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Using This Worktext

This edition of Biology for QCE Units 1 & 2 has been specifically written for the Queensland (QCE) Biology general senior syllabus

(2025 version). The next few pages provide information about this resource and how to get the best use from it.

Structure of a Unit and Chapter

Chapter introduction

Contains important information
about what you need to know for
each chapter.

Did You Get It?

An end-of-chapter
assessment task allows you to
demonstrate your knowledge

I of the chapter’s content.
Activities

\\

Synoptic Questions
This assessment task allows you
to demonstrate your knowledge
of the unit and topic content.

Chapter

Chapter

— &
f;-w“ ﬁ:lHomnosO\nh

Unit

pcontrols |

Introduction

« Provides a list of important
key concepts for the
chapter.

o Lits important key terms
(vocab) for the chapter.

« Provides a check list of unit
objectives for the chapter.

o Activities with SHE, SU,

and S| components are
identified.

! . Bysegtc Quesson: Ut 2, Topic 1

> )

Activities Chapter test

e The KEY IDEA provides « End-of-chapter
the focus for the activity.

* Annotated diagrams and
photographs help you
understand the content.

* Answering the questions
helps you consolidate
your understanding of
the content.

o Use the material to revise
for tests and exams.

the chapter.

tests and exams.

assessment tasks test
your understanding of
the biological terms and
concepts covered within « Use them to see how

* Reviewing the answers
can help you study for « Reviewing the answers

i
‘:;!
i

Synoptic question

« Synoptic questions
conclude each unit and
topic of study covered in
the book.

well you understand the
content.

can help you study for
tests and exams.

©2025 BIOZONE International
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Chapter introductions

The chapter introductions contain useful information about what you need to know for QCE Biology. It identifies key concepts and
learning outcomes (what you need to know), identifies important vocabulary, and provides a quick link to supporting resources on
BIOZONE's Resource Hub. The key features of the chapter introduction are explained below.

The section of the worktext QR codes and bitly tags allow you to quickly
you are in is identified for navigate to helpful content (e.g. videos and
easy navigation. models) on BIOZONE's Resource Hub.
Chapter number 5 JgESSSSY Key concepts
and chapter title g W S Resource Hub These are the_
are identified for ———+ == da (A EN R B RS E1TE R important key ideas

quick navigation. {E{.)- tro! B for the chapter. Make

W OIILIUIS sure you understand

e the concepts

. oo Cats Can 193000 13 YIS I It e wTAmEN Dy 43¢ Of SEAUYY summarised here.
Key terms @ ortncehiar recepton HOPOraS 378 (PO d S0 IIA] PORAEE ML 1) S Gt of 1 by T Sy
Important vocabulary * Wt messenge SANGUSDEA VIRON P ISR RS W DA

o hveors .
you should understand o Dashie g signating U Learning ogtcome§
and use in your / R —— O 1 fapam s s by 0 gt e i g These provide a point

. R —— e romtmucion f neree Poonibes o trrapen, e seegemton. 8 & Y T i

course. Definitions : :.:,. - ' the Fwmsmaaion o serse mcuies o sree b¥ p:])mtt summardyt
are provided in the o 8acond messanger {02 Gwemtons == . = of what you need to
glossary at the back o syt metnoss ropirien Actwuty.nymber. know or do by the

$ . O3 ey tyoe e activity number for ,
of the book SRR g | The activit ber f end of the chapter.

i | &« e €2Ch learning outcome

. vonphn 22t s identified. -
Check boxes | © 3 Aecogwm vt tou iein b weens of 3 e iy 5u @ sabutencs .

" e oo Borsl 8 MY DU PesTh o s
Use the check boxes B e e e  Tw—— golmponentlcodl(;ng
" - ve - olour panels an
to keep a record of [0 * 2 g o1 eneruin Seouthe s ke o astosdendhact  xpietng o ! pane
which activities you l‘_ m':-mmmnwm-w-mw-m < codes |dent|fy where
need to complete and N, e Aorw Povwaros 40 i W ity ey & vmens — Science as a Human
. DAL ton s redecs cowts Dhacuna e “ak3 8°F st CroeTe e L E deaVOUI’ (SHE)
tick them off as you 4 o pracsion n ,
- P SR \ N e . .
work through them. Signal transsuction Science Inquiry (SI),
| O 8 Drvcrt 0 sttmae-soepenme sudet s roepect 1o ool sigraig = or Science

v § NI AR TERBATON e CoRAN e iGRrm.

Understanding (SU)
occur in the chapter.

Structure of the activity pages

Activities make up most of the worktext. Be sure to interact with all the elements on the page so you don’t miss any valuable
information. As you work through the material, answer the questions and complete the tasks provided. Inputting your answers
will form a record of work which helps you remember what you have learned. It can also be used for revision at a later date.

N Activity number:
Key Idea: !li-ﬁeh Identifies the activity .
This provides a focus for -y number to help you navigate 'T";i'r:d:'ocvti‘é're‘;%f:frﬂm‘d
the activity and can be between activities. B2 Il
or introductory information
used as a summary take- to the topic
home point of the activity. ’
More information about
the topic is provided
through explanatory text,
images, diagrams, case { QR codes:
studies, and data. These provide a
\ quick link to

interactive 3D models.

Tab system:

Activity based questions: Page tabs identify where

ﬁnlswerlp% the questions components of the syllabus
LI e Je are embedded in an activity
learning. Use your answers § o 1o i 43 59 ST (oai7he e et S P 1 Lt o Sre Seay

(see more on page viii).
The grey tab indicates
there is support material
available on the BIOZONE
- n Resource Hub.

to review for tests and
other assessments.

©2025 BIOZONE International
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Understanding the tab system

A simple tab system identifies where key Science as a Human Endeavour (SHE), Science Understandings (SU), and Science Inquiry
(SI) are integrated into an activity. Syllabus and related unit objectives are also identified within the tab system.

Science as a human endeavour (SHE):
This indicates an activity contains
a SHE component, and promotes

appreciation of the nature and

development of science and its use
and influence on society.

Syllabus objectives (left to right):

Investigate phenomena

Evaluate conclusions, claims, and processes

Interpret evidence
Analyse data
Apply understanding

Describe ideas and findings

in

Science Inquiry:
This tab indicates
an activity contains
material to support
the science inquiry
components of

T

Resource Hub:

The grey Resource Hub
tab indicates there is
material to support this
activity on BIOZONE's
Resource Hub (see page
x for more information).

Science understanding:
This tab indicates an
activity covers a science
understanding component.

the syllabus.

The glossary: helping you build your science vocabulary

Building your science vocabulary is important to help you understand ideas and communicate information about what you know.

Your BIOZONE worktext has several tools to help you with this. They are explained below.

:n--dh‘--~————-1’
et 2 v @ ey e
[

Key terms: chapter introduction

Each chapter introduction has a list of
key terms. These are important words
and they are defined in the glossary at
the back of the book. Try to use these
terms as you communicate with your
classmates and teacher.

u Plant Ce :

iR Key terms are
«wwi| identified in blue bold
T e s o the first time they

Cartam Sestares oy common

SNSRI oceur in an activity.

o met & wwrs ot —

Key terms: activities

You may notice that some words in an
activity are written in blue bold. This
is because they are key terms. If you
are unsure of their meaning, they are
defined in the glossary at the back of
the worktext.

Glossary

A glossary of key terms is located at the
back of this worktext. Use the glossary
to find definitions for key terms and
improve your understanding of what the
terms mean.

©2025 BIOZONE International
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Help with the basic maths skills

The first chapter in this worktext provides information and support to help you with some basic skills you will encounter as you

work through the activities. It will help you with graphing, doing simple calculations (e.g. calculating mean, median, and mode, and

rates), how to carry out common statistical tests and more. Your teacher may ask you to do certain science practice activities at
specific times, but you can refer to the chapter at any time if you need help with maths skills.

Need help?

See Activity 12

TraanRen

Need help?

Some activities have a “Need help?” icon on
the page. This icon lets you know that there
is support for a maths skill in the Basic Skills
for QCE chapter. For example, if you need help et
with deciding which graph to draw.

Practical investigations

Practical investigations form an important component of the QCE Biology syllabus. Practical work provides opportunity for
inquiry and investigation, and allows you to develop your manipulative skills. Practicals encourage the use of 21st century skills
(collaboration and teamwork, communication, critical thinking) and provide opportunities to apply your skills in literacy and
numeracy. An equipment list at the back of this worktext details the equipment needed to carry out the practical investigations.

- — . - i

Preparing a Side E Appendin 1: Equipment List
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Using BIOZONE's Resource Hub

) Many activities have interesting resources, such as videos and 3D models, to help you understand the

for the activity.

content. A grey tab (right) on the activity page indicates there is support on the BIOZONE Resource Hub 3

» Navigate to the Resource Hub either by bookmarking the link below, or by utilising the bitly tag or QR code

found on each chapter introduction (below, right).

Step 1:

Step 2:

Step 3:

Navgarete. WWW.BIOZONEhub.com

Resource Hub

Enter this code

displayen QCE11-2-4351

Bookmark
this page.

Using the QR codes on activity pages

ok

https://bit.ly/3zocOuL

Use this bitly tag
or QR code to
directly access
the BIOZONE
Resource Hub.

Some activities have QR codes on the pages (below). These link directly to informative and engaging 3D models. If
your school does not let you use your phone in class, you can still access the models
and data sets through the Resource Hub. Follow the steps above to access the resources through the Resource Hub.

Animal Cell

erial. The diagram below shows the structure
2 v
by un

 not have a reguiar shape.
as phagocytes) are able
purposes (e.g. engulfing or

Generalised animal cell

rally absent from plant calks

vacuoles in plant and animal cells?.

2. Name one structure o organelle present in generalised animal cells but absent from plant cells and describe s function:

B a R
:;f"%
e il

White blood cals and red bioad cells

rographs, left, show
nimal cells. dentify the
by the letters A-C:

Scan the QR codes on the activity pages.
These link directly to informative and
engaging 3D models. All models can be
rotated and zoomed, and some contain
informative annotations.
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Chapter1 Skills

(=] Resource Hub

Basic Skills for QCE B nuasass:

Key Terms

accuracy
assumption

bias

control
controlled variable
dependent variable
estimate
e experiment
e graph

* hypothesis

+ independent variable

e mean
¢ median
e mode

¢ model (scientific)

« null hypothesis

e observation

e percentage

e precision

e prediction

e proportion

e qualitative data

e Quantitative data

e rate

e ratio

« reliability (of data)
« scientific method

« significant figures

« statistical test

e table
e trend
e variable

Inquiry is the basis of science

Inquiry begins with observation

01

Describe the role of inquiry-based investigations in science. Show, through
your work, your understanding of science as a non-linear process.

Use scientific models to illustrate biological processes and concepts,
communicate information, make predictions, and describe systems.

Use a variety of methods to answer questions you raise as a result of

observation, including field and laboratory-based investigations, simulations

and models, and data analysis.

O 4 Understand and demonstrate safe practices and ethical guidelines in both
laboratory and field settings.
Communication

The results of investigations must be communicated to peers to have value

O 5

Demonstrate an ability to communicate the findings of your investigations
through oral and written presentations, including lab reports, and through
graphs and/or contributions to online resources.

Use a lab notebook or portfolio to organise your work and provide a record
of ideas, methods, results, further questions, and references.

Quantitative Skills

Quantitative reasoning is an essential part of inquiry in biology
o7

Demonstrate ability to use basic mathematical skills to collect data,
including making counts and measurements. Distinguish between accuracy
and precision (reliability) and understand their importance when collecting
quantitative data.

Demonstrate competence in use of ratios and proportions, scientific
notation, and significant figures. Use estimation and calculation to
analyse data.

Demonstrate appropriate application of mathematical routines to data, e.g.
calculating rates and percentages. Interpret and manipulate mathematical
relationships in order to calculate and predict values.

Use descriptive statistics (e.g. mean and standard deviation) and apply
appropriate mathematical tools to analyse data and/or test hypotheses, e.g.
linear regression, 95% confidence intervals, Spearman’s rank correlation,
and some simple statistical tests such as Student’s t- and chi-squared.

Use tables or spreadsheets to organise different types of data, including
any calculated values (e.g. means and standard deviation). Acknowledge
bias in sampled data.

Construct graphs for different types of data, including logarithmic data and
data collected during your investigations. Plot error in calculated values as
appropriate (e.g. 95% confidence limits) and understand the value in doing
this (in terms of confidence in the data).

Activity
Number

7-10

13-17,19-23

15-18

9, 12-17




How Do We Do Science?

Key Idea: The scientific method is a rigorous process of s not a strict set of rules to be followed, but rather a way of
observation, measurement, and analysis that helps us to  approaching problems in a rigorous, but open-minded way. It
explain phenomena and predict changes in a system. involves inspiration and creativity, it is dynamic and context
Scientific knowledge is gained through a non-linear, dynamic  dependent, and usually involves collaboration. The model
process called the scientific method. The scientific method  below is one interpretation of the scientific method.

r

N ; EXPLORE AND DISCOVER
- Find Ask
g, inspiration questions
Share ideas
Make & information EXpIBre'th
observations literature

Make Expected Observed
hypotheses results results
Analysing and interpreting data

Supporting, contradictory,
or surprising data may...

...Support a ...change
hypothesis assumptions ANALYSIS AND FEEDBACK
Develop Solve ---OPpose a --suggest a rep\?i:cv invz:t?eaattion
technologiwroblems hypothesis new hypothesis 9
Build \ Di_s.cussion Publication
knowledge with peers

Satisfy' Inform

curiosity society

Citation and references

All scientific work acknowledges sources of information through

New Theory
questions building

citation and a list of references. Citations support the statements
made in the text in context, and all citations are then listed alphabetically, or identified and referenced sequentially by number.
Internet sites are dated and site author acknowledged. Thorough and accurate citation and referencing shows you have explored
the topic, have evidence to support your work, and you are not taking credit for work that is not your own. Each publication sets its
own particular referencing style and these can vary widely. In your own work, it is most important to be consistent.

Citation and reference by numbers Citation and reference by authors

Introduction

Biological data are being produced

example as of Axgust 2000, the

the long-term viability of a population. Individual fitness,
resistance to disease and parasites, and the ability of
populations to respond to environmental changes may
decrease as a conscquence of reduced genetic variation

(Lacy 1997). Alth

bottenecks. 1 Lacy, R C 1997, Impontance of genetic vasation 1o the vishlibey

GenBank repositgry of nucleic acid

| 'nmmuhu[ > r(‘uldr s Journal of Mammalogs :Fp_\ )- 335
T

sequences confain
entries [2] and the
database of pro

References

1999:399%(6736):517-20.

Author Year Title Publication Volume: pages

The style you choose is not as important
as being consistent, thorough, and honest

1 1. Reichhardt T. It's sink or swim as a tidal about drawing on other people's work. All the
contained 88.|66 [3 wave of data approaches. Nature information needed to locate the reference

should be included (above).
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Observations, questions, and hypotheses

) Observation is the beginning of any scientific investigation. Often the best investigations are based on a series of fortuitous
or specific observations. For example, in 1765, Edward Jenner developed the first vaccination for smallpox after hearing that
milkmaids who contracted cowpox (a harmless disease) never got smallpox. After observing a phenomenon, questions must be
asked: What causes the phenomenon? Is it linked to other observations? Can it be manipulated?

) An observation may generate a number of plausible hypotheses. Scientific hypotheses are tentative testable explanations
for observed phenomena. A hypothesis leads to one or more predictions about the way a system will behave so a research
hypothesis is usually written to include a testable prediction, i.e. if X is true, then the effect of Y will be Z.

)  For every hypothesis, there is a corresponding null hypothesis, i.e. a hypothesis of no difference or no effect. A null hypothesis
allows a hypothesis to be tested statistically and can be rejected if the experimental results are statistically significant.
Hypotheses are not static, but may be modified as more information becomes available.

Example: Two observations were made, as described below and used to produce a hypothesis:

S g
‘ . ‘
N EyE
LR
Observation 1: Some caterpillar species Observation 2: Some caterpillar species Hypothesis: If bright colours indicate to
are brightly coloured and appear to be are cryptic in their appearance or behaviour. predators that caterpillars are distasteful,
conspicuous to predators (e.g. insectivorous Their camouflage is so convincing that, birds will not eat them. The corresponding
birds). Predators appear to avoid these when alerted to danger, they are difficult null hypothesis would be there is no
species. These caterpillars are often found to see against their background. Such difference in palatability between the bright
in groups, rather than being solitary. caterpillars are usually found alone. and cryptically coloured caterpillars.

Assumptions

. N — . . ) Insectivorous birds have colour vision.
Any biological investigation requires you to make assumptions

about the biological system you are working with. Assumptions are ¥ Caterpillars that look bright or cryptic to us,
features of the system (and your investigation) that you assume also appear that way to insectivorous birds.
to be true but do not (or cannot) test. Possible assumptions about ) Insectivorous birds learn about the palatability
the biological system above are described in the box right: of prey by tasting them.

1. What is the role of citation and correct referencing when reporting on scientific investigations?

2. Study the diagram opposite and write a paragraph on the scientific process and the role of surprising results in
science. Attach it to this page. At the end of your course, reexamine what you wrote. Have your ideas changed?

3. Based on the hypothesis above, generate a prediction about the behaviour of insectivorous birds towards caterpillars:

4. During a routine preparation of bacterial colonies on agar plates, a laboratory assistant noticed that the colonies left
overnight on the side of a bench near a heating unit grew faster than those left on the opposite side of the bench. The
assistant decided to test this observation by experiment:

(a) State a hypothesis for the investigation:

(b) Generate a prediction based on the hypothesis:
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4 ! Systems and System Models

James Hedberg

Key Idea: Systems are assemblages of interrelated components
working together. Models can be mathematical or visual
representations of these systems.

A system is a set of interrelated components that work together.
Energy flow in ecosystems (such as the Queensland rainforest on
the right), gene regulation, interactions between organ systems,
and feedback mechanisms are all examples of systems studied in
biology. Modelling systems helps to understand how they work. A
model is a representation of a system and is useful for breaking a
complex system down into smaller parts that can be studied more
easily. Often only part of a system is modelled. As scientists gather
more information about a system, more data can be put into the
model so that eventually it represents the real system more closely.

Modelling systems

There are many different ways to model systems or their components. Often, seeing data presented in different ways can help us to

understand it better. Some common examples of models are shown here.

Visual models

Visual models can include drawings, such as these plant

cells (below right) or three dimensional physical or computer
generated models. Three dimensional models can be made out
of materials such as modelling clay and ice-cream sticks, like the
model of a water molecule (below left).

Analogy

An analogy is a comparison between two things.
Comparing a biological system to an everyday
object can sometimes help us to understand it
better. For example, the heart pumps blood in
blood vessels in much the same way a fire truck
pumps water from a fire hydrant through a hose.
Similarly, the DNA in chromosomes is like a library.
Extending that analogy further, the steps in baking
a cake from a recipe book provide an analogy

for how the instructions in DNA (the recipe) are
translated into a specific protein (the cake).

The DNA in chromosomes is like

1. What is a system?

Mathematical models

Displaying data in a graph or as a mathematical equation,
as shown below for logistic growth, often helps us to see
relationships between different parts of a system.

g Carrying

® | capacity (K)

3

IS

>

c

c

§e]

3 NK
8- —

o N,+(K-N)e"

2. (a) What is a model?

(b) Why do scientists often study one part of a system rather than the whole system?
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u Types of Data

Key Idea: Data is information collected during an investigation. Data may be quantitative, qualitative, or ranked.

When planning a biological
investigation, it is important Types of data
to consider the type of data
that will be collected. It is
best to collect quantitative or
numerical data, because it is

mathematically versatile and Quantitative Qualitative Ranked
easier to analyse it objectively
(without bias). Characteristics for which Non-numerical and Data which can be ranked
measurements or counts descriptive, e.g. sex, on a scale that represents
can be made, e.g. height, colour, presence or an order, e.g. abundance
weight, number. absence of a feature, (abundant, common, rare);
viability (dead/alive). colour (dark, medium, pale).
e.g. Eye colour e.g. Birth order in
a famil
(brown, blue) y
(1,2, 3)
Discontinuous  Continuous Discontinuous or discrete data:
e.g. Number e.g. Height of The unit of measurement cannot be
of children in children in a family split up (e.g. can’t have half a child).
a family (1.5 m, 0.8 m) Continuous data:
(3,0 4) The unit of measurement can be a part

number (e.g. 5.25 kg).

A: Skin colour

1. For each of the photographic examples A-D above, classify the data as quantitative, ranked, or qualitative:

(a) Skin colour:

(b) Number of eggs per nest:

(c) Tree trunk diameter:

(d) Rate of seedling growth:

2. Why is it best to collect quantitative data where possible in biological studies?

3. Give an example of data that could not be collected quantitatively and explain your answer:
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Key Idea: Practical work carried out in a careful and
methodical way makes analysis of the results much easier.

A major part of any practical investigation is collecting
the data. Practical work may be laboratory or field based.
Typical laboratory based experiments involve investigating
how a biological response is affected by manipulating a
particular variable, e.g. temperature. The data collected for a

Planning a Practical Investigation

quantitative practical task should be recorded systematically,
with due attention to safe practical techniques, a suitable
quantitative method, and accurate measurements to an
appropriate degree of precision. If your quantitative practical
task is carried out well, and you have taken care throughout,
your evaluation of the experimental results will be much more
straightforward and less problematic.

Carrying out your practical work

Preparation

Familiarise yourself with the equipment
and its set up. Calibrate equipment if
necessary to give accurate measurements.
Read through the methods and identify
key stages and how long they will take.

Identifying variables

A variable is any characteristic or property able to take any
one of a range of values. Investigations often look at the
effect of changing one variable on another. It is important
to identify all variables in an investigation: independent,
dependent, and controlled, although there may be nuisance
factors of which you are unaware. In all fair tests, only one
variable is changed by the investigator.

Dependent variable
P Measured during the investigation.
» Recorded on the y axis of the graph.

-

Independent variable

|

Independent variable
> Set by the experimenter.

Dependent variable

Controlled variables

> Factors that are kept the
same or controlled.

) List these in the method,

as appropriate to your
own investigation.

» Recorded on the graph's
X axis.

(- [

Execution and recording

Know how you will take your
measurements and how often. Record
your results systematically as you go in

a log book. You could record results a
hand-written table or in a spreadsheet. If
using a data logger, data will be logged.

Analysis and reporting

Analyse the data. Tables can summarise
data. Graphs present the data to show
patterns and trends. Statistical tests
can determine the significance of results.
Present your findings, e.g. as a poster, a
digital presentation, or an oral report.

Experimental controls

A control refers to a standard or reference treatment
or group in an experiment. It is the same as the
experimental (test) group, except that it lacks the
one variable being manipulated by the experimenter.
Controls are used to demonstrate that the response
in the test group is due a specific variable (e.g.
temperature). The control undergoes the same
preparation, experimental conditions, observations,
measurements, and analysis as the test group. This
helps to ensure that responses observed in the
treatment groups can be reliably interpreted.

V'\ »s WD

f

The experiment above tests the effect of a certain
nutrient on microbial growth. All the agar plates
are prepared in the same way, but the control
plate does not have the test nutrient applied.

» Each plate is inoculated from the same stock
solution, incubated under the same conditions,
and examined at the same set periods. The
control plate sets the baseline; any growth above
that seen on the control plate is attributed to
the nutrient.
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Investigation: Effect of light on rate of photosynthesis

Background "'(.\Q\\f-ﬁ Distance from direct light source (cm) . dir;lgct
The aquarium plant, Cabomba aquatica, will produce \\ 20 25 30 35 40 light
a stream of oxygen bubbles when illuminated. The
oxygen bubbles are a waste product of the process of ¢ b4 //v;f < :
photosynthesis (overall equation below right), which
produces glucose (CgH,,04) for the plant. The rate of oxygen
production provides an approximation of photosynthetic rate.
The method
) 6 x 1.0 gof Cabomba stems were placed into each of 6
test-tubes filled with 10 mL room temperature solution of
0.2 mol L™ sodium hydrogen carbonate (to supply CO,).
) Test tubes were placed at distances (20, 25, 30, 35, 40 10g 0.2moll"  Oxygen Stems were cut and
cm) from a 60W light source (light intensity reduces with Cabomba  NaHCO, bubbles  inverted to ensure a free
distance at a predictable rate). One test tube was not flow of oxygen bubbles.

exposed to the light source.

) Before recording, the Cabomba stems were left to
acclimatise to the new light level for 5 minutes. The
bubbles emerging from the stem were counted for a
period of three minutes at each distance.

6C0,+6H,0 __ Light

CeHy206 + 60,

Write a suitable aim for this experiment:

Write a possible hypothesis for this experiment:

(a) What is the independent variable in this experiment?

(b) What is the range of values for the independent variable?

(c) Name the unit for the independent variable:

(d) How could you better quantify the independent variable?

(a) What is the dependent variable in this experiment?

(b) Name the unit for the dependent variable:

(c) What equipment might have made it easier to record the response of the dependent variable accurately? Predict
when it would have been most needed:

(d) What is the sample size for each treatment?

(e) What could you change in the design of the experiment to guard against unexpected or erroneous results?

Which tube is the control for this experiment?

Identify two assumptions being made about this system:

(a)

(b)

Identify one variable that might have been controlled in this experiment, and how it could have been monitored:

How might you test the gas being produced is oxygen:
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8 H Safety and Ethical Guidelines

Key lIdea: In practical work, research, and reporting you
should act in accordance with safety and ethical guidelines.
Scientific research, no matter what the level, should be
carried out in accordance with ethical and safety guidelines.
These guidelines apply to health and safety in the laboratory

Safe practices in the laboratory

) Laboratories have three main hazards: chemicals,
biological materials, and physical hazards.

) Chemical hazards are substances that can be harmful
if ingested, absorbed, or inhaled, such as cleaning
agents and reagents.

) Biological hazards include potentially harmful
biological materials such as microbial samples and
animal tissue.

) Physical hazards in can come from the environment
or equipment, including incorrect equipment use,
clutter, and slippery floors.

Caution
Corrosive

and field, risk assessment, and correct use of equipment.
Also, consider the ethical issues associated with animal
welfare, privacy and personal information, and environmental
impact. Ethical considerations also apply to reporting of data
and honest use and acknowledgement of reference material.

Assessing and reducing risk in the lab

Before you start any investigation or experiment, you should
identify any potential hazards. Chemical safety data sheets
identify the risks in using various chemicals.

You should wear appropriate personal protection equipment
(PPE) e.g. lab coat, gloves, safety glasses.

Pay attention to warnings and hazard notices on chemicals
and equipment.

Be familiar with the safe use of the equipment you are going
to use.

Keep your work space clean and tidy.

1. (a) Identify potential health and safety issues associated with the
dissection of the pig kidney in the photo (left):

(b) What has been done to reduce potential risks?

‘ 2. (a) Identify two potential safety or health hazards associated with
the inspection of bacterial colonies in the photo (bottom left):

(b) What could be done to reduce these risks?
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Health and safety in fieldwork

Field studies present their own their own set of
ethical and safety considerations. The Australian
environment can be harsh, and bushland may
contain wildlife, plants, and geographic features
that may be hazardous.

) Assess the potential hazards of the area before o
beginning any field studies. Field studies may > VOOPING MAGPIES
also require some follow-up laboratory work, DI TED IN THIS AR
especially if samples found in the field need » \ THIS AREA
to be identified or processed. In these cases,
follow lab health and safety guidelines.

