIGURE 3.51 Giardia lamblia are pear-shaped and
quite large, usually more than 6 µm in size.

Just because you are tiny, doesn’t mean that you
can’t cause trouble — think about how annoying
mosquitoes can be! Sometimes it’s the small
things in life that make the biggest difference. The
presence, absence or extreme levels of particular
microbes can reflect the health of their habitat,
whether it be an organism or an entire ecosystem.

What’s in that gulp of water? You may have
swallowed a little more than you thought! As
well as water, you may have also ‘invited in’
viruses, bacteria, protozoans, phytoplankton and
zooplankton.

A protoctistan (protozoan) by the name of Giardia
lamblia has become quite well known for ‘hitching a
ride’ in drinking water. These parasites are the cause
of one of the most common parasitic gastrointestinal
infections in humans worldwide. Giardia lamblia
made newspaper headlines in 1998, along with another protozoan, Cryptosporidium parvum, when high levels of
both were reported to be contaminating Sydney’s drinking water supply.

TOPIC 3 Cells — the basic units of life 119

UNCORRECTED PAGE PROOFS

UNCORRECTED PAGE PROOFS



“c03CellsAreTheBasicUnitsOfLife_PrintPDF” — 2020/8/3 — 20:00 — page 120 — #65

Giardia lamblia use their flagella to move around, and they have a complex life cycle. The parasite can survive
for a long period outside the body in an inactive form called a cyst. Once swallowed, the cyst is activated by
your stomach acid and develops into the disease-causing stage. Using a huge sucker, they then attach themselves
to the lining of your intestine, sucking your blood as their food source. After about ten days of infection you
could have a million of them living off your blood supply and causing symptoms associated with gastrointestinal
complaints. Some of their reproductive cysts pass through your digestive system and are excreted, so that
another host can become infected.

FIGURE 3.52 Where do you fit into the life cycle of Giardia lamblia?

Ingestion of

dormant cysts

Cysts can survive for

weeks to months in

cold water.

Excystation:

trophozoite emerges

in an active state.

Only cysts can survive

outside the host.

Cysts and

trophozoites

expelled in the faeces

Encystation

during transit

towards the colon

Trophozoite undergoes

asexual replication.

Not everyone

exhibits symptoms.

3.11.2 Water wise FIGURE 3.53 Electron micrograph of E. coli

Living things need water to survive. Some living things also
need to live in water to survive. In these ecosystems, there
are links between the inhabitants to keep them balanced and
healthy. Sometimes, however, these links can be broken or
disrupted. This is when problems can occur that may result
not only in an unbalanced ecosystem, but also in death.
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Take a swim with me
Escherichia coli (E. coli) is a type of bacterium found
in our intestine. It usually causes us no harm and
passes through our digestive system to be excreted.
This enables it to be used as an indicator of sewage
contamination in water. Contaminated sewage may
contain dangerous or even deadly micro-organisms. It is
for this reason that E. coli levels are tested and reported
at various beaches and swimming locations.

FIGURE 3.54 Warning signs at a waterway in Sydney

WHAT DOES IT MEAN?

The word pathogen comes from the Greek terms pathos, meaning ‘disease’, and gen, meaning ‘birth’.

CASE STUDY: Aquatic botanist

FIGURE 3.55 Professor Gustaaf HallegraeffProfessor Gustaaf Hallegraeff is a scientist at the
University of Tasmania. In his research he uses light,
scanning and transmission electron microscopes to help
him classify tiny marine organisms called phytoplankton.
On the basis of his findings, he has produced publications
to communicate information about harmful Australian
microalgae.

Algal blooms

FIGURE 3.56 Microcystis is an example of
blue-green algae.

Algal blooms occur naturally and provide food for many
aquatic organisms. Sometimes, however, they can cause
harm. Algal blooms can cause large fluctuations in the levels
of oxygen and pH (acidity) of the water and block sunlight
penetrating through it. The species that cause these blooms
may also be toxic to some of the aquatic organisms or even
toxic or a skin irritant to humans. The presence of algal blooms
can have economic as well as biological consequences.
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FIGURE 3.57 Algal bloom at Warragamba Dam,
Sydney, New South Wales

FIGURE 3.58 Fluorescence microscopy can be
used to identify the species that a cell belongs to,
and can therefore help determine whether the cell
may be of a dangerous type. In this image, the
position of the chloroplasts shows as red and the
nucleus as blue.

