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HOw tO use
this book

Welcome to Hodder Education’s

MYP by Concept Series! Each chapter How is life organlzed?
is designed to lead you through an s e TS

inquiry into the concepts of biology,
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Each chapter is framed with a Key concept,
Related concept and set in a Global context.
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ATL

Activities are designed to develop your Approaches to : : | :
Learning (ATL) skills. Key words are included to give you access vocabulary

for the topic. Glossary terms are highlighted and,
where applicable, search terms are given to encourage
As you explore, activities suggest ways to learn through independent learning and research skills.

action.

9',-0 Definitions are included for important terms and
: _ : information boxes are included to give background
Key Approaches to Learning skills for MYP Sciences

gais information, more detail and explanation.,
are highlighted whenever we encounter them.
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We will reflect on this learner profile
attribute ...

Each chapter has a /B learner profile attribute as its

theme, and you are encouraged to reflect on these too.
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You are prompted to consider your conceptual
understanding in a variety of activities throughout each
chapter.

Take action

! Guidance is given throughout the book about how
to apply your knowledge of the scientific process to
real-life situations. While the book provides many
opportunities to apply the knowledge you have
learnt in practical ways, you must be an active part
in this process. Activities help you explain the ways
in which biology can be applied and used, and also
to discuss and evaluate the implications of using
biological principles to address specific issues. This
should give you a better understanding of the issues
facing biologists in the twenty-first century. By
engaging in these activities, you will also learn the
value of consistently applying scientific language to
communicate understanding clearly and precisely.

Assessment opportunities in this

chapter:

Some activities are formative as they allow you to
practise your learning for the MYP Sciences Assessment
Objectives. Other activities can be used by you or

your teachers to assess your achievement summatively
against all parts of a learning objective.

Finally, at the end of the chapter you are asked to reflect
back on what you have learnt with our Reflection table,
maybe to think of new questions brought to light by your
learning.

Use this table to reflect on your own learning in this

chapter

Questions we Answers we found | Any further
asked questions now?
Factual
Conceptual
Debatable
Approaches to Description —what | How well did you
learning you used | new skills did you master the skills?
in this chapter: learn? <
y |@ :é -
= o "g €
2 (8 [£ |3
Learner profile Reflect on the importance of the attribute

attribute(s) for our learning in this chapter.

We have incorporated Visible Thinking — ideas, framework,
protocol and thinking routines — from Project Zero at the
Harvard Graduate School of Education into many of our
activities.

Links to:
Like any other subject, Biology is just one part of our

bigger picture of the world. Links to other subjects are
discussed. :




Relationships Patterns; Function

How is life organized?

Your - Is determined by the
relationship between different levels

of organization in your body which,
although differing in complexity,
share patterns and functions with all
life on Earth.

CONSIDER AND ANSWER
THESE QUESTIONS:

e _—

F:c:[""_al: Vk:’-ll_mt s;re t:.e characﬁenst;cs B Figure 1.1 Cells are the basic building blocks of living
ot living things? What are cells an things (the cells have been coloured in this image to make
how are they structured? What them more clearly visible)

roles do cells carry out? What are

the characteristics and functions of IN THIS CHAPTER, WE WILL ...

B . F
different cells, tissues and organs? How m Find out:

are organisms grouped and classified? m how the identify of an organism is determined by the parts it is

Conceptual: What determines made up from;
whether something is alive or not? Are m what determines whether something is alive or not.

viruses alive? How does cell structure m Explore how living things are classified into groups with similar
relate to function? What does it mean identities.
for organisms to be ‘related’? What ®m Take action by finding out whether it is possible to create artificial life.

characteristics make some organisms
more closely related than others?

These Approaches to
Learning (ATL) skills embryonic
will be useful ... hierarchy
multicellular
organization
physical

m Organization skills unicellular

Debatable: Should scientists use new
research to reclassify organisms? Are
humans a special form of life? Will it
be possible to create artificial life?

W Critical-thinking skills

Now share and compare your
thoughts and ideas with your partner,
or with the whole class.

m Creative-thinking skills

2 Biology for the IB MYP 4&5: by Concept



We will reflect on this learner profile
attribute ...

® Thinkers — using critical- and creative-thinking skills to
analyse problems.

P Assessment opportunities in this
chapter:

# Criterion A: Knowing and understanding
¢ Criterion C: Processing and evaluating
# Criterion D: Reflecting on the impacts of science

WHAT DOES IT MEAN ‘TO BE
ALIVE™?

Suppose, for a moment, that an alien from another planet
landed on Earth — how would it be able to tell whether
something is living or not? B Figure 1.2 Three objects — are they alive or not?

ACTIVITY: Alive or not?

Look at Figure 1.2. It will be clear which ones show Now you have reminded yourself of the characteristics of
something that is living and which show something living things, how could you use these to explain to an
that is non-living. What characteristics define whether  extra-terrestrial that stalactites and stalagmites growing in
something is ‘alive’ or not? Make a checklist that you a cave are not living, yet corals are?

could give to our friendly alien so they could use it to

establish whether something is living or not.

W Figure 1.3 Flooded limestone cave where stalactites, W Figure 1.4 Corals are formed by animals called polyps
made from calcium carbonate, have formed in the roof that secrete a protective skeleton of calcium carbonate
and stalagmites on the floor beneath around themselves

1 How is life organized?



What are the
characteristics
of living things?

In this chapter, we will compare our physical (biological) identity with that
of other organisms to understand what it means to be human. In order to
begin this process, we must understand how organisms are structured, from
the simplest to the most complex level. Although they vary in form and
function, cells are the basic building blocks of life. The idea that cells are the
unit of structure and function from which organisms are made is known as

‘the cell theory'. Cell theory states that:

m cells are the building blocks of structure in living things

B cells are the smallest unit of life

m cells are made from other cells by division.

Robert Hooke was a pioneer of cell biology. He was fascinated by
microscopy, and developed a microscope to observe the structure of cork.,
He drew and described cork cells, and measured their size. He was the first
person to use the term ‘cells’ to describe the basic building blocks of life.

In 1665 he published a book of all his drawings made using his microscopes: it
became the first scientific best-seller, and inspired a wide public interest in the
new science of microscopy. Hooke was also famous for discovering the law of
elasticity, which describes the linear variation of tension with extension in an
elastic spring: the law still bears his name.

Key scientists in the development of cell theory were Robert Hooke (born ® Figure 1.5 A sample of cork wood
1635), Antonie van Leeuwenhoek (born 1632) and Louis Pasteur (born 1822). drawn by Robert Hooke

Although | say so myself, | was a brilliant microbiologist
who changed the way that scientists view life. People used
to believe that life could spontaneously generate itself: that
maggots on dead flesh, for example, and bacteria and other

| was born in Delft in the Netherlands. Although growths on food matter could appear from nowhere.

| had no formal training in science, | developed
a hobby of making lenses, which | mounted in
metal plates to form simple microscopes. | was
able to magnify my specimens up to x240 -
quite a feat at the time!

| was able to observe blood cells, sperm and
single-celled organisms in pond water. | wrote
to Robert Hooke with my findings but he did
not believe me — until he had developed a
microscope as powerful as mine.

| established that life does not spontaneously generate, and
that the bacteria that ‘appear’ in broth are microbes freely
circulating in the air, which contaminate exposed matter.

Figure 1.6 Antonie van W Figure 1.7 Louis Pasteur
Leeuwenhoek

Biology for the IB MYP 4&5: by Concept




ACTIVITY: Are viruses alive?
AlL

m Creative-thinking skills: Apply existing knowledge
to generate new ideas

In this activity you will apply your knowledge of living
things to answer the problem: are viruses alive or not?

plants cells. One group, the bacteriophages, attack
bacteria cells. Viruses are a variety of different shapes
and sizes,

The word comes from the Latin virus, meaning ‘to

acid (either DNA or RNA) surrounded by a protective

the host cell they infect to form their own membrane.

Use the Internet to research viruses. Do viruses carry
out life processes? How do they live? Can they exist on
their own?

B Figure 1.8 Pasteur’s experiment, in which broth was

sterilized (1), and then either exposed to air (3) or protected
from air-borne spores in a swan-necked flask (2). Only the

broth in (3) became contaminated with bacteria

EXTENSION

* Research one virus, for example virology, HIV,
polio, Ebola, influenza, and produce a fact
sheet about it. Does it cause a disease? If it
does cause illness, what are the causes of the

symptoms?

Write an essay comparing computer viruses
with natural viruses.

Read about how viruses may have affected
evolution by researching virolution,

Viruses are minute particles that can infect animal and

poison’. Typically, viruses carry a small amount of nucleic

coat of protein. Some viruses use the cell membrane of

Use the information you have found to write about

whether you think viruses can be described as ‘alive’ or

not. Summarize your views in one paragraph. To do this

you can apply the following thought process:

e Describe the characteristics that determine whether
something is alive or not.

e Interpret the information that you have found about
viruses to make scientifically supported judgements
about whether you think viruses are alive or not.

Note: there is no ‘right’ answerl Now share your ideas
with your neighbour, and then feedback your thoughts
to the whole class.

o Explain the life cycle of a specific virus and how it
uses its host cell to fulfill life functions.

o Analyse and evaluate information to make
scientifically supported judgements.

Assessment opportunities

# This activity can be assessed using Criterion A:
Apply scientific knowledge to solve problems.

WHAT DETERMINES WHETHER
SOMETHING IS ALIVE OR NOT?

Living things are characterised by several properties. These

functions of life are:

B nutrition (obtain nutrients by feeding or making food)

B respiration (break down glucose to release energy)

B growth (achieve a permanent change in size)

B respond to changes in the environment (sensitivity)
which enables the survival of the organism

m excretion (get rid of waste products produced by
chemical reactions in cells)

B homeostasis (maintain a constant internal environment)

® reproduction (produce offspring)

B movement (relocate from one place to another).

Something can be identified as living or not by asking
whether it can carry out all these life processes.

DISCUSS
e Discuss with a partner how you would describe

to an alien visiting this planet for the first time
whether something was alive or not.

» Do you and your partner agree whether viruses are
alive or not? What evidence do you have to support
your argument?

1 How is life organized?




What are cells?

ACTIVITY: DIY cell

AlL

m Creative-thinking skills: Use visual diagrams to
generate new ideas; Make unexpected connections
between ideas; Apply existing knowledge to
generate new ideas

Design a structure that does the following things:

e is the basic building block for all living things

e is the site of metabolic reactions, such as respiration

e contains the genetic information of the organism

e may have to be used to help physically support the
organism.

You will have worked out from this list that your task is
to design a celll You will apply your scientific knowledge
to solve the problem of the best design for a cell. The
design you come up with may be similar to or the same
as how actual cells are structured, or be very different.
You will explain how your cell works, and link the design
with its function.

You need to draw a diagram of your design, and add
labels to show how it works. Be inventive! Things to
think about ...

Type of organism
How large is your organism? Does it have a backbone?
How will this affect the design of your cell?

Entry and exit

-‘?i 5 bk
Thisnk about how your
orgawisi will be supported.

How do substances enter
and exit the cell? How does
the cell control this?

HOW ARE CELLS STRUCTURED?

As we have discussed in the introduction to this chapter, all
living things are made of cells. Non-living biological matter,
namely viruses, are particles and require other cells for their
survival. But how are cells structured, and what functions do

they carry out?

Where is the genetic blueprint for the organism
kept?

How might this be kept in one place and protected?
How and where is this information read and used to
make the structural molecules of life (proteins)?

What chemical reactions will be needed for the cell
and where will they take place?

Would all the chemicals for (Hist
different metabolic reactions be This - depend of
mixed up together or separated? the skze of the oel.

Different types of cell may have to have different
metabolic reactions (e.g. can your cell make its own
food/sugar?)

Is the cell on its own or part of a bigger organism?
If it is on its own, how does it move?

If it is part of a bigger organism, how does it get food,
water and oxygen?

Be as creative as you can. The cell you design may or

may not look like cells you are familiar with, but must
follow the rules outlined above. Do not forget to explain
the relationship between the design of the cell and its
function.

Assessment opportunities

+ In this activity you have practised skills that
are assessed using Criterion A: Knowing and
understanding.

