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PREFACE

Biology in Focus 2nd edition (Year 11) has been written to
the specifications of the NSW yllabus for the Australian
Curriculum, Stage 6 Biology The team of authors are
academic and classroom teaching experts, chosen for their
comprehensive knowledge of the biology discipline and best
teaching practice in biology education at secondary and
tertiary levels They have written the text to make it accessible,
readable and appealing to students, covering contexts that
ensure students gain a wide perspective on the breadth and
depth of current biology The rigorous and methodological
approach enables students to reach the highest possible
standard The level of depth and interest are aimed at giving
students the necessary understanding to pursue tertiary
studies in biology, health sciences, medicine, conservation
science, genetics, biotechnology, bioinformatics and other
STEM-related courses

Each chapter of Biology in Focus follows a consistent
pattern Learning outcomes from the syllabus appear on
the opening page The text is then broken into manageable
sections under headings and sub-headings All chapters
have been structured around the syllabus-identified inqui y
questions, and focus within the chapter is on students asking
and refining their wn questions for investigation Relevant
diagrams that are easy to interpret and illustrate important
concepts support the text New terms are bolded and defined
in a glossary at the end of the book Important concepts are
summarised to assist students to take notes Question sets
are found at the end of each section within the chapter, and
a comprehensive set of review questions at the end of each
chapter expands on the questions sets for further revision
and practice Questions have been set to accommodate the
abilities of all students Complete worked answers appear on
the student website

Worked examples, written to connect important ideas and
solution strategies, are included throughout the text Solutions

9780170479462

are written in full, including step-by-step instructions on how
to perform mathematical calculations The logic behind each
step is explained and mathematical relationships are shown
in their biological context In order to consolidate learning,
students are challenged to try similar questions on their own
The broad range of investigations demonstrates the
high level of importance the authors attach to exploring
and discovering the living world through practical activities
and research Investigations are presented in a manner
that provides opportunities for students to develop skills in
designing experiments as well as in planning and conducting
valid and reliable procedures, taking into account safety
and conducting risk assessments The hands-on activities
introduce, reinforce and enable students to practise firs -hand
the Working Scientifically strand of i vestigation skills of the
NSW syllabus, especially experimental design, data collection,
analysis and conclusions There are more than enough
investigations to meet the 35 hour minimum requirement
of the syllabus Chapter 1 explores the concepts of reliability,
validity and the nature of scientifici vestigation using
the scientific metho , and provides valuable information
for performing and analysing investigations and carrying
out depth studies Detailed information is provided that is
designed to enhance students’ experiences and to provide
them with information that will maximise their marks in this
fundamental area, which is reinforced throughout the course
Students are encouraged to evaluate experimental design
and consider ideas for improvement, taking into account
accuracy, precision, uncertainty and error — concepts that are
introduced in Chapter 1 This invaluable tool supports student
learning through chapter questions and investigations
Biology in Focus 2nd edition (Year 11) provides students
with a comprehensive study of modern biology that will fully
prepare them for exams and any future studies in the area
Glenda Chidrawi (lead author)
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USING BIOLOGY IN FOCUS

Biology in Focus Year 11 has been purposely crafted to enable you, the student, to achieve maximum understanding and success
in this subject The text has been authored and reviewed by experienced Biology educators, academics and researchers to ensure
up-to-date scientific accura y for users Each page has been carefully considered to provide you with all the information you
need without appearing cluttered or overwhelming You will find it easy o navigate through each chapter and see connections
between chapters through the use of margin notes Practical investigations have been integrated within the text so you can see
the importance of the interconnectedness between the conceptual and practical aspects of Biology

» MODULE ONE @ Cell structure and technologies

CELLS AS THE BASIS
OF LIFE

ure and technologies

The content is organised under four modules, as set Each chapter begins with a chapter opening page
out in the NESA Stage 6 Biology syllabus Each module This presents the learning outcomes from the NESA
begins with a module opening page Stage 6 Biology syllabus that will be covered in the

chapter and also gives you the opportunity to monitor
your own progress and learning

To improve comprehension, literacy and understanding, Learning across the curriculum content has been
a number of strategies have been applied to the preparation identified y NESA as important learning for all students
of our text One of these is the use of shorter sentences This content provides you with the opportunity to develop
and paragraphs This is coupled with clear and concise general capabilities beyond the Biology course,
explanations and real-world examples New terms are bolded as well as links into areas that are important
as they are introduced and are consolidated in an end-of- to Australia and beyond This content has Literacy
book glossary been identified y a margin icon

Throughout the text, important ideas, concepts and Mathematical relationships are presented
theories are summarised in key concept boxes This provides in context Step-by-step instructions on how to perform
repetition and summary for improved assimilation of new ideas mathematical calculations are shown in the worked

examples The logic behind each step is explained and you

g D B S T G T ARG can practise these steps by attempting the related problems
g S et b oo the | T ernbrane changes shape and surounds and engulfs the partice so presented at the end of each worked example

Phagocytosis is the process whereby solid particles are engulfed by the cell membrane.

Pinocytosis is the engulfing of fluid substances by the cell membrane.

9780170479462 Xi



'WORKED EXAMPLE @

initial population of 20 female kangaroos. The females give birth to 12 joeys in

ANSWER Losic
a Mt+1)=20+12-4=28

* Calculate the size of the population after year 1

= Rearrange the above equation to make \ the subject and
then apply the equation.

e there will be 39 kangaroos in 2 years' time,
b My =NON = Use the same logic to calculate the kangaroo population in
N(8) = 20 X (1.4)° 8years'time.
N(8) = 20 X (14.7)
2

* Calculate the population in 2 years'time.

saroos in 8 Land and

Biology is a science and you need to be given the
opportunity to explore and discover the living world through
practical investigations Investigations introduce and
reinforce the Working scientifically s ills listed in the NESA
Stage 6 Biology syllabus In some cases, the investigations
are open-ended These provide you the opportunity to
design and carry out your own scientifici vestigation, either
individually or in a group At times you are prompted to
consider ideas for improvement or further investigation to
illustrate that science is an ongoing and improving process At
other times, investigations are secondary-sourced, meaning
that you need to research the subject using data and
information gained by other people Further information on
how to conduct a scientific i vestigation can be found in the
Working scientifically and depth study chap er on page 1

An investigation to model the process of osmosis

In this model of osmosis, the semipermeable dialysis tubing represents the selectively permeable cell
membrane. The sucrose solution represents the cytoplasm of the cell and the distilled water represents the
extracellular flui

To model the process of osmosis
[ MATERIALS

3% 600 mL beakers

2 X glass rods

2 X 20 cm strips dialysis tubing
25 mL measuring cylinder

100 mL measuring cylinder
Filter funnel

Marking pen

Pla

Digital camera (optional)

RISK ASSESSMENT

clin

RISK
Broken glass Injury to body Take care atall times when using glassware. ASSESSMENT

Using a fil er fu
into the tu

sugar solution
ution used.)

u xperimental and the cont
Figure 3.12. Ensure that the tied ends of ly:
to prevent leakage. Do not have the tubing too far out o
this willinterfere with the accuracy of your results.

as shown in
e the distilled water in the beaker
e water because evaporation may occur and

CHAPTER 3 » CELL FUNCTION 75

XIl USING BIOLOGY IN FOCUS

The risk assessment table occurs within the investigation
The table highlights the risks of the investigation and provides
suggestions on how to minimise these risks —

they are not to be considered !
i RISK
comprehensive Teachers are expected to ASSESSMENT

amend this table in the case of substitutions
orin the case of any additional risks This
may mean obtaining relevant Safety Data
Sheets (SDS) for certain chemicals All teachers are required
to follow the safety guidelines of their specific school and
associated government legislation when students are in
their care

Full understanding of a concept is often constructed from
many pieces of information Due to the sequential nature of a
book, this information cannot always be presented together
because it is best placed in other

chapters Links between concepts You will learn more

about fluid transport

that occur on other pages or in other
Pag in Chapter 6.

chapters are indicated using the
margin notes

Regular opportunities to recall new terms and review
recent concepts are provided as short check your
understanding question sets throughout each chapter

CHECK YOUR
UNDERSTANDING 1 Define the process of active transport and provide an example of where this occurs.
?Wb/ 3 D orocess of endocytosis and provide an example of where itis used.
" 4 Describe how the cell membrane is involved in each process listed below and provide an example of the

use of each:

a exocytosis

b endocytosis

@

Identify three types of substances that are removed from cells.

The chapter review section, which appears at the end of
each chapter, provides the following:

= 3 visual chapter summary that shows how the important
concepts are linked This will be a valuable tool when you
are revising for tests and exams

9780170479462




= end-of-chapter review questions that review

MODULE \,3:!: BIOLOGICAL
DIVERSITY

PEND-OF-MODULE REVIEW

understanding and provide opportunities for application

and analysis of concepts and how they interrelate

(@) CHAPTER REVIEW QUESTIONS

The depth study provides you with the opportunity to

pursue a topic of interest from within the course It enables

you to study a topic in more depth and present your finding

Each module concludes with a module review This in a format of your choice Advice and support to assist you in
contains short-answer questions that provide you with the undertaking your depth study can be found in Chapter 1, as well
opportunity to assimilate content that may occur across the as suggestions for topics provided at the end of each module
chapters that fall within that module review Refer to the NESA Stage 6 Biology syllabus for the full

details on the scope and completion of your depth study

DEPTH STUDY

SN Investigate cane toad evolution and current research techniques, including radio tracking, veterinary
SUGGESTIONS

pathology and genetic studies

Look into current research into antibiotic resistance and biofilm

v

v

Investigate the latest research on anti-microbial substances found in Komodo dragons and how these
may be used in the future to overcome antibiotic resistance.

- Design and conduct an experiment to model the Theory of Evolution by Natural Selection.

v

Make a documentary on the evolution of mammals in Australia, with specific emphasis on the  volution
of monotremes,

¥ Nelson MindTap

A flexible and easy-to-use online learning space that provides :‘:

students with engaging, tailored learning experiences. '

® |ncludes an eText with integrated interactives and online assessment. Weblink
® Margin links in the student book signpost multimedia student resources found on MindTap.

For students: For teachers*:

Nelson MindTap provides you with material that Nelason MindTap allows you to teach in a way

will help you understand, explore, engage and that caters to the needs of your students. Monitor
organise your knowledge. On MindTap, you fill find student progress and customize your course in
chapter resources such as: a way that makes sense for your classroom. in
addition to the resources found on students'
MindTap, you will also find teacher support
materials such as:

Interactive learning activities o

Exam preparation at the end of every chapter
Interactive ebook
Teaching plans

Lab tech notes
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or booklist. Contact your Cengage Education Consultant for
information about access and conditions
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SYLLABUS MAPPING

Working scientifically mapping

Content statements from the NESA Stage 6 Biology syllabus are shown in full on the chapter opening pages of the chapters
where they are dealt with A full mapping of chapters and content statements can be found on the NelsonNet Teacher website
Below is a mapping of the outcome statements for Working scientifically ac oss all the chapters of Biology in Focus: Year 11

I N N I N I A I N

1 BIO11/12-1 develops and evaluates
questions and hypotheses for scientific v v v v v v
investigation

2 BIO11/12-2 designs and evaluates
investigations in order to obtain primary v v v v v v
and secondary data and information

3 BIO11/12-3 conducts investigations to
collect valid and reliable primary and v v v v v v v v 4 4 v

secondary data and information
4 BIO11/12-4 selects and processes

appropriate qualitative and quantitative
data and information using a range of 7 7 7 7 7 7 7 7 7 7 7 7

appropriate media

5  BIO11/12-5 analyses and evaluates
primary and secondary data and v v v v v v v v v v v v
information

6  BIO11/12-6 solves scientific p oblems
using primary and secondary data, critical v v v v v v v v 4 v 4
thinking skills and scientific p ocesses

7 BIO11/12-7 communicates scientific

understanding using suitable language v v v v v v v v v v v

and terminology for a specific audience
or purpose

Biology, Stage 6 syllabus. © Board of Studies, Teaching and Educational Standards
NSW for and on behalf of the Crown in right of the State of New South Wales, 2017
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Working scientifically
and depth studies

A student:
= Questioning and predicting
BIO-1 develops and evaluates questions and hypotheses for scientific i vestigation
Planning investigations
BIO-2 designs and evaluates investigations in order to obtain primary and secondary data and information

Conducting investigations
BIO-3 conducts investigations to collect valid and reliable primary and secondary data and information

Processing data and information
BIO-4 selects and processes appropriate qualitative and quantitative data and information using a range of
appropriate media

Analysing data and information
BIO-5 analyses and evaluates primary and secondary data and information

Problem solving
BIO-6 solves scientific p oblems using primary and secondary data, critical thinking skills and scientific
processes

Communicating
BIO-7 communicates scientific understanding using suitable language and erminology for a specific
audience or purpose

Biology Stage 6 Syllabus © NSW Education Standards Authority for and on behalf of the Crown in right of the State of New South Wales, 2017
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Assessments How to successfully evaluate and use
® Chapter review websites
® Review quiz

Validity, reliability, accuracy and precision
Writing a bibliography
Worksheets A good practical report

® | aboratory rules

_ P

«< Nelson MindTap cengaga.rom aune GHRLIH

Scienceisthe systematic study, by observation and experiment, of the natural and physical world (Fig. 1.1).
Science is characterised by a way of thinking and working, and, most fundamentally, by questioning,
The knowledge and understanding that arise from this questioning are not in themselves science. They
are the products of science, as is the technology that arises from this knowledge and understanding.
Science is empirical, which means that when scientists ask questions, they seek to answer them by using
evidence, in particular observational and experimental evidence.

Biology as a field of study was named in the 19th century and arose from
the studies of medicine and natural history, both of which date back to ancient
times. The term ‘biology” comes from the Greek words bios (life) and logos
(word or discourse). Biology asks questions about all living things, including
plants, animals and micro-organisms. It asks questions about their structure

rag

* iStockicom/B

and functioning, how and why they have changed over time and continue to
change, about their interactions with each other and the environment, and
about biodiversity and the continuity of life — looking at heredity and variation.
These fields of interest in biology are grouped into subdivisions such as botany,
: zoology, microbiology, evolutionary biology, ecology and genetics. Given that
FIGURE 1.1 Investigating in biology all living things are interdependent, biology is a fascinating science!

The nature of biology

Questions lead to investigations and these in turn lead to scientific theories that are testable and
falsifiable. This applies to all sciences, including biology. That means that, for a theory to be considered
scientific, it must be possible to test it and, most importantly, to test whether it is not true. This is what
falsifiable means: ‘able to be disproved’. This sets science apart from many other disciplines in which
there are theories that cannot be tested or disproved. Such theories are not scientific.

at This is why scientists never talk about proving a theory, but rather about providing evidence to
"3 support a theory. When a large enough amount of evidence has been gathered that supports a theory,

then that theory is accepted by the scientific community. Examples of theories in biology that have so
Lag’Z‘:;'t‘j?ff:les much evidence supporting them that they are generally accepted are the cell theory and the Theory of
Evolution by Natural Selection.

However, no matter how much evidence you gather supporting a theory, it takes only one experiment
that disagrees to disprove a theory. As Einstein said: No amount of experimentation can ever prove me
right; a single experiment can prove me wrong;

There are many examples of theories and hypotheses in biology that were proposed and later
rejected or changed when new evidence came to light. For example, the theory of spontaneous
generation is now obsolete, and a theory proposed as the one-gene-one-enzyme theory was later
changed when it was realised that a single gene may code for a number of different polypeptides.

2 CHAPTER 1 » WORKING SCIENTIFICALLY AND DEPTH STUDIES 9780170479462



There are also examples of theories that were based on hoaxes, such as that of Piltdown man. Some
hypotheses have been rejected because the scientific method used could not be repeated and was
later shown to be invalid (for example, the hypothesis that proposed that autism could be caused by
a certain vaccination).

e Scientific theories are falsifiable; they can be disproved, but they cannot be proved. For a theory
to be accepted it must be supported by a great deal of evidence.

e A good hypothesis is falsifiable and it takes only one instance of results that disagree with the
hypothesis to disprove it.

(%)
-
o
w
(=)
=
o
()
>
w
¥

e No amount of success in testing a hypothesis can prove it is right. Each confirming instance
only increases one’s confidence in one’s idea.

The scientific method is the process of systematically gathering information and data by observation
and measurement, and using the information and data to formulate and test hypotheses. It is Erféta‘chav‘eat”hdmkmg
from such investigations that the body of scientific knowledge that we accept today has been
accumulated.
The scientific method is summarised in Figure 1.2.

FIGURE 1.2 The
scientific method

Scientific method

\

Think of a question

Formulate a hypothesis
informed by existing literature

Develop predictions

Peer Design an experiment
review to test predictions

Change

hypothesis
Perform experiment
numerous times
Communicate
results

Analyse data

Results support Results do not
hypothesis support hypothesis

Hypotheses

The scientific method begins with asking questions (sometimes called research questions). Based on
these questions, you formulate a hypothesis, which is a tentative answer to your question. This usually
involves reading the literature to see if anyone has already answered your question or investigated a

9780170479462 CHAPTER 1 » WORKING SCIENTIFICALLY AND DEPTH STUDIES 3



similar question. For example, we might hypothesise that if we use a particular fertiliser on a certain
species of seedling, then the seedlings will grow taller. We could test this hypothesis by performing
experiments where we measure the height of a particular species of seedling subjected to different
fertilisers.

In scientific investigations, progress is often not a straight line, from one point to the next, but a series
of progressions that sometimes veer off the original path. Often the result of your initial experiments
will make you reassess the direction you intend taking, and may lead you to change your hypothesis and
refine your experimental design.

Experiment design and validity of results

An experiment is designed and performed to test the prediction, and the results are then analysed. If the
results of the experiment agree with the prediction, then the hypothesis is supported. Note that it is not
proved, only supported. There may be other explanations that would also be supported by the results. If
the results do not agree with the prediction, then the hypothesis is not supported and the scientist needs
to come up with another explanation.

Experiments are considered valid when scientists test the hypothesis that they intended to test and
give consistent results when repeated. A valid experiment involves setting up controls and making sure
that the only thing that changes in the experiment is the variable being tested. All other conditions
must be controlled to remain the same. Experiments are considered reliable when they can be repeated
to give the same results and random error is eliminated or minimised. An experiment is considered
accurate when its measurements are close to the true value - for this to be achieved, the risk of error in
measurement must be kept to a minimum. For an experiment to be valid, it must be both reliable and
accurate. This will be dealt with in more detail in a later section (see page 16).

Communication and peer review

Reproducibility and peer review are important aspects of science. If an experiment cannot be repeated
to give the same results, then there is a good chance that a mistake was made and the experiment is not
valid. For example, if experiments cannot be repeated to give the same results because of uncertainties
in the measurements, the result is that the hypothesis is clearly disproved.

Scientists communicate their work to each other to share new ideas and information and as a way
of contributing to the ongoing development of science. They usually communicate new findings to each
other in seminars and conferences, as well as writing articles for scientific journals. When you conduct
an experiment and write a report on it, the report is very much like a scientific paper.

Before a scientific paper is published, it is reviewed by other scientists — experts in the particular
area — who evaluate it. They try to determine whether:

» the experiments conducted were appropriate
» the conclusions drawn were valid

- » the hypothesis is clearly supported or not.
%d If the paper is considered to make a useful contribution to science, and the experiments and analysis
are valid, then it will be published. Other scientists can then read the paper and use it to inform their own

coiebiink work. Scientists also communicate their work in other ways to the public and to students.
hseudoscience Descriptions of the scientific method are somewhat idealised. In practice, the scientific method may be
about the scientific a bit messy and not follow the steps in order. Sometimes scientists have only questions but no hypothesis to
method and come
up with your own answer them. In these cases, experiments are done or observations are made to try to form a hypothesis that
explanation of the . . . . . . . .
difference between can then be tested. Sometimes in trying to answer one question a new and more interesting question arises,

science and

pseudvscionce. so a scientist will change the selected experiments to work on the new question instead. However, once a

scientific discovery is made, and even when a new and exciting discovery is made by accident, the scientific
method will be used to formulate and test hypotheses that arise to explain it.
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e A hypothesis is a predictive statement about the relationship between the variables in an
investigation and is an ‘expected’ answer to a question.

e The scientific method consists of questioning and formulating hypotheses, making
measurements to test the hypotheses, analysing the results, and communicating them for peer
review. It is the process by which science proceeds.

KEY CONCEPTS

Disciplines within science can be characterised by the sorts of questions that they ask. Biology asks
questions about the organisation and grouping of living organisms, how living things change over time,
why some species survive and others do not, and how living things interact with their environments and
with each other.

Biologists find that these questions may be answered by looking at the morphology and functioning
of living organisms, how they reproduce and are adapted for survival, their origin, distribution and
interactions, as well as inheritance patterns and increases in diversity. Biological studies ask questions at
various levels — macroscopic, microscopic and molecular. Developments in technology and advances in
knowledge and understanding in biology progress hand in hand, with each one assisting the other.

The more we find out in biology, the more questions are generated. There are many questions we
have not answered yet. As current and future biologists investigate and answer these questions, yet more
questions will arise that no one has thought of yet. Will all the possible questions about living organisms
ever be answered?

Over the generations, scientists have asked questions and sought and, at times, found answers to those
questions. From their answers we have constructed models of how living things may be related and how and
why they change over time. These models in themselves are always changing, as we get more evidence and
better answers to existing questions, or as we seek answers to new questions. Models are representations of
biological reality - they are not the reality itself any more than a model aeroplane is a real aeroplane. Models
can be physical models, some are mathematical models made up of equations and data, and yet others are
conceptual models consisting of principles, laws and theories. Biologists use all sorts of models as they ask
and seek to answer questions. At times they combine models and switch between models.

Models in biology have two important purposes — to explain how things work, and to predict what will
happen. A model that does not accurately predict the results of an experiment will generally be revised
or replaced. Two models may give similar results in some situations but different results in others. Model
selection is important to get valid and reliable results. For example, to estimate the abundance of animals
in a population, several models may be used, including a mark-recapture model, transect model and direct
count model. Each model relies on its own set of assumptions. If animals are relatively fast moving, a closed
population mark-recapture model may be used. This model makes assumptions that there is no birth, death
or emigration within the population, all animals have the same probability of being caught, and the marks or
tags are not lost. For animals that are slow moving and occur in relatively large numbers, a distance sampling
model (line transect with point counts) would be preferable. For fast-moving animals where migration does
occur, an open population mark-recapture model is preferable. This does not mean that one model is always
Tight” or ‘true, just that the closed population mark-recapture model is better for certain types of animals.
Choosing the right model for a situation is an important skill in solving problems in biology.

KEY

CONCEPTS

e Biology uses models such as physical, mathematical and conceptual models to describe
biological systems and to make and test predictions. Models are constantly being refined
as we learn more.
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As you progress through your Biology course, you will learn a lot of useful skills, and practise working
scientifically by performing investigations and depth studies. You will also gain some knowledge and
develop a deeper understanding of biology.

The knowledge that has arisen from answering questions asked by biologists can be broadly
categorised into five major concepts: form and function; similarity and diversity; stability and change;
systems and interactions; and patterns, order and organisms. Figure 1.3 shows how the five concepts in
the Year 11 Biology course fit into unifying themes.

As you learn more of the content knowledge of biology, you need to create your own mental models
to help you understand it. Concept maps are a useful way of representing your mental models. They help
to remind you that biology is not simply a collection of facts. Every idea in biology is connected to other
ideas. For each module in biology, you should create a concept map both to record the content that you
learn and to make connections between different content areas and modules.

FIGURE 1.3 Unifying
concepts in biology

Form and function

Cells as
the basis
of life

Biological
gb Biglggy diversity
o unifying
concepts

Ecosystem
dynamics

Solving scientific problems:
depth studies

Depth studies are your opportunity to work scientifically and solve scientific problems. When performing
a depth study, you will pose questions, develop hypotheses to answer your questions, and then seek
evidence to support or disprove your hypotheses. The evidence may come from the existing scientific
literature, or from your own experiments. You will need to analyse data to determine whether your
hypotheses are supported. Analysing data usually requires you to represent it in some way, often
mathematically or graphically. Finally, as scientists do, you need to communicate your findings to others.
There are many ways that you can do this, and you need to choose the method most appropriate to the
audience you wish to communicate with.

6 CHAPTER 1 » WORKING SCIENTIFICALLY AND DEPTH STUDIES 9780170479462




There are two broad types of depth study:

1

first-hand or practical investigations, where you design and perform experiments to gather primary
data, or to test a claim or device

investigations based on secondary sources, where you research and review information and data
collected by other people.

First-hand investigations to gather primary data may be:
work undertaken in a laboratory

field work, where observations are undertaken at home, school or elsewhere (for example, on
excursions or by engaging with community experts)

the creation and testing of a model or device.

Secondary-source depth studies may include:

undertaking a literature review

investigating emerging technologies and their applications in biology
analysing a science fiction movie or novel

developing an evidence-based argument or a historical or theoretical account.
Depth studies may be presented in different forms, some of which include:

written texts (experiment reports, field work reports, media reports, journal articles, essays and
management plans)

visual presentations (diagrams, flow charts, keys, posters and portfolios)
multimedia presentations

physical models

a blend of the above.

All depth studies will involve the analysis of data, either from primary data that you collect yourself or

secondary data thatyou collect from analysingresearch such aslongitudinal data or resource management

data. Looking for patterns and trends in data will involve analysing and constructing graphs, tables, flow
charts, diagrams, keys, spreadsheets and tables and/or databases. This will be dealt with in more detail
in the section Designing your investigation (see page 15). You may also wish to refer to the NSW Stage 6

Biology syllabus document for more information.

Depth studies encourage us to identify areas of interest and enable us to deepen our understanding in
a chosen area, taking responsibility for our own learning. Although a field of study may be identified by
the teacher, students may pursue their own area of interest within this field, be it technology, current
research, biologists working in the field, or other areas.

9780170479462

Depth studies provide students with time and an opportunity to:

use the research methods that scientists use

analyse works for scientific relevance and validity

broaden their range of reading in a field of interest

extend their depth of thinking and understanding

ask questions and investigate areas that do not have definite answers

investigate contentious issues and use critical thinking skills to consider the validity of views
expressed in a variety of sources
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» use inquiry-based learning and develop their creative thinking in an area of their own choosing, at
their own level.

The summarybelow outlines four main stages of conducting a depth study, as well as the Workingscientifically
skills (see the NESA Stage 6 Biology syllabus) that you will need to develop and apply at each stage.
1 Initiating and planning involves:
Questioning and predicting
(BIO-1): develops and evaluates questions and hypotheses for scientific investigation
Planning investigations
(BIO-2): designs and evaluates investigations in order to obtain primary and secondary data and
information
2 Implementation and recording involves:
Conducting investigations

(BIO-3): conducts investigations to collect valid and reliable primary and secondary data and
information

Processing data and information
(BIO-4): selects and processes appropriate qualitative and quantitative data and information using a
range of appropriate media
3 Analysing and interpreting involves:
Analysing data and information
(BIO-5): analyses and evaluates primary and secondary data and information
Problem solving
(BIO-6): solves scientific problems using primary and secondary data, critical thinking skills and
scientific processes
4 Communicating involves:

(BIO-7): communicates scientific understanding using suitable language and terminology for a
specific audience or purpose

Biology Stage 6 Syllabus © NSW Education Standards Authority for and on behalf of the Crown in right of the State of New South Wales, 2017

Working Scientifically
Skills Outcome:

BIO11/12-1

The first step to beginning any investigation or depth study is deciding on a
question. A good research question is one that can be answered by conducting
an experiment, making observations or conducting a secondary-source
investigation.

Obviously, itis a good idea to investigate something that you find interesting,
Ifyou are working in a group, try to find something that is interesting to everyone
in the group.

A good way to start is by ‘brainstorming’ for ideas (Fig. 1.4). This applies
whether you are working on your own or in a group. Write down as many ideas

FIGURE 1.4 Brainstorm as many ideas as you can as you can think of. Avoid being critical at this stage. Get everyone in the group
in your group.

to contribute, and accept all contributions uncritically. Write every idea down.
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After you have run out of ideas, it is time to start being critical. Decide which questions or ideas are

Personal and
the most interesting. Think about which of these it is actually possible to investigate given the time and social capability
resources available. Remember that the most important resources you have are the skills of the people in

Critical and

the group. Make a shortlist of questions, but keep the long list, too, for the moment. Once you have your
shortlist, it is time to start refining your ideas.
A good research question should define the investigation, set boundaries and provide some direction

creative thinking

«l

to the investigation. The difference between developing a research question and formulating a hypothesis %<

can be summed up as ‘known versus unknown'’. You need to do some research of known results in

your area of interest (research questions) before deciding what you think the expected outcome of an  Weblink
Six methods of

experiment may be (hypothesis). data collection

and analysis

Your depth study will be from one of the areas described in Figure 1.3, based on the NSW Stage 6 Biology
syllabus document. These areas are described in the remaining chapters. However, you will need to go

beyond the basic syllabus content because the purpose of a depth study is to extend your knowledge Information and
communication

Literacy

while at the same time building your skills at working scientifically.

technolo
The next step is therefore to find out what is already known about the ideas on your list. You need to Capab“‘fygy
do a literature review. If your depth study is a secondary-source investigation, then the literature review
may be the investigation itself. A formal written literature review includes the information you have Critical and
found and complete references to the sources of information. It also includes interpretation and critique i E,fg

of what you have read. This is particularly important for a secondary investigation.