) Identify potential hazards before you start and
become knowledgeable about their risks. In the
field, this includes the weather as well as your
surroundings. Be aware of hidden hazards such
as wasp nests, stinging plants or animals, or
territorial birds.

Honesty and ethical issues

) If you are sampling or collecting live organisms,
you must consider the environmental impact of
any sampling procedures, return live organisms
to the same place if possible, respect the
natural environment, and handle animals in a
way that minimises stress or damage to them.
Plan your study to minimise your impact on the
natural environment.

) Even if your results are not what you expected,
you should report you results and data as they
are. It is misleading and unethical to change
your results to fit your hypothesis.

»  Any intellectual property produced by

others (e.g. photographs, fdata) should be Be meticulous in maintaining an accurate logbook, acknowledge all your sources,
acknowledged. Rep!‘esentl.ng. the work of and reference cited works accurately. Act ethically and responsibly in all aspects
others as your own is plagiarism. of your research, including in the disposal of biological material.

3. Describe the potential ethical issues associated with each of the following investigative scenarios:

(a) A vegetation survey in a sensitive ecological area:

(b) A lab-based experimental investigation of salinity tolerance in shore crabs:

(c) Deriving values in a set of experimental measurements by interpolation because you missed a day of recordings:

4. Describe two reasons why acknowledgement of sources and correct reference of cited works is important:

(a)

(b)
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Accuracy and Precision

Key Idea: Accuracy refers to the correctness of a  measurements are to each other, i.e. the ability to be exact. A
measurement (how true it is to the real value). Precision balance with a fault in it could give very precise (repeatable)
refers to how close the measurements are to each other. but inaccurate (untrue) results. Data can only be reported
Accuracy refers to how close a measured or derived value  as accurately as the measurement of the apparatus allows
is to its true value. Simply put, it is the correctness of the and is often expressed as significant figures (the digits in
measurement. Precision refers to how close repeated anumber which express meaning to a degree of accuracy).

Accurate but Inaccurate Precise but Accurate
imprecise and imprecise inaccurate and precise
[ ]
The measurements are The measurements are all The measurements are all The measurements are all
all close to the true value far apart and not close to clustered close together but close to the true value and
but quite spread apart. the true value. not close to the true value. also clustered close together.
Analogy: The arrows are Analogy: The arrows are Analogy: The arrows are all Analogy: The arrows are
all close to the bullseye. spread around the target. clustered close together but clustered close together near
not near the bullseye. the bullseye.

Increasing precision

The accuracy of a measurement refers to how close the
measured value is to the true value. The precision of a
measurement relates to its repeatability. In most laboratory
work, we usually assume a piece of equipment (e.g. a
pipette) performs accurately, so precise measurement is
the most important consideration. We can test precision
by taking repeated measurements from individual samples.
Precision and reliability are synonymous and describe how
dependably an observation is the same when repeated.

Increasing accuracy

Population studies present us with an additional problem.
When a researcher makes measurements of some variable
(e.g. fish length), they are usually trying to obtain an A digital device such as the pH meter (above left) will deliver precise
estimate of the true value for a parameter of interest (e.g.  measurements, but its accuracy will depend on correct calibration.
the mean size of fish). Populations are variable, so we can
more accurately estimate a population parameter if we take
a large number of random samples from the population.

The precision of measurements taken with instruments such as
callipers (above) will depend on the skill of the operator. Precise
measurements provide reliable data.

1. Distinguish between accuracy and precision:

2. Describe why it is important to take measurements that are both accurate and precise:

3. Aresearcher is trying to determine the temperature at which an enzyme becomes denatured. Their temperature probe
is incorrectly calibrated. Discuss how this might affect the accuracy and precision of the data collected:
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Accuracy and equipment

The accuracy of a measurement can be increased by
increasing the number of measurements taken. For example,
the accuracy of the mean mass of individuals in a population
can be increased by increasing the number of individuals
measured (i.e. increasing the sample size).

In many cases, the accuracy of the measuring equipment
needs to be taken into account. For example, electronic
balances may give readings to one or more decimal places
based on their accuracy (laboratory balances may read to a
hundred thousandths of a gram).

The table below illustrates the difference between a balance
weighing to 0.1 of a gram and 0.01 of a gram.

Sample 1 p 3 4 5 Mean

Mass (g) (2 s.f) | 11 1.2 1.4 1.2 13 1.2

Mass (g) (3 s.f) [112 [1.23 |[1.44 |119 | 128 |1.25

The difference in mean mass is slight (just 0.05 g) but over
larger samples or larger masses the differences can add up.

The table above also shows the importance of significant
figures (s.f). The actual numerical mean for the second row is
1.252. However because we are measuring to three significant
figures we cannot be sure of the final number, thus the
answer must be given in the same significant figures as the
measurements.

Reducing error

Sometimes, reducing error requires taking more
measurements over a longer period of time. For example,
hypothetical waves breaking on a shore do so with a
relatively regular frequency. Recording the time between
one wave breaking and the next depends when the wave
is defined as breaking. This may be difficult to determine
precisely for each individual wave and the waves may be
breaking too quickly to allow enough time to elapse for
recordings to be made accurately (especially if the timer is
being started and stopped by a person).

To increase the accuracy of measuring the period between
each wave, it is best to record the time for a number of
waves to break (e.g. 10) and divide by that number to
obtain the period between each wave. This has the effect of
allowing for slight variations in the period and reduces the
total error in the measurement.

Example: Actual wave period: 5.0 seconds.
Accuracy of timer (i.e. reaction speed) 0.3 seconds

Measurements of individual periods (seconds): 5.4, 5.7, 5.7,
5.8,4.5, 4.6,5.7,5.8,5.1,5.3, Mean: 5.4

In each measurement above, the error is about 0.3 seconds
producing an error of up to 6.7% (0.3 + 4.5 x 100) of the
recorded value of a wave period.

If the time recorded for ten waves to break was 51.1 seconds,
then the time for one wave to break is 5.1 seconds. The error
is spread over the whole 51.1 seconds (0.3 + 51.1) and thus is
much smaller at just 0.6% of the wave period.

4. The period of a pendulum is based on the length of the pendulum and the mass at its end. Two students measure
the time it takes for a pendulum to swing back and forth (its period). Student A measures three individual swings and

calculates a mean value. Student B measures three sets of ten swings and calculates a mean. Each student measures

the accuracy of the timer as 0.2 seconds. The results are shown below:

Time for swing (s)

1 2.7
2 21
3 2.5

Mean (1 swing)

Set Time for ten swings (s)
1 20.3
2 201
3 19.8

Mean (10 swings)

1 swing

(a) Calculate the mean for each student's results and the time for one swing for student B.

(b) Explain why student B's results are more accurate than student A's:

5. In a class of 20 students, the individual heights of the students in cm are: 135, 139, 141, 146, 147, 149, 156, 151, 158,

155, 156, 159, 161, 167, 162, 163, 161, 172, 171, 170.

(a) Calculate the mean height of the students:

(b) A person takes a sample of five of the students: 139, 151, 162, 172, 170. Calculate the mean of the sample and

comment on its accuracy:

(c) A second person takes a sample of ten of the students: 135, 146, 147, 156, 155, 156, 161, 167, 162, 170. Calculate the

mean of the sample and comment on its accuracy:
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/A Working with Numbers

Key Idea: Using correct mathematical notation and being
able to carry out simple calculations and conversions are
fundamental skills in biology.

Mathematics is used in biology to analyse, interpret, and

compare data. It is important that you are familiar with
mathematical notation (the language of mathematics) and
can confidently apply some basic mathematical principles
and calculations to your data.

Decimal and standard form

Decimal form (also called ordinary form) is the longhand way
of writing a number (e.g. 15,000,000). Very large or very small
numbers can take up too much space if written in decimal form
and are often expressed in a condensed standard form. For
example, 15,000,000 is written as 1.5 x 107 in standard form.

In standard form a number is always written as A x 10",
where A is a number between 1 and 10, and n (the exponent)
indicates how many places to move the decimal point. n can
be positive or negative.

For the example above, A = 1.5 and n = 7 because the decimal
point moved seven places (see below).

15Y0 0 =1.5 x 107

Small numbers can also be written in standard form. The
exponent (n) will be negative. For example, 0.00101 is written
as 1.01 x 1073,

0%1 =1.01x% 103

Converting can make calculations easier. Work through the
following example to solve 4.5 x 104 + 6.45 x 10°.

1. Convert 4.5 x 104 + 6.45 x 10° to decimal form:

2. Add the two numbers together:

3. Convert to standard form:

Conversion factors and expressing units
Measurements can be converted from one set of units to
another by the use of a conversion factor.

A conversion factor is a numerical factor that multiplies or
divides one unit to convert it into another. Conversion factors
are commonly used to convert non-Sl units to Sl units (e.g.
converting pounds to kilograms). Note that mL and cm3 are
equivalent, as are L and dm3.

In the space below, convert 5.6 cm3 to mm?3 (1 cm3 = 1000 mm3):
4.

The value of a variable must be written with its units where
possible. Sl units or their derivations should be used in
recording measurements: volume in cm3, dm3, or litre (L), mass
in kilograms (kg) or grams (g), length in metre (m), time in
seconds (s).

For example the rate of oxygen consumption would be
expressed as: Oxygen consumption (cm3g~'s™)

Rates

Rates are expressed as a measure per unit of time and
show how a variable changes over time. Rates are used to
provide meaningful comparisons of data that may have been
recorded over different time periods.

Often rates are expressed as a mean rate over the duration
of the measurement period, but it is also useful to calculate
the rate at various times to understand how rate changes
over time. The table below shows the reaction rates for a
gas produced during a chemical reaction. A worked example
for the rate at 4 minutes is provided below the table.

Time Cumulative gas Rate of reaction”
(Minute) | produced (cm?3) (cm3 min™)

(0] 0 0

2 34 17

4 42 4*

6 48 3

8 50

10 50 (0]

* Gas produced between 2- 4 min: 42 cm3 - 34 cm3 = 8 cm?
Rate of reaction between 2- 4 min: 8 + 2 min = 4 cm3 min™"

Estimates

When carrying out mathematical calculations, typing the

wrong number into your calculator can put your answer out by
several orders of magnitude. An estimate is a way of roughly
calculating what answer you should get, and helps you decide if
your final calculation is correct.

Numbers are often rounded to help make estimation easier. The
rounding rule is, if the next digit is 5 or more, round up. If the
next digit is 4 or less, it stays as it is.

For example, to estimate 6.8 x 704 you would round the
numbers to 7 x 700 = 4900. The actual answer is 4787, so the
estimate tells us the answer (4787) is probably right.

Use the following examples to practise estimating:

5. 43.2 x 1044:

6. 3.4 x72+15:

7. 658 + 22:

Probability

Probability is how likely something is to happen. It is an
important part of biology. Its uses include calculating the
statistical significance of a difference between means or the
probability of an event occurring.

The probability of an event ranges from 0 to 1. The sum of all
probabilities equals 1.

Product rule: for independent events A and B the probability
(P) of A and B occurring is P(A) x P(B). For example, the

/ probability two children born one after the other both being

male is 0.5 x 0.5 = 0.25.

Sum rule: For mutually exclusive events Y and Z the probability
that one will occur (Y or Z) is P(Y) + P(Z). E.g.in an Aa x Aa
cross, the probability a person will have a dominant phenotype
=0.25+ 0.5 =0.75.
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u Fractions, Percentages, and Ratios

Key Idea: Percentages and ratios are alternative ways to
express fractions. All forms are commonly used in biology.

The data collected in the field or laboratory are called raw
data. Data are often expressed in ways that make them easy

Fractions

) Fractions express how many parts
of a whole are present.

) Fractions are expressed as two
numbers separated by a solidus (/)
(e.g. 1/2).

» The top number is the numerator.
The bottom number is the
denominator. The denominator
can not be zero.

) Fractions are often written in their

simplest form (the top and bottom
numbers cannot be any smaller,
while still being whole numbers).
Simplifying makes working with
fractions easier.

In a class of 20 students, five had blue
eyes. This fraction is 5/20. To simplify
this fraction, divide the numerator

and denominator by a common factor
(a number which both are divisible
by). In this instance the lowest
common factor is five (1/4). To add
fractions with different denominators,
obtain a common denominator, add
numerators, then simplify.

(a) A student prepared a slide of the cells of an onion root tip and counted

Ratios

» Ratios give the relative amount
of two or more quantities, and
provide an easy way to identify
patterns.

» Ratios do not require units.
) Ratios are expressed as a:b.

» Ratios are calculated by dividing
all the values by the smallest
number.

.. - 882
- J inflated
299
w constricted
Pea pod shape:
Ratio = 2.95 : 1
495 152
round yellow wrinkled yellow
158 55

round green wrinkled green

Pea seed shape and colour:
Ratio=9 : 28 : 29 :1

Example: Calculating phenotype
ratios in Mendelian genetics.

Percentages

to understand, visualise, and work with. Fractions, ratios,
and percentages are widely used in biology and are often
used to provide a meaningful comparison of sample data
where the sample sizes are different.

) Percentages are expressed as a
fraction of 100 (e.g. 20/100 = 20%).

) Percentages provide a clear

expression of what proportion of
data fall into any particular category,
e.g. for pie graphs.

) Allows meaningful comparison

between different samples.

) Useful to monitor change (e.g. %
increase from one year to the next).

Volume of Volume Concentration
food colouring | of water of solution
(cm?) (cm?) (%)
10 0 100
8 2 80
6 4 60
4 6 40
2 8 20
0 10 0

Example: Producing standards for a

calibration curve.

the cells at various stages in the cell cycle. The results are presented in Cellicycle | No.ofcells | No.of cells
the table (right). Calculate the ratio of cells in each stage (show stage counted | calculated
your working): Interphase 140
Prophase 70
Telophase 15
Metaphase 10
(b) Assuming the same ratio applies in all the slides examined in the class, Anaphase 5
calculate the number of cells in each phase for a cell total count of 4800. Total 240 4800
Simplify the following fractions:
(a) 3/9: (b) 84/90: (c) 11/121:
In the fraction example pictured above 5/20
students had blue eyes. In another class, 5/12 Women Body mass Lean body % lean
students had blue eyes. What fraction of students (kg) mass (kg) | body mass
had blue eyes in both classes combined? Athlete 50 38
Lean 56 41
The total body mass and lean body mass for NOMIE RS 65 46
women with different body types is presented Overweight 80 48
in the table (right). Complete the table by
calculating the % lean body mass column. Obese 95 52
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Key Idea: Exponential functions are common in biology and
may involve very large numbers. Exponential changes in
numbers are defined by a function, which is simply a rule that
allows us to calculate an output for any given input.

In biology, numerical data indicating scale can often decrease
or increase exponentially. Examples include the exponential

Exponential function

» Exponential growth occurs at an increasingly rapid
rate in proportion to the growing total number or size.

» Inan exponential function, the base number is fixed
(constant) and the exponent is variable.

» The equation for an exponential function is y = cX.

) Exponential growth and decay (reduction) are
possible.

) Exponential changes in numbers are easy to identify
because the curve has a J-shape appearance due to
its increasing steepness over time.

» An example of exponential growth is the growth of a
microbial population in an unlimiting, optimal growth
environment.

300,000

Further increase is not

250,000 + easily accommodated
200,000 //
. //
E //
2 150,000
E |
y |
2 100,000
[e]
8 /
50,000 Smaller numbers can't
be read off the graph
0
0 200 400 600 800

Time (minutes)

Example: Cell growth in a yeast culture where growth
is not limited by lack of nutrients or build up of toxins.

Dealing with Large Numbers

growth of populations, exponential decay of radioisotopes,
and the pH scale. Exponential changes are defined by a
function that allows us to calculate an output for any input.
The numbers associated with exponential growth can be very
large and are often log transformed. Log transformations of
exponential numbers can make them easier to handle.

Log transformations

» Alog transformation makes very large numbers easier to
work with. The log of a number is the exponent to which a
fixed value (the base) is raised to get that number. So log,
(1000) = 3 because 103 = 1000.

» Both log,, (common logs) and log, (natural logs or In) are
commonly used.

» Log transformations are useful for data where there is an
exponential increase or decrease in numbers. In this case,
the transformation will produce a straight line plot.

» To find the log,, of a number, e.g. 32, using a calculator,

key in (09(32) = . The answer should be 1.51.

) Alternatively, the untransformed data can be plotted
directly on a log-linear scale (as below). This is not difficult.
You just need to remember that the log axis runs in
exponential cycles. The paper makes the log for you.

1,000,000 i i

Large numbers are easily ,/’
100,000 accommodated

/

\\

3 10,000 Z
QO //
15 /
€ /
S 1000 =
@ 7
= /
=}
2 /
a 100 74
A
7
10 Alle hers are o3
edd O e grap
1 | | |
0 200 400 600 800

Time (minutes)

Example: The same yeast cell growth plotted on a log-
linear scale. The y axis present 6 exponential cycles.

1. Why is it useful to plot exponential growth using semi-log paper?

2. What would you do to show yeast exponential growth (left plot above) as a straight line plot on normal graph paper?

3. Log transformations are often used when a value of interest ranges over several orders of magnitude. Can you think of
other examples of data from the natural world where the data collected might show this behaviour?
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n Practising with Data

Key Idea: This activity allows you to practise working with data and applying the skills you have learned in previous activities.

1. Complete the transformations for each of the tables below. The first value is provided in each case.

(a) Photosynthetic rate at different light intensities (b) Plant water loss using a bubble potometer
Light Average time for leaf Reciprocal of Time Pipette arm Plant water loss
intensity (%) | disc to float (min) time* (min™) (min) reading (cm3) (cm3 min™)
100 15 0.067 0 9.0 -
50 25 5 8.0 0.2
25 50 10 7.2
1 93 15 6.2
6 187 20 4.9

* Reciprocal of time gives a crude measure of rate.

(c) Incidence of cyanogenic clover in different areas (d) Frequency of size classes in a sample of eels
Clover plant Frost free area Frost prone area Size class Frequency Relative
type Totals (mm) frequency (%)

Number | % Number | %
0-50 7 2.6
Cyanogenic 124 78 26
50-99 23
Acyanogenic 35 115
100-149 59
Total 159
] 150-199 98
i
i 200-249 50
// 250-299 30
/ 300-349 8
Total 270
2. Convert the following decimal form numbers to standard form:
(a) 8970 (b) 0.046 (c) 1,467,851
3. Convert the following standard form numbers to decimal form:
(a) 4.3 x 1077 (b) 0.0031 x 1072 (c) 6.2 x 104
4. (a) The table on the right shows the nutritional label found
on a can of chilli beans. Use the information provided Chilli beans nutrition facts
to complete the table by calculating the percentage X X
composition for each of the nutritional groups listed: Serving size 1 cup (253 g)
(b) How much of the total carbohydrate is made up of: ) .
Amount per serving % composition
. o
Dietary fibre? Total fat 8¢
Sugars? - Saturated fat 3g
(c) Manufacturers do not have to state the volume of Total carbohydrate 229
water, which makes up the remainder of the serving - -
size. What percentage of the can of beans is water? — Dietary fibre 99
- Sugars 49
Protein 2549
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Key Idea: The apparatus used in experimental work must
be appropriate for the experiment or analysis and it must be
used correctly to eliminate experimental errors.

Using scientific equipment can generate experimental errors.

Selecting the correct equipment

When measuring physical properties it is vital !
that you choose equipment that is appropriate
for the type of measurement you want to take. G-
For example, if you wanted to accurately weigh 2
out 5.65 g of sucrose, you need a balance that
accurately weighs to two decimal places. A
balance that weighs to one decimal place would
not allow you to make an accurate measurement.

A

Study the glassware
(right). Which would you
use if you wanted to l
measure 225 mL? The { =
graduated cylinder has l {
graduations every 10 mL w
whereas the beaker has =
graduations every 50 mL. ]

It would be more accurate T e
to measure 225 mLin a !

graduated cylinder. S

—_ T

Lol e S

Percentage errors

Percentage error is a way of mathematically expressing
how far out your result is from the ideal result. The
equation for measuring percentage error is:

experimental value - ideal value

x 100
ideal value

For example, to determine the accuracy of a 5 mL pipette,
dispense 5 mL of water from the pipette and weigh the
dispensed volume on a balance.

The mass (g) = volume (mL). The volume is 4.98 mL.

experimental value (4.98) - ideal value (5.0)
ideal value (5.0)

x 100

The percentage error = —0.4% (the negative sign tells you
the pipette is dispensing less than it should).

Apparatus and Measurement

These can be reduced by selecting the right equipment for
what you want to measure and by using it correctly. Some
error is inevitable, but evaluating experimental error helps to
interpret and assess the validity of the results.

Recognising potential sources of error

It is important to know how to use equipment correctly to
reduce errors. A spectrophotometer measures the amount

of light absorbed by a solution at a certain wavelength. This
information can be used to determine the concentration of the
absorbing molecule (e.g. density of bacteria in a culture). The
more concentrated the solution, the more light is absorbed.
Incorrect use of the spectrophotometer can alter the results.
Common mistakes include incorrect calibration, errors in
sample preparation, and errors in sample measurement.

A cuvette (left) is a small clear tube designed
to hold spectrophotometer samples. Inaccurate
readings occur when:

) The cuvette is dirty or scratched (light is
absorbed giving a falsely high reading).

) Some cuvettes have a frosted side to
aid alignment. If the cuvette is aligned
incorrectly, the frosted side absorbs light,
giving a false reading.

» Not enough sample is in the cuvette and the
beam passes over, rather than through the
sample, giving a lower absorbance reading.

1. Assume that you have the following measuring devices available: 50 mL beaker, 50 mL graduated cylinder,
25 mL graduated cylinder, 10 mL pipette, 10 mL beaker. What would you use to accurately measure:

(a) 21 mL: (b) 48 mL:

(c) 9 mL:

2. Calculate the percentage error for the following situations (show your working):

(a) A1 mL pipette delivers a measured volume of 0.98 mL:

(b) A 10 mL pipette delivers a measured volume of 9.98 mL:

(c) The pipettes used in (a) and (b) above both under-delivered 0.02 mL, yet the percentage errors are quite different.
Use this data to describe the effect of volume on percentage error:
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H Drawing Graphs

Key Idea: Graphs are useful for visually displaying numerical
data, trends, and relationships between variables.

Graphs are an excellent way to summarise trends in data or
relationships between different variables. Presenting graphs
properly requires attention to a few basic details, including
correct orientation and labelling of the axes, and accurate

plotting of points. Before representing data graphically, it
is important to identify the kind of data you have. Common
graphs include scatter plots and line graphs (for continuous
data), and bar charts (for categorical data). For continuous
data with calculated means, points can be connected. On
scatter plots, a line of best fit is often drawn.

Guidelines for line graphs

WHEN TO USE: Use a line graph when both variables are
continuous and one variable (the independent variable) affects
another, the dependent variable. Important features include:

» The data must be continuous for both variables. The

independent variable is often time or experimental
treatment. The dependent variable is generally the
biological response.

1.6

Mean growth rate (mm day)

1.2

0.8

Growth rate in peas at different temperatures

Bars indicate the
scatter of data either

side of th

€ mean.

» The relationship between two variables can be represented 0.4
as a continuum and the data points are plotted accurately |
and connected directly (point to point).

) Line graphs may be drawn with measure of error (right). g T e et T
The data are presented as points (which are calculated 8 10 12 14 16 18 20 22 24
means), with error bars above and below, indicating the Temperature (°C)
variability in the data (e.g. standard deviation).

Plotting multiple data sets Water loss and root uptake rates in
. . peas at different relative humidity
A single figure (graph) can be used to show two or more data
sets, i.e. more than one curve can be plotted per set of axes. ,L | | | | =
This type of presentation is useful when comparing the trends ‘I:JO " O Rate of waterloss [ | 3% o
for two or more treatments, or the response of one species ;)C 9 : % % Root uptake —t 30 ‘£
against the response of another. Important points regarding this g 8 4 25 TL_)’
format are: e \ %
o) 7 5 \t 20 z
> If the two data sets use the same measurement units and a g 6 )\ 15 ©
similar range of values for the dependent variable, one scale © ' \0\“ %
on the y axis is used. ; s "~-..___""\<.) i 2
) If the two data sets use different units and/or have a very Q@ 4 =3 S
different range of values for the dependent variable, two e 3 0 &
scales for the y axis are used (see right). The scales can 20 30 40 50 60 70 80 90 100

be adjusted if necessary to avoid overlapping plots
) The two curves are distinguished with a key.

Guidelines for scatter graphs
WHEN TO USE: Use a scatter graph to display continuous data

where there are two interdependent variables. | |
40 - =
) The data must be continuous for both variables. - Line of best fit /
) Thereis no independent variable, but the variables are often g 6 O '/¢/'
correlated, i.e. they vary together in a predictable way. '2 30 R / >
— (]
) Useful to determine the relationship between two variables. o .:/.' 7 -
) The points on the graph are not connected, but a line of g 20 . /;/. 2
best fit is often drawn through the points to show the © e .
relationship between the variables (this may be computer g 10 / ¢ Outlier
generated with a value assigned to the goodness of the fit). g 2
) Obvious outliers (points that lie well outside most of the z
scatter) are usually disregarded from analyses. 0
0 1 2 4

Interpolation: For both line and scatter graphs, the
fitted line can be used to find an unknown value inside
the set of data points. This is called interpolation.
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1.

Guidelines for histograms 30 S EEBEL SN T ARG EL

WHEN TO USE: Use a histogram when one variable is

continuous and the other is a frequency (counts). These 25

plots produce a frequency distribution because the y-axis 20 ]
shows the number of times a measurement or value was ]

obtained. Important features of histograms include: § 154
S ]
) The data are numerical and continuous (e.g. height or g 10 E
weight) so the bars touch. w 5 3
) The x-axis usually records the class interval. The
y-axis usually records the number of individuals in v o> o O 0O o o o o o o
each class interval. ¥y 9 I 23 3233833 2
- - = )
— ~ [a\} N [(3p] ™0 < <
Mass (g)
Guidelines for bar and column graphs Size of wetlands around New Zealand lakes
WHEN TO USE: Use a bar or column graph for data
that are non-numerical and discrete (categorical) for L. Mangakaware _
one variable. There are no dependent or independent
variables. Important features include: L. Mangahia —
» Data for one variable are discontinuous, non- Turnbull Pond -
numerical categories (e.g. place, colour, species),
so the bars do not touch. L Ruatuna _ 38
) Data values may be entered by the bars if
you wish. L. Rotomanuka _ 10
» Multiple sets of data can be displayed side by side
to compare (e.g. males and females in the same L. Cameron _ 1.54
age group). . : i i i :
0 2 4 6 8 10 12

) Axes may be reversed so that the categories
are on the x axis, i.e. the bars can be vertical or
horizontal. When they are vertical, these graphs
are called column graphs.

Area of associated wetland (ha)

Determine what type of graph is appropriate for each of the following examples:

(@) Arm span vs height in humans:

(b) Daily energy requirement for different species of deer:

(c) Number of fish of each size in a population:

(d) Mean volume of water used per person per day in different North American cites:

(e) Mean catalase reaction rate at different temperatures:

(f) Number of eggs per brood in different breeds of chickens:

(9) Mean monthly rainfall vs mean monthly temperature:

For the plots on the previous page:

(a) Use interpolation to determine the mean growth rate of pea seedlings at 17°C:

(b) Use interpolation to determine the number of eggs per brood in a 1.5 mm long Daphnia:

(c) Use interpolation to determine the rate of water loss in peas at 40% relative humidity:

Extrapolation, i.e. predicting a data value that lies outside the range of available data, is not recommended practice.