Biology for the IB MYP 4&5: by Concept




ACTIVITY: Looking at cells
ATL

m Organization skills: Use technology effectively and
productively

m Critical-thinking skills: Draw reasonable conclusions
and generalizations

In this activity you will examine animal and plant cells
under the microscope. You will draw and annotate
diagrams of the cells you see.

Materials you will need for this activity:
Microscope

Slides and cover-slips

Methylene blue solution (0.5% to 1%)
Plastic pipette or dropper

Sterile, individually packed cotton swabs
Detergent

Pondweed (Elodea)

6 Look carefully at the chloroplasts (the green

Safety: Make sure you dispose of the cotton swab in

a beaker of detergent to avoid germs being spread.
Avoid contact with methylene blue as it is a stain.

Cheek cells

1 Take a clean cotton swab and gently scrape the inside
of your mouth.

2 Smear the cotton swab on the centre of the
microscope slide. Put the cotton wool bud into
detergent as soon as you have finished with it.

3 Add a drop of methylene blue solution and place
a cover-slip on top. Do not add too much solution!
The methylene blue stains the nucleus blue,

4 Remove any excess solution by allowing a paper
towel to touch one side of the cover-slip.

5 Place the slide on the microscope, with 4x (low) or
10x (medium power) objective lens in position, and
find a cell. Then view at higher magnification.

6 Draw the cell. What structures can you see?

Pondweed (Elodea)

1 Pick an entire healthy looking Elodea leaf, using your
fingers or cutting the leaf off with small scissors.

2 Place the leaf on the microscope slide.

Add a drop of water and a cover-slip.

4 If you do not have access to Elodea, look at the plant
on the following website: www.exploratorium.edu/
imaging-station/students/elodea.html#elodea or use

the following search terms: Elodea, cells, microscope.

e

Draw and label Elodea cells.

structures in plants that carry out photosynthesis).
Can you see them moving? How do you think they
move, and why?

NR———
. s 4
St e - Y
| !
3

-

‘t-!: Cytoplasm =
“".« ; i
,l[:_%? ; i' ot ’ o

Cheek cell (x400)

T

B Figure 1.9 Cheek cells seen under a microscope at
x400 magnification. Parts of the cell that are visible
are labelled

B Figure 1.10 Elodea cells at x400 magnification, seen

under a light microscope

In this activity we have observed and
interpreted microscopic information by using
staining techniques and the correct use of the
objective (magnification) lenses.

Assessment opportunities

# In this activity you have practised skills that are
assessed using Criterion C: Present data in visual
forms; Interpret data and explain results using
scientific reasoning.

1
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What roles do cells

carry out?

ORGANELLES AND CELL
FUNCTION

The structures found within cells are called organelles.
Which organelles could you see in the animal and plant cells?
Did they have the same organelles, or were there differences?

Table 1.1 shows the range of organelles found in cells, and
the function of each.

Different cells have different functions. In your body you
have more than 250 different types of cells, each with a

B Table 1.1 The function of animal and plant organelles

EXTENSION

There are organelles other than the ones we will
discuss in this section. Explore these using this
website: http://learn.genetics.utah.edu/content/cells/

insideacell/ or search: inside cell.

How did cells evolve? Where did they come from?
Explore cell evolution using this website: http://
learn.genetics.utah.edu/content/cells/organelles/ or

search: cell evolution.

specific role. Depending on their job, cells have organelles
that enable them to carry out their role — for example muscle
cells have many mitochondria to provide the energy for
them to contract. Can you think of any other cell that has

a specialized function, and which organelles it needs in
abundance if it is to carry out its role effectively?

Found in plants,
Part of cell Function/job/notes animals or both?

Nucleus

Contains genetic material (DNA organized into chromosomes for inheritance)

Plants and animals

Cytoplasm Jelly-like material

Site of many chemical reactions controlled by enzymes

Contains organelles such as mitochondria and chloroplasts

Plants and animals

Cell membrane Partially permeable membrane

Forms cell boundary

Controls passage of substances in and out of cell

Plants and animals

Cell wall Semi-rigid
Made of cellulose

Supports cell

Prevents turgid (swollen) cells from bursting

Plants

Chloroplast Organelle found in cytoplasm

photosynthesis)

Contains chlorophyll (green pigment which traps light energy to drive

Plants

Vacuole
the cells turgid

Large fluid-filled sac that swells, pushing the cytoplasm against the cell wall, making

Cell shrinks when vacuole gets smaller (plasmolysed/flaccid)

Plants

Mitochondrion Small organelle found in cytoplasm

(plural = mitochondria)

Site of respiration

Plants and animals

Biology for the IB MYP 4&5: by Concept




What are tissues, organs and organ systems?

HOW DOES CELL STRUCTURE
RELATE TO FUNCTION? o

Organisms made from many cells, known as multicellular
organisms, begin life as a single cell, which grows and

divides, forming very many cells, and these eventually form e

the adult organism (Figure 1.11). So, cells arise by division of ‘ a
N Stem cells ‘CA

existing cells. derivad fron thi r

Our personal identity is founded on the relationship
between the different cells, tissues and organs in our A=
body, which work together to make us function as a

whole organism.
Bones

The first step in developing a new organism is the continual

division of cells to produce a blastocyst and then an . |
embryo (see Figure 1.12). All these cells are capable of

further divisions, and they are known as embryonic stem

cells. A stem cell can repeatedly divide into more stem cells, Muscles Blood cells Liver
which are unspecialized (i.e. have yet to become specific

types of cell), and later can differentiate into mature cell W Figure 1.12 A range of different specialized cells
types, such as muscle, blood and nerve cells. At the next develop from undifferentiated stem cells. These cells

stage of embryo development most cells develop into the form the tissues and organs of the body

tissues and organs that make up the organism. However,

a very few cells within these tissues do retain many of the
properties of embryonic stem cells, and these are called
adult stem cells (Figure 1.12). Ethical issues regarding the use
of stem cells in research are explored on pages 291-293 and

page 297.

Young cell e Cell division csssdp  Cell growth s Cell specialization o) magglftzeg’ivﬂgiizg -
; i J |
: 2 & |
¥ Some cells continue to grow and divide ' E.g. red blood cell: loses nudleus, and cytoplasm |
repeatedly, rather than specialize fills with oxygen-carrying pigment (hemoglobin) |
¥ 3 and enzyme (carbonic anhydrase) :

stant cols Extension note -

’ In healthy arganisms, cells eventually die by programmed cell death (PCD), a process

E.g. stem cells of bone marrow, which divide to form controlled by specific genes. In PCD, all parts of a cell are packaged in membrane and
the cells that develop into red blood cells, white blood  engulfed by surrounding cells. PCD normally takes out all superfluous, infected and
cells and platelets and more cells forming stem cells damaged cells. It is a key part of tissue and organ development.

B Figure 1.11 The life history of a cell

1 How is life organized? n




There are many different types of specialized cell. Look at
the cells in Figure 1.13 — how are they adapted to the job
they do?

B Figure 1.13 Specialized cells in the human body

Biology for the IB MYP 4&5: by Concept




What are the patterns and functions of cells,

tissues and organs?

Tissues are groups of cells of similar type that work together
to perform a particular function in the body, such as muscle
and bone tissue. Organs are groups of tissues that work
together to carry out a specific function, such as the skin,
heart or lungs. Organ systems are groups of organs that
work collectively to perform a function for the body, such as
the digestive, reproductive or circulatory systems.

Irmmune

Human body

Reproductive _
organ systems

\ Respiratory

Digestive \\ |

B Figure 1.14 The human body organ systems

THINK-PAIR-SHARE

What organ systems are shown in Figure 1.15?

B Figure 1.15 Four different organ systems

What specialized cells would each organ system
contain?

Could you build an organ by selecting the correct
tissues? Use the following website to find out:
www.centreofthecell.org/learn-play/games/build-an-
organ/

Discuss in pairs, and then share your ideas with

another group, or the class:
What are specialized cells and how are they made?
What are the differences between cells, tissues,
organs and organ systems?
To what extent does the hierarchy of
organization in our bodies determine our
identity?
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ACTIVITY: The hierarchy of life

In this activity you will summarize information presented in one form in
a new way. You will need to interpret the information provided to make
judgements about how to arrange the information in the table.

ATL

m Critical-thinking skills: Gather and organize relevant information

_ Ato
O O N=I:i:mgen

O C H O = oxygen

C = carbon
\ H = hydrogen
ﬁ. Simple inorganic molecules

H.O = water
H,0 s |C01 Cbz = carbon dioxide

‘‘‘‘‘ arme,

Complex organic molecules
e . i - Part of a protein molecule is
. ‘. ¥ : o shown. A protein is made up
‘g e of many amino acids, one of
which is shown.

Organelle \
A mitochondrion

Cell -
Cells from the human |

heart are shown . !

Tissue l: 1" -
Tissue from the human =
heart is shown R—

Organ
The human heart
as an example

Organ system
The human circulatory
system is shown

Organism
The human being
as an example

B Figure 1.16 The levels of organization
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Using the chart below:

1

In the first column match each illustration with its correct level of
organization using items from the list below (the first entry has been done
for you as an example):

Atom Cell Molecule Organ Organelle Organ system Tissue Organism

In the second column match each label and illustration with the correct
description using items from the following list (the first entry has been
done for you as an example):

Use the information in Figure 1.16 to complete the following table:

Atom H Fundamental unit Carbon

of matter

A Group of tissues that carries out a

particular function

B Membrane-bound cell structure
that carries out particular functions

Glucose

C Group of organs working together

D Individual living thing

E The building blocks from which
living things are made

Mitochondrion

F Group of similar cells with similar
functions

Fat cell

G Formed from atoms chemically
bound together. Cell structures are
made from millions of them

H Fundamental unit of matter

Muscle

Heart

Digestive
system

Human

Assessment opportunities

¢ Inhis activity you have practised skills that are assessed using Criterion A:
Apply scientific knowledge and understanding to solve problems.

1
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What does it mean

for organisms to be
related’?

HOW ARE ORGANISMS
GROUPED AND CLASSIFIED?

We have seen how different organelles help cells perform
their various functions. Differences exist between different
types of cells and different types of organism. These
differences can be used to place organisms into different
groups. The division of life into different groups is called
classification. This system of dassification allows us, as
humans, to see ourselves not separate from the rest of life
on Earth, but very much as part of a complex tree of life
(see Chapters 6 and 7). Our personal identities are therefore
linked not only to other humans, but also to the rest of
biological life that inhabits this planet.

Cell structure can be used to divide life into five main
groups, or kingdoms. Each kingdom can be subdivided
into smaller and smaller groups, with the smallest division
being the species itself.

B Figure 1.17 Euglena in pond water

ACTIVITY: Classifying Euglena

AlL

® Organization skills: Use technology effectively

and productively

m Critical-thinking skills: Analyse complex

concepts and synthesize them to create new
understanding

Put a drop of pond water onto a slide. Look at
micro-organisms (microscopic living unicellular
organisms) under a microscope.

Find Euglena. If it is moving too fast, use a slide
with a dimple in it (a dip in the middle) — this will
restrict its movement to one part of the slide.

If you don’t have access to pond water containing
Euglena, access the following website: www.
microscopyu.com/moviegallery/pondscum/euglena/
or use the search terms: pond life, microscope.
What organelles (structures in the cell) can you see?
Do the features belong to the animal kingdom?

To the plant kingdom? How would you classify this
organism? Use scientific reasoning to explain what
you have observed.

Draw and label a diagram of Euglena, using your
interpretation of the organism you have seen
under the microscope, using scientific reasoning
regarding the structures you have observed.