Why are literature reviews important?

Literature reviews are important because they help you to:

» increase your breadth of knowledge and identify what is and is not known about an area of research
» learn from others and think of new ideas that may be relevant to a research project

» identify gaps in current knowledge that you may wish to research or recommend be researched by
scientists in the future

»  identify methods that could be relevant to your project (avoid reinventing the wheel and/or making
the same mistakes as others)

» identify the variety of views (sometimes opposing views) in an area of research and consider how
these fit in with your own views.

Your literature review

A literature review is a search and evaluation of available literature in a particular subject area. It has a
particular focus and so it is always defined by your research question or hypothesis.

The process of conducting a literature review involves researching, analysing and evaluating the
literature. It is not merely a descriptive list of the information gathered on a topic, or a summary of one
piece of literature after another. It outlines any opposing points of view in the research and also expresses
the writer’s perspective of the strengths and weaknesses of the research being reviewed. A literature
review brings together results of different studies, pointing out areas where researchers or studies agree,
where they disagree, and where significant questions remain. By identifying gaps in research, literature
reviews often indicate the direction for future research.

When planning an investigation, you will find using a literature review will give you an idea of past
findings and procedures, techniques and research designs that have already been used. This will help
you to decide which methods are worth copying, which need modifying and which to avoid (those that
have been inconclusive or invalid). You may plan your investigation to target a gap in research or try to
replicate an investigation to test and validate claims and ideas.
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The length of your literature review will depend on its purpose. If it is a depth study in itself, it will

need to be more detailed and draw conclusions about the research. If it is used as an introduction to
inform your research, it will be shorter and more focused. Discuss this with your teacher.

Reasons to write a literature review

To extract information from sources
To consider the validity of views expressed in each source

To consider how existing views fit in with a research project, to place it in context and demonstrate
how the research is linked to a body of scientific knowledge

As an end in itself (for example, as a secondary source research assignment to use the findings to
support a concluding judgement)

As a starting point to begin planning a primary investigation, identifying both what is known and
where there are current gaps in research

Characteristics of a good literature review

Helps the reader know what knowledge and ideas have been established on a topic and the areas of
strength and weakness in the research

Organises the information gathered into sections that present themes

Does not attempt to list all published material, but rather brings together and evaluates the literature
according to a question, hypothesis or guiding concept

How to write a literature review

1

Getting started: define the topic or research questions (key concepts) and formulate a literature
review question (you may have to do some wide reading before finalising this step). Write a list of key
words.

Find articles: use library catalogues, databases and the Internet. Refine your search technique, using
specific words that narrow your search to the focus question. Interpret and evaluate your search
results. Record search words that are successful and, if necessary, modify your search strategy.

Structure and write your literature review:

i Introduction: define the topic, establish your reasons for reviewing the literature, state the specific
focus of the review and explain the organisation or sequence of your review.

ii  Body: group theliterature according to common themes, provide an explanation of the relationship
between the research question and the literature reviewed, and proceed from the general, wider
view of the research to the specific area you are targeting,

Include information about the usefulness, recency and major authors or sources of the
literature.

iii Conclusion: summarise important contributions of the literature, point out important flaws
or gaps in research if appropriate, and explain the link between your focus question and the
literature reviewed (if the literature review is your depth study) or why you have chosen your area
of investigation (if the literature review was conducted to refine your investigation).

Evaluating sources

Always be critical of what you read. Be wary of pseudoscience, and any material that has not been peer
reviewed. Apply the CRAAP (currency, relevance, authority, accuracy, purpose) test to websites that you
find. The most reliable sites are from educational institutions, particularly universities, and government
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and scientific organisations such as the CSIRO and WHO, and professional
journals such as the Medical Journal of Australia and international equivalents.
You can narrow your search to particular types of sites by including in your
search terms ‘site:edu’ or ‘site:gov’ so that you find sites only from educational
or government sources.

Make sure you keep a record of the information that you find as well
as the sources, so that you can correctly reference them later (Fig. 1.5).
It would be a good idea to start a logbook at this stage. You can write in
references or attach printouts to your logbook. This can save you a lot of
time later on! Your logbook may be hard copy or electronic but, either way,
begin keeping it now.

Finally, talk to your teacher about your ideas. They will be able to tell you
whether your ideas are likely to be possible for investigation given the equipment
available. They may have had students with similar ideas in the past and can
make suggestions about what worked well and what did not.

After you have researched your questions and ideas, you will ideally be able
to narrow the shortlist down to the one question that you want to tackle. If none
of the questions or ideas looks possible (or interesting), then you need to go
back to the long list.

Proposing a research question or hypothesis

If you are doing a primary-source investigation, then you need to define a
research question and/or hypothesis.

For example, you may begin by thinking: Twonder if a new fertiliser will
affect plant growth. This idea is too general, so you need to turn it into a
more specific research question. The research question may be: "What effect
does a new fertiliser have on root and stem growth in a plant? The question
needs to be specific enough to guide the design of your experiment. It needs
to include what you will be varying (for example, type of fertiliser) and what
result you will expect (root and/or stem growth). Once you have decided on
your research question, further reading will guide you to design a suitable
experiment (Fig. 1.6). You would read up about the chemical components of
different fertilisers, ways of measuring root and stem growth, and what types
of plants have and have not had growth benefits from fertilisers in the past.
You need to decide on what specifically you will be changing (for example,
you may decide to select a new fertiliser with twice as much nitrogen as the
old fertiliser) and exactly what you will measure (shoot height, root length
and root mass in a seedling). The research question can then be turned into
a hypothesis: If a fertiliser that contains more nitrogen is introduced, then a
particular seedlings shoot height, root length and root mass will increase.

investigation.
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What you mean by ‘best’ may not be what someone else means.

FIGURE 1.5 Start researching your topic

and make sure you keep a record of all your
references. Good record keeping is important in
scientific research, and it begins at this stage of
the investigation.

FIGURE 1.6 You need to frame your research
question carefully. This student is investigating
plant growth with different fertilisers.

e Frame your research question carefully by making it specific enough to guide the design of the
e Poor research question: ‘How can we make a seedling grow the best?’ ‘Best’ is a vague term.

e Good research question: ‘Which one of two fertilisers gives the maximum growth of roots and
stem in a seedling?’ This question is not vague. It tells you what you will be varying and what you
will be measuring. It also gives a criterion for judging whether you have answered the question.
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Formulating a hypothesis

A hypothesis is a predictive statement about the relationship between the variables and is an ‘expected’
answer to your question. Itis often written asan If ... then ... statement, to explain an expected relationship,
such as: Tf x is introduced/increased/decreased, then y will increase/decrease/stay the same:

An example of a hypothesis is:

Ifthe amount of nitrogen in fertiliser provided to a seedling in the soil is increased, then the height of
the stem and/or length of the roots of the seedling will increase.

Your hypothesis should give a prediction that you can test, ideally quantitatively (that is, by taking
measurements).

A hypothesis is usually based on some existing model or theory. It is a prediction of what will happen
in a specific situation based on that model. For example, investigators may use a model such as one that
describes how, in the nitrogen cycle, nitrates from the soil are assimilated into proteins for plant growth.
A hypothesis based on an increased nitrate model may predict that, with plants that normally grow in
nitrogen-poor soils, introducing additional nitrogen in a fertiliser may increase growth.

A good research question or hypothesis identifies the variables that will be investigated. Usually you
will have one dependent variable and one independent variable. For a depth study you may have two or
more independent variables that you control (for example, you may test two different fertilisers if time
and resources allow). You should only change one variable at a time in any investigation.

If your experiments agree with predictions based on your hypothesis, then you can claim that they
support your hypothesis. This increases your confidence in your model, but it does not prove that it
is true. Hence, an aim for an experiment should never start “To prove ..., because it is not possible to
actually prove a hypothesis, only to disprove it.

If your experimental results disagree with your hypothesis, then you may have disproved it. This is
not a bad thing! Often the most interesting discoveries in science start when a hypothesis based on an
existing model is disproved, because this raises more questions.

Even if your question or hypothesis meets these criteria, do not be surprised if you change or modify
it during the course of your investigation or depth study. In scientific research, the question you set out
to answer is often only a starting point for more questions.

e Investigations begin with a question, which is used to formulate a hypothesis.

e A literature review helps you refine your question or hypothesis. It helps you know what knowledge
and ideas have been established on a topic and the areas of strength and weakness in the research.

e A good hypothesis is a statement that predicts the results of an experiment, states the expected
relationship between the variables and can be tested using quantitative measurements.
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Planning your depth study

There are many things to consider when planning and designing an investigation. You need to think about

EFF étalcﬁav‘eatﬂhdmkmg how much time you will have, what space and equipment you will need, and where you will go if you
want to make measurements or observations outside. If you are doing a secondary-source investigation
or some other type of depth study, such as a creative work (like building a physical model), you still need
to plan ahead to make sure you have the resources you need.

You may be working in a group or on your own. Most scientists work in groups. If you can choose who
you work with, think about it carefully. It is not always best to work with friends. Think about working
with people who have skills that are different from your own.

!Vmotf; paﬂﬂfe Having a plan allows you to ensure that you collect the data, whether from a primary or secondary

source, that is needed to test your hypothesis. The longer the investigation, the more important it is that
you have a clear plan. Table 1.1 lists several things to consider.
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TABLE 1.1 Planning your depth study

PRIMARY-SOURCE INVESTIGATION SECONDARY-SOURCE INVESTIGATION

What data will you need to collect?

What information will you need to gather?

What materials and equipment will you need? What sources will you use?
When and where will you collect the data? When and where will you gather the information?
If you are working in a group, what tasks are assigned If you are working in a group, what tasks are assigned

to which people?

to which people?

Who will collect the data?

Who will collect what information?

Who will be responsible for record keeping? How will record keeping be done to avoid plagiarism?

How will the data be analysed?

How will the information be analysed?

How will sources be referenced?

How will sources be referenced?

Devising a plan for your investigation Working

The most common problem that students have is time management. It is important to plan to have gﬁ'.ﬁ? %rbctac!ﬁwe
enough time to perform the experiments, including repeat measurements, and to analyse them and to BlOTI/12-2
report on them.

A good plan will help you keep on track. Your teacher may ask you to hand in a plan of your depth Personal and

study before you begin the implementation stage. Table 1.2 gives an idea of the types of things you should

think about.

social capability

TABLE 1.2 Depth study plan

INTRODUCTION TO DEPTH STUDY PLAN

Title Choose a title for your depth study.

What?

Rationale Explain why you have chosen this area of research.

Why? Describe what you are hoping to achieve through this investigation. Include any ways you think
your investigation may benefit yourself, your class and possibly your family, friends and the school/
wider community (if applicable).

Type of depth study and State the type of depth study you intend conducting (e.g. literature review, practical investigation).

resgar(?:h model (if applicable) Where applicable, describe any theoretical models that you will use for your depth study. Include

Which: references to your reading and explain why you chose this model.

Timeline

Action and time frame
When?

Working scientifically skills
How?

1 Initiating and planning
When? (For example,
weeks 1-2)

Questioning and predicting: formulate questions and/or a hypothesis; make predictions about ideas,
issues or problems.

Planning: wide reading - research background information; assess risks and ethical issues; plan
valid, reliable and accurate methods; select appropriate materials and technologies; identify
variables; plan experimental controls and how to measure them.

2 Implementation and
recording

When? (For example,
weeks 2-4)

Conducting investigations: safely carry out valid investigations; make observations and/or accurate
measurements; use appropriate technology and measuring instruments.

Processing and recording data and information: collect, organise, record and process information
and/or data as you go.

3 Analysing and interpreting
When? (For example, week
4-mid week 5)

Analysing data and information: reduce large amounts of data by summarising or coding it; begin
looking for trends, patterns or mathematical relationships.

Problem-solving: evaluate the adequacy of data (relevance, accuracy, validity and reliability) from
primary and/or secondary sources. »
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INTRODUCTION TO DEPTH STUDY PLAN

4 Communicating Presenting your depth study: use appropriate language, scientific terminology, calculations,
When? (For example, weeks diagrams, graphing and other models of representation; acknowledge your sources.
5-mid week 6).

Final presentation Due date: end of week 6

Data collection

Note that what you submit in your final depth study may be different from your initial planning list.

a Action: independent b Outcome: dependent variable c Validity: controlled variables
variable What will you measure and how What will you need to keep constant to make this a
Describe what you will will you measure it? (Quantitative/ fair test? What control(s) will you use (if applicable)?
change in your investigation. qualitative data?)

Data analysis and problem solving

d Data analysis e Conclusion
What method(s) will you use How will you judge whether the experiment was valid?
to analyse the data, and how How will your data allow you to test your hypothesis or answer your question?

will you represent the trends
and patterns?

Working Scientifically
Skills Outcome:

BIOTI/12-3 A well-framed question or hypothesis will help you choose the equipment that you need. For example,
if your hypothesis predicts a temperature change of 0.5°C, then you will need a thermometer that can
measure to at least this precision (precision and accuracy are discussed on page 18). You also need to
know how to use the equipment correctly. Always ask if you are unsure. The user manual will usually
specify the precision of the device and let you know of any potential safety risks, so read it.

r/motr:r;fe You need to think about how you can minimise uncertainties and errors. Minimising uncertainty
Pereonal and is not just about using the most precise equipment you can find; it is also about clever experimental
social capability technique.

Working safely: risk assessment

You may be required to complete a risk assessment before you begin your investigation. You need to
think about three things:

1 What are the possible risks to you, to other people, and to the environment or property?
2 How likely is it that there will be an injury or damage?

3 If there is an injury or damage to property or environment, how serious are the consequences
likely to be?

A ‘risk matrix’ can be used to assess the severity of a risk associated with an investigation. ‘Negligible’
may be getting clothes dirty. Marginal’ might be a bruise from falling off a bike, or from a broken branch
in a tree. ‘Severe’ could be a more substantial injury or a broken window. ‘Catastrophic would be a death
or the release of a toxin into the environment. You need to ensure that your investigation is low risk.

Once you have considered what the possible risks are, you need to think about what you will do
about them. What will you do to minimise them, and what will you do to deal with the consequences if
something does happen? You can use a risk assessment table like the one shown in Table 1.3.

Consider where you will perform your experiments or observations. Will you need to consider the
convenience or safety of others? Talk to your teacher about what space is available.
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TABLE 1.3 Example risk assessment table for managing risks

Potassium Eye irritant Wear safety glasses. If the solution comes in contact with
permanganate the eyes, use an eyewash.
Glassware Broken glass may cut the skin Handle all glassware with care. If glass breaks, sweep it

up with a brush and dustpan.

Ethical considerations

There are ethical frameworks for biological investigations, protecting the lives of animals and humans.
You need to take into consideration ethical principles before you begin your research. You need to think
about basic human values, animal rights, the rights of children, and whether the use of some technologies
has ethical repercussions. Ethical principles in biology could be a whole depth study of its own.

Include in your research for your literature review information about ethical codes of conduct related
to your investigation.

In a secondary-source investigation, take precautions with cyber safety and remember to keep your
personal information private.

e In primary-source investigations, you collect and analyse your own data. In secondary-source
investigations, you analyse someone else’s data.

e Investigations need to be planned carefully so that they answer your research question. You
also need to consider safety, ethical issues and the possible environmental impacts of your
investigation.

KEY CONCEPTS

Data: reliability, accuracy, validity and relevance

When designing your investigation, think about how you can minimise uncertainties and overcome
failure. For example, root growth will be affected if plant roots are attacked by fungus (mould). Try to
think of all the things that could go wrong in your experiment and put preventative measures in place.
You may also need to come up with a backup plan, so start early in case things go wrong and you need
to re-do your experiment.

If you are conducting a secondary-source investigation, then your literature review will be the basis
of your investigation. Remember that a literature review is not simply a summary of what you have
read - you need to add meaning. This may come from comparing and contrasting competing models
and constructing an argument, or by analysing and presenting secondary-source data. When using
secondary sources, remember to make comparisons between data and claims in a number of reputable
sources, including science texts, scientific journals and reputable Internet sites, and to reference these
appropriately.

If you are doing a primary-source investigation, a brief literature review will form the background
information and then you will be performing measurements to gather data yourself. You can collect
data by performing experiments or making observations in the field. You will gain practice at making
measurements if you do some of the investigations in the following chapters. These investigations can
form a basis for your depth study.

RISK
ASSESSMENT

Ethical
understanding

«l

’ Ky

Weblink
Use of live organisms
in schools

Working
Scientifically
Skills Outcome:
BIO11/12-3

Information and
communication
technology
capability

Critical and creative

thinking

Literacy
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Variables

When doing experiments, you need to decide which variable you will change, what you will measure
and which variables you will control. Consider which variables you can control, and which you cannot.
Typically, an experiment will have three types of variable:

1 anindependent variable, which we are testing and we therefore purposefully change

2 adependent variable, which is the result that we measure - this changes as a result of changing the
independent variable. We assume that the dependent variable is in some way dependent on the
independent variable.

3 controlled variables, which are kept constant so that they do not interfere with our results.

Reliability

Whenever possible you should make repeat measurements. This allows you to check that your
measurements are reliable. Your results are reliable if repeat measurements give the same results within
experimental uncertainty. If a result is not reproducible, it is not a reliable result. The cause may be that
a variable other than the one you are controlling may be affecting the value of the dependent variable.
If this is the case, you need to determine what this other variable is, and control it if possible. Results
may also be unreliable if random errors occur in the method. A reliable experiment is one which, if
repeated multiple times, gives the same result (within an acceptable margin of error). Reliable sources,
such as scientific journals and texts, are sources whose information is trustworthy because it is written

Numeracy
by qualified professionals and is consistent across multiple sources.

Accuracy

Accuracy may refer to a result or to an experimental procedure. Accuracy of a result (data) is a measure
of how close it is to an expected value given in scientific literature (for example, scientific journals).
Secondary-source information is accurate when it is found to be similar to information presented in
peer-reviewed scientific journals.

\meraty To improve accuracy in experiments, we use the most precise measuring instruments available, avoid
human error (for example, measuring errors), carry out repeat trials, and find an average to smooth out
random errors so that the value we obtain approaches the expected value more closely.

Accuracy is also linked to any uncertainty in measurement. For example, we can determine the size of
red blood cells by estimating their number in a field of view and dividing by the size of that field of view.
Alternatively, we can measure their size with less uncertainty using a mini grid slide or a calibrated digital
microscope.

Plausible accuracy is accuracy that is estimated, taking into consideration the evident sources of
error and the limitations of the instruments used in making the measurements.

Validity

To ensure that results are valid, in a primary investigation you must carry out a fair test:
» Identify variables that need to be kept constant

» Develop and use strategies to ensure these variables are kept constant

» Demonstrate the use of a control

»  Use appropriate data collection techniques

» Trial procedures and repeat them, checking the results are the same each time.

In a control, you remove the factor being tested in the experiment to see whether, without that factor,
anegative result is obtained.

These steps ensure that the process used and the resultant data measure what was intended. Results
need to be valid if you are going to be able to draw a conclusion from them.
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An investigation is valid if factors that may vary within an experiment are deliberately held constant
to ensure a fair test. These ‘controlled variables are kept the same so that the only factor that is allowed
to change in the experiment is the independent variable.

Evaluating your investigation

Some good questions to ask to assess reliability, validity, accuracy and precision are shown in Table 1.4.

TABLE 1.4 Assessing reliability, accuracy and validity in investigations

PRIMARY INFORMATION AND DATA SECONDARY INFORMATION AND DATA

Reliability | Have | tested with repetition? How consistent is the information with
Have | done multiple trials and found an information from other reputable sources?
average to eliminate random errors? Are the data presented based on repeatable

processes?

Accuracy Do the results of the investigation agree with Is this information similar to information
the scientifically accepted value? presented in peer-reviewed scientific journals?
Have | used the best measuring equipment
available?

Validity Does my experiment measure the variable of Do the findings relate to the hypothesis or
interest? Does it actually test the hypothesis problem?
that | want it to? Have all variables apart from Are the findings accurate and the sources
those being tested been kept constant? Have reliable?
errors been kept to a minimum? Are my results
accurate and reliable?

E e An experiment will have three types of variable: dependent, independent and controlled.

§ e Reliability of first-hand data is the degree with which repeated observation and/or

=] measurements taken under identical circumstances will yield the same results.

E — To assess reliability, compare results from repeat experiments to see if they are the same.

— To improve reliability, control all variables other than those being tested, repeat and average
results to reduce random errors, and use precise measuring equipment so that the same
result can be obtained each time the experiment is repeated.

e To assess accuracy, examine how close a measurement is to its true value or how similar the
information is to that in peer-reviewed scientific literature.
— To improve accuracy, minimise uncertainty, reduce systematic errors and use the most
precise measuring equipment available. Use peer-reviewed secondary sources.

e To assess validity in a primary investigation, evaluate how closely the processes and resultant
data measure what was intended.

— In a secondary investigation, assess whether the information is relevant to the topic and if it
is from reliable sources.

— To improve validity, refine the experiment design to reduce complex variables that cannot be
kept constant, as well as reducing random and systematic errors.

Gathering data

You also need to consider how many data points to collect. In general, it is better to have more data than
less. However, you will have limited time to collect your data, and you need to allow time for analysis Numeracy
and communicating your results. A minimum of 6-10 data points is usually required to establish a
relationship between variables, if the relationship is linear. A linear relationship is one where if you plot
one variable against the other you get a straight line. If you think the relationship might not be linear, then
take more data points and think carefully about how they will be spaced. You should try to collect more
data in the range where you expect the dependent variable to be changing more quickly. For example, if
you are measuring temperature of a hot object as it cools as a function of time, then you should collect

more data early, when cooling is more rapid.
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You will need to keep a record of what you do during your investigation. You do this in a hard copy or
electronic logbook.

Keeping a logbook

Scientists keep alogbook for each project that they work on. A logbook is a legal document for a working
scientist. If the work is called into question, then the logbook acts as important evidence. Logbooks are
sometimes even provided as evidence in court cases (for example, in patent disputes). Every entry in a
scientist’s logbook is dated, records are kept in indelible form (pen, not pencil), and entries may even be
signed. Never record data onto bits of scrap paper instead of your logbook!

Literacy

Your logbook will include:
Personal » notes taken during the planning of your investigation
22;?;;\[\5‘ » arecord of when, where and how you carried out each experiment
» diagrams showing the experimental set-ups, biological drawings, and other relevant information
» all your raw results
» all your derived results, analysis and graphs
» all the ideas you had while planning and carrying out experiments, and analysing data
» printouts, file names and locations of any data not recorded directly in the logbook.
It is not a neat record, but it is a complete record (Fig. 1.7). Your teacher may check your logbook at
various intervals to assess your progress.

Your logbook

Always write down what you do as you do it. It is easy to forget what you did
if you do not write it down immediately. Your logbook may be hard copy or
electronic. Either way, your logbook is a detailed record of what you did and
what you found out during your investigation. Make an entry in the logbook
every time you work on your depth study.

Logbooks are important working documents for scientists. All your data
should be recorded in a logbook, along with all records of your investigations.

SJELEE L Wl oL e HselEs Recording data and creating scientific tables
record of what you do as you do it.

If you are going to be collecting multiple data points, then it is a good idea to
draw a table to record them in. Scientific tables are always drawn with a ruler,

Lit
o and they are fully enclosed tables with appropriate headings. Label the columns in the table with the name
and units of the variables. If you know that the uncertainty in all your measurements is the same, then you
can record this at the top of the column as well. Otherwise, each data entry should have its uncertainty
Working _ recorded in the cell with it. When constructing a results table, put units in the headings and not in the
Scientifically Skills X . X i .
Outcome: BIOT1/12-4 body of the table. It is best practice to put the independent variable in the first column and the dependent

variable in the second, if you are drawing a vertical table. For a horizontal table, the independent variable
is placed in the top horizontal row and the dependent variable in the first vertical column.

Itis a good idea to start your analysis while you are collecting your data. If you spot an outlier and you
are still making measurements, then you have the opportunity to repeat that measurement. If you made
amistake, then put a line through the mistake and write in the new data.

Plotting and analysing data as you go is sometimes beneficial because it allows you to spot something
that may be of interest early on in your investigation. You then have a choice between revising your
hypothesis or question to follow this new discovery, or continuing with your plan. Many investigations
start with one question and end up answering a completely different one. These are often the most
fun, because they involve something new and exciting. Some of the most significant finds (for example,
penicillin) have come from unexpected results of experiments or serendipity.
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Accuracy, precision and errors in measurement _
Working

When making measurements, your aim is to be as precise and accurate as possible. ggﬁzt&'ﬁi%e
An accurately measured result is one that represents the ‘true value of the measured quantity as BIOTI/12-5

closely as possible. When we take repeated measurements, we assume that the mean (average) of the

measurements will be close to the ‘true value’ of the variable. However, this may not always be the case.

For example, if you have ever been a passenger in a car with an analogue speedometer and tried to read

it, your reading will be consistently different from what the driver reads. This is because of parallax error.

The needle sits above the scale, and when viewed from the side does not line up correctly with the true

speed. Beware of parallax error with any equipment using a needle. This is an example of a systematic

error, in which measurements differ from the true value by a consistent amount. Note that often we do

not know what the ‘true value is.
Scientists should be aware of the possibility of error in all stages of an investigation. Notes on possible

sources of error should be kept in the logbook:

» Planning stage: errors may arise as a result of limitations of time and/or materials. Assess the Critical and
possibility and adjust the method so that errors are minimised. creative thinking

» Datacollection and processing stages: remember to assess the degree of uncertainty and to keep note

<
of the accuracy of measuring devices. %l
»  Concluding stage: evaluate the validity of the investigation and discuss any sources of error, as well as
Worksheet

possible ways of reducing error in future investigations. Validity, reliability,

Sometimes it is difficult to remember the difference between accuracy and precision. For example, * recision
on a dart board, think of accuracy as how close to the centre your dart hits, and your measurement of

precision as how closely you can group your shots (Fig. 1.8).

FIGURE 1.8 Ona
dart board, accuracy

is determined by how
close to the centre
(bullseye) your dart
8 .‘ %ﬁ lands. Precision is how
closely you can group
" q your darts.
=
.
Low accuracy Low accuracy High accuracy High accuracy
Low precision High precision Low precision High precision

When looking at precision and accurac
&b ¥ Actual, target or FIGURE 1.9 Graph

distinguishin
A reference value g 9
between accuracy

and precision

in scientific measurements, measurements
that are close to the known value are said to be
accurate, whereas measurements that are close [——Accuracy —P,
to each other are said to be precise. Therefore,
for measurements to be accurate and precise,
they must be close to the mean value and the

measurements need to be close to each other.

Probability density

A graph may also be used to show the
relationship between accuracy and precision
(Fig. 1.9).

v

Value N
<« Precision—p
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In the scientific definition, precision is described as a measure of the variability of the measurements,

Numeracy so it affects the spread of the repeated measurements about the mean value. The smaller the spread,
the greater the precision. This is shown in Figure 1.10. Figure 1.10a shows precise measurements, and
Figure 1.10b shows less precise measurements. Note that both data sets are centred about the same
average, so they have the same accuracy.
FIGURE 1.10 Ina A A

plot of number of
measured values
versus reading, the
results in a have a
small spread about
the mean and are
therefore more
precise. The results in
b have a larger spread
about the mean and
are less precise.

Number of measured
values

/.

True value' True value'
Reading Reading

Number of measured
values

v
v

o There is always the risk that errors in measurement may arise when actually doing the measuring,
%< but some errors also arise when we are calculating derived data. We need to keep both types of error to
aminimum if our results are to be reliable, accurate and valid.
peveblink Visit the weblink Accuracy and precision to increase your understanding of minimising error and to
ccuracy and
precision clarify some concepts about processing of raw data that may seem complex at first. This weblink deals
with precision and accuracy, and gives an easy but realistic example of how and why it is necessary to
process raw data and to calculate percentage, mean and standard deviation.

