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Cells in plants and animals

For thousands of years, humans have studied the structure and behaviour of living things. It is only
since the development of the microscope, less than 500 years ago, that scientists discovered that
all living things were made up of tiny structures called cells. Some living things are made up of just
one cell. Other living things are made up of trillions of cells. The features and functions of these
cells support the growth and survival of all living things.

In this topic, you will learn about cells as the building blocks of life and their features and functions
in plants and animals.

Check your prior knowledge

1 (a) Classify the following as living or non-living.
ant rock tree fire bacteria crystal worm computer car mushroom

Living Non-living

(b) List four features that all living things have in common.

1

2

3

4

2 (a) Underline the features that belong to living things.
skin pencil cell lung bolt phone ear string
toe paper heart clamp tail wool feather

(b) Some of the features in the list are too small to be seen without a microscope.
Put a star next to the microscopic features in the list in part (a).

3 Despite being too small to see, certain features of living things are essential for their survival.
Propose the roles that these microscopic features play in the lives of living organisms.

RATE MY . )
LEARNING I need some help | am getting there I get it I am confident
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11 Cells as the building blocks of living things

Learning intention: To understand that cells are the basic unit of living things

Success criteria:

I:I SC 1: | can explain that cells are the fundamental building blocks of all living organisms.

| ]sc2: 1can explain the difference between unicellular and multicellular organisms.

Biological cells are the units that you and every other living thing are made from.

In this lesson, you will learn about how cells are the building blocks of life, and the role they play

in all living systems.

Cells as microscopic units of living things

All living things are made of cells, which are the smallest

living unit and can be thought of as tiny factories that perform
essential functions for an organism’s survival. These functions
include obtaining energy from food, eliminating waste, and
replicating to support growth.

Cell theory states that:

B all living things are composed of one or more cells
B cells are the fundamental units of life

B new cells originate from existing cells.

Cells in body systems

Cells are the fundamental units of life, with some organisms
consisting of a single cell, such as bacteria. Most organisms,
including humans, are multicellular, organised into intricate
organ systems such as the circulatory system. Organs, made up
of various tissues and cells, work together within these systems.

Inside cells

KEY TERMS

cell building block of all living things
organism a living thing

cell theory the idea that all living

things are made up of one or more
cells that come from existing cells

multicellular made of many cells

organ system two or more
different organs that work together

organ a structure that contains at
least two different types of tissues
that work together to complete a
task

tissue a group of cells of the
same type that carry out the same
job in the body

organelle a part of the internal
structure of a cell located in the
cytoplasm

Organelles are specialised parts within cells that perform special functions.

1 Three of the statements about cell theory are incorrect. Identify these, and rewrite them to be

correct.
(@) Some cells can survive without other cells.

(b) The human heart is a body system.

(c) Human cells have different functions to cells in other animals.

(d) All organisms are made up of a large number of cells.

(e) Cell theory will change as more scientific evidence is discovered.
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Differences between unicellular and multicellular organisms

Some living things, such as bacteria, are composed of just one

cell. These living things are called unicellular organisms. When KEY TERMS
a living thing is composed of two or more cells, it is called unicellular made of only one cell
multicellular. Examples of multicellular organisms include multicellular made of many cells

plants, animals and fungi.

Multicellular organisms

In multicellular organisms, various tasks are performed by different types of cells, or groups of
cells collaborating within different systems.

Examples of different cell types and functions in humans

Cell type Function

red blood cells carry oxygen around the body

muscle cells provide support and allow movement

egg cells involved in reproduction

nerve cells (neurons) carry messages around the body

fat cells store fat that can be used as energy when the body needs it
stem cells have the ability to develop into many different cell types

Skin, a type of tissue, comprises some of these cell types, as shown below.

epidermis
dermis

fascia superficialis

,\\__\/
fat cells ). O \
\‘ @ . ", blood vessel

o”“(' <t
. X &.. g\..