Assessment opportunities

¢ In this activity you have practised skills that are

assessed using Criterion C: Present data in visual
forms; Interpret data and explain results using
scientific reasoning.
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B Table 1.2 Plant cells vs animal cells

Plant cells

Multicellular organisms

Animal cells

Multicellular organisms

They contain chiompiasts and are able to carry
photosynthesis

OUf

They do not contain chloroplasts and are not able to carry out
photosynthesis

They have cellulose cell walls

They have no cell walls

They usually have nervous coordination and are able to move
from one place to another

They store carbohydrates as starch or sucrose

They often store carbohydrate as glycogen

Examples include flowering plants

Examples incdlude mammals and insects

Animal cell

Four things they
have in common:

- Nucleus —

Cytoplasm — —— |
site of metabolic
reactions in cell

Cell membrane = —
controls movement of
substances in and out
of cell

Mitochondria -

controls cell’s activities ~

Plant cell

site of aerobic
respiration

(@ ‘\.".\ - @

%

|

W Figure 1.18 Comparing animal and plant cells

S

. Vacuole — )
@ || large fluid-filled sac that . .
v swells, pushing the Contractile E@ :
@ || cytoplasm against the cell vacuole
@/|| walland making the cell «
! turgid; contains cell sap
0 (a weak solution of sugar Nucleus —1J (@ o
and salts) __/_’_J
o Chloroplasts — Cell \ Q\
contain chlorophyll for membrane
photosynthesis

Three extras that only
plant cells have:

— Cell wall -
made of cellulose and
gives support to cell

Pseudoped

W Figure 1.19 An amoeba (animal-
like protoctist). The contractile

Euglena is not classified as an animal or a plant, as both these kingdoms contain vacuole is different from the

multicellular organisms. Euglena is unicellular and contains features of both
animals and plants. Euglena belongs to the kingdom Protoctista, which contains
all unicellular, microscopic organisms. Some protoctists have the characteristics of

permanent vacuole found in plants,
and helps the amoeba control
water content. Food vacuoles are
temporary structures that digest

animal cells whereas others are like plant cells in that they contain a cell wall and food. Pseudopods are foot-

chloroplasts. like extensions that form as the
amoeba moves

Protoctista

B Are microscopic

Most are unicellular (seaweeds are multicellular)
Some have features like animals (e.g. Amoeba)
Some have features like plants (e.g. Chlorella)
Some have features of both animals and plants (e.g. Euglena)
Some cause disease (e.g. Plasmodium parasite that causes malaria).

1 How is life organized?




B Figure 1.20 Fungi (Mucor) growing on bread. The
spherical objects are reproductive organs (sporangia)
which send spores into the air so that the fungi can
colonize new areas in search of food. An interpretive
diagram of Mucor is shown in Figure 1.21

- Sporangium

Sporangiophore

Hyphae
Stolon

Rhizoids

There are two other kingdoms: fungi and prokaryotes
(bacteria).

Fungi

® Have no chloroplasts (cannot photosynthesize)

B Some are single-celled (e.g. yeast), some multicellular
(e.g. Mucor)

B Have a cell wall made of chitin

®m Store sugar as glycogen.

Multicellular fungi such as Mucor have root-like structures
called hyphae, grouped into mycelium, which they use
for feeding. Hyphae secrete enzymes that externally digest
food into soluble products which are then absorbed by the
fungus (this known as saprotrophic nutrition). Hyphae are

Fungal hyphae

Cell wall
{made of chitin)

Cell

membrane
Cytoplasm—++
Vacuole
B Figure 1.22
Nucleus Diagram of a

yeast cell. Yeast
is a single-celled
fungus

Tpm

Diagram of the cell structure at the tip of one hypha
Mitochondrion

Cell wall Nucleus

Cell membrane

Ribosome

Vacuole

B Figure 1.21 Interpretive diagram of Mucor, showing cell structure

nothing like roots as they have a completely different
structure, including a cell wall made of chitin rather than
cellulose. Fungi cells are fused together to form long
multinucleated (i.e. containing many nuclei) cells: septa show
where the end cell walls of the original cells were found.

Prokaryotes (bacteria)

m Have no true nucleus (DNA is not contained within a

membrane-bound nucleus)

Are much smaller than the cells of other kingdoms

Are unicellular, although can clump together in colonies

® Do not have internal organelles (other than ribosomes,
which manufacture proteins)

® Have a cell wall made of murein.
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*structures that occur

| 1mm [ in all bacteria
scale bar
Flagella - bring about
/ movement of the
bacterium
Plll — enable

Cell membrane *-

a barrier across which
all nutrients and waste
products must pass

attachment to surfaces
and to other bacteria

: Ribosomes *— site of
Cytoplasm®*- . = protein synthesis
site of the chemica! o 2
reactions of life | Nucleold*- a circle of
S -1 DNA, not surrounded

by a membrane
(i.e. not a true nucleus)

Mesosome* — a folding
e of the cell membrane

@ * 5 that increases the rate
1

e O

of chemical reactions
in the bacterium

o I Cell wall* — made of

" murein; protects
bacterium from breaking
when water moves into

\ the cell and possible
harm from other

Food granule  Plasmid  organisms

B Figure 1.23 The structure of a bacterial cell (Escherichia
coli), together with an interpretative drawing. E. coli
are found in our digestive systems and help us to break
down the food we eat

All kingdoms, except animals, have a cell wall (although
animal-like protoctista do not have one). The sugar that cell
walls are made from varies from one kingdom to another, and
can be used to dlassify different organisms (plants and plant-
like protoctists — cellulose; fungi — chitin; bacteria — murein).

EXTENSION: Classification

You have now examined the five major kingdoms
into which all life is divided. But what about the
smaller groups that were mentioned at the start
of this section? Within each of the five kingdoms
there are smaller sub-divisions — phylum, class,
order, family, genus and species. There are also
three domains which are one level up from the
kingdoms — these groups are the highest level of
classification.

Find out about the other classification groups at
these websites or use the following search terms:
levels of classification, kingdom, species.

www.boundless.com/biology/textbooks/boundless-
biology-textbook/phylogenies-and-the-history-of-
life-20/organizing-life-on-earth-133/the-levels-of-
classification-541-11750/

www.exploringnature.org/db/detail.
php?dbiD=87&detiD=1192

Choose one animal and plant and find out its
full classification (what is its phylum, class, order,
family, genus and species?). Produce a poster to

summarize your findings.

ACTIVITY: Five kingdoms

Create a table summarizing the differences between
the different kingdoms. Put the five kingdoms along
the top of the table and different characteristics down
the side. You can then put ticks, crosses or comments
against each characteristic for each kingdom.

'REVIEW

e What is classification?

e What are the five kingdoms?
What features can be used to decide which
kingdom an organism should be placed in?

Can you draw the cell structure for each of the five
kingdoms? Start with animal and plant cells, and
then draw cells for the other three kingdoms.
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What characteristics
make some organisms ey T———

I I l re C I OS e Iy rel atEd features of organisms are used to divide species into
different groups. Ultimately, classification needs to reflect
than others?

real relationships between organisms, based on how closely
related they are.

ACTIVITY: Dolphins and dogfish

ATL Analyse and evaluate the information you have
found out about each animal to explain the
m Critical-thinking skills: Draw reasonable conclusions implications of using only physical characteristics to
and generalizations classify organisms.
Why should features that indicate common

Look at the pictures of a dolphin and a dogfish evolutionary origin be used (such as characteristics
(Figures 1.24 and 1.25). Are these animals closely related? that group all mammals together compared with
What features may make you think that they are closely charactenstics that group:qll fish) rather than

related? But then think about what you know about the superficial physical characteristics (e.g. the similarity
F . : in appearance between dogfish and dolphins)? Justify
groups of animals they are in — are they in fact closely

: your answer using scientifically supported judgements.
:elat:d? WP;lch of the two would be more closely related Explain the way in which science is applied and used
o a human?

to address the problem of classifying organisms.
Why is it important to use the correct method of
classification?

Explain why it is important to use the same method
Dolphins of classification throughout the scientific community.

Use these sites to help you find out the features of both
animals:

http://oceanservice.noaa.gov/facts/dolphins.html

Assessment opportunities

www.imms.org/dolphinfaq.php

Dogfish + In this activity you have practised skills that are
Sy e _ _ assessed using Criterion A: Explain scientific
http:ifbritishseafishing.co.uk/dogfish/ knowledge; Analyse and evaluate information to

http:/feol.org/pages/1857/overview make scientifically supported judgements.
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W Figure 1.24 A dolphin

Dolphins are mammals and dogfish are fish. Although
they look superficially very similar, they are in fact not at
all closely related. The dolphin is most closely related to

a human - both are mammals, which feed milk to their
offspring. Fish are very different anatomically and in terms
of origin — they have gills rather than lungs, and have a
heart with two chambers rather than four, for example.
The similarities between dolphins and dogfish are due to
the environment in which they live. Both are aquatic
(.e. both live in water) and their similar shapes make them
move through water easily (i.e. they are hydrodynamic).

This shows the importance of looking beneath the skin
when classifying organisms. Classification should reflect
evolutionary origins (see Chapter 7 for more on evolution)
rather than superficial similarities. Analogous features are
features that have similar functions in different organisms.
The similarity of function makes them look similar, such as
the fins in dogfish and sharks, or bird and insect wings —
they are not similar either in terms of anatomy or origin.

Homologous features are ones that have a common
evolutionary origin and reflect real similarities between
organisms, and should therefore be used when classifying
them. Homologous features may serve different functions in
modern animals, such as the arm of a human and the wing
of a bat (see Figure 1.26), but the underlying structure is
very similar (see also Figure 7.5, page 175).

B Figure 1.25 A dogfish

W Figure 1.26 The human arm and bat wing look very
different but have the same basic bone structure

EXTENSION
Access the following website to explore more

about the relationships between organisms:
www.pbs.org/wgbh/evolution/change/family/

DISCUSS

Why do some organisms look superficially the
same?

What are analogous structures? Should they be
used to classify organisms?

What are homologous structures? Should they be
used to classify organisms?
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Should scientists use new
research to reorganize

OENNUNOREENY  [THINK PAIR_SHARE
C| aSSification g rou pS? The close relationship between the different species of

W Figure 1.27 Carl Linnaeus

CAROLT LINN.Ej
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B Figure 1.28 Carl Linnaeus’ most
famous work. Systema Naturae
showed for the first time how life
could be classified

'Homo' poses questions about our identity as humans
— are we separate from the other species of ape, or
actually just one branch of a closely related group of
similar organisms? Can humans be seen as a special
form of life? See Figure 1.29 below.

My name is Carl Linnaeus. | was a Swedish botanist, physician and zoologist, and a
great classifier of living things. In the 1730s | developed the method of classifying
organisms that is still used today, called binomial nomenclature.

In 1735 | published Systema Naturae (The Natural World), in which | divided flowering
plants into classes determined by the structure of their sexual organs. In 1749 |
introduced the binomial nomenclature for which 1 am now famous - each plant was
given a Latin noun (the genus) followed by an adjective (the species).

| am known as the father of modern taxonomy, and am also considered one of the
fathers of modern ecology.

Carl Linnaeus was a remarkable scientist. He worked out a way of classifying
organisms that we still use today. Every species has a name made from two parts
—the genus and the species. Humans, for example, have the species name ‘Homo
sapiens’ ('Homo' is the genus and 'sapiens’ is the species). There can be several
different species in a genus — we share the 'Homo’ genus with several other (now
extinct) species such as the Neanderthals (Homo neanderthalis).

A HCCH
HEAMDEATIALY ANTECEGIOR

B Figure 1.29 Skulls of species in the genus ‘Homo’
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DISCUSS

Discuss in a small group the work of Linnaeus.

Why was his work so revolutionary? Why is his work so
important to science? How do you think the science of
taxonomy will develop in the future?

® Figure 1.30 The classification

of humans from species to
kingdom

ACTIVITY: A modern
classification?

ATL

m Critical-thinking skills: Draw reasonable conclusions
and generalizations

Traditional methods of classification involve looking at
physical characteristics of different organisms. Can you
think of any problems involved with this?

Modern science has techniques that were not available
until relatively recently, and were certainly not around at
the time of Linnaeus.

Find out about these modern techniques here:
www.nhm.ac.uk/discover/naming-nature-putting-
life-in-order.html or use the following search terms:
history, taxonomy.

We will investigate the basis for these methods further
in Chapters 6 and 7.

Should scientists use new research in order to reorganize
organisms into different classification groups? Should
things be left as they are (so continue using methods
that have served science for the past 350 years)?

What do you think?

W Figure 1.31
The hierarchy of life

Thousands of years ago, people classified plants, animals
and fungi according to their taste. Greek philosopher
Aristotle (384-322gce) organized 500 types of animals
according to habitat and body form.

Read more here: www.biologyreference.com/Ta-Va/
Taxonomy-History-of.html

Create your own classification system

If you were to create your own method for classifying
living things, what system would you use?

Assessment opportunities

¢ This activity can be assessed using Criterion D:
Explain the ways in which science is applied and
used to address a specific problem,
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Will it be possible to
create artificial life?