Critical and Estimating uncertainties

creative thinking
When you perform experiments, there are typically several sources of uncertainty in your data. Sources

of uncertainty that you need to consider are the:

» limit of reading of measuring devices

» precision of measuring devices

» variation of the measurand (the variable being measured).

For all devices there is an uncertainty due to the limit of reading of the device. The limit of reading is
different for analogue and digital devices.

People often confuse precision with the resolution of a measuring device. The resolution tells us
about the ‘degree to which an instrument can be read’. Precision is the degree to which an instrument
can be read repeatably and reliably’.

Analogue devices have continuous scales and include swinging needle multimeters and liquid in
glass thermometers. For an analogue device, the limit of reading, sometimes called the resolution, is half
the smallest division on the scale. We take it as half the smallest division because you will generally be
able to see which division mark the indicator (needle, fluid level, etc.) is closest to. So, for a liquid in a
glass thermometer with a scale marked in degrees Celsius (Fig. 1.11a), the limit of reading is 0.5°C.

Digital devices such as digital multimeters and digital thermometers have a scale that gives you a
number. A digital device has a limit of reading uncertainty of a whole division. So a digital thermometer

)
< that reads to whole degrees (Figure 1.11b) has an uncertainty of 1°C. For a digital device the limit of
reading is always a whole division, not a half, because you do not know whether it rounds up or down, or
Res‘g{ﬁzﬂ:kand at what point it rounds. The digital device (c) has a greater resolution than (a) or (b) because it measures
precision

to one decimal place. The limit of reading is 0.1° Celsius.
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FIGURE 1.11 Digital and analogue thermometers with different resolutions (reading limits)

The resolution or limit of reading is the minimum uncertainty in any measurement. Usually the
uncertainty is greater than this minimum.

Measuring devices such as data loggers usually have their precision given in the user manual.

Many students think that digital devices are more precise than analogue devices. This is often not
the case. A digital device may be easier for you to read, but this does not mean it is more precise. The
uncertainty due to the limited precision of the device is generally greater than the limit of reading. (See
Figs 1.11a, 1.11b.)

e Systematic error is due to the measuring device (for example, if it is not calibrated correctly) or
technique (for example, parallax error or through incorrect positioning of the instrument).

Random error is due to unavoidable variations in reading a measurement.

KEY CONCEPTS

Accuracy refers to the closeness of a measured value to a standard or known value.
Precision refers to the closeness of two or more measurements to each other.

The uncertainty in any measurement depends upon the limit of reading of the measuring
device, and the precision of the device.

Working
Scientifically
When you have collected all your data, you will need to analyse it. Record all your analyses in your Skills Outcome:

. o . . . BIO11/12-5
logbook. If you have more than a few data points, it is a good idea to display them in a table. Tables of
data need to have headings with units for each column, and a caption telling you what the data means
or how it was collected (see how to construct a table on page 18). Tables are used for recording raw data Critical and

and also for organising derived data. creative
thinking

Calculating derived data from raw data

Raw data is what you actually measured (with units and uncertainties). Derived data is data that you
have calculated using your raw data. For example, your raw data may be the length of roots and height
of shoots in each plant. From this data you may choose to derive average length and height of roots and
shoots and/or you may wish to calculate the overall percentage growth.

Numeracy

Drawing and using graphs

If you look at any science journal, you will see that almost every article contains graphs. Graphs are not
only a useful way of representing data, but they are also commonly used to analyse relationships between
variables. You should have lots of graphs in your logbook as part of your exploration of the data. It is often
useful to plot your data in different ways, especially if you are unsure what relationship to expect between
your dependent and independent variables.

Graphs should be large and clear. The axes should be labelled with the names of the variables and
their units. The independent variable is placed on the x-axis and the dependent variable on the y-axis.
Choose a scale so that your data takes up most of the plot area. This will often mean that the origin is not
shown in your graph. Usually there is no reason why it should be. The scale is plotted in equal increments.

Literacy
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ot To determine a relationship you need to have enough data points and the range of your data points

"< should be as large as possible. A minimum of six data points is generally considered adequate if the
relationship is expected to be linear (give a straight line), but always collect as many as you reasonably
D:::';l;?:ts can, given the available time.
S s e For non-linear relationships, you need more data points.
number of data
int:
P Types of graphs

There are different types of graphs so you need to know which type to use. Your choice will depend on
what you have measured.

Scatter plots are plotted when you are looking for a relationship between variables. A scatter plot is a
graph showing your data as points (Fig. 1.12a). Do not join them up as in a dot-to-dot picture. Use a line
of best fit if they appear to fall in a straight line.

Line graphs are used to find a relationship between the variables. When both the independent and
dependent variables are continuous, a line graph is drawn to show how one variable will affect the other.
For example, the independent variable may be the number of hours seedlings were exposed to light and
the dependent variable may be the average height of the shoots (see Table 1.5).

TABLE 1.5 Height of shoots in seedlings exposed to variable periods of light

TIME EXPOSED TO LIGHT PER DAY FOR 2 WEEKS (hours) HEIGHT OF SHOOTS (mm)

0 24
2 18
4 17
6 15
8 13
10 11
12 9
14 7

Frequency distribution graph for wetland birds
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FIGURE 1.12 a A scatter plot demonstrating a mathematical relationship; b a column graph displaying results from counting categories
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Column or bar graphs are used if groups of things have been counted and measured. An example is
the heart rates of different types of animals. A bar graph has categories on the y-axis and numbers on the
x-axis. A column graph has numbers on the y-axis and categories on the x-axis (Fig. 1.12b). The columns
or bars have a gap between them and do not touch.

A histogram is similar to a column graph, but the columns touch each other. These are used for data
where the categories each contain the same type of data. An example is the average monthly rainfall in
Sydney during autumn and winter in 2016 (Table 1.6).

TABLE 1.6 Average rainfall in Sydney during autumn and winter, 2016

MONTH AVERAGE RAINFALL (mm)

March 130
April 129
May 120
June 133
July 97
August 81

A sectoror pie graphis used to compare parts of a whole. An example is the composition of a predator’s
diet (Table 1.7 and Fig. 1.13). A protractor must be used when drawing a pie chart.

TABLE 1.7 Components of diet of red fox (Vulpes vulpes) FIGURE 1.13 Datain

Dietary contribution (%) Tk 1.7 dhewn asa
9 :
FOOD DIETARY CONTRIBUTION (%) Fruit Other pie graph
Rabbits 30 Rabbits
Carrion /

Lambs 20

Small marsupials 10 Birds
Frogs 10
Lizards 10 Lizards
Birds 5
Carrion 5
Frogs
Fruit 5 O Larbs
Other 5 Small marsupials —

Linear lines of best fit

A good graph to start with is simply a graph of the raw data. You will usually be able to tell by looking
whether the graph is linear. If it is, then fit a straight line (line of best fit).

Removing outliers
Numeracy

When you plot your raw data, you may find that one or two points are outliers. These are points that do
not fit the pattern of the rest of the data. These points may be mistakes. For example, they may have been
incorrectly recorded or a mistake may have been made during measurement. They may also be telling
you something important. For example, if they occur at extreme values of the independent variable, then
it might be that the behaviour of the system is linear in a certain range only. You may choose to remove or
ignore outliers when fitting a line to your data, but you should be able to justify why.
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Non-linear lines of best Fit

Relationships between variables are often not linear. If you plot your raw data and it is a curve, then do
not draw a straight line through it. In this case you need to think a little harder. If your hypothesis predicts
the shape of the curve, then try fitting a theoretical curve to your data. If it fits well, then your hypothesis
is supported.

Note that a line of best fit is not the same as joining the dots. It is rarely useful or appropriate to join
the dots, even though this is often the default setting in spreadsheet software.

EE e Data is usually recorded in tables.
w
5] e Graphs are used to represent and analyse data.
5] o Linear graphs are useful for analysing data.

Working Scientifically
Skills Outcome: ) ) ) )
BIO11/12-6 Once you have analysed your results, you need to interpret them. This means being able to either answer

your research question or state whether your results support your hypothesis.

You need to take into account the uncertainties in your results when you decide whether they support
Numeracy your hypothesis. For example, suppose you have hypothesised that the maximum range in which the
enzyme pepsin will function is between 35°C and 40°C, yet your results show that the maximum activity
occurs at 42°C. You may think that this result does not support your hypothesis. To say whether the result
agrees with the prediction, you need to consider the uncertainty. If the uncertainty is 1°, then the results
disagree with the hypothesis. If the uncertainty is 2° or more, then the results do agree and the hypothesis
is supported.

If your hypothesis is not supported, it is not enough to simply say our hypothesis is wrong'. If the
hypothesis is wrong, what is wrong with it?

It may be that you have used a model that is too simple. For example, when designing an experiment
using catalase, you may base your hypothesis on the model that enzymes in the human body work best
at around human body temperature (37°C), like many digestive enzymes. In your experiment, you then
find that the optimum temperature for catalase is 10°C. This may be because you were not aware of the
model that proposes that, in order to function in cells lining the digestive tract, catalase needs to avoid
being digested. To do this, it changes shape to its functional form and works best at a low optimum
temperature between 0 and 10°C. At body temperature it is indigestible but not the optimum shape for
peakperformance. Therefore, your hypothesis may be better described by a model that takes into account
the idea that catalase must avoid being digested and achieves this by functioning best at temperatures
lower than body temperature. Before you decide that the model is at fault, however, it is a good idea to
check carefully that you have not made any mistakes.

2% It is never good enough to conclude that ‘the experiment didn't work’. Either a mistake was made or
U the model used was not appropriate for the situation. It is your job to work out which. In doing so, you
webin will come up with more questions.

Enzyme model Experiments that do not support predictions based on existing models are crucial in the progress

Effect of . . . . . . ..
temperature on of science. It is these experiments that tell us that there is more to find out, and inspire our curiosity

catalase activity as scientists

KEY

CONCEPTS

e You must know the uncertainty in your results to be able to test your hypothesis.
e If your hypothesis is disproved, you need to be able to explain why.
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Communicating your understanding Working

Scientifically
Skills Outcome:
BIO11/12-7

If research is not reported on, then no one can learn from it. An investigation is not complete until the

results have been communicated. Most commonly a report is written. Scientists also use other means to

communicate their research to each other, such as posters and talks. To communicate their work to the

public, scientists may use science shows and demonstrations, public lectures, websites, videos and blogs. Literacy

All of these are useful ways of communicating your understanding, and you need to select the mode that
best suits the content you wish to communicate and the audience to whom you wish to communicate.

Information and
communication
technology
. . L . capability

A report is a formal and carefully structured account of your investigation or depth study. It is based on

the data and analysis in your logbook. However, the report is a summary. It contains only a small fraction

of the information that you collected.

A report consists of several distinct sections, each with a particular purpose. When writing a report
for a science journal, you will need to provide an abstract and an introduction, but for secondary school

purposes the following headings are suggested:

»  Background information » Results and analysis
»  Aim »  Discussion of results
» Hypothesis » Conclusion

» Risk assessment » Acknowledgements
» Materials » References

» Method » Appendix.

Reports in scientific journals are always written in the past tense, because they describe what you
have done. They start with an abstract — a very short summary of the entire report, typically between 50
and 200 words. It appears at the start of the report but is always the last thing that you write. Try writing
just one sentence to summarise each part of your report.

At school level, your report may be written in the present or past tense. Start with a clearly stated aim,
making sure it includes variables and the change you will be measuring.

Background information

The background information tells the reader why you did this investigation or depth study and how
you developed your research question or hypothesis. This is the place to explain why this research is
interesting. The introduction also includes the literature review, which gives the background information
needed to be able to understand the rest of the report. The introduction for secondary-source report
is similar to that for a primary-source investigation. In both cases, it is important to reference all your
sources correctly.

Aim
In any experiment, the aim describes what you intend to do. For example, you may aim to investigate, to

measure, to model, to compare, to verify or to calculate. The aim should be brief and it should link with
the hypothesis that predicts what you expect to find.

Hypothesis

The hypothesis is written as a predictive If ... then ... statement stating your expected result, and it must
be falsifiable (that is, it must be able to be disproved). It does not give a reason why you expect that result.
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Risk assessment

Risk assessment is discussed on pages 14-5.

Materials

A listing of all the materials and equipment (including quantities and concentrations, if applicable) that
you used during the experiment is provided.

Method

The method summarises what you did. It says what you measured and how you measured it. It is not a
recipe for someone else to follow. It also explains, briefly, why you chose a particular method or technique.
The method is written in point form. If in the present tense, each sentence usually starts with a verb. The
method also describes how you measured your results and recorded your information.

For a primary-source investigation, the method describes how you carried out your experiments or
observationsin enough detail that someone with a similar knowledge level could repeat your experiments.
It should include large, clear diagrams of equipment set-up, such as water baths in enzyme experiments.
You should have diagrams in your logbook, but these are generally rough sketches. Diagrams should be
redrawn neatly for a report, as in Figure 1.14.

The method section for a secondary-source investigation is generally shorter. If you are doing a review
of the current literature on a topic, then your method will say what literature searches you carried out
and how you decided which sources to use.

Results

The results section is a summary of your results. It is usually combined with the analysis section, although
they may be kept separate.

Tables comparing the results of different experiments or secondary sources are useful. Avoid including
long tables of raw data in your report. Wherever possible, use a graph instead of a table. If you need to
include a lot of raw data, then put it in an appendix attached to the end of the report.

Think about what sort of graph is appropriate. If you want to show a relationship between two
variables, then use a scatter plot. Display your data as points with uncertainty bars and clearly label any

FIGURE 1.14 A
potometer is used to
measure the rate of
absorption in relation
to transpiration.

‘% -g— Leafy twig transpiring

—f— Reservoir

Tap to re-set

Rubber stopper
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lines you have fitted to the data. Column and bar graphs are used for comparing different data sets. Do
not use a column or bar graph to try to show a mathematical relationship between variables.

Any data and derived results should be given in correct SI units with their uncertainties. If you
performed calculations, then show the equations you used. You might want to show one example
calculation, but do not show more than one if the procedure used is repeated.

Discussion

The discussion should summarise what your results mean. If you began with a research question, give the
answer to the question here. If you began with a hypothesis, state whether or not your results supported
your hypothesis. If not, explain why. If your investigation led you to more questions, as is often the case,
say what further work could be done to answer those questions.

Conclusion

The conclusion is a very brief summary of the results and their implications. Say what you found. A
conclusion should be only a few sentences long and should not contain any inferences. Make sure
your conclusion relates back to your aim and hypothesis. This is where you state whether or not your
hypothesis is supported.

Acknowledgements and references

Scientific reports often include acknowledgements thanking people and organisations that helped with
the investigation. This includes people who supplied equipment or funding, as well as people who gave
you good ideas or helped with the analysis. In science, as in other aspects of your life, it is always polite
to say ‘thank you'.

The final section of a report is the reference list. It details the sources of all information that were
actually used to write the report. This will generally be longer for a secondary-source investigation.
Wherever a piece of information or quotation is used in your report it must be referenced at that point.
This is typically done either by placing a number in brackets at the point (for example, [2]), or the author
and year of publication (for example, (Smith, 2016)). The reference list is then provided in either a footnote
at the end of each page or a single complete list at the end of the report. There are different formats for
referencing, so check with your teacher what format they prefer. There are several good online guides to
referencing,

References versus bibliographies

Note that areference list is not the same as a bibliography. A bibliography is a list of sources that are useful
to understanding the research. They may or may not have actually been used in the report. You should
have a bibliography in your logbook from the planning stage of your investigation. The references will be
a subset of these sources. A primary-source investigation does not include a bibliography. A secondary-
source investigation may include a bibliography as well as references, to demonstrate the scope of your
literature search. For some secondary-source investigations, such as an annotated bibliography, the
bibliography itself may be a major section of the report.

Working
Scientifically
Skills Outcome:
BIO11/12-3

al
o‘:

Weblinks
Referencing guide
This guide is
designed to
help you with
referencing your
sources.

Referencing
i-tutorial
This tutorial
will help you
understand
referencing and
show you how to
avoid plagiarism.

Information and
communication
technology
capability

9 )
o‘:

Worksheet
Writing a
bibliography
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> Appendix
b Appendices often contain information that it is not essential in explaining the findings of an investigation.
Workshest For example, any lengthy and repetitive information that supports your finding, such as relevant raw

A good practical data, is presented in an appendix.
report

e A formal report has the same form as an article written by a scientist. It begins with an abstract
(in a scientific journal) or an aim and, at school level, background information. It includes
information from a literature review on both the scientific principles behind the research and
the research method selected. It includes a risk assessment, materials, method, results and
analysis, discussion and conclusion. All sources need to be referenced correctly.

KEY CONCEPTS

You may want to present the results of your investigation in some other way. Scientists communicate
their work in many ways. Sometimes a poster is presented or a seminar is given. An article or blog may
be written or a web page created. Scientists usually use more than one means, and sometimes several
means, to communicate a really interesting investigation.

Look at examples of science investigations reported on websites, in the newspaper, on the TV and so
on. This will give you an idea of the different styles used in the different modes. Think about the purpose.
Is it to inform, to persuade, or both? What sort of language is used?

Think about your audience and purpose, and use appropriate language and style. A poster is not
usually as formal as a report. A video or web page may be more or less formal, depending on your audience.

Posters and websites use a lot of images. Images are usually more appealing than words and numbers,
but they need to be relevant. Make sure they communicate the information you want them to. An
example of a poster is provided on pages 30-31.

Consider accessibility if you are creating a website. Fonts need to be large enough and clear on
websites, and digital images should have tags. You can follow the weblink for more information on
accessibility and web-page design.

If you make a video, then consider who your audience is and what will appeal to them. Think about
how you will balance content with entertainment.

«l
&
O‘.

Weblink . : : . .
Website acossibility Aformalreportusesreferencingtoshowwhereyou foundinformation. Othermeans of communicating
The Royal Society

o o about your depth study or investigation also need to acknowledge the sources of information you used.

g;fs;ﬁ;atg‘sigs You also need to be very careful about using copyright content — for example, you cannot copy images
accessible. from other people’s websites without permission unless the sites owner gives that permission. Talk to

your teacher about how they would like you to acknowledge your sources.

However you communicate your work, make sure you knowwhat the message is and who the audience
is. Once you have established that, you will be able to let other people know about the interesting things
you have discovered in your investigation.

Asyou progress through this book, you will see investigations in each chapter. Some of these investigations
are described in detail. They are designed to be useful as training exercises in learning how to perform
primary investigations — how to set up equipment, make measurements, and analyse data. Even if your
depth study is from secondary sources, it is important to gain some experience of doing experiments
because biology is based on experiment.

At the end of each module, there is a short section called ‘Depth study suggestions’ Here you will find
ideas for primary- and secondary-source investigations, which build on the content of the preceding
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chapters. These suggestions are sourced from experienced teachers and university academics, and from
biology education literature. Your own teacher will have ideas and suggestions. You can also generate
your own ideas by reading about topics you are interested in. Consider what skills from other areas
you might bring to a depth study, particularly if you are artistically creative or musical. Many biologists
combine their love of science with creative pursuits.

By carrying out depth studies, you will extend your knowledge and understanding in biology but,
more importantly, you will learn how to work scientifically - you will learn how to do biology.

KEY

CONCEPTS

e There are many ways of communicating your findings. Choose a method that is appropriate to
your investigation and your intended audience.
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Poster: A new fertiliser stimulates seedling
growth of the newly discovered and rare
Eucalyptus pyrenea

Arthur B. Ruse, Jacqueline Hammond, Rufus C. Smith, Karen Trace and Leigh B. Waters, Pyrenees State High
School, Warrenmang, Victoria, Australia

Introduction

Australia is home to hundreds of different species
of eucalypts (Figure 1). The recent identification
of a new rare Eucalyptus species in the Pyrenees
region of north west Victoria, Eucalyptus pyrenea,
has prompted efforts fo try to cultivate the species
(1. This would allow for regeneration of local areas
with the native free, promoting conservation of this
species and enriching the natural biodiversity of
the area.

Growing E. pyrenea seedlings has proven
difficult without the addition of a fertiliser, although
the standard low-phosphorus fertfiliser used for
Eucalyptus species, Super Ready, has not stimulated
the same enhanced growth that is usual in other
species (2) FIGURE 1

A new fertiliser, ExtraGro, has recently become An example of a Eucalyptus gum.
available for native Australion plants. It contains
identical levels of phosphorus, potassium and trace
elements to those in Super Ready but has double
the amount of nitrogen, which promotes foliage
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growth (3). The aim of this study was to determine
whether ExtraGro, confaining greater nitrogen,
enhanced E. pyrenea growth above that stimulated
by Super Ready.

Method

Seedlings were obtained from a nursery at a length of
10cm=2cm and grown in 300 g of standard Australian

native plant potting mixture (Figure 2). Plants were N
exposed to full sunlight and were watered every 6\

I8 ig Ze 2

second day with 25mL tap water. f
Fertiliser (2mg per seedling) was applied to the
soil immediately prior to each watering.

Ill.lll 2 H3 14 IS

After two weeks, seedlings were analysed for total |
length, shoot length, root length, total dry weight,
shoot dry weight and root dry weight. !

Six replicate seedlings were tested per condition. \

T

[
Bl

FIGURE 2 Seedlings in their growing containers. Left pot, seedling
treated with standard fertiliser and right pot, Super Ready.

|

l..
E
Tng DYP, Janos DP, Jordan GJ, Weber E and Bowman DMJS (2014) Phosphorus limits Eucalyptus l &
grandis seedling growth in an unburnt rain forest soil. Front. Plant Sci. 5:527. doi:0.3389/
fpls.2014.00527 Licenced under CC BY 4.0 http://creativecommons.org/licenses/by/4.0/ Shie o
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Results: ExtraGro stimulates enhanced root growth

n.s
Effects of fertiliser on root growth 10+ * T 1
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0 - 0-
Super Ready ExtraGro No fertiliser Super Ready ExtraGro
FIGURE 5 Change in root length of seedlings after two weeks of FIGURE 6 Root dry weight after two weeks of treatment. *P<0.05,
treatment, normalised to untreated seedlings (difference in treated n.s. = not significant. Bars show mean + standard deviation, n = 6.

seedling length divided by difference in untreated seedling length).

In addition fo stimulating shoot elongation and
biomass accumulation, we found ExtraGro to have
Results: ExtraGro promotes greater shoot growth superior roof-enhancing properfies over Super

Ready. Root length increased significantly more over
two weeks following freatment with ExtraGro than

FIGURE 3 Representative seedlings

after two weeks of treatment. Left, with Super Ready (Figure 5). However, root biomass
untreated seedlings. Centre, seedlings wass not increased by ExtraGro (Figure 6), suggesting
treated with Super Ready and right, that the increased nitrogen in this fertiliser stimulated

seedlings treated with ExtraGro. the growth of longer but thinner roots.

Mullan, G. D. and White, P. J. 2001. Seedling
Quality: Making informed choices. Bushcare
and the Department of Conservation and Land
Management. Photo by G. Mullan.

Conclusions
20 - We tested whether the ExtraGro fertiliser, containing

; P < 0.0001 . twice as much nitrogen, stimulated enhanced E
P 003 P =001 pyrenea seedling growth over that stimulated by

T 15 T 1T 1 the standard Australian native plant fertiliser Super

= " Ready.

S : iy ExtraGro promoted greater shoot elongation and

2 104 —_— biomass accumulation. In addition, it stimulated

2 .. o increased root elongation, although it did not alter

5 . root biomass gain over a two-week period.

& 51 Therefore, we have found that E.  pyrenea
seedlings respond better to a high-nitrogen fertiliser
than standard ferfiliser. This significant find ng may

0 T T T inform future efforts to cultivate this species.
No fertiliser Super Ready ExtraGro
(2%) (2%)
Treatment
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FIGURE 4 Effects of fertilisers on seedling height after two weeks of
treatment

Treatment of E. pyrenea seedlings with the standard

Australia native plant fertiliser, Super Ready, increased Acknowledgements
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Students:

investigate different cellular structures, including but not limited to:
examining a variety of prokaryotic and eukaryotic ¢

describe a range of technologies that are used to determine a cell’s structure and function

What distinguishes one
cell from another?

investigate a variety of prokaryotic and eukaryotic cell structures, including but not limited to:
drawing scaled diagrams of a variety of cells
comparing a rasting different cell organelles and arrangements
modelling the structure and function of the fluid mosaic model of the cell membrane

@ Cell structure and technologies

Biology Stage 6 Syllabus © NSW Education Standards Authority for and on behalf of the Crown in right of the State of New South Wales, 2017
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Assessments Worksheets

® Chapter review ® Comparing types of cells
® Review quiz ® Practical introduction to using a microscope

® Exam preparation ® Discovering the principle of a compound
microscope

Investigations Technologies used to study cells
21 A practical investigation to examine How to approach drawings in biology

prokaryotic and eukaryotic cells
2.2 Modelling the structure and function of the

fluid mosaic model Cell sitruzait
Cell membrane

To access these resources, visit

K¢ Nelson I\/IlndTap cengage.com.au/nelsonmindtap

Cell micrographs

-
1

When you think about it, living organisms are amazing
things. The secrets of their functioning have intrigued many
generations of scientists over many hundreds of years. It has
only been since the development of technology such as the
microscope that the details of the structure and functioning
of living things have been determined. This started with the
discovery of the cell as the basic unit of all living things.

Since then, it has been found that even though cells share
some similarities, not all cells are the same. They differ in their
structure, function and organisation.

Some organisms consist of only one cell that has to
perform all functions. Other organisms contain many
different cells, each with a specific structure and function,
organised to work together to ensure effective functioning,

Types of cells

Even though there are many different types of cells in organisms,
they can be classified as either prokaryotic or eukaryotic cells.
Prokaryotic cells are ‘primitive’ cells and have a much simpler
structure than eukaryotic cells. There are many more prokaryotic
cells on Earth than there are eukaryotic cells. Although these two
types of cells have many differences, they share basic similarities,
with each possessing a cell membrane, cytoplasm and ribosomes

Imagefolk/Minden Pictures

FIGURE 2.1 Cells are the basic structural
(structures that produce proteins in the cell). and functional unit of the diverse range
of all living things. a Amoeba; b roses; €
animals of the Great Barrier Reef

With the word derived from the Greek pro (before) and karyon (nucleus), prokaryotic cells range in
diameter from 0.1 to 5.0 um (micrometres). The four main structures that all prokaryotic cells possess
are the cell membrane, the cytoplasm, ribosomes and genetic material. The cell (plasma) membrane
is responsible for controlling what goes into and out of the cell.

There is no membrane surrounding the genetic material and therefore no nucleus. Most of the
genetic material forms a large loop called the bacterial chromosome, with the rest in small circular
rings called plasmids. The structures inside prokaryotic cells are not surrounded by membranes - they
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simply float in the fluid-like cytoplasm, as does the genetic material. Structures that are present in some
prokaryotic cells are a cell wall, pili (singular: pilus), flagella (singular: flagellum) and a capsule. Pili are
hair-like structures on the surface of some cells that allow them to adhere to nearby substances. Flagella
are whip-like tails that provide the cell with locomotion. The cell wall protects the cell and provides

The different
structural support. The substances it is composed of differ depending on the type of cell. The capsule is a types of
layer composed of complex carbohydrates outside the cell wall and protects the cell. frzgi”fill]ecsuigda .
Most organisms that are composed of prokaryotic cells are unicellular — a single cell. Some bacterial discussed later in
species clump together as a colony of prokaryotic cells that work together. this chapter.
Figure 2.2 shows a generalised three-dimensional diagram and a scientific two-dimensional line
drawing of a typical prokaryotic cell.
Cell wall Ribosomes
Pili Chromosome:  Cell wall  Ribosomes  Plasmid:
DNA DNA

Bacterial
flagellum

Cytoplasm
Capsule Chromosome: Cell Plasmid: Bacterial
DNA membrane DNA flagellum

Capsule Cytoplasm Cell membrane

FIGURE 2.2 a A generalised diagram of bacteria - a prokaryotic cell; b a scientific line drawing of the cell

Prokaryotic organisms (or prokaryotes) can be divided into two main groups:
bacteria and archaea. The cells in these groups are similar in both shape and size,
but differ chemically in terms of their genetic material and proteins. Bacteria can
be found in many different environments and can be either beneficial or harmful
to living organisms (Fig. 2.3a). Archaea (Fig. 2.3b) are unicellular organisms that are
found in extreme and harsh environments, such as hydrothermal vents and hot
springs.

Library

Science P

‘Eukaryotic is derived from the Greek eu (‘true or ‘proper’) and karyon ( ‘nucleus).