= ...0

reserve fat muscle cell

Types of cells in human skin

Unicellular organisms KEY TERMS
Unicellular organisms, such as bacteria, manage all life functions cell division process that results in
within a single cell. These life functions include obtaining two new cells each having the same

. D . . . genetic information as the parent cell;
nutrients, eliminating waste, and reproducing. Some bacteria, also called mitosis
such as Staphylococcus, can cause diseases. Other bacteria, clone an organism with exactly the
such as Lactobacillus, can benefit human health. Unicellular same genetic information as its parent
organisms reproduce through cell division, creating clones with genetic information information
identical genetic information to the parent organism. that is passed from parents to

offspring through DNA
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Cells in plants and animals

...........................................................................................................

2 Connect each term to its description by joining them with a line.

a type of unicellular organism - * neuron
the way that unicellular organisms reproduce * * mammals
a cell responsible for the transfer of messages * « division
a classification of multicellular organisms * « bacteria
an organism that is made from just one cell - * unicellular

Lesson review

1 Indicate whether the following statements are true or false.

Statement True or false? Statement True or false?
fungi are not made up of cells most cells contain organs
animals are unicellular cells are the building
organisms blocks of living things
the human body is made up of organ systems are made
just one type of cell up of connected organs
bacteria are classified as multicellular organisms can
plants grow when cells divide to
make copies of themselves

2 Add the following information to the correct place in the Venn diagram to compare and contrast
unicellular and multicellular organisms.

cells contain genetic organisms reproduce by new cells produce new
information splitting organisms
new cells produce growth cells can survive on their own | cells reproduce by splitting
contain different types cells are the basic unit of life cells are part of tissue
of cells

Unicellular organisms Multicellular organisms

RATE MY . .
LEARNING I need some help I am getting there I get it I am confident
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1.2 Cells in humans

Learning intention: To understand the features and function of some cells found in the human body

Success criteria:

I:I SC 1: | can state the function of different types of cells in humans.

D SC 2: | can compare the scale of different types of cells in humans.

D SC 3: | can describe some features that are common to most types of cells.

A fertilised cell holds the genetic information necessary for forming more than 30 trillion cells in an
average human body. These cells come from cell division, called mitosis. The cells in the human
body perform various roles. For example, some specialise in transporting oxygen, while others are
responsible for digesting food.

In this lesson, you will learn about the various cell types in your body, their sizes, and common
characteristics they share.

Function of different types of cells in humans

Cells work together to allow the whole organism to function. In multicellular organisms, there are
many different types of cells with specific roles, such as transporting oxygen and sending signals
throughout the body. Even though cells have many different structures and functions, all cells
contain genetic information in the form of DNA.

blood cells
-
Y ~ o
liver cells 0:/0/0
9 %E 9 % Q@
intestinal cells

muscle cells

A human has many different types of cells that have different features and functions

Some cell functions and the cells responsible for carrying out these tasks

Cell function Cells responsible
transporting gases around the body red blood cells
protection from infection white blood cells
barrier against microorganisms and environmental factors skin cells
receiving information from our environment and sending commands nerve cells
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When cells cannot do their job

Unhealthy cells can result from factors such as genetic mutations, infections, toxins, and lack of
nutrients. These factors can disrupt the cell's normal function and cause health issues. Diseases
often stem from compromised cells that cannot function properly.

The table below highlights medical conditions related to weakened cell health, some of which can
be serious.

Some common cell health issues and diseases

Cell health issue Disease Effects

lack of healthy red blood cells anaemia fatigue, pale skin, shortness of
breath

body’s defence system cannot autoimmune a range of diseases including

distinguish between its own cells and | diseases arthritis and type 1 diabetes

foreign ones

cells reproduce uncontrollably cancer range of cancers depending on
part of body and cells affected

low white blood cell count leukopenia a range of infections, including
tuberculosis and HIV

1 (a) Explain why red blood cells need to travel to carry out their role in the body.

(b) Explain why nerve cells have long extensions to carry out their role in the body.