(a) Suggest why you should not extrapolate to find data values?

(b) Can you think of an example to illustrate your decision?
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Key Idea: The equation for a straight line isy = mx + c. Aline

may have a positive, negative, or zero slope.

The equation for a linear (straight) line onagraphisy =mx + ¢
and can be used to calculate the gradient (slope) of a straight

Interpreting Line Graphs

line. It tells us about the relationship between x and y (how
fast y is changing relative to x). For a straight line, the rate of
change of y relative to x is always constant. A line may have
a positive, negative, or zero slope.

Measuring gradients and intercepts

The equation for a straight line is written as:
y=mx+c

Where:

y = the y-axis value

m = the slope (or gradient)

x = the x-axis value

c = the y intercept (where the line cross the y-axis).

Determining "m" and "c"

To find “c" just find where the line crosses the y-axis.
To find m:

1. Choose any two points on the line.

2. Draw aright-angled triangle between the two points
on the line.

3. Use the scale on each axis to find the triangle's
vertical length and horizontal length.

4. Calculate the gradient of the line using the equation:

YA

I I I I I
6 The int.ercept (c) on.a ‘:
= graph is where the line T
) crisses the y-axis. =
|/ L1 5
A
gy v
< 11 >
2 B 4 & 6 7 8 9 10 11 K

For the example above:
c=1
m = 0.45 (5 +11)

Once c and m have been determined you can choose
any value for x and find the corresponding value fory.

For example, when x = 9, the equation would be:

change iny y=9x045+1
—_— y = 5.05
change in x
Interpreting gradients
a b c
A A A
5 5 5
4 4 4
3 3 3
2 2 2
1 1 1
0 / > 0 > 0 >
0 1 2 3 4 5 0 1 2 3 4 5 0 1 2 3 4 5
Positive gradients: the line slopes Negative gradients: the line Zero gradients: the line is
upward to the right (y is increasing slopes downward to the right (y is horizontal (y does not change as x
as x increases). decreasing as x increases). increases).

1. State the gradient for graphs a, b, and c (above): (a)

(b) (c)

2. For a straight liney = 3x + 2,

(a) Identify the value of c:

3. For the graph (right):

(a) Identify the value of c:

(b) Determine y if x = 4:

(b) Calculate the value of m:

w

(c) Determine y if x = 2:

N

-

(d) Describe the slope of the line:
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H Correlation or Causation

Key Idea: A correlation is a mutual relationship or association
between two or more variables. A correlation between two
variables does not imply that one causes change in the other.
Researchers often want to know if two variables have any
correlation (relationship) to each other. This can be achieved
by plotting the data as a scatter graph and drawing a line of

Correlation does not imply causation

You may come across the phrase "correlation does not
necessarily imply causation”. This means that even when there

is a strong correlation between variables (they vary together in a
predictable way), you cannot assume that change in one variable
caused change in the other.

Example: When data from the organic food association and the
office of special education programmes is plotted (below), there
is a strong correlation between the increase in organic food and
rates of diagnosed autism. However it is unlikely that eating
organic food causes autism, so we can not assume a causative
effect here.

Relationship between organic food sales and
autism diagnosis rates in the US

®
% 25 000 -300 &
C c
£ — Autism g9
= ] L3
€ 20000 — Organic food sales z =]
&€ 200 © X
@ 15000 3£
- > s
B 53
< 10 000 £ c
§ -100 © 3
£ 5000 8
© €
o >
5 ! ! ! ! I I I I I I I z

1998 2000 2002 2004 2006 2008

Year

1. What does the phrase "correlation does not imply causation" mean?

best fit through the data, or by testing for correlation using a
statistical test. The strength of a correlation is indicated by
the correlation coefficient (r), which varies between 1 and -1.
A value of 1indicates a perfect (1:1) relationship between the
variables. A value of -1 indicates a 1:1 negative relationship
and 0 indicates no relationship between the variables.

Drawing the line of best fit

Some simple guidelines need to be followed when
drawing a line of best fit on your scatter plot.

»  Your line should follow the trend of the data points.

» Roughly half of your data points should be above
the line of best fit, and half below.

» The line of best fit does not necessarily pass
through any particular point.

» The line of best fit should pivot around the point
which represents the mean of the x and the mean
of the y variables.

Too steep

Good fit

= = = Too shallow

2. A student measured the hand span and foot length
measurements of 21 adults and plotted the data as a
scatter graph (right).

(a) Draw a line of best fit through the data:

(b) Describe the results:

(c) Using your line of best fit as a guide, comment
on the correlation between handspan and foot
length:

Foot length (mm)

Hand span vs foot length in adults

350
.
'
oo
.
300 <
.
o * *0
° .
°
250 e o ®
.
.
200
V/ 4
7
150 200 250 300

Hand span (mm)
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H Mean, Median, and Mode

Key Idea: Mean, median, and mode are measures of the
central tendency of data. The distribution of the data will
determine which measurement of central tendency you use.
Measures of a biological response are usually made from
more than one sampling unit. In lab-based investigations,
the sample size (the number of sampling units) may be
as small as three or four (e.g. three test-tubes in each of

Variation in data

Whether they are obtained from observation or experiments, most

biological data show variability. In a set of data values, it is useful
to know the value about which most of the data are grouped, i.e.
the centre value. This value can be the mean, median, or mode

depending on the type of variable involved (see below). The main

purpose of these statistics is to summarise important features of
your data and to provide the basis for statistical analyses.

Type of variable sampled

Quantitative Ranked Qualitative
(continuous or : :
discontinuous) . H

v ¥
The shape of the Mode Mode

distribution when the
data are plotted

| |

Symmetrical Skewed peak or Two peaks
peak outliers present (bimodal)
v ¥ v
Mean Median Modes
Median

The shape of the distribution will determine which
statistic (mean, median, or mode) best describes
the central tendency of the sample data.

four treatments). In field studies, each individual may be a
sampling unit, and the sample size can be very large (e.g. 100
individuals). It is useful to summarise data using descriptive
statistics. Descriptive statistics, such as mean, median, and
mode, can identify the central tendency of a data set. Each
of these statistics is appropriate to certain types of data or
distribution (as indicated by a frequency distribution).

5 A: Normal distribution

20 4

15 3

Frequency

10 4

Mass (g)

25 B: Skewed distribution

20

15 4 Negative skew: the |

left tail is longer
10 4 - .

Frequency

Mass (g)

C: Bimodal (two peaks)

25
20 4

15

Frequency

10 4

Statistic Definition and use Method of calculation When NOT to calculate a mean:
M ™ fall d K Add Il the d - In some situations, calculation of
L] L]
ean e average of all data entries. dd up all the data entries. a simple arithmetic mean is not
¢ Measure of central tendency for e« Divide by the total number of aporopriate
normally distributed data. data entries. pprop :
Remember:
Median ¢ The middle value when data ¢ Arrange the data in increasing
entries are placed in rank order. rank order. * DO NOT calculate a mean from
« A good measure of central « Identify the middle value. values that are already means
tendency for skewed ¢ For an even number of entries, (averages) themselves.
distributions. find the mid point of the two
middle values. DO NOT calculate a mean of
ratios (e.g. percentages) for
Mode ¢ The most common data value. * |dentify the category with the several groups of different sizes.
e Suitable for bimodal highest number of data entries Go back to the raw values and
distributions using a tally chart or a bar recalculate.
and qualitative data. graph.
Range ¢ The difference between the ¢ |dentify the smallest and IO EE s & mean T
. the measurement scale is not
smallest and largest data largest values and find the . .
R linear, e.g. pH units are not
values. difference between them. .
- T measured on a linear scale.
¢ Provides a crude indication of
data spread.
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1. The birth weights of 60 newborn babies are provided right. . .
Create a tally chart (frequency table) of the weights in the Birth weights (kg)
table provided below. Choose an appropriate grouping of
weights.

Need help?

See Activity 12

3.740 2.640 3135 3.260
3.830 3.955 3.090 3.315
Weight (kg) Tally Total 3.530 2.980 3.830 3.230
3.095 3.350 3.970 3.790
3.630 3.780 3.840 2.620
1.560 3.260 4.710 3.030
3.910 4.510 4.050
4180 3.800 4.560
3.570 4170 3.350
2.660 4.400 3.380
3.150 3.770 3.690
3.400 3.400 1.495
3.380 3.825 3.260
2.660 3130 3.430
3.375 3.400 3.510
3.840 3.260 3.230
3.630 4100 3.570
3.810 3.220 3.620

2. (a) On the graph paper (right) draw a frequency
histogram for the birth weight data.

(b) What type of distribution does the data have?

(c) Predict whether mean, median, or mode would
be the best measure of central tendency for
the data:

(d) Explain your reason for your answer in (c):

(e) Calculate the mean, median, and mode for the
birth weight data:

Mean:

Median:

Mode:

(f) What do you notice about the results in (e)?

(g) Explain the reason for this:
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H What is Standard Deviation? 23

Key Idea: Standard deviation is used to quantify the
variability around the central value and evaluate the reliability
of estimates of the true mean.

While itis important to know the central tendency (e.g. mean)
of a data set, it is also important to know how well this value

Standard deviation

represents the data set as a whole. For a normal distribution,
this can be evaluated using the standard deviation, which
is a simple value that quantifies the spread in the data. If
the standard deviation is small, more of the values will be
clustered about the mean value.

) Standard deviation is usually presented as X = s. In normally 25 4 T T T ]
distributed data, 68% of all data values will lie within one standard ] Normal distribution
deviation (s) of the mean (X) and 95% of all values will lie within 20
two standard deviations of the mean (right). > ]

) Different sets of data can have the same mean and range, yet a § 154
different data distribution. In both the data sets below, 68% of the g 68%
values lie within the range X = 1s and 95% of the values lie within C 104
X * 2s. However, in B, the data values are more tightly clustered 1 25% 2.5%

51T 1% <>

around the mean. ] 4 p
Standard deviation is easily calculated using a spreadsheet. Data 0 ] i< 95% >;
should be entered as columns. In a free cell, type the formula for x-2s x-1s X X+1s Xx+2s
standalrd deviati.on and select the cells containing the data values, Size class
enclosing them in parentheses.

Histogram A has a larger
standard deviation; the
values are spread widely

Both plots show a normal distribution with a
symmetrical spread of values about the mean.

Histogram B has a smaller standard
deviation; the values are clustered

around the mean.

,
\
\\ \

{
Q’@
o |

Frequency

Calculating s

\ n-1 B

more tightly around the mean.

\
\
‘ 3(x —X)2 = sum of squared &
‘ iati (]
\\ 68% deviations from the mean ] 68%
\ . @
2.5% 2.5% n = ;ample size. n -1 \C 2.5% 2.5%
95% provides a unbiased s for = —
!I I.g small sample sizes (large - 95% —
x-2s x-1s x X+1s X+2s samples can use n). !E- — . - I
x-2s x-1s X X+1s X+2s

Two sample data sets of rat body length have the same mean. The first data set has a much larger standard deviation
than the second data set. What does this tell you about the spread of data around the mean in each case? Which data
set is likely to provide the most reliable estimate of body length in the rat population being sampled and why?

The data on the right shows the heights for 29 male swimmers.

(a) Calculate the mean for the data:

(b) Use manual calculation, a calculator, or a spreadsheet to calculate the

standard deviation (s) for the data:

(c) State the mean #1s:

(d) What percentage of values are within 1s of the mean?

(e) What does this tell you about the spread of the data?

Raw data: Height (cm)

178 180 180 178 176
177 181 185 186 188
188 178 185 176 180

176 178 175 185 186
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(YA Reliability of the Mean

Keyldea: 95% confidence limits help to evaluate the reliability  is as an estimate of the true population mean (u). You can
of the sample mean as an estimate of the population mean. do this by calculating the 95% confidence interval (95% ClI).
You have already seen how to use the standard deviation The mean * the 95% CI gives the 95% confidence limits. On
(s) to quantify the spread or dispersion in your data. Usually, average, 95 times out of 100, the true population mean will lie
you will also want to know how good your sample mean (X)  within the confidence limits.

Reliability of the sample mean

» When we take measurements from samples of a larger
population, we are using those samples as indicators
of the trends in the whole population. Therefore, when
we calculate a sample mean (the statistic), it is useful
to know how close that value is to the true population
mean (u) for that attribute (the parameter).

) If you can determine the reliability of the sample
mean, it will enable you to make inferences about the
aspect of the population in which you are interested.
Statistics based on samples and used to estimate
population parameters are called inferential statistics.

) Example: If we calculated the mean number of spots
from a sample of six ladybird beetles, how reliable is
this statistic as an indicator of the mean number of
spots in the whole population? We can find out by
calculating the 95% confidence interval.

Step 1: Calculate standard error (SE) Step 2: Use SE to calculate the 95% confidence interval
The standard error (SE) is simple to calculate and SE is required to calculate the 95% confidence interval (Cl) of the

is usually a small value. Standard error is given by mean. This is simple: just multiply SE by the value of t at P = 0.05
the standard deviation divided by the square root (from a t table) for the appropriate degrees of freedom (df) for your
of n, where n is the sample size. sample (n - 1). Part of the t table is provided for you below.

95% C1 = SE X t py.1)

Critical values of Student's t at P = 0.05 Step 3: Plotting your confidence intervals

Use this table to calculate 95% confidence interval Once you have calculated the 95% CI for the means in your data, you can
plot them as error bars on your graph. Note that the 95% confidence limits

p are given by the value of the mean * 95%CI. A 95% confidence limit (i.e.
df P = 0.05) tells you that, on average, 95 times out of 100, the limits will
0.05 contain the true population mean. Note that each of the plotted points
1 1271 represents a mean of 10 values.
2 4303 | Valueoftat Relationship of Y against X
3 3182 | n-1=5 (+ 95%confidence intervals, n = 10)
4 2.776
5 (25710 o L__ Confidence limits
6 2447 § R {1‘\ are given by the
7 2.365 @ i/{ mean + 95% CI
8  2.306 = r < ¥
9 2.262 _S 2o Trendline
10 2228 - / 1T il
5 S
20 2086 3 | Small 95% ClI %
30 2.042 As the sample becomes o >
40 2.021 very large, the value of | L \\
60  2.000 t becomes smaller. For 5 T
120 1.980 very large samples, t z N
>120  1.960 | is fixed at 1.96, so the § P /
95% Cl is slightly less g St
Maximum value of t || than twice the SE. S
at this level of P L] (=} ) ) ) )

Range of the independent variable

All these statistics, including a plot of the data with Y error bars,
can be calculated using a programme such as Microsoft Excel®.
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» The clover root weevil (Sitona lepidus) is a pest of white clover pastures. The adults feed
on clover leaves, while the larvae feed on clover nodules and roots, causing root loss and a

ety W AR o
vj g reduction in nitrogen fixation.
,4-2%\ )
i
I

2

Research has indicated that different pastures have different susceptibility to infestation by
clover root weevil (left). Armed with this knowledge, two students reasoned that the most

- susceptible grass type would have the greatest weevil population. The students chose five
o i pasture types, and recorded the number of weevil larvae in each pasture type at six sample
over root weevi sites (sample area 1 m2). Their results are presented in the table below.
Sample it Fescue White clover Red clover Chicory
ryegrass

1 42 42 48 42 45

2 45 46 54 46 44

Number of 3 a1 38 48 45 45

weevils 4 42 41 52 42 38

5 49 45 49 44 40

6 43 44 52 44 47

1. Complete the table below by calculating the mean, standard deviation, standard error, and 95% confidence interval
(95% CI) for each of the grass environments.

Perennial

Fescue White clover Red clover Chicory
ryegrass

Mean

Standard deviation

Standard error

95% CI

2. Select the appropriate graph format and plot the means for each of the grass environments below.
Include bars to show the 95% confidence intervals.

Need help?

See Activity 12

3. Study your plot and decide if there are any significant differences between the abundance of clover root weevils in the
five environments. Use your analysis to write a conclusion for the investigation below:
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Key Idea: Sampling method can affect the results of a study,
especially if it has an unknown bias.

Bias refers to the selection for or against one particular group
in such a way that it can influence an investigation’s results.
Bias can occur when sampling is not random, and certain
members of a population are under- or over-represented

Figure 1. Frequency histogram for the
complete perch data set (N= 689)

X-2s X-1s X x+1s  Xx+2s

(o)}
o
L
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o
N
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w
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0
25 29 33 37 41 45 49 53 57 61 65 69
Length (mm)

Median: 47 mm
Standard deviation: 7.81

Mean: 48 mm
Mode: 45 mm

Figure 2. Frequency histogram for the N=30
perch data set (random sampling)

3.
g
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Length (mm)
Mean: 49.23 mm Median: 49.5 mm
Mode: 38 mm Standard deviation: 11.37
Figure 3. Frequency histogram for the N=50
perch data set (biased sampling)
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Length (mm)

Mean: 61.44 mm Median: 63 mm
Mode: 64 mm

Standard deviation: 3.82

Detecting Bias in Samples

relative to others in the population. Small sample sizes can
also bias the results, which may not accurately reflect the
population as a whole. Bias can be reduced by random
sampling (sampling in which all members of the population
have the same chance of being selected). Using appropriate
collection methods and apparatus can also reduce bias.

In this exercise, perch were collected and their body lengths
(mm) were measured. Data are presented as a frequency
histogram and with descriptive statistics (mean, median,
mode and standard deviation).

Figure 1 shows the results for the complete data set. The
sample set was large (N= 689) and the perch were randomly
sampled. The data are close to having a normal distribution.

Figures 2 and 3 show results for two smaller sample sets
drawn from the same population. The data collected in Figure
2 were obtained by random sampling but the sample was
relatively small (N = 30). The person gathering the data
displayed in Figure 3 used a net with a large mesh size to
collect the perch.

(a) Compare the results for the two small data sets
(Figures 2 and 3). How close are the mean and
median to each other in each sample set?

(b) Compare the standard deviation for each sample set:

(c) Describe how each of the smaller sample sets
compares to the large sample set (Figure 1):

(d) Why do you think the two smaller sample sets look so
different to each other?
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B Statistical Tests: Which One to Use?

Key Idea: How your data is analysed depends on the type
of data you have collected. Plotting your initial data can help
you to decide what statistical analysis to carry out.

Data analysis provides information on the biological

significance of your investigation. Never under-estimate
the value of plotting your data, even at a very early stage.
This will help you decide on the best type of data analysis.
Sometimes, statistical analysis may not be required.

Linear regression
The data plot in a straight line.

Example: Clutch size vs body size
in Daphnia. ’

Non-linear regression
The data do not plot in a straight line.

Example: Enzyme reaction rate at
different temperatures.

Pearson correlation coefficient
Example: Arm length vs leg length.

Spearman correlation coefficient

Example: Frequency of occurrence of
different species at two sites.

ANOVA (Analysis of variance)

Example: Survival of clover weevils in
different pasture types.

Paired t-test

Example: Comparing ratios of arm to
leg length in chimps and gorillas.

Unpaired t-test

Example: Suitability of clay pots and
plastic pots for plant growth.

Mann-Whitney U-test
Data must be ranked in order of
increasing size.

Example: Size of fruit from a plant
species grown in two environments.

>
Finding how one factor
Plot a affects another
scatter graph
i
. Normal
Testing for a data
relationship —
between
variables
q
Testing for a
correlation
Calculate mean ‘ ’
0,
and_ B What kind Non-normal
confidence o dat
intervals from of test? ata
replicates
More than two
Testing for a groups of data
difference e
between groups
(e.g. habitats or
treatments)
Same
individuals
- = Normal
Measurements Diffarsfice data
—
or counts Plot a
bar graph
Different
START —)T individuals
)
HERE . groups
What kind of data
of data are you
recording?
Non-normal
data
Frequencies @
(counts only, not
measurements) Comparing observed counts
to an expected count
B>

Testing an association
between groups of counts

Chi-squared for goodness of fit

Example: An expected genetic ratio
or preference for different habitats.

|:| You may need to use these during your study
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Example: Association of one plant
with another in an area.
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Key Idea: Correlation coefficients provide information on the
strength of the relation between variables. The data can be
used to produce a regression equation for the line of best fit.
Pearson’s correlation coefficient (r) relates the value of one
variable to another for a simple linear relationship. For a
perfect correlation in which the change in one variable is
perfectly matched or caused by a corresponding change in
another variable, r =1 (positive correlation) or -1 (negative

Pearson Correlation Coefficient

then r = 0. The simplest way to calculate a correlation
coefficient is to use a spreadsheet such as Microsoft Excel
(below). Correlation can also be expressed as the R? value,
the coefficient of determination. This is the square of
the correlation coefficient. It quantifies the proportion of
variance in the dependent variable that is explained by the
independent variable. Unlike r, R2 has no direction (+/-) and
determines how a model or equation fits the data.

correlation). If there is no correlation between variables,

o Enter the data Daphnia

Clutch size (number of eggs per female) o
was estimated for 50 females, and body .
length was measured to the nearest 0.01
mm for the same individuals to give 50
paired values. These data values were
entered directly into Microsoft Excel®.

Calculating a correlation coefficient ‘r’

» Remember that correlation is not causation. Just
because two variables (e.g. temperature and
population number) are correlated it does not
mean one causes the other.

) The simplest way to calculate a correlation
coefficient is to use a spreadsheet such as
Microsoft Excel®:

2¥aYa)
<o K I -}
Body langth (mm)  Chutoh size
055

1
2 4

3 0.4 a

s 0454 L} =

3 057 9 [=]

7

0

1. Enter the data into two columns.

2. In another cell type the formula
=CORREL(Range Column 1, Range Column 2).

.

08 1
] o ) > Clutch size vs body size in Daphnia
v g‘,’; :g Brood -3 Daphnia is a small, freshwater crustacean common in
12 074 1% pouch water bodies throughout the world. In Daphnia, body
:: 3;3 :g size largely determines how many eggs and young
:: g:; :: can be carried (the clutch size). This is because the
7 042 2 Enter your data in eggs are carried in a brood pouch, which physically
2 0% 5, columns with headings limits the size of the clutch. Larger animals can also
20 047 18 for the variables. process more food. The strength of the relationship
2 :: 2 between body size and clutch size can be described
0 108 2 i i ici
2 1o o using a correlation coefficient.
26 1.16 2
20 1.17 2%
A 2 = 9 Graphing and fitting the regression (i §=. 2
: = v
o 120 > )  Select the data columns: “Body length” and “Clutch size”. R -
5 3 = ) Choose Insert > Chart > XY (Scatter). Choose the option with . >
S 138 30 no line. A graph will appear on screen. L Ads Titles >
9 Ll = " - T Chart Title >
:: ::; g ) Under the menu tab "Chart Design", choose from the drop 4
37 15 Y down menu under "Add Chart Element" (right) to add titles for D Ly
s - ot your axes and add a trendline (this is your regression line)
' . . S . 1 Error Ba >
o ,':, : » Right click on the regression line itself to format the trendline. "_°( 0 ’
a 108 » You can add the R2 value and regression equation if you wish. " Gridines
; ] . - 1 Legend >
:: :;; g ) The R? value describes how well the line fits the data. A value )
% 177 a3 of 1is a perfect fit. The equation describes the slope and ;
a 12 2 intercept of the line. It allows you to predict values of the L= Trendiine >
49 189 a dependent variable.
% 189 54
51 183 L) >
52
In a cell beneath the \.

coloums type the formula
=CORREL(Range Column 1,
Range Column 2) to get the
correlation coefficient.

Regression equation and
R2. The RZ = 0.9672. This
regression accounts for 96%

of the scatter in the data. *»

The correlation coefficient ’
(r= vR2) = 0.98, meaning
a very strong relationship
between the variables.

y=29557x - 78247
R*=09672

Sody length (mm)
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Data kindly supplied by Dr lan Duggan, University of Waikato

A correlation example

Pearson's coefficient correlation can be calculated using the formula:

IXy - nXxy
r= Tofind s, and s >
nSxSy use the population S= S(x-%)
standard deviation: n

Hexarthra intermedia (right) is a species of rotifer. Rotifers are small,
ciliated animals found in freshwater ponds. Most feed on small algae.

A study was carried out in order to understand how changes in their
abundance might be related to seasonal changes in environmental factors.
The data below records abundance per litre of pond water against pond
temperature at the time that sample was taken. Note that the Hexarthra
counts are not in whole numbers because number per litre was calculated
from a larger, filtered sample volume. n = 25.

Hexarthra no. Temperature (y)

(x) / per L /°c (x-x*
36.21 19.75
33.76 17.53
10.83 15.05
1.88 14.40
0.33 11.73
2.40 11.05
0.35 9.23
0.08 8.75
0.00 12.35
0.04 1313
0.00 1415
0.21 14.63
0.29 15.98
5.72 19.63
4.39 18.00
7.42 19.80
72.87 23.33
443.38 23.30
34.38 22.30
147.58 25.88
947.64 24.58
573.47 22.90
444.63 20.95
338.25 2110
34.33 18.90
X= y= I(x-x)2= Iy -y)?= TXy =
Standard deviation x = Standard deviationy = r=

1. Complete the table above to calculate r:

2. What does r tell you about the relationship between Hexarthra numbers and temperature?
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) a Spearman Rank Correlation

Key Idea: The Spearman rank correlation is a test used to
determine if there is a statistical dependence (correlation)
between two variables.

The Spearman rank correlation is appropriate for data that
have a non-normal distribution (or where the distribution is
not known) and assesses the degree of association between
the X and Y variables (if they are correlated). For the test to

work, the values used must be monotonic i.e. the values must
increase or decrease together or one increases while the
other decreases. A value of 1indicates a perfect correlation;
a value of 0 indicates no correlation between the variables.
The example below examines the relationship between the
frequency of the drumming sound made by male frigatebirds
(Y) and the volume of their throat pouch (X).

Spearman's rank data for frigate bird pouch volume and drumming frequency

Bird Volume of Rank (R1) | Frequency of drumming | Rank (R2) | Difference D?
pouch / cm3 sound / Hz (D) (R1-R2)

1 2550 461
2 2440 1 473 6 -5 25
3 2740 532
4 2730 465
5 3010 485
6 3370 488
7 3080 527
8 4910 478
9 3740 485

10 5090 434

1" 5090 468

12 5380 449

Based on Madsen et al 2004 D2

Analysing the data

Step one: Rank the data for each
variable. For each variable, the
numbers are ranked in descending
order, e.g. for the variable, volume,
the highest value 5380 cm? is given
the rank of 12 while its corresponding
frequency value is given the rank

of 2. Fill in the rank columns in the
table above in the same way. If two
numbers have the same rank value,
then use the mean rank of the two
values (e.g. 1+2 = 3. 3/2=1.5).

Step two: Calculate the difference (D)

Step four: Sum all the D? values and
enter the total into the table.

Step five: Use the formula below

to calculate the Spearman Rank
Correlation Coefficient (r,). Enter the r
value in the box above.

r is positive then there is a positive
correlation. If r; is negative then there
is a negative correlation.

1.

2 (a) Identify the critical value for the frigate bird data:
(b) State if the correlation is positive or negative:
(c) State whether the correlation is significant:

3.

between each pair of ranks (R1-R2)
and enter the value in the table (as
a check, the sum of all differences
should be 0).

Step three: Square the differences
and enter them into the table above
(this removes any negative values).