10 μm 10 μm

5 μm 5 μm

10 μm 5 μm

EXTENSION: Snap frozen

Australian Antarctic Division scientists are using a
new field emission scanning electron microscope
that magnifies specimens by up to 650 000 times.
This allows them to observe features two million
times smaller than the head of a pin. Snap-freezing
technology is used, with the specimen being
snap-frozen in super-cooled liquid nitrogen in
temperatures of –210 °C! The snap-freeze process
allows scientists to study more delicate specimens
than were previously able to be observed.

Red tide of death
Scientists at the University of Tasmania have discovered
that two new types of algae are killing fish in the
Southern Ocean. These algae have been found in
abundance and, when in full bloom, produce a distinctive
red-coloured tide. The university’s scientists are
working with the Australian Antarctic Division to try
to establish the number of fish that are suffocating from
the algae. This will enable sustainable fishing levels to
be maintained.

elog-0401

INVESTIGATION 3.12

Teeming with tiny …

Aim

To observe micro-organisms found in water on a microscope slide
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Materials

• light microscope
• microscope slides (well slides work best for

this observation)
• coverslips
• pipette

• toothpick
• water from a variety of sources (e.g. sea

water, pond water, stagnant water, fish tank
water)

Method

1. Use a pipette to put a drop of sample water on a clean microscope slide.
2. Gently place a coverslip over the drop of water by putting one edge down first. Use a toothpick.
3. Observe the slide under a microscope.
4. Remove the coverslip, rinse and dry the slide, and then prepare a new slide specimen and repeat the

previous steps.

Results

Draw detailed sketches of what you see. Remember to include a title, the magnifications used and as many
comments as you can.

Discussion

1. Construct a matrix to show the similarities and differences between the specimens.
2. Suggest reasons for these differences.
3. Research common micro-organisms found in water to identify your specimens.
4. Which kingdoms do you think each specimen may belong to? Provide reasons for your classification.
5. Identify two structures observed in the investigation and find out more about their function (that is,

what their ‘job’ is).
6. Formulate three research questions that could be used for further investigation.

Conclusion

Write a conclusion for this investigation.

Resourceseses
Resources

Additional automatically marked questions

3.11 Exercise

To answer questions online and to receive immediate feedback and sample responses for every question, go to
your learnON title at www.jacplus.com.au.

Select your pathway

LEVEL 1:
Questions
1, 2, 4

LEVEL 2:
Questions
3, 5, 6

LEVEL 3:
Questions
7, 8

Remember and understand

1. Explain why levels of E. coli are measured in water.
2. Are algal blooms always harmful? Explain.
3. Outline problems associated with harmful algal blooms.
4. Identify the type of organism that is responsible for causing red tides and killing fish in Australia.
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Apply and analyse

5. Explain why scientists are trying to determine the actual numbers of fish being killed by the effects of
red tides.

6. State a function of fluorescence microscopy.

Evaluate and create

7. SIS Use the graph shown to answer the following questions.
a. Describe the pattern of indicator bacteria in each location between 2001 and 2007.
b. Identify which location has the highest bacterial counts. Suggest a reason for this observation.
c. Identify which location has the lowest bacterial counts. Suggest a reason for this observation.
d. Find examples of E. coli counts in your local community waters.
e. Graph your findings and discuss patterns in your class data.
f. Suggest reasons for the patterns that you have observed.
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8. SIS Do microbes reflect marine health? Investigate this question by researching online and justify your
response.

Fully worked solutions and sample responses are available in your digital formats.
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3.12 Thinking tools — Target maps and single
bubble maps
3.12.1 Tell me

What is a target map?
A target map is used to help identify (target) what is part of (relevant to) the topic and what is not part of the
topic. They are sometimes called circle maps. Target maps are similar to single bubble maps, in that they both
identify and describe the range of the content. However, single bubble maps do not identify the non-relevant
material.