Scale of different types of cells in humans

The size of cells in our bodies KEY TERMS

microscope an instrument used

The human eye can only see macroscopic objects without :
to make very small things look

magnification. Those visible without microscopes are bigger
macroscopic, while those requiring microscopes are macroscopic able to be seen
microscopic. Cells are measured in micrometres (Um), without the help of a microscope

one-thousandth of a millimetre, as shown in the table below. microscopic can be seen only
using a microscope

Micrometres compared to larger units

Unit Number of micrometres (Lm)
1 metre (m) 1000000

1 centimetre (cm) 10000

1 millimetre (mm) 1000
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Most human cells are between 8 and 60 um. Bacteria are between 0.1 and 1.5 um. The table
below shows some sizes of human cells, followed by a diagram for comparison.

Approximate sizes of cells in the human body

Type of cell Approximate size of cells (Lm)
sperm length 4.5, width 2.8

red blood cells 5-8

white blood cells 6-14

€gg 100

cheek cells 50-100

cardiac muscle cells (in the heart) length 100, width 20

skeletal muscle cells (connected to bones) length up to 50000, width 100
nerve cells length 100 up to 1000000
100 um

80 um

60 um

40 um

20 um

. (€]
plant cell human cheek cell human red blood cell bacterium

The relative sizes of cells

hub #° SkillBuilder: Converting between micrometres, millimetres and centimetres

2 Answer the following questions about cheek cells.

(a) Estimate how much bigger a cheek cell is compared to a red blood cell.

(b) The cheek cell has a diameter of approximately 50 (Lum). How many cheek cells would fit
on alinel cm long?

(c) Explain why you would need a microscope to observe a cheek cell.
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Features that are common to most types of cells

Although our bodies consist of various cell types, most human cells share common features and
organelles (specialised structures), as shown in the diagram.

B Cell membrane: Surrounds the cell, controls what enters and exits.
Ribosomes: Produce proteins for cell growth and repair.

Nucleus: Contains DNA with genetic instructions.

Mitochondria: Generates energy via cellular respiration.

Cytoplasm: Jelly-like fluid containing cell components.

% ___cell membrane

9F \Sg H o mitochondrion
ribosomes <t—"\o ég’

nucleus

3 (a) Describe the role of the cell membrane.

(b) Predict what might happen if the cell membrane is not able to function correctly.

Lesson review

1 (a) Listfour functions of different types of cells in humans.

(b) Describe how water can play a part in one of these functions.
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2 (a) Cells are measured in micrometres (um). How many micrometres make up a millimetre?

(b) If the size of a white blood cell is 10 (um), what would this be in millimetres (mm)?

3 (a) Name the structure inside a cell that produces proteins.

(b) Explain why this organelle is present in most human cells.

RATE MY . .
LEARNING I need some help I am getting there 1 getit I am confident
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1.3 Practical investigation: Using a microscope

Learning intention: To be able to use a microscope to generate data and information

Success criteria:

[ ]sc1:
[ ]sc2:
[ ]sca:

| can identify key parts of a light microscope and describe their function.
| can calculate the total magnification of a light microscope.

| can safely use a microscope to observe and record observations of specimens at a
range of magnifications.

Microscopes are essential for exploring cells and advancing cell theory. They extend our vision
beyond the naked eye's limits. School laboratory microscopes provide vital evidence, revealing
unseen cell structures.

In this practical investigation, you will learn how to use a light microscope and calculate the
magnification of a microscope when viewing specimens.

Key parts of a light microscope and their functions

Light microscopes are commonly used in schools and laboratories. They come in two variations:
monocular (with one eyepiece) and binocular (with two eyepieces). The photograph below shows
the main components of a light microscope.

