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Using BIOZONE's Resource Hub

» BIOZONE's Resource Hub provides links to online content supporting the activities in the book. From this site (below),
you can also explore BIOZONE's collection of annotated 3D models and check for any errata or clarifications to the book
or model answers since printing. Activities with Resource Hub support are indicated by a grey tab (below) at the bottom of
the activity page. Most activities have resources to support them.

» The external websites are generally narrowly focussed animations, illustrated content, or video clips relevant to some
aspect of the activity on which they are cited. They provide great support to help your understanding.

www.BIOZONEhub.com

Then enter the code

VCE11-2-6368

in the text field Or scan this QR code
VCE Biology Units 1&2
by S i Lo st cumtert! ek WEPSrs {1 ot it e 00,
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the workbook

Activity in
the workbook

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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Using This Book

This edition of Biology for VCE Units 1 & 2 has been specifically written to meet the content and skills requirements of

the Victorian Certificate of Education, Biology, Units 1 and 2. The workbook follows the unit structure outlined in the Study
Design, so it is easy for you to know where you are in the course. Unit and Area of Study breaks help you navigate through
the content. Each chapter has an introduction page so you can see the key knowledge and skills requirements for each
chapter. You can review and test your understanding, and prepare for assessments and exams by carrying out the Chapter
Review and Synoptic Question activities.

» A structure of a unit is outlined below, it will help you identify the features within each unit.

Unit break Area Chapter Activities Chapter Chapter
of Study  Introduction Review Introduction
Chapter introduction Activity pages Chapter review
* A check list of key * Contain essential
knowledge. knowledge. the chapter content.
* A list of key terms. * Questions review the * Develop your scientific

0

content of the page. literacy.

Cellular Structure and Function

'

u Chapter Review: Did You Get It?
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Activities Chapter Synoptic

Review Questions

Synoptic questions

e Test your understanding of * Synoptic questions conclude

the unit and area of study
covered in the workbook.

* Practise your written exam
skills.

u Synopti .
et PLic Questig
o

n: Unit 1,

|
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The chapter introduction provides you The activities form most of this Free response questions allow

with a summary of the knowledge and workbook. The activity number is found you to use the information on the
skills requirements for the topic, phrased at the to of the first page. Each activity page to answer questions about
as a set of learning outcomes. Use the has a short introduction with a key the content of the activity, either
check boxes to identify and mark off the idea identifying the main message of directly or by applying the same
points as you complete them. The chapter the page. Most of the information is principles to a new situation. In
introduction also provides you with a list associated with pictures and diagrams. some cases, an activity will assume
of key terms for the chapter, to help you understanding of prior content.
practise using scientific language. £

”

€
$
j‘l

. {
From Chromosomes to Genomes Adaptations of Xerophytest

Key Idoa: Xerophytes aro plants with adaptations that sllow  show adaatio
hem 10 Consenve waler and survive in dry envirnmenis.
Plants adepted to dry condiions are caled xerophyles. sunken
Necophytes ave found in & number of eewirormens, but ol sbsence

Genes, genomes, and alleles it ¥ Most xerophyles sre found in deserts, bul they may
Key skills and knowledge thair

CHAPTER

pr
10015 9 I cry micro-environmants (6.9, the roots of
Key terms [ 1 Distinguish between a genome, gene, and allele. State how the genome is measured 81 epiphyc plants thal grow on tres trurks of Branches).

allele and describe the variation in genome size between different organisms > Mary aeroptyles have & succuent marshalogy. Ther
neuploidh . stems are ollen thickened and retsin 8 large smount

aneuploidy O 2 De(scnbe I:e bals\c s‘(hruc(u‘re 71 N ;epl\cale:i chromosolzne as seen :}Ame(aphaze <|>¢ 82 of water In e tisouss, .5, ADe.

chomatid mitosis and explain the role of histone proteins in packaging the DNA in an orderly, > i e & e o~

highly organised way. Identify the chromatids and the role of the centromere. Many serophy/ S il et
chromosome ighly org . Identity ko, reducing the amcunt of water lost trough
crossing over O 3 Distinguish between autosomes and sex chromosomes. Explain what is meant by 82 trenapiaton,

a homologous pair of chromosomes. Appreciate that the sex chromosomes are not 4 and many alpn Ao oot surbeon costed in five b
diploid homologous and explain why. Show mRremarphic 1Rales In azoras 10 e sk tmaps alr s 10 the suracs anc
fertilisation ol froe waler and High innspesionsl losses in these MO o b AT (8.

N [ 4 Describe how the number and size of chromosomes and the number of genes they 83 ohen windy, EIposed envipnmEnts.
gamete carry varies between different organisms. Recognise that there is no clear relationship
gene between number of chromosomes, number of genes, and organism complexity.
genome
haploid .
histone r ot

homologous chromosomes

independent assortment .- Ll
I F 9
A red TEST tab shows
you where there is an L.
) 1oss. Trichomes (maf ‘hairs) masntain
assessment task for the iopr sk 1 o e
w n individual's complete set of chromosomes 84
Area of Study. ized way 1o produce a karyogra.
chvomesomes fail to separate during meiosis 85 . Whatbe
syndrome (non-disjunction). Show in a diagram how non-disjunction in meiosis can produce
& abnormal gametes and lead to an individual having too few or too many chromosomes.
% o - Explain how a karyogram can be used to identify chromosomal abnormalities, 84 85 2. Descrba three xeromoephic adaptations of plants that reduce water losd
particularly aneuploidies, e.g. Down syndrome (autosomal trisomy), and Turner and
Klinefelter synd (sex (L]
S Create a karyogram to determine phenotype by matching the size and (bt
« I banding pattern of individual chromosomes. 8
)

3. How doos creating a meist microcimate around the nnduﬁ%"x-m!mﬂmmmv

= the Me cycle of sexually reproducing 87

A green PRAC tab indicates
a practical investigation is o tapring. | e metessand

included in the activit ents in meiosis: 88 89 4. How doas a low surface area to volume ratio in a plant such as a cactus recuce water kss?
y. kmosomes in prophase | of melosis.
lossing aver.
& '
% o oG casnase
“ « The non-dividing centromere in metaphase I.
. e . § 5. How doos a 0actus photomythesise gren |t has no leaves?

[ 12 Explain how the events in meiosis lead to production of haploid gametes (or haploid 88 89

-, spores in plants) from diploid cells.
O 13 [ZZI9 Investigate the key events in meiosis using a simple physical model. 90

€0621 SIUEOME brmutiand
SO 71204506384
P g Pos b s e et

Resource Hub tabs at the bottom of Pictograph tabs identify where a Connect tabs at the bottom
the activity page show where external, Key Science Skill is covered. A full of the activity page identify
online support material is provided description of the pictograph codes is activities that are related in
for an activity. The types of resources given on the following page. that they build on content or
vary and include animations, video apply the same principles to
clips, photo libraries, articles, or a new situation.

quizzes. Bookmark the link to
Resource Hub (see next page) and
visit it often as you progress through
the workbook.

PHOTOCOPYING PROHIBITED ~ © 2021 BIOZONE International



viii

Using the Tab System

» The tab system is a useful way to identify

important parts of the VCE Biology course.
The tabs also allow you to see at a glance
if online support is provided and if there are

Key Idea: Temperature and solvents can disrupt the structure
of cefiular membranes and alter their permeability.

content links with other activities. y can be o it are

A group icon in the margin
shows where you canwork —— >~

subjected to high temperatures or solvents. At temperatures
above the optimum, the membrane proleins become

Bootroot cubes

See sppendix for equpment Kst.

Factors Altering Membrane Permeability

denatured. Alcohols, €.g. ethanol, can aiso denature proteins.
In both instances, the denatured proteins no longer function
properly and the membrane loses its selective permeability
and becomes leaky. In addition, the combination of alcohol
and high temperature can also dissolve lipids.

Plant celis often contan a large central vacuole surrounded by a
membrane called a tonoplast. In bastroot plants, the vacucie contains
a water-soluble red pigment called betscyanin, which gives beetrcal its
colour. If the lonoplast is damaged, the red pigment lesks out into the
sumounding environment. The amount of lesked pigment relates 1o the
amount of damage o the tanoplast

Investigation 2.2 The effect of temperature on membrane permeability

in pairs or small groups to 1. Usa a cork borer with an infernal diemeter of 4 mm %o produce IS cylinders of beetract 20 mm lang. Place

complete a task or activity.
Working in groups allows you

them in a beaker of distillad water.

temperatures with the water baths.

2. Set up five sets of three test tubes of 5 mL of distilled of water ot the following temperatures using
water baths: 0°C (ice bath), 20°C, 40°C, 60°C, 90°C. Leave for o few minutes to equalise the distilled water

to experience the benefits 3. Remove the beetroot from the distilled water and pat dry with o paper fowel. Place one cylinder of beetroot

into each test tube. Leave them for 30 minutes.

of collaboration. Scientific 4. Remove the bestroot from the fest tubes. Obsarve sach group of test tubes and record the colour of the

vocabulary is extended as
you listen to the ideas of
others and share and discuss

water in the table below.

o

your own ideas.

Page tabs show where Key Science

Calculate the mean absorbance for each temperature.

5. Zero a colorimeter set to 530 nm with distilied water then use it to measure the absorbance of gach
beetroo! sample and record the absorbance in the fable below.

Temperature Absorbance at 530 nm -
2] | sample1 | ssmple2 | sample3 |
0
20
0
60
%0

1. Why is it important 1o wash the beetroot cubes in distiled water prior to carrying out the experiment?

2. (a) Based on the results in the table above, describe the effect of

P on parmeability:

Skills are specifically addressed. Some

activities may incorporate using more
than one skill. Other activities may be

(b) Explain why this effect occurs:

informational and no specific skill is

is online support, links to activities with

related or background content, or useful

identified. The tabs also indicate where o ey m n n n

reference material in an appendix.

Grey hub tabs indicate
the activity is supported
on the Resource Hub.

See page v for details. the book

Green tabs make
connections to related
activities elsewhere in

*CEEPHLTT

1

Blue tabs indicate the activity covers the following key skills (L — R):

Develop aims and questions, formulate hypotheses, make predictions
Plan and conduct investigations

Comply with safety and ethical guidelines

Generate, collate, and record data

Analyse and evaluate data and investigation methods

Construct evidence-based arguments and draw conclusions

Analyse, evaluate and communicate scientific ideas

PHOTOCOPYING PROHIBITED  © 2021 BIOZONE International

Red tabs indicate appendices (L — R):

A-1: Which graph to use?

A-2: Basic mathematical formulae
A-3: Glossary

A-4: Equipment list

See pages 276-283

1
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Assessment Tasks and Key Science Skills

Assessment Tasks
Assessment Tasks form an important component

Outcome 1 Bioethical Issues Associated with Stem Cells  Activity 47
of the VCE Biology Study Design. BIOZONE's VCE — : ; .y
Biology contains material in each Area of Study to  OQutcome 2 Investigating Stomatal Density Activity 67
support you in preparing for and completing these  Qutcome 3  Investigating Organism Function Chapter 6
mandatory Outcome assessments. Assessment
Tasks are identified in the table, right.
Outcome 1 Making a Karyogram Activity 86
The assessment task is Outcome 2  Tasmanian Devil: Disease and Populations Activity 140
clearly identified on the page. Outcome 3  Exploring Bioethical Issues Chapter 12

&
P4
‘@’methical Issues Associated with Stem Cells u Making a Karyogram
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Key science skills

Developing and using science skills is an important component of the
VCE study design. You should be able to use a variety of key science
skills, and see their relevance in scientific inquiry and real world
applications. Many of the skills you need are explained first in the "Key
Science Skills" chapter at the beginning of this book. Specific scientific
support and guidance relating to Area of Study 3 in Units 1 & 2 are also
provided (Chapters 6 and 12). Refer to these chapters at any time to
review the skills covered there. These include:

Forming hypotheses Analysis and evaluation

Safety and ethical considerations Graphing
Collecting and collating data Mathematical skills

Experimental design Descriptive statistics

v Vv Vv Vv Vv
v v v v Vv

Recording data Argumentation

BIOZONE's VCE Biology provides many opportunities to practise
and develop mathematical skills. By completing activities,
practicals, and synoptic questions you can practise and develop
confidence in data analysis and evidence-based argumentation.
Tasks include measuring and recording data, using formulae,
interpreting graphical and numerical information, and using
mathematics to justify conclusions.

m A Template for your Investigation
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Answering Exam Questions

» Exams require you to demonstrate your understanding of a particular concept by providing a written paragraph or essay.