For example, you might use a target map to show:
• the characteristics of cells
• the relevant features of an animal cell
• the relevant features of a plant cell.

Why use a target map instead of a single bubble map?
Target maps are a good tool to use for distinguishing what is relevant in a topic, and what is not relevant.

FIGURE 3.59 Target map

Non-relevant

Relevan

Topic

FIGURE 3.60 Single bubble map

Feature

Feature

Feature Feature

Feature

Feature

Feature

Feature

Feature

Topic

3.12.2 Show me
FIGURE 3.61 Target map of animal cells

Cell membrane

Cytoplasm

Cell wall

Large

cacuole

Chloroplast

Nucleus

Animal

cells

To create a target map:
1. Draw three concentric circles on a sheet of paper.

2. Write the topic in the centre circle.
3. In the next circle, write words and phrases that are

relevant to the topic.
4. In the outer circle, write words and phrases that are not

relevant to the topic.

The example in figure 3.60 shows a target map of animal cells.
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3.12.3 Let me do it

3.12 ACTIVITIES

1. Use the target map to answer the following
questions.
a. List the content that is relevant to animal cells.
b. List the content that is not relevant to animal

cells.
c. Using the words in the target map, construct

a target map that is relevant to plant cells.
d. Identify which words are relevant to both plant

cells and animal cells.
e. Suggest why plant and animal cells both have

these features in common.

HeterotrophMembraneAutotroph

Starch Cell wall

Leaves

Stomata

ChloroplastRoots

Blood cell

Mitochondria

Nucleus

Animal

Large

2. Use the information in the single bubble map to construct a target map of the parts of a light
microscope.

3. a. Use the internet to find images of at least five different types of zooplankton.
b. Carefully observe your zooplankton images, recording key features of each in single bubble maps.
c. Construct target maps for each of your zooplankton to show how they are different from the other

zooplankton.

Eyepiece lens

Specimen

Light

microscope
Objective lens

Stage

Electron

microscope

Robert Hooke

Nanometres

Focus knob

Microscope
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3.13 Review

Access your topic review eWorkbooks

Topic review Level 1
ewbk-3000

Topic review Level 2
ewbk-3001

Topic review Level 3
ewbk-3009

Resources

3.13.1 Summary
A whole new world

• The work of many scientists leads to creation of scientific theories such as the cell theory.
• From the initial microscope developed by Robert Hooke in the seventeenth century, microscopes have

improved greatly and allow for the observation of smaller scales such as microns and nanometres.

Focusing on a small world
• Two main types of microscopes (light and electron microscopes) are used for different purposes. They

differ in terms of their illumination source, magnification, use of living or dead cells and expense.
• Light microscopes are commonly used in school science laboratories and include a stage to place a slide

(with a specimen to be viewed), an eyepiece lens, objective lenses, an in-built light source and focus knobs.
• Magnification is determined by multiplying the magnification of the eyepiece lens with the magnification

of the objective lens.

Form and function — Cell make up
• All organisms are made of cells; some are made of only one cell (unicellular) and others are made of many

cells (multicellular).
• Prokaryotes, such as bacteria, are organisms that are made up of cells that do not contain membrane-bound

organelles such as a nucleus.
• Eukaryotes, such as plants, animals, fungi and protoctistans, are made up of cells that contain membrane-

bound organelles such as a nucleus.
• Nearly all cells possess a cytoplasm (where hundreds of chemical reactions occur), cell membrane and

ribosomes.
• Living things can be divided into five main kingdoms on the basis of cellular differences — Animalia,

Plantae, Fungi, Protoctista and Prokaryotae.
• Cells have different structures within them called organelles; their different structures may be due to their

different functions.
• Three examples of organelles are the nucleus, which is the control centre of the cell, the mitochondria,

which are involved in cellular respiration and the conversion of energy into a form that the cells can use and
chloroplasts, which are involved in photosynthesis and the conversion of light energy into chemical energy.