Take action

Find out about the Harvard University group who are creating artificial cells. Use the following search terms:

Here are some websites to start off your reading:

https://iamisatthedoors.wordpress.com/2012/06/05/scientist-accused-of-playing-god-after-creating-artificial-life-
by-making-designer-microbe-from-scratch-but-could-it-wipe-out-humanity/

http:/inews.harvard.edu/gazette/story/2009/03/taking-a-stride-toward-synthetic-life/

www.newscientist.com/article/dn18942-immaculate-creation-birth-of-the-first-synthetic-cell. htmli#VNdqYOasVvA

www.bbc.co.uk/news/science-environment-18953034

Assessment

W Figure 1.32 Artificial life — Mycoplasma mycoides JCVI-syn 1.0 Opportunltles

! What ethical issues does their work raise? # This activity can be assessed
using Criterion D: Reflecting

! Do you think that it will be possible to create new species artificially? on the impacts of science.

Would this be desirable?
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SOM E SUMMATIVE PROBLEMS THIS PROBLEM CAN BE USED TO EVALUATE YOUR

TO TRY LEARNING IN CRITERION A TO LEVEL 3-4

4 Outline two similarities and two differences between
the following two types of cell.

Use these problems to apply and extend your learning in
this chapter. These problems are designed so that you can
evaluate your learning at different levels of achievernent in
Criterion A: Knowledge and understanding.

’

THESE PROBLEMS CAN BE USED TO EVALUATE YOUR
LEARNING IN CRITERION A TO LEVEL 1-2

1 State the seven characteristics of life.
2 Suggest why the alien thinks that the car is a living
organism,

Look! Anobher \
living thing!

® Figure 1.33 An alien’s view of a car

3 Suggest the appropriate kingdom for the following
organism. State why you have put it in this group.

M Figure 1.36 An Escherichia coli bacterium dividing in
two. E. coli is found within the human intestine and
helps to digest food

THESE PROBLEMS CAN BE USED TO EVALUATE YOUR
LEARNING IN CRITERION A TO LEVEL 5-6
5 Describe the function of the following organelles:

a Mitochondria

b Nucleus

¢ Chloroplast

d Permanent vacuole

B Figure 1.34 Fuglena
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THIS PROBLEM CAN BE USED TO EVALUATE YOUR
LEARNING IN CRITERION A TO LEVEL 7-8

7 Lichens consist of a fungus and algae living together.

-

'

-,

6 You have collected a number of specimens during a field
trip and have been asked to put them into groups of
related organisms. Suggest which organisms you would
group together.

W Figure 1.38 A lichen growing on a branch

a The fungus grows hyphae that help it feed by
saprotrophic nutrition. Explain what is meant by the
term ‘saprotrophic nutrition’.

b i Suggest one reason why we know that the

photo shows a lichen and not just a fungus.

il Use information from the photo to suggest a
process that a lichen can carry out but a fungus
cannot.

il Suggest an advantage to the fungus of being able
to carry out the process you have named in part ii).

8 Aristotle was a Greek philosopher (384—-3228cE).

The diagram below shows how Aristotle grouped

mammals, lizards, birds, fish, insects, shellfish and

jellyfish.
Animals
Red blood No red blood
Mammals
Lizards
Birds
Fish Hard bodies Soft bodies
Insects
Shell No shell
Shellfish Jellyfish

W Figure 1.39 Aristotle’s classification of animal groups

Specimen E

a Auristotle also divided animals into three groups

Hise b according to how they moved. Evaluate this method
Specimen C of classification.

B Figure 1.37 A collection of specimens for classification b Explain Linnaeus' binomial classification system.

Biology for the IB MYP 4&5: by Concept




Reflection

In this chapter we have seen how life exists at a range of scales and discovered
how the identity of an organism is determined by the parts it is made up from
and the relationship between them. We have found out about how organisms
differ in form and complexity, and explained ways in which they are grouped and
classified. We have explored the patterns in structures, functions and biological
processes that are necessary to sustain life, and discussed whether it is possible to
create artificial life. We have learnt about our role as a thinker, and how we can
use critical- and creative-thinking skills to analyse complex problems.

Use this table to reflect on your own learning in this chapter
Questions we asked

Answers we found Any further questions now?

Factual: What are the characteristics of living things? What are cells
and how are they structured? What roles do cells carry out? What
are the characteristics and functions of different cells, tissues and
organs? How are organisms grouped and dassified?

Conceptual: What determines whether something is alive or not?
Are viruses alive? How does cell structure relate to function? What
does it mean for organisms to be 'related’? What characteristics
make some organisms more closely related than others?

Debatable: Should scientists use new research to reclassify
organisms? Are humans a special form of life? Will it be possible to
create artificial life?

Approaches to learning you used in this chapter

Description — what new skills
did you learn?

How well did you master the

skills?

]

=
L § g \
u ™~
= . g @
2 9 & 2

Critical-thinking skills

Creative-thinking skills

Organizat?an skills

Learner profile attribute(s)

How did you demonstrate your skills as a thinker in this

chapter?

Thinker
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Systems

CONSIDER AND ANSWER THESE
QUESTIONS:

Factual: What are some chemical reactions which
occur inside cells? What occurs in the process of
cellular respiration? What occurs in the process
of photosynthesis? What factors are needed for m Figure 2.1 Plants trap sunlight energy which enables
photosynthesis? How can the rate of photosynthesis organisms to carry out life processes

be measured? What are enzymes and how do they

work? How do chemical and physical reactions in cells

determine the survival of organisms?

Conceptual: Why are enzymes needed? Why do some
organisms need to feed themselves whereas others do Find out: | |
not? Can the chemical reactions of life occur outside # how chemical reactions are controlled in cells;

cells? Can biochemical reactions be replicated in the lab? what increases and decreases these reactions.

| ] _ _ _ Explore how innovations in science could lead to

order to meet our food and fuel needs? and food needs.

Now share and compare your thoughts and ideas with Take action by campaigning to reduce food waste in
your partner, or with the whole class. our home and community.
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These Approaches to Learning (ATL)
skills will be useful .

Critical-thinking skills
Organization skills
Information literacy skills
Communication skills

Self-management skills

We will reflect on this learner profile
attribute ...

Inquirers - nurturing curiosity, developing skills for
inquiry and research,

Assessment opportunities in this
chapter:

B Figure 2.2 Operations could use extreme cooling during
life-saving surgery

When a casualty arrives at the emergency department of a
hospital with a traumatic injury, such as a gun-shot wound,
doctors have little time to save the patient’s life. Fewer than
1 in 10 patients with severe injuries that lead to extensive
blood loss survive, Blood loss leads to cardiac arrest (the
heart stops functioning) and death. Doctors are working on
ways to give them more time to operate — techniques that
only a few years ago would have seemed more appropriate
in the realm of science fiction.

Watch this video: http://edition.cnn.com/2014/06/23/tech/
innovation/suspended-animation-trials/

Now, read this article:
www.bbc.co.uk/news/health-11389464

+ Criterion A: Knowing and understanding
+ Criterion B: Inquiring and designing

# Criterion C: Processing and evaluating

¢ Criterion D: Reflecting on the impacts of science

catalyst metabolic
kinetic transfer
limiting yield

THINK-PAIR-SHARE

In pairs or groups, discuss what you have just watched
and read. Consider these questions:

Why does extreme cooling allow surgeons to operate
by stopping the patient’s heart? What does this
technique tell you about the processes that are going

on in cells? How can a person still be alive if there is no
pulse, blood pressure or signs of brain activity? What
does cooling do to cells that enables life to continue?
How are patients ‘brought back to life’?

2 What chemical processes support life?




What are some
chemical reactions

which occur inside
cells?

In Chapter 1, we saw how cells contain organelles that sustain life. Each
organelle has a different function, carrying out a specific biological process.

At the most basic level, chemical reactions within the organelles are what sustain
life. The organelles separate the various chemical reactions that are needed

to support the cell’s function — each organelle with a different set of chemical
reactions (see Figure 2.3).

Separating the reactions of life in this way means that they can be controlled and
don't interfere with each other (in the same way that different operations in a
factory are divided into different areas; for example in a car factory one area will
be used to assemble the engine, another to put together the chassis, and so on).

These chemical reactions can be slowed down and speeded up, in the same
way that all chemical reactions can. In a chemical reaction, the reactants

(i.e. the chemicals that will be reacting together) need to meet up — increasing
temperature means that their kinetic energy (i.e. energy of movement) increases
and they are more likely to collide and react (Figure 2.4).

Cooling down the cell will have the opposite effect. By cooling the body to such
an extent that the chemical reactions in cells are slowed so that life is ‘suspended’,
surgeons can operate without cells needing a constant supply of food and
oxygen, which means the heart can be stopped.

The chemical reactions in cells are known as metabolism, and metabolic
reactions need a supply of reactants to sustain them — if metabolic reactions are
slowed then the supply of reactants can also be reduced.

But what metabolic reactions are going on in cells? The cytoplasm, as we have
seen in Chapter 1, is the site of many metabolic reactions. We also know that the
mitochondria are the site of aerobic respiration — releasing energy from food

in the presence of oxygen. Respiration actually starts in the cytoplasm, where

it can begin without a need for oxygen (this is called anaerobic respiration).
Respiration is the essential metabolic reaction in cells — it supplies the cell, and
ultimately the organism, with energy that supports all life processes. We will
explore this reaction further in the next section.

information

Manutacture

Processing

B Figure 2.3 Compartments in cells
— each fulfils a different role and
contains different chemical reactions

Large kinetic energy — higher temperature

M Figure 2.4 Molecules in cells are
more likely to collide and react at
warmer temperatures, as they have
more kinetic energy
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Chemical reactions in cells are of two types — one builds

up bigger molecules from smaller ones (these are called
anabolic reactions). The other type breaks big molecules
into smaller ones (these are called catabolic reactions).
Respiration is a catabolic reaction. In Chapter 3 we will

see how food is digested in the body, and how ‘breaking’
(catabolic) and "building" (anabolic) reactions are used to move
nutrients into cells and then use them to build new structures.

Plants also have many metabolic reactions in their cells.
Photosynthesis takes place inside chloroplasts - light energy
is stored as chemical energy in the form of glucose. This
chemical reaction is essential to support life — not just that
of the plant, but also of the organisms that feed on the
plants and obtain their energy that way. We will explore this
reaction on pages 33-34.

Anabolic reaction

EXTENSION: Mitochondrial
disease

Figure 2.9 (page 31) shows that mitochondria
have their own DNA. Scientists believe that they
were once free-living bacteria that were taken
inside an early animal-like cell (mitochondria
are the same size as bacteria and have many
similar features). As with DNA in the nucleus,
mutations in the DNA (see Chapter 6) can lead
to mitochondria not working properly. Find out
more about mitochondrial disease here:
www.thelilyfoundation.org.uk/animation/

We have discussed how temperature can increase chemical
reactions. Chemical reactions can also be increased by using
catalysts (which you may have encountered in chemistry).
Catalysts speed up reactions but are not broken down in the
process — they can be reused. Cells have naturally occurring
catalysts called enzymes (i.e. biological catalysts). We will
look at these on pages 40-45.

Catabolic reaction

Smaller molecules

Larger molecule

Larger molecule

B Figure 2.5 Metabolic reactions in living things

Smaller molecules
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ACTIVITY: Burning glucose
ATL

What occurs
In the process

Of ce” ular For this experiment you will need a clean and dry jam jar with a lid, a Bunsen

burner, cobalt chloride paper, limewater, glucose powder (or another source
respiration?

m Critical-thinking skills: Draw reasonable conclusions

of food), a combustion spoon (a wire spoon).

Safety: Ensure you wear safety goggles when using the Bunsen burner,
and take care of naked flames.

1 Place a small amount of glucose powder in the combustion spoon, and
hold it in a Bunsen flame until the glucose ignites.

2 Hold the jam jar upside down about 2 cm above the burning glucose so
that the gases from the flames enter the jar (see Figure 2.6).

3 When the sides of the jar appear misty, place the wire spoon and burning
glucose into a beaker of water to extinguish the flame and cool the spoon.
Immediately put the lid on the jar.

4 Using tweezers, put a dehydrated piece of blue cobalt chloride paper into
the jar and replace the lid.

5 Turn the jar so that the cobalt chloride paper comes in contact with the
sides and leave it for one minute. Note any colour change in the cobalt
chloride paper.