State the null hypothesis for the data set:

Spearman rank correlation coefficient

Step six: Compare the rg value to the
table of critical values (right) for the
appropriate number of pairs. If the rg
value (ignoring sign) is greater than
or equal to the critical value then
there is a significant correlation. If

Number of pairs of Critical value
measurements
5 1.00
6 0.89
7 0.79
8 0.74
9 0.68
10 0.65
12 0.59
14 0.54
16 0.51
18 0.48
20 0.45

Complete your analysis and staple it to this page.

In your class, gather data on heart rate (beats per minute measured by carotid or radial pulse) and breathing rate
(breaths per minute). Use the Spearman rank coefficient to determine if there is a relationship between these variables.
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E Quantifying Differences Using Student’s t-Test

Key Idea: Differences between two populations (or sets of
data) can be tested for significance using the Student's t-test.
The Student's t-test is commonly used to compare two
sample means, e.g. means for a treatment and a control in an
experiment, or the means of some measured characteristic
between two animal or two plant populations. It is a simple

Steps in performing a Student’s t-test

Calculate summary statistics for the
two data sets

Control | Treatment Ny =6, X,=612,s,=0.496
(A) B) ng =6, %g=6.98, s = 0.475
6.6 6.3 n, and ng are the number of
55 7.2 values in the first and second

data sets respectively (these do
6.8 6.5 not need to be the same).
58 7 X is the mean.
6.1 7.5 . -

s is the standard deviation (a
5.9 7.3 measure of scatter in the data).

E Set up and state your null hypothesis (H,)

Ho: there is no treatment effect. The differences in the data
sets are the result of chance and they are not really different.
The alternative hypothesis is that there is a treatment effect
and the two sets of data are truly different.

H Decide if your test is one or two tailed

A one-tailed test looks for a difference only in one particular
direction. A two-tailed test looks for any difference (+ or -).
This tells you what section of the t table to consult. Most
biological tests are two-tailed. Very few are one-tailed.

n Calculate the t statistic

For our sample data above the calculated value of t is
-3.09. The degrees of freedom (df) are n; + n, -2 = 10.

Calculation of the t value uses the variance which is simply
the square of the standard deviation (s2). You may compute
t using a spreadsheet but manual computation is not
difficult (see activity 17). It does not matter if the calculated
t value is a positive or negative (the sign is irrelevant).

The absolute value of the t statistic (3.09) well
exceeds the critical value for P = 0.05 at 10 degrees
of freedom.

We can reject Hy and conclude that the means are
different at the 5% level of significance.

If the calculated absolute value of t had been less
than 2.23, we could not have rejected H,,.
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test and useful for distinguishing real but marginal differences
between samples. Usefully, the test remains robust even
when sample sizes are small. A simple example outlining the
steps in the Student's t-test is shown below. It compares data
for a treatment and a control from a hypothetical experiment
(the units are not relevant in this case, only the values).

(a) In an experiment, data values were obtained from
four plants in experimental conditions and three
plants in control conditions. The mean values for
each data set (control and experimental conditions)
were calculated. The t value was calculated to be
2.16. The null hypothesis was: "The plants in the
control and experimental conditions are not different”.
State whether the calculated t value supports the null
hypothesis or its alternative (consult t table below):

(b) The experiment was repeated, but this time using
6 control and 6 “experimental” plants. The new t
value was 2.54. State whether the calculated t value
supports the null hypothesis or its alternative now:

2. Explain what you understand by statistical significance:

Table of critical values of t at different levels of P.

Level of Probability

Degrees of
freedom 0.05 0.01 0.001
1 12.71 63.66 636.6

2 4.303 9.925 31.60

3 3182 5.841 12.92

4 2.776 4.604 8.610

5 2.571 4.032 6.869

6 2.447 3.707 5.959

7 2.365 3.499 5.408

8 2.306 3.355 5.041

9 2.262 3.250 4.781
10 2.228 3169 4.587
15 2131 2.947 4.073
16 2120 2.921 4.015
17 2110 2.898 3.965
18 2101 2.878 3.922
19 2.093 2.861 3.883
20 2.086 2.845 3.850
25 2.060 2.787 3.725
30 2.042 2.750 3.646
40 2.021 2.704 3.551
50 2.009 2.678 3.496
60 2.000 2.660 3.460
100 1.984 2.626 3.390

5P




32 a Chi-Squared Test for Goodness of Fit

Key Idea: The chi-squared test (x2) for goodness of fit can be
used for testing the significance of the differences between
observed and expected outcomes.

The chi-squared test (x2), like the Student's t test, is a test
for difference between data sets, but it is used when you are

Using x2 in Mendelian genetics

The predicted Mendelian ratios for the offspring of a cross
between two Drosophila flies were 1:1:1:1 for each of the

four following phenotypes: grey body-long wing, grey body-
vestigial wing, ebony body-long wing, ebony body-vestigial
wing. The observed results of the cross were not as predicted.
The following numbers for each phenotype were observed in
the offspring:

Observed results (O) of the example Drosophila cross

Y Td & "
(i
97
Grey body, Grey body, Ebony body, Ebony body,
vestigial wing long wing long wing vestigial wing
88 102 12

Using X2, the probability of this result being consistent with a 1:1:1:1
ratio could be tested. Worked example as follows:

STEP 1: Calculate the expected value (E)

In this case, this is the sum of the observed values divided by
the number of categories (400 + 4 = 100).

STEP 2: Calculate the expected value (E)

The difference between the observed and expected values

is calculated as a measure of the deviation from a predicted
result. Since some deviations are negative, the are all squared
to give positive values. This step is usually performed as part of
a tabulation (next column, blue column).

STEP 3: Calculate the value of x?2

The calculated x2 value is given at the bottom right of the last
column of the table. It is calculated using the formula below.

23O

The completed table is shown at the top of the next column.

working with counts rather than measurements. The following
worked example uses X2 to test the results of a genetic cross
to see if departures from the predicted Mendelian ratio are
significant. Raw counts should be used and large sample size
is required for the test to be valid.

0-E)?

Category o} E O-E (0-E)? (T)
Grey, long wing 98 100 -2 4 0.04
Grey, vestigial wing 88 100 -12 144 1.44
Ebony, long wing 102 100 2 4 0.04
Ebony, vestigial wing 112 100 12 144 1.44

Total = 400 y> =2.96

x2 -

STEP 4: Calculate the degrees of freedom

The probability that any x2 value would be exceeded by chance
depends on the degrees of freedom. This is one less than the
total number of categories (this is the number that could vary
independently without affecting the last value). Here: 4 -1 = 3.

STEP 5: Using the X2 table

On the x2 table (produced in part below) with 3 degrees of
freedom, the calculated value for x2 of 2.96 corresponds to a
probability of between 0.2 and 0.5. This means that by chance
alone, a X2 value of 2.96 could be expected between 20% and
50% of the time.

STEP 6: Interpreting the result

The probability of between 0.2 and 0.5 is higher than the

0.05 value that is generally regarded as significant. The null
hypothesis cannot be rejected and we have no reason to believe
that the observed ratios obtained differ significantly from the
expected at P = 0.05.

IMPORTANT NOTE: When analysing Mendelian crosses,
predicted ratios assume independent assortment of alleles, so
significant departures from predicted ratios indicate the alleles
are linked (on the same chromosome). Many Mendelian crosses
involve ratios other than 1:1. For these, calculation of expected
values is not simply a division of the total by the number of
categories. Instead, the total must be apportioned according

to the ratio. For example, for a total of 400 as above and a
predicted 9:3:3:1 ratio, the total count must be divided by 16 and
the expected values will be 225 : 75 : 75 : 25 in each category.

Table of critical values of ¥? at different levels of probability

By convention, the critical probability for rejecting the null hypothesis (H,) is 5%. If the test statistic is less than the tabulated
critical value for P = 0.05, we cannot reject H and the result is not significant. If the test statistic is greater than the tabulated
critical value for P = 0.05, we reject H, in favour of the alternative hypothesis.

Level of pr obability (P)

Degrees of . .

freedom 0.98 0.95 0.80 050 020 010 : 005 ! 002 0.01 0.001
1 0.001  0.004  0.064 0455 y2 1.64 271 i 384 i 541 6.64  10.83
2 0.040 0103 0466 1386 | 322 461 ! 599 i 7.82 9.21 13.82
3 0.185 0352  1.005 : i 625 i 7.82 . 984 11.35  16.27
4 0429 0711 1649 3357 599 778 : 949 ' 1167 1328 1847
5 0752 0.145 2343 4351 729 924 : 1107 : 1339 1509  20.52

<«—— DonotrejectH; | . RejectH, ———
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E Did You Get It?

1. A balance has a calibration error of +0.04 g. A student weighs out 11.71 g of sodium hydroxide. Calculate the
percentage error (show your working):

2. The table (below left) shows the rate of sweat production in an athlete on a stationary cycle.

(a) Complete the table below to determine the rate of sweat loss in cm3min™:

(b) Choose an appropriate graph type and plot both cumulative sweat loss and rate of sweat loss on the grid below.

Time Cumulative Rate of
(minutes) | sweatloss | sweatloss
(cm3) (cm3 min™")
0 0
10 50
20 130
30 220
60 560
(c) Describe how the rate of sweat loss changes
over time:

3. Metabolic measurements were taken from seven Antarctic fish (Pagothenia borchgrevinski) affected by a gill disease,
which increases the thickness of the gas exchange surfaces and affects oxygen uptake. The results of oxygen
consumption of active fish with varying amounts of affected gill are tabulated right.

(a) Plot the data on the grid below right to show the Fish p t o i
relationship between oxygen consumption and the amount = CIEEUEL]S 2 cogsm:npqlon
of gill affected by disease. Draw a line of best fit through number of gill affected (em= g™ h™)
the data.

1 0 0.29

(b) Using a spreadsheet programme such as Microsoft Excel: 2 95 on

i) Enter the data in columns and plot an XY scatter. 3 60 014
4 30 0.22

ii) Label iately.

ii) Label your axes appropriately 5 % 0.08

iii) Plot a regression line for the data. 6 65 0.18

iv) Display the R? value and the regression equation. / 45 0.20

v) If you wish, print the graph and staple it here.

(c) How does the gill disease affect oxygen uptake?

Use the results of your regression analysis to support
your answer:
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Chapter 2

Unit 1 Topic 1 xi0)|

Resource Hub
bit.ly/4ejp3b6

Prokaryotic and
Eukaryotic Cells_

Key Terms

cell wall i The cell is the unit of life.

centrioles Prokaryote and eukaryote cells are different.

chloroplast Organelles play important roles in cell functioning.
cytoplasm Different types of microscopes can be used to study cells.

electron micrograph

mitochondrion

stain

r

FA~ T A

WL .. T e

Cells as the unit of life

WL B S W " MEULAETY Y. -

Eukaryotic cells have specialised organelles

magnification and resolution

Activity

electron microscope Number
| . icul O 1 Explain how cells are the basic unit of life on Earth and outline the basic 25
?ES)OD asmic reticulum 6 principles of the cell theory. ’ ”
° o eukaryotic cell ‘ 0O 2 Name different types of cell and describe what cells are made of. 26-27
. flagella O 3 Describe the requirements for survival of all cells, including sources of 28
energy, gases, and nutrients, and removal of wastes. ‘
Golgi ’
. . O 4 Describe the distinguishing features of prokaryotic cells, including small
- light (=optical i ; i
g (=optical) size, lack of a nucleus and membrane-bound organelles, and single circular 29
' microscope » chromosome. Explain that prokaryotes usually exist as single cells but may
lysosome ' | be colonial, with some specialisation of function. ‘
magnification - | O 5 Compare the features of prokaryotic and eukaryotic cells.

26, 29-33
-

L 4

nucleolus
. S I 0O 6 Name the specialised organelles found in eukaryotic cells, including
. " nucleus, mitochondria, rough and smooth endoplasmic reticulum, Golgi 30-34
organelles : apparatus, lysosomes, vacuoles, and chloroplasts. Describe the role of |
these organelles in the functioning of the cell and the organism. ‘
‘ plasma membrane :
2 . 0O 7 Compare and contrast the organelles in plant cells and animal cells. 30-34 .
> prokaryotic cell
. 4 IV TANYEN S Wi NIRRT ETDW T
» el Studying cells ‘ .
’ ribosome
A Identify organelles visible in electron micrographs. 31, 33, 40-41
rough ER (rER)
Describe the structure and basic principles of light (optical)
f. smooth ER (sER) microscopes. Contrast light and electron microscopy in terms of 35,40 '

vacuole

Prepare wet mounts and use a light microscope to observe cells and
identify structures and organelles in microorganism, plant, and animal cells.
Calculate magnification and field of view.

Produce annotated biological drawings of cells observed with a
light microscope.




a The Cellis the Unit of Life

Key Idea: All living organisms are composed of cells. Cells
are broadly classified as prokaryotic or eukaryotic.
The cell theory is a fundamental idea of biology. This idea,

The cell theory

The idea that cells are fundamental units of life is part of the cell

theory. The basic principles of the theory are:

» Al living things are composed of cells and cell products.

» New cells are formed only by the division of pre-existing cells.

) The cell contains inherited information (genes) that are used
as instructions for growth, functioning, and development.

) The cellis the functioning unit of life; all chemical reactions of
life take place within cells.

Prokaryotic (bacterial) cells

3 W RS
=]
 Autotrophic or heterotrophic.
Cells =P . single celled.

e Lack a membrane-bound nucleus
and membrane-bound organelles

e Cells 0.5-10 pm.

» DNA a single, circular chromosome.
There may be small accessory
chromosomes called plasmids.

» Cell walls containing peptidoglycan.

\d

Eukaryotic cells

that all living things are composed of cells, developed over
many years and is strongly linked to the invention and
refinement of the microscope in the 1600s.

All cells show the functions of life

Cells use food (e.g. glucose) to maintain a stable
internal environment, grow, reproduce, and
produce wastes. The sum total of all the chemical
reactions that sustain life is called metabolism.

« Movement

* Respiration
» Sensitivity

o Growth

* Reproduction
o Excretion

o Nutrition

Viruses are non-cellular

« Non-cellular.
e Typical size range: 20-300 nm.
« Contain no cytoplasm or organelles.

+ No chromosome, just RNA or
DNA strands.

« Enclosed in a protein coat.

« Depend on cells for metabolism and
reproduction (replication).

Influenzavirus

¢ Cells 30-150 ym ¢ Membrane-bound nucleus and membrane-bound organelles ¢ Linear chromosomes

!

Plant cells

o Exist as part of multicellular
organism with specialisation of
cells into many types.

« Autotrophic (make their own
food): photosynthetic cells
with chloroplasts.

o Cell walls of cellulose.

Generalised plant cell

1. What are the characteristic features of a prokaryotic cell?

!

Animal cells

o Exist as part of multicellular
organism with specialisation
of cells into many types.

o Lack cell walls.

« Heterotrophic (rely on other
organisms for food).

White blood cell

! y

Protist cells Fungal cells

« Mainly single-celled or « Rarely exist as discrete cells,
exist as cell colonies. except for some unicellular

» Some are autotrophic and forms (e.g. yeasts).
carry out photosynthesis. D

« Some are heterotrophic. « Rigid cell walls

containing chitin.
« Heterotrophic.

Amoeba cell Yeast cell

2. What are the characteristic features of a eukaryotic cell?

3. Why are viruses considered to be non-cellular (non-living)?
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Kristian Peters

Types of Cells

Key Idea: Cells come in a wide range of shapes and sizes. In
multicellular organisms, cells are adapted for a specific role.
Cells come in a wide range of types and forms. The images

, Cell wall made
. of cellulose

Palisade mesophyll cells

’. rRed blood cel‘l?

Whlte blood
© / cell 'I

Blood cells

Amoeba

o)
=
<
Q
O
x
8
1]
c
@
o
O

below show a selection of cell types from the five kingdoms.
Multicellular organisms typically have many specialised cell
types, each of which performs a specific function.

Plant cells

Epidermal cell

P ) ry
A
-~ Nucl
A "i];“:fﬂ

CeII waII

- 3 ¢ ..;\.J.\\( v
- e )
Epidermal cell

Guard cells and epidermal cells

Animal cells

Muscle flbres (cells)

\ Nucleu\\

Muscle cells

_[\lgcleus :

Nerve cells (neurons)

Protists (single cells or colonies)

Paramecium

Fungal cells

J Cell wall
- of chitin

Yeast cells (Saccharomyces)

James Scott

Microsporum cells

Q e
Individual cells

(

5

Daughter colony

»&

Volvox colony

@Y ’(
“Root hair cell~
\w‘R_oo air ce (

Cell wall
b

Sperm cell (male)

Egg cell
(female)

Reproductive cells

Nucleus

Scenedesmus colony

Bacterial cells

AN
New cell wall forming

X\

Dartmouth college

Staphylococcus cell (dividing)

Campylobacter cell

1. Identify one distinguishing feature of each of the following cell types, based on what is (or is not) labelled above:

(a) Plant cells:

(b) Bacterial cells:

2. Both plants and animals have a large number of specialised cell types. Why do you think this is?

(c) Fungal cells:

(d) Animal cells:
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27

Key Idea: The main components of a cell are water and
compounds of carbon, hydrogen, nitrogen, and oxygen.

Water is the main component of cells and organisms, providing
an aqueous environment in which metabolic reactions can
occur. Apart from water, most other substances in cells are
compounds of carbon, hydrogen, oxygen, and nitrogen.

Centrioles Chloroplasts

Proteins have an enormous number
of structural and functional roles in

Inorganic ions: Dissolved ions
participate in metabolic reactions

What Are Cells Made Of?

Carbon can combine with many other elements to form a
large number of carbon-based (or organic) molecules. The
organic molecules that make up living things can be grouped
into four broad classes: carbohydrates, lipids, proteins, and
nucleic acids. In addition, a small number of inorganic ions
are also components of larger molecules.

Water is a major component of cells:
many substances dissolve in it and

37

metabolic reactions occur in it. In
plant cells, fluid pressure against
the cell wall provides turgor, which

plants and animals, e.g. as enzymes,
structural materials (such as collagen),
in transport, and movement (e.g.

and are components of larger organic
molecules, e.g. MgZ* is a component
of the green chlorophyll pigment in

cytoskeleton and centrioles).

Animal cell

Nucleotides and nucleic acids
Nucleic acids encode information for
the construction and functioning of
an organism (DNA and RNA). ATP, a
nucleotide derivative, is the energy
carrier of the cell.

the chloroplasts of green plants.

Carbohydrates form the structural
components of cells, e.g. cellulose
cell walls (arrowed). They are
important in energy storage and they
are involved in cellular recognition.

supports the cell.

Chloroplast
membranes

Lipids provide a concentrated source
of energy. Phospholipids are a major
component of cellular membranes,
including the membranes of
organelles such as chloroplasts and
mitochondria.

1. Given the components of cells above, predict some substances they need to remain functioning and the importance of

those substance:
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38 E What Cells Need for Survival

Key Idea: Cells have specific requirements for survival. These
include obtaining nutrients and removing wastes.
Cells require energy to power the reactions that build their

Cells need energy
Cells have evolved to use two basic forms of energy: light
or chemical energy.

« Plant and algal cells containing chloroplasts and some
bacteria use light from the Sun to power chemical
reactions that build organic molecules. These can
then be used to power other reactions in the cell or
build macromolecules.

» Animals and other consumers use chemical energy to
power cellular reactions. In plants and animals glucose
is used in the process of cellular respiration to produce
ATP which powers most cellular reactions.

Cellular environments

The exact conditions a cell needs depends on many factors including whether the organism is unicellular or multicellular, and what
environment it has evolved to survive in.

Jim Peaco, National Park Service PD

Some unicellular organisms (called
thermophiles) can survive in temperatures
as high as 122°C. Their enzymes can

not function at the low temperatures
experienced outside environments such as
hot thermal pools.

1. Why do cells need energy?

Halophiles require environments with high
salt concentrations (up to five times as
concentrated as the sea). These cells are
specially adapted to retain water. If placed
in fresh water they quickly swell and burst.

structures and maintain their functions. Cells also require
a range of molecules and ions to build and maintain these
structures and they need to be able to remove wastes.

Cells require resources
Cells require molecules and ions to build macromolecules
and help carry out cellular reactions.

« Carbon dioxide is needed by plants to build organic
molecules during photosynthesis.

« Oxygen is needed by plants and animals as an electron
acceptor at the end of cellular respiration.

« In plants, nitrates provide nitrogen, which is
incorporated into amino acid molecules. Animals use
these (by eating plants or plant eaters) to obtain
building blocks for their proteins.

» Various metal ions are also needed. Some in relatively
large amounts, e.g. Na* is needed for nerve cell
function in animals, while others are needed only in
very small amounts.

Cells need to remove wastes

Cells need to remove wastes generated during cellular
reactions. What is regarded as a waste depends on the
type of cell.

« Oxygen is a waste product of photosynthesis, but is
required for cellular respiration.

« Other waste products include nitrogen wastes such
as urea, ammonia, and uric acid (from metabolic
processes).

» Most cellular reactions generate heat, which must be
managed so that an organism does not overheat. In
animals, metabolic heat is removed from cells by the
blood and transferred to places where it can radiate
into the environment (e.g. the skin).

Cells in multicellular organisms require
the homeostatic environment provided
by the organism. The organism provides
an internal environment that provides the
cells with nutrients, waste removal, and a
relatively constant temperature.

2. Why must cells be able to remove wastes?

3. Describe an example of where waste products of one cellular process can be used as a resource for another:
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simple internal structure.

Prokaryotes include the groups Bacteria and Archaea. They
are much smaller and simpler than the cells of eukaryotes

Prokaryotic cells

»

Prokaryotic cells are small (~0.5-10 pm)
single cells. They lack any membrane-bound
organelles.

They are relatively unstructured with little
cellular organisation. Their DNA, ribosomes,
and enzymes are free floating within the cell's
cytoplasm. The ribosomes (70S) are smaller
than eukaryotic ribosomes.

They have a single, circular chromosome of
naked DNA (not associated with protein).
They commonly have small, circular accessory
chromosomes called plasmids.

Some bacteria are photosynthetic. They have
enzymes and light capturing membranes like
those in eukaryotic chloroplasts.

Prokaryotes have cell walls, but they are
different in composition from the cell walls
of eukaryotes.

Examples of bacterial cells include the
gut bacterium Escherichia coli and the
cyanobacterium Anabaena.

Prokaryote cell shapes

In terms of their appearance, there are only a few basic shapes found (shown below). The way in which members group together
after division is often helpful in identifying certain species.

NIAD

Bacilli: Rod-shaped bacteria that divide
only across their short axis. Most occur as
single rods, although pairs and chains are
also found.

1.

Prokaryotic Cells

Key Idea: Prokaryotes are unicellular and have a relatively

39

and lack distinct nucleus and membrane-bound cellular
organelles. Despite their simplicity compared to eukaryotes,
prokaryotes are extremely diverse and can be found living in
some of the most extreme environments on Earth.

Cell

membrane
\ Naked

chromosome

70S ribosomes

Flagellum
motor

Capsule

Cell wall containing \
eptidoglycan
B W Plasmid DNA \\
Pilus .
Flagellum
EIEEI Ty
[=]rH

Streptococcus

Identify three distinguishing features of prokaryotes:

Cocci: usually round, but sometimes oval or
elongated. When they divide, the cells stay
attached to each other and may remain as
pairs or clusters.

Spirilla and vibrio: Bacteria with one or

more twists. Spirilla bacteria have a helical
(corkscrew) shape. Bacteria that look like
curved rods (comma shaped) are called vibrios.

2. Cyanobacterial cells (shown top) are photosynthetic. Describe features that enable them to capture and store energy:
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USDA

Features of prokaryote cells

Campylobacter jejuni is a spiral Helicobacter pylori is a comma-shaped
bacterium responsible for foodborne vibrio bacterium that causes stomach

intestinal disease. Note the single

flagellum at each end for movement. means of multiple flagella.

Fimbriae

Flagellum

i

Some bacteria, such as Escherichia coli, Bacteria are able to exchange genetic

a common gut bacterium (above), are material via conjugative pili. The process,
covered with fimbriae which help it stick called conjugation, transfers plasmid DNA
to surfaces (such as the gut wall). The from one bacteria to another. This can help
flagellum helps it move about. pass on useful genetic traits.

3. (a) Describe the function of flagella in bacteria:

ulcers in humans. This bacterium moves by

Bacteria usually divide by binary fission.
During this process, DNA is copied and the
cell splits into two cells, as seen in these
gram positive cocci.

The scanning electron micrograph above
shows endospores of Bacillus anthracis
bacteria, which cause the disease anthrax.
These heat-resistant spores can survive
for many years and enable the bacteria to
survive in a dormant state.

(b) Explain how fimbriae differ structurally and functionally from flagella:

(a) Describe the main method by which bacteria reproduce:

(b) Explain how conjugation differs from this usual method:

What shape would you expect the following bacteria to be?

(a) Staphylococcus aureus:

(b) Bacillus cereus:

(c) Spirillum volutans:

Bacteria are extremely useful for human purposes and are used in a wide range of industries. Using the links in
BIOZONE's Resource Hub or your own, find an industry where bacteria are used and give a brief description of

their use:
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E Plant Cells

Key Idea: Plant cells are eukaryotic cells. They have features  a watery cytoplasm, which is itself enclosed by the plasma
in common with animal cells, but also several unique features.  membrane. Plant cells are enclosed in a cellulose cell wall,
Eukaryotic cells have a similar basic structure, although  which gives them a regular, uniform appearance. The cell wall
they may vary tremendously in size, shape, and function.  protects the cell, maintains its shape, and prevents excessive
Certain features are common to almost all eukaryotic cells,  water uptake. It provides rigidity to plant structures but
including their three main regions: a nucleus, surrounded by  permits the free passage of materials into and out of the cell.

Generalised plant cell Mitochondrion: 1.5 ym X 2-8
um. They are the cell's energy

transformers, converting
chemical energy into ATP.

Starch granule: Carbohydrate
stored in amyloplasts (specialised
storage organelles).

Plasma membrane:
Located inside the cell wall
in plants, 3 to 10 nm thick.

O[O
=]

Large central vacuole:
usually filled with an aqueous
solution of ions. Vacuoles

are prominent in plants and
function in storage, waste
disposal, and growth.

Endoplasmic reticulum
(ER): A network of tubes
and flattened sacs. ER
is continuous with the
nuclear membrane and
may be smooth or have
attached ribosomes
(rough ER).

Chloroplast: Specialised
organelles, 2 ym x 5 pm,
containing the green pigment
chlorophyll. Chloroplasts contain
dense stacks of membranes
within a fluid which is much like
cytosol. They are the sites for
photosynthesis and are found
mainly in leaves. Chloroplasts
are one of a group of double
membraned organelles called
plastids, which include
amyloplasts (see above).

Nuclear pore: 100 nm
diameter

Nuclear membrane: a
double layered structure.

Nucleus: A conspicuous
organelle 5 um diameter.

Nucleolus

The vacuole is
surrounded by a

special membrane
ﬁ called the tonoplas \
;
XX

Middle lamella (seen here between adjacent cells
left): The first layer of the cell wall formed during cell
division. It contains pectin and protein, and provides Cytoplasm: A watery solution containing
stability. It allows the cells to form plasmodesmata dissolved substances, enzymes, and the
(P), special channels that allow communication and cell organelles and structures.

transport to occur between cells.

Cell wall: A semi-rigid
structure outside the plasma
membrane, 0.1 um to several
um thick. It is composed
mainly of cellulose. It supports
the cell and limits its volume.

Ribosomes: These
small (20 nm) structures
manufacture proteins.
They may be free in the
cytoplasm or associated
with the surface of the
endoplasmic reticulum.