» Open answer questions (meaning there is no definitive answer) are designed so that you can demonstrate your level
of understanding. The question may give you some guidance as to what you should include in your answer, such as
definitions of certain terms or to provide specific examples.

» In order to gain the highest possible mark in these questions, you need to lay out your answer in a clear and logical way
so that the examiner can easily see how you have demonstrated your understanding of the topic.

» The difference between you obtaining a low, mid, or high grade depends on how well you demonstrate your understanding
of a concept.

* Defining, drawing, annotating, or giving a description demonstrates a basic understanding of the material.

* Explaining how a process works, why it works, and how changes to it may affect an outcome shows a deeper understanding
of how the system works in that situation.

* Linking biological ideas, comparing and contrasting, analysing, or justifying ideas shows both a deep understanding and an
ability to translate that understanding to a new situation.

» The following example shows how an answer can be built up from a simple definition, through explanation, to comparisons
and linking of ideas.

The human digestive system consists of specialised cells, tissues, and organs.
Provide an overview of the digestive system and use a specific example to
discuss how the specialisation and organisation of the cells, tissues, and
organs contributes to its overall function and efficiency.

A brief description of the The o\'\ges‘\"\ve sys’rew\ s vespov‘s\b\e for the ‘mges*‘\on and breakdown of

overall function of the digestive >
system is provided. 9 food, nutrient o«bsovp‘\"\ow. and elwwwation of uvxd'xgeﬁed wmoteral The maw
components of the d'vaesf\ve sysfevn are the teeth and o\‘\ges’r'\ve 3\ow\o\s W the
The main components of the wmouth, stomach, small and \avge wiestnes and associated ovgons ( powcreos,
digestive system are identified.

ga\\ bladder and \wev). Eoch s spec'\a\'\sed ‘o cowry out a specific vole.

The humon dgestive system s essentiolly o one -way tube dwided wto
The digestive system is a

collection of specialised
cells, tissues, and organs. of tosks) ossocioted with dgestion. A \n‘\evavc\ny of organisation (cells

————> vegows. Each region s SPec"\a\'\sed to PerF orm a Pav’f"cu\av fasK (or qroup

form tissues and Tissues form ovgowxs) and spec'\a\'\sed voles of the sys‘\'e\m S

) components wprove the overall efficiency of the dgestive process.
The stomach is used as

anexampletoshowhow _ _ Tisis Wustroted by the stomackh. In the stomach, ngested food s mixed with
specialisation contributes to

functionality and efficiency. HQ w o very ocdic envivonment (ph L5 - 2.0). The low ph has two purposes:
Other examples (e.g. alkaline D v begws the chemical breakdown of some food particles wio smaller
environment and increased

surface area of the small wolecules,

intestine) could also be used. 2) the maw digestive enzyme n the stomach (peps) s activated This

enobles pepsw to d‘\ges’r (breok down) protewmmolecules w the '\vxges’red food.

Specialisation i Several spec'\o«\'\ﬁa‘\"\oms allow the stomoch to corry out this vole.
ecialisation improves
ef?iciency (food mpolecules, > -~ Muscular layers allow effcient mixing of the stomoch contents with the

especially protein, are partially ocid fo moxwise chemicol pre -dgestion.
digested before moving to the
small intestine).

- Goblet cells secrete mucus Yo protect fthe stomoch Vg from be‘mg d‘gesi’ed
and daw\o«ged by the \r\"\a\r\\y ochde HA.

Gastric 3\av\ds W the stomach contawn sPec’\a\'\sed cells Yo and d‘\gey\"\ovﬁ

Specialised cells in the
stomach (and their roles)
are clearly stated.

- Qnvef cells secrete pepswogen (a precursor Yo Peps’m\ wio the stomoch

- Pavietal cells, onduce HA (a\\ows for some chemical d‘\ges‘\"\om and a\so
cownverts pepsmogen wio the octive enzyme PePs‘w\)\

~ Endocvne cells secrete the hovrmone 3as’fv‘w\ (Sas‘h’wx promotes KA production)

A concluding statement Reg'\ovxa\ specialisation ond sequentiol d‘\ges’r‘\on W the d'vaesf\ve sysfem
summarises the role of regional ———»
specialisation and sequential

processing of food.

enable the most s 3q‘w\eo\ from the nutrients contawned w the food eaten.

PHOTOCOPYING PROHIBITED  © 2021 BIOZONE International



Key terms
accuracy
anecdote
argumentation
assumption
data

histogram
hypothesis

line of best fit
mean

median

mode

precision
prediction
primary data
qualitative data
quantitative data
random error
reliability
replication
sample size
scientific evidence
secondary data
standard deviation
systematic error

validity

O

Key Science Skills

Key science skills

Background in activities noted. Covered in following chapters in context.

Develop aims and questions, formulate hypotheses, make predictions

1 Identify and construct aims and questions for investigation. Formulate hypotheses and
make predictions about possible outcomes of your investigations. Identify dependent,
independent, and controlled variables in controlled experiments.

Plan and conduct investigations

2 |dentify different investigation methodologies and select and use methods
appropriately. Consider aspects of sampling methodology, sources of error,
assumptions, and the type and amount of data you will generate or collate.

3 Show an ability to work independently or collaboratively as the situation demands.
Adapt methodologies as required and record and justify these modifications.
Comply with safety and ethical guidelines

4 Demonstrate safe laboratory practices during your investigations and apply relevant
occupational health and safety guidelines during practical work. Demonstrate ethical
conduct when undertaking and reporting investigations.

Generate, collate, and record data

5 Systematically generate and record primary data, and collate secondary data, as
appropriate to your investigation. Record and summarise qualitative and quantitative
data, and show proper use of a logbook as a tool for authentication.

6 Organise and present data so that it is useful and meaningful. You can use schematic
diagrams, flow charts, tables, and correctly drawn bar and line graphs.

\\ o A%
.

Analyse and evaluate data and investigation methods
7 Use mathematics to process quantitative data, taking care to use appropriate units.
Know how to calculate ratios, percentages, percentage change, and mean.

8 Evaluate experimental data for accuracy, precision, reliability, and validity. Identify
outliers, and contradictory or provisional data. Repeat experiments to increase your
confidence in your findings.

9 Evaluate your methods and possible sources of error. Suggest improvements to
increase the accuracy and precision of your data, and to reduce errors.
Construct evidence-based arguments and draw conclusions

10 Recognise scientific and non-scientific ideas and distinguish evidence from anecdote

and opinion. Evaluate data in relation to your hypothesis or prediction. Use reasoning to

construct a scientific argument and to draw and justify conclusions consistent with the
evidence. Describe and explain the limitations of those conclusions. What are the wider
implications of your findings?

Analyse, evaluate and communicate scientific ideas

11 Use appropriate terminology and clear, concise, and coherent expression when
analysing, evaluating, and communicating scientific ideas. Discuss biological concepts,
theories, and models and how they are related. How are theories and models used to
understand biological phenomena? What are their limitations?

12 Critically evaluate scientific media, processes, claims, and conclusions in relation to
evidence. Analyse and evaluate bioethical issues.

13 Acknowledge all sources of information and assistance appropriately.

Activity
number

214




Key Idea: Hypotheses are tentative, testable explanations for
observed phenomena. Hypotheses can be used to generate
predictions about a system or its behaviour.

Science is the pursuit and application of knowledge and
understanding of natural phenomena following systematic
evidence-based methods. The practice of science involves

Aims, Questions, Hypotheses, and Predictions

asking questions and posing testable and falsifiable
hypotheses about the things we see around us. A hypothesis
leads to one or more predictions about the way a system will
behave. Like all of science, hypotheses are not fixed, but can
be modified as we gather more information about the system
or the phenomenon we are interested in.

Understanding science

Science is a process through which we
can understand what we see. Science has
application in the modern world and is
creative and collaborative. It distinguishes
itself from other ways of understanding

by using empirical standards, logical
arguments, and skeptical review.

Benefits and
outcomes

Use findings to develop
technology, solve
problems, answer

questions, educate.

Exploration
and discovery

Questioning,
observing,
and sharing
information

Investigating and
testing ideas
Carrying out
investigations,
comparing results
to predictions, and
developing models that
explain observations,

Above all, science is a global
human endeavour and, while
rigorous, it requires creativity
and imagination. New research
and ways of thinking can be
based on the well-argued idea of
a single person.

Analysis and feedback

Review and
discussion of results.
Publication and repeat
investigations.

Observations, hypotheses, and predictions

» An observation is watching or recording what is happening.
Observation is the basis for forming hypotheses and
making predictions. An observation may generate a
number of hypotheses (tentative explanations for what we
see). Hypotheses should have a sound theoretical basis
and should be testable and falsifiable (able to be refuted
by evidence).

» A hypothesis will lead to one or more predictions. These
are statements of what you expect to happen under certain
conditions. Predictions can be tested by investigation.

» Hypotheses are written as statements, e.qg. "Higher
temperatures increase water loss in plants". For every
hypothesis, there is a corresponding null hypothesis:

a hypothesis of no difference or no effect, e.g. "Higher
temperatures have no effect on water loss in plants". A null
hypothesis allows a hypothesis to be tested statistically. A
hypothesis can then be rejected if the experimental results
do not support it.

A research hypothesis is often written as a statement
to include the prediction: "If X is true, then if | do Y (the
experiment), | expect Z (the prediction)".

Any biological investigation requires you to make
assumptions about the system you are working with.
Assumptions are features of the system (and investigation)
that you assume to be true but do not (or cannot) test.
They are usually based on prior knowledge.

O (2

Observations: The shining bronze cuckoo has been observed
to selectively feed on caterpillar species known for their toxicity
to vertebrates, including brightly coloured monarch caterpillars
and the hairy woolly-bear caterpillars of the magpie moth. These
caterpillars are avoided by other bird species.

Question: How are cuckoos able to eat toxic prey without being
affected by the toxins?

Assumptions: Cuckoos can see the bright warning colours. The
toxins in the caterpillars would affect the cuckoos if absorbed.

©2021 BIOZONE International
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Generate a hypothesis for the question " How are cuckoos able to eat toxic prey without being affected by the toxins?"

n

Generate a prediction about shining bronze cuckoos fed on toxic caterpillars:

> For the example of the shining bronze cuckoo, the investigation would
involve a careful observational field study to collect data about how
birds behave after eating toxic prey (photograph right). In fact, shining
bronze cuckoos, like other cuckoos, have a number of adaptations
to avoid being poisoned, including shaking the gut out of the prey
and trapping toxic caterpillar "hairs" in the inner mucous lining of the
stomach, which is periodically vomited out.

> However, many of our questions in science are investigated using
controlled experiments in which we manipulate a variable of interest
to determine the outcome of this manipulation.

) These experiments are conducted for a purpose or aim, i.e. to test
the predictions generated by our hypothesis. The aim is a brief
statement of purpose, usually beginning with "To determine...". Use
the examples below to practice.

3. When preparing cultures of an unidentified bacterial species (X)
isolated from the field, a laboratory assistant noticed that cultures
left overnight on the end of a bench near a heating unit grew faster
than those left on the opposite side of the bench. They decided to
investigate this observation further by carrying out an investigation
in which 10 plates are incubated for 24 hours at a controlled 37°C
and 10 plates are incubated for 24 hours at a controlled 20°C:

(a) Write an aim for the investigation:

(b) Write a hypothesis for the investigation:

(c) Write your null hypothesis for the investigation:

(d) Rewrite your hypothesis as a working (research) hypothesis to include your prediction for the investigation:

(e) Are your hypothesis and its prediction testable? Explain:

(f) What assumptions are being made in this investigation?

(g9) Is your hypothesis and its prediction falsifiable? Explain:

©2021 BIOZONE International
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Key Idea: Carefully executed, well planned investigations are
more likely to produce reliable, valid data.

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 and Conducting Investigations

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 analysis 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
e Measured during the investigation.
¢ Recorded on the y axis of the graph.