Zooming in on life
• When preparing specimens for viewing under a microscope, dyes allow for different structures to be more

visible.
• When sketching microscope specimens, it is important to include the magnification, title and clear labels,

and use pencil to sketch the image.

Focus on animal cells
• There are various cell types in animals that differ in shape, size and function.
• Some examples of different animal cells include muscle cells, nerve cells, red blood cells and skin cells.
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Focus on plant cells
• All plant cells contain a cell wall and a large central vacuole filled with cell sap.
• Some examples of different plant cells include guard cells (on the surface of leaves), root hair cells and

epidermal cells.

Plant cells — holding, carrying and guarding
• Phloem are tissues that transport sugar through a plant through translocation.
• Xylem are tissues that transport water up through plants (from the roots) through a process called

transpiration.
• Stomata are tiny pores on the surface of leaves where gas is moved and water is lost. They are surrounded

by guard cells, which can allow the stomata to open and close.

Cell division
• Cell division allows cells to divide and produce new cells.
• Mitosis is the division of the nuclear material in eukaryotes. This is followed by cytokinesis, where the

replicated cell is divided into two.
• Another common type of cell division is binary fission (occurring more commonly in prokaryotes), which

allows bacteria to replicate very quickly.

Skin ‘n’ stuff
• Skin is the largest organ in the body; its main role is in the protection against invaders (microbes).
• The skin has three main layers: the epidermis, the dermis and the underlying tissue, which includes muscles

and nerves.
• Burns, including sunburn, is any damage to the skin. When ultraviolet rays damages DNA in a cell,

uncontrolled cell growth can occur.
• Cancer is due to uncontrolled cell division, leading to the formation of tumours.

Tiny size, big trouble
• Microbes are microscopic organisms that can cause disease in other organisms.