These cells range in size from 10 to 100pum and are much more complex
than prokaryotic cells. Eukaryotic cells are characterised by a membrane-bound
nucleus containing the genetic material of the cell. All of the internal structures
of these cells are membrane bound and are known as organelles. Each organelle
has a specific function within the cell. Together these organelles carry out all of the FIGURE 2.3 a Differen't' type P
biochemical processes and reactions, such as respiration and photosynthesis, that b Archaea are prokaryotes found in harsh

are required for the successful functioning of a living cell. environments such as hydrothermal vents
as shown here. Archaea are found in the

water where the hot fluid is escaping.
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-l Living organisms that contain eukaryotic cells are known as eukaryotes. These organisms can

% . ) . o ‘
“e be either unicellular or multicellular (containing many cells). Paramecium, Amoeba and Euglena are
examples of unicellular eukaryotes (Fig. 2.4).
Worksheet
Comparing

types of cells
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FIGURE 2.4 Examples of unicellular eukaryotes: a Paramecium; b Amoeba; ¢ Euglena

:‘ ‘: Multicellular plants and animals are composed of a variety of different types of eukaryotic cells.
Weblink There are two types of cells: prokaryotic and eukaryotic.

Different types of cells
Summarise the
similarities and

differences between
prokaryotic and
eukaryotic cells.

Prokaryotic cells exist as single cells and have no membrane-bound nucleus or organelles.
Bacteria and Archaea kingdoms contain prokaryotic cells.

KEY CONCEPTS

Eukaryotic cells have a membrane-bound nucleus and membrane-bound organelles.

INVESTIGATION (21)

A practical investigation to examine prokaryotic
and eukaryotic cells

ot Living cells, whether prokaryotic or eukaryotic, possess structures that allow them to carry out the biochemical

": processes required for them to function effectively. These structures are organised differently in different types
of cells.
Worksheet A variety of prokaryotic and eukaryotic cells can be examined using a light microscope. Only certain
 Practical structures (such as the cell membrane, nucleus, cytoplasm and chloroplasts) are large enough to be viewed
introduction . . . ) . . i
to using a using the microscopes available in school laboratories. For more details of other structures in a cell, electron

mieroscope micrographs need to be used.

To examine and compare a variety of prokaryotic and eukaryotic cells using a light microscope

MATERIALS

= Light microscope

= Microscope slides

= Coverslips

= Onion

= Knife/scalpel

= Forceps or dissecting needles

= Eye dropper (optional) »
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Methylene blue stain with eye dropper
Paper towelling
500 mL beaker of water for used microscope slides and coverslips

Ambulia plant (or an alternative freshwater-oxygenating plant available from the local aquarium or
biological supplier)

Plastic bag

Disposable gloves

Prepared slide of human cheek cells
Prepared slide of bacteria

Prepared slides of plant and animal tissues (for example root hairs, guard cells, frog blood cells, human
blood cells, sperm cells or neurons)

Immersion oil

RISK ASSESSMENT

!
RISK
ASSESSMENT
Knife/scalpel Sharp edges can cause cuts Use knife/scalpel with care, hold by the handle and
keep fingers away from sharp edge of knife.

Microscope slides/ Sharp edges can cause injury if broken Handle with care. Push gently on coverslip. Always
coverslips focus by moving objective lens away from slide.

A Plant cell: onion
Remove the onion skin, cut through the onion and separate the layers.
Carefully lift a thin section of onion tissue from the surface of one of the layers.
Prepare a wet mount of this tissue using the technique outlined in the following steps.

Cut a piece of onion tissue about 1cm? in area and place this in a drop of methylene blue stain on the glass
microscope slide. Be careful not to fold the tissue over on itself.

Using a dissecting needle, lower the coverslip carefully to avoid the formation of air bubbles (Fig. 2.5).

Place a piece of paper towel over the coverslip and microscope slide to dry any excess stain.

FIGURE 2.5 Diagram Dissecting needle
showing technique

for lowering coverslip

on to a wet mount

Onion skin /

Microscope slide <15 /
Drop of sta'nw // |

Coverslip

View under low power, then under high power. A worked

Draw a scientific dia ram of two or three cells. Use a sharp pencil and draw single, solid lines. Each diagram example to
should be large enough (approximately 6-7 cm in size) to clearly show all structures visible inside the cells. Each calculate total

. : ’ . . magnification
diagram should have detailed and accurate labels. Label lines should be parallel if possible and should never is S%OV\:D on

cross over each other. They should have no arrowheads and should touch the actual structure being labelled. page 39.
Label the nucleus, cell membrane and cytoplasm.
Total magnification should also be ecorded.
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B Plant cell: Ambulia - pond weed
Prepare a wet mount using a leaf from the tip of the plant.
Place the leaf on to a drop of water and gently lower the coverslip (see step 5 above).

View under low power, then under high power. Note any streaming movement of the cytoplasm and
chloroplasts.

Draw a diagram of one cell (see step 8 above). Label the cell wall, nucleus, chloroplasts and cytoplasm.
Record the total magnification

C Animal cell: cheek cells
Observe a prepared slide of stained cheek cells under low power and then high power.

Draw a diagram of one of these cells and label the cell membrane, nucleus, cytoplasm and any other
structures you can identify.

Record the total magnification
View prepared slides of other animal and plant tissue supplied by your teacher.
Identify any different cell structures observed.

D Prokaryotic cell
Observe a prepared slide of bacterial cells.

Use an oil immersion objective to give a higher magnification ( o observe the bacteria). Place a drop of oil
on the coverslip above the specimen and centre the oil immersion objective lens over the oil. Use the fine
focus adjustment to obtain a clear image.

Draw one bacterial cell and record the magnification. No e the size of a bacterial cell compared to a cheek
cell.

Your results will include scientific dia rams including labels and total magnification o :
an onion cell
an Ambulia cell
a cheek cell
a bacterial cell
two other cells you observed.

In a table, record the similarities and differences in size and structure between the cells you have observed
and drawn in the previous question:

two plant cells: a and
a plant cell and an animal cell: b and
a plant cell and a bacterial cell: a and
List the cells in order of size from smallest to largest.

DISCUSSION

Describe why methylene blue stain was used when preparing the wet mount of the onion cell.
Compare the size of a bacterial cell to the plant and animal cells you have seen so far.

Outline any cell detail seen inside the bacterial cells.

Identify two limitations of using a light microscope.

Using your observations of the cells, suggest two differences between prokaryotic and eukaryotic cells.
Describe how the prepared slides that you used compare to the ones that you prepared yourself.
Describe how using oil immersion helped you to see the internal structure of the bacterial cell.

CONCLUSION

Write a summary statement that relates to the aim of this investigation. A brief summary of what you did
(variable changed) and what you found (variables observed) is required.
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Calculating total magnification

To calculate the total magnification when using a light microscope, the magnification of the ocular
(eyepiece) lens is multiplied by the magnification of the objective lens being used:

total magnification = magnification ocular lens X magnification objective lens

Numeracy

WORKED EXAMPLE @
Calculate the total magnification of a microscope when the magnification of the ocular lens is 10X and the
magnification of the objective lens is 10X.

ANSWER LOGIC

=10X10 = Multiply the magnification of ocular lens by the magnification

of objective lens.

= 100X = (Calculate the answer.

TRY THESE YOURSELF

Complete the following table.

OCULAR LENS MAGNIFICATION OBJECTIVE LENS MAGNIFICATION TOTAL MAGNIFICATION
10X 20X

10X 40X

12X 480X

>
w
¥

wv
—
o
w
(=)
4
(=}
(&)

® You can use a light microscope to view cells.

e Total magnification is calculated by multiplying the magnification of the ocular lens by that of
the objective lens.

CHECK YOUR
UNDERSTANDING

State the two different types of cells, and list features of each.
2 What features do the two different types of cells share?

3 Complete the following table to compare the features of prokaryotic and eukaryotic cells.

CHARACTERISTIC | PROKARYOTIC CELLS EUKARYOTIC CELLS

Membrane-bound nucleus

Membrane-bound organelles

Unicellular/multicellular

Examples

4 Draw a labelled scientific diagram of the following cells as seen through the light microscope:

e anonion cell
e acheekcell.

5 Calculate the total magnification of a light microscope when a 12X ocular lens and a 20X objective lens
are used to view a sample. Show your working.
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Technologies used to determine
cell structure

Scientists in the 1500s used handheld magnifying glasses to view objects
of interest. In the quest to see greater detail, scientists invented the
first compound microscope (Fig. 2.6). This microscope had two convex
lenses placed at either end of a barrel and was the precursor to the
light microscope. After much refining, this simple handheld device has
transformed into the microscopes that are commonly used in the school
laboratory.

After further developments were made to the structure of these
compound microscopes, such as placing them on a stand, adding focus

FIGURE 2.6 Hans and Zacharias Janssen invented the . o :
first compound microscope. knobs and a light source, scientists were better able to determine the

structure of organisms. Robert Hooke, in the 1660s, was able to view and
draw the structure in cork that led to his use of the term ‘cell’, leading to
our term ‘cell’ (Fig. 2.7).

Eyepiece

Fine adjustment
knob

Alamy Stock Photo/Science History Images

Getty Images/Print Collector

Lens to
concentrate
light source

\
4

Stage to hold
specimen

FIGURE 2.7 aHooke's compound microscope; b Hooke's drawing of cork, showing the compartments he called ‘cella’

Further refinements in the structure of compound microscopes continued over the succeeding years

~', until we have those that are in use today.
L
Light microscopes
Worksheet
Discovering In the compound light microscope such as those you use in the school laboratory, a light source passes
e principle
of 2 compound through a condenser lens and then through the thin specimen. This beam of light then passes through
microscope

the convex objective lens, where the image is magnified and viewed through the ocular lens (Fig. 2.8).

40 MODULE ONE » CELLS AS THE BASIS OF LIFE 9780170479462



Compound light microscopes can produce images with a magnification (increase in size of the image)

up to 1500X depending on the lenses used. In microscopy, as well as magnification, resolution (or resolving fs[f fcﬂaﬂﬂinﬁi’m
power) is also important in order to see the detail of structures. Resolution is the ability to distinguish [ﬁg:gﬂ‘rﬁqglss of
between two separate objects. It is the smallest distance between two objects where each can be observed

as separate. For a compound light microscope, the maximum resolution is 200nm (nanometres). This

means that the best light microscopes will only be able to distinguish two AEVG

separate structures if the distance between them is 200 nm or more. If the

distance between the objects is less than 200 nm, two distinct objects will : Eyepiece

be seen as one object. Coarse T
Bothlivingand non-living specimens can be viewed using a compound adjustment
light microscope. Fine
adjustment

Fluorescence microscopes

Objective lens

The fluorescence microscope is similar to the light microscope. It has
extra features that enable scientists to produce images of specific parts
of cells. Structures beyond the limit of resolution of the light microscope
can be seen using this microscope.

The sample to be viewed is labelled with a fluorescent substance that
will attach to the structures that the scientist wants to specifically observe, ~ Condenser
The sample is illuminated with a high-intensity source of light that causes djstment
the fluorescent substance to emit light. This fluorescent light is directed
through filters that separate it from surrounding light and the viewer is able
to see only those areas of the sample that are fluorescing (Fig. 2.9).

Specimen
Stage
Condenser lens

Light source

J Base/foot

FIGURE 2.8 The compound light microscope

c
2

]
o
=
~

S
S
@

FIGURE 2.9 a A fluorescence microscope; b image of cells seen through a fluorescence microscope,
showing different parts of the cell exhibiting different colours of fluorescence

Electron microscopes

Since the 1950s, studies of microscopic organisms have been revolutionised by the development of the electron
microscope. This instrument uses an electron beam instead of light, and electromagnets instead of glass
lenses. The interaction between the electrons and the object forms a viewable image on a screen (Fig, 2.10).
The use of electrons instead of light gives much greater magnification. Electron microscopes also have a much
higher resolving power than light microscopes because electrons have a much shorter wavelength than light.

The electron microscope reveals structures at not only the cellular level, but also at the subcellular
level. Materials that were formerly believed to have little or no structure have been shown to have
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elaborate internal organisation. Many parts of cells (organelles) were seen for the first time after the
invention of the electron microscope. Other parts previously seen with the light microscope can be
seen in far greater detail, providing increased knowledge of their internal structure. This has led to a
greater understanding of their functions in cells. Features as small as one-tenth of a nanometre (one
ten-billionth of a metre) can be seen, including individual atoms.

There are two main types of electron microscopes: the scanning electron microscope (SEM) and the
transmission electron microscope (TEM).

The electron microscope shown in Figures 2.10 and 2.11 is called a transmission electron microscope
(TEM) because the electrons are transmitted (pass through) the specimen. The TEM produces a two-
dimensional image. It is the most common form of electron microscope. It can magnify up to 1500000
times and has a resolution of about 2 nm.

A scanning electron microscope (SEM) bombards solid specimens with a beam of electrons, which
causes secondary electrons to be emitted from the surface layers of the specimen. The SEM has poorer
resolution (about 10nm) than a TEM, but gives excellent three-dimensional images of surfaces (Fig. 2.12).

> ~ 8
T Ll =
Source of —— N 8

electrons v 3

Weblink [ q:‘(/ ]
Zoom into the ;&L. " z
micro world Cal ksl
Specimen . o

)

, &

~ Electromagnetic o

o2 2

(£ lenses =
Eye

Weblink
Virtual scanning
electron microscope

Try to get the best
possible image for
each specimen
viewed in the
virtual scanning
microscope.

Final image

on screen
Information and
communication FIGURE 2.11 A transmission electron microscope (TEM)
technology FIGURE 2.10 The electron microscope

capability currently used in biological research

: : -~ - !
w g v "\
: i i e 2h N - —— £
FIGURE 2.12 a TEM image of kidney cells; b SEM image of the surface of the tongue. The resolution of the microscope is
high enough to show the individual taste buds.
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Although there are many advantages in using an electron microscope, there are some disadvantages.
For example, the specimen must be placed in a vacuum for viewing, because air would interfere with the
flow of electrons. As a result, living tissue cannot be viewed.

The preparation of the specimen is very complicated and comes with a risk of introducing
artefacts into the image. An artefact is something that is introduced into the image that wouldn’t
normally be there. Comparing samples prepared in different ways can identify whether artefacts
are present.

The size, expense and maintenance costs are much larger in this type of microscope than in others.

Computer-enhanced technology to study cells

Digital processing of images produced by microscopes allows scientists to view cells in new ways. >%

. . . . (LS
For example, cell scan software produces three-dimensional representations of cell structure, allowing
a much greater understanding of cell structure and function. Our knowledge about cells has been Worksheet

Technologies
used to study

to determine how molecules interact in cellular reactions. cells

helped by the development of advanced computer technologies to construct models that can be used

Confocal laser scanning microscopy can be used to highlight the three-dimensional structure of
samples being studied. A laser produces a narrow intense beam of light that is focused to a pinpoint
on the sample while all the surrounding, out-
of-focus areas are not included in the image. Dulicalsactooing e dimansionat icongirugtion
This focusing occurs many times through
the specimen at different levels. An image
reconstruction program puts together the
data from the images taken at different levels
and constructs a three-dimensional image
(Fig. 2.13). These microscopes are often used
to image the structural components of cells

and nutrition 55 (2015), 369-382

From Jekle, M., Becker, T.: Wheat dough micro-

structure: The relation between visual structure and
mechanical behavior. Critical reviews in food science

FIGURE 2.13 Confocal laser scanning microscope takes an
and have the advantage that the specimen image of the sample at many different levels. A computer
program is then used to construct a three-dimensional image.

remains intact.

Early microscopes allowed scientists to see cells for the first time.
Magnification indicates how much an image has been increased in size.

The resolution indicates the minimum distance objects need to be apart to be able to be seen
separately.

KEY CONCEPTS

e Light microscopes pass light rays through thin specimens that are magnified by convex
glass lenses.

Magnification in light microscopes can be up to 2000x, maximum resolution 200nm.
Living and non-living specimens can be viewed using a light microscope.

Fluorescence microscopy targets specific structures and uses labelling of these structures with
fluorescent substances to see them.

Electron microscopes use electron beams and electromagnets instead of light rays and lenses.

e Two types of electron microscopes are transmission electron microscopes (TEM) and scanning
electron microscopes (SEM). No living specimens can be viewed with an electron microscope.

e In a TEM, beams of electrons pass through a specimen and produce a two-dimensional image.
Very high magnification and resolution are possible (up to ten million times with some SEMs).

In a SEM, electron beams bounce off surfaces and create a three-dimensional image.

Confocal laser scanning microscopes use pinpoint laser beams to make images of many layers,
which are then combined into a three-dimensional model.
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CHECK YOUR

UNDERSTANDING 1 Explain the difference between the terms’magnification’and resolution’
2 Outline how a light microscope works.
@ 3 Identify two advantages and one disadvantage of using the light microscope to view specimens.
4 Outline the process used in fluorescence microscopy and provide one advantage over the use of a light microscope.
5 Explain how animage is created in an electron microscope.
6 Use atable to compare the TEM with the SEM. Features to use could be such things as the magnification,
resolution, the type of image formed and the way it is produced.
7 Identify two advantages and two disadvantages of using the electron microscope to view specimens.

8 Describe how a three-dimensional image is produced when using a confocal laser scanning microscope.

Sizes of cells

Advances in biology over the last decades have pushed our view of the microscopic world to ever-

. decreasing sizes. Centimetres, millimetres and even micrometres or microns (pm) are often too large to
bd

Ly measure some objects. We are now in the ‘nano age'.
1 metre (m) = 10° centimetres (cm) lcm = 1/100m
Weblink = 10° millimetres (mm) 1mm = 1/1000m
How big? ) 3
Compare the size of = 10° micrometres or microns (um) lpm = 1/1000000m
h hai h
e = 10’ nanometres (nm) Inm = 1/1000000000m
and an Ebola virus. Figure 2.14 demonstrates the size of the objects seen by the naked eye, a light microscope and electron
microscope.
Tm Tdm Tcm T mm 100" m 10"m 1"m 100 nm 10 nm Tnm 0.1 nm
m 107" m 1072 m 107 m 107 m 10 m 10°%m 10”7 m 108m 10%m 107%m

Light microscope

Electron microscope

Size of a Size of a Size of a
virus DNA glucose
i | particle : : molecule ;{ | molecule :

Heighat ofa
5-year-old
child

Thickness 1
- of ahuman
hair

An atom
FIGURE 2.14 Size and comparison of images seen by the naked eye, light microscope and electron microscope
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Drawing scaled diagrams Numeracy

When drawing different types of cells, such as those viewed in Investigation 2.1, it is useful to draw these
cells to scale. This allows a more accurate representation of the size of these cells.
Diagrams that are drawn to scale will always contain a ‘scale bar’, which indicates the scale to which

the diagram is drawn.
The scale bar represents a specific whole number of pm and is often 1-5cm in length. In order to

draw the scale bar:

1 Determine the actual length of the object to be drawn.

2 When the actual length of the object determined above is divided by the length of the proposed ~y,
drawing, a whole number should be obtained. “s
For example: o
Worksheet
length ofcell =8 pm How to :expprz‘)ach
length of drawing = 4cm e

Actuallength ~ _ 8pm
Length of drawing ~ 4cm

2pm

Scale =
lcm

Therefore, a scale bar 1 cm in length would represent 2 pm
or ascale bar 2 cm in length would represent 4 pm, and so on.

WORKED EXAMPLE @

A human cheek cell, as observed in Investigation 2.1 and shown in Figure 2.15, has a diameter of
approximately 60 pm. Its nucleus has a diameter of 6 um. Draw a scaled diagram of the human cheek cell
and its nucleus.

oto Associates

21
>
o

=

b

=
=

e
a
(7}
2
2
=
2
(%]

FIGURE 2.15 A human cheek cell with nucleus
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ANSWER LOGIC

Actual diameter of cell = 60 um = Extract data from question.

Diameter of cell to be drawn = 5cm

60 Actual diameter
Scale = 2~ HI -
5cm Diameter of drawing
_ 12pm
lcm

A scale bar of 1 cm represents 12 pm.

= Measure 5cm both across and down the centre of the area
where the diagram is to be drawn.

= Remembering the guidelines for biological drawings, draw one
solid line in a roughly circular shape with the 5cm diameter.
(Note: the cheek cell is not perfectly circular)

The nucleus is 6 um, which would be equivalent to 0.5cm. = According to our scale 1cm represents 12 um.

= Calculate the diameter to draw for the nucleus.

= Draw in the nucleus with a diameter of 0.5 cm (5 mm).

= Include the scale bar at the base of the drawing.

‘ Nucleus

I

12 pm Cheek cell

FIGURE 2.16 Scaled diagram of human cheek cell

TRY THESE YOURSELF
Draw a scaled diagram of the following cells.

1 Onion cell that is oblong in shape with a length of 30 pm and a width of 12 ym.
2 Aredblood cell with a diameter of 8 um.

lcm = 10mm
1mm = 1000 pm
1pm = 1000nm

KEY CONCEPTS

Scaled diagrams must always contain a scale bar.

The scale to be used can be calculated by dividing the actual size of the cell by the length of the
diagram to be drawn.
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CHECK YOUR
The size of different types of cells (not drawn to scale) are shown in Figure 2.17. UNDERSTANDING

Trypanosoma
(protozoan)
25um long

Chlamydomonas
(green alga)

HIV (AIDS
virus)
100nm

W

)

7

T4 bacteriophage

-

225nm long
Human red
blood cell Polio virus
7-8um 30nm
diameter ==

Escherichia coli (bacterium)
1-5um long

Typical plant cell
10-100 um

Tobacco mosaic virus
300nm long

FIGURE 2.17 Measurements of biological specimens (not drawn to scale)

1 Using the measurement given for each cell,
list the cells in order from the smallest to
the largest.

2 State which of the cells are prokaryotes and
which are eukaryotes.

3 What does the statement 'not drawn to scale’
mean?

4 What is the size of the typical plant cell
in mm?

5 Whichis larger, a T4 bacteriophage or an
E. coli bacterium? Explain your answer.

Alamy Stock Photo/Scott Camazine

6 Convert the following measurements:

FIGURE 2.18 SEM image of a red blood cell with a scale bar

a 2cmtomm

b 0.013mm toum
¢ 4000nm to um
d 0.080um tonm.

7 Using a ruler and the scale provided, determine the actual size of the full cell shown in Figure 2.18. Show
the formula you have used and all workings.
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Organelles in cells

All eukaryotic cells contain membrane-bound internal structures called organelles, each with a specific
structure and function. Different organelles share the common feature of having internal structures
that are enclosed by their own membrane. The membrane may be either double or single in structure.
Although each organelle has a different structure and function, they all work together to contribute to the
effective functioning of a cell as a unit. Many organelles have maximised the amount of surface area they
have available to carry out their particular functions.

One of the differences between organelles is their size. Some organelles, such as the nucleus, vacuoles
and chloroplasts, can be seen with a light microscope. Details of other organelles, such as mitochondria
and ribosomes, can be seen only by using an electron microscope (see Table 2.1).

TABLE 2.1 Comparison of the structures visible using light and electron microscopes

SCHOOL LIGHT MICROSCOPE ADVANCED LIGHT MICROSCOPE ELECTRON MICROSCOPE
(10-400x) (800-2000x) (60-1500000x)

- cellwall All structures in previous column All structures in previous two columns
nucleus and nuclear membrane | as well as: as well as:
chloroplast - cell membrane - endoplasmic reticulum
+ vacuole: tonoplast and cell sap +  Golgi body + ribosomes
cytoplasm « mitochondria + lysosomes
+ nucleolus. « centrosome
Special staining required for all + cytoskeleton (special staining is

needed to see this).

The arrangement of organelles also varies depending on whether the cell is a plant or animal
cell. A generalised diagram and line drawing of a eukaryotic animal cell is shown in Figure 2.19 and
a plant cell in Figure 2.20.

Plant and animal cells contain many of the same organelles. The plant cell, however, possesses a cell
wall, chloroplasts and a large vacuole that the animal cell does not.

Figure 2.21 summarises the organelles that are found in both plant and animal cells. It also shows the
organelles specific to plant cells and those that are only present in animal cells.

Membranes - selective boundaries

The cell membrane (alternative names are plasma membrane, cytoplasmic membrane and plasmalemma)
surrounds the cell contents in all cells and separates the cell contents from their surroundings. It controls
the passage of water and other chemical substances into and out of cells. It is a selective barrier, permitting
the passage of only certain molecules into or out of cells. This property gives the cell membrane the
feature of being selectively permeable (sometimes referred to as semipermeable). Both plant and animal
cells have a cell membrane. The membranes surrounding organelles are also selective in allowing only
certain substances to pass between the cytoplasm and the organelle.

Protoplasm

It is in the protoplasm of cells that the functions essential to life, such as making cellular products and
respiration, are carried out. The protoplasm is the living content of a cell that is surrounded by the cell
membrane. The protoplasm is composed of the nucleus and the cytoplasm. The cytoplasm (that part of
the protoplasm outside the nucleus) consists of a liquid called the cytosol in which there are dissolved
chemical substances (for example, ions such as chloride ions), suspended organelles and insoluble
granules. Approximately 90 per cent of the cytoplasm is water — the medium in which all cell chemicals
are dissolved or suspended.
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O Eukaryotic animal cell
Cell membrane: outermost
barrier of the cell (selectively allows Temporary vacuole: a
some substances to pass through it)

temporary storage sac

Golgi apparatus: system of
membranes that package and
store substances before their
release

Cytoplasm: fluid material
where activities of the
cell occur

Science Photo Library/RUSSELL KIGHTLEY

Endoplasmic
reticulum: intracellular
and intercellular
transport system

Mitochondrion:
site of cellular
respiration

Ribosomes: sites of
protein synthesis

Nucleus: coordinates all the

Nucleolus: involved activities of the cell

in the manufacture
of ribosomes within
the cell

0 Endoplasmic

reticulum Cell membrane

Temporary
vacuole

Cytoplasm
Golgi

apparatus

Mitochondrion

Ribosomes

Nucleolus Nucleus

FIGURE 2.19 a A eukaryotic animal cell showing its nucleus and organelles; b a scientific line drawing of the cell
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o Eukaryotic plant cell

Cell membrane: selectively
allows some substances to
pass through it

Chloroplast: site of
photosynthesis

Cytoplasm: fluid
material where
activities of the cell
occur

Nucleolus: involved
in the manufacture
of ribosomes within
the cell

Science Photo Library/RUSSELL KIGHTLEY

Nucleus:
coordinates all
the activities of
the cell Cell wall: provides
extra support and
protection to plant
cells

Large permanent vacuole:
a fluid-filled space that
stores various materials

Mitochondrion: site of
cellular respiration

O Cell membrane

Chloroplast
Cell wall

Large
permanent
vacuole
Nucleus

Nucleolus Cytoplasm

Mitochondrion

FIGURE 2.20 a A eukaryotic plant cell showing its nucleus, cell wall and other organelles; b a scientific line drawing of the cell

Nucleus - the control and information centre

The nucleus (plural: nuclei) appears as a large, spherical or oval structure in the cytoplasm (Fig. 2.22).
It is colourless, transparent and slightly more jelly-like than the rest of the cell. Most organisms have
one nucleus per cell. The nucleus stores the information needed to control all cell activities. It is
therefore essential for the nucleus to be able to communicate with the surrounding cytoplasm. Electron
micrographs reveal that the nucleus is surrounded by a double nuclear membrane or nuclear envelope,
pierced by tiny pores. These pores regulate the passage of substances between the nucleus and cytoplasm,
allowing communication between them.
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FIGURE 2.21
Summary of
structures found in
plant and animal cells

o Cell wall
@ Chloroplasts o Cell membrane e Centrioles
o Large, permanent e Cytoplasm ® Lysosomes
vacuole e Cytoskeleton
® Nucleus

e Mitochondria

® Endoplasmic
reticulum

e Golgi body

® Ribosomes

Plant cell Animal cell

Both

Nucleoplasm Ribosormes

Chromatin material
(DNA + protein)

Nuclear pore

Nucleolus

Double nuclear
membrane Rough endoplasmic

reticulum

FIGURE 2.22 a Diagram of nucleus showing nucleolus, nuclear membrane, nucleoplasm, chromatin material and associated endoplasmic reticulum

and ribosomes; b electron micrograph image of nucleus

The nucleoplasm or nuclear sap is the liquid part of the nucleus in which the chromatin material
is found. Chromatin is made up of protein and nucleic acid. The deoxyribonucleic acid, DNA, is stored
in the nucleus. It is a very large chemical that holds, in a coded form, all the genetic information (the
‘blueprint’) necessary to control the cell’s function. This DNA contains the hereditary information of
an organism that gets passed from one generation to the next. Within one organism, the information
stored in the DNA of each cell is the same. Before a cell divides, the information on the DNA must be
copied so that it can be transmitted (passed on) to newly formed cells. The chromatin separates into
short, thick separate rod-shaped structures called chromosomes, which become visible in dividing
cells (from the Greek chromo (coloured) and soma (body), so named because chromosomes take up
stains easily when being prepared for microscopy). Each species of organism has its own particular
number of chromosomes; for example, humans have 46 chromosomes, a platypus has 52, a lettuce has
18 and a camel has 70.
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The nucleolus is a dense, granular region commonly seen within the nucleoplasm. It contains
a large amount of nucleic acid; some DNA, but mostly RNA. The nucleolus is responsible for the
manufacture of organelles called ribosomes, the essential ‘machinery’ of the cell.