\

Dependent variable

\J

Independent variable

Controlled variables

 Factors that are kept the
same or controlled.

e List these in the method,
as appropriate to your
own investigation.

ole] 17]"

Independent variable
* Set by the experimenter.

* Recorded on the graph's
X axis.

Execution and recording

Know how you will take your
measurements and how often. Use a
logbook to record results systematically
as you go. You could record results as a
hand-written table or in a spreadsheet. If
using a datalogger, 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, controlled conditions, observations,
measurements, and analysis as the test group. This
helps to ensure that the responses observed in the
treatment groups can be reliably interpreted.

o7
T

-

A < N

> 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

~ Distance from direct light source (cm) No
Background , direct

The aquarium plant, Cabomba aquatica, will produce a 20 25 30 35 40 light
stream of oxygen bubbles when illuminated. The oxygen
bubbles are a waste product of the process of photosynthesis % & ¢ Ly ¢ 2
(overall equation below right), which produces glucose L
(CgH4,0g) for the plant. The rate of oxygen production
provides an approximation of photosynthetic rate.

The method

» 6x1.0 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 1.0g 02mol/L  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.

Light
E——

6CO, + 12H,0

CgH4,04 + 60, + 6H,0

. 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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Safety and Ethical Guidelines

Key Idea: In practical work, research, and reporting you and field, risk assessment, and correct use of equipment,
should act in accordance with safety and ethical guidelines. as well as the ethical issues associated with animal welfare,
Scientific research, no matter what the level, should be privacy and personal information, and environmental impact.
carried out in accordance with ethical and safety guidelines.  Ethical considerations also apply to reporting of data and
These guidelines apply to health and safety in the laboratory  honest use and acknowledgement of reference material.

Heath and safety in the laboratory Assessing and reducing risk in the lab

Laboratory hazards fall into three general

categories: chemical, biological, and

physical. Depending on the hazard, they

have potential to cause harm to people,

other organisms, or the environment.

» Chemical: Chemicals could be
ingested, absorbed through the skin,
or inhaled. Examples include cleaning

agents, disinfectants, and reagents

(powdered and liquid). Some chemicals caution

can cause fires or explosions if not Corrosive
handled correctly.

» Biological: All biological material

should be treated as potentially » Identify potential hazards before you start and use
hazardous to avoid contamination risk assessments informed by safety data sheets
and possible harm. Examples include (SDS) held by your school.
microbial samples, animal tissue, fluid . . .

> Wear appropriate personal protection equipment

samples, and plant samples.

» Physical: There are numerous
potential physical hazards ranging from
the laboratory environment itself to the
equipment you are using. Common
hazards include injury caused by
not using the equipment correctly machinery before you begin.

(electrical, thermal, or sound hazards), » Maintain clean work spaces and floors to reduce
cluttered working spaces, and tripping the risk of slips and spills. Keep access ways to
or slip hazards (e.g. wet floor). emergency equipment clear.

(PPE) such as lab coat, gloves, safety glasses, ear
protection, and a mask as necessary.

Ensure all chemicals and solutions are clearly
labelled. Respect warnings and hazard notices.

» Know how to correctly use all equipment and

v

1. (a) ldentify potential health and safety issues associated with the
dissection of the pig kidney being carried out 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 can be hazardous.

> Assess the potential hazards of the area before
beginning any field studies. Field studies may
also require some follow-up laboratory work, y
especially if samples found in the field need EPORTE j‘
to be identified of 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!

MAGPIES
THIS AREA

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.

» Report your true data and findings, even if
they are not the results you were expecting.
Changing results to fit your hypothesis is
misleading and unethical.

» Acknowledge the intellectual property of others

(e.g. photographs, data) and do not to copy Be meticulous in maintaining an accurate logbook, acknowledge all your
directly from sources. Representing the work of SOUrces, and reference cited works accurately. Act ethically and responsibly in
others as your own is plagiarism. all aspects 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:

(@)

(b)
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Key Idea: Research and investigation in science rely on
data being collected and recorded systematically, collated
carefully, and organised and presented clearly.

Doing your own investigations or researching a topic of interest

F
Selecting the correct equipment

It is important that you choose equipment that is
appropriate for the type of measurement you want

to take. For example, which of the glassware would
you use if you wanted to measure 225 mL?

The 500 mL graduated cylinder has graduations
every 5 mL whereas the 500 mL beaker has
graduations every 50 mL. It is more accurate to
measure 225 mL in a graduated cylinder.

Different types of graduated B
glassware have different i~ =
accuracies. A beaker is less
accurate than a measuring
cylinder and a measuring
cylinder is less accurate than a
pipette. Volumetric glassware is
the most accurate.

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)
x 100

ideal value (5.0)

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

Common lab instruments and equipment in biology and use

Balance (triple beam or electronic): used to measure mass

Colorimeters and spectrophotometers: used to measure absorbance
o determine concentration of a substance.

Dissecting kit: used for sectioning plant material and dissecting

Dissecting microscope: for examining live or macroscopic specimens

Compound microscope: for examining mounted, microscopic specimens

Standard lab glassware, including flasks, test tubes, and pipettes
Water baths: maintain set temperature

Thermometer: used to measure temperature

BEBEREER

Generating, Collating and Recording Data

involves collecting, collating, and recording information (data).
Keeping accurate records and presenting data appropriately
in tables, graphs, schematics, or flow charts will help you
when it comes to communicating your findings to others.

Data loggers and field equipment

Equipment for collecting data in the field ranges from very
general (quadrats and measuring tapes) to highly specific
(electronic tags, pH and conductivity meters). Select the
equipment that is appropriate to your investigation and know
how to use it correctly (including calibration if required).

Data loggers are increasingly used both in the lab and in the
field. A data logger is an electronic device that records data

over time, either with built-in instrumentation or via a plug-in

sensor. Most interface with a computer or phone so that the
collected data can be viewed and analysed.

Data loggers enable data to be collected automatically.
They are typically deployed and left unattended to measure
and record data over the set period of monitoring. In the
field, they can provide data on the physical environment
alongside a study of biological populations. Many, such as
the temperature logger pictured below, are simple to use,
and the data can be easily accessed via a smartphone app.

Common field equipment and use

Anemometer: used to measure wind speed

Calipers: used to measure the dimensions of small objects
(e.g. stones) or the diameter of tree trunks

Secchi disc: used to measure water transparency or turbidity
Quadrat: to quantify species abundance or cover in an area
Nets (sweep nets, hand nets): to collect aquatic organisms
Clinometer: Used to measure the angle of a slope.
pH meter: used to measure acidity/alkalinity
Thermometer: used to measure temperature

©2021 BIOZONE International
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Keeping a log book

Keeping an accurate logbook is an essential part of
investigative work. It provides a record of your methods and
all results and can be used to used to verify the authenticity
and originality of your work.

»

N

3. Why is it important to keep a detailed logbook during a scientific investigation?

Find a notebook to use that will suit your purposes (e.qg.
a waterproof logbook and pen are useful for fieldwork).
A hardback A4 lined exercise book is a good choice.
Anything smaller will make it difficult to include photos
or extra pages later on.

Name your logbook in a prominent location and number
the pages so you can create a good table of contents.
Creating sections in your logbook with tabs helps you
keep track of ideas, methods, and results easily.

Date and sign every entry. Entries should be concise,
but contain enough information that you can understand
them later on. Short notes and bullet points are often
used. You must be able to read your entries at a later
date, but don't worry too much about presentation.
Logbooks have a purpose as an accurate, legible record
of your work, not the final report.

Your logbook should be used in all phases of your
investigation, from planning to write up. Record ideas on
methods or analysis, as well as results.

Attach any loose paper or photos into your logbook so
they are not displaced or lost.

Include any mishaps, failed experiments, or changes in
methodology in your logbook. Where possible, explain
the reasons for the failure or change. Sometimes failed
experiments can be just as valuable as successful
experiments in understanding a result.

Include all observations made during your investigation
and any calculations and transformations of the data.

Remember that recording your ideas, observations,
and analyses systematically during your investigation
will help when you come to organise the material for
your write up. It will also help to clarify any parts of your
study that your teacher may find confusing or incorrect,
meaning you could still get credit for your work.

I‘“ M 4423,

: ,:?’eamus

== .LEBJﬁIl‘L(mm) TSPE [ Tena
75| Date your entries

Include all relevant
details, measurements,
and calculations

Attach photos and drawings or
maintain an electronic record

photos: Nin& Hennio

n Riding
data: MOrg?
Logbook

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:

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

(a) A 1 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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Tally charts and tables

> If collating some types of data from a logbook, such
as data for organisms measured in the field (as
pictured on the previous page), it can be useful to
create a tally chart, grouping the measurements into
classes and recording the number in each class. This ..
is a useful way to organise the data and get an early
idea of any trends or patterns.

) Tables provide a way to systematically record and
condense a large amount of information. They provide
an accurate record of numerical data and allow you to
organise and summarise your data.

) Table titles and row and column headings must be
clear and accurate. In a fair test, where only one
variable is manipulated, the independent variable is
recorded in the left column, with control values at the
top and rows for each treatment. Calculations such
as rates and summary statistics (such as mean or
standard deviation) may be included on a table.

) Summary statistics make it easier 0
to identify trends and compare .. 0.06
different treatments. Rates are 0.12
useful in making multiple data
sets comparable, e.g. if 0.18
recordings were made | 0.24
over different time periods. & ' 0.5

-
")
’

Fertiliser
concn (g/L)

Table 1: Tally chart of size classes of
yabbys from stream site A

Size class (cm)

o
\0-4.9 I 3

Tally Number

i 5.0-9.9 L 5
: 10.0-14.9 LI 9
15.0-19.9 LN 7
20.0-24.9 I 2

Table 2: Mass (g) of radish plant roots under six
different fertiliser concentrations (data given to 1dp).

Mass of radish root (g) T

Sample (n) Total Mean
1 2 3 4 5 mass mass
80.1 83.2 82.0 79.1 84.1 408.5 81.7
109.2 110.3 1082 1079 110.7 546.3 109.3
1179 1189 1183 119.1 1172 5914 118.3
128.3 127.3 127.7 126.8 DNG* 5101 127.5
23.6 140.3 139.6 1379 1411 558.9** 139.7
1223 1211 1226 121.3 123.1 6104 122.1

*DNG = Did not germinate
** Calculation excludes sample #1

4. Using evidence from Table 2 above, explain the value in having a sample size (n) of more than 1 at each treatment:

5. A page from a student logbook is presented right. Using the
data presented, create a tally chart size classes of 10 mm:

Size class (mm) Tally Total

6. What sort of plot is suggested by the tally chart as
appropriate for this data set? Explain your answer:

—— |
—= Levg‘\'\r\ of smelt from the Upper Muvvay River
——= Qoudy, 16 2-3July -2019
f—
— i sl | 7 | 42 |
—— ] 47 47 7% 4l
. BN 5 | 57 | w ¢
_= 3 [ e |4 | w
= 63 7 67 s3
, « | us | 33 | 93
-—m - ¥
36 Sy 6% 49
—c
. ERERERE
N CHERERE
- % | ¢ | 5% | o
- Sl 62 3% 3%
e 2 |5 | e | =
52 Sl (£] 52
. L[ e s | e
= ™ 43 57 L)
—— |5
——a
=== A\ fish netted and veturned of ter
=8
- —a
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Presenting data in graphs
4

Graphs are a good way to show trends, patterns, and relationships visually without taking up too much space. Complex data

sets tend to be presented as graphs rather than tables, although the raw data can sometimes be tabulated as an appendix.

accurate plotting of points, and a descriptive, accurate title.

Presenting graphs properly requires attention to a few basic details, including correct orientation and labelling of the axes,

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. If fitting by eye, 50% of the points should fall above the line
and 50% below. A Ine of best fit is also easily fitted using a spreadsheet program such as Microsoft Excel.

Growth rate in peas at
different temperatures

Body length vs brood
size in Daphnia

09
g 80 T
s 4 Line of best fit\:
E o |
Eo08+ 8 nl .
P 0.8 S 60
s | 5 T
£ 5 40T
s (0]
807+ e 4 .
(o] =]
< Z 20+
m T 1 .
2 Outlier
0.6 f f f f f { 0 f } f !
8 10 12 14 16 18 20 0 1 2 3 4
Temperature (°C) Body size (mm)

Guidelines for line graphs

e Line graphs are used when one variable
(the independent variable or treatment)
affects another, the dependent variable
(the response variable).