How microscopes magnify images coarse focus

knob used to
focus the image
on low power

eyepiece or ocular
lens magnifies the
image

Light microscopes magnify images using lenses
and light. The eyepiece (ocular lens) is near your
eye. The objective lens is closer to the specimen.
Microscopes with two lenses, like the one in the
diagram, are called compound microscopes.

objective lens
magnifies the
image

fine focus knob
used to focus
the image on

stage where the high power

specimen is
placed

Maghnification indicates how much bigger the image is
than the real object. A magnification of 10X means the
image is ten times larger. The field of view determines
what you see; higher magnification narrows it. Light
compound microscopes magnify up to around 1000
times, revealing large

bacteria. Stereo microscopes can magnify up to around 40 times.

handle for
carrying the
mirror or lamp microscope
directs light up
through the stage
and specimen -

1 Match the parts of a microscope to the correct description by
joining them with a line. KEY TERMS

light microscope a microscope

that uses light to view specimens

ocular lens the lens of the

microscope closest to your eye,

also known as the eyepiece

eyepiece * « part of the microscope on which the

specimen is placed

coarse focus knob * « sharpens the focus on high power

stage *
objective lens -
specimen -

light source -

fine focus knob -

+ used to light the specimen
+ sharpens the focus on low power

« the object being studied using the
microscope

« the lens of the microscope closest
to the specimen

« the part of the microscope you look
through

objective lens thelensina
microscope or telescope that is
nearest to the object being viewed

magnification the amount by
which the image is magnified
(made bigger) compared to the
real object (specimen)

field of view maximum area visible
when looking through a microscope
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Calculate the total magnification of a light microscope

Most microscopes can be set to magnify at a range of powers of magnification. This is because
they contain an eyepiece and a second objective lens. Different combinations of lenses will
produce a different overall magnification.

Refer to the SkillBuilder to learn how to calculate the magnification of a light microscope.

hub #° SkillBuilder: Calculating the magnification of a microscope

2 A microscope has an eyepiece labelled 10X and an objective lens labelled 40x.
Calculate the magnification of this microscope.

Using a microscope to observe specimens

Background

There are different types of light microscopes, but most that you will use in a school laboratory will
have the parts you have already learnt about. If the microscope does not have its own light source,
light is directed onto the specimen using a mirror that reflects from a microscope lamp or other
suitable light source. Some microscopes have only one focus knob.

MATERIALS

+ various small samples for
microscope observation; for
example, sugar crystals (plain
and caster), salt, copper
sulfate crystal, hair strand,
clothing fibres, leaf section,
writing sample, newsprint

+ light microscope

*microscope lamp (if not built-in)

+ glass microscope slides

+ tweezers

____________________________

Aim
To become familiar with the workings of a microscope by
observing common objects at various magnifications

Safety notes

Ensure that you follow the correct way to focus the
microscope so that you do not damage the specimen or
the objective lens.

Method

1 Place the sample carefully on a microscope slide. Secure it
with clips on the stage.

Adjust the mirror or light source for optimal light passing through the slide.

Choose the lowest magnification objective lens.

Adjust the coarse focus knob to bring the stage and lens closer without touching.

Look through the eyepiece and turn the coarse focus knob to move the lens and stage apart.
Repeat step 5 until the specimen comes into focus.

If focus is lost, return to step 4 and begin again.

0 N & a ~ W DN

Use this method to observe each specimen under the microscope.
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Results

In the table:

B note the specimen and the magnification used for the clearest image
B describe any observations made using the microscope

B sketch diagrams of your observations for each specimen.

Specimen Sketch

Magnification

Microscopic
observations

Specimen Sketch

Magnification

Microscopic
observations

Specimen Sketch

Magnification

Microscopic
observations

Specimen Sketch

Magnification

Microscopic
observations

Specimen Sketch

Magnification

Microscopic
observations

RATE MY . .
LEARNING | need some help | am getting there | get it | am confident
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...........................................................................................................

1.4 The function of the nucleus in cells

Learning intention: To understand the key role of the nucleus in the function of cells

Success criteria:
D SC 1: | can identify the nucleus from a visual representation of a cell.
D SC 2: | can explain the function of the nucleus of a cell.

The nucleus serves as the cell’s information hub, containing essential genetic instructions. Every
cell in an organism carries this genetic information crucial for both cell and organism survival.