Endoplasmic reticulum - transport and processing
of proteins and lipids

The outer nuclear membrane is usually continuous with a network of flattened, interconnected

FIGURE 2.23 Rough
ER studded with
ribosomes the nucleus and the cell's environment, allowing intracellular transport (transport within a cell). The

membranes — the endoplasmic reticulum (ER). The ER provides a connection of pathways between

immense folding of the sheets of membrane increases its surface area.
ER may have ribosomes attached (rough ER; Fig. 2.23) or may have no ribosomes (smooth ER).
The main function of ER is transport, but it also plays a role in processing cell products: rough ER folds
and processes proteins made by the cell and it can also synthesise lipids. Smooth ER is the main site of
lipid production, essential for membrane repair and manufacture. ER may also transport substances from
one cell to another in plant cells, passing through channels called cell pits in the cell wall.

Ribosomes - protein synthesis

Ribosomes are small organelles that appear as dense, rounded granules in electron micrographs of cells.
Their small size increases their surface area. Each is made of the chemicals RNA and protein, and they
are the ‘machinery’ that carries out the genetically coded instructions of DNA to produce any proteins
necessary for cell functioning and structure. Amino acids are joined in order to form polypeptides, the
structural unit of proteins.

Ribosomes may be found free in the cytoplasm or scattered over the surface of ER. Newly synthesised
proteins pass from the ribosomes into the ER, where the protein is folded.

Golgi bodies - packaging and sorting the products

The Golgi body (also known as Golgi apparatus) is also made of flat membranes, but it differs from ER
in that it does not have ribosomes attached and its membranes are arranged in stacks of four to 10. The
Golgi body (Fig. 2.24) is easily recognisable by its curved shape on one surface, where vesicles can be seen

Nucleus Cell membrane

—Nuclear pore Rough Protein
p endoplasmic expelled\)”
reticulum 3

‘ f Secretory gy

ARG vesmle\

\A : Cisternae § )
“—— Ribosome P

(a) o Cg? Vesicles

Forming face

=R

FIGURE 2.24 a Golgi body and vesicles; b diagram showing the relationship between the ER, Golgi body and the cell membrane

Cis face
=) Trans face
y Transport 4
- vesicle ‘ Golgi
Smooth apparatus
endoplasmic

reticulum
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budding off. This surface is called the forming face and the vesicles are evidence of the secretory function
of Golgi bodies. The opposite surface may be convex or flat.

Golgi bodies process, package and sort cell products. They are involved in adding proteins and
carbohydrates to cell products and they also provide a membrane around the cell products to package
them. The membranes provided by Golgi bodies vary and serve as a packaging ‘label’. Features of the
membrane are used to sort these products, determining where they will end up - they may be transported
within the cell to wherever they are required or they may be secreted from the cell.

Lysosomes — digestion and destruction

Organelles within the cytoplasm of cells will eventually reach their ‘use-by date’ and wear out. Instead of
wasting the raw materials that make up these organelles, the cell has a clever method of recycling and
reuse. This is the job carried out by lysosomes (‘lysis’ = to break apart), special organelles found within
the cytoplasm of animal cells.

Lysosomes (Fig. 2.25) are formed by the Golgi body. They contain digestive enzymes that are
responsible for splitting complex chemical compounds into simpler ones, such as when proteins are
broken down into amino acids. These simpler molecules can then be used as building blocks for new
compounds and organelles. Sometimes lysosomes may destroy the entire cell. This process is known as
apoptosis or programmed cell death. It is a deliberate action by the cell to destroy old and damaged cells.
Under the direction of the cell, the lysosome membrane ruptures, releasing the enzymes, which then
digest the contents of the cell, killing it in the process.

o

Phospholipid
bilayer

Science Source/Don W. Fawcett

Buzzle.com

Proteins Enzyme complex

FIGURE 2.25 a Structure of a lysosome; b electron micrograph showing lysosomes and the Golgi body (apparatus)

Mitochondria — cellular respiration

Mitochondria (Fig. 2.26) are the ‘powerhouses’ of a cell, producing energy in the form of energy-rich
molecules by the process of cellular respiration. Mitochondria (singular: mitochondrion) are usually rod-
shaped but may be round; they vary in both shape and size. Mitochondria are smaller than the nucleus
and chloroplasts but larger than ribosomes.

The number of mitochondria in a cell depends on how much energy the cell needs to carry out its
functions. Less active cells contain few mitochondria, whereas very active cells have hundreds or even
thousands of mitochondria. For example, active liver cells contain 1000 to 2000 mitochondria. Just
as machines in a factory need electrical energy in order to work, so cells need energy, in the form of
a chemical called ATP (adenosine triphosphate), to work. Mitochondria combine oxygen with sugars
during the process of cellular respiration to release energy in a form (ATP) that the cell can use.
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folded into cristae
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FIGURE 2.26 a Simplified diagram of mitochondrion in longitudinal section; b electron micrograph of a mitochondrion

A double membrane surrounds each mitochondrion. The outer membrane gives the mitochondria
their shape and allows the passage of small substances into and out of mitochondria. The inner
membrane is folded into fine, finger-like ridges or cristae, increasing the surface area for attachment of
groups of enzymes responsible for producing energy for the cell. These appear as knob-like particles on
the inside of the cristae. The central space in a mitochondrion is filled with fluid and is termed the matrix.
It contains mitochondrial DNA and enzymes that give mitochondria the unusual feature of being able
to replicate (make copies of) themselves. The mitochondria divide by pinching off and then growing,
something that usually occurs in very active cells or cells that are about to divide.

Vacuoles — storage and support

Vacuoles are large, permanent, fluid-filled sacs in the cytoplasm of mature plant cells. Each vacuole
consists of a watery solution called cell sap, surrounded by a single membrane, the tonoplast (Fig. 2.27).
Cell sap contains substances such as mineral salts, sugars and amino acids, dissolved in water. It may also
contain dissolved pigments that give cells their colour (for example the reds, pinks and purples seen in
some flower petals). Besides having a storage function, vacuoles play a very important role in providing
support to plant cells. By filling up with water, the vacuole pushes outwards with the cytoplasm, exerting

© Endoplasmic reticulum (b ]

Nucleus Ribosome

ry/ DR. JEREMY BURGESS

Mitochondria
Cell wall E
Vacuole &
Cytoplasm &
Chloroplast

Golgi complex Cell membrane

FIGURE 2.27 a Diagram of a generalised plant cell showing structures including a vacuole; b electron micrograph showing vacuole and tonoplast
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apressure on the cell wall, keeping it firm. As a result of the outward pressure of the cell contents and the
resistance of the cell wall, the cell becomes firm or turgid.

Small, temporary vesicles may sometimes be found in animal cells, but these do not play a role
in cell support, so permanent vacuoles that give turgidity are considered to be a feature exclusive to
plant cells.

Chloroplasts — photosynthesis

Chloroplasts are organelles that are green in colour, due to the presence of a pigment called
chlorophyll. Chloroplasts are responsible for photosynthesis — the manufacturing of sugar in plants,
using the energy of sunlight. Chloroplasts are not present in all plant cells; they are found only in
the green tissue of plants that can photosynthesise. Under the light microscope, they appear as
green, disc-shaped structures, smaller than the nucleus. An electron microscope is needed to see
the detailed interior.

Chloroplasts belong to a group of organelles called plastids, which are biconvex in shape. Plastids
contain either pigment or nutrients and vary in colour. Chloroplasts are green plastids. They are larger
than mitochondria but are similar in that they also contain their own DNA; the number of chloroplasts
per cell varies.

A double membrane surrounds chloroplasts. This allows substances to pass between the cytoplasm
and the chloroplast. Unlike mitochondria, the inner membrane of the chloroplast is not folded
(Fig. 2.28). The liquid part of the chloroplast is called the stroma and it is here that stacks of membranes
called thylakoids are found. Each stack or group of thylakoids is termed a granum (plural: grana) and the
chlorophyll is found on these membranes.
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Worksheet
Cell
micrographs

Double
membrane

Stroma Stroma

Grana (stacked
thylakoids)
Thylakoids — lamellae

containing chlorophyll

Granum Double

Starch grain isa granum)

in stroma

FIGURE 2.28 a Diagram of chloroplast seen in longitudinal section; b electron micrograph of a chloroplast

The layering of the membranes increases the surface area over which chlorophyll occurs, allowing
a large amount of sunlight to be absorbed for the process of photosynthesis. This captured energy of
sunlight is then used by the plant to make simple sugars. All the enzymes needed for photosynthesis
are present in the stroma, and simple sugars made during photosynthesis are stored in the stroma as
starch grains.

(a stack of lamellae membrane %
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Chromosimg,ﬂ-»==‘ 4 Centioes  Plant cell wall - shape and support
\

The cellulose cell wall that surrounds plant cells differs from the cell
membrane inside it. The cell wall is not selective in terms of what substances

it does or does not allow into the cell. Its structure allows it to provide
strength and support. The strands of cellulose fibres have a little elasticity
and are somewhat flexible so they can resist pressure. Some cell walls are
thickened with additional chemicals that make the walls hard and woody (for
example, in tree trunks) or that provide waterproofing (for example, in cork
or the waxy cuticle of leaves). Cell walls are permeable to most molecules.

Science Photo Library/CLAUDIA STOCKER

¢y°""‘%pind\e
FIGURE 2.29 Centrioles forming the spindles, . . . . ...
which hold the chromosomes in a dividing cell Centrioles - spindle production in cell division

A dense, granular structure, the centrosome, is often found near the nucleus
in animal cells. It consists of two centrioles, which play an important role in
cell division, forming the spindle, which holds chromosomes in a dividing
cell (Fig. 2.29).

Cytoskeleton — keeps organelles in place

Organelles are not randomly scattered within a cell. Their distribution is
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organised and they are held in place by a network of tiny microtubules,
microfilaments and intermediate filaments called the cytoskeleton
(Fig. 2.30) that extends throughout the cytoplasm. It is the framework
for the shape of the cell, cell movement, organelle movement and cell

FIGURE 2.30 Fluorescence image of a cell division.
showing the cytoskeleton in yellow

: ', E e Organelles are membrane-bound internal structures, each with a specific function to ensure the
L b4 5 efficient functioning of the cell.
=z . .
sl ® Most organelles have structures that maximise the surface area.
Worksheet . . .
Cell structure E e Organelles and other cell structures vary in size, with only the cell membrane, cell wall, nucleus,

chloroplasts and vacuoles being big enough to be observed using a light microscope.
e The function of organelles and other cell structures is summarised in Table 2.2.

TABLE 2.2
ORGANELLE/ FUNCTION
CELL STRUCTURE
Membranes Selectively permeable boundaries, control the movement of substances into
and out of the cell/organelle
Protoplasm The living content of a cell that is surrounded by the cell membrane
Nucleus The control and information centre

Endoplasmic reticulum ' Transport and processing of proteins and lipids

Golgi bodies Packaging and sorting the products

Ribosomes Protein synthesis

Lysosomes Digestion and cell destruction

Mitochondria Cellular respiration — production and storage of energy (ATP)
Vacuoles Storage and support

Chloroplasts Photosynthesis

Plant cell wall Shape and support

Centrioles Spindle production in cell division

Cytoskeleton Cell shape, organelle placement and movement and cell division
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Identify the organelles/cell structures that can be seen using a light microscope.

2 Draw a scientific diagram of a plant cell and an animal cell as seen under a light microscope. Label the
structures common to both in one colour and those that are only found in plant cells in a different colour.

3 Choose three of the organelles discussed on the previous page. Draw their structure as seen under a light
microscope, state their function and explain how their features may help them to carry out their function.

4 Construct a table to compare (similarities) and contrast (differences between) the organelles found in an
animal cell. Use headings such as'Membrane present’ ‘Folding or layers to increase surface area; 'Structure’
and Function’

CHECK YOUR
UNDERSTANDING

Cell membranes — gateway to cells

The detailed molecular structure of a cell membrane cannot be seen, even with an electron microscope.
Many years of research have led to the development of a number of different models that have attempted
to explain the structure of the cell membrane. Our current accepted understanding is based on a model
proposed in 1972 by Singer and Nicolson, called the fluid mosaic model of cell membranes.

This model, with minor modifications over the years, has been accepted because the behaviour of
membranes, estimated surface area, chemical analysis and electron microscope studies are all compatible
with the model. It also accounts for most functions associated with cell membranes.

The cell membrane controls the exchange of material between the internal and external environments
of the cell. It is selectively permeable, meaning that it allows only certain molecules or ions into or out
of the cell. The structure of the cell membrane allows the concentration of substances inside cells to
remain fairly constant and different from the external environment. In the currently accepted model,
the structure of the selectively permeable cell membrane is described as a fluid mosaic. This fluid mosaic
model proposes a ‘lipid sea’ with ‘many and various proteins floating on and in it’.

The fluid mosaic model describes the cell membrane as a double layer of lipids, a lipid bilayer, with
the ability to flow and change shape, like a two-dimensional fluid. Specialised protein molecules are
embedded in the lipid in various patterns like a mosaic. Some of these proteins can move sideways, but
others are fixed in position. Both proteins and phospholipids help to control the exchange of materials
between the external and internal environments.

Lipid component

The ‘fluid’ part of the cell membrane is composed of two layers of phospholipids forming a
phospholipid bilayer. Each phospholipid in these layers can be represented by a head and two
tails, as shown in Figure 2.31. A phosphate group on the head makes this end hydrophilic (able
to absorb water or dissolve in water), otherwise known as ‘water loving’. The fatty acid tails
are hydrophobic (water avoiding or unable to dissolve in water) or ‘water hating’.

When these molecules form a bilayer, the water-attracting heads are positioned facing
outwards - towards the cytoplasm on one side and to the outside of the cell on the other side.
The water-repelling tails are positioned inwards — towards each other (Fig. 2.32). This layering
is termed a ‘bilayer’. It is not rigid in structure, hence the term ‘fluid” mosaic.

A type of lipid called cholesterol is interspersed among the phospholipid molecules

See page 5 for
a discussion of
models in science.

Hydrophilic
head containing
phosphate

— Hydrophobic tail

made of fatty
acid side chains

FIGURE 2.31 A phospholipid
molecule. The hydrophilic head

in animal cells. This makes the membrane more flexible. Membrane flexibility in plants is is attracted to water whereas the

increased by a different lipid — phytosterol.

hydrophobic tails repel water.
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FIGURE 2.32 A
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The lipid components of all membranes allow them to be flexible and repair themselves. This means
that the cells can change shape and grow. Cell membranes are able to break and reassemble themselves

during processes such as cell division.
This structure forms the basis of the cell membrane and all other membranes within cells, such as
those surrounding organelles. Proteins are then interspersed throughout this structure.

Membrane proteins

Protein molecules are scattered throughout, and suspended in, the lipid bilayer. Some proteins penetrate
all the way through the bilayer, forming channels that allow some materials to cross the membrane.
Other proteins may be partly embedded in the membrane. It seems that some proteins are fixed in place,
while others travel about freely. The proteins are described as ‘floating’ in the lipid bilayer ‘like icebergs in
a lipid sed, giving a mosaic effect (Fig. 2.33).

Extracellular environment

Protein N Exterior surface of

Carbohydrate L J cellular membrane
Cholesterol
: p > " . » \ - . » LR J

5V

Hydrophilic
head

......
...............................
...............................
.............................
................
-------------------

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

Hydrophobic Transport Receptor Recognition Adhesion Phospholipid
fatty-acid chains protein protein protein protein bilayer

Intracellular environment

FIGURE 2.33 A view of the fluid mosaic model of part of the cell membrane, showing embedded proteins
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Some proteins function as pores (temporary or permanent) or form active carrier systems or
channels for transport, while other proteins (glycoproteins) have carbohydrates attached for cell
recognition.

These proteins enable cell-to-cell interaction and communication, and the exchange of substances
between the cell and the external environment. For example, in multicellular organisms, adhesion
proteins link cells together and help maintain the organism’ three-dimensional structure.

Transport proteins act like passageways that allow specific substances to move across the membrane.

Membrane proteins are also involved in cellular communication. Receptor proteins are different in
different types of cells. They cause the cells to respond only to certain signals from substances such as
hormones that bind to them, giving them specific functions.

Membrane recognition proteins or glycoproteins are made up of a protein molecule with a
carbohydrate molecule attached. These proteins identify the cell and are called antigens or marker
molecules. They allow the immune system to distinguish between foreign particles (‘non-self”) and the
body’s own (‘self’) cells. This ensures that the immune system will destroy only foreign particles that
display non-self” markers.

Modelling the structure and function of the fluid mosaic model

Models are used in science for a number of reasons, including to simplify a concept or make a visual
representation of something that can't be seen. There are many ways of modelling the structure and function
of a cell membrane.

To model the structure and function of the fluid mosaic model of the cell membran

MATERIALS

Structure:
rectangular cake or polystyrene block approximately 20cm X 10cm X 10cm
knife
icing sugar, food colouring or fondant or buttercream
marshmallows
liquorice or modelling chocolate
selection of lollies
labels/toothpicks

Function:
2 X tea strainers
icing sugar
lollies, such as Smarties
elastic band
coloured paper
salt
sugar granules
tea leaves

«l
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Worksheet
Cell membrane

e
L)
—f

Weblink
Cell membrane
Complete the
interactive activity
and build a cell
membrane. Draw
a labelled diagram
of your cell
membrane.
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RISK ASSESSMENT

RISK
ASSESSMENT

Knife/scalpel Sharp edges can cause cuts Use knife/scalpel with care and keep fingers away from sharp edge
of knife.

Traces of chemicals ~ Contamination of table tops Do not eat the cake if it was prepared in a science laboratory.

Structure
Trim cake to approximately the suggested size.
Using fondant or icing, completely coat the surface of the cake.

Place marshmallows to completely cover the top surface of the cake. Then place one line of marshmallows
along the top and bottom of all sides of the cake, lined up with the marshmallows on the top edge of the cake.

Using liquorice or modelling chocolate, make 'tails. Stick two of these tails per marshmallow onto the side
of the cake, leading from the marshmallow to the centre.

Using modelling chocolate or lollies, construct ‘proteins’ that penetrate the whole cell membrane layer, and
‘proteins’that are only partially embedded in the membrane.

Attach lollies or modelling chocolate to some of these ‘proteins’to represent the glycoproteins.
Use lollies or modelling chocolate to represent cholesterol and phytosterols.

Attach labels to all parts of the model.
Function

Place two teaspoons of icing sugar and two teaspoons of lollies into one of the tea strainers.
Tie the handles of the tea strainers together with the elastic band.

Shake the tea strainer over a piece of coloured paper.

Record in the table provided which substances pass through.

Repeat this process using a variety of other substances (those on the equipment list or others).

Structure
Draw a diagram or take a photo of your model.

Copy and complete Table 2.3 to indicate what each part of your model represents in the fluid mosaic mode .

~l TABLE 2.3

K4
'li STRUCTURE IN FLUID MOSAIC MODEL REPRESENTATION IN YOUR MODEL

Phospholipid
Worksheet
Investigation 2.2

Function
Draw a diagram or take a photo of your model.

Complete Table 2.4 to indicate what each part of your model represents in the fluid mosaic mode .

TABLE 2.4

SUBSTANCES IN MIXTURE SUBSTANCES THAT PASSED THROUGH HOLES IN TEA STRAINER

Icing sugar and lollies
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DISCUSSION

Structure
Outline the purpose of your model.
What are the benefits of our model of the fluid mosaic model of the cell membrane
Discuss the limitations of your model.

Justify the validity of your model. See page 4 for a discussion of validity.
Function

Outline the purpose of your model.

What are the benefits of our model of the fluid mosaic model of the cell membrane?
Discuss the limitations of your model.

Justify the validity of your model. See page 4 for a discussion of validity.

CONCLUSION

Write a summary statement that relates to the aim of this investigation, including a brief summary of what you
did and what you found.

o The cell membrane is selectively permeable and performs the function of controlling the
movement of substances into and out of the cell.

e The currently accepted model of the structure of the cell membrane is the fluid mosaic model.

KEY CONCEPTS

e This model depicts a ‘fluid’ phospholipid bilayer with different types of proteins embedded in
it, creating a ‘mosaic’ effect. Proteins either penetrate from one side to the other or are only
partially embedded.

e Some membrane proteins form pores (temporary or permanent), some form active carrier
systems or channels for transport, and others (glycoproteins) have carbohydrates attached for
cell recognition.

e Cholesterol (in animals) or phytosterols (in plants) provide some flexibility to the membrane.

e Models are used in science for a number of reasons, including to simplify a concept, make a
visual representation of something that can’t be seen, or make predictions of expected results.

e Before a model is accepted, it needs to be validated — that is, certain predictions should be made
and, when tested using the model, should hold true.

e When modelling a concept in the laboratory, all parts of the model should be related to actual
parts of what is being modelled.

e The limitations of the model should also be documented.

CHECK YOUR
UNDERSTANDING

Explain the structure of a lipid bilayer.

Outline the fluid mosaic model of the cell membrane.

List the proteins found in the cell membrane and state the function of each.
Explain why models are used in science and how they are validated.

1 N WO N =

a Sketch a two-dimensional scientific diagram of the transverse section of a cell membrane.
b Label all the different parts.

¢ Outline the function of each part that you have labelled.

6 Explain why the cell membrane needs to be selectively permeable for a cell to function.
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(@) CHAPTER SUMMARY

Cell structure and technologies: What distinguishes one cell from another?

PROKARYOTIC CELLS
= No nucleus

= Possess cytoplasm, cell membrane ribosomes and
genetic material

Ribosomes

Cell wall

Bacterial
flagellum

Cytoplasm

Plasmid:
DNA membrane DNA

Capsule Chromosome:  Cell

EUKARYOTIC CELLS

>
= Membrane-bound nucleus
| = Membrane-bound organelles
Plant cell
Cell membrane Chloroplast
S Cell wall
Large
permanent
vacuole
Nucleus
Nucleolus
Cytoplasm

Mitochondrion

Endoplasmic reticulum: Transport
and processing of proteins and lipids

Cytoplasm

Nucleolus: Manufacture
ribosomes

Animal cell

Cell membrane: Controls the movement
of substances into and out of the cell

Temporary vacuole

Golgi apparatus:
Packaging and
sorting the products

Mitochondrion:

Cellular respiration

Ribosomes:
Protein synthesis

Nucleus: The control and
information centre

COMPARISON OF ANIMAL AND PLANT CELLS

o Cell wall
® Chloroplasts

® Large, permanent
vacuole

Plant cell

BIOLOGICAL DRAWING

—
12 pm
Cheek cell

o Cell membrane e Centrioles

e Cytoplasm ® Lysosomes
e Cytoskeleton

® Nucleus

® Mitochondria

® Endoplasmic
reticulum

e Golgi body

® Ribosomes

Both Animal cell

Nucleus
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FLUID MOSAIC MODEL OF CELL MEMBRANE %
Controls the exchange of material between the internal and external environments of the cell. —

= This model depicts a‘flui 'phospholipid bilayer with different types of proteins embedded in it, creating a‘mosiac’ effect.
Proteins either penetrate from one side to the other, or are only partially embedded.

= Some membrane proteins
form pores (temporary or Extracellular environment
permanent). Some form —
active carrier systems or
channels for transport.
Others (glycoproteins) have
carbohydrates attached for
cell recognition.

Exterior surface of
cellular membrane

Protein
Carbohydrate ——
Cholesterol

Hydrophilic
head containing
phosphate

‘ — Hydrophobic tail LOC ; ! OO0, .. ,000¢C
[ 1 made of fatty

id si hain
| ‘ 1! acid side chains T

Receptor Recognition Adhesion Phospholipid
’? } {1 protein protein protein protein bilayer
| 1 1
LJ | )
< o Intracellular environment
TECHNOLOGIES USED TO DETERMINE CELL STRUCTURE AND FUNCTION
Light microscope Fluorescent microscope Electron microscope

Eye

(=4
£
Eyepiece £ Source of
Coarse 2 electrons
adjustment Ocular lens %
Fine 2
adjustment % Specimen
Objective lens X ' - 3
Electromagnetic
lenses
Specimen
Stage
Condenser lens
Condenser Light source
adjustment

Base/foot

Total magnification = cular magnification x Obje  tive lens magnificatio

Confocal laser scanning microscope
Final image

Optional sectioning Three-dimensional reconstruction on screen

'

From Jekle, M., Becker, T.: Wheat dough microstructure: The relation between visual structure and mechanical behavior. Critical
reviews in food science and nutrition 55 (2015), 369-382
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(@) CHAPTER REVIEW QUESTIONS

a Identify the features that are common to all cells.
b Outline the features that are unique to:
i prokaryotic cells
il eukaryotic cells.
2 Alarge cell of 0.3mm was observed. Ribosomes were
present in the cytoplasm, but no other organelles.

a Do you think this would be a prokaryotic or eukaryotic
cell? Justify your answer.

b Identify further evidence that would be useful in
making your decision.

3  When examining different types of cells, a student looks
at a human cheek cell under a light microscope. Which
cellular structures would be visible?

a ldentify whether the photograph in Figure 2.34 is of
a cell viewed with an electron microscope or a light
microscope. Give your reasons.

Some organelles may be present in this cell, but are not
shown in the photograph. Suggest reasons why this
might be the case.

Figure 2.34is a plant cell. Identify the organelles with
the arrows pointing to them.
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FIGURE 2.34 An unidentified cell

5 Outline how advances in technology have contributed to
our knowledge about cells.

6 Draw up a table to compare the following types of
microscopes. Headings that could be used in your table
could be:‘Energy source’ 'Focus, ‘Specimen preparation,
'Magnificatio 'Resolution;'Can live specimens be viewed?’
and’Advantages and disadvantages.

a Light microscope
b SEM

¢ TEM

Review quiz

Describe how a confocal laser scanning microscope
produces a three-dimensional image of a cell.

Draw a scaled diagram of an animal cell that is circular and
has a diameter of 10 um.

Copy and complete Table 2.5 to outline the structure and
function of the organelles listed.

TABLE 2.5 The structure and function of some organelles
ORGANELLE STRUCTURE FUNCTION

Endoplasmic
reticulum

Nucleus

Mitochondrion

Lysosome

Chloroplast

Golgi body

11 Describe the relationship between the protoplasm and
cytoplasm.

a Name the organelle that directs the activities of
eukaryotic cells.

b Identify the substance present in this organelle that is
responsible for this.

State the function of ribosomes. Explain why you would
expect to find mo e ribosomes in a protein-producing cell
than a red blood cell.

Explain why you would expect human muscle cells to
contain more mitochondria than a cell in the skin of your
big toe.

White blood cells engulf foreign particles in the body and
destroy them. Explain why there are a large number of
lysosomes present in white blood cells.

Identify the structures in the cell membrane that are
responsible for each of the following characteristics of the
cell membrane:

a flexibili y
b movement of ions into cells
¢ ability to bind hormones.

Outline the role of receptor proteins in cell membranes.

a Inthe model of the cell membrane, which section is
identified as the flui "part and which is identified as
the'mosaic’ part?

b Explain why these terms are used. :‘o
L 4

Using examples, describe how the structures .

of organelles are related to their function.