6 Pour a small amount of limewater into the jar. Shake the limewater in the
jar. Note any change in the appearance of the limewater.

The gases from the burning
food collect in the jar

MW Figure 2.6 Collecting the products of combustion

7 Take a glass cylinder that has been filled with oxygen (your lab technician
will do this using an oxygen tank).

8 Take a fresh combustion spoon and ignite the glucose as before. Put the
combustion spoon inside the glass cylinder (see Figure 2.7).

9 Note any differences between this experiment and the previous one.

Safety: If you have long hair, tie it back before starting this experiment.
Ensure that the glass cylinder is on a flame-proof mat away from any
sources of combustion (paper, for example).
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The word and chemical equation for aerobic respiration is:

Glucose + Oxygen Carbon dioxide + Water (+Energy (ATP))

Can be used for cell activity,
e.g. muscle contraction

From our food

C.H,,0, + 6 0,— 6 CO, + 6 H,0 (+ Energy)

I

W Figure 2.8 The equation for aerobic respiration

Mitochondria are where the majority of energy is released.
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B Figure 2.7 Burning glucose in oxygen

e What have you observed? How do you interpret your
results? What gases are produced by the burning
glucose?

e What evidence do you have to prove that these gases
are produced? Explain your reasoning.

o What evidence is there that energy is released from
the food during the experiment?

‘ oW Rihosomes \
e Glucose contains carbon, hydrogen and oxygen. " L \nner membrane T

Explain the production of the two gases from
burning food in simple chemical terms.

e Living organisms obtain their energy from food.
Compare the burning of glucose in these experiments
to the use of food for providing energy in the body.

Outer mernbrane

< itig® *

B Figure 2.9 A mitochondrion {(photo taken using an
electron microscope) and an interpretive diagram.
The folds inside the mitochondria increase surface area

e What diffe"?"‘?ﬁ did you notice when you l-)urnt for the reactions of respiration. The matrix contains the
the glucose in pure oxygen? Can you explain your enzymes for aerobic respiration. DNA and ribosomes
observations? inside each mitochondrion enable them to make their

own proteins

@ Assessment opportunities

. "E 4,‘1.1 AR LN
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Alcohol + CO,

Respiration transfers chemical energy in glucose into
another molecule, ATP. Glucose is a very stable molecule
that does not readily break down to release energy — ATP
easily breaks down and so is a more suitable source of direct
energy in cells.

Respiration breaks down the glucose stage by stage,
gradually releasing the energy. In combustion the energy is
released all in one go — if this occurred in our bodies then
the heat generated would mean we would self-combust!
The gradual breakdown of glucose in cells is controlled by
enzymes (pages 40-45).

Glucose contains six carbon atoms and so is called a
6-carbon compound. In the cytoplasm of the cell it is broken
down into a 3-carbon compound called pyruvic acid by a
process called glycolysis (‘glucose-splitting’). No oxygen is
needed for this process, but only a limited amount of energy
is released. If no oxygen is present then either lactic acid is
formed (in humans) or alcohol and carbon dioxide (in yeast
and plants). If enough oxygen is present in the cell, the
pyruvic acid is completely broken down in the mitochondria,
resulting in carbon dioxide and water, and the production of
much ATP (Figure 2.10).

Mitochondrion

M Figure 2.10 Respiration begins in the cytoplasm and ends in mitochondria

Hold your hand in the air and repeatedly clench your hand
into a fist. What starts to happen after a while? What is
building up in your hand and why does that make continued
clenching difficult and painful? Shake your arm to get blood
moving into the hand once more — why does this return
your hand to normal? How does this relate to what happens
after strenuous exercise such as a sprint?

Why does glucose ultimately need to be broken down in the
presence of oxygen (there are several reasons)?

SUMMARY REFLECTION

What have you learnt about the process of cellular
respiration?

‘What are the differences between anaerobic and
aerobic respiration?

What are the word and chemical equations for
aerobic respiration?

How does respiration differ from combustion?

What is the difference between aerobic and

anaerobic respiration?

What is the word equation for anaerobic
respiration in humans?

What is the word equation for anaerobic
respiration in plants and yeast?

How do we make use of anaerobic respiration
in yeast?
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Why do some organisms need to feed themselves

whereas others do not?

Before me, scientists thought that plants were fed by the soil. | was determined to prove whether
this was true or not. | took a plant and watered it — nothing else was added. After 5 years | dried
the soil and re-weighed both the plant and soil. The tree gained 74kg and the soil lost only 0.06 kg.
This proved that the soil had not been taken in by the tree to give its new mass - the question was,
where had the new mass come from? | stated that | thought it was from the water alone.

WHAT FACTORS ARE NEEDED FOR
PHOTOSYNTHESIS?

In the seventeenth century, a Belgian physician, Jan Baptista van Helmont
(1579-1644), set up an experiment in which he planted a willow sapling in a
weighed amount of soil.

How do plants get their food?

W Figure 2.11 van Helmont

So, van Helmont was partly correct

— although he had not appreciated
that carbon dioxide was also needed
to make new plant mass (it supplies
the carbon needed to make glucose —

2kg of plant
74kg of soil

76kg of plant
73.94kg of soil

B Figure 2.12 van Helmont's experiment

Was van Helmont correct in saying that all of the new plant mass was gained

by taking in water? Water contains hydrogen and oxygen — what other
element is needed to make glucose? What molecule provides plants with this
additional element?

Figure 2.13 shows the word and chemical equation for photosynthesis.

B Figure 2.13 The equation for
photosynthesis

B Figure 2.14 Photosynthesis

CH,,0)).

What do you notice about the
equations for photosynthesis and
respiration?

Organisms with chlorophyll can
capture sunlight energy and store it as
chemical energy (glucose). Organisms
that cannot do this need to feed
themselves to obtain chemical energy.
Organisms that can make their own
sugars are called autotrophs (which
means ‘self-feeding’) whereas those
that cannot are called heterotrophs
(which means getting food from
several different sources). Animals,
fungi, some bacteria and some
protoctista (Chapter 1, pages 14-19)
are heterotrophs.

2  What chemical processes support life?




S

Mesophyll
Cell wall > (photosynthetic
tissue)
Air space
%

R : = ‘ i!{,g*'*::'- LTS " ..1
' _m],’ .,3 i,wf *@E]@ }Lcwer epidermis
Guard cell

Stoma

B Figure 2.15 Section through a typical leaf showing
the cell structure

Factors that plants need for photosynthesis are called
limiting factors. If the plant does not have enough of them
then the rate of photosynthesis is slower. Limiting factors
include sunlight, carbon dioxide concentration, amount of
chlorophyll and temperature.

A leaf is adapted to absorb sunlight and carbon dioxide.

The flat surfaces of leaves provide a large surface area for
light absorption. The palisade cells that contain the most
chloroplasts (see Figure 2.15) are near the top of the leaf
where there is the most sunlight. Carbon dioxide enters the
plant through pores (stomata singluar, stoma) in the lower
surface of the leaf, and circulates in air spaces before being
taken in by spongy mesophyll cells (which have a large
exposed surface area). Water is absorbed by roots and taken
into the leaves through veins.

EXTENSION: Chemoautotrophs

Plants are known as photoautotrophs, which means
that they use sunlight energy to make food in the
form of glucose. Plants are not the only organisms
that can make their own food. These organisms are
thought to be the earliest forms of life on Earth.

ACTIVITY: How do substances

needed for photosynthesis
enter the leaf?

AlL

m Critical-thinking skills: Gather and organize
relevant information

Look at the following figure:

B Figure 2.16 How raw
materials needed for
photosynthesis enter
the leaf and reach the
chloroplast

Match the following descriptions/words to the correct
number:

Chloroplast

Water enters leaf through vein (xylem vessel)
Sunlight enters leaf through upper epidermis
Carbon dioxide diffuses into leaf through stomata
Water diffuses into chloroplast

Air space.

Find out about chemoautotrophs and how they
provide a source of energy for food chains.

You could use the following search terms:
chemoautotroph, nitrifying bacteria, thermophiles,
deep sea vents.

Produce a poster summarizing your findings.
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ACTIVITY: Testing a leaf for starch Think carefully about why you

have carried out each stage of the
ATL procedure. Use your knowledge of
leaf structure to interpret your results
m Critical-thinking skills: Interpret data and explain why you have carried out
each part using scientific reasoning.
Glucose is stored as starch in plants, and so photosynthesis can be shown to

_ : £ Make a bulleted list explaining why
be taking place in leaves by testing for starch.

you carry out each stage.

For this activity you will need a plant with large leaves, such as a geranium,
iodine solution, a white tile, a Bunsen burner or hot water bath, ethanol, Assessment

boiling tubes and forceps. opportunities

o Blue/black means starch present e Brown/orange means no starch Ty
¢ In this activity you have

practised skills that are assessed
Xl in Bioiling wiatar using Crlterlon_c: Interpret.

(30 seconds) and ‘ data and explain results using
remove waxy cuticle scientific reasoning.

Forceps

Remove leaf

Rermove colour in
boiling ethanol
Add iodine
solution

B Figure 2.17 Testing a leaf for starch

2  What chemical processes support life?




ACTIVITY: Proving that oxygen
is produced by photosynthesis

ATL

B Self-management skills: Plan a short-term
assignment

Set up the following apparatus:

/a Test tube

Beaker

Bench lamp

Water

Funnel

= 2 @ I FIFNE B Modelling clay

B Figure 2.18 Proving that oxygen is produced by plants

e Why is the funnel supported by modelling clay?
e How would you test for the presence of oxygen?

Now use the information provided here to design an
experiment to measure how light intensity affects the
rate of photosynthesis.

Explain the question to be tested by the
investigation.

Formulate and explain a testable hypothesis using
scientific knowledge.

Explain how to manipulate the variables, and
explain how sufficient relevant data will be
collected.

What will your independent, dependent and control
variables be?

How will you ensure reliability and accuracy?
Design a logical, complete and safe method in which
you select appropriate materials and equipment.

In this activity we have applied the scientific

method, including control variables and repeats, to
ensure the validity of our investigation.

Safety: You may need to support the test tube with a

clamp stand. Keep test tubes in test tube racks when
you are not using them and not loose on the bench as

the}! may roll onto the floor and break.

Assessment opportunities

¢ This activity can be assessed using Criterion B:
Inquiring and designing.

THINK-PAIR-SHARE

Think about experiments you could set up in class

to prove the equation for photosynthesis - that

light, carbon dioxide and chlorophyll are necessary
ingredients. Discuss your ideas and share them with
your neighbour. Then report back to your whole class
— have they come up with similar or different ideas?
Now read about the experiments on the next page.

Biology for the |IB MYP 4&5: by Concept




ACTIVITY: Proving that light,

carbon dioxide and chlorophyll
are needed for photosynthesis

AlL

m Critical-thinking skills: Gather and organize relevant
information to formulate an argument

Look at Figures 2.19 to 2.21. In what ways do they prove
that light, carbon dioxide and chlorophyll are needed for
photosynthesis? Before each experiment, the leaves were
destarched (i.e. starch removed) by placing the plantsin
a dark room for one week.

Part 1 - Does photosynthesis need light and
chlorophyll?

Black paper
(on both sides of leaf)

Edge of leaf
lacks chlorophyll

M Figure 2.19 Proving that leaves need light and
chlorophyll for photosynthesis. Note that a variegated
leaf is used here — the outer edge of the leaf does not
contain chlorophyll

o The leaf is now tested for starch. On the leaf in
Figure 2.20, show the colour you would expect the
different parts of the leaf to be after iodine has been
added.

e Draw the leaf below to show the colours after testing
for starch.

What two things does this show?

e How would the experiment be controlled?

B Figure 2.20 The leaf
from Figure 2.19 Is tested
for starch

Part 2 - Does photosynthesis need carbon dioxide?

A Glass bell jar  Glass bell jar

B Figure 2.21 Proving that leaves need carbon dioxide
for photosynthesis

e What is the soda lime for?

e What is the purpose of bell jar B?

o What results would you expect? Use a drawing to
show what you would expect if you tested a leaf from
both bell jars for starch.

e What does this show?

Assessment opportunities

¢ In this activity you have practised skills that are
assessed using Criterion C Interpret data and
explain results using scientific reasoning.