Golgi apparatus

Alison Roberts

1. (a) What are the functions of the cell wall in plants?

(b) Why is the middle lamella of the cell wall important?

2. What distinguishes the tonoplast and the plasma membrane?

3. (a) What structure takes up the majority of the space in the plant cell?

(b) What are its roles?

4. lIdentify two structures in the diagram that are not found in animal cells:
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42 a Identifying Structures in a Plant Cell

Key Idea: The position and appearance of the organelles in an electron micrograph can be used to identify them.

1. Study the diagrams on the other pages in this chapter to familiarise yourself with the structures found in eukaryotic
cells. Identify the 11 structures in the cell below using the following word list: cytoplasm, smooth endoplasmic
reticulum, mitochondrion, starch granule, chromosome, nucleus, vacuole, plasma membrane, cell wall, chloroplast,
nuclear membrane

(a)

(e)

(f)

(9)

(h)

(i)

1)

(k)

2. State how many cells, or parts of cells, are visible in the electron micrograph above:

3. Describe the features that identify this cell as a plant cell:

4. (a) Explain where cytoplasm is found in the cell:

(b) Describe what cytoplasm is made up of:

5. Describe two structures, pictured in the cell above, that are associated with storage:

(a)

(b)
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E Animal Cells

Key Idea: Animal cells are eukaryotic cells. They have many
features in common with plant cells, but also have a number
of unique features.

Animal cells, unlike plant cells, do not have a regular shape.
In fact, some animal cells (such as phagocytes) are able
to alter their shape for various purposes (e.g. engulfing

Vacuoles: Smaller than those
found in plant cells. In animal
cells, vacuoles have minor roles
in exocytosis and endocytosis.

Smooth endoplasmic
reticulum: ER without
ribosomes. It is a site for
lipid and carbohydrate
metabolism, including
hormone synthesis.

Nucleolus: A dense,
solid structure
composed of crystalline
protein and nucleic
acid. They are involved
in ribosome synthesis.

Ribosomes: These small
structures may be free in the
cytoplasm or associated with
the endoplasmic reticulum
(ER). Ribosomes in animal
cells are 80S ribosomes.

Rough endoplasmic
reticulum: A site of protein
synthesis.The rough ER also
synthesises new membranes,
growing in place by adding
proteins and phospholipids.

Golgi apparatus (20-200 nm): A series of
flattened, disc-shaped sacs, stacked one on
top of the other and connected with the ER.
The Golgi stores, modifies, and packages
proteins. It ‘tags’ proteins so that they go to
their correct destination.

1. What is the difference between vacuoles in plant and animal cells?

Generalised animal cell

foreign material). The diagram below shows the structure
and organelles of a liver cell. It contains organelles common
to most relatively unspecialised human cells. Note the
differences between this cell and the generalised plant cell.
The plant cells activity provides further information on the
organelles listed here but not described.

Lysosome: A sac bounded by a single
membrane. They are pinched off from
the Golgi apparatus and contain and
transport enzymes that break down
food and foreign matter. Lysosomes
show little internal structure but often
contain fragments of material being
broken down. Specialised lysosomes
are generally absent from plant cells.

Nuclear pore: A hole in the
nuclear membrane allowing the
nucleus to communicate with
the rest of the cell.

Tight junctions: Join cells
together in the formation
of tissues.

Nuclear membrane: Double
layered.

Cytoplasm

o <«——Plasma (cell surface)
membrane

Centrioles: Structures within

a centrosome associated with
nuclear division. They are
composed of microtubules, but
appear as small, featureless
particles, 0.25 um diameter,

® under a light microscope. They
are absent in higher plant cells
and some protists.

Mitochondrion (pl.
mitochondria): An organelle

bounded by a double
EEE membrane system. The
Eﬁ number in a cell depends on its

metabolic activity.

2. Name one structure or organelle present in generalised animal cells but absent from plant cells and describe its function:

Photos: Ell
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"~ 3. The two photomicrographs, left, show
several types of animal cells. Identify the
features indicated by the letters A-C:

(a)
(b)
(c)
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M E Identifying Structures in an Animal Cell

Key Idea: The position of the organelles in an electron  When viewing TEMs, the cellular organelles may have quite
micrograph can result in variations in their appearance. different appearances depending on whether they are in
Transmission electron microscopy (TEM) is the most transverse or longitudinal section.

frequently used technique for viewing cellular organelles.

1. Identify and label the structures in the animal cell below using the following list of terms: cytoplasm, plasma membrane,
rough endoplasmic reticulum, mitochondrion, nucleus, centriole, Golgi apparatus, lysosome

(a)

(d)

(e)

2. Which of the organelles in the EM above are obviously shown in both transverse and longitudinal section?

3. Why do plants lack any of the mobile phagocytic cells typical of animal cells?

4. The animal cell pictured above is a lymphocyte. Describe the features that suggest to you that:

(a) It has a role in producing and secreting proteins:

(b) It is metabolically very active:

5. What features of the lymphocyte cell above identify it as eukaryotic?
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E Cell Structures and Organelles

Key Idea: Each type of organelle in a cell has a specific role.
Not all cell types contain every type of organelle.
The diagram below provides spaces for you to summarise

information about the organelles found in eukaryotic cells.
The log scale of measurements (top of next page) illustrates
the relative sizes of some cellular structures.

1.

(a) Name this organelle:

(b) Structure and location:

(c) Function:

(d) Is this organelle found in plant/animal/both cells?

2.

(a) Name this organelle:

(b) Structure and location:

(c) Function:

(d) Is this organelle found in plant/animal/both cells?

(a) Name this organelle:

(b) Structure and location:

(c) Function:

(d) Is this organelle found in plant/animal/both cells?

(a) Name this organelle:

(b) Structure and location:

(c) Function:

(d) Is this organelle found in plant/animal/both cells?

(a) Name this organelle:

(b) Structure and location:

(c) Function:

(d) Is this organelle found in plant/animal/both cells?

(a) Name this organelle:

(b) Structure and location:

(c) Function:

(d) Is this organelle found in plant/animal/both cells?
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7. (a) Name this organelle:

(b) Structure and location:

(c) Function:

(d) Is this organelle found in plant/animal/both cells?
Animal cell

8. (a) Name this organelle: 9. (a) Name this organelle:
(b) Structure and location: (b) Structure and location:
(c) Function: (c) Function:
(d) Is this organelle found in plant/animal/both cells? (d) Is this organelle found in plant/animal/both cells?

10. Use the scale at the top of the page and the information on previous activities to identify which of the organelles (1-9)
can be seen through a light microscope:

11. Identify which of the organelles (1-9) require a TEM (transmission electron microscope) to be seen:

12. Identify one other structure in the plant cell not labelled on the previous page and describe its function:
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B Optical Microscopes

Key Idea: Optical microscopes focus light through a series of
lenses to magnify objects up to several hundred times.

The light (or optical) microscope is an important tool in
biology and using it correctly is an essential skill. High
power compound light microscopes use visible light and

@ \ 4

5
O A |

Specimens viewed with a compound | —
light microscope must be thin and
mostly transparent so that light can pass
through and structures can be seen.
Modern microscopes are binocular, i.e.
they have two adjustable eyepieces.

)

)

[ | R
K

EN

Apple seeds

on the arm What is Resolution?
Resolution is the ability to distinguish
between close together but separate
objects. Examples of high and low

a resolution for separating two objects

a combination of lenses to magnify objects up to several
hundred times. The resolution of light microscopes is limited
by the wavelength of light and specimens must be thin and
mostly transparent so that light can pass through. No detail
will be seen in specimens that are thick or opaque.

"';,‘\ Typical compound light
microscope

Word list: In-built light source,
arm, coarse focus knob, fine focus
knob, condenser, mechanical stage,
eyepiece lens, objective lens

What is Magnification?

Magnification refers to the number
of times larger an object appears
- compared to its actual size.

Magnification is calculated as follows:

Objective
lens power

Eyepiece
lens power
Knob for the
adjustment of
the microscope

viewed under the same magnification

are given below.

High resolution

Low resolution

Dissecting microscopes are a special
type of binocular microscope used for
e observations at low total magnification
(X4 to X50), where a large working
distance between the objectives and

— o il > i
- stage is required.
(m) é 2

Dissecting microscope

Word list: Focus knob, stage, eyepiece
lens, objective lens, eyepiece focus
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. A dissecting microscope has two separate
lens systems, one for each eye. Such
microscopes produce a 3-D view of the
specimen and are sometimes called
stereo microscopes for this reason.
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The field of view (FOV) of a microscope These onion epidermal cells are viewed Dark field illumination is excellent for
refers to the diameter of the area being with standard bright field lighting. Very viewing specimens that are almost
viewed. The viewable area can be little detail can be seen (only cell walls) transparent. The nuclei of these onion
calculated from the diameter. and the cell nuclei are barely visible. epidermal cells are clearly visible.
1. Label the two photographs on the previous page, the compound light microscope (a) to (h) and the dissecting
microscope (i) to (m). Use words from the lists supplied for each image.
2. Determine the magnification of a microscope using:
(a) 15 X eyepiece and 40 X objective lens: (b) 10 X eyepiece and 60 X objective lens:
3. Describe the main difference between a compound light microscope and a dissecting microscope:
4. What type of microscope would you use to:
(a) Count stream invertebrates in a sample: (b) Observe cells in mitosis:
5. (a) Distinguish between magnification and resolution:
(b) Explain the benefits of a higher resolution:
6. Below is a list of ten key steps taken to set up a microscope and optimally view a sample. The steps have been mixed

] i i

up. Put them in their correct order by numbering each step:
Focus and centre the specimen using the high objective lens. Adjust focus using the fine focus knob only.

Adjust the illumination to an appropriate level by adjusting the iris diaphragm and the condenser. The light should appear
on the slide directly below the objective lens, and give an even amount of illumination.

Rotate the objective lenses until the shortest lens is in place (pointing down towards the stage).
This is the lowest / highest power objective lens (delete one).

Place the slide on the microscope stage. Secure with the sample clips.

Fine tune the illumination so you can view maximum detail on your sample.

Focus and centre the specimen using the medium objective lens. Focus firstly with the coarse focus knob, then with the fine
focus knob (if needed).

Turn on the light source.

Focus and centre the specimen using the low objective lens. Focus firstly with the coarse focus knob, then with the fine
focus knob.

Focus the eyepieces to adjust your view.

Adjust the distance between the eyepieces so that they are comfortable for your eyes.

©2025 BIOZONE International
ISBN: 978-1-99-101435-1
Photocopying prohibited

Photos: Ell



a Preparing a Slide

Key Idea: Correctly preparing and mounting a specimen on a
slide is important if structures are to be seen clearly under a
microscope. A wet mount is suitable for most slides.

Specimens are usually prepared in some way before viewing
in order to highlight features and reveal details. A wet mount
is a temporary preparation in which a specimen and a drop of
fluid are trapped under a thin coverslip. Wet mounts are used

to view thin tissue sections, live microscopic organisms, and
suspensions such as blood. A wet mount improves a sample's
appearance and enhances visible detail. Sections must be
made very thin for two main reasons. A thick section stops
light shining through making it appear dark when viewed. It
also ends up with too many layers of cells, making it difficult
to see any detail.

49

Investigation 2.1 Preparing an onion slide

See appendix for equipment list.

Noe

1. Onions make good subjects for preparing a simple wet
mount. Cut a square segment from a thick leaf of the bulb
using a razor or scalpel.

Caution is required when using scalpels or razors. lodine stains skin and
clothes, and irritates the eyes. You should wear protective eyewear.

Upper epidermis
peeled away

2. Bend the segment towards the upper epidermis until the \
lower epidermis and inner leaf tissue (the parenchyma)
snaps so that just the upper epidermis is left attached.

A
pper
3. Carefully peel off the parenchyma from one side of the epidermis
snapped leaf and then the other, leaving a peel of just the

upper epidermis.

a
%
P2y
pet
5
=
S
o
2
3
£
[

Mounted needle

1

4. Place peel in the centre of a clean glass microscope slide
and cover it with a drop of water.

5. Carefully lower a coverslip over the peel. A mounted needle
can be used for better precision. This avoids including air in
the mount.

6. Use a small piece of tissue or filter paper to remove any
excess water.

Mounting fluid

7. Place the slide on the microscope tray. Locate the specimen or Coverslip

region of interest at the lowest magnification. Focus using the
lowest magnification first (remembering to move the lens away
from the slide) before switching to the higher magnifications.

e

Specimen

——

L . . e s Microscope slide
8. After viewing the slide under various magnifications, remove

the slide and place it on the bench.

9. At the edge of the coverslip place a small drop of Filter paper

iodine stain. Coverslip

Stain

y s ‘.

Water

10. On the opposite side of the coverslip use a piece of tissue
or filter paper to draw the water out from under the
coverslip. The iodine will be drawn under
the coverslip.

11. Replace the slide on the microscope and view the stained

onion peel. Slide

12. Your teacher will have prepared slides of epithelial, connective, muscle, or nervous tissue available. View these
under low and high power and note down any differences you see in the cells.

1. Why must sections viewed under a microscope be very thin?

2. Why do you think the specimen is covered with a coverslip?

3. Why would no chloroplasts be visible in an onion epidermis cell slide?
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Stains and their uses
) Staining material for viewing under a microscope can make it easier to distinguish particular cell structures.

) Stains and dyes can be used to highlight specific components or structures. Stains contain chemicals that interact with
molecules in the cell. Some stains bind to a particular molecule making it easier to see where those molecules are. Others cause
a change in a target molecule, which changes their colour, making them more visible.

) Most stains are non-viable, and are used on dead specimens, but harmless viable stains can be applied to living material.

U < 0 U 20 cl
Stain Final colour Used for
lodine solution Blue-black Starch
Crystal violet Purple Gram staining
Aniline sulfate Yellow Lignin
Methylene blue Blue Nuclei —

I - The light micrographs 1 and 2 (above) show how the use of a stain can
Hematoxylin and | H=dark blue/ H=Nuclei enhance certain structures. The left image (1) is unstained and only the
eosin (H&E) violet ) E=Proteins cell wall is easily visible. Adding iodine (2) makes the cell wall and nuclei

E=red/pink stand out.

=¥ 4

Extracellular -

N
-
. W% Nuclei

N

é

Blood cells 4

CDC: Dr Lucille K. Georg

Mnolf

Lung tissue

H&E stain is one of the most common stains Viable stains do not immediately harm living ~ Methylene blue is a common temporary

for animal tissues. Nuclei stain dark blue, cells. Trypan blue is a vital stain that stains stain for animal cells, such as these cheek
whereas proteins, extracellular material, dead cells blue but is excluded by live cells. cells. It stains DNA and so makes the nuclei
and red blood cells stain pink or red. It is also used to study fungal hyphae. more visible.

4. Why is it necessary to focus on the lowest magnification first, before switching to higher magnifications?

5. Describe the difference the iodine stain made when viewing the onion cells under the microscope compared to when
they were viewed without the stain:

6. What is the main purpose of using a stain?

7.  What is the difference between a viable and non-viable stain?

8. Identify a stain that would be appropriate for distinguishing each of the following:

(a) Live vs dead cells: (c) Lignin in a plant root section:

(b) Red blood cells in a tissue preparation: (d) Nuclei in cheek cells:
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Key Idea: Magnification is how much larger an object appears
compared to its actual size. It can be calculated from the
ratio of image height to object height.

Microscopes produce an enlarged (magnified) image of
an object allowing it to be observed in greater detail than

Calculating Linear Magnification

actual size. Linear magnification is calculated by taking a ratio
of the image height to the object's actual height. If this ratio is
greater than one, the image is enlarged. If it is less than one,
it is reduced. To calculate magnification, all measurements
are converted to the same units. Often, you will be asked to

51

is possible with the naked eye. Magnification refers to the
number of times larger an object appears compared to its

calculate an object's actual size, in which case you will be
told the size of the object and the magnification.

Calculating linear magnification:
A worked example

o Measure the body length of the bed bug image (right).
Your measurement should be 40 mm (not including the
body hairs and antennae).

e Measure the length of the scale line marked 1.0 mm. You
will find it is 10 mm long. The magnification of the scale
line can be calculated using equation 1 (below right).

The magpnification of the scale line is 10 (10 mm + 1 mm)

Microscopy equations
*NB: The magnification of the bed bug image will also be
10x because the scale line and image are magnified to

measured size of the object
the same degree. —--

1. Magnification =
actual size of the object

e Calculate the actual (real) size of the bed bug using

equation 2 (right): size of the image

2. Actual object size =

The actual size of the bed bug is 4 mm
(40 mm + 10 x magnification)

magnification

1. The bright field microscopy image on the left is of onion epidermal cells.
The measured length of the onion cell in the centre of the photograph is
52,000 um (52 mm). The image has been magnified 140 x. Calculate the
actual size of the cell:

2. The image of the flea (left) has been captured using light microscopy.

(a) Calculate the magnification using the scale line on the image:

(b) The body length of the flea is indicated by a line. Measure along the
line and calculate the actual length of the flea:

3. The image size of the E.coli cell (left) is 43 mm, and its actual size is
2 um. Using this information, calculate the magnification of the image:

5
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Biological Drawings

Key Idea: Good biological drawings provide an accurate
record of the specimen you are studying and enable you to
make a record of its important features.

Drawing is a very important skill to have in biology. Drawings
record what a specimen looks like and give you an opportunity

to record its important features. Often drawing something
will help you remember its features at a later date (e.g. in a
test). Annotated drawings provide explanatory notes about
the labelled structures, while plan diagrams label the main
structures observed, but provide no additional detail.

) Biological drawings require you to pay attention to detail. It is very
important that you draw what you actually see, and not what you think
you should see.

) Biological drawings should include as much detail as you need
to distinguish different structures and types of tissue, but avoid
unnecessary detail which can make your drawing confusing.

) Attention should be given to the symmetry and proportions of your
specimen. Accurate labelling, a statement of magnification or scale, the
view (section type), and type of stain used (if applicable) should all be
noted on your drawing.

) Some key points for making good biological drawing are described on
the example below. The drawing of Drosophila (right) is well executed
but lacks the information required to make it a good biological drawing.

This drawing of Drosophila is a fair
representation of the animal, but has
no labels, title, or scale.

All drawings must include a
title. Underline the title if it is a
scientific name.

——» Copepod

Single eye

Centre your drawing on the
page, not in a corner. This will
leave room to place labels
around the drawing.

Antenna

If you need to represent depth,
use stippling (dotting). Do not use
shading as this can smudge and
obscure detail.

Proportions should be accurate. If
necessary, measure the lengths of
various parts with a ruler.

Use simple, narrow lines to
make your drawings.

Caudal rami

Use a sharp pencil to draw
with. Make your drawing on
plain white paper.

All parts of your drawing must be
labelled accurately.

Labelling lines should be drawn
with a ruler and should not cross
over other label lines. Try to use
only vertical or horizontal lines.
Your drawing must include a scale
or magnification to indicate the
size of your subject.

Scale

—>
0.2 mm
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Annotated diagrams

An annotated diagram is a diagram
that includes a series of explanatory
notes. These provide important or
useful information about your subject.

N\

Primary wall with
secondary thickening.

Transverse section through collenchyma of

Helianthus stem. Magnification x 450

Cytoplasm

A watery solution containing
dissolved substances, enzymes,
and the cell organelles.

Nucleus
A large, visible

Chloroplast
These are specialised plastids
containing the green pigment
chlorophyll. Photosynthesis
occurs here.

Plan diagrams

Plan diagrams are drawings made of samples
viewed with the naked eye, hand lens, or under

a microscope at low or medium power. They are
used to show the distribution of the different
tissue types in a sample without any cellular detail.
The tissues are identified, but no detail about the
cells within them is included.

The example here shows a plan diagram produced
after viewing a light micrograph of a transverse
section through a dicot stem.

Parenchyma between vascular bundles

Phloem

Vascular bundle Vascular cambium

Xylem

Sclerenchyma (fibre cap)

Pith (parenchyma cells)
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organelle. It contains
most of the cell's DNA.

Vacuole containing
cell sap.

Light micrograph of a transverse section
through a dicot stem.

53



54 B Observing and Recording Using a Microscope

1. During your course, you will study the

Key Idea: Attention to detail is vital when making accurate
and useful biological drawings.

Above: Use relaxed viewing when drawing at
the microscope. Use one eye (the left for right
handers) to view and the right eye to look at
your drawing.

Above: Light micrograph
Transverse section (TS)
through a Ranunculus root.

Right: A biological drawing of
the same section.

In this activity, you will practise the skills required to translate
what is viewed into a good biological drawing.

Root hairs

cell

features of cells and also make an
investigation related to survival or an
organism or species.

You may need to identify and draw features
of plant or animal tissues with a light
microscope. Generally, only large organelles
such as the nucleus and chloroplasts are
easily seen at the magnifications typical of
school microscopes (x 400).

In the space right, make a biological drawing
of your own specimen or slide, or practise
your drawing by making a plan diagram of the
image below.

Below: A light micrograph of a leaf from the
beach grass Ammophila below. The leaf is
rolled inwards to reduce water loss.

Mesophyll with
chloroplasts

Leaf veins

Thick walled
packing cells

Waxy leaf

epidermis
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m Electron Microscopes

Key Idea: Electron microscopes use the short wavelengths
of electrons to produce high resolution images of extremely
small objects.

Electron microscopes (EMs) use a beam of electrons,
instead of light, to produce an image. The higher resolution
of electron microscopes is due to the shorter wavelengths of

electrons. There are two basic types of electron microscope:
scanning electron microscopes (SEM) and transmission
electron microscopes (TEM). In SEMSs, the electrons are
bounced off the surface of an object to produce detailed
images of the external appearance. TEMs produce very clear
images of specially prepared thin sections.

Scanning electron microscope (SEM)

Transmission electron microscope (TEM)

Olaboy

The scanning electron microscope scans a sample with a
beam of primary electrons, which knocks electrons from the
sample's surface. These secondary electrons are picked

up by a collector, amplified, and transmitted onto a viewing
screen or photographic plate, producing a 3-D image. A
microscope of this power easily obtains clear images of very
small organisms such as bacteria, and small particles such as
viruses. The image produced is of the outside surface only.

The transmission electron microscope is used to view
extremely thin sections of material. Electrons pass through
the specimen and are scattered. Magnetic lenses focus
the image onto a fluorescent screen or photographic plate.
The sections are so thin that they have to be prepared
with a special machine, called an ultramicrotome, which
can cut wafers to just 30 thousandths of a millimetre thick.
It can magnify several hundred thousand times.

Electron gun

Electron gun
Primary electron beam

Electron beam

« Electromagnetic
condenser lens

Electromagnetic
lenses

Vacuum

SEM

Electromagnetic
objective lens

Electron collector

Amplifier

Electromagnetic
projector lens

<— Eyepiece

Viewing
screen

Fluorescent screen
or photographic plate

Specimen Secondary
electrons

TEM photo showing the Golgi  Three HIV viruses budding out SEM photo of stoma and Image of hair louse clinging
(G) and a mitochondrion (M). of a human lymphocyte (TEM). epidermal cells on the upper to two hairs on a Hooker'’s
surface of a leaf. sealion (SEM).
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Light Transmission electron Scanning electron

microscope microscope (TEM) microscope (SEM)
Radiation source: light electrons electrons
Wavelength: 400-700 nm 0.005 nm 0.005 nm
Lenses: glass electromagnetic electromagnetic
Specimen: living or non-living . non-living supp.ort.ed ona non-Iivipg ;upported ona

supported on glass slide small copper grid in a vacuum metal disc in a vacuum

Maximum resolution: 200 nm 1nm 10 nm
Maximum magnification: 1500 x 250 000 x 100 000 x
Stains: coloured dyes impregnated with heavy metals | coated with carbon or gold
Type of image: coloured, surface or section | monochrome, section monochrome, surface only

1. Explain why electron microscopes are able to resolve much greater detail than a light microscope:

2. Which type of microscope [TEM, SEM, compound light microscope, or dissecting microscope] would you use for each
of the following scenarios. Explain your choice in each case:

(a) Distinguishing extinct plant species on the basis of pollen surface features:

(b) Imaging the ultrastructure of a chloroplast:

(c) Performing a count of white blood cells from the blood of a person with an infection:

3. Identify which type of electron microscope (SEM or TEM) or optical microscope (compound light microscope or
dissecting) was used to produce each of the images in the photos below (A-H):

[

Cardiac muscle

~ ;v"

Body lice Tongue papilla

E. F. G. H.

4. Research and list some types of ultra high resolution microscopes:
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m Identifying Organelles

Key Idea: Cellular organelles can be identified in electron  resolution (distinguish between close together but separate

micrographs by their specific features.

objects). The transmission electron microscope (TEM)

Electron microscopes produce a magnified image at high  images below show the ultrastructure of some organelles.
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1.

(a) Name the circled organelle:

(b) Which kind of cell(s) would this organelle be found in?

(c) Describe the function of this organelle:

(a) Name this organelle (arrowed):

(b) State which kind of cell(s) this organelle would be found in:

(c) Describe the function of this organelle:

(a) Name the large, circular organelle:

(b) State which kind of cell(s) this organelle would be found in:

(c) Describe the function of this organelle:

(d) Label two regions that can be seen inside this organelle.

(a) Name and label the ribbon-like organelle in this photograph (arrowed):

(b) State which kind of cell(s) this organelle is found in:

(c) Describe the function of this organelle:

(d) Name the dark ‘blobs’ attached to the organelle you have labelled:

(a) Name this large circular organelle (arrowed):

(b) State which kind of cell(s) this organelle would be found in:

(c) Describe the function of this organelle:

(d) Label three features relating to this organelle in the photograph.
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) M Did You Get It?

1. Use the Venn diagram below to compare prokaryote and eukaryote cells:

2.

Prokaryote

T lymphocyte
(eukaryote)

(a) Identify organelle 1:

(b) The organelle in (a) is found in a plant cell / animal cell / both
plant and animal cells:

(c) Identify organelle 2:

(d) The organelle in (a) is found in a plant cell / animal cell / both
plant and animal cells:

For each of the following images of cells, identify the cell type (plant, animal, bacterial), give a brief reason for your
decision and note any organelles or structures visible.

2
2
T
&
B
s
2
<

(a) (b) (c)

Write the number at the start of the sentence on the left in front of the correct sentence ending on the right:

1. Cells are the basic... ___ ..such as photosynthesis or respiration.

2. A cell is enclosed by a plasma membrane... _ ..acell wall of cellulose.

3. Plant cells have... __ ...do not contain membrane-bound organelles.
4. Animal cells do... ...units of life.

5. Eukaryotic cells contain many different types of organelle... ...not have a cell wall.
6. Each organelle carries out a specific function in the cell... __ ..some of which are composed of membranes.
7. Prokaryotic cells... ...made of a phospholipid bilayer
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Chapter 3  Unit 1: Topic 1

Cellular Differentiation
and Specialisation

Key Terms

3 Resource Hub
bit.ly/3XXAuzT

adult stem cell Stem cells have the capacity to differentiate into different cell types.
bioartificial tissue Multicellular organisms have a hierarchical structure from cells to organ systems.
bioethics Organ systems interact with one another for maximum efficiency.

cell

Types and properties of stem cells Activity

cell specialisation Number

circulatory system O 1 Describe the properties of stem cells, including self-renewal and potency.
Describe the properties and features of different types of stem cell.

connective tissue
differentiation (cellular) producing specialised cells that make up tissues and organs in

0O 2 Explain the process of cell differentiation and the role of stem cells in
’ multicellular organisms.

digestive system

embryonic stem cell ' Explain the process of mitosis in an animal cell with reference to the stages
of interphase, prophase, metaphase, anaphase, telophase and cytokinesis.

epithelial tissue

SHE: Explain the potential of pluripotent stem cells to develop into

specialised cells that can be utilised for the restoration or substitution of

excretory system failing organs and tissues. Discuss how advancements in technology can be
used to produce pluripotent stem cells.

ethics

hierarchical

organisation Explore the safety, ethics, and efficacy of stem cell technologies.
: Discuss the use of adult and embryonic stem cells (ASC and ESC) in

gas exchange ‘ medical technology. Analyse data and evaluate alternative perspectives on
i the use of stem cell research.