Exam

7 Outline the advantages of fluo escence microscopy. preparation

64 MODULE ONE » CELLS AS THE BASIS OF LIFE 9780170479462




Cell function

Students:
How do cells = investigate the way in which materials can move into and out of cells, including but not limited to:
conducting a practical investigation modelling diffusion and osmosis
examining the roles of active transport, endocytosis and exocytosis
relating the exchange of materials across membranes to the surface area to volume ratio, concentration
gradients and characteristics of the materials being exchanged

coordinate activities
within their internal
environment and
the external

environment? investigate cell requirements, including but not limited to:

suitable forms of energy, including light energy and chemical energy in complex molecules

matter, including gases, simple nutrients and ions

removal of wastes
investigate the biochemical processes of photosynthesis, cell respiration and the removal of cellular products
and wastes in eukaryotic cells
conduct a practical investigation to model the action of enzymes in cells
investigate the effects of the environment on enzyme activity through the collection of primary or secondary
data

Biology Stage 6 Syllabus © NSW Education Standards Authority for and on behalf of the Crown in right of the State of New South Wales, 2017

_.\.-\;,‘L\J V ""*",




Assessments Worksheets

® Chapter review Movement in and out of cells
® Review quiz Surface-area-to-volume ratio
® Exam preparation Chemicals in cells

Types of organic compounds
Enzymes

Photosynthesis

Cellular respiration

Investigations
31 An investigation to model the process of

diffusion through the cell membrane

3.2 An investigation to model the process of
osmosis

3.3 A practical investigation to model the action
of enzymes in cells

To access these resources, Vvisit

’:‘: Nelson Mi ndTap cengage.com.au/nelsonmindtap

The development of technologies to view the internal structure of cells enabled scientists to
determine the different types of cells and the structures they possess. With this knowledge our
curiosity about how cells function grew. Further development of technologies led to the study of
the biochemical processes of photosynthesis and cellular respiration, which are carried out by cells
in their internal environment to ensure the efficient and successful functioning of the organism.
In order for these biochemical processes to occur, cells must obtain the materials necessary from
their external environment and must be able to remove any wastes produced from their internal

environment (Fig. 3.1) and coordinate
these activities.

Coordination of the biochem-
ical activities of the cell to ensure
efficient cellular metabolism is the
responsibility of the nucleus. The cell
membrane controls the movement

iStock.com/micro_photo

Gas and wastes

. Gas and nutrients
of cellular requirements from the

external environment of the cell into
the cell and the removal of cellular
products and wastes from the internal

environment of the cell into the

FIGURE 3.1 Cell requirements and waste removal

external environment.

Movement of materials
in and out of cells

For any cell to function effectively, it must interact with its surrounding environment and with the
cells that surround it. Substances required by cells for their functioning need to move into the internal
environment of cells and waste substances and cellular products need to pass out of cells into the external
environment. These substances move from the internal environment to the external environment by
passing through the cell membrane.

Substances needed by cells are gases (oxygen and carbon dioxide), nutrients (sugars, amino acids,
glycerol and fatty acids) and water, the main solvent in cells. Mineral salts dissolved in the water are also
required. Substances that must leave cells are wastes such as urea, uric acid and excess carbon dioxide.
They could also be products secreted by cells that may be needed to coat the outside of cells (for example,
mucus) or may pass to other cells (for example, hormones).
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In both plant and animal cells, the cell membrane is in direct contact with the cytoplasm inside the
cell. The cell membrane is selectively permeable (or sometimes referred to as differentially permeable),
meaning it controls what passes across it (Fig. 3.2). The membrane controls the passage of water and other
molecules (many in a dissolved form) into or out of living cells. In contrast to the selectively permeable
nature of a cell membrane, a cellulose cell wall in plant cells is permeable - it is a non-selective boundary
that allows water and most molecules to pass freely inwards or outwards. The movement of these
molecules is restricted only when they come into contact with the cell membrane.

FIGURE 3.2 The

f- Specwﬁ; . cell membrane is
& non-lipid-soluble Non-lipid-soluble selectively permeable
g molecules or ions molecules allowing some '
S Lipid-soluble materials through but
':; molecules not others.
g Membrane
E channel
£
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E eeeeee e 099000009
§ eooeeo . 00000000000
Concentration

gradient

To understand how the cell membrane controls and regulates the movement of substances, biologists
examine the structure of the cell membrane and relate this to its functioning.

The permeability of a cell membrane to a molecule depends on the molecules:
» size

» electrical charge

» lipid solubility.

Small molecules can move across membranes quickly. Larger molecules have more difficulty moving
across membranes.

Water-soluble (hydrophilic) molecules have difficulty penetrating a membrane, whereas lipid-soluble
molecules do not. This is due to the phospholipid bilayer structure of the cell membrane. The lipid ‘tails’
impede the progress of hydrophilic molecules and enhance the movement of lipid-soluble molecules
such as urea and ethanol.

Electrically charged molecules, such as sodium and potassium ions, are not very soluble in lipids and
therefore have low membrane permeability. Neutral molecules such as carbon dioxide and oxygen gas are
soluble in lipids and have a high permeability.

Although water is a polar molecule that is not lipid-soluble, membranes have pores that make them
highly permeable to it. Water moves through special tiny hydrophilic pores in the membrane, called
aquaporins, by a process called osmosis.

Molecules that have low permeability rely on carrier proteins to transport them across membranes in
cells. This will be dealt with in more detail later in this chapter.
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e Substances move from the internal environment of the cell to the external environment (and
vice versa) by passing across the cell membrane.

e The cell membrane is selectively permeable and controls the movement of substances into and
out of the cell.

e Gases, nutrients, water and ions are required by the cell, while wastes and cellular products
need to be removed from the cell.

KEY CONCEPTS

e The permeability of a membrane to a particular molecule depends on its size, electrical charge
and its lipid solubility.
e Plant cell walls are permeable to most substances.

The movement of materials into and out of cells takes place either passively or actively. Passive movement
requires no energy input and includes the processes of diffusion and osmosis.

Diffusion is the net movement of any molecules from a region of high concentration to a region of
low concentration of that substance, until equilibrium is reached (Fig. 3.3). Equilibrium is reached when
the there is no net movement of molecules in either direction — the molecules move equally in each
direction. This process does not require an energy input.

GIPhotoStock/Science Source

FIGURE 3.3 Diffusion of potassium permanganate in water from a region of high concentration until the potassium
permanganate is evenly distributed throughout the water.

For example, if someone sprays a burst of perfume in the back corner of a laboratory, the students
closest to the corner (where the perfume is the most concentrated) will smell it quickly. Students at
the front of the room (where the concentration of perfume particles is very low) will not smell it until
some time later. The perfume molecules will gradually move from the back of the room where it has
the highest concentration to the front of the room where it has the lowest concentration. This will
continue until the concentration is the same throughout the whole room (that is, it is in equilibrium).
The perfume is said to have diffused throughout the laboratory. No energy input has been required
for this process to occur.

Movement from a high concentration to a low concentration is described as movement along a
concentration gradient (a gradient is a slope). Molecules moving down a concentration gradient can be
likened to the movement of rocks rolling down a hill, needing no energy input.

The rate of diffusion changes depending on the concentration gradient. If there is a greater
difference in the concentration of substances, the concentration gradient will be steeper and diffusion
will occur faster.

Diftusion can also speed up or slow down, depending on the temperature: heat increases the rate of
diffusion because the kinetic energy of the particles increases.
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An investigation to model the process of diffusion
through the cell membrane

In this investigation you will model diffusion th ough the cell membrane using semipermeable dialysis tubing
to represent the selectively permeable nature of the cell membrane (Fig. 3.4). The starch solution is milky white
in colour and will be used to represent the contents of the cell. The iodide ions in the yellow iodine potassium
iodide (IKI) solution represent a cell requirement that will readily diffuse th ough the cell membrane.

FIGURE 3.4
7 — Glass rod Investigation set-up
Starch solution
Dialysis
tubing
Water + iodine
& potassium
iodide solution
To model the process of diffusion th ough the cell membrane
MATERIALS
2 X 800 mL beakers
Starch solution
lodine potassium iodide (IKI) solution
2 X 20 cm section of dialysis tubing
Filter funnel
Fine string or cotton thread
50mL measuring cylinder
2 X glass rod
Scissors
RISK ASSESSMENT
!
RISK
ASSESSMENT
lodine potassium iodide Irritant to skin and eyes Do not ingest chemical.
solution Poisoning if ingested Do not use in confined spaces.
Irritant if inhaled Wear safety glasses.
Broken glass Cuts to skin Take care when using glassware.

9780170479462 CHAPTER 3 » CELL FUNCTION 69



Use one of the beakers to soak the dialysis tubing in water for 5 minutes.
Fill the other beaker three-quarters full with tap water. Add 10 drops of IKI solution and mix.

Remove the tubing from the water and, under running water, rub the end of the tubing between your
fingers o separate the sides.

Tie one end very securely with string.
Measure 30-40 mL of starch solution into the measuring cylinder and pour into the tubing using a fil er funnel.

Tie off the op end of the tubing very securely with string, leaving a length of string to secure the tubing
to the glass rod.

Wash the outside of the tubing.
Tie the end of the string to the middle of the glass rod.

Place the rod across the top of the beaker to suspend the tube containing the starch solution in the
water + iodine potassium iodide solution. Ensure that the tube is fully submerged.

Leave undisturbed for 15-20 minutes.
Observe and record any colour changes that occur.
Use the other beaker to set up a control, leaving out the iodine potassium iodide solution.

Record your observations in a table like Table 3.1 for the experiment and control.

«l TABLE 3.1
P4
i8
SOLUTION INITIAL COLOUR FINAL COLOUR
Worksheet Starch | |

Investigation 3.1

Water + iodine potassium iodide

Control

DISCUSSION

Copy and complete Table 3.2, which identifies the co relation between your model of diffusion and
diffusion ac oss the cell membrane.

TABLE 3.2

DIFFUSION ACROSS THE CELL MEMBRANE COMPONENT OF MODEL

Selectively permeable membrane

Large molecules inside the cell

Small iodide ions

Lower concentration of required substances inside
the cell

Using the results obtained, copy and complete Table 3.3, which indicates the initial and final concentrations
of starch molecules and iodide ions both inside and outside the dialysis tubing. Use terms such ashighly
concentrated,'none present, ‘decreased concentration, ‘increased concentration;, and ‘'no change'

70 MODULE ONE » CELLS AS THE BASIS OF LIFE 9780170479462



) ¥

>’ TABLE 3.3

INITIAL CONCENTRATION FINAL CONCENTRATION
SUBSTANCE INSIDE TUBING OUTSIDE TUBING INSIDE TUBING OUTSIDE TUBING

lodide ions ‘ ‘ ‘

Starch molecules ‘ ’ ‘ ‘

Describe evidence from your investigation to support your conclusions in Table 3.3 about the change/no
change in the concentration of:

jodide ions
starch molecules.

Explain how this investigation has modelled the process of diffusion th ough the cell membrane. Use
the term ‘concentration gradient’and ‘control’and refer to the selectively permeable nature of the cell
membrane and to the size of the molecules.

Discuss the benefits and limitations of the mode .

CONCLUSION

Write a conclusion to link your results to the aim of the investigation.

Diffusion across a cell membrane &=

ANCS
Small uncharged particles such as carbon dioxide and oxygen move easily through the cell membrane <
by simple diffusion (Fig. 3.5). These particles pass between the phospholipid molecules from a region of Weblink
high concentration to a region of low concentration. The concentration gradient is usually maintained \,3;?;': if:e
for the diffusion of oxygen molecules because oxygen is removed for use in the cell. Oxygen is continually animation and
used in the process of cellular respiration, keeping its concentration low inside the cell. This promotes process of

the diffusion of oxygen from outside the cell where it is in high concentration.

©0 ©
00 ©

© ©
OO © High concentration
POO0000060606066COCOCOOGRNTS
Lipid | | ‘ |
bilayer ‘ © ‘ ‘ ‘ | Concentration

of cell gradient
membrane

'eooeeoeooeoéeeeeeeoeoo

e © Low concentration

Adapted from Biology: Prinicples & Processes by
Roberts, Reiss & Monger (Nelson Thornes Ltd 2000)

e
b
FIGURE 3.5 Simple diffusion of small molecules through the cell membrane is dependent on the concentration gradient. -

Weblink
Facilitated

FaCiIitated difoSion diffusion

Watch the

Relatively large molecules (such as glucose and amino acids) and charged particles (such as sodium and animation about
acilitated

chloride ions) do not readily pass through the phospholipid bilayer. They require certain proteins called diffusion and
Ccreate a Ao oimn
carrier proteins and channel proteins in the cell membrane to assist them in diffusing into the cell. This summary of the

process is called facilitated diffusion. e
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As shown in Figure 3.6, the carrier proteins bind to molecules on one side of the membrane. They
then change shape and release the substance on the other side. The direction of movement, whether into
or out of the cell, depends on the direction of the concentration gradient.

©
© OO © © 0 . O
o 9© ® ®
© OO High concentration

Concentration
gradient

Carrier protein takes up
particles on one side of the
cell membrane ...

Low concentration

i 4 1

. changes shape and releases
them on the other side

FIGURE 3.6 Facilitated diffusion using a carrier protein in the cell membrane of a cell moves particles such as glucose along
the concentration gradient.

Small ions such as sodium ions diffuse rapidly through the cell membrane, from a high ion
concentration to a low ion concentration, via narrow passageways called channel proteins. These
channel proteins are specific for particular ions (Fig. 3.7).

High concentration
©e66

peee 00e6e
;1 i | i
‘ Concentration
gradient

‘ f I | 01 ‘
| ) | R i | )
0000 l eoee e ceoeoe0e eeee
© . .
© 0 Channel protein Low concentration
closed

Adapted from Biology: Prinicples & Processes by
Roberts, Reiss & Monger (Nelson Thornes Ltd 2000)

Channel protein
open

FIGURE 3.7 Facilitated diffusion through a channel protein in the cell membrane of a cell. Movement is along the
concentration gradient.

e Diffusion is the movement of particles from a region of high concentration to a region of low
concentration until equilibrium is reached.

At equilibrium, there is no net movement of particles in either direction.

KEY CONCEPTS

Diffusion does not require the input of energy.
Diffusion occurs faster with a higher temperature or a steeper concentration gradient.

Small, uncharged molecules such as oxygen and carbon dioxide will diffuse easily across the
cell membrane.

e Facilitated diffusion allows larger molecules and small electrically charged ions to diffuse
across the cell membrane aided by carrier or channel proteins.
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Osmosis is a special type of diffusion. It is the net movement of solvent molecules from a region of high
solvent concentration to a region of low solvent concentration through a semipermeable membrane
(Fig. 3.8). When water is the solvent, just like diffusion the movement of water occurs along the

concentration gradient and does not require an energy input.
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Water is very important to living things. It is the medium in which many of the biochemical reactions
in cells occur. Water helps keep cells in shape, it forms the fluid that bathes tissues and it also transports
materials in solution.

A solution is formed when a solute (such as salt or sugar) dissolves in a solvent. The amount of solute
dissolved in a given quantity of solvent determines the concentration of the solution.

Water is the most common solvent in a solution. A concentrated solution contains a large amount of
solute in relation to the amount of water, so the water is said to be in low concentration. A dilute solution
contains a small amount of solute in relation to the amount of water and the water is said to be in high
concentration.

Osmosis is the process by which water moves through the cell membrane. Because water is not lipid-
soluble, the movement is not directly through the lipid bilayer. Water moves through special tiny protein
channels in cell membranes called aquaporins (‘water pores)).

»  When water is more highly concentrated outside the cell (low solute concentration) than it is inside
the cell (high solute concentration), water will move by osmosis through the selectively permeable
cell membrane into the cell and the cell may swell up.

»  Alternatively, if the concentration of water is lower outside the cell than inside, water will move out of
the cell by osmosis and the cell may shrink.

The pressure created by water moving across a semipermeable membrane due to osmosis is called
the osmotic pressure. The more water that moves across the membrane, the higher the osmotic pressure
created (Fig. 3.9).

If the fluids inside and outside a cell are of equal solute concentration, the external solution is said
to be isotonic (‘iso = same) to the cell contents; water molecules jostle on both sides of the membrane,
moving in both directions equally (Fig. 3.10). When cells are surrounded by a solution that contains a
lower solute concentration than their cytoplasm, the external solution is said to be hypotonic ("hypo =
lower) to the cell contents. Net movement of water molecules will be through the membrane into the
cells (Fig. 3.11). The reverse applies if the cells are surrounded by a solution of higher solute concentration:
the external solution is hypertonic ("hyper’ = higher) to the cells and net movement of water molecules
will be out of the cells.

e
L3
¢.‘

Weblink
Osmosis
Explain the process
of osmosis. Define
the terms ‘isotonic’,
‘hypertonic’ and
‘hypotonic’.
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FIGURE 3.9 Diagram
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An investigation to model the process of osmosis

In this model of osmosis, the semipermeable dialysis tubing represents the selectively permeable cell
membrane. The sucrose solution represents the cytoplasm of the cell and the distilled water represents the
extracellular flui .

To model the process of osmosis

MATERIALS

3 X 600 mL beakers
Distilled water

Sucrose solution

Fine string

2 X glass rods

2 X 20 cm strips dialysis tubing
25 mL measuring cylinder
100 mL measuring cylinder
Filter funnel

Marking pen

Plastic clingwrap

Digital camera (optional)

RISK ASSESSMENT

RISK
Broken glass Injury to body Take care at all times when using glassware. ASSESSMENT

Cut two pieces of dialysis tubing to 20 cm lengths and soak in a beaker of water for about 5 minutes.
Tie one end of each piece of tubing securely with a piece of string, leaving the other end untied.
Run the untied end of the tubing under water and rub it between your fingers o open it.

Using a fil er funnel and a measuring cylinder, pour a measured volume (about 30-35 mL) of sugar solution
into the tubing so that the tubing is two-thirds full. (Record the exact volume of sugar solution used.)

Tie the top of the tubing with string. Attach it to a glass rod as shown in Figure 3.12. This is your
experimental apparatus.

Repeat the previous two steps, this time filling the tubing with distilled wa er instead of sugar solution. This
is your control apparatus.

Using a measuring cylinder, fill each bea er about half-full and record an accurate measurement of the
volume of water in each.

Suspend the experimental and the control apparatus each in a beaker of distilled water as shown in
Figure 3.12. Ensure that the tied ends of the dialysis tubing are just above the distilled water in the beaker
to prevent leakage. Do not have the tubing too far out of the water because evaporation may occur and
this will interfere with the accuracy of your results.
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Glass rod or pencil

Ve

Y
Dialysis tubing f #

(semipermeable ‘ | Distilled
membrane) water
Sugar solution

Distilled water - _,

Experiment Control

FIGURE 3.12 Investigation set-up

Mark the level of water in the beaker with a marking pen.

Cover the top of the experiment with plastic wrap to prevent the water in the beaker from evaporating.
Leave the apparatus to stand overnight.

Measure the volume of the solutions in each bag after they have been left overnight.

Record the volumes of the solutions in each dialysis bag and in each beaker at the end of the experiment.
Compare this with the volume recorded at the start of the experiment.

Also record the number of hours the experiment was left standing.

Observations such as the change in the fullness of the dialysis tubing and the changing water level
should also be recorded.

Your results will be both quantitative (measured quantities such as the volume of sucrose solution) and
qualitative (descriptive and with diagrams).

Draw up a suitable table to record your measurements.

Describe any change in water levels in both the beakers and the dialysis tubing. Diagrams are often useful
tools to aid descriptions.

DISCUSSION

Identify each of the following in your investigation:
the independent variable
the dependent variable
the controlled variables.
Why was the dialysis tubing with distilled water used with the beaker with distilled water?

Complete Table 3.4, which identifies the co relation between your model of osmosis and osmosis across
the cell membrane.

TABLE 3.4

OSMOSIS ACROSS THE CELL MEMBRANE COMPONENT OF MODEL

Selectively permeable membrane

Hypertonic solution inside cell

Distilled water in beaker
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Describe how your investigation has modelled the process of osmosis.
Outline any limitations of your model.
Discuss improvements that could be made to your model of osmosis.

CONCLUSION

Write a conclusion to link your results to the aim of the investigation.

A solution is formed when a solute dissolves in solvent.
A concentrated solution has a high concentration of solute and a low concentration of water.
A dilute solution has a low concentration of solute and a high concentration of water.
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Osmosis is the process by which water moves from a region of high concentration of water
(dilute - low solute) to a region of low concentration of water (concentrated - high solute).

Osmosis requires no energy input.

The more water that moves across the membrane, the higher the osmotic pressure created.

e Isotonic - fluids inside and outside a cell are of equal solute concentration — no net water
movement.

e Hypertonic - a solution of higher solute concentration (lower water concentration) that
surrounds a cell - net movement of water molecules will be out of the cell.

e Hypotonic - a solution of lower solute concentration (higher water concentration) that
surrounds a cell - net movement of water molecules will be into the cell.

Osmosis in animal cells

The cells of unicellular eukaryotes are surrounded only by a cell membrane. Hypotonic solutions, such
as fresh water, pose a problem because water moving into animal cells by osmosis can cause the cell to
swell and eventually burst the cell membrane, killing the organism.

Cells in most animals are not directly exposed to the external environment and are bathed in isotonic
extracellular fluid. This means that cells can function efficiently because water diffuses equally in both
directions, resulting in no net movement of water into or out of cells. The water concentration in animal
cells needs to be kept constant to coordinate biochemical reactions.

Osmosis in plant cells

Unlike animal cells, plant cells will not burst when soaked in fresh water (hypotonic solution), even
though water moves into the cells by osmosis.

Plant cells usually have large, fluid-filled vacuoles and firm, semipermeable cell walls that surround the
cell membrane. Plant cell vacuoles contain cell sap that has a high concentration of solutes and therefore
a low concentration of water. When a hypotonic solution surrounds a plant cell, water molecules move
by osmosis into the vacuole. This causes the vacuole to swell and pushes the cell membrane outwards
against the cell wall. The tough cell wall prevents the cell from bursting. When the cell wall stretches as
much as possible, no more water can enter and the cell is said to be turgid (Fig. 3.13a). In this state, the
osmotic pressure inside the cell is equal to the opposing pressure exerted by the cell wall.

If the plant cells were to be placed into a hypertonic solution, the water in the cell would leave the cell
by osmosis, the vacuole would shrink and cause the cell membrane to move away from the cell wallin a
process called plasmolysis (Fig. 3.13b).
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Water enters vacuole

by osmosis

Vacuole expands,
cytoplasm pushed outwards

-0-0-0

Full turgor

O Cell placed in external
solution whose solute
concentration is lower
than that of the cell sap

Cellulose wall

Cytoplasm

Vacuole
containing

cell sap
Water leaves

Partially turgid vacuole by osmosis

plant cell

Adapted from Biology: Prinicples & Processes by Roberts, Reiss & Monger (Nelson Thornes Ltd 2000)

Vacuole shrinks,
cytoplasm moves inwards

Full plasmolysis
FIGURE 3.13 The effect of immersing a partially turgid plant cell in a pure water (hypotonic solution) and b a high solute concentration (hypertonic solution)

Q Cell placed in external
solution whose solute
concentration is higher
than that of the cell sap

CHECKYOUR
UNDERSTANDING

1 Draw a generalised diagram to represent a cell. On this diagram, indicate with arrows going into the cell
the substances that a cell requires. Also indicate the wastes that have to be removed from the cell, using
arrows pointing out of the cell.

2 Distinguish between a permeable membrane and a selectively permeable membrane.

a Identify and outline three characteristics of molecules that affect the permeability of the cell membrane
to them.

b Indicate whether each of the following substances can move easily through the cell membrane or not.
Justify each of your answers.

i Neutral molecules such as carbon dioxide and oxygen gas
ii Sodium and potassium ions
iii Water and ethanol
iv Large molecules such as proteins
4 A sugar solution is a mixture of sugar and water.
|dentify the a solute and b solvent.
5 a Outline the process of diffusion.

What is the relationship between diffusion and osmosis

b Identify two factors that could increase the rate of diffusion
6 a Identify the substances that are able to move across the cell membrane by diffusion.
b Describe the process of facilitated diffusion
¢ Which substances move across the cell membrane using this process?
7 a Describe the process of osmosis.
b
(4

Define the terms ‘isotonic’'hypotonic’and 'hypertonic’ @
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@ 8 Refer to Figure 3.14. In which direction would water move in this situation? Explain your answer.
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9 If salad greens such as celery are left on the kitchen bench for a period, they become limp. To restore their
crispness, you can soak them in cold water. Explain why this occurs.

Active transport is the movement of molecules from a region of low concentration to a region of high
concentration, and requires the input of energy. This movement goes against the concentration gradient and
involves movement across a cell membrane that has receptors for the molecules.

Diffusion and osmosis both rely on a concentration gradient to direct the passive flow of substances from
regions of high concentration to regions of low concentration. Sometimes in living things, a chemical may need
to be moved against the concentration gradient, such as when kidney cells reabsorb glucose and amino acids
so they are not lost in urine. Active transport requires a carrier protein that spans the membrane to actively
move chemicals from a low to a high concentration, utilising cellular energy (Fig. 3.15).

When energy is provided,
carrier proteins take up particles on
one side of the plasma membrane ...

Transport Outside cell Low concentration
direction ow concentratio
666 666 66666 666
Concentration
gradient
eoeeoe eeoe® o000 0O 7( eeee
© o o o . High concentration
© 0.9
©o0 ©
£ Inside cell ... and release them
(r;gpg)y on the other side.

FIGURE 3.15 Active transport via a carrier protein in the cell membrane of a cell. Energy is transferred to the carrier protein, enabling it to move the
particles against a concentration gradient.
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A summary of the processes of diffusion, osmosis and active transport is shown in Figure 3.16.
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FIGURE 3.16 Diffusion, osmosis and active transport across cell membranes
Weblink

Comparing processes
View the animation
to compare the
processes of diffusion,
facilitated diffusion
and active transport.

KEY

CONCEPTS

high concentration.
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e Active transport is the movement of molecules from a region of low concentration to a region of

e Active transport moves against the concentration gradient and requires the input of energy.
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Sometimes particles that are too large to move through the cell membrane by
either diffusion or active transport need to enter or leave a cell.

Endocytosis

When alarge particle has to be moved into a cell, the cell membrane can change
its shape to surround the particle and engulf it by the process of endocytosis.
If a solid particle is engulfed, the process is termed phagocytosis (cell eating’).
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Sometimes fluid is engulfed and the process is then called pinocytosis (‘cell
drinking).

One example of phagocytosis occurs when a unicellular amoeba feeds on
a smaller organism. The amoeba changes shape by sending out membrane
projections filled with cytoplasm that surround the prey. When the cell

membrane of the projections meets, membrane fusion occurs. This results in FIGURE 3.17 A scanning electron micrograph
of an amoeba surrounding its prey (Tetrahymena)
for ingestion

the formation of a vesicle, which then stores or transports the material within
the cytoplasm (Figs 3.17 and 3.18).
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FIGURE 3.18 The process of phagocytosis

Pinocytosis occurs when the cell membrane engulfs a drop of extracellular fluid in much the same
way as phagocytosis (Fig. 3.19). Fat droplets found in the small intestine after a meal move into cells by
means of pinocytosis.

FIGURE 3.19
The process of
pinocytosis
A
P
Cytoplasm
Exocytosis

Specialised animal and plant cells produce avariety of substances, such as antibodies, neurotransmitters
and enzymes, that have important functions elsewhere in the organism. These substances are
contained within vesicles inside the cell. Cells also produce waste products that need to be moved
out of the cell. Exocytosis is the process by which these substances are transported to the external
environment of the cell.
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During exocytosis, a membrane-bound vesicle moves to the cell membrane, fuses with it and then
releases its contents to the exterior of the cell (Fig. 3.20). The vesicle membrane becomes part of the cell

membrane.
% FIGURE 3.20 The
o9 ) )
1% process of exocytosis Cell membrane
Worksheet
Movement in and i
out of cells ot
I
&
’_E 21,
K 14
¢ I3y
77
7%
Cytoplasm
Ml ® Endocytosis moves large molecules that cannot cross the cell membrane into a cell. It requires
e Endocyt 1 lecules that t the cell b t 1. It
] the expenditure of energy.
=z . .
=l e In endocytosis, the cell membrane changes shape and surrounds and engulfs the particle so
b that it enters the cell.
V4

e Phagocytosis is the process whereby solid particles are engulfed by the cell membrane.
e Pinocytosis is the engulfing of fluid substances by the cell membrane.

e Exocytosis involves a membrane-bound vesicle moving to the cell membrane, fusing with it and
then releasing its contents to the exterior of the cell.

CHECK YOUR
UNDERSTANDING

Define the process of active transport and provide an example of where this occurs.
Distinguish between the processes of active transport and simple diffusion.
Describe the process of endocytosis and provide an example of where it is used.

N WO N =

Describe how the cell membrane is involved in each process listed below and provide an example of the
use of each:

a exocytosis
b endocytosis.
5 Identify three types of substances that are removed from cells.

Factors affecting the exchange of materials across membranes

The characteristics of the cell membrane and the physical and chemical properties of the material will
determine whether it can move through the cell membrane.