3.13.2 Key terms

Animalia the kingdom of organisms that have cells with a membrane-bound nucleus, but no cell wall, large
vacuole or chloroplasts (e.g. Animalia)
antibiotics a substance derived from a micro-organism and used to kill bacteria in the body
antiseptics a mild disinfectant used on body tissue to kill microbes
bactericidal an antiseptic that kills bacteria
bacteriostatic an antiseptic that stops bacteria from growing or dividing but doesn’t kill them
benign a tumour that does not spread to other parts of the body
binary fission reproduction by the division of an organism (usually a single cell) into two new organisms
binocular microscope a microscope with two eyepieces through which the specimen is seen using both eyes
burn any damage to the skin; combustion of a substance with oxygen in a flame
cancer a disease resulting in the uncontrolled growth of body cells, forming tumours
cytosol the fluid found inside cells
cell membrane the structure that encloses the contents of a cell and allows the movement of some materials in
and out
cell theory A theory that states that all living things are made up of cells and that all cells come from pre-existing
cells.
cell the smallest unit of life. Cells are the building blocks of living things. There are many different sizes and
shapes of cells.
cellular respiration a series of chemical reactions in which the chemical energy in molecules such as glucose is
transferred into ATP molecules, which is a form of energy that the cells can use
chlorophyll the green-coloured chemical in plants that absorbs light energy so that it can be used in the process
of photosynthesis
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chloroplasts oval-shaped organelles that are involved in the process of photosynthesis that results in the
conversion of light energy into chemical energy
chromosomes the tiny, thread-like structures inside the nucleus of a cell. Chromosomes contain the DNA that
carries genetic information
clone an identical copy
cytokinesis the division of the cytoplasm at the end of the cell division process so that one cell divides to form
two
cytoplasm the jelly-like material inside a cell. It contains many organelles such as the nucleus and vacuoles
deoxyribonucleic acid (DNA) the chemical substance found in all living things that encodes the genetic
information of an organism
dermis the medical name for the deeper part of the skin
diffusion movement of a substance from where it is in a high concentration to where it is in a low concentration
disinfectants a chemical used to kill bacteria on surfaces and non-living objects
eukaryote any cells or organisms with a membrane-bound nucleus (e.g. plants, animals, fungi and protists)
electron microscopes instrument for viewing very small objects. An electron microscope is much more powerful
than a light microscope and can magnify things up to a million times
epidermis the outermost layer of the skin
evaporates changes state from a liquid to a gas. Evaporation occurs only from the surface of a liquid.
flaccid cells that are not firm due to loss of water
Fungi the kingdom of organisms made up of cells that possess a membrane-bound nucleus and cell wall, but no
chloroplasts (e.g. mushrooms). Some fungi can help to decompose dead and decaying matter.
guard cells cells on either side of a stoma that work together to control the opening and closing of the stoma
infectious diseases diseases that can be transferred from one organism to another
light microscopes instrument for viewing very small objects. A light microscope can magnify things up to 1500
times
lignin a hard substance in the walls of dead xylem cells that make up the tubes carrying water up plant stems.
Lignin forms up to 30 per cent of the wood of trees.
magnification the number of times the image of an object has been enlarged using a lens or lens system. For
example, a magnification of two means the object has been enlarged to twice its actual size
malignant a type of tumour that damages cells and can spread to other parts of the body
metabolism the chemical reactions occurring within an organism that enable the organism to use energy and
grow and repair cells
micrometre one millionth of a metre
microscope an instrument for viewing small objects
mitochondria small rod-shaped organelles that are involved in the process of cellular respiration that results in
the conversion of energy into a form that the cells can use Singular = mitochondrion
mitosis the cell division process that results in new cells, which are genetically identical to each other and to the
original cell
monocular microscope a microscope with a single eyepiece through which the specimen is seen using only
one eye
multicellular made up of many cells
nanometre one billionth of a metre
nanotechnology a science and technology that focuses on manipulating the structure of matter at an atomic and
molecular level
non-infectious diseases diseases that cannot be transferred from one organism to another
nucleus (in biology): roundish structure inside a cell that acts as the control centre for the cell; (in chemistry) the
central part of an atom, made up of protons and neutrons. Plural = nuclei
organelles any specialised structure in a cell that performs a specific function
osmosis the movement of water across a semipermeable membrane from where it is in a high concentration to
where it is in a low concentration
phloem a type of tissue that transports sugars made in the leaves to other parts of a plant
photosynthesis a series of chemical reactions that occur within chloroplasts in which the light energy is
converted into chemical energy. The process also requires carbon dioxide and water, and produces oxygen,
water and sugars — which the plant can use as ‘food’.
Plantae the kingdom of organisms that have cells with a membrane-bound nucleus, cell wall, large vacuole and
chloroplasts (e.g. plants)
pores small openings in the skin. Perspiration reaches the surface of the skin through pores
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Prokaryotae the kingdom of unicellular organisms made up of a single cell that does not possess a
membrane-bound nucleus or other membrane-bound organelles (e.g. bacteria). Also called Monera
prokaryotes any cells or organisms without a membrane-bound nucleus (e.g. bacteria)
Protoctista the kingdom of organisms made up of cells that possess a membrane-bound nucleus but vary in
other features and do not fit into other groups (e.g. protozoans). Also called Protista
receptors specialised structures that sense or receive stimuli
ribosomes small structures within a cell in which proteins such as enzymes are made
stereo microscope a type of binocular microscope through which the detail of larger specimens can be
observed
stomata small openings mainly on the lower surface of leaves. These pores are opened and closed by guard
cells. Singular = stoma.
sweat gland a tiny, coiled tube in the skin through which water and salt are removed from the body, helping to
control body temperature
translocation process in which sugars and amino acids are transported within the plant by phloem tissue in
plants
transpiration the loss of water from plant leaves through their stomata
transpiration stream the movement of water through a plant as a result of loss of water from the leaves
tumour an abnormal growth
turgid something that is firm
unicellular made up of only one cell
vacuoles sacs within a cell used to store food and wastes. Plant cells usually have one large vacuole. Animal
cells have several small vacuoles or none at all.
vascular bundles groups of xylem and phloem vessels within plant stems
wilt plant stems and leaves droop due to insufficient water in their cells
xylem vessels pipelines for the flow of water up plants. They are made up of the remains of dead xylem cells
fitted end to end with the joining walls broken down. Lignin in the cell walls gives them strength.