Multicellular organisms have a hierarchical structure

mitosis
multipotent

muscle tissue
. - O 6 Using examples, describe the hierarchical structure of multicellular
nervous tissue : organisms, including reference to organelles, cells, tissues, organs, and
e organ systems.
organ Explain how a hierarchical organisation builds structural complexity and
contributes to the functional efficiency of the organism as a whole. Include
pluripotent reference to emergent properties. Discuss the presence of specialised cells,
with varying organelle composition, adapted to allow each body system to
potency function optimally.
respiratory system Explore aspects of hierarchical organisation through a dissection of a
self renewal ’ mammalian organ such as a heart or kidney. Explain how the arrangement
o and interaction of tissues produce the organ’s structure and contribute to
specialised cell its function.

stem cell Recognise that organ systems cooperate and interact to deliver essential
system (body) func?iqns such as exchanging respiratory gases, circulating materials,
obtaining nutrients, and removing waste products.

tissue

. SHE: Identify how scientists simplify complex biological systems into
totipotent manageable components for study, noting that new properties emerge at
. each level of the biological hierarchy.
unipotent
waste (removal) SHE: E)gplain Fhe importance of using animgls in researchvas cruc_ial for

’ advancing scientific knowledge about multicellular organisms. Discuss the

zygote use of bioartifical tissue in the context of ethical treatment of animals as

“ : sentient beings, adhering to the three strategies of replacement, reduction,
\ and refinement.

A/ & d Use photographs to compare epithelial, connective, muscle, and nervous

tissues of the human body. Use photographs to view tissues from the
- respiratory, circulatory, excretory, digestive, and plant systems.

BT v

—
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What are Stem Cells?

Key Idea: Stem cells are undifferentiated cells found in
multicellular organisms. They are characterised by the
properties of self renewal and potency.

A zygote can differentiate into all the cell types of the body
because its early divisions produce stem cells. Stem cells
contain the entire genome and can divide repeatedly while

Properties of stem cells

Formed through
mitosis from a fertilised
egg in the early stages
of growth.

Stem cell

Self renewal: Stem cells have the
ability to divide many times while
maintaining an unspecialised state.

Types of stem cells

Potency: The ability to differentiate (transform) into specialised cells. There are different levels of potency,

depending on the type of stem cell.

Totipotent
4 cell 3 cell
. divisions divisions
# #

The zygote and its first few divisions into
the morula (~16 cell stage)

Totipotent stem cells

These stem cells can differentiate
into all the cells in an organism.
Example: In humans, the zygote
and its first few divisions. The
tissue at the root and shoot tips of
plants is also totipotent.

*

1. Describe the two defining features of stem cells:

(a)

Pluripotent

The inner cell mass of the
blastocyst (~128 cells)

Pluripotent stem cells

These stem cells can give rise
to any cells of the body, except
extra-embryonic cells (e.g.
placenta and chorion).

Example: Embryonic stem cells.

remaining unspecialised. They give rise to the many cell types
that make up the tissues of a multicellular organism, i.e. the
stem cells in bone marrow specialise to produce all the cell
types that make up blood. These multipotent (or adult) stem
cells are found in most organs, where they replace old or
damaged cells and replenish cells throughout life.

Unipotent stem cells: Some types of cell,
such as epidermal and germline cells
(producing gametes) have the ability of self-
renewal into one type of cell only. This is
important for reproduction and healing.

Multipotent

@
Bone marrow or
umbilical cord blood

Multipotent stem cells

These adult stem cells can give rise
to a limited number of cell types,
related to their tissue of origin.
Example: Bone marrow stem cells,
epithelial stem cells, bone stem cells
(osteoblasts).

—

(b)

2. Describe the potency of stem cells and where they are found:

(a) Totipotency:

(b) Pluripotency:

(c) Multipotency:

HEEES
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Embryonic stem cells Adult stem cells

Trophoblast
becomes the
placenta

Blastocyst cavity
(blastocoele)

Inner cell mass or
embryoblast becomes
the embryo

Harvested
bone marrow /

) Adult stem cells (ASC) are undifferentiated cells found in several
types of tissues (e.g. brain, bone marrow, fat, and liver) in adults,
children, and umbilical cord blood.

50-150 cells. ) Unlike ESCs, they are multipotent and can only differentiate into a
limited number of cell types, usually related to the tissue of origin.

) Embryonic stem cells (ESC) are derived from the
inner cell mass of blastocysts (above). Blastocysts
are 5 day old embryos consisting of a hollow ball of

) Cells derived from the inner cell mass are
pluripotent. They can become any cells of the body, » There are fewer ethical issues associated with using ASC for

with the exception of placental cells. therapeutic purposes, because no embryos are destroyed. For
this reason, ASC are already widely used to treat a number of

) When cultured without any stimulation to . A - ’ )
diseases including leukaemia and other blood disorders.

differentiate, ESC retain their potency through

multiple cell divisions. This means they have ) In arecent development scientists have been able to genetically
great potential for therapeutic use in regenerative modify cells, through gene transfer, into ‘reprogrammed’
medicine and tissue replacement. pluripotent cells (iPSCs). The disease-causing genes are

removed and replaced with healthy genes. These iPSCs can then
be differentiated into a wide variety of cells for implantation back
into the patient.

) However, the use of ESC involves the deliberate
creation and destruction of embryos and is
therefore is ethically unacceptable to many people.

3. Distinguish between embryonic stem cells and adult stem cells with respect to their potency:

4. Suggest how stem cells could be potentially useful for treating diseased or damaged organs:

5. Suggest some ways that technology has utilised the concepts of pluripotent cells in medicine:

6. Research has produced pluripotent stem cells from differentiated adult cells called induced pluripotent stem cells
(iPSC). Suggest why using these cells in medicine generates fewer ethical issues than using other stem cell types:
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62 m Cellular Differentiation

Keyldea: A zygote divides by mitosis and produces all the cell  rise to the three germ layers and the specialised cells that
types in the body by cellular differentiation. Specific patterns  make up the tissues and organs of the body. This process by
of gene switching determine what cell type develops. which more specialised cells develop from more generalised
Multicellular organisms consist of many different cell types, ones is called cellular differentiation. It is achieved through
each specialised to carry out a particularrole. A zygoteandits  switching genes on and off in particular sequences. As a
first few divisions are totipotent and can differentiate to form  cell proceeds along its developmental pathway, its ‘choices'
any cell type in the body. During development, these cells  become more limited. Once differentiated, it cannot (under
divide and follow different developmental pathways, giving  normal circumstances) turn into another cell type.

Cell differentiation Kidney  Blood and
immune cells

Muscle

Urinary

Germline cells (cells that bladder

produce gametes) are set
aside early in development.

middle layer

Circulatory system

inner layer

Bones and other
connective tissue

Mesoderm

g As stem cells differentiate,
3 different genes are
k<l switched on and off and
/_\ < the cell becomes more and \
more committed to its fate. -\ =/
- -y, Expression of retinal (.<
'\ specific gene — retinal cell ﬁ[f
-
The zygote (fertilised egg) is totipotent. \ Ectoderm = outer layer \, ﬂﬁLA
It has all the information stored in the »

S 4 v 8 o v e vl g g ymmm Glands
chromosomes to make a new individu-

al. Early divisions of the zygote give s ‘e
rise to three germ layers. \
Skin cells

Expression of neuron-
specific gene — nerve cell

1. Multicellular organisms consist of many different cell types. Explain the role genes play to allow it to be possible for
these cells all to arise from a single fertilised egg (zygote):

2. The zygote produces cells the differentiate in three cell lineages (germ layers). What types of cells or tissues do each
of these lineages produce?

(a) Endoderm:

(b) Mesoderm:

(c) Ectoderm:

3. Why can't a blood cell turn into a nerve cell?
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63
Cell layers
Three distinct cell layers (germ layers) are produced in an early embryonic phase of development called the gastrula. These three

cell layers (endoderm, mesoderm, and ectoderm) are the precursors of all adult cells and tissues. At this stage, the cells are now
multipotent and considered adult stem cells. Some examples of cells and tissues formed from each layer are described below.

The endoderm O The mesoderm .
» The endoderm is the innermost ) The mesoderm is the middle germ layer,
germ layer. between the ectoderm and endoderm.

) The mesoderm differentiates to give rise
to the muscles, circulatory system (heart
and blood vessels), urinogenital system,
dermis (inner skin layer), skeleton, and other
supportive and connective tissue.

» Inthe early embryo, the endoderm
forms the embryonic gut.

) It differentiates to form the
digestive system, glands, and
part of the respiratory system.

Muscle fibres

Thyroid

Gastrula

Alveoli
(lung)

Blood vessel

The ectoderm @
) The ectoderm is the outermost germ layer.

» In the fully developed embryo and adult human the ectoderm forms the brain and
the nervous system, epidermis of skin (including hair, sweat glands and nails),
tooth enamel, some endocrine glands, cornea and lens of the eye.

—~

4
2

,4_/'/

Nerve cell Skin Cornea and lens

4. Evaluate how the process of cellular differentiation from each of the three germ layers (endoderm, mesoderm, and
ectoderm) contributes to the complexity and diversity of cell types in multicellular organisms?

5. How does multipotency during the gastrula stage contribute to the variety of cell types in adult organisms?
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Key Idea: Somatic (body) cells divide by mitosis.
Differentiation occurs as genes are turned on and off.

Mitosis refers to the separation (division) of the nuclear
material and it precedes cell division. Its main purpose is
the growth and repair of the body. There is no change of
chromosome number and the daughter cells are genetically
identical to the parent cell. Although mitosis is part of a

Mitosis and Cellular Differentiation

continuous cell cycle, it is divided into stages (prophase,
metaphase, anaphase, and telophase) to help distinguish
the processes involved. Cellular differentiation occurs when
different parts of the DNA (genes) are expressed during
the development of the cell. Thus, although the cells are
genetically identical, they can be morphologically and
functionally different.

The cell cycle and stages of mitosis in an animal cell

Interphase

Nucleolus nterphase refers
to events between

Nucl mitosis. The cell

ucleus replicates the

nuclear material
ready for mitosis.

Nuclear

Centrosome
membrane

(forms spindle)

Prophase

Chromatin (the DNA
strands) condenses into
distinct chromosomes.
Nucleolus disappears.
Microtubular spindle fibres
start to form. Nuclear

\ membrane breaks down.

Homologous pair
of replicated
chromosomes

Metaphase
e Some spindle fibres

organise the chromosomes
on the equator of the cell.
The fibres attach at the
centromere. Some spindle
fibres span the cell.

Cytokinesis

Division of the cytoplasm.
When cytokinesis is
complete, there are two
separate daughter cells,
each identical to the
parent cell.

Telophase 0

Two new nuclei form. A
furrow forms across the
midline of the parent
cell, pinching it in two.

Anaphase
Spindle fibres attached e

to chromatids shorten
by disassembly of the
microtubular proteins.
Sister chromatids move to
opposite ends of the cells.

Centrioles Spindle

An important difference between the cells in a growing embryo and the cells in an adult is that most of an adult’s cells are
differentiated. Only a few tissues, such as bone marrow, contain stem cells. Stem cells undergo an asymmetric cell division to
generate particular cell types. One of the daughter cells has a finite capacity for cell division and begins to differentiate, while the
other will remain as an undifferentiated stem cell, in order to generate more new cells.

1. Define mitosis:

2. What must occur before mitosis takes place?

3. (a) What is the purpose of the spindle fibres?

(b) Where do the spindle fibres originate?

4. What is the difference in the purpose of mitosis in an embryo as opposed to an adult?
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H Applications of Stem Cells

Key Idea: Stem cells have many potential medical applications,
but technical difficulties must be overcome first.

Stem cell research is at an early stage and much is still to
be learned about the environments required by cells to
differentiate into specific cell types. The ability of embryonic
stem cells (ESC) to differentiate into almost any cell type

-\.) k\?}-)

means they have potential applications in replacing diseased
or damaged cells (below). Adult stem cells, either from a
donor or from the patient themselves, also have therapeutic
uses. Donor stem cells must be matched for compatibility,
while stem cell cells for autologous (self) transplants may
require genetic correction before use (lower panels).

Cultured pluripotent cells
(embryonic stem cells)

= ®
| v Severe fractures

- w."i Bone cell
L @

e Cal
\ Bone marrow
Skin cells / ‘.&
go ‘ ®
Eh »
Liver cells ,;. y k
Retmal . (hepatocytes) - é“‘ Cardiac
cells Enterocytes - ' muscle cells
S
Pancreatic

islet cells

Irritable bowel i
syndrome “

Type ! diabetes

Donor stem cells can be used to repair tissues

Problem: Immune system will attack the donor's cells.

Solution: Firstly, a donor with a tissue match is selected
(the cell surface proteins on donor and recipient cells

are the same or very similar). This reduces the risk of
immune rejection. Secondly, the recipient will need to take
immunosuppressant drugs to stop their immune system
attacking the donated cells.

Another way to prevent immune rejection is to encase
donor cells in a protective shell, isolating them from immune
detection by the recipient. This is being investigated with
respect to pancreatic cells and diabetes.

Donor stem cells R !

removed and type
matched.

Immunosuppressant
drugs

Donor

oL

Cells
encased

A patient's cells can be corrected before use

Problem: Some diseases are the result of defective genes.
Stem cells from the patient will carry these defective genes.

Solution: If the disease is due to a simple genetic fault,
then the stem cells can be genetically corrected before
use. Stem cells are isolated and cultured in the laboratory
in the presence of the corrected gene. Corrected cells are
identified and transplanted back into the patient, without
immune rejection.

Example: In 2015, a young German child had a mutation in
the LAMB3 gene. His skin cells were not making the protein
needed to hold cells together and his skin was falling off. His
skin stem cells were genetically corrected and new skin was
cultured and grafted back. More than a square metre of skin
was grown and grafted on to the child.

‘ Skin stem cells
\.d '

Child /// \

Corrected
LAMB3 gene mixed
with cell culture.

Cultured stem cells form sheets
of skin for grafting. The child
now has an entirely new skin.

1. Identify a problem with using stem cells from a donor to treat a recipient patient:
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Stem cells for Stargardt's disease

) Stargardt's disease is an inherited form of juvenile macular degeneration (a loss of the central visual field of the eye).
The disease is associated with a number of different mutations and results in malfunction of the retinal pigment
epithelium (RPE) cells, which normally nourish the retinal photoreceptor cells and protect the retina from excess light.

) Faulty RPE causes deterioration of the photoreceptor cells in the centre of the retina and progressive loss of central
vision. This often begins between ages 6 and 12 and continues until a person is legally blind. Trials using stem cells
have proved promising as a treatment, with impaired vision being corrected relatively quickly (within weeks).

o Embryonic stem cells are cultured in
the lab with proteins and vitamins so
that they develop into retinal pigment
epithelium (RPE) cells.

e The RPE cells are injected just
below the retina of the eye and
above the choroid (the layer
containing the blood vessels).

The RPE cells are incorporated into the
retina, replacing the patient's damaged
RPE cells and prompting regeneration
of the photoreceptor cells.

Photoreceptors

sas

)

%54

ARA

b

T

2. Umbilical cord blood is promoted as a rich source of multipotent stem cells for autologous (self) transplants. Can you

see a problem with using a baby's cord blood to treat a disease in that child at a later date?

3. (a) Explain the basis for correcting Stargardt's disease using stem cell technology:

(b) There have also been stem cell therapy trials using the patient's own cells (e.g. bone marrow) to treat Stargardt's
disease. What advantages might there be in using a patient's own cells and what difficulties might be involved?

4. Describe a technical difficulty associated with stem cell therapies when:

(a) The stem cells come from a donor:

(b) The stem cells used are ESC:
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'yl Bioethical Issues Associated with Stem Cells

Key Idea: Human stem cells can give rise to many different types of
cells. There are many potential uses of these stem cells.

Potential uses of stem cells include:

) Treatment of diseases such as Parkinson’s, Alzheimer's, leukaemia,
stroke, heart disease, diabetes, multiple sclerosis, eye disorders,
and rheumatoid arthritis.

) Repair of damaged tissue, e.g. spinal cord injuries, skin conditions,

and burns. Py
) Testing the safety and efficacy of new drugs on cultured cells \\ & e
before testing on humans. oo L

The source of stem cells affects how the technology is applied. For
example, the use of adult stem cells from umbilical cord blood or bone
marrow can only be used for a limited number of treatments including
blood and immune system disorders (e.g. leukaemia). Harvesting
embryonic stem cells opens up more possibilities for therapeutic g bone marrow
treatments because they can differentiate into many more cell types

and so have the potential to treat more disorders.

Stem cell therapy raises the bioethical question "How do the ethical implications of stem cell research and its applications affect
society"? Harvesting stem cells from live bone marrow donors or umbilical cord blood is less controversial than harvesting them
from early-stage embryos. In Australia, embryonic stem cells are sourced from patients who have undergone fertility treatment and
have surplus embryos to donate to medical research. Although these embryos would have otherwise been discarded, many people
find this an unacceptable practice and view it as destruction of life.

1. Carry out your own research or use the resources on BIOZONE's Resource Hub to research the bioethical issues
associated with stem cell therapy. At the end of your research, present your own justified personal response to this
bioethical issue. Summarise your findings below or record them on a shared electronic document.
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B The Hierarchy of Life

Key Idea: Structural organisation in multicellular organismsis  to group together into tissues and organs to perform a
hierarchical, with new properties arising at each level. specific function or set of related functions. This improves
Multicellular organisms are organised according to a hierarchy  efficiency in the organism. Organisation and the emergence
of structural levels, where each level builds on the one below  of new properties in complex systems are two of the defining
it. At each level, new properties, absent at the simpler level,  features of living organisms. The diagrams following explain
emerge. Hierarchical organisation allows specialised cells this hierarchical organisation for a human and a plant.

Cardiac muscle
cells contract

Atoms and
molecules

¢
$
The chemical level The organelle level The cellular level
All the chemicals essential for Molecules associate together to Cells are the basic structural and
maintaining life, e.g. water, ions, form the organelles and structural functional units of organisms. Cells
fats, carbohydrates, amino acids, components of cells, e.g. the are specialised to carry out specific
proteins, and nucleic acids. nucleus (above). functions, e.g. contraction of cardiac

muscle cells.

IEI%EI
a5
(=122 ] [=]?
el
EIEE
The organism [=] k=

The cooperating organ
systems make up the
organism, e.g. a human.

The tissue level
Groups of cells with related
functions form tissues, e.g. cardiac

(heart) muscle (above). The cells of
/a tissue often have a similar origin.

The organ system level

Groups of organs with a common
function form an organ system,
e.g. cardiovascular system (left).

The organ level

An organ is made up of two or more types
of tissues to carry out a particular function.
Organs have a definite form and structure,
e.g. heart (left).

Specialised cells make up tissues and organs

Specialised cells often have modifications or exaggerations to a normal cell feature to help them perform a particular task.
They may have more (or fewer) of a particular organelle in order to perform their role most efficiently.

Muscle cells can contract Different types of blood cells Thin, flat epithelial cells line the  Nerve cells conduct impulses
(shorten) to bring about the have specific tasks. Red walls of blood vessels (arrow). around the body enabling
movement of limbs and organs. blood cells have no nucleus Large fat cells store lipid. Lipids responses to the environment.
Cardiac muscle cells have and contain molecules of act as energy storage, provide Specialised structures known
many mitochondria to supply haemoglobin for efficient insulation and act as cushioning as axons and dendrites allow
their high energy needs. oxygen transport. to protect organs. this to happen.
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The cellular level
Mesophyll cell (below).

The organelle level
Chloroplast (above).

a The organism EME
A tomato plant. o
[CI[53
Al
W, Mesophyll
= tissue

The organ system level

The shoot system keeps the
plant body in the light. The tissue level

Mesophyll tissue (above). This
tissue is photosynthetic.

The organ level
Organs have a specific role, e.g. leaves are
the photosynthetic organs of most plants.

Cells of the leaf mesophyll The thick-walled vessels The stomata (pores) in the leaf At the root tip, thin-walled

tissue are packed with of xylem tissue transport epidermis allow gases to enter  extensions of the epidermis
chloroplasts. Leaf structure water and are important in and leave the leaf. Guard cells maximise surface area for
maximises light capture. supporting the plant body. help regulate these exchanges. exchanges of nutrients and water.

1. Assign each of the following emergent properties to the level at which it first appears:

(a) Metabolism: (d) Internal transport:
(b) Behaviour: (e) Surface protection:
(c) Replication: (f) Nutrient processing:

2. Explain how a hierarchical structure enables greater efficiency of function in the whole organism:
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70 m Exploring Tissues and Organs

Key ldea: Tissues come together to make organs. You can  come together to form organs. The cells, tissues, and organs
see this in an isolated organ, such as a heart. of the body interact to meet the needs of the entire organism.
A tissue is a collection of related cell types that work  You can explore the different tissues that make up an organ
together to carry out a specific function. Different tissues by examining an isolated organ, such as a sheep's heart.

Muscle tissue Epithelial tissue Nervous tissue Connective tissue
) Contractile tissue. ) Lining tissue. ) Receives and responds b Supports, protects, and
) Produces movement of ) Covers the body and to stimuli. binds other tissues.
the body or its parts. lines internal surfaces. » Makes up the structures ) Contains cells in an
» Includes smooth, skeletal, ) Can be modified to of the nervous system. extracellular matrix.
and cardiac muscle. perform specific roles. » Regulates function of » Can be hard or fluid.
other tissues.

1. Research the type of tissue(s) that occur at the places in the body indicated below. State the types of tissues that
occur in the spaces provided. Codes: E = epithelium, CT = connective tissue, SM = smooth muscle.

Mucus Cilia Processes

=

producing cell

X

Neurone

Ell

Upper respiratory tract:

Ell

Digestive tract: Bladder:

Bone:

Skeletal muscle:
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Tissues work together and make up organs, which perform specific functions

The body's tissues work together in order for the body to function. Tissues also group together to form organs. For example,
epithelial tissues are found associated with other tissues in every organ of the body. Similarly, blood vessels and nerves, which may
be very small, supply all tissues. For the gas exchange and the circulatory systems:

S T > 2% 4 >
b TG

<]
=
a
]
<

Kent Pryor

Blood (a liquid connective tissue) Lung tissue is made up of thin-  Most of the heart is a type of The trachea, which carries air to

flows within blood vessels, such walled sacs lined with epithelium. muscle tissue called cardiac the lung is reinforced with tough
as the vein (left) and artery (right) Airways (bronchi) are supported muscle. Fat and other connective rings of cartilage (a connective
above. Note the thick layer of with cartilage (C) and have a tissues anchor and support the  tissue), lined with epithelium
smooth muscle in the artery wall. small amount of muscle. heart and blood vessels. (shiny, wet-looking), and supplied

with blood (pinkish).

Exploring organs

Your teacher may be able to supply a sheep's heart for you to
examine (alternatively, virtual dissections are available). Wear External ventral view of sheep's heart
gloves and be careful when using the scalpel.

Aorta Pulmonary artery

2. (a) Examine the exterior of the heart. Can you find the
features identified right? Write down the different

tissue types you can see and their location: Brachiocephalic
artery (cut)

Left auricle (pouch
leading to atrium)

Left
ventricle

Right ventricle

Frontal section of sheep's heart

(b) Section the heart through the centre and observe EE Aorta  pimonary artery
the interior. What tissues can you see now? What is .
. . H Left atrium
the role of these tissues in the organ? Consult a text (]

Part of left

or online diagram of the heart if you need help (see
AV valve

BIOZONE's Resource Hub page).

Right ventricle

Chordae tendinae
(heart strings)

Papillary muscles
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72 m Respiratory and Circulatory Systems

Key Idea: The circulatory and gas exchange systems interact to provide the tissues with oxygen and remove carbon dioxide.

Circulatory system Interaction between systems Gas exchange system

In mammals, the gas
exchange (or respiratory)
system and cardiovascular
system interact to supply
oxygen and remove carbon

Function

Delivers oxygen (O,)
and nutrients to all cells
and tissues. Removes

Function

Provides surface for gas
exchange. Moves fresh air
into and stale air out of

carbon dioxide (CO,) and dioxide from the bodly. the body.
other waste products
of metabolism. CO, is LR Components
transported to the lungs. | 8 ) Airways:
A B
Components ‘.;j E”;;. « Pharynx
) Heart 1 L\ e Larynx
1 .
) Blood vessels: 1 Trachea
o Arteries 5 » Lungs:
* Veins « Bronchi
« Capillaries « Bronchioles
» Blood o Alveoli
) Diaphragm
Head and
upper body E E

El o Bronchiole

Oxygen (0,) from inhaled air moves
from the lungs into the circulatory
system and is transported within red
blood cells to the heart. The heart
pumps the blood to the body where
O, is released and carbon dioxide
(CO,) is picked up. The blood returns
to the heart and is pumped to the
lungs where CO, is released into the
lungs to be breathed out.

(=122 =]
E\ “I Lower body

The airways of the lungs end at
the alveoli, the microscopic air
sacs that enable gas exchange.
The alveoli greatly increase the
surface area of the lung.

From the
heart to
the lungs

Red blood cells are
replenished with oxygen
from the alveolus and
carbon dioxide is released
from the blood into the
alveolus.

The carbon dioxide released

from the blood exits the

body during exhalation.

0, Inhalation brings in fresh air,
containing oxygen.

The gas exchange system and the
circulatory system come together at
the gas exchange membrane formed
by the junction of the alveolus and
the capillary wall. Oxygen and carbon
dioxide diffuse easily across this thin
barrier.

Capillary

From the
lungs to

the heart Red blood cell
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The response to exercise shows the Oxygen is transported in red blood cells As with all organ systems, the circulatory
close link between the circulatory and by the protein haemoglobin (above). In and gas exchange systems are

gas exchange systems. During exercise, the capillaries of the lungs (high oxygen), interdependent. Organs in the circulatory
breathing rate increases to provide more haemoglobin binds oxygen tightly. In the system (e.g. the heart) need oxygen to keep
oxygen, which is carried by the blood to tissues, higher carbon dioxide levels cause  working and this is supplied by the lungs.
supply respiration (ATP generation) in haemoglobin to release its oxygen. CO, is If the heart were to stop beating, it and
working muscles. Heart rate increases carried in the blood as bicarbonate (CO, + all other organs would quickly run out of

to increase the rate at which oxygen is H,0 > H,CO; > H* + HCOy). In the lungs,  oxygen. Similarly, if breathing were to stop,
delivered to the tissues and carbon dioxide  this dissociates back into CO, and water. all organs would quickly run out of oxygen.

is returned to the lungs.

1. (a) What happens to the rate of blood flow during exercise?

(b) What happens to the breathing rate during exercise?

(c) How do the circulatory and gas exchange systems interact to accommodate the extra oxygen requirements of an
exercising person?