Chemical factors
o

(1 The chemical properties of a substance affect its transport across cell membranes. Many uncharged
molecules, such as ethanol, can easily penetrate the cell membrane because they can dissolve in the

c,osgﬁ‘;‘i',‘,‘; cell phospholipid bilayer. Hydrophilic, charged ions such as sodium (Na") and potassium (K*) cannot cross
Vieymembrane the hydrophobic centre of the membrane. Channel proteins specific for each ion allow their movement
to determine how through the cell membrane.
different substances I P
cross the cell Water is not lipid-soluble and therefore cannot move through the hydrophobic ‘tails’ in the cell
membrane.

membrane. Water moves through the membrane through the special aquaporins.
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Physical factors

The physical properties such as size and shape of the molecules affect the movement of substances
across the cell membrane. Small molecules are able to diffuse easily between the phospholipids.
Glucose and amino acids are examples of large molecules that use carrier proteins to move through
the cell membrane.
Very large molecules that need to be transported into or out of the cell are moved by the process of
endocytosis or exocytosis.

Concentration gradient

The relative concentration of the substance on either side of the membrane affects the rate of diffusion
of that substance. If the concentration gradient is high (that is, there is a large difference between
the concentrations on either side of the membrane), then the substance will diffuse rapidly. As the
concentration gradient decreases, the rate of diffusion will be slower. In order to maintain a rapid rate
of diffusion, cells need to maintain a high concentration gradient. When the concentration reaches
equilibrium, there will be no net movement across the cell membrane.

Plant cells carry out a process called cytoplasmic streaming, which involves organelles and cytosol
flowing around the cell in a circular movement. This enables the cell to maintain a steeper concentration
gradient as materials that diffuse into the cell are rapidly moved to another area of the cell.

Surface-area-to-volume ratio

The surface area (SA) divided by the volume (V) is called the surface-area-to-volume ratio (SA:V). This
also affects the movement of substances into and out of the cell through the cell membrane.

The surface area of a cell is the total area of the cell membrane that is around the cell. The volume of
the cell is the space taken up by the internal contents of the cell (that is, the cytoplasm and the nucleus).
A cell needs to have enough surface area to supply its volume with requirements and remove wastes.

The SA:V of a cell has a large impact on the movement of substances into and out of cells. A smaller
cell has more surface area in relation to its volume — a higher SA:V. Think of the distance from the surface
of a small cube to its centre. This distance is much less than the distance from the surface to the centre
in alarge cube. Therefore, a smaller size allows a faster movement of substances between the centre and
the surface of the cell (that is, into or out of the cell). Anything that the cell needs can get to all parts of a
small cell quickly and wastes can be removed easily. This then allows the cell to perform at an optimum
level of functioning. Figure 3.21 illustrates SA:V for simplified cubic cells, but SA:V is important for the
movement of substances into and out of cells of any shape.

Surface-area-to-volume ratio FIGURE 3.21
e The smaller the cell,
_— the higher the SA:V
— and the more efficient
- the exchange of
. &l - substances into and
p ﬂ' out of the cell.
Nucleus
Nucleus
Nucleus

A larger cell has a smaller amount of surface area in relation to its volume — a lower SA:V (the centre
of the cell is further from the surface). This means the efficiency with which a cell obtains its nutrients
and removes its wastes is reduced as its size increases. A cell increasing in size reaches a point where the
inward movement of essential substances and the outward movement of wastes across the surface area
by diffusion are not fast enough to service the increasing volume of the cell. When a cell reaches this size,
ifit is capable of dividing it will often do so. For this reason, individual cells tend to be very small.
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WORKED EXAMPLE @

Calculate the SA:V of a cube 1cm X 1cm X 1cm (Fig. 3.22).

Numeracy
Surface area '|'
Area of one Ve of cube = length X width X 6 Height
side = length X width ength Volume of 9 Ve
— Width— cube = length x width X height J_ Length
—Width—
FIGURE 3.22 Calculating surface area and volume of a cube
ANSWER LOGIC
Surface area of a cube = 6 X length of side X width of cell = |nsert the correct formula. (Note: a cube has six sides.)
Surface area = 6 X 1 X 1 = Extract the data from the question and insert into the formula.
=6cm? = Calculate the answer.
Volume of a cube = length X width X height = Insert the correct formula.
Volume =1X1 X1 = Extract the data from the question and insert into the formula.
=1lcm® = Calculate the answer.
Surface area: volume (SA:V) = 6 + 1 = Calculate SA:V. Insert the numbers into the formula.
=6:1 = Calculate the answer.
TRY THESE YOURSELF
Calculate the SA:V of a:
a 2cmcube b 3cm cube.

The shape of the cell also makes a difference to the SA:V. Spherical cells have a relatively small SA:V
compared with cells of other shapes. Long, flat cells have a higher SA:V than a spherical cell with the
same volume.

Table 3.5 shows the SA:V for three hypothetical spherical cells. It demonstrates that the smaller cell
A with a diameter of 1 mm has a higher SA:V of 6:1 than the larger diameter cells B and C. Cell B has a
SA:V of 3:1 and cell C a SA:V of 2:1. This means that for each unit of volume, cell A has 6 units of surface
area, cell B has 3 units of surface area and cell C has 2 units of surface area. It then follows that the
inward movement of essential substances and the outward movement of wastes across the surface area
by diffusion would occur much more rapidly in cell A than in cell B and be slowest in cell C.

TABLE 3.5 SA:V of three hypothetical spherical cells

1.0 2.0 3.0

Diameter (mm)

Surface area (mm?) 3.14 12.57 28.28
Volume (mm?) 0.52 4.19 14.14
SA:V 6:1 3:1 2:1
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Cells often have specific features that ensure they have the highest SA:V possible. An example is seen g
in the root hairs that cover the root tips of most plants. The long, thin extensions of the single cells -

that form root hairs increase the surface area through which water and mineral salts can be absorbed
. Weblink
(Fig. 3.23). SAV

Explain in terms of
SA:V why cells are
limited to a very

E e SAis calculated by finding the total area of the surface small size.
O of the shape.

=z

ISl e Volume is the total space that a shape takes up. :|'
E ® SA:V is calculated by dividing the surface area of an (L

object by its volume.

e The surface-area-to-volume ratio (SA:V) of a cell will Worksheet
determine how efficiently substances move into and Surface-area-to-
ete e how efficiently substances move into a volume ratio
out of a cell.

e A high SA:V allows the most efficient movement of
substances into and out of the cell.

FIGURE 3.23 Scanning electron
micrograph of root hairs in oregano,
Origanum vulgare. The root hairs greatly
increase the surface area for absorption
of water.

e Large cells have a low SA:V. Small cells have a large
SA:V.

e Long, flat cells have a higher SA:V than a spherical cell
with the same volume.

CHECK YOUR
UNDERSTANDING

Explain how the following factors affect the movement of substances across cell membranes. Provide
examples to support your explanation.

a Physical factors b Chemical factors
2 Describe how the concentration gradient affects the rate of diffusion into and out of the cell.
a Define the following terms in relation to a cell:
i surface area ii volume iii SAV.
b Describe the importance of SAV in relation to the movement of substances into and out of a cell.

4 Explain how increasing the size of a cell affects the cell’s ability to obtain and remove substances by
diffusion.

5 Figure 3.24 represents two cells with the same volume: (a) a flattened cell and (b) a cube-shaped cell.

o Cube-shaped cell FIGURE 3.24
A a A flattened cell;
/ w b a cube-shaped cell
h
o Flattened cell
w
/ To calculate surface area (mm?)
| h SA=6 X (I X h)
B To calculate volume (mm?)
To calculate surface area (mm=) V=IXwXh
SA=2X(/XW)+2X(3WXh)+2><(/Xh) Example
To calculate volume (mm?)
V=IXwXh
Example 1 mm ™~
T mm
1 mm
2 mm 1T mm

0.5 mm @
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a Use the information from Figure 3.23 to complete Table 3.6.

®

TABLE 3.6

SURFACE AREA

VOLUME

a Flattened cell

b Cube-shaped cell

b Which cell would be more efficient in obtaining nu ients and removing wastes? Explain your answer.

Cell requirements

Wherever life exists, it depends on a source of energy and a supply of matter. Cells need to obtain nutrients
in the form of organic substances such as glucose, amino acids, fatty acids and glycerol, nucleotides and
vitamins. Organic substances are synthesised by living things and contain carbon and hydrogen atoms.
Cells also need inorganic nutrients such as gases (oxygen and carbon dioxide), minerals (for example
phosphates, sodium ions and chloride ions) and water. These inorganic nutrients are part of the non-
living world and do not contain carbon and hydrogen in long chains.

The substances needed by living cells for their functioning, are used in two main ways:

1 as essential building blocks from which cells and living tissues are made

2 asasource of stored energy for the cell.

Organic nutrients are the main supply of stored energy in living things, but they are also used in the
structure of cells. Inorganic nutrients are essential as structural parts of cells and tissues.

Inorganic nutrients

Some inorganic nutrients that occur in cells are listed in Table 3.7.

TABLE 3.7 Inorganic nutrients in cells

POSITION IN CELLS | USES IN CELL ACTIVITIES

INORGANIC NUTRIENT

Water: 90% of the + The transport medium in cells and in organisms

+ oxygen protoplasm « Animportant solvent for many molecules inside cells

- hydrogen (cytoplasm and « The medium in which all chemical reactions in cells take place;
nucleus) water may be used in the reactions

Mineral salts: chlorides,
nitrates, phosphates
and carbonates of
sodium, magnesium,
calcium, potassium
and ammonium (e.g.
sodium chloride (NaCl))

Dissolved as ions

in the cytoplasm

and in vacuoles in
plant cells

Assist all chemical reactions

« Are used in the synthesis of many macromolecules and
body tissues (e.g. calcium for bones and teeth, and iron in
blood cells)

. Sodium ions (Na™) and chloride ions (CI ™) assist in water
balance in cells and are essential for cell membrane
functioning and the function of nerve and muscle cells.

Gases:
- carbon dioxide (CO,)
+ oxygen (O,)

Dissolved in the
protoplasm; used
and/or produced
in chloroplasts
and mitochondria

Carbon dioxide:

- used during the process of photosynthesis

- released as a product of aerobic cellular respiration (plants
and animals).

Oxygen:

- used by all living organisms during aerobic cellular respiration
to release energy for cells to function

«+ released as a product of photosynthesis.
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Everyliving cell requires large organic molecules as part of their structure and to maintain the biochemical

processes involved in effective functioning. These large organic molecules are called biomacromolecules.

There are four main types based on their chemical composition and structure: complex carbohydrates,

lipids, proteins and nucleic acids (Fig. 3.25).

[
(¥

Carbohydrate ¢
(e.g. starch) ?fg’
»

Protein
(e.g.enzyme)

Biomacromolecules

% t‘) ‘ ~‘~'ﬁ' L|p|d
}‘Qﬁ L4 (eq.triglyceride)
B

; Nucleic acid
"% (e.g.DNA)

FIGURE 3.25 The
major types of
biomacromolecules

Plants and other organisms that carry out photosynthesis absorb inorganic nutrients from the soil

and the air and use these to make their own organic nutrients. In contrast, organisms that do not carry
out photosynthesis need to ingest food to obtain organic nutrients for their cells.

Carbohydrates

Carbohydrates are a group of organic molecules made up of carbon (C), hydrogen (H) and oxygen (O)
atoms in the ratio of 1:2:1, giving the general formula for carbohydrates as (CH,0),.

Carbohydrates are classified as monosaccharides (simple sugars), disaccharides and polysaccharides
(see Table 3.8) depending on how many monomers are linked. The product of photosynthesis, glucose, is

amonosaccharide.

TABLE 3.8 Classification and uses of carbohydrates

DIAGRAM OF STRUCTURE AND EXAMPLES USES

TYPE OF CARBOHYDRATE — DEFINITION

Monosaccharides

(mono = 1)

Simple sugars consisting of a
single monomer

Monosaccharides

6-carbon sugars
Glucose Galactose

. ' 5-carbon sugars

Ribose Deoxyribose Fructose

Source of ‘quick energy’
in both plant and animal
cells

Disaccharides (di = 2)
Complex sugars consisting of two
monomers

Disaccharides

Maltose Lactose (milk sugar)

Sucrose (cane sugar)

Polysaccharides (poly = many)
Complex molecules consisting of
more than five and up to hundreds
of monomers joined together

9780170479462

Polysaccharides

Starch (plants)

Cellulose

Glycogen (animal starch)

Starch - stored energy in
plant cells

Cellulose - structural part
of cell walls - strength
and support

Glycogen - stored energy
in animal cells
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Lipids

H

Lipids contain many carbon (C? a.nd hydrogen (H) a?toms with a few H—é—o—fatty scid chain

oxygen (O) atoms. The fats and oils in the cells of organisms are typically |

composed of triglyceride molecules (Fig. 3.26). These atoms are arranged H_%_O_ fatty acid chain

as a glycerol molecule to which three chains of fatty acids attach. H—C—0O— fatty acid chain
Lipids are relatively insoluble in water and have an oily, greasy or 'L OR

waxy consistency.
In cells, lipids have three important functions:

1 energy storage (they store approximately twice the amount of energy B
as carbohydrates) Glycerol Fatty acid

structural component of membranes
FIGURE 3.26 A triglyceride

3 essential structural parts of hormones, which are chemical molecule contains a glycerol
. unit and three fatty acid chains.
messengers produced by cells (for example, steroids).

Proteins

Proteins are made up of the elements carbon, hydrogen, oxygen, nitrogen, and sometimes sulfur. These
elements combine to form amino acids, which are the building blocks of proteins.

There are about 20 different amino acids; they can be put together in chains of up to 300 amino acids
to form a peptide/polypeptide chain (Fig. 3.27). Proteins are made up of one or more of these polypeptide
chains twisted together into a particular shape. The DNA in the nucleus of the cell controls the sequence
and arrangement of the amino acids, and this determines the type of protein.

FIGURE 3.27 Amino
acids joined together \.‘
by peptide bonds o 0®
form the peptide/ o0 / Q} 20
polypeptide chains o =) b\ ) Y @ (]
that make up g -@-
proteins. o \Q v

Amino acids Peptide Protein

Proteins have many roles in cells:
»  They form structural components in cells and tissues.
»  They are an important structural component of cell membranes.

»  Some proteins have a functional role, such as enzymes, which control all of the metabolic (chemical)
reactions in the cell, and hormones, which control the functioning of other cells.

» Proteins occur suspended in the protoplasm of cells or combine with other macromolecules to form

a, an important structural part of all membranes within the cell.
L4 . . . . . . .
Plant cells can synthesise their own amino acids. Animal cells produce most of the amino acids
Worksheet required for protein production. Nine of the amino acids are called ‘essential’ because they cannot be
Chemicals in cells synthesised by cells in the body and must instead be sourced as nutrients from the external environment,

such as in food.

«l
“e S
Nucleic acids
Worksheet Nucleic acids are very large biomacromolecules that contain the elements carbon, hydrogen, oxygen,
f organi
WEE;‘Q,OEEC?S ‘ nitrogen and phosphorus. There are two types of nucleic acids: DNA (deoxyribonucleic acid), and RNA

(ribonucleic acid).
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DNA is a double-stranded molecule that stores the information that controls the cell. It is the main
chemical making up the nucleus. Small amounts are also found in mitochondria and chloroplasts.

RNA is found in small amounts in the nucleus and in larger amounts in the cytoplasm.
The building blocks of DNA and RNA are called nucleotides. Each nucleotide consists of a sugar, a

sub-unit called a base, and phosphate.

DNA nucleotides contain the four bases adenine, guanine, cytosine and thymine. They also contain
the sugar deoxyribose.

DNA nucleotides are required by cells to make DNA during cell replication.

RNA nucleotides contain the four bases adenine, guanine, cytosine and uracil. They also contain the
sugar ribose.

RNA nucleotides are required for cells to make ribosomes and to make RNA so that cells can make
proteins.

FIGURE 3.28
Nucleotide

ﬁ 6 monomer, made
. a up of phosphate
Nucleotide e (P) - sugar (S) - base

(B), and segments
e D a of RNA and DNA
biomacromolecules.
e RNA usually consists
of a single chain,

h DNA ist
On (@6 oftwo chainsin
()

opposite directions.

Q.
OgEP> IZO

DNA

RNA
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KEY CONCEPTS

e The four main groups of biomacromolecules are carbohydrates, proteins, lipids and nucleic
acids.

e These four groups of organic compounds are made up of carbon, hydrogen and oxygen atoms,
but they are in different proportions. Proteins also contain nitrogen and sometimes sulfur.
Nucleic acids also contain nitrogen and phosphorus.

e Autotrophic organisms can build their own organic compounds, whereas consumer organisms
must make their organic compounds from their food.

e Carbohydrates can be used as a source of energy, for storage of energy, and sometimes as a
structural component of the cell.

e Lipids are used for energy storage, structural parts of membranes and components of hormones.

e Proteins have a structural role in cells and tissues. Proteins such as enzymes also have a
functional role.

e The two types of nucleic acids are DNA (deoxyribonucleic acid) and RNA (ribonucleic acid).

e DNA contains chemical information that controls the cell activities and the production of
proteins. RNA assists in the manufacture of the proteins.

CHAPTER 3 » CELL FUNCTION

89



CHECK YOUR
UNDERSTANDING

Outline the requirements of a cell.
2 Identify the four main types of biomacromolecules.

Outline:

a the chemical composition of a carbohydrate

b the types, structures and uses of carbohydrates.

State where in a cell you would expect to find DNA and RNA.
5 a Outline some of the uses of lipids in cells.

b Describe the uses of lipids in cells.
6 Distinguish between:

a organic and inorganic nutrients

b amino acids, polypeptides and proteins.

7 Explain why there are so many different kinds of protein.

FIGURE 3.29
Scheme of activation
energy required for
chemical reactions:

a without a catalyst,
activation energy
must be supplied for
a chemical reaction;
b catalysts accelerate
specific reactions by
lowering the amount
of activation energy
needed to initiate the
reaction.
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Enzymes

Enzymes are protein molecules that control all metabolic reactions in living cells. Without enzymes,
the reactions that occur in cells would be so slow as to hardly proceed at all. Enzymes act as biological
catalysts, controlling the rate of each step of the complex chemical reactions that take place in cells.
Catalysts are chemical substances that can accelerate (speed up) chemical reactions, are unchanged at
the end of the reaction, and can be reused many times.

Metabolism is the sum of all chemical reactions occurring within a living organism. Over 1000 different
reactions can take place in each cell. A specific enzyme catalyses each of these reactions. There are as
many enzymes in living organisms as there are types of chemical reactions.

Atoms and molecules are in constant motion and colliding. If the reactants are supplied with enough
energy, such as heat, to break their bonds, then the reaction will proceed and products will be formed.
The minimum amount of energy required to start the reaction is called the activation energy.

A+B —- C+D
Reactants Products

Enzymes speed up reactions by lowering the activation energy required for the reaction. They do this
by combining with the reactants and holding them in a way that makes the reaction more likely to occur
(Fig. 3.29).

Uncatalysed Activation

B - .
= energy in

% Activation tf;e presence
3 energy of of an enzyme
I uncatalysed Catalysed

0 reaction e ———

ie}

e Reactant Reactant

o

o

B

2

w Product Product

Progress of reaction Progress of reaction
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Enzymes are composed of protein molecules that are often highly folded to create a particular chemical
‘shape’. The surface of the enzyme with a specific shape is called the active site. It is here that the
reactants, also known as the substrates, in a chemical reaction temporarily bind. When this occurs, a
substrate-enzyme complex is formed and the reaction proceeds. The products of the reaction are then
released from the active site of the enzyme. The enzyme remains unchanged. It is again available for the
same process to occur.

An enzyme is specific for a particular reaction as the shape of the active site will accommodate only
substrates that match that particular shape.

Two models have been developed to try to explain how the substrate binds at the active site to form the
substrate-enzyme complex.

First a lock-and-key model was proposed: it was thought that the active site is rigid and the small
substrate molecule is reciprocally shaped and fits exactly into the active site, like a key into a lock. Once
this substrate—enzyme complex has formed, the close proximity of the molecules allows the reaction to
be rapidly catalysed and the products of the reaction are released. To validate this model, predictions
were made and tested. The results led to the proposal of the currently accepted amended version of the
model, known as the induced-fit model. This model is based on the realisation that proteins are not rigid.
Evidence suggests that the binding of a substrate to the active site of an enzyme induces the enzyme to
alter its shape slightly, to fit more tightly around the substrate (Fig. 3.30).

Enzymes require particular conditions in order to function at their optimal efficiency. Any change to
these conditions means the enzyme will either work very slowly or not at all.

Enzymes are temperature sensitive

Enzymes within cells function best at the body temperature of the organism in which they occur. In most
living things, enzymes function normally at temperatures up to 40°C (Fig. 3.31a). Some organisms that
live in hostile environments have optimal temperatures that are much lower or much higher than this.
In humans, the optimal temperature for the functioning of enzymes is 37°C.

As the temperature increases, the rate of reaction increases until the optimal temperature is reached,
at which point the enzyme activity is at its maximum level. Above this temperature, the enzyme activity
slows until it stops altogether at temperatures of approximately 50-60°C.

At high temperatures the motion associated with heat energy can make the protein structure bend
and flex so much that it changes the shape of the active site. This renders it incapable of accommodating
the substrate that would normally bind there. Therefore the enzyme will not function as it should. The
heat has caused the enzyme to denature. This change in the structure and shape of the molecule due to
excessive heat is irreversible.

Excessive cold also causes the enzyme to change shape and its functioning to slow down or stop.
This change in shape due to excessive cold is, however, often reversible.

Enzymes are pH sensitive

pH is a measure of the acidity or alkalinity of a substance or solution. Acidic solutions have pH values
below 7, while alkaline solutions have pH values above 7. Neutral solutions have a pH value of 7.

e
L)
4.‘

Weblink
Enzymes
Watch this
animation and
draw a flow chart
of the way in which
enzymes function.

I
P

Weblink
How enzymes
function
Explain how
enzymes function.
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o

Substrate is sucrose, which is Glucose Fructose
composed of glucose and
fructose bonded together
Substrate binds
\ e o Products are released

Bond to the enzyme

\ 9 Bond binding
the substrate
breaks

Substrate—enzyme

Active sites complex fits in

lock-and-key
arrangement o Enzyme is free
to bind other
Enzyme substrates

b

o Substrate is sucrose, which is Glucose Fructose
composed of glucose and
fructose bonded together
Substrate bind
\ e ubstrate binds / Products are released

Bond to the enzyme

\ 9 Bond binding
the substrate
breaks

Induced yit: the
binding of the substrate
induces the enzyme to

change shape and fit
Enzyme more tightly

Active sites

o Enzyme is free
to bind other
substrates

FIGURE 3.30 Sequence of steps in the ‘lock-and-key’/‘induced-fit' model of specificity of substrate—enzyme action: a lock-and-key model of enzyme
functioning; b induced-fit model of enzyme functioning. Note the change in shape of the active site in this model.

Each enzyme has its own narrow range of pH within which it functions most efficiently. Levels of
alkalinity or acidity outside the optimum pH for an enzyme have a similar effect to that of temperature
change - they alter the shape of the enzyme and slow down or stop its functioning. Extremes of pH, like
temperature, cause the enzymes to denature. Within cells, most enzymes function at or near neutral,
but enzymes in the digestive tract function in an acidic or alkaline medium. For example, the protein-
digesting enzymes pepsin and rennin, found in gastric juice in the stomach, function best in a strong
acid/low pH (Fig. 3.31b).
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FIGURE 3.31 Graphs showing a the effect of temperature on the rate of enzyme action; b the pH-specificity of two digestive enzymes

Substrate concentration and enzyme activity Saturation point; ll -
. ) Maximum A enzyme is being used o :
The rate of an enzyme-controlled reaction is affected by activity .

the concentration of the substrate. The higher the substrate Workehoot
concentration, the greater the rate of enzyme reaction, until Enzymes
all available enzymes are being used to catalyse reactions.
This point is known as the saturation point. Increasing the
substrate concentration beyond the saturation point will not
increase the rate of reaction, since all enzymes are working at
their maximum turnover rate and will have to be reused to
act on the additional substrate. The only way to increase the

reaction rate would be to increase the enzyme concentration f;:gezfr:tgi J:fhe:fzctte‘gfi;‘ﬁr:zzizz_sczlt’:r;iz

(Fig. 3.32). reaction. At saturation, further increases in substrate
concentration do not increase the rate of the reaction.

Rate of reaction

v

Substrate concentration

A practical investigation to model the action of enzymes in cells

Catalase is an enzyme present in all living things. It is responsible for catalysing the breakdown of hydrogen
peroxide (H,O,). Hydrogen peroxide is produced as a result of cellular respiration within the cell. If it is allowed
to accumulate, it will be toxic to the cell and cause its death. When hydrogen peroxide is broken down, it forms
the non-toxic substances oxygen and water:

catalase
hydrogen peroxide =~ ——— water + oxygen

2H,0, 2H,0 + Oy

This investigation models the action of enzymes in cells (to justify the substrate—enzyme binding action
and re-usability of enzymes). It investigates the effect of substrate concentration on the activity of an enzyme.
Models make predictions to explain how things work. In this model, if enzymes bind with substrates to
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catalyse a reaction, then an increase in substrate concentration should result in the saturation of enzymes at a
particular substrate concentration. If further substrate is added beyond the saturation point and the enzyme
concentration is kept the same, there will be no further increase in the rate of reaction.

Hydrogen peroxide will represent the substrate, and catalase in potato is the enzyme. As oxygen gas is
a product of this reaction, the activity of the enzyme is determined by measuring the height of the bubbles
produced in the hydrogen peroxide.

Similar investigations can be performed with hydrogen peroxide and potato to determine the effect of
temperature and pH on the activity of an enzyme.

AIM

To model the action of enzymes in cells (based on the substrate—enzyme binding action and re-usability
of enzymes)

To investigate the effect of substrate concentration on the activity of an enzyme

HYPOTHESIS

The activity of the enzyme will increase as the substrate concentration increases until it reaches saturation
point, after which the activity of the enzyme will remain constant.

MATERIALS

7 X test tubes (same size) 30cm rule
Test tube rack Marking pen
Hydrogen peroxide (6%) Potato

2 X 10mL measuring cylinders Labels

Cork borer or blender Stopwatch

RISK ASSESSMENT

RISK

ASSESSMENT Hydrogen peroxide Toxic if ingested, eye and skin irritant Wear safety goggles and disposable gloves.

Do not ingest.

Potato Can be a skin irritant Wear disposable gloves.

Label the seven test tubes with the numbers 1 to 7.

Measure the quantities of hydrogen peroxide and water specified in Table 3.9 using the measuring
cylinders and place them in the appropriately numbered test tube.

TABLE 3.9
TEST TUBE NO. VOLUME H,0, (mL) VOLUME H,0 (mL)
2 10 0
3 8 2
4 6 4
5 4 6
6 2 8
7 0 10

Mark the level of liquid in each test tube using the marker pen.
Using a cork borer, obtain six cylinders of potato of the same diameter.
Cut the potato cylinders so that they are of equal length (Fig. 3.33).
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2> (Note: An alternative way to prepare the potato is to puree
cubes of potato with a small amount of water in a blender —
a few mL of this pureed potato would then be measured
into the test tubes instead of the cylinders of potato.)

(AmyBrownScience.com)

6 Place a cylinder of potato into each of the test tubes
numbered 2-7 and allow the reaction to proceed for
approximately 5 minutes.

7 At the completion of this time, place another mark on
the test tube to indicate the maximum height to which
the bubbles reached.

8  Measure the difference between the level of the liquid
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and the height to which the bubbles reached in each FIGURE 3.33 Preparing potato cylinders of the
test tube. Record your results in a results table like same diameter and length
Table 3.10.

9 Compare your results with those of other groups in the class.

1 TABLE3.10

HEIGHT OF BUBBLES (cm) :"
TEST TUBE NO. (ACTIVITY OF ENZYME) e

1
Worksheet

Investigation 3.3

N o |luvu|bdlw N

2 Graph the results obtained using a line graph. Remember that the independent variable goes on the x-axis
and the dependent variable is on the y-axis.

T Identify the:
a enzyme
b substrate in this model of enzyme activity.
Describe how test tubes 1 and 2 model the action of enzymes in cells.

Was this a valid model? Justify your answer.

. . . See p.4fora
Identify the following variables: discussion of
a independent variable validity and

reliability.

b dependent variable

¢ controlled variables.

Why was test tube 1 with no potato added used?
Discuss the validity of the experimental design.
Describe the trend obtained on your graph.

Is the hypothesis supported by these results?

NV 00 N o0 ol

Compare your results with other groups in the class and comment on the reliability of the investigation.