Resourceseses
Resources

Digital document Key terms glossary (doc-26465)

eWorkbooks Study checklist (ewbk-2996)
Literacy builder (ewbk-2997)
Crossword (ewbk-2998)
Word search (ewbk-2999)

Practical investigation eLogbook Topic 3 (elog-0431)

3.13 Exercise

To answer questions online and to receive immediate feedback and sample responses for every question, go to
your learnON title at www.jacplus.com.au.

Select your pathway

LEVEL 1:
Questions
1, 3, 4, 7, 8, 11

LEVEL 2:
Questions
2, 5, 9, 12, 13

LEVEL 3:
Questions
6, 10, 14, 15, 16
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Remember and understand

1. Copy and complete the table provided:

Cell feature Plant cells Animal cells Fungal cells

Cell wall ✓ X

Cytoplasm

Cell membrane

Chloroplast

Nucleus

Large vacuole

2. Draw and label a typical plant cell and a typical animal cell.
3. Which of the following types of microscopes were used to take the photos shown?

• Scanning electron microscope
• Light microscope
Give reasons for your answers.

4. Make a sketch of these human cheek cells.
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5. a. Match the following cell names to the diagrams provided.
Euglena
Paramecium
onion epidermal cells
nerve cell
sperm cell
guard cells
root hair cell
bacterium

b. To which kingdom does each of these cells belong?

6. Carefully observe the diagram of the skin given. Match the letters on the diagram with the following
labels: epidermis, dermis, fatty layer, light receptor, sweat gland, blood vessels, sebaceous gland, pain
receptor, nerve, pore.

Apply and analyse

7. a. Brainstorm as many ‘cell’-related words as you can, writing them on a piece of paper.
b. Pair up with another class member and add any of their words that you missed. Ask your partner

what these words mean if you are unsure.
c. On a new piece of paper, work with your partner to group or link words to make a concept, cluster

or mind map.
d. Compare your map with that of another pair in the class, adding as many more bits and pieces as

you can.
8. Construct a Venn diagram to show the

similarities and differences between
light microscopes and electron
microscopes.

9. Explain the significance of the invention of the microscope in terms of how we see the world.
10. Suggest why the invention of microscopes led to the development of new scientific language and

classifications.
11. Unscramble the words using the clues provided.

a. Control centre of the cell SEUNCLU
b. Surrounds the cell ERAMMBNE
c. Contains cell sap OCVAUEL
d. Part of the cell between the cell membrane and the nucleus CATOPLMYS
e. Building blocks of all living things LELSC
f. Living things ASMOGNIRS
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12. What’s green and eats porridge? Identify the
parts of the microscope shown and use the
code provided to find out the answer to this
riddle.
Code:
O = revolving nose piece; U = objective
lenses;
S = coarse focus knob; K = fine focus knob;
D = microscope slide; L = stage slide clip;
C = base; O = mirror; L = iris adjustment;
I = stage; M = eyepiece lens

13. Use the terms in the box provided to
construct target maps that are relevant to:

1. 

10.

11.

9. 

1 2 3 4 5 6 7 8 9 10 11

6. 

2. 

3.
4.

5. 

7. 

8. 

a. plants
b. animals
c. fungi
d. protoctistans
e. prokaryotes (monera).

multicellular chloroplast Euglena

prokaryote bacteria mushroom

eukaryote fern yeast

nucleus alga lizard

cell wall
Paramecium

sponge

large
vacuole

unicellular moss

xylem cell
membrane

blood cells

possum stomata phloem

14. Construct a single bubble map to identify:
a. types of plant cells
b. types of animal cells
c. scientists who have contributed to our knowledge of cells
d. examples of body systems
e. functions of skin
f. issues related to stem cells.

Evaluate and create

15. a. Why do you think that cells have
been described as ‘living factories’?

b. Think of a typical plant or animal
cell. Make a list of all of the different
parts and organelles. If the cell was
a living factory, what might be the
job of each listed part?

c. Write a play to act out what happens
in cells and perform it with others
in your class. What sorts of things
were easy to show? What sorts of
things were hard to show? If you
were to rewrite the play, what might
you change and why?

d. Convert the classroom into a giant
cell! Take photos and then add
information to them on a poster.