2. Lung diseases affect rates of gas exchange in the lung. Suggest how this would affect the body:

3. (a) At which point in the body do the respiratory and circulatory systems directly interact?

(b) Explain what is happening at this point:

4. In your own words, describe how the circulatory system and respiratory system work together to provide the body with
oxygen and remove carbon dioxide:
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: m Circulation and Digestive Interaction

Key Idea: The circulatory and digestive systems interact to provide the body's tissues with nutrients.

TR I ST Interaction between systems VG A SAT

In mammals, the digestive
system and cardiovascular
system interact to supply
nutrients to the body.

Function

Digest food and absorb useful
molecules from it, and eliminate
undigested material.

Function

Delivers oxygen (0,)

and nutrients to all cells
and tissues. Removes
carbon dioxide (CO,) and
other waste products of

Components

metabolism. [W]% ] ] »  Mouth and pharynx
Components [x] l ) Oesophagus
) Heart R ) Stomach
» Blood vessels: b © ) Liver and gall bladder
; ' v-; (accessory organs)
* Arteries i &
i ) Pancreas (accessory organ)
* Veins : . .
- ! ) Small intestine
« Capillaries RS ' )
N ) Large intestine
» Blood
Hepatic /
" vein 7z

Food is digested in the stomach
and small intestine and the
nutrients are absorbed and
passed to the circulatory system.
The capillaries around the
stomach and intestines collect
nutrients and then drain to the
hepatic portal vein, which carries
the blood directly to the liver. The Hepatic
liver then processes this nutrient- portal vein
rich blood, e.qg. glucose is stored
as glycogen. The hepatic vein
then transports nutrients from the
liver to supply the other tissues of
the body.

Liver

Stomach @_ E‘I
Villus X
El&.

Intestinal epithelial cell

Villi project into the lumen of
the small intestine and absorb
nutrients. Villi contain capillary
networks which receive the
nutrients and transport them to
._ Glucose the_ hepatic portal sygtem. The
villi structure greatly increases
the surface area of the intestine.

Glucose and other nutrient molecules are
passed to the blood and transported to
other parts of the body. Oxygen passes
to the intestinal cells, while carbon
dioxide passes into the blood.
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Human liver

ouasng

Blood flow to the digestive tract increases Nutrients, e.g. minerals, sugars, and amino
steadily after a meal and remain elevated acids, are transported in the blood plasma
for about 2.5 hours, reaching a maximum to the liver. The liver receives nutrient-rich
after about 30 minutes. During exercise, deoxygenated blood from the digestive
blood flow in the digestive tract is reduced system via the hepatic portal vein and

as it is redirected to the muscles. oxygen rich blood from the hepatic artery.

1. How are nutrients transported in the blood?

Scarring of the liver tissue, or cirrhosis,
can result in portal hypertension (high
blood pressure). The scarred tissue
obstructs blood flow in the liver. This
causes pressure to build up in upstream
blood vessels, resulting in swelling and
possible haemorrhage.

2. Explain how a liver cirrhosis affects the circulatory system:

3. (a) At which two points in the body do the digestive and circulatory systems directly interact?

(b) Explain what is happening at these points:

4. (a) What happens to blood flow to the digestive tract after a meal?

(b) Explain why it is often recommended that a person should exercise within 2.5 hours of eating, or eat within half an
hour of exercising to gain a most benefit from the exercise (in terms of muscle development):

5. In your own words, describe how the circulatory and digestive systems work together to provide the body with

nutrients:
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76 E Circulation and Excretory Interaction

Key Idea: The circulatory and urinary systems interact to remove wastes from the body’s tissues and helps maintain blood
volume and pressure.

Circulatory system Interaction between systems Urinary system

In mammals, the

Function urinary system and Function
Delivers oxygen (O,) cardiovascular system Filters blood, retaining useful
and nutrients to all cells interact to remove molecules and removing
and tissues. Removes metabolic wastes from harmful ones. Regulates
carbon dioxide (CO,) and the body. blood volume and ion
other waste products of content.
metabolism.
Components

Components ) Kidneys
b Heart EX%E [EE ) Ureters
» Blood v.essels: E‘in{ Eﬁ ) Bladder

« Arteries $ » Urethra

» Veins

» Capillaries
) Blood

Metabolic wastes generated in
the cells move into the blood
plasma and are transported to the
kidneys. Blood is forced at high
pressure through the capillaries
of the glomerulus, producing a
filtrate, which is collected in the
surrounding Bowman's capsule.
Both useful and harmful molecules
are contained in the filtrate
although large proteins and blood
cells are excluded.

Glucose

~_Brush border ¥
'/-of microvilli

Capillaries

The convoluted tubules through which the filtrate
travels are surrounded by capillaries (above). As
the filtrate moves along the tubules, epithelial cells
reabsorb useful molecules or ions, e.g. glucose and
sodium ions, back into the blood in the capillaries

cl (left). Unwanted ions (e.g. H*) and toxins are also
secreted into the filtrate by active transport and
Na* eliminated in the urine. The microvilli brush border
of the epithelial cells allows for a greater surface
k area over which its activities can take place. Thee
Convoluted Epithelial epithelial cells have many mitochondria to supply

cell the active transport energy requirements.

tubule lumen
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Polycystic kidney disease

The kidneys regulate blood volume by The regulation of blood volume is important ~ Chronic kidney disease makes it difficult for
regulating the ion content of the blood. for the body. Optimal blood volume

the body to regulate blood volume and this

Retention of ions help retain water (via enables the blood to flow at the correct can promote hypertension. Hypertension
osmosis). Various hormones carried in the rate through the capillaries, helps maintain can lead to atherosclerosis of the arteries
blood stimulate the kidneys to increase the correct concentrations of electrolytes, and in turn heart disease, heart attack, or
water retention. and maintains the pressure needed for peripheral arterial disease.

glomerular filtration.

1. (a) Explain why regulating salt content of the blood in turn regulates blood volume:

(b) How would the active secretion of hydrogen ions into the filtrate (urine) help to regulate blood pH?

2. (a) Explain why kidney disease can make regulating blood volume and pressure difficult:

(b) Explain why kidney disease can also lead to heart disease and heart attacks:

3. Use the graph right to answer the following questions:

(a) What is the effect of reducing glomerular filtration rate on
the risk of cardiovascular disease?

(b) How many times greater is the risk of cardiovascular
disease at a GFR of <15 compared to a GFR of >607?

(c) What might cause reduced GFR?

4. In your own words, describe how the circulatory system and

Rate of cardiovascular

event per 100 person years

40 4

30

20 4

104

Risk of cardiovascular disease
vs glomerular filtration rate

366
218
11.29
21 L8
- |

>60 45-59 30-44  15-29 <15
Estimated glomerular filtration rate (GFR)
(mL min"1.73 m?)

urinary system work together to remove wastes and regulate the volume, pressure, and composition of the blood:
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Key Idea: Using animals in scientific and medical research
helps to understand and test new theories and medicines,
but must be done in a way that minimises animal discomfort.
The use of animals in scientific research has played a vital
role in many advances in science and medicine. Animals
(often specially bred rats or mice) are used as models
of how a human system might work and are the basis for
preliminary research that might later be applied to humans.

The 3Rs of ethical research

The 3Rs are guiding principles for the use of animals in
research, testing, and teaching. Animals should only be used
when there are no alternatives, any harm must be measured
against the benefits, and those harms must be minimised.

» Replacement: Can animals be replaced in the research?
In many cases computer modelling can produce highly
accurate results and can easily be used to identify
unforeseen problems and refine tests. This reduces the
need for animal testing, so that it occurs in the latter
stages of the research (if at all).

» Reduction: Only the minimum number of animals needed
to produce reliable or statistically significant data should
be used.

» Refinement: Investigations should be reviewed to identify
where the number of animals used could be reduced.
This information can then be applied to refining
subsequent investigations.

Using bioartificial tissue to replace a jaw

Bones can be replaced using titanium but this means a
loss of bone marrow, which plays an important role in
the body. In 2016, researchers began trials on growing
new bone for transplant.

Bovine thigh bone

Animals in Medical Research

This includes developing theories and processes around
stem cells and developing and using bioartificial organs.
During this research, there is the chance that some of these
animals may experience harm. How much depends greatly
on the way they are treated and the research involved. Many
countries have strict guidelines as to when and how animals
can be used in research. These are often based around the
3Rs principle of replacement, reduction, and refinement.

Stem cells, bioartificial organs and ethics

) Bioartificial organs are grown using a scaffold implanted
with stem cells. These are cultured to grow and
differentiate around the scaffold to produce a functional
three-dimensional organ (or part of an organ). Currently,
only simple organs or sections of organs can be grown
but research is constantly producing new developments
(e.g. new materials and techniques).

) Ethical issues can arise from this kind of research. Often
animals are used to practice and develop techniques and
this can cause them considerable distress (see below).

Engineered vascular tissue (blood vessel). The scaffold
can be seen supporting the outer cells.

. .

decelled and Pig stem cells
» The experiment was carried out on Yucatan carved to shape. e ®
miniature pigs because the jaw structure is similar to
humans. The researchers took part of a cattle thigh
bone and removed all the cells and tissue, leaving Xenotransplantation:
Bone scaffold seeded

just the bone structure. They then carved the bone
into the shape of part of the pig mandible.

)  This bone scaffold was seeded with pig stem cells
and placed into a bioreactor. The cells developed
into bone cells and grew into and around the scaffold
(this took about 3 weeks). The matching part of
the pig mandible was removed and the bioartificial
jawbone implanted.

)  Six months later the implants had fully grafted and
the pigs were able to use their jaw normally.

is the process of
transplanting cells,
tissues, or organs
from one species to
another. It may be a
potential solution to
the shortage of human
organs available for
transplantation.

with stem cells and
l grown in bioreactor.

Bone implanted
into pig.

1. As a group discuss why the experiment on pigs jaws above was carried out and its pros and cons. Discuss likely ethical
issues in relation to the pigs and if you think the experiment was worth carrying out. Summarise your discussion below:

s=[=[2]=
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m Did You Get It?

Test your vocabulary by matching each term to its correct definition, as identified by writing the letter in the correct box.

A type of cell that possesses the qualities of self renewal and potency.

Ability to divide many times while maintaining an undifferentiated state.

Able to give rise to any cells of the body, except extra-embryonic cells.

The initial cell formed from the union of two gametes.

Able to give rise a limited number of cell types, related to their tissue of origin.

m m O O W >

Ability to differentiate into specialised cell types.

2. Give an example of each of the following stem cell types:

(a) Multipotent:

(b) Pluripotent:

(c) Totipotent:

3. Study the diagram of cellular differentiation below and answer the questions following as true or false:

B

Matures in thymus

Multipotent
stem cell
Monocytes and

macrophages

Lymphoid T lymphocyte
precursor cell

“

Natural killer
lymphocyte

JV
O

B lymphocyte

Neutrophil

Basophil

Red bone
marrow

Eosinophil

@@ O e

Red blood cells

Myeloid
precursor cell

3
N

Platelets

o%
P: o8

Megakaryocyte

(a) T lymphocytes can differentiate from a haematopoietic multipotent stem cell:

(b) Lymphoid precursor cells can produce red blood cells:

(c) Neutrophils mature from myeloid precursor cells:

(a) What is the link between cells, tissues, and organs?

(b) What is the advantage of the hierarchical organisation of cells, tissues, organs, and systems?
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Chapter4 Unit 1: Topic 1

Cell Membrane

Key Terms

active transport
carrier protein
channel protein
cholesterol
concentration gradient
diffusion
endocytosis
exocytosis
facilitated diffusion
fluid-mosaic model
glycoprotein
hydrophilic
hydrophobic
hypertonic
hypotonic

ion

ion pump

isotonic

osmolarity
0smosis

partially permeable (=
selectively-permeable)

passive transport
phospholipid
plasma membrane
polar

plasmolysis
protein channel:

surface area: volume
ratio

turgor

(=1 [=]

The cellular/plasma membrane has a fluid bilayer structure.
Transport across cellular/plasma membranes can be passive or active.

Proteins in or on the cellular membrane assist in the transport of specific
molecules through it.

The structure and role of the cell membrane
0O 1 Describe the fluid mosaic model of membrane structrue. Describe the
significance of the phospholipid bilayer and cholesterol molecules.

[m] Explain the general role of proteins in the plasma membrane, including
protein channels, carrier proteins, and glycoproteins.

Construct or use a model to show the selectively permeable nature of the
plasma membrane.

Describe the ongoing research to refine the fluid mosaic model, including
the structure of membrane proteins, e.g. channel proteins.

Describe the evidence for Singer and Nicolson's fluid mosaic model of
membrane structure and explain how their understanding was assisted by
advancements in technology.

TS

Passive transport across cell nembranes
0O 6 Describe the passive movement of molecules across membranes by
diffusion and facilitated diffusion. Identify and explain factors regulating
diffusion rates across membranes.

Investigate the direction of movement of materials across cell membranes.

Explain the importance of surface area to volume ratio in limiting cell size.
Describe the effect of decreasing SA:V ratio on the efficient diffusion of
materials to the interior of cells.

Explore a range of different sized mammalian cells to compare how size and
shape relate to different functions.

Describe cellular adaptions for increasing cell surface area and diffusion
surfaces.

Explain the movement of water across membranes by osmosis. Explain the
terms hypotonic, isotonic, and hypertonic and the effects that solutions of
different solute concentration can have on plant and animal cells.

Analyse secondary data investigating how the size and membrane solubility
of molecules affects the rate of diffusion across the plasma membrane.

Investigate the effect of surface area to volume ratio on diffusion in
model cells.

~ / F L. ) ’

A .

Active transport across cell nembranes

O 14 Distinguish between passive and active transport across cell membranes.
Explain how the cell membrane maintains relatively stable internal
conditions by active transport against a concentration gradient.

Describe active transport across membrane using ion pumps, e.g. the
sodium-potassium cotransporter (symport).

Distinguish between endocytosis and exocytosis, recognising both as
active transport processes.

a
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The Plasma Membrane

Key Idea: The plasma membrane is composed of a lipid bilayer with proteins moving
freely within it. It is the partially permeable (also called semi-permeable or selectively
permeable) boundary between the internal and external cell environments.

All cells have a plasma membrane, which forms the outer limit of the cell. A cell wall, if
present, lies outside this and is quite distinct from it. Cellular membranes are also found
inside eukaryotic cells as part of membranous organelles. The currently accepted
model of the plasma membrane, called the fluid-mosaic model (below), describes a
lipid bilayer with embedded proteins. This model was devised by Singer and Nicolson in
1972. The plasma membrane is a partially permeable barrier. It allows the passage of
some molecules but not others. Many of the proteins embedded in the membrane are
involved in the movement of molecules by transporting specific molecules (often large

Molecular model showing how

; ) . X . phospholipid molecules naturally
molecules or ions) across the membrane, often against their concentration gradients.  rjentate to form a bilayer.

The fluid mosaic model of membrane structure
Attached carbohydrate

Water molecules pass

between the phospholipid .
Phospholipid

Glycolipid molecules by osmosis. Glycoprotein
¢ 8 o s

o |
Iy

Phospholipids Cholesterol molecule Fatty acid tailp *
natprally form regulates membrane is hydrophobic Carrier proteins
a bilayer. consistency. )
Phosphate head is
hydrophilic
[ ] e Lipid soluble molecules, e.g. gases
E 3¢ P and steroids, can move through

the membrane by diffusion, down

) their concentration gradient.
Intracellular environment

1. List the important components of the plasma membrane:

2. lIdentify the kind of molecule on the diagram above that:

(a) Can move through the plasma membrane by diffusion:

(b) Forms a channel through the membrane:

3. (a) On the diagram (right) label the hydrophobic and hydrophilic ends of the
phospholipid and indicate which end is attracted to water:

(b) How does this structure make the phospholipid molecule behave?

[=
A ]|

[OR
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Key Idea: Phospholipids are important components of cellular
membranes. They are made up of a hydrophilic head region
and a hydrophobic tail region, making them amphipathic.

Phospholipids consist of a glycerol attached to two fatty
acid chains and a phosphate (PO,%") group. Phospholipids

Phospholipids

The phosphate end of the phospholipid is attracted to
water (it is hydrophilic) while the fatty acid end is repelled
(hydrophobic). In an aqueous environment, the hydrophobic
ends turn inwards in the membrane to form a bilayer. Fatty
acids containing double C=C bonds are unsaturated. This
causes a "kink" in the chain.

Hydrophilic
head

Kink in

chain

Hydrophobic
Fatty acid tails
tails

Phospholipids and the Properties of Membranes

naturally form bilayers in agqueous solutions and are the main
component of cellular membranes. The fatty acid tails can be
saturated (straight chains) or unsaturated (kinked chains).
The level of phospholipids with saturated or unsaturated tails
affects the fluidity of the phospholipid bilayer.

Phospholipids and membranes

Phospholipids are amphipathic (have hydrophobic and
hydrophilic regions). This means that they will spontaneously
form bilayers when in aqueous environments and so form the
outer boundary of cells and organelles. Modifications to the
hydrophobic ends of the phospholipids regulate the fluidity
of the bilayer. The greater the number of double bonds in the
hydrophobic tails, the greater the fluidity of the membrane.

Membrane containing only phospholipids with saturated fatty
acid tails (straight tails) and unsaturated fatty acid tails (bent).
The fact that the phospholipids do not stack neatly together
produces a more fluid membrane that may remain fluid even at
low temperatures.

Cholesterol in the cellular membrane Cholesterol
L L molecule
> Cholesterol molecules within the lipid bilayer help
modulate the fluidity of the cellular membrane and
maintain its stability.
» The polar head of the cholesterol molecule
is attracted to the hydrophilic heads of the [S] R[]
phospholipids: it reduces the fluidity in this region. E" =
> Its hydrophobic tail aligns with the hydrophobic tails -
of the phospholipids and separates them.
Phospholipid
of bilayer

1. (a) How do the properties of phospholipids contribute to their role in forming the structural framework of membranes?

(b) Explain why phospholipid bilayers containing many phospholipids with unsaturated tails are particularly fluid:

2. Suggest how the cell membrane structure of an Arctic fish might differ from that of tropical fish species:
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Proteins of the Plasma

Key Idea: A cellular membrane is made of a phospholipid
bilayer with different types of proteins of embedded in it.

The cell surface (or plasma membrane) encloses the
cell's contents and regulates many of the cell's activities.
Importantly, it controls what enters and leaves the cell by the
use of carrier proteins and channel proteins. The structure
and locations of membrane proteins enable them to perform
their particular function in transport, cell signalling, or cell

o7

Glycoproteins

Membrane

recognition. Proteins associated with the plasma membrane
are either found embedded in the membrane, or found on
the surface of the membrane. Glycoproteins are attached
to the external side of the membrane and are involved in cell
adhesion and cell recognition. Carrier proteins and channel
proteins are transport proteins that allow substances to
cross the membrane that are unable to utilise the processes
of diffusion or osmosis.

)  Glycoproteins are membrane associated molecules composed of a carbohydrate component covalently bonded to an integral
(embedded) protein.

) Glycoproteins facilitate attachment and adhesion to other cells. They also enable cell-to-cell communication and act as
receptors for chemical signals. Other functions include memory consolidation in neuron cells, cell differentiation leading to

changes in cell phenotype, and involvement in cancer growth.
External side of cell membrane

Polar
Non-polar

Integral protein

Channel proteins form a pore through the
hydrophobic interior of the membrane to
enable water soluble molecules to pass

by facilitated diffusion. keeping it firm but fluid.

What can cross a lipid bilayer?

Gases Hydrophobic

molecules

Benzene
c OZ l‘\,/'

b
e

Small uncharged
molecules can diffuse
easily through the
membrane.

Lipid soluble molecules
diffuse into and out of the
membrane unimpeded.

movement.
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Carbohydrate chain
J/ .

Cholesterol is a packing molecule
and interacts with the phospholipids
to regulate membrane consistency,

Small polar
molecules

Polar molecules are
small enough to diffuse
through. Aquaporins
increase rate of water

Glycoproteins are proteins with attached carbohydrate. They
are important in membrane stability, in cell-cell recognition,
and in cell signalling, acting as receptors for hormones and
neurotransmitters.

[] 95 ]
".. ~C [ 5Fy

- »l
Peripheral protein Carrier proteins permit the Phospholipid

passage of specific molecules
by facilitated diffusion or
active transport.

Internal side of cell membrane

Large polar
molecules

Charged
molecules

«O-0

Cannot directly cross the
membrane. Transport (by
facilitated diffusion or
active transport) involves
membrane proteins.

lons can be transported

across the membrane by
ion channels (passive) or
ion pumps (active).

@
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Vossman cc 3.0

What do proteins in the cell surface membrane really look like?

The structure of membrane proteins enables them to perform their particular function in transport, cell signalling, or cell recognition.
The proteins are integral to the membrane, and often have parts of their structure projecting from both internal and external sides of
the membrane. Note the two types of folding structure in membrane proteins: the alpha helix and the beta pleated sheet.

A2-33 cc 3.0

The receptor
(red) is bound
to intracellular
G protein.

redre,

pleated
sheet

Aquaporins are a special type of
channel protein that speed up the
passage of water molecules across
the membrane. Their tertiary structure
creates a pore through the centre of
the protein through which molecules
can pass (arrow).

1. What is the purpose of carrier proteins in the membrane?

The GLUT1 glucose transporter is

a carrier protein that facilitates the
transport of glucose across the plasma
membranes of mammalian cells. It
increases the rate of glucose transport
by 50,000X (high enough to supply the
cell's energy needs).

G-protein coupled receptors are
proteins involved in signalling
pathways. A signal molecule binds to
the receptor protein outside the cell to
trigger a reaction involving intracellular
G protein. In this example, the receptor
binds to adrenaline.

2. What is the purpose of channel proteins in the membrane?

3. Identify the molecule(s) that:

(a) Can diffuse through the plasma membrane on their own:

(b) Can diffuse through the membrane via channel proteins:

(c) Must be transported across the membrane by carrier proteins:

4. Describe the role of the following proteins in the plasma membrane:

(a) Aquaporins:

(b) GLUT1 protein:

(c) G protein:
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B How Do We Know? Membrane Structure

Key Idea: The freeze-fracture technique for preparing and viewing cellular membranes has provided evidence to support the

fluid mosaic model of the plasma membrane.

Cellular membranes play many extremely important roles in cells and understanding their structure is central to understanding
cellular function. Moreover, understanding the structure and function of membrane proteins is essential to understanding
cellular transport processes, and cell recognition and signalling. Cellular membranes are far too small to be seen clearly
using light microscopy, and certainly any detail is impossible to resolve. Since early last century, scientists have known that
membranes were composed of a lipid bilayer with associated proteins. The original model of membrane structure, proposed
by Davson and Danielli, was the unit membrane (a lipid bilayer coated with protein). This model was later modified by Singer
and Nicolson after the discovery that the protein molecules were embedded within the bilayer rather than coating the
outside. But how did they find out just how these molecules were organised?

The answers were provided with electron microscopy, and one
technique in particular — freeze fracture. As the name implies,
freeze fracture, at its very simplest level, is the freezing of a cell
and then fracturing it so the inner surface of the membrane can
be seen using electron microscopy. Membranes are composed of
two layers of phospholipids held together by weak intermolecular
bonds. These split apart during fracture.

The procedure involves several steps:

) Cells are immersed in chemicals that alter the strength of the
internal and external regions of the plasma membrane and
immobilise any mobile macromolecules.

) The cells are passed through a series of glycerol solutions of
increasing concentration. This protects the cells from bursting
when they are frozen.

) The cells are mounted on gold supports and frozen using liquid
propane.

) The cells are fractured in a helium-vented vacuum at -150. A
razor blade cooled to -170°C acts as both a cold trap for water
and the fracturing instrument.

) The surface of the fractured cells may be evaporated a little to
produce some relief on the surface (known as etching) so that
a three-dimensional effect occurs.

)  For viewing under an electron microscope (EM), a replica of the
cells is made by coating them with gold or platinum to ~3 nm
thick. A layer of carbon around 30 nm thick is used to provide
contrast and stability for the replica.

) The samples are then raised to room temperature and placed
into distilled water or digestive enzymes, which separates the
replica from the sample. The replica is then rinsed in distilled
water before it is ready for viewing.

The freeze fracture technique provided the necessary supporting

evidence for the current fluid mosaic model of membrane structure.

When cleaved, proteins in the membrane left impressions that
showed they were embedded into the membrane and not a
continuous layer on the outside as earlier models proposed.

Cleaving the membrane

eees
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Ww

Proteins leave bumps and
holes in the membrane
when it is cleaved

Photo: Louisa Howard and Chuck Daghlian, Dartmouth College

50 nm

1. Explain how freeze-fracture studies provided evidence for our current model of membrane structure:

2. The Davson and Danielli model of membrane structure was the unit membrane; a phospholipid bilayer with a protein
coat. Explain how the freeze-fracture studies showed this model to be flawed:
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B Cell Membrane Research

Key ldea: Research exploring the structure and function of
channel proteins allows researchers to design membrane
proteins with specific functions.

For the most part, the fluid mosaic model has generally
proven to be correct. However, over time, as technology has
improved, scientists have been able to study the components
in more detail and a greater understanding of the model has

developed. An area of particular focus has been the protein
components, including the structure and function of channel
proteins. This information is valuable in understanding how
the structure of a channel protein regulates the passage of
molecules across the membrane. This knowledge can then
be applied to the building of specific proteins that have
particular characteristics.

The contribution of Henderson and Unwin

Henderson and Unwin are two important contributors to membrane research and
helped to refine the fluid mosaic model to incorporate a deeper understanding
of membrane proteins. They are well known for their work on bacteriorhodopsin,
a protein found in the purple membrane of Archaean cells. They were the first

to provide the structure of a membrane protein in situ (in place) using electron
microscopy. Their work (1975) revealed that the protein, which consists of three
units, each made up of 7 a-helices (right), spanned the membrane. This was a
major step in determining the structural make-up of membrane proteins.

Studying channel proteins

Aquaporins are channel proteins that transport water across membranes. The
first reported aquaporin, in 1986, was from the human red blood cell (RBC)
membrane. Its function was discovered by selectively radiolabelling RBC
membrane proteins with a water transport inhibitor. With the inhibitor present,
water transport stopped, identifying the protein's role as a water channel. The
structure of aquaporin was revealed some time later as four bundles of six
a-helices embedded in the cell membrane (below, right) surrounding a narrow
channel. Supercomputer simulations identified the pathway of water through
the channel. This research has been important in understanding the role of
aquaporins in increasing the permeability of membranes to water.

Future applications

Membrane proteins are relatively hydrophobic and their flexibility can make them
unstable, so it can be difficult to extract them from the membrane in which they
are embedded. These properties have made it difficult to study them. However,
better imaging techniques and greater computing power have provided more
detail about the structure and function of membrane proteins.

» Computer programs can now be used to predict how a membrane protein will
fold once it has been synthesised. This has allowed molecular engineers to
design and build artificial membrane proteins.

»  One application of this is to improve the delivery of therapeutic drugs
to target receptors (often membrane proteins). Building a protein allows
researchers to study how a drug interacts with its target, and provides an
opportunity to modify the drug for increased effectiveness.

»  Another approach is to design new proteins with specific functions, e.g. to
deliver specific substances across the membrane of a target cell.

Bacteriorhodopsin

Alpha helix

Bacteriorhodopsin acts as a light-driven proton
pump in Halobacterium salinarum, converting
light energy into a proton gradient, which is
used to generate ATP.