In this lesson, you will learn about the nucleus and its fundamental role in the cell.

Identifying the nucleus from a visual representation of a cell

Cells that contain a nucleus are called eukaryotic cells, while
cells that don't have a nucleus are called prokaryotic cells. KEY TERMS
Plants and animals are called eukaryotes because their cells nucleus organelle that contains
. . . . . the genetic information for the cell
contain nuclei. Unicellular organisms, such as bacteria, are

) - ) (plural nuclei)
called prokaryotes because their cells do not contain nuclei. eukaryotic cell cell that contains

The nucleus was the first organelle identified within a cell. It is anucleus

often depicted as a circular or oval shape at the cell’s centre, P":';]am"c °el"s a cell that does
. e . not have a nucleus

with a smaller structure called the nucleolus within it. The

. . . . . nucleolus organelle within a cell
nucleolus produces ribosomes, which aid in protein production. g

nucleus that produces ribosomes

nucleus

nucleolus
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......................................................................

Function of the nucleus of a cell

The nucleus is like a control centre for the cell. It contains DNA,
which is packaged into chromosomes. DNA holds instructions
for the cell's functions, such as growth, making more cells and
guiding protein production. Most protein-making happens outside
the nucleus, in the cytoplasm. All cells have the same DNA in their
nucleus, which is protected by a membrane. DNA consists of
genes, small segments responsible for encoding information.

N

the cell
nucleus contains ‘
chromosomes the
chromosomes
contain DNA

The nucleus of the cell contains chromosomes, which contain tightly packed DNA

.....................................

KEY TERMS

DNA deoxyribonucleic acid, the
molecule that contains genetic
information for an organism

chromosomes thread-like
structures in the nucleus;
composed of DNA and proteins;
contain the genetic information in
the form of genes

gene a section of DNA that
carries the genetic code for a
particular characteristic

Not all cells have a nucleus. For instance, bacteria do not have a nucleus, so the DNA floats freely.
Similarly, mature red blood cells lose their nucleus to carry more oxygen, which means the cells

have a short lifespan of just a few days.

2 Predict what would happen if the nucleus was removed from an animal or plant cell.

Lesson review

1 Label two nuclei in this microscope image of muscle cells.

2 Describe the function of the nucleus of a cell.

3 Describe one way that the nucleus controls the functions of the cell.

| need some help | am getting there

RATE MY
LEARNING

| get it | am confident
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1.5 Practical investigation: Observing cells

Learning intention: To be able to use a microscope to observe and record images of plant cells

Success criteria:

I:I SC 1: | can use a microscope at a range of magnifications to observe and record features of
plant cells.

|:| SC 2: | can use microscopic observations to describe and compare plant cells.

Background

Light microscopes are valuable tools to help scientists explore cells and their structures. Light
microscopes can magnify specimens up to 400x to reveal cell shapes and internal features.

Previously, you learnt how to operate a light microscope. In this practical investigation, you will use
a light microscope to examine plant cells from onions and rhubarb. With careful observation, you
will sketch the fundamental cell components.

Aim
To test your microscopy skills and observe and compare B vaterIALs
plant cells

E « slices of onion and rhubarb E
Safety notes + leaf stalk
v+ afew drops of iodine :
A + lodine is harmful and can stain skin and clothing. Wear ! -+ afew drops of water :
safety glasses and avoid contact with skin and clothes * microscope and lamp

+ Complete arisk assessment that outlines the risks + filter paper

and precautions you need to take to minimise them. - 2 microscope slides and

cover slips

Method - eye-dropper and tweezers
1 Gently remove a thin layer of onion skin, ensuring it is one © safety glasses
cell thick. — fmommommomoommosmommoemoed
2 Use tweezers to place the onion skin on a glass microscope
slide. Make sure it lies flat. HINT
3 Add adrop of water and a drop of iodine on the onion skin To avoid trapping bubbles under
sample. Carefully place a cover slip over the sample on the the cover slip, place one edge of

microscope slide. Take care not to trap bubbles under the cover th'e cover slip on the microscope
slide and gently lower it onto

slip. Soak.up any excess water or stain with a piece of filter your sample using a toothpick,
paper or tissue. tweezers or your finger.