In this activity we have used scientific equipment to
test hypotheses.
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ACTIVITY: An experiment
to investigate the effect of
light intensity on rate of
photosynthesis

ATL

m Critical-thinking skills: Interpret data

In a previous activity you were asked to design an
experiment to measure the effect of light intensity on
the rate of photosynthesis. In this activity you will carry
out this experiment and develop your own conclusions.

Test tube clamped
in position

Water

Pondweed weighted
with paper clip

5 Move the plant a further fixed distance from the lamp,
for example 10 cm, and repeat the procedure.

6 Continue the experiment until you have measured the
number of bubbles given off per minute for at least
10 distances.

7 Repeat the experiment three times to ensure that you
have reliable, valid, quantitative results.

8 Once you have correctly collected, organized,
transformed and presented your data in a table, plot
a graph of your mean results.

9 Apply a line of best fit to your mean data. The line
of best fit in drawn so that the points are evenly
distributed on either side of the line. If you are
drawing the line with a ruler, you will only be
expected to draw the line 'by eye’.

10 Accurately interpret your data and explain your
results using correct scientific reasoning.

11 Evaluate the validity of the hypothesis based on the
outcome of the investigation.

12 Evaluate the validity of the method based on the
outcome of the investigation.

13 Explain improvements or extensions to the method
that would benefit the investigation.

Safety: Keep test tubes in racks, not loose on the
bench as they may fall on the floor and break. Take care
when cutting the pondweed stem.

ot e b ko e e b b ]

MW Figure 2.22 The pondweed experiment

1 Take a test tube and fill it two-thirds with water.

Add a spatula measure of bicarbonate to add a
controlled measure of carbon dioxide to the water.

2 Take a piece of pondweed (Efodea) and cut the
bottom of the stem at a 45-degree angle (so that
oxygen bubbles will be readily released from the stem
in water).

3 Put the pondweed in the test tube so that the cut
stem is uppermost. Make sure the cut end is not
touching the side of the test tube. Add a paperclip to
the bottom end of the pondweed to weigh it down so
it does not float.

4 Take a desk lamp and put it a measured distance from
the pondweed, e.g. 5cm. Let the plant acclimatize for
one minute, until a regular stream of bubbles is given
off, and then record the number of bubbles emitted in
one minute,

EXTENSION

Your independent variable is distance of
pondweed from the lamp. How would you
convert these data into light intensity?

Assessment opportunities

# This activity can be assessed using Criterion C:
Processing and evaluating.
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EXTENSION

Use the following website to investigate
the effect of light intensity, carbon dioxide

concentration, and temperature on the rate of
photosynthesis: www.explorelearning.com/index.
cfm?method=cResource.dspView&ResourcelD=395

Plot your data and draw your conclusions.

Here is a simpler version of the same
experiment: www.kscience.co.uk/animations/
photolab.htm

When you investigate the effect of light intensity,
carbon dioxide concentration and temperature on the
rate of photosynthesis, you should get a graph like this:

Rate of photosynthesis
becomes constant

Either the concentration of carbon
dioxide or the temperature needs
to be raised to increase the rate of
photosynthesis further

Rate of photosynthesis

Light intensity
B Figure 2.23 Effect of light on rate of photosynthesis

Initially light is limiting, because increasing the light
intensity increases the rate of photosynthesis. At a
certain level of light, the rate no longer continues to

rise, and in fact levels off. At this point light is no longer
limiting, but some other factor is, such as carbon dioxide

concentration or temperature.

In this activity we have used a line of best fit to

show the correlation between the independent and
dependent variables.

ACTIVITY: Showing that plants
carry out both respiration and
photosynthesis

ATL

m Critical-thinking skills: Interpret data

This experiment uses hydrogen carbonate indicator
solution. The indicator changes colour with different
concentrations of carbon dioxide:

Acidic Basic

CO, present

No CO, present

In low levels of Co, the indicator is red.

1 Set up the equipment as follows. Tube B can be
covered with tin foil to block out light.

2 Add a pinch of bicarbonate (releases CO,) to each
test tube if no oxygen evolves in tube A.

B C

Indicator p X — No
solution 7y pondweed

W Figure 2.24 Showing that plants carry out both
respiration and photosynthesis

Safety: Wear eye protection when handling the
indicator solution, and wash hands after use.

What is tube B for? What is tube C for?

What would you predict should happen to the
colour in each tube, and why?

Leave the plants for 40 minutes in bright light.
Record the colour of the indicator in each tube.
Write up your prediction, results, conclusion and
evaluation.

Assessment opportunities

# In this activity you have practised skills that are
assessed using Criterion B: Formulate a testable
hypothesis and explain it using scientific reasoning.

2 What chemical processes support life?




Why are enzymes
needed?

ENZYME THEORY

Enzymes are biological catalysts. This means that they speed up chemical reactions but are
not broken down in the process. They are found inside cells and within the body systems,
such as the digestive system. Some are involved with catabolic reactions, and other with

anabolic reactions (page 29).

Here are some facts about enzymes:

m They are made of protein.

» Enzymes end in ‘ase’, e.g. protease breaks down protein, carbohydrase breaks
down carbohydrates (sugars) and lipase breaks down lipids (fats).

» The part where reactions take place is called the active site. The active site has a
specific shape (Figure 2.25).

n  Enzymes react with substrates. For example, the enzyme amylase (found in saliva and
secreted by the pancreas in the digestive system) reacts with the substrate starch.

» When an enzyme and substrate combine they form an enzyme-substrate
complex.

Products are produced by enzyme reactions. For example, the products of starch
digestion by amylase is the sugar maltose. Maltose is, in turn, broken down into glucose
by the enzyme maltase (Figure 2.26).

» The way that enzymes react with the substrate is called the lock-and-key
mechanism. The enzyme is the ‘lock’ which has a specific shape into which one
substrate (the 'key’) fits.

m Bonds are either broken or formed once the reactants are in the active site, forming
new products.

Substrate Products . Maltose
Active site - 4 (' '

Enzyme Enzyme-substrate complex Enzyme | 1 2 3

W Figure 2.25 An enzyme-catalysed reaction B Figure 2.26 The sugar maltose is broken down into
glucose by maltase

Biology for the IB MYP 4&5: by Concept




So far in this book, you have carried out experiments that investigate various
biological principles. You will have noticed that each investigation follows a

particular pattern. We will examine this ‘scientific method’ in detail here.

The investigation cycle

All scientific inquiry starts with a question. This question is usually based
on an observation - something that the observer has seen that they think
needs explaining. This leads to an investigation that explores the question
and ultimately results in an explanation. An evaluation of the method can
lead to further investigations. The whole process can be thought of as a
cycle (see Figure 2.27).

o0

Over the next few pages the investigation cycle is used to investigate enzyme
reactions. For each investigation, think carefully about how the cycle is
being applied.

Start your inquiry here

Did you demonstrate your

hypothesis? . '

How could you have Brainstnrm a list of
improved the experi all the variables that

‘Whatelsecm( u may affect the

independent

‘Analyse your 7 ” | P
results and present = " s Eu:ts:l;i:u;otg;iﬁer
ﬂrgaﬁi naws B> ™ and choose one
demn::tr;im ﬂm Ly variable that you
ffect that the cau!deasﬂyrmasum

(the deg

Design an investigation to see how
the independent variable aff:
the dependent variable. W
variables will you need to kee
same (controlled variables)?W
variables will you need to ki
same (controlled variables)’

variable? Write a hyp othes
about how the dependent
variable will change. What do
you expect to happen?

B Figure 2.27 The investigation cycle

scientific method The use
of controlled observations
and measurements to test a
hypothesis.

variable A factor that is being
changed, investigated, or kept the
same in an investigation.
independent variable The
variable that is being changed in
an investigation.

dependent variable The
variable that is being measured in
an investigation.

hypothesis An untested
proposal that can be investigated
using the scientific method.

controlled variables These are
variables are kept the same in an
investigation. At least three should
be listed, and information about
how they will be kept the same
included.

controlled Method that uses
controlled variables.

accuracy How close to the true
value a result is.

precision The number of
significant digits to which a value
can been reliably measured. For
example, if a digital thermometer
can measure to two decimal
places, this is the predision of data
that can be recorded.
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ACTIVITY: Investigating the effect of
enzyme concentration on rate of reaction

ATL

m Critical-thinking skills: Interpret data

This experiment investigates the effect of neutrase concentration on the
breakdown of a protein in milk called casein.

Background

Powdered milk contains a protein called casein. When powdered milk is
dissolved in water to make a solution, this protein in suspension makes the
solution opaque (you can’t see through it). In this investigation you will add
different concentrations of a protease enzyme (breaks down protein) called
neutrase to a powdered milk solution and time how long it takes for the milk
solution to clear.

Materials

5% neutrase solution

2% powdered milk solution

5ml syringes, 50 ml measuring cylinder
3 x 100ml beakers

stop-clock

paper with pencil crosses marked on

Hypothesis

Formulate and explain a testable hypothesis using correct scientific
reasoning.

Method

1 Work in pairs. Put on your safety glasses.

2 Place a piece of paper with a pencil cross drawn on it on the bench and
put a 100ml beaker on top.

3 Using a 5ml syringe add 5ml of 5% neutrase solution to the beaker.

4 Using a measuring cylinder add 25 ml of 2% powdered milk solution to

the beaker. Pour the milk rapidly into the beaker to ensure the milk and

neutrase mix well.

As soon as you have added the milk solution start the stop-clock.

6 Looking from above, stop the clock at the moment you can see the cross

through the milk.

Record the time taken in your table,

8 Using the information in the table opposite make up the other
concentrations of neutrase solution (4%, 3%, 2% and 1%) and repeat the
experiment at each different enzyme concentration.

9 Repeat the entire experiment twice again (at all five enzyme
concentrations).

W

~d
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10 Once you have correctly collected, organized, transformed and

presented your data in a table, plot a graph of your mean results.
Make sure you have:

e a suitable title

e a suitable scale on both axes

» both axes labelled (including units)

s points accurately plotted

e points joined together in the most suitable manner.

11 Apply a line of best fit to your mean data.

How to make the different neutrase concentrations:

Desired neutrase How much 5% neutrase | How much water do
concentration/% solution do | need?/ml | need to add?/ml

5 5 0
4 4 1
3 3 2
2 2 3
1 1 4

Safety: Wear eye protection at all times and wash your hands after
handling the neutrase solution.

-
0,0

For the results of an investigation to be valid, variables other than

the independent and dependent variables need to be controlled,

the experiment should be repeated to improve reliability, and the
experimental method should be appropriate for the research question.

Questions and assessment

What were your independent, dependent and control variables?

What were the values of your dependent variable?

How did you ensure the reliability of the experiment?

Accurately interpret your data and explain your results using correct
scientific reasoning.

Evaluate the validity of the hypothesis based on the outcome of the
investigation.

Evaluate the validity of the method based on the outcome of the
investigation.

What was the main hazard in the experiment and how did you eliminate
this hazard?

Explain improvements or extensions to the method that would benefit
the investigation.

Assessment opportunities

+ This activity can be assessed using Criterion B: Formulate a testable

hypothesis and Criterion C: Processing and evaluating.
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ACTIVITY: Investigating the

effect of temperature on rate of
reaction

ATL

m Critical-thinking skills: Interpret data

This experiment investigates the effect of temperature
on the expansion of dough.

Information

Yeast is a single-celled fungus, a type of micro-
organism.

When it is short of oxygen yeast breaks down glucose
in anaerobic respiration to release energy, carbon
dioxide and ethanol. (Try to smell this.)

e Respiration is controlled by enzymes.
e The yeast suspension contains yeast and glucose.

The carbon dioxide given off forms bubbles which
make the dough rise.

e Your paste will be runny.
o You will carry out the experiment at 20, 30, 40, 50, 60

and 70°C.

Safety: Do not carry out the experiment if you are
allergic to yeast. Take care when using the water baths
at temperatures 50, 60 and 70°C as hot water can scald.

Hypothesis

Formulate and explain a testable hypothesis using
correct scientific reasoning.

Questions and assessment

e What made the dough rise?

o Describe the effect of temperature on the volume of
dough produced.

e Accurately interpret your data and explain your
results using correct scientific reasoning.

e Evaluate the validity of the hypothesis based on the
outcome of the investigation.

e Evaluate the validity of the method based on the
outcome of the investigation.

e Explain improvements or extensions to the method
that would benefit the investigation.