* The data must be continuous for both
variables. The relationship between
two variables can be represented as a
continuum and the plotted data points
are connected directly (point to point).

* A double axis allows two independent
variables with different measurement
scales to be plotted on the same graph.

Guidelines for scatter graphs

* A scatter graph is used to plot
continuous data where there the two
variables are interdependent.

* There is no independent (manipulated)
variable, but the variables are often
correlated, i.e. they vary together in a
predictable way.

e The points on the graph are not
connected, but a line of best fit (fitted
by eye or by computer) is often
drawn through the points to show the
relationship between the variables.

7. Use the tally chart to plot the smelt data as a
frequency histogram on the grid right. The continuous

variable occupies the X axis and the counts are

entered on the Y axis.

histogram?

What sort of information is provided by a frequency

(a) What sort of graph would you choose to display
the data in Table 2 (opposite). Explain your choice:

(b) The total mass calculated for fertiliser
concentration 0.24 g/L excludes sample #1 and
the mean is calculated from 4 values. Explain why:

Household consumption (L/yr x 10%)

6 T 570 Average household annual
water consumption in

5 + Australian cities

4 400

*Categories on bars for reasons of space

Guidelines for bar/column graphs

¢ Column graphs (above) are appropriate
for data that are non-numerical and
categorical for one variable. Data is
discontinuous so the bars do not touch.

* Multiple data sets can be displayed side
by side for comparison using a key (e.g.
males and females).

* A histogram is superficially similar to
a column graph but is used when one
variable is continuous and the other is a
frequency (counts). These plots produce
a frequency distribution.
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Key lIdea: A ability to use mathematics to analyse and
describe your data is important to drawing valid conclusions.
The analysis and evaluation of data generated through

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-SlI units to Sl units (e.g.
converting pounds to kilograms). Note that mL and cm? are
equivalent, as are L and dm3.

1. Convert 5.6 cm3 to mm3 (1 cm3 = 1000 mm?3):

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 metres
(m), time in seconds (s). For example the rate of oxygen
consumption would be expressed as cm3g~'s~! using inverse
notation or cms/g/s using a solidus.

Estimates

When performing 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.

Analysing and Evaluating Data

investigation usually involves the application of mathematical
routines. Appropriate data transformations and use of
descriptive statistics will help you draw valid conclusions.

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 can be useful to calculate
the rate at various times to understand how rate changes
over time. The table below shows the reaction rates for gas
production during a chemical reaction. A worked example
for the rate at 4 minutes is provided below the table.

Twwe Cumulative qos Rate of veaction
(mwute)  produced ( ) (cm 7 wwn)

o ) )

2 34 17

Y 42 Y%

6 4% 3

? SO |

10 SO )

* Gos produced between 2= 4w 42 cmd—3emd = 3w’

Rate of veaction between 2= 4w & + 2 mn= 4emd Zmn

4. Complete the table to calculate the rate of plant water loss.

. Twwe (mwn) | Pipette veqd‘wg (cm®) | Water \oss (cm3/mwn)
Numbers are often rounded to help make estimation
easier. The rounding rule is, if the next digit is 5 or more, 0 9.0
round up. If the next digit is 4 or less, it stays as it is. -
S 8.0 0.2
For example, to estimate 6.8 x 704 you would round the
numbers to 7 x 700 = 4900. The actual answer is 4787, so 10 7.2
the estimate tells us the answer (4787) is probably right. 5 €2
Use the following examples to practice estimating: 20 gs
2.43.2 x 1044:
3.658 + 22 Fractions
Fractions express how many parts of a whole are present.
They are expressed as two numbers separated by a solidus
(/) (e.g. 1/2). The top number is the numerator. The bottom
Probability number is the denominator, which cannot be zero. Fractions

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 = 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.

CEER

are written in their simplest form, while still being whole
numbers. The simplification makes them easier to work with.

a
J 3

aa

In a class of 10 students, two had blonde hair. This fraction
is 2/10. 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 2
(1/5). To add fractions with different denominators, obtain a
common denominator, add numerators, then simplify.
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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
_5 J inflated
¢ e
T 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

Percentages

» To calculate percentage, simply
calculate the fraction of the total x 100.
For example 2/5 = 0.4 x 100 = 40%

» Percentages will show what fraction
(out of 100) falls into any particular
category, e.g. for pie graphs.

> Percentages can be used to
express concentrations and to allow
meaningful comparison between
samples with different starting points,
e.g. different numbers or masses.

Nolume of \olume Concentration
foodcolowwg  of woter of colouring
(cm® (em®) (%)
10 o 100
% 2 30
6 y 60
4 6 40
2 2] 20
o (@) o

-
fu
e
»
pt

Percentage change

Percentage change shows how much a
value has changed (e.g. between time t and
time t + 1). Calculating percentage change
is easy. Determine the difference between
the old and new values, divide by the old
value, and multiply by 100.

new value -old value
x 100

% change = old value

» A positive value = percentage increase.
A negative value = percentage decrease.

» Percentage change is useful in studies
of natural populations and when
analysing mass changes in experiments.

Example: There were 116 mice in a local
population, but after a successful breeding
season, the number was 160. What was the
percentage change?

160 - 116 + 160 =0.275
0.275 x 100 = 27.5% increase.

5. (a) A student prepared a s!ide of the cells of an onion root tip and coqnted the Cell cycle | No.of cells | No.of cells
cells at various stages in the cell cycle. The results are presented in the stage counted calculated
table (right). Calculate the ratio of cells in each stage (show 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
6. Simplify the following fractions:
(a) 3/9: (b) 84/90: (c) 11/121:

7. (a) The table on the right shows the nutritional label found
on a can of chilli beans. Use the information provided
to complete the table by calculating the percentage
composition for each of the nutritional groups listed:

Chilli Beans Nutrition Facts
Serving size 1 cup (253 g)

Amount per serving % Composition
(b) How much of the total carbohydrates is made up of:
Total Fat 8¢9
. 4o
Dietary fibre? — Saturated Fat 39
Sugars? Total Carbohydrate 22 g
(c) Manufacturers do not have to state the volume of — Dietary Fibre 99
water, which makes up the remainder of the serving _ Suaars 4
size. What percentage of the can of beans is water? 9 9
Protein 25¢
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8. Complete the table right by calculating the
percentage of both clover types in two areas.

Clover

Interpreting plots with large numbers

Clover plant Frost free area Frost prone area

tvbe P Totals
yp Number | % Number | %

Cyanogenic 124 78 26

Acyanogenic | 35 115

Total 159

> Biological science often deals with very large numbers or scales. Numerical data indicating scale can often increase or
decrease exponentially. Large scale changes in numerical data can be made more manageable by using log transformations.

> The plots below compare the same data plotted on a linear and a log-linear scale so that you can recognise these when you
come across them. You may see these representations in plots of bacterial growth.

Exponential function

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

> In an exponential function, the base number is fixed
(constant) and the exponent is variable.

» The equation for an exponential function is y = c*.

) 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 l
3 I
Ke]
€
s I
< 150,000
E |
&
2 /
S 100,000
: /
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.

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

Log transformations

» A log 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 logy,
(1000) = 3 because 10% = 1000.

Both log,, (common logs) and log,, (natural logs or /n) are
commonly used.

Log transformations are useful for plotting data that
show an exponential increase or decrease. The log
transformation of the data will produce a straight line plot.

In biology, it is common to plot untransformed data directly
on a log-linear scale (below). This means you don't have to
worry about doing the transformations yourself. 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
Large numbers are easily /
PUAVO= 5 ccommodated =
S /
210,000 =
S 7
2 /
S 1000 —
kS 7
3 7/
Q.
S /
o 100 —-
/I
//
10
alle e dlfé ed
ead 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

10. What would you do to show yeast exponential growth (left plot above) as a straight line plot on normal graph paper?
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Describing quantitative data using descriptive statistics

> Descriptive statistics, such as mean and standard deviation, are used to summarise
a set of data values and its features. These values can be calculated for an entire
population, e.g. mean condition score of koalas in VIC, or from a sample, e.g. mean
condition score of koalas on Phillip Island. When we talk about descriptive statistics, we
are usually talking about a sample of the entire population. In experimental studies, the
mean is often used to "average out" the different values obtained for samples undergoing
the same treatment (e.g. the mean of 5 samples of enzyme reaction rate at pH 7).

»  When we describe a set of data, it is usual to give a measure of central tendency. This
is a single value (a mean, a median, or a modal value) identifying the central position
within that set of data. The type of statistic calculated depends on the type of data
(quantitative, qualitative) and its distribution (normal, skewed, bimodal).

» The sample mean (X) is calculated by summing all the data values (x) and dividing
them by the total number of data points (n). Outliers (very extreme values) are usually
excluded from calculations of the mean. For very skewed data sets, it is better to use
the median (the middle value) as a measure of central tendency. Qualitative data are
described using mode (the most common value or values).

Data type Measure of central tendency Distribution

Bimodal (two peaks)

25
Ranked > 90
Data that can be ranked on a scale that %
represents an order, e.g. abundance 2 154
(abundant, common, rare); skin colour —| MODE MODES LCI',:’ 10 4
(black, dark, medium, pale, white) 5
e.g. Birth order in a family (1, 2, 3) 0
Mass (g)
Qualitative e o
Non-numerical and descriptive, e.g. o5 Skewed distribution
sex, colour, presence or absence of a — MODE -~ 201
feature, viability (dead/alive). <
e.g. Sex of children (male, female) MEDIAN g 154
8 10
(T
5 3
Quantitative 0
Characteristics for which measurements ) Mass (g)
or counts can be made, e.g. height, mass,
ik SR o5 Normal distribution
» Continuous: e.g. height of year 11
students at all schools in Victoria 3
* Discontinuous: e.g. number of Year 11 MEAN §
[on
students at different schools in Victoria MEDIAN &J

Mass (g)

11.1n 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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Accuracy, precision, reliability, and validity

4

How do we describe the confidence we have in the primary data we collect? If the
data are accurate and reliable, we can be more confident that the conclusions we

draw based on the data are valid.

In its broadest sense, validity is a measure of how well your investigation
measures what it sets out to measure. Validity is increased by controlling more
variables, improving measurement technique, reducing sampling bias, increasing
sample size, and replication (repeating the entire experiment at the same time).

Accuracy refers to how close a measured or derived value is to its true value.
Precision refers to how close repeated measurements are to each other, i.e.
repeatability. A balance with a fault in it could give very precise (repeatable) but
inaccurate (untrue) results. This is an example of a systematic error.

Systematic errors are consistent, repeatable errors associated with faulty
equipment or a flawed experiment design. They differ from random errors caused
by unknown or unpredictable changes in the experimental conditions.

For student investigations, increasing sample size and minimising systematic errors
are easy ways to improve validity. In field studies, choosing an appropriate size of
sampling unit (e.g. quadrat) is also important in collecting sufficient, unbiased data.

Accurate but Inaccurate and
imprecise imprecise
L]
° ° o o
° ° °
3 ° ®
° .. °
L]
The measurements are The measurements are all
all close to the true value far apart and not close to
but quite spread apart. the true value.
Analogy: The arrows are Analogy: The arrows are
all close to the bullseye. spread around the target.

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 and is
synonymous with reliability. In most laboratory work, we
usually assume a piece of equipment (e.g. a pipette)
performs accurately, so making precise measures is the
most important consideration.

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 estimate of the true value for a parameter
of interest (e.g. 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.

A quadrat size shotfd e appropriate
ffor the study. The number of quadrats
USed is the sample size.

Precise but Accurate and
inaccurate precise
o3
%o
e’
The measurements are all The measurements are all close
clustered close together but not together and also very close to the
close to the true value. true value.
Analogy: The arrows are close Analogy: The arrows are clustered

together but not near the bullseye. close together near the bullseye.

Calipers

A digital device such as the pH meter will deliver precise measurements,
but its accuracy will depend on correct calibration. The precision of
measurements taken with instruments such as calipers will depend on
the skill of the operator. Precise measurements provide reliable data.