4 Use the microscope to examine the cells under two different
magnifications.

5 Carefully extract a thin layer of skin from the outer part of a rhubarb leaf stalk. Repeat the
preparation steps used for the onion skin — but do not use iodine stain.

hub #¢ SkillBuilder: Increasing magnification
hub #¢ SkillBuilder: Drawing from the microscope
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Results

Draw a few cells at the higher magnification. On your diagram, record the type of cell you have
drawn and the magnification used.

Conclusion HINT
Write your conclusion to the experiment by answering the To calculate total magnification,
following questions. multiply the magnification
of the eyepiece (ocular lens) by
1 List the parts of the cell you were able to see clearly in the the magnification of the
onion skin cell and in the rhubarb skin cell. objective lens.

2 Explain why there may be parts of the cell that you were not able to observe.

3 Compare and contrast the onion cells and rhubarb cells.

4 Propose areason why iodine was used to stain the onion cells but not the rhubarb cells.

RATE MY . .
LEARNING I need some help | am getting there 1 getit 1 am confident
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1.6 The roles of the cell wall and cell membrane

Learning intention: To understand the roles of the cell wall and cell membrane in the function of cells

Success criteria:

I:I SC 1: | can identify the cell membrane and cell wall of a cell from a photomicrograph, model or
other visual representation.

|:| SC 2: | can describe the functions of cell membranes and cell walls.

|:| SC 3: | can compare the functions of the cell membrane and cell walls.
The cell membrane and cell wall play important roles in providing protection and structural support
to the cell.

In this lesson, you will explore the roles of the cell membrane and cell wall. You will also
understand why plant cells have cell walls while animal cells do not.

Identifying cell membranes and cell walls

Both plant and animal cells have a cell membrane. The cell

membrane is visible in diagrams and in micrographs as a thin KEY TERMS
outline around the cell. cell membrane a thin layer
that separates the cell from its
cell membrane surroundings

micrograph photograph of an
image from a microscope
cell wall a rigid layer on the
outside of plant cells that
supports and protects the cell

A representation of a typical animal cell

The cell wall is a rigid structure outside the cell membrane. Plant cells have cell walls but animal
cells do not. When viewing plant cells it can be difficult to differentiate the cell wall from the cell
membrane. The cell wall is thicker and more rigid than the cell membrane and it surrounds the
plant cell.

cell wall
cell membrane

A diagram showing the cell wall and cell membrane of a plant cell
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1 Distinguish the animal cell from the plant cell in the diagrams below. Label the cell membrane
and cell wall (if present).

Describing the functions of cell membranes

and cell walls KEY TERMS

semi-permeable membrane a
The cell membrane protects the cell and controls the thin layer of material that only
movement of substances in and out of the cell. It is a certain particles can pass through
semi-permeable membrane, allowing certain substances to osmosis process by which

particles of water pass through a
semi-permeable membrane from

Movement in and out of a cell involves proteins helping with a less concentrated solution into a
. . . more concentrated one

transport, or substances diffusing through small gaps in the

membrane. Water particles can easily move through the cell

membrane in a process called osmosis.

pass through while restricting others.

dilute concentrated
sugar solution sugar solution

O
sugar o ng) uoocg © Cg?
molecule 2 ch
%@ o O Q(i o

ater o o ({i
w
molecule\oe Cg}j OC% (ﬁ)
0 oV
el e e
semi-permeable net movement
membrane of water

D

Osmosis: Water molecules permeate the cell membrane, while larger sugar molecules are restricted

The cell wall provides structural support to the plant cell and, like the cell membrane, the cell wall
controls what goes in and out of the cell.

2 Outline the function of the following cell parts.

(@) cell wall

(b) cell membrane
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