EA

B

C

D
J

I

H

G

F
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16. SIS Students are exploring the use of biological stains on cells. They have access to some bacterial
cells, some plant cells and animal cells as well as the three biological stains listed.

TABLE Biological stains and the organelle they stain

Stain Organelle stained

Crystal violet Stains cell walls purple

Methylene blue Stains nuclei blue

Eosin Stains cell membranes pink

a. What organelle is present in a plant cell but not in an animal cell?
b. What organelle is present in a plant cell but not in a bacterial cell?

Unfortunately, the containers containing the cells are unlabelled and have been mixed up. No one
can determine which is which.

c. Outline an experimental design that would allow you to determine which sample is which so that the
correct labels can be applied.
The following observations were recorded.

TABLE Results obtained using different stains on three samples

Sample A Sample B Sample C

Crystal violet Nothing was stained Purple structure
around outer of cell

Purple structure
around outer of cell

Methylene
blue

Blue organelle present
in middle of cell

Nothing was stained Blue organelle present
in middle of cell

Eosin Pink line outlining cell Pink line outlining cell Pink line outlining cell

d. From these results which do you think is:
i. Sample A
ii. Sample B
iii. Sample C
This diagram is a drawing of one of the cells taken
during the experiment. They forgot to add the scale
(although they remembered to put in a scale bar).

e. If the field of view was 45 μm in diameter, approximately
how big is this cell?

f. What type of cell is it most likely to be plant, animal
or bacteria based on it’s structure? Give evidence to
support your conclusion.

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

Resourceseses
Resources

eWorkbook Reflection (ewbk-3038)

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

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

3.1 Overview
Video eLesson
• Robert Hooke and cells (eles-1780)

eWorkbook
• Topic 3 (ewbk-2993)
• Student learning matrix (ewbk-3017)
• Starter activity (ewbk-2995)

Practical investigation eLogbook
• Topic 3 (elog-0431)

3.2 A whole new world
Video eLesson
• Historic bacteriologists Van Leeuwenhoek, Pasteur

and Koch (eles-2026)

eWorkbook
• History of the light microscope (ewbk-2981)

3.3 Focusing on a small world
Digital documents
• In focus (doc-18709)

3.4 Form and function — Cell make-up
Video eLesson
• Inside cells (eles-0054)

3.5 Zooming in on life

eWorkbook
• Preparing a stained wet mount (ewbk-2985)

3.7 Focus on plant cells

eWorkbook
• Plant transport highways (ewbk-2987)

3.8 Plant cells — Holding, carrying and
guarding

eWorkbook
• Leafy exchanges (ewbk-2989)
• Photosynthesis (ewbk-2991)

3.9 Cell division
Video eLesson
• Binary fission (eles-2028)

3.10 Skin ‘n’ stuff
Video eLesson
• A cure? (eles-0070)

3.13 Review
Digital document
• Key terms glossary (doc-26465)

eWorkbooks
• Study checklist (ewbk-2996)
• Literacy builder (ewbk-2997)
• Crossword (ewbk-2998)
• Word search (ewbk-2999)

Practical investigation eLogbook
• Topic 3 (elog-0431)

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

TOPIC 3 Cells — the basic units of life 135

UNCORRECTED PAGE PROOFS

UNCORRECTED PAGE PROOFS


	Cells — the basic units of life
	Overview
	A whole new world
	Focusing on a small world
	Form and function — Cell make-up
	Zooming in on life
	Focus on animal cells
	Focus on plant cells
	Plant cells — holding, carrying and guarding
	Cell division
	Skin ‘n’ stuff
	Tiny size, big trouble
	Thinking tools — Target maps and single bubble maps
	Review
	Overview
	A whole new world
	Focusing on a small world
	Form and function — Cell make-up
	Zooming in on life
	Focus on plant cells
	Plant cells — Holding, carrying and guarding
	Cell division
	Skin ‘n’ stuff
	Review