Assessment opportunities

# In this activity you have practised skills that are
assessed using Criterion B: Formulate a testable
hypothesis; this activity can be assessed using
Criterion C: Processing and evaluating.

EXTENSION

1 Why can the yeast cells use sugar but not
flour as food?

What do yeast cells produce that enables
them to use the sugar?

Why is yeast used in bread making?

Pour 25 cm?® of your

runny paste into a

Take a beaker Iargeygﬁass measuring

and mlgh O cylinder. Place in the

259 of flour. Make up a correct water bath,

k- ‘ suspension of yeast e— . noting the time.
' and add a sugar \ After 30 minutes
i | record the volume of
add 50cm? of yeast the dough.
' _ _ suspension to the |
. flour and stir well

smooth paste, = c—

W Figure 2.28 Setting up the yeast experiment
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Enzyme picture bank
poster Use these diagrams to help you make your poster:

ATL ﬁSUbsuam

m Communication skills: Active site <

Make effective summary
notes; Organize and depict
information logically

Your task is to produce a poster
about enzymes.

Points to cover:

e What type of biological molecule
are enzymes made of?

o Are all enzymes the same shape?
If not, why not? (Think about
what you know about the type
of biological molecule they are
made from.)

e What is special about enzymes Salivary
(e.g. what properties do they amylase
have)? (They are known as
biological catalysts — what does
this mean?)

e Why is the shape of an enzyme
important?

e What is the ‘lock-and-key’
hypothesis? A diagram may help
you to describe this ...

7 Active site

Enzyme-substrate
Enzyme complex Unchanged enzyme

. Arginase
—Pepsin

Enzyme activity
Increasing enzyme activity

Optimum
temperature !

1112 0 10 20 30 40 50 60 70

Basic Temperature (°C)

Words to use: enzyme, substrate, ~3 3 A £ &3 25 1o
enzyme-substrate complex, Acidic pH
products, active site.

B Figure 2.29 Enzyme picture bank

s What factors affect how well

(or badly) enzymes work? There EXTENSION

are two main factors for you to

describe. : Certain chemicals can inhibit the action of enzymes. There are two
o How areenzymes used in ’ types — competitive inhibitors and non-competitive inhibitors. Find
respiration and photosynthesis? out about these different types of inhibitors: describe and explain

e Can you find out anything else how they work and then add notes about them to your enzyme
about enzymes? (For example, poster

enzymes of digestion.)
e Make sure you explain how the

structure of enzymes relates to Assessment opportunities
their function.

# In this activity you have practised skills that are assessed using
Criterion A: Describe and explain scientific knowledge.
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Should chemical
reactions be

manipulated in order
to meet our food
and fuel needs?

CAN THE CHEMICAL REACTIONS OF LIFE
OCCUR OUTSIDE CELLS?

In Chapter 1 you explored whether artificial life is possible. Biochemical reactions
that occur within cells are complex and driven by enzymes. Would it be possible
to replicate these chemical reactions outside cells?

© What do you think? Exchange your ideas with your neighbour.

Reactions such as respiration can be represented in the lab by burning glucose
in the presence of oxygen, but this releases all the energy in one go rather than
replicating the gradual and carefully controlled release that occurs within cells.

Chemical reactions can certainly be manipulated, and are being used to meet our
food and fuel needs. We will explore this further in the next activity.

ACTIVITY: Increase the growth of plants

ATL Y

m Organization skills: Plan a long-term assignment

Global food production will need to increase by more than
50 per cent before 2050 to meet the food and fuel demands
of an increasing population. Are there ways of improving
photosynthesis to increase crop yields? In Chapter 11 we
will explore how DNA can be modified and exchanged
between different species - it is possible that genetic
modification can be used to improve crop yield. But would
such changes be allowed - what do you think?

Currently, crop yield can be improved by using
greenhouses. Using your knowledge of photosynthesis

W Figure 2.30 Tomatoes being grown in a greenhouse

and enzymes, how can the rate of glucose production in In this activity you need to plan an experiment to
plants be increased? What variables could be changed/ investigate how to increase the growth of a plant, and
increased? then carry out an experiment to test your hypothesis.
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Take action

Read about how organisms can be modified to meet
our fuel needs:

http://phys.org/news/2013-03-fuel-bacteria-
genetically-modified-cyanobacteria-efficient.html|

http://sciencenordic.com/biofuel-breakthrough-
scientists-use-gmo-yeast-produce-fuel DISCUSS

www.bbc.co.uk/news/science- Discuss within a small group this question:
environment-24489800 e How can the (environmental/social) consequences
of manipulating chemical reactions to solve our

Your experiment (see Activity on page 46 and below) food and energy problems be justified?

should have shown how chemical reactions inside
cells can be manipulated to increase growth. If done
on a sufficiently large scale, do you think that such

operations could help meet the world’s food needs? SUMMARY REFLECTION

Are there alternative approaches that you would v
prefer to see used, and if so what would these be? » What have you learnt in this chapter about how

: : : the systems of life are supported by biochemical
Produce a report on ways in which organisms can reactions?

be modified to meet humanity’s fuel needs. What
issues do human populations face regarding fuel
security? What alternatives to fossil fuel exist? Use
your knowledge of energy systems in cells built up
through this chapter.

What are the transformations of energy that
occur within cells?

What are enzymes and how do they work? What is
meant by ‘optimal conditions’ for enzymes?

How can innovations in science lead to biochemical
reactions being utilized to meet growing energy
and food needs?

What have you learnt about yourself as an inquirer:
how you nurture curiosity, and develop skills for
inquiry and research?

Assessment opportunities

# This activity can be assessed using Criterion D:
Reflecting on the impact of science.

1 Plan an experiment to change one variable to 9 Correctly collect, organize and present your data.
investigate its effect on plant growth. 10 Accurately interpret your data and explain the results
2 Explain the question to be tested in the investigation. using correct scientific reasoning.
3 Which species of plant will you use? 11 Evaluate the validity of the hypothesis based on the
4 Formulate and explain a testable hypothesis using outcome of the experiment.
correct scientific reasoning. 12 Evaluate the validity of the method based on the
5 Decide how you will change your independent outcome of the experiment,
variable. 13 Explain the improvements or extensions to the
6 How will you measure the plant growth? method that would benefit the investigation.
7 Explain how to manipulate the variables, and explain
how sufficient, relevant data will be collected. ® Assessment opportunities
8 Design a logical, complete and safe method in which
you select appropriate materials and equipment. # This activity can be assessed using Criterion B:
Now carry out the experiment. Think about how you will Inquiring and designing and Criterion C: Processing

and evaluating.

record your results.

2 What chemical processes support life?




Take action: Food waste

W Figure 2.31 Food waste

|
-

In this chapter we have investigated how energy is
stored in food, and how we need this energy to carry
out respiration in our bodies. We have also explored

how these reactions can be manipulated to meet the
world’s food needs.

A recent report by the UK's Institution of Mechanical
Engineers claimed that as much as half of all the

food produced in the world - equivalent to 2 billion
tonnes - ends up as waste every year, Think of all that
trapped solar energy simply being wasted!

! Think about ways in which you can reduce food
waste. Discuss these ideas within your class. Ideas for
cutting food waste could include:

¢ Make meals from leftover food.

# Think before you shop: have a look in the fridge
for what you already have and have an idea of
meals or recipe needs before you go shopping.

Use leftovers to form compost for your garden, to
recycle nutrients.

+ If you know you are not going to use something,
freeze it fresh for another day. A full refrigerator
retains cold better than an empty one.

Store food carefully.

If you eat at a canteen, select what you want for
a meal carefully so that you do not have leftover
food.

Organize a campaign within your school community,
or at home, to cut down on food waste, How will you
know whether you are being successful or not?

! Explore further by visiting this website:
www.lovefoodhatewaste.com/

Write up your findings as a fully referenced report,
and use scientific ideas you have explored in the
chapter.

Assessment opportunities

# This activity can be assessed using Criterion D:
Reflecting on the impacts of science.
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THESE PROBLEMS CAN BE USED TO EVALUATE YOUR
LEARNING IN CRITERION A TO LEVEL 3-4
Figure 2.33 shows a variegated geranium leaf that has
been destarched. A black strip of paper covers part of
the leaf and the leaf is then exposed to light. The leaf is
tested for starch.
Which parts of the plant result in a positive test for
starch and which do not? Justify your answer using
your knowledge of photosynthesis.
Suggest why the plant was destarched before the

Use these problems to apply and extend your learning in
this chapter. These problems are designed so that you can
evaluate your learning at different levels of achievement in
Criterion A: Knowledge and understanding.

THESE PROBLEMS CAN BE USED TO EVALUATE YOUR
LEARNING IN CRITERION A TO LEVEL 1-2

State the chemical equation for photosynthesis.

lacks chlorophyll

; . e e experiment.
State the chemical equation for aerobic respiration.,
What do you notice about the equations for
photosynthesis and aerobic respiration? Black paper — N
An experiment investigated combustion by burning (on both sides of leaf) /NS il
glucose inside a glass cylinder containing oxygen. :
l\- ' Edge of leaf
N\

B Figure 2.33 Photosynthesis experiment, Before the
experiment the plant had been put in a dark room for
two weeks to destarch the plant (i.e. ensure that the
leaves did not contain starch)

Catalase is an enzyme that occurs naturally in cells.
It breaks down hydrogen peroxide into water and
oxygen:.

2H,0, = 2H,0 + O,
The rate of reaction can be measured by measuring the
volume of oxygen produced per minute. Figure 2.34
overleaf shows the experiment and data that were

collected.
m Figure 2.32 Burning glucose Describe the effect of time on the volume of oxygen
produced.
Suggest what products will be collected inside the The rate of reaction can be measured using the slope
glass cylinder. of the curve — the steeper the curve, the faster the
Suggest what would happen if a higher rate of reaction. Suggest why the rate of reaction
concentration of oxygen was used inside the glass slows as time increases.

cylinder.

Give two similarities and one difference between
combustion (shown in Figure 2.32) and respiration.
Outline reasons why animals need to eat food, whereas

plants do not.
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The test tube is tipped up

to mix the enzyme solution Delivery tube
with the substrate
: Oxygen produced,
- | collected by downward
L] displacement of water
o in an inverted
measuting cylinder
fﬂj
Catalase .
solution = f
Hydrogen-k - o
peroxide
solution
(10 volume)
Recarded
The rate of an enzyme
reaction is greatest at the
start, the inttial rate.
Gas volume
301 Time/s  collected/cm?
[erem—E——. b 30 6
E £ ; 60 12
5 20- i Q0 16
5 : 120 19
™ I
E 15 E Results plotted 150 22
e I ‘
S - | 180 23
| 210 24
o | 240 25
e 270 255
60 120 180 240 300
300 26

Time/s
B Figure 2.34 Measuring the rate of reaction using catalase
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THESE PROBLEMS CAN BE USED TO EVALUATE YOUR Suggest how the polypranimal baneritsrom having

LEARNING IN CRITERION A TO LEVEL 5-6 algae living inside its bodly.
Coral bleaching occurs when the algae leave the

polyp animals, and the coral turns white. Global
warming is increasing the temperature of the oceans
where the coral is found, and increasing the depth of
the water. Suggest why these factors lead to coral
bleaching.
Amylase is an enzyme found in your saliva. It digests
starch into maltose.

A series of water baths were set up in the lab at 10,
20, 30, 40 and 50°C, Two test tubes, containing 5cm? of
starch and 1cm? of amylase respectively, were heated in
each water for 5 minutes. When the starch and amylase
had reached the correct temperature, the starch and
amylase were mixed together and a stopwatch started.
After one minute, one drop of the reaction mixture was
added to iodine on a spotting tile to test for the presence
of starch. If starch were present, the reaction mixture
turned blue/black. When the iodine no longer changed
colour (j.e. no starch present) the time was recorded.

The results of the experiment are shown below.

Coral reef is one of the most extensive ecosystems on
Earth (Figure 2.35). It is made by small animals called
polyps that secrete a hard skeleton of calcium carbonate
for protection. Inside the animals many microscopic
algae live — these protoctists contain colourful pigments
that allow the algae to photosynthesize (Figure 2.36).