12. A researcher 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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Expressing confidence in your data

4

When we take measurements (e.qg. fish length) from samples of a larger population, we are using the samples as indicators of
what the whole population looks like. Therefore, when we calculate a sample mean for a variable, it is useful to know how close
that value is to the true population mean for that same variable. If you are confident that your data set fairly represents the entire
population, you are justified in making inferences about the population from your sample.

You can start by calculating a simple measure of dispersion called standard deviation. Standard deviation is a measure of the
amount of variation in a set of values. Are the individual data values all close to the mean, or are the data values highly variable?
Standard deviation provides a way to evaluate the confidence of your conclusions about your data.

. 25
Standard deviation 1 Normal distribution
» Sample standard deviation (s) is presented as X + s. 20
» In normally distributed data, 68% of all data values will lie 3
within one standard deviation (1s) of the mean. 95% of all S 154
values will lie within two standard deviations (2s) of the > | 68%
mean (see the distribution plotted right). E 10
» The lower the standard deviation, the more closely the data 5 _42_50/2 H/g
values cluster around the mean. 1
] P 95% o
» The formula for calculating standard deviation is shown in 0 — — — — _
x-2s x-1s X x+1s Xx+2s
the green box (below). )
Size class

Both of the histograms below show a normal distribution of data with the values spread
Calculating standard symmetrically about the mean. However, their standard deviations are different. In histogram
deviation A, the data values are widely spread around the mean. In histogram B, most of the data
values are close to the mean. Sample B has a smaller standard deviation than sample A.

Y (x — X)2 = sum of squared §
deviations from the mean 9
g
n = sample size. w it 68%
n—1 provides a unbiased 2.5% 2:5% 2.5% 2.5%
s for small sample sizes 95% 959%
(1]
(large samples can use n). ll I.- =l N
x-2s x-1s X X+1s x+2s X-2s x-1s X x+1s X+2s

13. Two sample data sets of rat body length have the same mean. The first data set has a much larger standard deviation

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

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?

(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:

Raw data: Height (cm)

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

178 177 188 176 186 175
180 181 178 178 176 175
180 185 185 175 189 174
178 186 176 185 177 176
176 188 180 186 177

(e) What does this tell you about the spread of the data?
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95% confidence intervals

» So how can you tell if your sample is giving a fair representation of the entire population? We can do this using the 95%
confidence interval. This statistic allows you to make a claim about the reliability your sample data. The mean =+ the 95%
confidence interval (95% Cl) gives the 95% confidence limits (95% CL). This tells us that, on average, 95 times out of 100, the
true population mean will lie within the confidence limits. Having a large sample size greatly increases the reliability of your data.

> You can plot the 95% CL on to graphs to determine if observed differences between sets of sample data (e.g. between field plots
or treatments) are statistically significant. If the 95% CL do not overlap it is likely that the differences between the sample sets is
significant. The 95% Cl is very easy to calculate (below). You can also use the spreadsheet on BIOZONE's Resource Hub.

Step 1 is to calculate the standard error
of the mean (SE). It is simple to calculate
and is usually a small value.

S

\'n

SE =

An experiment was carried out to see how different types
of feed affected the growth of newly weaned rats. Rats
were placed into four different groups and each group
was fed a different type of feed. There were 10 rats in
each group. They were weighed after a further 28 days of
growth. The results are shown right.

15. Complete the table by calculating the sum (¥), mean
(X), standard deviation (s), standard error (SE), and
95% confidence interval (95% CI) for each group. You
can do this using a calculator or a spreadsheet.

The t value at P=0.05 for 9 df = 2.262

16. (a) Plot a column graph of the mean mass of the rats
in each group. Add the 95% CL bars (X + 95% Cl)
to your graph. To do this, add the 95% ClI value to
the mean to get the upper value and subtract it to
get the lower value. Feed 1 is completed for you.

(b) Is there any significant difference between the
groups? Explain your answer:

Step 2 is to calculate the 95% confidence interval (95% CI). It is
calculated by multiplying SE by the value of t at P = 0.05 for the
appropriate degrees of freedom (df) for your sample.

95% Cl = SE X tp_g 5)

Mass (g) of rats after 28 days on four feeds

Feed type
Individual
Feed 1 Feed 2 Feed 3 Feed 4
1 28.0 28.5 25.6 48.6
2 36.0 31.2 28.6 51.2
3 36.2 30.9 271 55.3
4 28.5 35.0 33.0 42.7
5 27.9 27.2 40.0 40.5
6 32.6 26.9 25.9 49.8
7 35.0 34.0 32.9 47.9
8 27.2 29.0 33.1 50.8
9 26.9 34.8 33.6 39.9
10 35.0 23.9 35.0 47.0
Sum (3)
Mean (X)
Std dev. (s)
Std error (SE)
95% Cl
Mass of rats after 28 days on 4 different feeds
(mean + 95% CL)
60
50
40
C
[}
: i
s 30
20
10
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Key Idea: Argumentation in science is about evidence-
based justification of explanations (claims). It involves use of
empirical evidence and logical reasoning.

An important part of your studies in biology is developing

Opinion, anecdote, and scientific evidence

As well as collecting primary data from your own investigations,
much of your study of biology will involve collating and
interpreting the results of others (secondary data) or evaluating
the claims they have made based on their findings.

The validity of scientific claims depends on the evidence used

to support the claim. The schematic below shows a hierarchy of
evidence as might apply to developing a new pharmaceutical
drug. Although this applies to a particular case, the concepts are
applicable across all science. Keep this in mind when you come
to respond to a bioethical issue at the end of your course.

LAB STUDIES

(cellular and
animal studies)

Research on model
animals and on cell
cultures is useful but
the results may not
necessarily apply to
humans.

Anecdotal evidence and
expert opinion provide
weak evidence, although
expert opinion is often
used in law and matters
of public policy.

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. We might assume that A causes B, but
B might cause A, or the correlation between A and B
might be caused by another variable C.

» Example: When data from the Organic Food
Association and the Office of Special Education
Programmes is plotted over 10 years, there is a strong
correlation between the increase in organic food sals
and rates of diagnosed autism. However, there is no
evidence of a causative effect here.

OBSERVATIONAL
STUDIES IN
HUMANS

Studies involving
case studies or cohort
analysis often show
correlation, but cause
and effect is more
difficult to determine.

Constructing Arguments & Drawing Conclusions

skills in argumentation. This means using evidence-based
reasoning to support a claim or explanation that you make
with respect to your own investigations or second hand data
collected by others.

ANECDOTAL EVIDENCE

Uncontrolled, therefore very
susceptible to bias

SCIENTIFIC EVIDENCE

Controlled for subject and
experimenter bias

Very small sample size Large sample sizes

Only exceptional cases reported Everything is reported
Vague outcomes Defined outcomes

Claim from memory Claim from data

STRONG

RANDOMISED
CONTROLLED
CLINICAL TRIALS

SYSTEMATIC
REVIEW

Subjects are randomly
assigned to test
groups and tests are
run blind or double
blind. Such trials help
remove bias.

Statistical analysis

of a large number of
randomised controlled
trials. Important in issues
of medical, public health,
and environmental policy.

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

3
% 25 000 -300 8
5 5
= | — Autism &S
= 2Ly — Organic food sales z =)
& 200 © X
@ 15 000 5 £
= > =
B 53
5 10 000 £ C
s 100 5 2
2 5000 2
< €
(o)) >
5 ! ! ! ! ! ! ! ! ! ! ! z

1998 2000 2002 2004 2006 2008

Year

1. (a) Explain why it is important not to imply causation just because there is a correlation between two variables:

(b) Suggest how you could determine if a relationship between two variables involved cause and effect?
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Constructing an evidence-based argument

Once you have planned your investigation, collected and
analysed your data, and justified your methodology, you will
be ready to make an evidence-based argument. To do this,
you need to determine the degree to which the evidence (the
data you have collected or collated) supports the aim of your
investigation (the question you asked). The evidence might
raise further questions, or support an alternative explanation
(hypothesis). This doesn't mean your investigation was a
failure. Sometimes unexpected findings are the most exciting!

You can use the graphic organiser below to help in
constructing a scientific argument. A scientific argument
makes a claim based on evidence (data, statistical analysis,
anecdotal evidence, expert opinion), and justified by logical
reasoning. Bear in mind, the more you rely on opinion and
anecdote, the weaker your argument will be. Any evidence-
based argument should address the reliability of the data and ! you have been careful about the design of your experiment and
the limitations of the study. Acknowledging strengths as well collection of data, you can then draw and justify conclusions that are

as weaknesses is important to planning future research consistent with the evidence. Argumentation is not the same as arguing!
' It is about presenting a case with evidence to support it.

2 Science concepts o~ ) ?+1+2+3+4
What science S rtleasonmg Your evidence-based
concepts might help to How do the science argument
answer the question? (S5 L Combine all the elements

the evidence and to the
question you're trying
to answer?

into a coherent scientific
argument.

Draw conclusions, justify

. ; them, and describe their
SN > limitations. Discuss how

1 Evidence 4 Claim your findings fit or don't fit

What data or ggitt;; Cy 2,-% What claim can thh 'current Kn 7":/ e;:fg et; .
observations or question? you make based aving a complete logboo
address your ’ on the evidence can hglp with this stage,
question? and reasoning? allowing you to reflect on

your research.

2. Suggest why opinion and anecdote are weak forms of evidence for constructing an evidence-based argument

3. The table (below) outlines some common problems students encounter when presenting a scientific argument. For each
of the examples below, describe how the problem could result in a weak or flawed argument

(a) Scientific misconceptions:

Value judgments Making an argument based on
(normative reasoning) social norms

Fallacious reasoning

Not distinguishing between
opinion and scientific evidence

Fusion of scientific facts and
personal beliefs

(b) Discounting evidence that does not support your claim: Scientific misconceptions

Claims unsupported by Can be the result of

data extrapolation

Disregarding evidence Lack of critical thinking and
contrary to the claim dishonesty

Check during your work that you don't fall into these traps!
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7

Key Idea: The analysis, evaluation, and communication of
scientific information are skills requiring an understanding of
the science and a critical approach to the claims made.

Some of your studies in biology involve you gathering,
analysing, and evaluating primary data, and then
communicating your findings to others. However, you will
also need to critically evaluate and interpret a range of

Analysis and evaluation of scientific ideas
A text analysis and critique may involve:
» Describing the article:
e Stating the main points in article.
e Describing the author's perspectives and assumptions.

e |dentifying any claims made by the author and any
evidence presented to justify them.

) Evaluating the article:

e |dentifying and describing any bias in the article. How
might this have affected the article's accuracy?

¢ Describing the article's conclusions or claims.
e Describing the limitations of an investigative article.

What can be trusted?

» Biological science covers some contentious or emotive topics.
Many new ideas about biology may not be compatible with
traditional views or people's own personal belief systems. As a
result, people may have certain views they feel invested in. This
leads to people putting forth information to support their own
view, lobbying to a certain extent.

» When reading biological information, especially on the internet,
it is important that you take note of where the information
comes from and whether it makes sense in a wider context.
This will help you identify biased or flawed information.

» Note the site from which you obtained information. Is it
reputable or just someone's blog with their own unverifiable
ideas? Be cautious with video clips, which can present an
unsubstantiated personal view. Comments may identify errors.

Evaluating scientific information

» In order to communicate scientific ideas, you must be able to
critically evaluate the information. Points to consider include:

» Validity of the information.
e The currency of the information. Is it up to date?

* Is the information peer reviewed? Has it been accepted by
the scientific community?

» Does the information present an unbiased view?
e Isinformation presented in a fair, unbiased way? Is it based
on fact and not emotion?

* Is the information presented clouded by the attitudes,
beliefs, or values of the person, group, or organisation
supplying the information?

» Scientific journals are peer-reviewed, meaning the information
is checked by experts in the area before publication. This makes
the information much more reliable. However, journals can be
very technical, requiring a high level of in-area expertise to
understand.

» Newspaper articles are a good starting point as a source of
generally reliable information, but beware of the newspaper's
particular leaning. Tabloids often sensationalise stories, while
some newspapers may have left or right political leanings,
which can skew the focus of a story.