CONCLUSION

Write a conclusion that relates the aims of the investigation to the results of your investigation. »
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DESIGN YOUR OWN INVESTIGATION

Investigate the effect of pH or the effect of temperature on enzyme activity. This can be undertaken using
the same substrate and enzyme and a similar method, or you may wish to research methods using other
readily available enzymes and substrates.

Define a esearch question and hypothesis for your investigation.

Follow the steps outlined in Chapter 1 to assist you with your investigation.

e Cellular products and wastes must be removed from the cell to maintain efficient cell
functioning.

e Enzymes, or biological catalysts, are proteins that control cellular reactions.
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e In enzyme-catalysed reactions, the substrate attaches to the shape on the surface of the
enzyme (the active site) and forms an substrate-enzyme complex.

e The reaction then occurs and the products are released. The enzyme can be re-used for the
same reaction.

e There are two models of enzyme action - the lock-and-key model and the induced-fit model.

e The activity of an enzyme increases as temperature increases until the optimal temperature
is reached. With further temperature increases the enzyme activity decreases and then stops
completely when the high temperatures destroy (denature) the structure of the enzyme.

e Each enzyme has an optimum pH at which it functions most efficiently.

e Enzyme activity is affected by the substrate concentration. As the substrate concentration
increases, the activity of the enzyme increases until all the enzymes are saturated. After this,
further increases in substrate concentration will not lead to increases in enzyme activity.

CHECK YOUR

UNDERSTANDING 1 Summarise the characteristics of enzymes.
2 Describe how an enzyme catalyses a reaction.
@ 3 Outline how enzymes affect the activation energy required by reactants for a reaction to occur.
4 a dentify three factors that can affect the activity of an enzyme.
b Outline how each of these factors affects the activity of enzymes.
5 a Describe the lock-and-key model of enzyme activity.
b How does the induced-fit model di er from the lock-and-key model?
6 a Whatdoes the term‘denature’mean when applied to enzymes?
b Outline how enzymes can be denatured.

7 Discuss why enzymes are important for the maintenance of life.
Explain why there are thousands of different types of enzymes in the human body.
Explain why doctors would get worried if their patient develops a temperature in excess of 42°C.

Biochemical processes in cells

Eukaryotic cells contain many membrane-bound organelles that contain specific enzymes that catalyse
specific biochemical processes. For example, chemical reactions in lysosomes break down compounds
brought into the cell by using strong digestive enzymes in an acidic environment. Having the lysosome
enclosed in a membrane prevents the enzymes from destroying the cell. These reactions within cells
require energy, which is provided in the form of ATP.

The two major biochemical processes that cells carry out are photosynthesis in plant cells and cellular
respiration in all living cells.
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Provision of energy is vital to ensure that all essential life processes
take place. All cells use glucose as the primary source of energy to
drive the thousands of chemical reactions that occur constantly
in each living cell. When glucose is broken down in the process of
aerobic cellular respiration, the large amount of energy contained
within it is released. This released energy is trapped and stored
in small packets in many high-energy molecules called adenosine
triphosphate (ATP). The cell accesses the energy contained in ATP
to power all cell functioning. ATP is a small mobile molecule that
can deliver the energy to wherever it is required.

ATP is composed of a complex molecule called adenosine
(adenine attached to a ribose sugar group) that in turn attaches
to three phosphate groups. This is where the name adenosine
triphosphate comes from. The bond that attaches the third

ATP

High energy . . ” ®

bond

®
TR Energy

released

Free
phosphate

group

ADP
FIGURE 3.34 The storage and release of energy: the ATP-ADP cycle

phosphate group is a high-energy bond. When energy is required by the cell, this bond is broken and
the energy it contains is released. ADP (adenosine diphosphate) and a free phosphate group are formed.
To store the energy produced by the cell, a free phosphate group is attached to the ADP molecule by a
high-energy bond, forming ATP. The storage and release of energy is a cycle between ADP, free phosphate

groups and ATP, as shown in Figure 3.34.

Photosynthesis is the process by which plants utilise light energy, usually from the sun, which is
trapped by chlorophyll (contained in the chloroplast). It uses this energy to break apart water and

carbon dioxide molecules, and build them up into oxygen, energy-storing glucose molecules and

water molecules (Fig. 3.35).

Sun

Radiant
energy

P

: Rhietesyninesismll ——» Respiration —
y Glucose ATP (energy)

Photosynthesis can be summarised by the word equation:

light ener
carbon dioxide + water 1SNt energy |

chlorophyll
The balanced overall chemical equation is:

6C0, + 6H,0 light energy
chlorophyll

CcH 404 + 60,

FIGURE 3.35 The
processes involved
in converting the
radiant energy from
the sun into energy
that can be used by
cells

glucose + oxygen

«l
o‘:

The process of photosynthesis is summarised by the general equation above. The actual process of

photosynthesis occurs in two stages, each consisting of a series of many chemical reactions that take

Worksheet
Photosynthesis

place in the chloroplasts of green plant cells and the cells of some photosynthetic bacteria.

9780170479462
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Light energy Water Carbon dioxide Phase 1: the light-dependent stage

1 The light-dependent stage (photolysis) (photo = light,
Light-dependent stage Light-independent stage  lysis = splitting) occurs in the grana of chloroplasts. It
involves the absorption of light energy by the chlorophyll
AP > in the thylakoid membranes of the chloroplast (Fig. 2.28
Hydrogen ions on page 55). This energy is used to split the water (H,0)
. . +
Thylakoid membranes Stroma molecu¥es into hyc.irogen ions (H") and oxygen (O,). The
oxygen is released into the atmosphere and the hydrogen
1 1 ions are carried to the next phase. ATP is also formed at
Oxygen Glucose this stage.
N . J
Inside chloroplast Phase 2: the light-independent stage

FIGURE 3.36 Photosynthesis is a series of reactions occurring in two stages: The light-independent stage (carbon fixation) occurs in

B e the stroma of the chloroplasts. It involves combining

carbon dioxide (CO,) with the hydrogen ions produced
in the light-dependent stage to form glucose (C¢H;,0,). The ATP formed in the light-dependent stage is
required to provide the energy for this reaction. No light is required in this stage (Fig. 3.36).
Glucose produced by photosynthesis can be converted by plants into complex carbohydrates, lipids
and/or proteins. These end-products are stored by the plants and are the source of organic nutrients, not
only for the plants themselves but also for consumer organisms that eat the plants.

e Energy in cells is transported within cells by small and mobile ATP molecules.

e ATP stores energy in a high-energy bond that attaches the third phosphate group to the ADP
molecule.
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e When energy is required, the high-energy bond is broken, releasing energy, a phosphate group
and ADP.

e Photosynthesis is the process where plants use light energy, trapped by chlorophyll, to break down
water and carbon dioxide molecules, and build them up into oxygen, glucose and water molecules.

o light energy
carbon dioxide + water — glucose + oxygen

chlorophyll

e Photosynthesis is a series of smaller reactions occurring across two stages.

e The light-dependent stage occurs in the grana where light energy splits the water molecules
into oxygen and hydrogen.

e The light-independent stage occurs in the stroma where carbon dioxide and hydrogen combine
to form glucose.

CHECK YOUR

UNDERSTANDING 1 a Describe the relationship between ADP and ATP.
b Outline the advantages of using ATP as an energy storage molecule.
@ 2 a Outline the purpose of the process of photosynthesis.
b Identify the products of the light-dependent stage that are used as inputs in the light-independent

stage of photosynthesis.
3 a Write a balanced equation for photosynthesis.
b Explain why this is considered to be a summary equation.
& Do all living plant cells carry out photosynthesis? Justify your answer,

5 Distinguish between the light-dependent and the light-independent stages of photosynthesis in terms of
location, requirements and products.
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All organisms break down glucose as a source of energy to drive cellular metabolism.

Glucose can be broken down either in the presence of oxygen (aerobic cellular respiration) or in the
absence of oxygen (anaerobic cellular respiration). Different products and amounts of energy are released
in each of these processes.

Anaerobic cellular respiration

Many organisms, such as some bacteria and archaea, live in environments lacking oxygen. Cells such as
muscle cells sometimes cannot get enough oxygen, but still are able to release energy via an anaerobic
pathway in the cytosol of cells. Two commonly used biochemical pathways enable energy to be produced
using molecules other than oxygen: alcohol fermentation and lactic acid fermentation.

In alcoholic fermentation, yeast, many bacteria and plants (or parts of plants) carry out anaerobic
cellular respiration. This process involves the breakdown of glucose in the absence of oxygen to form
ethanol (an alcohol) and carbon dioxide. Two molecules of ATP are produced as a result.

glucose =  ethanol  + carbon dioxide + adenosine triphosphate
C.H,,0; = 2CH;CH,0H + 2CO, + 2ATP

Humans make use of this process in the production of beer, wine and bread.

Lactic acid fermentation is carried out when an organism cannot produce enough energy by aerobic
cellular respiration. This occurs in periods of strenuous exercise when our bodies cannot deliver enough
oxygen to the muscles to produce the energy required. In lactic acid fermentation, one molecule of
glucose is broken down in the absence of oxygen, to produce two molecules of lactic acid as well as two
molecules of ATP. The equation below represents this:

glucose — lactic acid + adenosine triphosphate
CH,,0, — 2CH,CH(OH)COOH + 2ATP

Once the strenuous exercise has finished, there will be more oxygen available. The lactic acid changes
to a compound called pyruvate and is converted by aerobic respiration into carbon dioxide, water and

energy (ATP) (see below).
Aerobic cellular respiration o
e
Aerobic cellular respiration is a chain of many biochemical reactions that occurin the cells of the organism “e
in the presence of oxygen. It is generally summarised as follows, to depict the main changes that occur -
Worksheet
during respiration. Cellular respiration

The general equation for aerobic cellular respiration expressed as a:
» word equation:

many chemical reactions

glucose + oxygen carbon dioxide + water + energy (ATP)

» balanced equation:

many chemical reactions

C,H,,0,+ 60, +ADP +P 6CO, + 6H,0+  36ATP

There are at least 20 separate reactions, each catalysed by a specific enzyme that makes up this overall
pathway.

The first step in the biochemical pathway to break down glucose is the process of glycolysis. This
process occurs in the cytosol of the cell and involves the breakdown of glucose (a six-carbon molecule)
into two pyruvate molecules (each with three carbon atoms). This is accompanied by the release of energy
in the form of two molecules of ATP. This overall reaction is actually a series of 10 smaller reactions, each
catalysed by a specific enzyme.

The two molecules of pyruvate formed from one molecule of glucose then enter the mitochondria
of the cell where the rest of the series of reactions that make up aerobic cellular respiration occur.
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FIGURE 3.37 Glycolysis, the first stage of cellular
respiration, occurs in the cytoplasm and releases
two ATP. The second stage of aerobic cellular
respiration occurs in the mitochondria and
releases 34 ATP.

Each of these reactions is catalysed by a specific enzyme and culminates in
the production of more energy, carbon dioxide and water. The energy from
these reactions is released in the form of 34 ATP molecules to make a total of
36 ATP molecules produced for the breakdown of every glucose molecule. This
process is summarised in Figure 3.37.

Photosynthesis and aerobic cellular respiration

Photosynthesis and aerobic cellular respiration are related (Fig. 3.38). When you
look at the general equations for photosynthesis and aerobic cellular respiration,
it appears that these processes may be the reverse of each other. That is not the
case because they are each made up of a series of chemical reactions that are very
different.

Photosynthesis and aerobic cellular respiration are, however, closely related
and interdependent.

The products of photosynthesis are used in the process of aerobic cellular
respiration. Similarly, the products of aerobic cellular respiration are used in the
process of photosynthesis.

In cells that contain both chloroplasts and mitochondria, the two
processes will occur in the same cell. In cells that do not contain chloroplasts

(such as plant root cells), the products of photosynthesis (glucose and oxygen) must be supplied to
the cells for the process of aerobic cellular respiration to occur.

FIGURE 3.38 The
close relationship
and interdependence
of the processes

of photosynthesis
and aerobic cellular
respiration

Sunlight energy

Photosynthesis
(in chloroplast)

CO, +H,0 Glucose + O,

Respiration
(in mitochondria)

i

ATP

v N

40% cell function 60% heat energy
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Removal of cellular products and wastes

The products of the reactions in the cell that are not required by the organism are called wastes. They
need to be transported to other cells and/or need to be removed for efficient cell functioning. Removal
from the cell will usually occur by diffusion through the cell membrane. Oxygen and carbon dioxide gases
are easily removed from the cell by diffusion through the cell membrane.

Any excess water that is not required by the cell moves out of the cell by osmosis. Wastes formed from
the breakdown of proteins also leave the cell by diffusion through the cell membrane.

Waste chemical products that dissolve in water are removed from the cell at the same time as the
water. Oily, fat-soluble substances are attached to small electrically charged molecules by the cell to make
them water-soluble so they can be removed when the water diffuses out.

When parts of the cell break down, wear out or die, they also need to be removed. Lysosomes, which
contain digestive enzymes, are responsible for breaking down these old’ cell parts and other cellular
waste. Any of these wastes that can't be eliminated in this way by the lysosome are packaged and removed
by exocytosis.

Proteins such as hormones and enzymes, and other substances such as mucus, are produced by The process of
an animal cell. These cellular products are packaged into vesicles and leave the cell by the process of exocytosis was
exocytosis. Wastes that leave a cell are said to be excreted from the cell. Useful products that leave a cell Slsgf ssedon
to be used elsewhere are said to be secreted.

e When glucose and oxygen combine in the process of aerobic cellular respiration, energy is
produced along with water and carbon dioxide. This process is made up of many reactions.
many chemical reactions

® glucose + oxygen (+ ADP + P) —carbon dioxide + water + energy (ATP)
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e The energy produced is stored in ATP molecules.

e The first step of this process occurs in the cytoplasm and is called glycolysis. In this step, one
glucose molecule is broken down into two pyruvate molecules and two ATP.

e The second step in the reaction occurs in the mitochondria where pyruvate, in the presence of
oxygen (aerobic cellular respiration), is broken down to release carbon dioxide, water and 34 ATP.

e A total of 36 ATP molecules is produced for every molecule of glucose broken down in aerobic
respiration.

e Anaerobic (without oxygen) cellular respiration produces ethanol and carbon dioxide in
bacteria, yeast and plant cells, and lactic acid in animal cells. Two ATP molecules are produced
in this process for the respiration of each molecule of glucose.

e Wastes are the products of cellular reactions that are not required.
e Many of these wastes can be removed by simple diffusion through the cell membrane.

e Other wastes can be removed by exocytosis or destroyed by the enzymes present in lysosomes.

CHECK YOUR
UNDERSTANDING

Write a balanced equation for the process of aerobic cellular respiration.

2 Outline the role of aerobic cellular respiration in living organisms.

a Identify the initial reactant and the final product in the process of glycolysis.
b Identify where in the cell glycolysis occurs.

4 Compare the products of aerobic cellular respiration with the products of anaerobic cellular respiration in
plants and animals.

5 Outline where the carbon dioxide is produced and name any other products formed in the process of
aerobic cellular respiration.

6 a Outline the conditions under which lactic acid is formed.
b Outline the fate of the lactic acid when more oxygen becomes available.
Summarise the ways in which wastes can be removed from the cell.

Outline the importance of plants coordinating the processes of photosynthesis and respiration.
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(3) CHAPTER SUMMARY

Cell function: How do cells coordinate activities within their internal
environment and the external environment?

CELL REQUIREMENTS AND PRODUCTS MOVEMENT OF SUBSTANCES INTO AND OUT OF CELLS
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Movement along a concentration gradient

Di“usion: the movement of any type
of molecule from a high to a low
concentration, until equilibrium is
reached

No energy required

Movement along a concentration gradient

Osmosis: the movement of water
molecules from a high concentration of
water to a low concentration of water,
through selectively permeable membrane

No energy required

Movement against a concentration gradient

Active transport: the movement of
molecules from a low concentration to

a high concentration through selectively
permeable membrane

Energy required

TRANSPORT OF LARGE MOLECULES

Endocytosis (into cell): phagocytosis (solid) and pinocytosis (liquid) —  Exocytosis (out of cell)
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ACTION OF ENZYMES @
= Decrease activation energy

= 2 models: Lock and key and
induced fi

EFFECT OF ENVIRONMENT ON
ENZYME ACTION

= Temperature

Energy released Energy supplied

[ pH
= Substrate concentration

BIOCHEMICAL PROCESSES
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® released
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Photosynthesis

Photosynthesis is a series of reactions occurring
in two stages: the light-dependent and the
light-independent stages.
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Activation the presence e
energy of of an enzyme
uncatalysed Catalysed
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Reactant Reactant

Product Product

Progress of reaction Progress of reaction

Anaerobic respiration
Plants: fermentation

glucose — ethanol + carbon dioxide + adenosine triphosphate
C¢H,;,0, — 2CH,;CH,0H + 2CO, + 2ATP

Animals:
glucose — lactic acid + adenosine triphosphate
C¢H,,0, — 2CH,CH,(OH)COOH + 2ATP

Aerobic respiration

Glycolysis, the first stage of cellular espiration, occurs in the cytoplasm and
releases two ATP. The second stage of aerobic cellular respiration occurs in the
mitochondria and releases 34 ATP.

glucose + oxygen many chemical reactions . carbon dioxide + water + energy (ATP)

CeH},0,+60,  many chemical reactions 6CO, + 6HO, +ATP

Sunlight energy

light energy
2C0, + 12H,0 ——=>—> C/H,,0, + 60.
2 2 chlorophyll 6126 2
o light energy Photosynthesis
bon dioxide + t —=——_9° % g + i
carbon dioxide + water chlorophyll glucose + oxygen (in chloroplast)
Light energy Water Carbon dioxide
Light-dependent stage ATP Light-independent stage
Thylakoid membranes Hydrogen ions Stroma
k Oxygen Glucose J CO, + H,0 Glucose + O,
~
Inside chloroplast
Glucose
£
w
= ' 4
2 : Respiration
S Process of glycolysis (in mitochondria)
ATP

5 2 ATP
o Pyruvate
3 ¥ %
% Oxygen \’ 40% cell function ~ 60% heat energy
<]
'§ The close relationship and interdependence of the processes

Carbon dioxide Water
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34 ATP

of photosynthesis and aerobic cellular respiration.
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(3) CHAPTER REVIEW QUESTIONS @

Distinguish between the following:
a diffusion and facilita ed diffusio
b diffusion and osmosi

¢ osmosis and active transport

d exocytosis and endocytosis.

Construct a table to identify and outline the different
means by which substances move in and out of cells.
Include examples of substances that use each of these
means to enter or leave the cell.

Draw a diagram of a unicellular freshwater organism
that is placed in seawater, labelling the direction of the
net movement of water. Justify the direction of the net
movement of the water.

Outline one reason why plant cells do not burst when
placed in a hypotonic solution.

Blood cells were placed in three different solutions. After
some time, cells in solution X became shrivelled. Cells in
solution Y burst and cells in solution Z remained the same.

a Which solution was hypertonic compared with the
blood cells?

Which cell was isotonic compared with the
surroundings?

Which of the following shapes with the same volume
would have a higher SAV - a flat ened rectangular cell
or a spherical cell?

Which of these shapes would be more efficient i
ensuring the movement of substances to all areas of
the cell? Justify your answer.

A beaker is half-filled with wa er and 10 drops of food
colouring are added. After half an hour, the food colouring
is evenly distributed throughout the water.

Explain the process that caused this to occur. In your
answer, use the terms‘net movement’‘concentration
gradient’ diffusio "and‘equilibrium'’
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Review quiz

Suggest why it is said that carbon is the element on which
all life depends.

Construct a table to compare the chemical composition,
structure and function of carbohydrates, lipids, proteins
and nucleic acids.

Identify the inorganic nutrients that are important to cells
and describe their uses in cells.

Construct a table to identify and describe three factors
that affect the activity of enzymes.

List the conditions necessary for photosynthesis.

Compare the processes of photosynthesis and aerobic
respiration, including where in the cell they occur, their
requirements, their products and their purpose.

Explain why one enzyme can catalyse only one particular
reaction.

Explain why cells cannot grow to a big size.

Describe how the lock-and-key model explains the effect
of denaturing enzymes.

Describe the inputs of photosynthesis from which oxygen
gas is produced.

ATP is an energy-carrier molecule. Relate its structure to its
function.

A human enzyme works best at 37°C.

a Predict what would happen to the enzyme’s activity at
very low temperatures.

b Outline how this may differ from the activity of the
enzyme at very high temperatures.

¢ Describe what has happened to the active site in both
cases.

Your friend says she doesn't believe the air she breathes
out contains carbon from the food she's eaten. Outline
what you would say to convince her.

-l
o‘:

Exam
preparation
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» END-OF-MODULE REVIEW

Answer the following questions.

MODULE (1): CELLS AS THE

BASIS OF LIFE

9780170479462

1

Use the images in Figure M1.1 to answer the following
questions.

Science Source

Science Photo Library/DR KARI LOUNATMAA

FIGURE M1.1

i Foreach of the images (a), (b) and (c), identify

whether they are prokaryotic, eukaryotic plant or

eukaryotic animal cells. Justify your decision in
each case.

il Label the areas indicated on image ().

iii  Use the scale provided to determine the length of

the cell in image (c).

Science Photo Library/Biophoto Assaciates

2 a Distinguish between the processes of diffusion and
0SMOSIS.

b When a patient in a hospital is hooked up to an
intravenous drip, fluid is being added o the blood
plasma.

i Explain why it is important to the red blood cells
that the concentration of the fluid in the d ip is
equal to the concentration in the blood plasma.

ii  Outline the effect on the red blood cells if the
solution in the drip is hypertonic to the blood
plasma. Explain why this occurs.

3 Identify the organelle that is responsible for respiration
and the organelle that is responsible for photosynthesis.
In the form of a table, compare their structure and their
function.

4 The processes of aerobic cellular respiration and
photosynthesis are the reverse of each other. Assess the
accuracy of this statement.

5 a Labelthe areas (i) and (i) in Figure M1.2.

Enzyme ii

FIGURE M1.2

b Explain why the temperature of the human body has
to be maintained at approximately 37°C and why the
body self-regulates its temperature at 37°C, with only
small increases in temperature (a couple of degrees)
being tolerated.

6 Two cells have the same volume. One is spherical and the
other is flat and thin. One student in class maintained that
the flat and thin cell  ould be more efficient in obtainin
nutrients and removing wastes.

Evaluate this statement.
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7 Describe how each of the following substances moves 8 Models are often used to illustrate and simplify biological
across the cell membrane. concepts.

Relate the movement of each substance to the structure a Describe one investigation in‘Cells as the basis of life’

of the cell membrane.
a Carbon dioxide

b Glucose

¢ Sodiumions

DEPTH STUDY
SUCCESTIONS

(74

in which you used a model. In your description you
should relate the different components of the model
to the actual structure or process being modelled.

b Outline the purpose and limitations of the model
used.

9 'Muscle cells cannot contract when they are not being
supplied with enough oxygen!
Evaluate this statement using your knowledge of
pathways for cellular respiration.

Find out about the advances in microscope technology and applications of synchrotron radiation in
biology.

Study microbes in hydrothermal vents for clues as to whether life can exist on the moons of Jupiter.
Investigate spectromicroscopy applications in living plant cells and photosynthesis.

Find out about the discovery of water channels in cell membranes (which won a Nobel Prize in 2003).
Investigate the effects of cell shape, cell size and cell structure on SAV and rates of diffusion

Find out about quantum biology’s application to a better understanding of biological processes such
as enzyme functioning.

Look into how the study of the uptake of chemicals across barriers could lead to treatment of
diseases (for example, drugs and brain infections, chemotherapy).

Find out about the development of the fluid mosaic model of the cell membran .

Investigate the development by CSIRO of an enzyme-based product that can rapidly degrade
unwanted pesticide residues in agricultural soil and water.
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ORGANISATION
OF LIVING THINGS

@ Organisation of cells

@ Nutrient and gas requirements

blickwinkel/Alamy Stock Photo
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Students:
= compare the differences between unicellular, colonial and multicellular organisms by:
investigating structures at the level of the cell and organelle
How are cells arranged relating structure of cells and cell specialisation to function
in @ multicellular = investigate the structure and function of tissues, organs and systems and relate those functions to cell
organism? differentiation and specialisation

= justify the hierarchical structural organisation of organelles, cells, tissues, organs, systems and organisms

Biology Stage 6 Syllabus © NSW Education Standards Authority for and on behalf of the Crown in right of the State of New South Wales, 2017
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Assessments 4.3. A secondary-source investigation to
examine the structure and function of
tissues in multicellular organisms

® Chapter review
® Review quiz
® Exam preparation Worksheets

Investigation ® Hierarchy of structural organisation

.. . ® Using analogies: Cell specialisation
4.1. A practical investigation to compare ) . o .
the cells of unicellular, colonial and ® Animal cell specialisation and organisation
multicellular organisms ® Plant cell specialisation and organisation
4.2. A secondary-source investigation into
levels of organisation in multicellular
organisms

To access these resources, visit

:“: Nelson M|ndTap cengage.com.au/nelsonmindtap

Itis amazing that the many living things on Earth are so
very different in their structure and appearance. They
may be composed of only one cell (unicellular), a group

iStock.com/eco2drew

of cells existing together (colonial) or many cells, each
with a specific function contributing to the efficient
functioning of the organism (multicellular) (Fig. 4.1). If
you were to look past the obvious differences between
these types of organisms, you would realise that at a
cellularlevel there are many similarities. Each cellneeds FIGURE 4.1 Despite its size, the blue whale

to obtain the required nutrients, carry out metabolic has cells that are similar in shape, size and
functionality to a unicellular organism.

functioning and successfully dispose of waste.

Comparing different types
of organisms

Organisms can exist as a single cell (unicellular), single cells working together (colonial) or as an organism
made up of many cells (multicellular).
Similarities between each of these types of organisms include the following;

» They are all composed of cells.

»  These cells all possess cell membranes, cytosol, ribosomes and some sort of genetic material.

Differences occur in the number of cells present in the organism, the types of cells and the organisation
of the cells.

Unicellular organisms contain only one cell, which can be either prokaryotic or eukaryotic (for example,
Paramecium (eukaryotic) and bacteria (prokaryotic) (Fig. 4.2).

In all unicellular organisms, a single cell is responsible for all of its own life processes. Prokaryotes
are unicellular organisms composed of one prokaryotic cell. Prokaryotes have been on Earth for 3.5-4
billion years. The conditions on Earth have dramatically changed since then but prokaryotes have
evolved to remain the most widespread group of organisms on Earth. The lack of organelles and simple
structure in prokaryotes does, however, limit the number of metabolic reactions that can occur at
any particular time. Unicellular eukaryotic organisms can carry out all the necessary life processes in
a more efficient manner than the prokaryotes by means of specialised organelles.
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FIGURE 4.2 a Paramecium; b a model of a bacterial cell

Unlike multicellular organisms, all unicellular organisms are always directly exposed to the external
environment. Their microscopic size means that they have a high surface-area-to-volume ratio (SA:V).
This enables all required substances (such as nutrients, gases and water) to move across the cell
membrane into all areas of the cell for its functioning. Wastes can also be efficiently removed from all
parts of the cell by movement through the cell membrane.

Colonial organisms are made up of a group of identical single-celled organisms collectively called a colony.
Allindividuals in the colony are capable of carrying out each function necessary for life and therefore could
be classed as single-celled organisms. Some colonial organisms contain cells that have specialised functions
that are coordinated with other cells in the colony. This contributes to
more efficient functioning of all members of that colony. Examples of
colonial organisms are Volvox (see Fig. 4.3), coral and jellyfish.

Volvox, a colony of algal cells, was first observed by Anton van
Leeuwenhoek (1632-1723). He ground his own lenses and made his
own microscopes through which he observed many microscopic

tock.com/Lebendkulteren.de

organisms from a variety of sources, including pond water. His
descriptions at the time were so precise that modern microbiologists
can now identify many of the micro-organisms he saw.

A Volvox colony is a hollow sphere made up of 500 to 60000 algae
cells, each with two flagella and connected by strands of cytoplasm.
This allows them to swim in a coordinated fashion. Each colony is only
one cell thick. Each cell in the colony has a red ‘eyespot’ that can detect

FIGURE 4.3 Volvox, a colonial organism, with daughter ] .
colonies forming inside each sphere light. The cells on one end of the colonial sphere have more developed

eyespots and this allows the Volvox colony to swim towards the light.
Every cell in the colony contains chloroplasts, although some of the

E] Flagellum
% ) colonies may obtain what they need by absorption of nutrients from
§ their environment. Even though Volvox exhibits some specialisation, it
Collar of lacks tissues and organs, and is therefore classed as a unicellular colony
microvill rather than a multicellular organism.
Eukaryotic choanoflagellates (collared<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>