Aquaporin tetramer (4 units) viewed from the
extracellular side. The pore is in the centre.

1. Using the fluid mosaic model as an example, suggest why scientific models are often modified over time:

2. (a) Why has it been difficult to determine the structure of membrane proteins?

(b) Explain the role in technological developments in furthering our understanding of membrane proteins:

LR
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E Modelling the Plasma Membrane

Key Idea: Plasma membranes exist as dynamic 3D structures.  dimensional structure, the nature of the plasma membrane
Plasma membranes are often shown as two dimensional may not be obvious. In this activity you will build a simple,
structures. Even when drawn to represent a three three dimensional plasma membrane.

1. Cut out the plasma membrane along the red lines. Cut out the solid black circles. Fold along the black lines. Use clear
tape to stick the sides together to produce a 3D, slightly curved box.

2. Cut out the three proteins along the red lines. Fold along the black lines and use clear tape to produce three cylinders.

3. Cut out both carbohydrate chains. Fold over the black squares. Stick one to the black square on the end of the
glycoprotein. Stick the other to the black square on the plasma membrane surface to produce a glycolipid.

4. Slide the two transmembrane proteins into the channels created by cutting out the circles from the plasma membrane.

5. Slide the peripheral protein about halfway into the final hole. This completes your plasma membrane model.
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m Diffusion

Key Idea: Diffusion is a type of passive transport where
molecules move down a concentration gradient.

The molecules that make up substances are constantly
moving about in a random way. This random motion causes
them to disperse from areas of high to low concentration.
This dispersal is called diffusion and it requires no energy.
Each type of molecule moves down its own concentration

What is diffusion?

Diffusion is the movement of particles down a
concentration gradient. Diffusion is a passive process,
meaning it needs no input of energy to occur. During
diffusion, molecules move randomly about, eventually
becoming evenly dispersed.

Concentration gradient ’

If molecules can move freely, they move from high to

low concentration (down a concentration gradient) until
evenly dispersed. Each molecule moves down its own
concentration gradient, independent of the concentration
of other types of molecule

Diffusion across the membrane

) )o 2 > Glucose
9 L] Lipid solubl é
o 32T @
et " ..

......

» %%

Simple diffusion

. carrier proteins
Molecules move directly through the P

plasma membrane without assistance
or selectivity. Example: O, diffuses
into the blood and CO, diffuses out.
Diffusion gradients are maintained

imported, made, or used by the cell. red blood cells.
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Concentration
gradient

The distance
moved

The surface
area involved

Barriers to
diffusion

Temperature

Solubility

Solvent
density

Facilitated diffusion involving

Carrier proteins in the membrane allow
large, lipid-insoluble molecules that
cannot cross the membrane by simple
diffusion to be transported into the cell.
because substances are constantly being Example: The transport of glucose into

gradient. In biological systems, most diffusion occurs across
membranes. Some molecules move freely (unassisted) across
the membrane by simple diffusion. For other molecules, their
diffusion is helped by proteins in the membrane. Diffusion
is important in allowing cells to make exchanges with their
extracellular environment (e.g. the blood and fluids that
bathe them) and is crucial to the regulation of water content.

Factors affecting the rate of diffusion

The rate of diffusion is higher when there is a
greater difference between the concentrations of
two regions.

Diffusion over shorter distance occurs at a greater
rate than over a larger distance.

The larger the area across which diffusion occurs,
the greater the rate of diffusion.

Thick barriers have a slower rate of diffusion than
thin barriers.

Particles at a high temperature diffuse at a greater
rate than at a low temperature.

Lipid-soluble or non-polar molecules pass across
membranes more easily than polar materials, so
their rates of diffusion are faster.

As the density of a solvent increases, the rate of
diffusion decreases. Cellular dehydration adversely
affects diffusion rates within cells.

C
@ — Inorganic ion

lon channel protein

o‘:k:%ﬁ

Facilitated diffusion involving channel
proteins (hydrophilic pores)

Channel proteins (water-filled pores) allow
selective permeability of substances such as
inorganic ions to pass through. Aquaporins are
special channel proteins for rapid diffusion of
water. Example: K* ions exiting nerve cells to
restore resting potential.

BHEFE
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1. What do the three types of diffusion described on the previous page all have in common?

2. How does facilitated diffusion differ from simple diffusion?

3. Why is carbon dioxide able to continually diffuse out of cells?

4. Why would a thin flat cell have a greater rate of diffusion to and from its centre than a thick spherical cell?

Observing diffusion
Diffusion through a partially permeable membrane can be modelled using dialysis tubing. The pores of the dialysis tubing

determine the size of the molecules that can pass through. In the experiment described below, you will investigate how glucose will
diffuse down its concentration gradient from a high glucose concentration to a low glucose concentration and demonstrate, via the

model, the selective permeability of the plasma membrane.

Investigation 4.1 Simple diffusion across a membrane

See appendix for equipment list.

1.

Add 200 mL of distilled water to a clean 200 mL beaker. Remove a 1 mL
sample and place in a clean test tube. Use a glucose dipstick to test for
the presence and concentration of glucose in the 1 mL sample. If glucose
is present, the indicator window will change colour. The colour change can
be compared against a reference to determine the concentration of glucose
present.

Now add a few drops of Lugol's indicator to test for the presence of starch.
Lugol's indicator contains iodine, and turns blue/black in the presence of
starch.

Obtain a short section of dialysis tubing, approximately 10 cm long. Use thread
or nylon line to tie off one end (or tie a knot in the tubing if long enough).

You may need to rinse the tubing under water to make it pliable enough to
open.

Fill the dialysis tubing with 5 mL each of a 1% starch solution and a 10%
glucose solution.

Remove a 1 mL sample and place in a clean test tube. Tie off the top of
the dialysis tubing, rinse well with distilled water, then place in the beaker of
distilled water.

Test for the presence and concentration of glucose and then starch in
the sample from the dialysis tubing as in steps 1 and 2.

Leave the dialysis tubing in the distilled water for 30 minutes.

Distilled
water

Solution containing
starch and glucose

Remove 1 mL of water from the beaker and place in a clean test tube. Use a glucose dipstick to test for the
presence and concentration of glucose. Test for the presence of the starch using Lugol's indicator.

.Remove a 1 mL sample from the dialysis tubing and place in a clean test tube. Use a glucose dipstick to test for

the presence and concentration of glucose. Test for the presence of the starch using Lugol's indicator.
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5. What is the aim of the experiment?

6. What part of a cell does the dialysis tubing represent?

7. Why was it important to wash the dialysis tubing before placing it into the beaker of distilled water?

8. Complete the result table, right:

Beaker Dialysis Beaker Dialysis

For relative concentration of stant’ [ tubing start = "end tubingend
glucose, use + for relatively low
concentration and ++ for relatively Starch (+/-)
high concentration.

Glucose
(relative concentration)

9. In the spaces provided (below) draw the distribution of starch and glucose at the start and at the end of the
experiment. Use the coloured symbols shown under the table to represent starch and glucose:

Dialysis tubing I Beaker Dialysis tubing I Beaker
start start end end

. Starch
I I

| | o Glucose

10. Explain your results:

11. Suggest how a cell could regulate the rate of facilitated diffusion of specific molecules:

12. Why is glucose able to continually diffuse into a cell?

13. Study the images below. Place them in order of first event to
A B c last event. Explain your order of events in terms of diffusion:
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92 E Diffusion and Cell Size

Key ldea: Diffusion is less efficient in cells with a small
surface area relative to their volume than in cells with a large
surface area relative to their volume.

Small objects, such as cells, have a large surface area relative
to their volume and diffusion is an effective way to move
materials in and out. As an object becomes larger, its surface

Single-celled organisms

Single-celled organisms (e.g. Amoeba), are small and
have a large surface area relative to the cell's volume. The
cell's requirements can be met by the diffusion or active
transport of materials into and out of the cell (below).

Carbon
dioxide

Wastes

The plasma membrane, which surrounds every cell, regulates
movements of substances into and out of the cell. For each
square micrometre of membrane, only so much of a particular
substance can cross per second.

The diagram below shows four hypothetical cells of
different sizes. They range from a small 2 cm cube
to a 5 cm cube. This exercise investigates the effect
of cell size on the efficiency of diffusion.

3 cm cube

2 cm cube

4 cm cube

area to volume ratio is smaller and diffusion is no longer
an effective way to transport materials to the inside. The
effectiveness of diffusion is therefore the controlling factor
determining how big an individual cell can become. In large,
multicellular organisms, specialised systems deliver materials
to the many cells that make up the tissues of the body.

Multicellular organisms

Multicellular organisms (e.g. plants and animals) generally
have a small surface area compared to their volume. They
require specialised body systems to transport the materials
they need to and from the cells and tissues in their body.

In a multicellular organism,
such as an elephant, a
specialised gas exchange
surface (lungs) and
circulatory (blood) system
transport substances to the
body's cells.

5 cm cube

1. Calculate the volume, surface area and the ratio of surface area to volume for each of the four cubes above (the first
has been done for you). When completing the table below, show your calculations.

Cube size Surface area Volume Surface area to volume ratio
2 cm cube z TZ fm’; 26c;1 ng ;g’ezs) z (’r:ei:]h’t( XZWiZtt?Xcg;zth) 24t08 = 31
3 cm cube
4 cm cube
5 cm cube
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E Comparing Cell Sizes

Key Idea: Different types of cells vary in size and this is a

function of their specialisation.

Humans have around 200 different specialised cell types,
and each type has adaptations to allow it to perform a
particular role. One adaptation is cell size. Different types of

Typical sizes of various human cells

5um = N
\'\
Sperm cell ——\://ﬁ/
5.1 um
(head length)
Red blood cell
7-8 um

25 pm

Egg cell
130 ym

Smooth muscle cell
30-200 pm long

ElERE
kil
[=]5Feey

Unit of length (international system)

Unit Metres Equivalent
1 meter (m) Tm = 1000 millimetres
1 millimetre (mm) 10 3m = 1000 micrometres
1 micrometre (um) 10 m = 1000 nanometres
1 nanometre (nm) 10 9m = 1000 picometres

Micrometres are sometimes referred to as microns. Smaller
structures are usually measured in nanometres (nm) e.g.
molecules (1 nm) and plasma membrane thickness (10 nm).
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cells are different sizes. These vary from the tiny blood cells,
which need to be small enough to fit through capillaries, to
long neurons that need to connect to other cells throughout
the body. Size is one factor that is integral to the cell's
differentiation, and therefore its function.

. | f » o
oD LAt
'3 | 4 )

AL IS
— bl T

Neutrophil
9-15 um Osteocyte

15 um

Lymphocyte
7-8 um

Neuron
30 pm (soma
diameter)

Cardiac muscle
100-150 pum long

Length of axon can vary
from 1 mm to Tm

1cm

Skeletal muscle cell
2-3 cm long

1. (a) Compare length of the three muscle cells in um:

(b) Why do scientific diagrams require the inclusion of a scale
as part of them?
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Key ldea: Diffusion is less efficient in cells with a small
surface area relative to their volume than in cells with a large
surface area relative to their volume.

When an object (e.g. a cell) is small it has a large surface area
in comparison to its volume. Diffusion is an effective way to
transport materials (e.g. gases) into and out of the cell. As
an object becomes larger, its surface area compared to its

Investigating the Effect of Cell Size

volume is smaller and diffusion is no longer an effective way
to transport materials to and from the inside. In this activity
you will design an experiment to demonstrate the effect
of surface area: volume ratios on diffusion in model cells.
Think about how you will plan your investigation and analyse
your data to obtain meaningful results. This will help you to
make valid conclusions about your findings.

Background information

Oxygen, water, cellular waste, and many nutrients are transported
into and out of cells by diffusion. However, at a certain surface area
to volume ratio, diffusion becomes inefficient. In this activity you will
create model cells of varying sizes from agar and use them to test
the relationship between cell size and rate or efficiency of diffusion.

) The diffusion of molecules into a cell can be modelled by using .
agar cubes infused with phenolphthalein indicator and soaked in
sodium hydroxide (NaOH).

) Phenolphthalein is an acid/base indicator and turns pink in the
presence of a base.

- o

- Region of no~
colour change
P

n J
* Region of colour
change

) Asthe NaOH diffuses into the agar, the phenolphthalein changes
to a pink colour and thus indicates how far into the agar block
the NaOH has diffused (right).

) By cutting an agar block into cubes of various sizes, it is possible
to investigate the effect of cell size on diffusion.

A phenolphthalein-infused agar cube after exposure
to NaOH.

Equipment list

'.'__-—-_ __—--‘-‘\
:"\'p"ﬂ-.- = -H"'f
D™ - -
2
Paper towel Timer
S

Glass beaker

Agar blocks infused
with phenolphthalein

3 v‘;ﬂuuon 01 r’i
Corrosive
ke rupace a0
AND USE
MEASURES
Sodium hydroxide
(NaOH) solution
Laboratory tongs M?‘?WW
Bew P *»*z&m"a’”;"m&n?u&.w”
M@m« ¥4 # txhtca‘xtg,"
MMQJ&QW4,3 S "
Ruler 2% 3%:1:@?,;.3,,0&,;,‘;;;:. et
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Based on the aim of this experiment "To investigate the effect of cell size on diffusion in a model cell”, the background information
provided, and the equipment list provided, design your own experiment using the questions below to guide you.

1. State a hypothesis for your experiment:

2. Write your method as step by step instructions:

3. In the space below draw a table to record your results. Remember to record cell volume and include space to work out
how much diffusion has occurred.

4. Write your conclusions here:
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% E Overcoming Limitations to Cell Size

Key Idea: Larger cells can maintain high surface area to
volume ratios by having a non-spherical shape and membrane
extensions. Organelles also increase functional efficiency.

We have seen that cells must exchange materials with the
extracellular environment in order to survive. The efficiency
of these exchanges, which must occur across the plasma

Cell size and functional efficiency

Cells have a wide range of sizes. Large
eukaryotic cells may reach 100 pym in diameter,
whereas bacteria typically only reach a tenth
of that. Eukaryotic cells can remain efficient

at larger sizes in part because they contain
organelles, which concentrate associated
materials (such as the reactants and enzymes
in a metabolic pathway) into specific

regions for specific purposes. These cellular
compartments enable efficiency of function.

Cellular respiration occurs within the
mitochondria, which has regions in which
different reactions occur.

Animal cells, such as this B cell (a type of
white blood cell), often have extensions of
the cell membrane providing a high surface
area for transfer of materials.

Tissues are organised to increase surface
area. Here, the intestinal wall is folded into
projections called villi. Column-shaped
intestinal cells line the surface of the villi.

membrane, is limited by the cell's surface area to volume
ratio. Larger cells can maintain higher SA:V ratios by having a
non-spherical shape and extensions of the membrane. Within
the cell, the presence of organelles specialised to perform
particular functions creates cellular compartments, which
also improve functional efficiency in a larger cell.

Solving the size problem

One way of increasing a cell's surface area while retaining the same
volume is to elongate the cell. An elongated sphere (an ellipsoid, e.g.
a rod shaped cell) has a greater surface area than a sphere of the
same volume. In this way, a cell can grow larger while still gaining the
materials it needs. The cells of multicellular organisms are often highly
specialised to maximise SA: V. The three images below are all to scale.

Y.,

Sphere Ellipsoid Disc shaped ellipsoid
V=2cm? V=2cm? V=2cm3
SA= 7.65 cm? SA= 8.8 cm? SA=14.98 cm?
N D)
White blood cell Skeletal muscle cells Red blood cell

By flattening the ellipsoid along one axis and stretching it along the other two
to form a disc, surface area increases while the volume remains the same.

Microvilli

Intestinal cell

The cell membrane of each intestinal cell
is folded into numerous microvilli. These
increase the surface area for absorbing
nutrient and binding digestive enzymes.

1. Use the formula 4mr2 (where 1t = 3.14) to calculate the surface area of a spherical cell with a radius (r) of:

(a) 2 um:

(b) 5 um:

2. (a) What happens to the SA:V ratio of a spherical cell as its volume increases?

(b) How can eukaryotic cells overcome the restrictions of reduced SA:V as they become larger?

(c) 10 pm:

(d) 30 um:

LEEE
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a Osmosis

Key Idea: Osmosis is the diffusion of water molecules from a
lower solute concentration to a higher solute concentration
across a partially permeable membrane.

Osmosis is the diffusion of water molecules from regions of
lower solute concentration (higher free water concentration)
to regions of higher solute concentration (lower free water
concentration) across a partially permeable membrane. A

partially permeable membrane allows some molecules, but
not others, to pass through. Water molecules will diffuse
across a partially permeable membrane until an equilibrium
is reached and net movement is zero. The plasma membrane
of a cell is an example of a partially permeable membrane.
Osmosis is a passive process and does not require any
energy input.

97

Demonstrating osmosis

Osmosis can be demonstrated using dialysis tubing in a
simple experiment (described below). Dialysis tubing, like

all cellular membranes, is a partially permeable membrane.

A sucrose solution (high solute concentration) is placed
into dialysis tubing, and the tubing is placed into a beaker
of water (low solute concentration). The difference

in concentration of sucrose (solute) between the two
solutions creates an osmotic gradient. Water moves by
osmosis into the sucrose solution and the volume of the
sucrose solution inside the dialysis tubing increases.

The dialysis tubing acts as a partially permeable
membrane, allowing water to pass freely, while keeping
the sucrose inside the dialysis tubing.

Glass capillary tube

Dialysis tubing
i i . (partially permeable membrane)
Dialysis tubing
containing sucrose
solution

Water
molecule

Sucrose
molecule

Net water movement

1. What is osmosis?

Osmotic potential

The presence of solutes (dissolved
substances) in a solution increases the
tendency of water to move into that
solution. This tendency is called the osmotic
potential or osmotic pressure. The more
total dissolved solutes a solution contains,
the greater its osmotic potential.

Describing solutions

Osmosis is important when handling body
tissues for medical transport or preparation.
The tissue must be bathed in a solution

with an osmolarity (a measure of solute
concentration) equal to the tissue's to

avoid a loss or gain of fluid in the tissue.
Solutions separated by a partially permeable
membrane are often described in terms of
their solute concentrations relative to one
another.

Isotonic solution: Having the same solute
concentration relative to another solution
(e.g. the cell's contents).

Hypotonic solution:

Having a lower solute concentration relative
to another solution.

Hypertonic solution:

Having a higher solute concentration relative
to another solution.

Zephyris

The red blood cells above were placed
into a hypertonic solution. As a result, the
cells have lost water and have begun to
shrink, losing their usual discoid shape.

2. (a) In the blue box on the diagram above, draw an arrow to show the direction of net water movement.

(b) Why did water move in this direction?

3. What would happen to the height of the water in the capillary tube if the sucrose concentration was increased?
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7 Estimating Osmolarity of Cells

Key Idea: Determining loss or gain of mass in tissues allows  tissue into a series of solutions of known concentration and
us to determine the osmolarity of the tissue's cells. observing if the tissue loses (hypertonic solution) or gains
The osmolarity (a measure of solute concentration) of a  (hypotonic solution) water. The solution in which the tissue
cell or tissue can be estimated by placing part of the cell or  remains unchanged indicates the osmolarity of the tissue.

Investigation 4.2 Estimating osmolarity

See appendix for equipment list.

1. Prepare 6 beakers of sucrose (C1%H220H, table sugar) solution with the concentrations of 0.0 (distilled water),
0.1, 0.2, 0.3, 0.4, and 0.5 mol L™" of sucrose (0, 34.2 g, 68.5 g, 102.6 g, 136.9 g, and 171.1 g per litre).
Label the beakers so that they can be easily identified at the end of the experiment.

2. Peel a potato and cut it into 18 identical cubes 1 ¢cm3 (1 cm x 1 ¢m x 1 c¢cm) or use a cork borer to produce 18
identical cylinders of potato. Pat the potato cubes dry with a paper towel.

3. Weigh three cubes together, record their mass in the table below under initial mass. Place the cubes in the
beaker of distilled water.

4. Repeat step 3 with the other 15 potato cubes and concentrations. Make sure you identify each beaker so the
cubes can be weighed at the end of the experiment.

5. Leave the potato cubes in the solutions for at least 40 minutes (or up to 24 hours).

6. Remove the potato cubes from the distilled water and pat dry with a paper towel. Weigh all three together and
record their mass in the table below under final mass.

7. Repeat for all the other concentrations of sucrose.

8. Calculate the change in mass (if any) for all the concentrations. Then calculate the % change (+ or -) (this
removes any error based on the masses of the potato cubes not being identical).

9. Plot the % change vs sucrose concentration on the grid provided.

Need help?

See Activity 12

1. Use the grid below to draw a line graph of the sucrose

Sucrose concentration Initial mass ()  Final mass (F) - o f
concentration vs total % change in mass:

(mol/L) ((¢)) ((¢))

0.00

Change (C) = (F-I) (g)

% Change = (C/I x 100)

0.1

Change (C) = (F-I) (9)

% Change = (C/I x 100)

0.2

Change (C) = (F-I) (g)

% Change = (C/I x 100)

0.3

Change (C) = (F-I) (g)

% Change = (C/I x 100)

0.4

2. Use the graph to estimate the osmolarity of the potato (the
Change (C) = (F-1) (9) point where there is no change in mass):

% Change = (C/I x 100)

0.5

3. Which of the solutions are hypotonic? Which are hypertonic?

Change (C) = (F-I) (g)

% Change = (C/I x 100)

CHOEER
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a Water Relations in Plant Cells

Key Idea: Plant cells in a hypertonic solution lose water and
undergo plasmolysis. In a hypotonic solution, they gain water
creating turgor pressure.

Osmosis across the partially permeable cell membrane
is the main way by which water enters and leaves the cell.

Osmosis and tonicity

When the watery contents of a plant cell push against the

cell wall they create turgor (tightness) which helps to provide
support for the plant body. When cells lose water, there is a

loss of cell turgor and the plant will wilt. Complete loss of turgor
from a cell is called plasmolysis and is irreversible. Two systems
(cell and environment) with the same effective osmotic pressure
are termed isotonic and there is no net movement of water
molecules. However, when there is an osmotic gradient between
the cell and environment there will be a net movement of water
molecules down their concentration gradient. The diagram
below shows two different situations: when a plant cell is in a
hypertonic solution and when it is in a hypotonic solution.
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Plasmolysis in a plant cell

Tonicity is a measure of the osmotic pressure of a solution. In

a hypertonic solution, the external free water concentration is
lower than the free water concentration of the cell. Water leaves
the cell and, because the cell wall is rigid, the cell membrane
shrinks away from the cell wall. This is called plasmolysis and
the cell becomes flaccid.

1. Identify the outcome of the following situations:

(a) A plant cell is placed in a hypertonic solution:
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When the external concentration of free water molecules is
the same as that of the cytoplasm there is no net movement
of water. Changing the tonicity of the external environment
will cause a net movement of water into or out of the cell as
water moves down its concentration gradient.
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Turgor in a plant cell

In a hypotonic solution, the external free water
concentration is higher than the cell cytoplasm. Water enters
the cell, causing it to swell tight. A wall (turgor) pressure is
generated when the cell contents press against the cell wall.
Turgor pressure increases until no more water enters the cell
(the cell is turgid).

(b) A plant cell is placed in a hypotonic solution:

(c) A plant cell in an isotonic solution:

2. (a) Explain the role of cell wall pressure in generating cell turgor in plants:

(b) Discuss the role of cell turgor in plants:
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Investigating Membrane Solubility and Diffusion

Key Idea: The rate of diffusion of molecules through the readily diffuse across the membrane, the molecules will enter
plasma membrane can be determined by measuring the the RBCs by diffusing down their concentration gradient.
change in light absorbance as a solution of red blood This will draw water into the RBCs (by osmosis) and burst
cells haemolyses. (haemolyse). When the RBCs burst, the cellular material
How a cell behaves when suspended in a solution depends  settles out of suspension and the solution becomes clear. By
on whether or not the molecules or ions in the solution can  using a spectrophotometer to measure the rate at which the
cross the plasma membrane. If red blood cells (RBCs) are  solution becomes clear, it is possible to determine the rate at
suspended in a concentrated solution of molecules that can  which the molecules are crossing the plasma membrane.
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diffusion across the plasma membrane.
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The method e
Diffusing
» 0.3 molL"solutions of glucose, sucrose, urea, and glycerol were prepared (this molecule
concentration is greater than the cell internal concentration). A blank solution
of distilled water was also prepared. Molecular weights (MW) are as follows: Water
glucose (MW 180), sucrose (MW 342), urea (MW 60), and glycerol (MW 92). molecule
) Both urea and glycerol readily diffuse across the plasma membrane. Glucose is
transported across the membrane by a carrier protein. ‘ /
) 3 mL of each solution was mixed with 0.1 mL of a sheep RBC suspension and Hypertonic
added to cuvettes. The cuvettes were placed into a spectrophotometer and solution
absorbance measured over 15 minutes. The results are plotted below: ®
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1. (a) Which molecule crosses the membrane the fastest?
(b) Which molecule appears to be unable to cross the plasma membrane?
(c) List the molecules in order of their ability to cross the plasma membrane (fastest to slowest):
2. (a) What is the largest molecule used in the experiment?
(b) What is the smallest molecule used in the experiment?
(c) How does size affect the rate at which molecules can cross the plasma membrane?
3. Why don't the RBCs in the glucose solution haemolyse even though glucose is transported across the membrane?
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Key Idea: Active transport uses energy to transport regions of low concentration to regions of high concentration
molecules against their concentration gradient across a  across a cellular membrane by a transport protein. Active
partially permeable membrane. transport needs energy to proceed because molecules are
Active transport is the movement of molecules (orions) from  being moved against their concentration gradient.

) The energy for active transport comes from ATP

(adenosine triphosphate). Energy is released when ATP Active Active
is hydrolysed (water is added) forming ADP (adenosine /\
diphosphate) and inorganic phosphate (Pi).
) Transport (carrier) proteins in the membrane are used o
to actively transport molecules from one side of the . o
membrane to the other (below). Passive
) Active transport can be used to move molecules into A ball falling is a passive process (it It requires energy to actively
and out of a cell. requires no energy input). Replacing move an object across a
) Active transport can be either primary or secondary. the ball requires active energy input. physical barrier.
Primary active transport directly uses ATP for the o
energy to transport molecules. In secondary active &
transport, energy is stored in a concentration gradient. Som?“mes th? energy of a
The transport of one molecule is coupled to the \ passively moving object can be

used to actively move another. For

movement of another down its concentration gradient,
example, a falling ball can be used

ATP is not directly involved in the transport process.

. to catapult another (left).
Active transport
ATP binds to a A molecule or ion to be 9 ATP is hydrolysed and the o The molecule or ion is
transport protein. transported binds to the energy released is used to released and the
transport protein. transport the molecule or transport protein reverts
ion across the membrane. to its previous state.
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1. What is active transport?

2. Where does the energy for active transport come from?

3. What is the difference between primary active transport and secondary active transport?
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Key Idea: lon pumps are transmembrane proteins that use
energy to move ions and molecules across a membrane
against their concentration gradient.

Sometimes molecules or ions are needed in concentrations
that diffusion alone cannot supply to the cell, or they cannot
diffuse across the plasma membrane. In this case ion
pumps move ions (and some molecules) across the plasma

Extracellular fluid or Sodium-potassium pump
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Sodium-potassium (Na*/K*) pump

The Na*/K* pump is a protein in the membrane that uses
energy in the form of ATP to exchange sodium ions (Na*)

3 Na*are pumped out
of the cell for every 2
K* pumped in

lon Pumps and Cotransport
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