» Online sites that are specific for a topic need to be carefully
scrutinised for validity. Avoid conspiracy sites as these misreport
the science. Government sites usually have current and reliable
data based on information from skilled advisers.
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Evaluating & Communicating Scientific Ideas

published material, both in scientific publications and in
popular media. To analyse and evaluate the science you
read about or see online you must think critically and have
a good understanding of the concepts, theories, and models
involved. When communicating scientific ideas to others you
must be able to express them clearly and concisely in a way
that is appropriate to your audience.
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Periodicals or technical magazines, e.g. National
Geographic, Scientific American, or New Scientist,
are useful sources of reliable information. As

they are written for the general public they make
understanding the technical information easier.

CERER




Communicating scientific ideas

The purpose of your research, the type of data
involved, and your target audience will all play a

part in determining the best method by which you
can effectively communicate your findings or your
response to an issue. A presentation of qualitative
data to an audience with no science background will
probably be very different to a report on a controlled
experiment to your teacher. You can start by planning
the structure of your report by using bullet points and
build your presentation from there. Some things to
consider are illustrated by the cartoon right.
Common presentation formats include:

» Formal written report

Practical report

Scientific poster

Slideshow (e.g. Powerpoint)
Multimedia presentation

Oral presentation

Video

Visual representation, e.g. model

v v vV v v v Vv

Tips for presenting to a
non-scientific audience

sz Get to the point quickly. @

™ Use your data to tell a
story.

o Don't overload
the audience with
information.

M Use conversational
wording.

M Use analogies to help
understanding.

o Acknowledge all
sources of information.

Does your report contain
conflicting information

(have you said something
in one part and said the
opposite elsewhere)?

Who is the target
audience for your
communication?

What is the goal
of the communication
(what idea or concept
are your trying to

explain)?

Have you
included unnecessary
information? Be
concise and precise,

For written reports,
check spelling and
grammar. Is your

argument presented

logically?

Tips for a written report
to a scientific audience

[ Clearly state your aim
and hypothesis.

o Keep your methodology
clear and brief.

i Report your results and
present data clearly.

i Keep a discussion of
results to the discussion
section.

™ Clearly state your
conclusions.

o Acknowledge all
sources of information.

1. Explain why it is important to tailor your communication to your target audience:

2. Briefly describe the communication problems that could arise with each of the following scenarios:

(a) An overlong Powerpoint presentation to a Year 10 biology class:

(b) Submitting a written report of a field study with in-text citations but no reference section:

(c) Including all the raw data in a report without any processing:

(d) Making a presentation on a bioethical issue on the basis on one person's blog:
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Chapter Review: Did You Get It?

1. (a) A balance used throughout the course of an experiment 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):

(b) What sort of error is represented by this?

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

(a) 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) 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:

(g) Mean monthly rainfall vs mean monthly temperature:

4. The table below 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 cm3/min:

(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 sweat
(minutes) | sweat loss (cm?3) | loss (cm3/min)
0 0
10 50
20 130
30 220
60 560

(c) Describe how the rate of sweat loss changes
over time:

5. A student investigated the effect of nitrogen fertiliser on the growth of plants. They grew 10 plants at each of 4 fertiliser
concentrations in a controlled environment:

(a) What measure of central tendency and dispersion would be best to summarise the results at each treatment?

(b) What calculation could they use to determine if differences between the treatments were significant?

(c) What choice of graph is best to display the results?

(d) The student had some outlier values in each of their treatments and wanted to repeat the investigation. Briefly
describe two ways they could they increase the validity of their findings, assuming plentiful resources and time:
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How do organisms regulate their

functions?

Area of Study 1

How do cells function?

Area of Study 2

How do plant and animal systems function?

Area of Study 3

How do scientific investigations develop understanding of
how organisms regulate their functions?






How do cells function?

You will find out about:

The structure of prokaryotic and eukaryotic cells
The importance of surface area to volume ratio
The role of the plasma membrane in cellular transport

How cells divide and die

How the cell cycle is regulated and what can go wrong

The roles of stem cells




CHAPTER

2

Key terms
active transport
carrier protein
cell wall
centrioles
channel protein
chloroplast

cilia

concentration gradient

cytoplasm
diffusion
electron micrograph

endoplasmic reticulum

eukaryotic cell
facilitated diffusion
flagella

Golgi apparatus
hypertonic
hypotonic

ion pump

isotonic

light microscope
lysosome
magnification
mitochondrion
nucleic acid
nucleolus

nucleus

organelle
osmolarity
osmosis

partially permeable
passive transport
phospholipid
plasma membrane
plasmolysis
prokaryotic cell
protein

resolution
ribosome

rough ER (rER)
smooth ER (sER)

surface area: volume ratio

turgor
vacuole

O

O O
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Cellular Structure and Function

Cells are the unit of life

Key skills and knowledge

1 Recognise cells as the basic unit of life on Earth. Describe the characteristics of living
organisms and explain why viruses do not fulfil the criteria for being living cells.

2 List the basic biochemical components of cells. Appreciate the role of water in life on
Earth and summarise its biologically important properties.

3 Describe the requirements of cells in terms of their immediate environment. Explain
how unicellular and multicellular organisms meet the challenges for surviving in
different environments.

4 Describe the main differences between eukaryotic and prokaryotic cells. Recognise
the cells of fungi, plants, protists, animals, and bacteria by their characteristic features.

5 Use drawings and electron micrographs to compare and contrast the structure of
prokaryotic cells and eukaryotic cells.

Limitations to cell size: surface area to volume ratios

Key skills and knowledge

6 Describe the range of cell sizes. Express cell sizes in different units of measurement.

7 Describe how cells exchange substances by diffusion. Identify the factors affecting
rates of diffusion, explain their effect, and relate these to biological systems.

8 |4i:l@» Investigate diffusion across membranes using a model system.

9 Explain the importance of surface area to volume ratio in limiting cell size and describe
the role of cellular organelles in creating cellular compartments with specific functions.

10 |Zi1.l@ » Investigate the effect of cell size on the rate and efficiency of diffusion.

11 Explain how cells overcome the limitations to cell size by changes in shape and by the
way they are organised in tissues.

The structure and specialisation of cell organelles

Key skills and knowledge

12 Compare and contrast the ultrastructure of plant cells and animal cells in terms of their
organelles. Identify these organelles in drawings and in light and electron micrographs.

13 Describe the specialisations of plant and animal cellular organelles for specific functions.

The structure and function of the plasma membrane

Key skills and knowledge

14 Describe the structure of the plasma membrane and its role as a partially permeable
boundary between the internal and external environments of the cell. Recognise that
internal membranes, e.g. of membranous organelles, have the same basic structure.

15 |4:7.1& » Investigate factors affecting membrane structure and permeability. How might
your findings be relevant to survival in different environments?

16 Explain the role of the plasma membrane in the movement of substances by diffusion,
facilitated diffusion, and active transport (including ion pumps, cotransport, and cytosis).
Include an explanation of the movement of water by osmosis. Explain the effects that
solutions of different solute concentration can have on plant and animal cells.

B PRAC Investigate the effects of solgtlons of different s_:olute concentration on plant
cells. Use your results to estimate the osmolarity of a cell, e.g. a potato cell.

Activity
number
9

10

11

9 12 14

13 14

15
16

16
17

18
19

20-22

20-22

23-25

26

16 27
29-33

28

27



The Cell is the Unit of Life

Key Idea: All living organisms are composed of cells. Cells  that all living things are composed of cells, developed over
are broadly classified as prokaryotic or eukaryotic. many years and is strongly linked to the invention and
The cell theory is a fundamental idea of biology. This idea, refinement of the microscope in the 1600s.

The cell theory All cells show the functions of life

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

theory. The basic principles of the theory are: Cells use food (e.g. glucose) to maintain a stable

internal environment, grow, reproduce, and produce

L . wastes. The sum total of all the chemical reactions
All living things are composed of cells and cell products. that sustain life is called metabolism.

4
» 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. * Movement
> The cell is the functioning unit of life; all chemical reactions of * Respiration
life take place within cells. e Sensitivity
e Growth
¢ Reproduction
* Excretion

Prokaryotic (bacterial) cells * Nutrition

, , Viruses are non-cellular
* Autotrophic or heterotrophic

* Single celled
Cells —> < Lack a membrane-bound nucleus
and membrane-bound organelles
* Cells 0.5-10 pm
* DNA a single, circular chromosome.
There may be small accessory * Enclosed in a protein coat.

chromosomes gal_led plasmids. * Depend on cells for metabolism and y
* Cell walls containing peptidoglycan. reproduction (replication). Influenzavirus

* Non-cellular.

* Typical size range: 20-300 nm.

 Contain no cytoplasm or organelles.

* No chromosome, just RNA or DNA
strands.

Y

Eukaryotic cells
¢ Cells 30-150 um ¢ Membrane-bound nucleus and membrane-bound organelles ¢ Linear chromosomes

' ! ! !

Plant cells Animal cells Protist cells Fungal cells

e Exist as part of multicellular » Exist as part of multicellular * Mainly single-celled or  Rarely exist as discrete cells,
organism with specialisation of organism with specialisation exist as cell colonies. except for some unicellular
cells into many types. of cells into many types. * Some are autotrophic and forms (e.g. yeasts)

* Autotrophic (make their own e Lack cell walls. carry out photosynthesis. ¢ Plant-like, but lack chlorophyll.
food): photosynthetic cells with * Heterotrophic (rely on other * Some are heterotrophic. * Rigid cell walls containing
chloroplasts. organisms for food). chitin.

e Cell walls of cellulose.  Heterotrophic.

e
e blood cell Amoeba cell Yeast cell

Generalised plant cell

1. What are the characteristic features of a prokaryotic 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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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 |

in plant cellg

Proteins have an enormous number of
structural and functional roles in plants and
animals, e.g. as enzymes, structural materials
(such as collagen), in transport, and
movement (e.g. cytoskeleton and centrioles).

is a component of the

Animal cell

Plant cell
wall

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.

walls (arrowed). They

in cellular recognition.

Inorganic ions: Dissolved ions participate
in metabolic reactions and are components
of larger organic molecules, e.g. Mg2*

pigment in the chloroplasts of green plants.

Carbohydrates form the structural
components of cells, e.g. cellulose cell

energy storage and they are involved

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

green chlorophyll

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.

are important in

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

those substances:
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. u What Cells Need for Survival

Jim Peaco, National Park Service PD

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.

¢ Producers (some bacteria, and plant and algal cells
with chloroplasts) use light from the Sun to power
the chemical reactions that build organic molecules.
These organic molecules can then be used to power
other reactions in the cell or build macromolecules.

e Consumers, e.g. animals, 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.

Some unicellular organisms (called
thermophiles) can survive in temperatures
as high as 122°C. Their enzymes can not
function at the lower temperatures 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  environment that provides the cells with

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.

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

e  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.

e 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

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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Key Idea: Cells are classified as either prokaryotic or
eukaryotic and are distinguished on the basis of their size,
internal organisation, and complexity.

Cells are divided into two broad groups based on their

Prokaryotic cells

> Prokaryotic cells lack a membrane-bound nucleus or
any membrane-bound organelles.

> Prokaryotic cells are often also called bacterial
cells. Examples of bacterial cells include E. coli and
Staphylococcus aureus.

» They are small (generally 0.5-10 pm) single cells
(unicellular).

» They are relatively unstructured and have little cellular
organisation (their DNA, ribosomes, and enzymes are
free floating within the cell cytoplasm).

» Single, circular chromosome of naked DNA.

» Prokaryotes have cell walls, but it is different to the cell
walls that some eukaryotes have.

Simple cell structure

limited organisation
Nuclear membrane absent. ( 9 )

Single, naked chromosome
is free in cytoplasm within a
nucleoid region.

Membrane-bound
organelles are absent

The image above shows a
bacterium called Escherichia coli

Peptidoglycan
cell wall

1. List three features of a prokaryotic cell:

(a)

Prokaryotic vs Eukaryotic Cells

size and organisation. Prokaryotic cells (all Bacteria and
Archaea) are small, single cells with a simple internal
structure. Eukaryotic cells are larger, more complex cells. All
multicellular and some unicellular organisms are eukaryotic.

Eukaryotic cells

) Eukaryotic cells have a membrane-bound nucleus, and
other membrane-bound organelles.

> Plant cells, animal cells, fungal cells, and protists are all
eukaryotic cells.

) Eukaryotic cells are large (30-150 pm). They may exist
as single cells or as part of a multicellular organism.

> Multiple linear chromosomes consisting of DNA and
associated proteins.

> They are more complex than prokaryotic cells, with
more structure and internal organisation.

Nuclear membrane

Chromosomes
present

contained in nucleus

Complex cell
structure (high
degree of
organisation)

Presence of membrane- :
bound organelles [EI%ta

A human white blood cell (above) is an
example of an animal cell

(b)

(c)

(d) Name an example of a prokaryote:

2. List three features of a eukaryotic cell:

(@)

(b)

(c)

(d) Name examples of eukaryotic cells:
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Key Idea: Different microscopy techniques produce different
views of cells and their features.

The microscope is an important tool in biology for viewing
cells and their features, which are far too small to be seen by
the human eye. High power compound light microscopes use
visible light and a combination of lenses to magnify objects
up to several 100 times. Electron microscopes use beams of

Interpreting Images of Cells

electrons and computer imaging to capture extremely fine
detail of either surface or internal cellular features. They can
magnify images up to 500,000 times. Scanning Tunnelling
Microscopes (STMs) can magnify object ten times more than
that. With a resolution of 0.1 nanometers, STMs operate at
the edge of the quantum realm and are able to image some
types of atoms.

Dartmouth

Dissecting microscopes are used

for dissections, observing microbial
cultures, and for identifying and sorting
organisms, like this small crustacean.

Leaf section

Scanning Electron Microscopes
(SEMs) produce extremely high
resolution images of the surface of
cells and objects.

These onion epidermal cells are viewed
with standard bright field lighting. Very
little detail can be seen. The cell nuclei
are barely visible.

STM Erwinrossen

Transmission Electron Microscopes
(TEMSs) produce extremely high
resolution images of the interior of cells
and transparent objects.

Staining

Dark field illumination is excellent for
viewing specimens that are almost
transparent. The nuclei of these onion
epidermal cells are clearly visible.

g Gold atoms

Scanning Tunnelling Microscopes
(STMs) produce images based on
current variation between an extremely
fine needle and the object it moves over.

Some parts of the cell take up stains (chemical dyes) better than others. Stains can be used to highlight parts of the cell for better
viewing with a microscope or they can improve contrast. A wide range of chemicals act as stains, including iodine and methylene blue.

A
lasma
membrane

Nucleus

lodine is used to increase the contrast in
transparent tissues, such as this onion
epidermis. lodine stains are also used
to show the presence of starch, binding
starch to produce a blue-black colour.

Methylene blue is a positively charged
stain commonly used when viewing
animal cells. It has a strong affinity for
DNA (in the nucleus) and a weaker
affinity for RNA (in the cytoplasm).

Some bacteria can be identified and
viewed using Gram staining. Bacteria
are classed as Gram positive and Gram
negative depending on whether or not
the stain is retained by the cell wall.

©2021 BIOZONE International
ISBN: 978-1-98-856636-8
Photocopying Prohibited



What is magnification? What is resolution?
Magnification refers to the number of times larger an object Resolution is the ability to distinguish between close
appears compared to its actual size. together but separate objects. Resolution is a function
- - of wavelength of light used to view the object. Examples
Magnification = measured size of the object of high and low resolution for separating two objects
viewed under the same magnification are given below.

actual size of the object

High resolution ..
size of the image

Actual object size = —
magnification Low resolution “

1. Calculate the length or magnification of the object or organism:

Dust mites

Paramecium

Kristian Peters

Ell

(a) Length of A: (b) Magnification: (c) Magnification:

2. Identify which type of microscope (optical microscope, SEM, or TEM) was used to produce each of the images in the
photos below (a to f):

Louisa Howard Dartmouth College

Dartmouth College

4«;‘.;-"*;5\*4 :

| 8

in chloroplast g s,

Dr Graham Beards

tooony

Blood cells

(a) (b) (c) (d)
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Kristian Peters

Types of Cells

Key Idea: Cells come in a wide range of shapes and sizes.In  below show a selection of cell types from the five kingdoms.
multicellular organisms, cells are adapted for a specific role. Multicellular organisms typically have many specialised cell
Cells come in a wide range of types and forms. The images types, each of which performs a specific function.

Plant cells

T

* Cell wall made ‘ b' ;’éa.m \ ) @oot hair ceh‘. ((

X

I ?f f:ellulose . Cell wall | B\ '.:; 3 Cell NV, }? )
# ') N

- gﬁér&nU
\J )L‘
S g IEpld aJcpII

Palisade mesophyll cells Epidermal cell Guard cells and epidermal cells Root hair cell

Animal cells

Sperm cell (male)

\ / Egg ol

\

Openstax College

Muscle cells Nerve cells (neurones) Reproductive cells

Protists (single cells or colonies)

Individual cells

NOAA

Amoeba Paramecium Volvox colony Scenedesmus colony

Fungal cells Bacterial cells

Microsporangium

AN

New cell wall forming

X

James Scott

Dartmouth college

Yeast cells (Saccharomyces) Microsporum cells 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: (c) Fungal cells:

(b) Bacterial cells: (d) Animal cells:

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

Key Idea: Cells vary in size (2-100 pym), with prokaryotic cells
being approximately 10 times smaller than eukaryotic cells.

Cells can only be seen properly when viewed through the
magnifying lenses of a microscope. The images below show

Human white
blood cell

; ;Parenchym.a.cell
.. of flowering plant '

Eukaryotic cells
(e.g. plant and animal cells)
Size: 10-100 um diameter.
Cellular organelles may be
up to 10 um.

w»
Prokaryotic cells
Size: Typically 2-10 um

length, 0.2-2 um diameter. _ Viruses
Upper limit 30 um long. Size: 0.02-0.25 um
(20-250 nm)
1.0 mm

of many vertebrate groups.

Daphnia is a small
crustacean found as part
of the zooplankton of
lakes and ponds.

10 ym

d

Salmonellais a
bacterium found in many
environments and causes
food poisoning in humans. Onion epidermal cells: the
nucleus (n) is just visible.

SEM of Giardia, a protozoan \

that infects the small intestines

a variety of cell types, including a multicellular microscopic
animal and a virus (non-cellular) for comparison. For each of
these images, note the scale and relate this to the type of
microscopy used.

Unit of length (international system)

Unit Metres Equivalent

1 metre (m) im = 1000 millimetres
1 millimetre (mm) 103 m = 1000 micrometres
1 micrometre (um) 10%m = 1000 nanometres
1 nanometre (nm) 109m = 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).

Paramecium is a
protozoan commonly
found in ponds.

Coronavirus is the virus
responsible for SARS.

10 nm

Elodea is an aquatic
plant. In these leaf cells,
the chloroplasts (c) can
be seen around the inner
edge of the cells.

50 ym

1. Using the measurement scales provided on each of the photographs above, determine the longest dimension (length or

diameter) of the cell/animal/organelle indicated in pm and

(a) Daphnia: pm S 101
(b) Giardia: pm mm
(c) Nucleus um mm
(d) Elodealeafcell: ____ pm mm

mm. Attach your working:

(e) Chloroplast:  ______ um mm
(f) Paramecium: pm mm
(g) Salmonella: pum mm
(h) Coronavirus: pm mm

2. Mark and label the examples above on the log scale below according to their size:

0.1 nm 1nm 10 nm 100 nm
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Key Idea: Diffusion is the movement of molecules 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

The distance
moved

The surface
area involved

Cells Exchange Substances by Diffusion

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 facilitated 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.

Barriers to Thick barriers have a slower rate of diffusion than
diffusion thin barriers.
Particles at a high temperature diffuse at a greater
Temperature
rate than at a low temperature.
Concentration gradient N Lipid-soluble or non-p_olar molecules pass across
Solubility membranes more easily than polar materials, so
If molecules can move freely, they move from high their rates of diffusion are faster.
to low concentration (down a concentration gradient)
ynﬁl evenly disper§ed. anh mglecule moves down Solvent As the density of a solvent increases, the rate of
its own concentration gradient independent of the densi diffusion decreases. Cellular dehydration adversely
concentration gradients of other molecules. ensity e G SR [Ees i Gl

2 ° Glucose
.

o 9 J.J Lipid soluble

° 3° °7 solutes

. )

Q9 =

‘— Inorganic
i

on

Simple diffusion
Molecules move directly through the

plasma membrane without assistance.

Example: O, diffuses into the blood
and CO, diffuses out. Diffusion
gradients are maintained because
substances are constantly being
imported, made, or used by the cell.

Facilitated diffusion involving
carrier proteins

Carrier proteins in the membrane allow
large lipid-insoluble molecules that
cannot cross the membrane by simple
diffusion to be transported into the cell.
Example: the transport of glucose into
red blood cells.

Blo|O[o]=]x |

Facilitated diffusion involving channel
proteins (hydrophilic pores)

Channel proteins (water-filled pores) in the
plasma membrane allow 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.
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1. What do the three types of diffusion described above 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 2.1 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 tfest tube. Use a glucose dipstick to fest for the presence and K:x
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 S
to determine the concentration of glucose present. ‘

|
2. 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.

3. 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).

4. You may need to rinse the tubing under water fo make it pliable enough to open.

5. Fill the dialysis tubing with 5 mL each of a 1% starch solution and a 10% Distilled
glucose solution. water

6. 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.

Solution containing
starch and glucose

7. Test for the presence and concentration of glucose and then starch in
the sample from the dialysis tubing as in steps 1 and 2.
8. Leave the dialysis tubing in the distilled water for 30 minutes.

9. Remove 1 mL of water from the beaker and place in a clean fest 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.

10. 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:

For relative concentration of
glucose, use + for relatively low
concentration and ++ for relatively

high concentration.

Beaker
start

Starch (+/-)

Dialysis
tubing start

Beaker Dialysis
end tubing end

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
start

Beaker
start

Dialysis tubing
end

Beaker
end

. Starch

L 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 last event. Explain your order of events in terms of diffusion:
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Diffusion and Cell Size

Key Idea: 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

17

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

surface 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 (cm?) Volume (cm?3) Surface area to volume ratio
2x 2y Bomt 2xExEs e 24108 = 3
3 cm cube
4 cm cube
5 cm cube
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Key Idea: The effect of cell size on the efficiency of diffusion
can be investigated using model agar “cells" of different sizes.
As described in the previous activity, the efficiency of
diffusion decreases as cell size increases. This can be
demonstrated easily in a model system. In this activity you

Investigating the Effect of Cell Size

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 s
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. 4

» 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.

28

-Region of little
colour change —

~ e ’
“ Region of large
colour change

A phenolphthalein-infused agar cube after exposure
to NaOH.

Equipment list

Paper towel Timer
Glass beaker
Agar blocks infused with
phenolphthalein
Sodium Hydrot
Solution 0.1 'L
"ﬁm’ﬁ“&"?ﬁnw’

MEASURES.

Sodium hydroxide
(NaOH) solution

Laboratory tongs
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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 an 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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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

Overcoming Limitations to Cell Size

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

eukaryotic cells may reach 100 um in diameter,
whereas bacteria typically only reach a tenth
of that. Eukaryotic cells can remain efficient

at larger sizes in part because they contain

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

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.

area. Here, the intestinal wall is folded into
projections called villi. Column-shaped
intestinal cells line the surface of the villi.

to maximise SA: V. The three images below are all to scale.

Sphere Ellipsoid Disc shaped ellipsoid
V=2cm? V=2cm? V=2cm
SA= 7.65 cnm? SA= 8.8 c? SA= 14.98 cnm?
P— = =
‘a SN [
: ~ . \\ - [ )
{ -
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.

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 formulae surface area = 4nr? and volume = (4/3)1'CI'3 (where & = 3.14) to calculate surface area, volume, and
SA:V of a spherical cell with a radius (r) of (a) 2 pm and (b) 10 pm:

(a) 2 ym, SA: V:

SA:V:

(b) 10 pym, SA: \:

SA:V:

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:

@]~
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Plant Cells

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

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

transformers, converting chemical
energy into ATP.

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

DD
e

Chloroplast: Specialised
organelles, 2 ym x 5 ym,
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).

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

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).

Large central vacuole:
usually filled with an
aqueous solution of ions.
Vacuoles are prominent
in plants and function in
storage, waste disposal,
and growth.

Nuclear pore: 100 nm
diameter

Nuclear membrane: a
double layered structure.

Nucleus: A conspicuous
organelle 5 pm diameter.

Nucleolus
The vacuole

is surrounded

by a special
membrane called
the tonoplast.

Cell wall: A semi-rigid
structure outside the plasma
membrane, 0.1 pm to several
pum 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

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
stability. It allows the cells to form plasmodesmata
(P), special channels that allow communication and
transport to occur between cells.

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

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 space in the plant cell?

(b) What are its roles?

4. Identify two structures in the diagram that are not found in animal cells:
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5. 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

(@)

(b)

()

(d)

(e)

U]

(9)

(h)

(i)

1)

(k)

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

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

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

(b) Describe what the cytoplasm is made up of:

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

(a)

(b)
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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

Generalised animal cell

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?

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
E/together in the formation of tissues.
i

Nuclear membrane: Double
o™ layered

— Cytoplasm

<€—— 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 ym
diameter, under a light microscope.
They are absent in higher plant
cells and some protists.

Mitochondrion (pl. mitochondria):

[] 3% [] An organelle bounded by a double
e i membrane system. The 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

Nerve cells in the spinal cord
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White blood cells and red blood cells

3. The two photomicrographs below show
several types of animal cells. Identify the
features indicated by the letters A-C:

(a)
(b)

©
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4.

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

(@)

(b)

(€)

(d)

(e)

U]

()

(h)

Which of the organelles in the TEM above are obviously shown in both transverse and longitudinal section?

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

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:

What features of the lymphocyte cell above identify it as eukaryotic?

If you were to see the cell above with no other references, how would you be able to identify it as an animal cell?
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Cell Structures and Organelles

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.

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

1. (a) Name this organelle:

(b) Structure and location:

(c) Function:

(d) This organelle is found (circle the correct
answer): only in plant cells / only in animal cells
/'in both plant and animal cells

5. (a) Name this organelle:

(b) Structure and location:

(c) Function:

(d) This organelle is found (circle the correct
answer): only in plant cells / only in animal cells
/'in both plant and animal cells

2. (a) Name this organelle:

(b) Structure and location:

(c) Function:

(d) This organelle is found (circle the correct
answer): only in plant cells / only in animal cells
/ in both plant and animal cells

3. (a) Name this organelle:

(b) Structure and location:

(c) Function:

(d) This organelle is found (circle the correct
answer): only in plant cells / only in animal cells
/ in both plant and animal cells

Plant cell

4. (a) Name this organelle:

(b) Structure and location:

(c) Function:

(d) This organelle is found (circle the correct
answer): only in plant cells / only in animal
cells / in both plant and animal cells

6. (a) Name this organelle:

(b) Structure and location:

(c) Function:

(d) This organelle is found (circle the correct
answer): only in plant cells / only in animal
cells / in both plant and animal cells
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7. (a) Name this organelle:

(b) Structure and location:

(c) Function:

(d) This organelle is found (circle the correct
answer): only in plant cells / only in animal
cells / in both plant and animal 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) This organelle is found (circle the correct (d) This organelle is found (circle the correct
answer): only in plant cells / only in animal cells answer): only in plant cells / only in animal
/ in both plant and animal cells cells / in both plant and animal 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 opposite and describe its function:
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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 it 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 describes a lipid bilayer with proteins embedded
within it, called the fluid-mosaic model (below). 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 molecules or ions) across the membrane, often against their
concentration gradients.

Simple membrane structure
External cellular environment

Channel proteins form

a pore through the
hydrophobic interior of the
membrane to enable water
soluble molecules to pass by
facilitated diffusion.

’ xx'xﬁ@w

Carrier proteins permit
the passage of specific
/’ molecules by facilitated

Phospholipid

Fatty acid tail

is hydrophobic "
Phospholipids Phosphate head is l
n.aturally form a hydrophilic
bilayer. Water molecules

pass between the
phospholipid molecules
by osmosis.

diffusion or active transport.

Molecular model showing how
phospholipid molecules naturally
orientate to form a bilayer.

co,

99}

Cholesterol molecule
regulates membrane
consistency.

Lipid soluble molecules, e.g.

gases and steroids, can

move through the membrane

by diffusion, down their A

concentration gradient.

Internal cellular environment

1. List the important components of the plasma membrane:

2. ldentify the kind of molecule on the diagram above that can:

(a) Move through the plasma membrane by diffusion:

(b) Form 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?
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yZ' W Phospholipids and the Properties of Membranes

Key Idea: Phospholipids are important components of cellular ~ naturally form bilayers in aqueous solutions and are the
membranes. They are made up of a hydrophilic head region  main component of cellular membranes. The fatty acid tails
and a hydrophobic tail region, making them amphipathic. can be saturated (forming straight chains) or unsaturated
Phospholipids consist of a glycerol attached to two fatty  (kinked chains). The level of phospholipids with saturated or
acid chains and a phosphate (PO43') group. Phospholipids  unsaturated tails affects the fluidity of the phospholipid bilayer.

Phospholipids

Phospholipids and membranes

The phosphate end of the phospholipid is attracted Phospholipids are amphipathic (have hydrophobic and

to water (it is hydrophilic) while the fatty acid end is hydrophilic regions). This means that they will spontaneously
repelled (hydrophobic). In an aqueous environment, form bilayers when in aqueous environments and so form the
the hydrophobic ends turn inwards in the membrane to outer boundary of cells and organelles. Modifications to the
form a bilayer. Fatty acids containing double C=C bonds hydrophobic ends of the phospholipids regulate the fluidity of
are unsaturated. This causes a "kink" in the chain. the bilayer. The greater the number of double bonds in the

Hydrophilic
head

Hydrophobic
tails

of :

Fatty acid tails

group

Phosphate

hydrophobic tails, the greater the fluidity of the membrane.

Membrane containing only phospholipids with saturated fatty
acid tails.

Membrane containing phospholipids with unsaturated fatty acid
tails. The fact that the phospholipids do not stack neatly together
produces a more fluid membrane that may remain fluid even at
low temperatures.

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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The Structure of the Plasma Membrane

Key Idea: A cellular membrane is made of a phospholipid  cell's contents and regulates many of the cell's activities.
bilayer with proteins of different sorts embedded in it. Importantly, it controls what enters and leaves the cell by the
The plasma (or cell surface) membrane encloses the use of carrier and channel proteins.

Fluid mosaic model of membrane structure

Water molecules pass % Carrier proteins permit
between the phospholipid the passage of specific
molecules by osmosis. 3 molecules by facilitated
diffusion or active transport.

Phospholipids naturally
form a bilayer.
Phosphate head
is hydrophilic

Fatty acid tail
is hydrophobic

O

Glucose E =
[=E
] o Lipid soluble molecules, e.g. gases
Channel proteins form a pore through Cholesterol molecule maintains and steroids, can move through
the hydrophobic interior of the membrane membrane integrity, preventing it the membrane by diffusion, down
to enable water soluble molecules to becoming too fluid or too firm. their concentration gradient.

pass by facilitated diffusion.

What can cross a lipid bilayer?

Gases Hydrophobic Small polar Large polar Charged
molecules molecules molecules molecules

-0

000~ m O -0
I !

o & Glucose

Ethanol

o<

T

-

R

Small uncharged Lipid soluble molecules Polar molecules are Cannot directly cross the  lons can be transported

molecules can diffuse diffuse into and out of the small enough to diffuse membrane. Transport across the membrane by

easily through the membrane unimpeded. through. Aquaporins (by facilitated diffusion or  ion channels (passive) or

membrane. increase the rate of water  active transport) involves  ion pumps (active).
movement. membrane proteins.
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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.

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?

A2-33cc 3.0

% The receptor
- (red) is bound
to intracellular
G protein.

pleated
sheet

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:

(a) Aquaporins:

Describe the role of the following proteins in the plasma membrane:

(b) GLUT1 protein:

(c) G protein:
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Key Idea: Temperature and solvents can disrupt the structure
of cellular membranes and alter their permeability.

Membrane permeability can be disrupted if membranes are
subjected to high temperatures or solvents. At temperatures
above the optimum, the membrane proteins become

Beetroot cubes

See appendix for equipment list.

Factors Altering Membrane Permeability

denatured. Alcohols, e.g. ethanol, can also denature proteins.
In both instances, the denatured proteins no longer function
properly and the membrane loses its selective permeability
and becomes leaky. In addition, the combination of alcohol
and high temperature can also dissolve lipids.

Plant cells often contain a large central vacuole surrounded by a
membrane called a tonoplast. In beetroots, the cell vacuoles contain
a water-soluble red pigment called betacyanin, which gives beetroot its
colour. If the tonoplast is damaged, the red pigment leaks out into the
surrounding environment. The amount of leaked pigment relates to the
amount of damage to the tonoplast.

Investigation 2.2 The effect of temperature on membrane permeability

1. Use a cork borer with an internal diameter of 4 mm to produce 15 cylinders of beetroot 20 mm long. Place

them in a beaker of distilled water.

2. Set up five sets of three test tubes of 5 mL of distilled of water at the following temperatures using
water baths: 0°C (ice bath), 20°C, 40°C, 60°C, 90°C. Leave for a few minutes to equalise the distilled water

temperatures with the water baths.

3. Remove the beetroot from the distilled water and pat dry with a paper towel. Place one cylinder of beetroot

into each test tube. Leave them for 30 minutes.

4. Remove the beetroot from the test tubes. Observe each group of fest tubes and record the colour of the

water in the table below.

5. Zero a colorimeter set to 530 nm with distilled water then use it to measure the absorbance of each
beetroot sample and record the absorbance in the fable below.

6. Calculate the mean absorbance for each temperature.

Absorbance of beetroot samples at varying temperatures

Temperature

Absorbance at 530 nm
Mean

(°C) Observation

Sample 1

Sample2 | Sample 3

0

20

40

60

90

1. Why is it important to wash the beetroot cubes in distilled water prior to carrying out the experiment?

2. (a) Based on the results in the table above, describe the effect of temperature on membrane permeability:

(b) Explain why this effect occurs:
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Method for determining effect Absorbance of beetroot samples at varying
of ethanol concentration on ethanol concentrations

membrane permeability

Beetroot cubes were prepared the same Ethanol_ Absorbance at 477 nm

way as described on the previous page. conce:ltratlon s le 1 s le 2 s le 3 L
The following ethanol concentrations were (%) ample ample ample
prepared using serial dilution:

0, 6.25, 12.5, 25, 50, and 100%. Eighteen 0 0.014 0.038 0.038
clean test tubes were divided into six

groups of three and labelled with one of the 6.25 0.009 0.015 0.023
six ethanol concentrations. Three cm?3 of

the appropriate ethanol solution was placed

into each test tube. A dried beetroot cube 125 0.010 0.041 0.018
was added to each test tube. The test tubes

were covered with parafilm (plastic paraffin 25 0.067 0.064 0.116
film with a paper backing) and left at room

temperature. After one hour the beetroot 50 0.945 1.100 0.731
cubes were removed and the absorbance

measured at 477 nm.

Results are given in the table, right. ey 1.269 1.376 0.907

3. What was the purpose of the 0% ethanol solution
in the experiment described above?

4. (a) Why do you think the tubes were covered in
parafilim?

(b) How could the results have been affected if
the test tubes were not covered with parafilm?

5. (a) Complete the table above by calculating the mean absorbance for each ethanol concentration:
(b) Plot a line graph of ethanol concentration against mean absorbance on the grid (above):

(c) Describe the effect of ethanol concentration on the membrane permeability of beetroot:

6. How does ethanol affect membrane permeability?
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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

27

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.

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.

Glass capillary tube

Dialysis tubing
I . artially permeable membrane
Dialysis tubing (partially p )
containing sucrose
solution

Water

Sucrose molecule

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 concentration 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.

&
>
£
[}
(]
N

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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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 2.3 Estimating osmolarity

See appendix for equipment list.

1. Prepare 6 beakers of sucrose (C;,H,,0,;, 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 cm® (1 cm x 1 cm x 1 c¢m<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>