B Figure 2.35 Coral reef LT 0L S
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20°C = P 50°C - ®
o o (] 9 = @
. Kt . =)
%] (]
(]
8 minutes 10 minutes

B Figure 2.37 Spotting tiles used to measure how
quickly amylase digests starch to maltose at different

-\_.t““ L temperatures
%

B Figure 2.36 Coral polyps containing orange algae
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—_ —
o un
| 1

Rate of reaction - amount of starch
digested per minute
i

10 20 30 40 50 60
Temperature/°C

B Figure 2.38 Results showing the effect of
temperature on the rate of digestion of starch by

amylase

o Explain the effect of temperature on the rate of
reaction shown in Figure 2.38,

I Explain how the experiment could have been made
more reliable.

State three variables that should be kept constant

in this experiment.
' Explain why these variables should be kept

constant.

¢\ Evaluate the experiment and explain how the

results could have been made more accurate.

E i

THIS PROBLEM CAN BE USED TO EVALUATE YOUR
LEARNING IN CRITERION A TO LEVEL 7-8

©  An experiment was carried out to measure the effect of
light intensity on rate of photosynthesis. The following
equipment was used.

- Pond water

Pondweed

B Figure 2.39 Experiment to measure the effect of light
intensity on rate of photosynthesis

Rate of pl'ntosynths'is

The rate of photosynthesis was measured by counting
the number of bubbles of oxygen produced per minute,
and light intensity was varied by putting the lamp at
different distances from the pondweed.

o Evaluate the method and comment on how the
experiment could be improved to produce more
accurate results.

Three separate experiments were carried out with three

different concentrations of carbon dioxide in the water.

Data are shown in Figure 2.40.

Analyse the graph and then answer the following
questions.

0.14% CO,

0.09% CO,

0.04% CO,

n._—:-—..-.-.—:_i-._ﬁ-.——- R L L E T A A

Light intensity >

W Figure 2.40 The effect of light intensity and carbon

dioxide concentration on rate of photosynthesis

» State the factor that limits the rate of photosynthesis
between light intensity 0 and points A, B and C.
Explain your answer.

¢ State the factor that limits the rate of photosynthesis
from points A, B and C onwards for each graph.
Explain your answers.

¢ Explain why the rate of photosynthesis increases
from 0.04% through to 0.14% carbon dioxide.
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Reflection

In this chapter we have learnt about how the systems of life are supported by
biochemical reactions, and the transformations of energy that occur within cells.
We have seen how enzymes work and explained what is meant by ‘optimal
conditions’ for chemical reactions in cells. We have explored how innovations in
science can lead to biochemical reactions being utilized to meet growing energy
and food needs. We have learnt about our role as an inquirer, and how to nurture

curiosity and develop skills for inquiry and research.

Use this table to reflect on your own learning in this chapter
Questions we asked

Answers we found

Any further questions now?

Factual: What are some chemical reactions which occur inside
cells? What occurs in the process of cellular respiration? What
occurs in the process of photosynthesis? What factors are needed
for photosynthesis? How can the rate of photosynthesis be
measured? What are enzymes and how do they work? How do
chemical and physical reactions in cells determine the survival of
organisms?

Conceptual: Why are enzymes needed? Why do some organisms
need to feed themselves whereas others do not? Can the chemical
reactions of life occur outside cells? Can biochemical reactions be
replicated in the lab?

Debatable: Should chemical reactions be manipulated in order to
meet our food and fuel needs?

Approaches to learning you used in this chapter

Description — what new skills
did you learn?

How well did you master the
skills?

| Practitioner

Expert

;

Critical-thinking skills

Organization skills

Information literacy skills

Communication skills

Self-management skills

Learner profile attribute(s)

"How did you demonstrate your skills as an inquirer in this

chapter?

Inquirer
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Systems

CONSIDER AND ANSWER THESE
QUESTIONS:

Factual: What nutrients do organisms need to survive?
What occurs during the process of digestion? What
occurs during the process of gas exchange? How are
substances transported around an organism? How do
substances move in and out of cells? What are diffusion,
osmosis and active transport? What is homeostasis?
How do elements essential for life cycle between the
environment and organisms?

Conceptual: What processes are involved in movement

and transport? Why do the conditions within organisms
need to be kept in balance?

Debatable: Should people use drugs to try to control
their weight?

Now share and compare your thoughts and ideas with
your partner, or with the whole class.

B Figure 3.1 A balanced diet is
needed to sustain a healthy body

Find out:
1 how the body can achieve a balanced diet;

whether people should use drugs to control their
weight.

Explore how food reaches the cells in our bodies
after it has been eaten.

Take action by campaigning to promote healthy
eating in our local community.

balanced diet nutritional
concentration gradient oxygenated
cycle homeostatic vessel
deoxygenated molecule
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THINK-PAIR-SHARE

Think about the types of food that you need to eat
to maintain a healthy body. They can be divided into
seven groups — think what they are. What are these
different food groups needed for in the body? Now
share and discuss your ideas with your neighbour.

These Approaches to Learning (ATL)
skills will be useful ...

ACTIVITY: Your daily intake

You can keep track of your daily intake of nutrients
Creative-thinking skills using these online resources:

Critical-thinking skills

Communication skills
Phone apps:

Transfer skills

www.fooducate.com
Information literacy skills www.shopwell.com/mobileapp
Collaboration skills Online software:

www.supertracker.usda.gov/default.aspx

www.supertracker.usda.gov/foodtracker.aspx

We will reflect on this learner profile
attribute ...

These programs can be used to track all aspects of the
food you eat. You can use them to keep a record of the
food you eat and to analyse its nutritional content.
Are you eating a balanced diet? You can use them to
compare your daily intake to the recommended intake.
Use one of these programs to explore the nutrients you
eat over the current week.

Knowledgeable — developing and using conceptual
understanding, exploring knowledge across a range
of disciplines.

Assessment opportunities in this

Ch&pt@l‘i e Keep a diary of the meals you eat each day. Do this

for a week.

e Use the software to analyse the nutritional
contents of each meal — the amount of
carbohydrate, protein, lipid, vitamins and minerals.

e Use the software to calculate the quantity of
energy you are consuming each day, and over the
course of a week.

The estimated average daily requirements for
energy are:
o Males, 15-18 years 11510kJ
o Females, 15-18 years  8830k)

e As a consequence of your calculation of intake of
essential nutrients on a typical day, analyse and
comment on how appropriate your think your diet
is, and why.

# Criterion A: Knowing and understanding
# Criterion C: Processing and evaluating

Criterion D: Reflecting on the impacts of science

WHAT DO YOU EAT?
Consider the food you eat on a daily basis. Do you think
about why you eat or what the meals you eat (your diet)

contain? To maintain a healthy body there are certain types
of food that you need to eat.

How can diet be affected by personal and cultural
choices? Choose a couple of countries/religions/cultures
to explore the diet (restrictions and requirements) and
to compare and contrast the effect of these on the
nutritional content.

W Figure 3.2 A balanced diet
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What is meant by a
‘balanced diet'?

WHAT NUTRIENTS DO
ORGANISMS NEED TO
SURVIVE?

From the starter activity you will have found that the

following are needed for a balanced diet:

m Carbohydrates (or sugars) — for energy.

m Proteins — help your body repair cells and make new
ones.

m Fats (also known as lipids) — store of energy; insulation.

® Minerals (elements such as iron — to make hemoglobin
in blood, and calcium — to make bone),

= Vitamins - chemicals that ensure cells function
properly, for example vitamins C and D.

u Fibre — helps transit of food through the gut (soluble
fibre lowers cholesterol).

» Water — about 80% of your body is water. You need
to regularly drink water to ensure processes in the body
are functioning properly and you remain hydrated.

Molecules contained in your food are either large (called
macromolecules, made from combining smaller units
together), or the individual units themselves. The bigger
molecules are made from the smaller building blocks (the
individual units).

Different food types contain different elements, although
they all have carbon, hydrogen and oxygen in common.
This section is a summary of each of the three main food
groups and what each is made from.

Carbohydrates

m Elements: carbon, hydrogen and oxygen.

m Smallest unit: molecules such as glucose (a simple
sugar, meaning it is made of one unit). Glucose
contains six carbons and so can be drawn, for simplicity,
as a hexagon.

m  Macromolecule: starch, for example, is a
macromolecule that is made from many units of
glucose combined together. Other macromolecules
include cellulose and glycogen.

B Figure 3.3 Starch is made from many glucose units

Proteins

= Elements: carbon, hydrogen, oxygen and nitrogen
(some contain sulfur).

m  Smallest unit: amino acids. There are 20 different
amino acids in your diet — your body can make some of
them but the majority must be contained in your diet.

m  Macromolecule: protein molecules are made from many
(up to thousands) of amino acids. The sequence of
amino acids (i.e. the types of amino acid and the order
in which they are joined together) determines the shape
and properties of the protein.
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Polypeptide chain
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Amino acids . o
Al Aldrine Lis: Histidine Sar Sarine W Figure 3.5 Llplds are made from glycerol and
Arg: Arginine lle: Isoleucine Thr: Threonine three fatty acids
Asn: Asparagine Leu: Leucine Trp: Tryptophane

Asp: Aspartic acid
Cys: Cysteine

Gln: Glutamine
Glu: Glutamic acid

Lys: Lysine

Met: Methionine
Phe: Phenylalanine
Pro: Proline

Tyr: Tyrosine
Val: Valine

ACTIVITY: Which vitamins and

minerals do we need and why?

M Figure 3.4 Proteins are made from long chains of amino
acids. There are 20 different amino acids — the structure
and function of the protein depends on the amino acids
it is made from and the order in which they are put
together

AlL

m Information literacy skills: Access information to
be informed and inform others
m Collaboration skills: Work collaboratively in teams

Lipids

® Elements: carbon, hydrogen and oxygen.

®m Smallest units: glycerol, and three fatty acids (long
chains of carbon and hydrogen).

m Macromolecule: the glycerol molecule is combined with
three fatty acids to make the fat molecule. Fatty acids
can be saturated or unsaturated. In unsaturated
fatty acids some of the carbons are joined by double
bonds, giving a bend in the chain, whereas in saturated
fatty acids all the carbons are combined with hydrogen
atoms. Saturated and unsaturated fatty acids have
different properties.

In this activity you need to work in small groups to
find out about vitamins and minerals.

e Decide which vitamins or minerals you want to
research. You must:
o find out about the source of the vitamin or
mineral
o find out the function of the vitamin or mineral
o explain the role of the vitamin or mineral in
the body.
Once the research has been carried out, summarize
the results in a poster or other format so that the
rest of the class can see what you have found.
In addition to these three main food groups, your diet
should also contain minerals (elements such as iron for
your blood) and vitamins. Vitamins are only needed in
tiny amounts, but without them your body would not

function properly.

Assessment opportunities

+ In this activity you have practised skills that are
assessed using Criterion A: Explain scientific
knowledge.
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The vitamins you need, and sources of each, and why you need them, are
summarized in the following table.

B Table 3.1 Vitamins needed as part of a balanced diet

B Table 3.2 Minerals needed as part
of a balanced diet

A Fish liver oils, animal liver, Required for normal immune system Phaspljlorus L
made in body from carotene | function and for production of cells in Potassium 329
the retina of the eye & el 349
D Fish liver oils, butter, egg yolk, | Needed for the absorption of caldum in Chloride 529
made in the body by action of | the body :
sunlight Magnesium 03g
E Plantoils 7 Antioxidant i 18:0mg
K Dark green leafy vegetables, Needed for blood clotting Zinc 11.4mg
made by bacteria of gut
B, Widely occurring Needed for an enzyme used in Fluoride 1.82mg
respiration Copper 1.63mg
B, Widely occurring Needed for an enzyme used in Selenium 0.06mg
eapiton - - lodine 0.024mg
B, Meat, yeast extract, potatoes, | Needed to make enzymes involved in _
rmade from the amino acid respiration Manganese 5.0mg
tryptophan Chromium 0.09mg
B, Widely occurring Needed to make an enzyme involved in Cobalt 0.3mg
respiration : e | ded
Xxampies oT Wny minerais are neede
B Meat, fish, eggs, some Needed to make an enzyme involved in P _ y
vegetables the formation of amino acids by the body: . '
B,, Liver, yeast, not found in Needed to make an enzyme involved - Phosphc‘rrus is needed in the
plants with cell division; for nerve function production of DNA and cell
folic acid | Liver, white fish, raw leaf Needed to make an enzyme involved in membranes.
7 | vegetables DNA replication ® Calcium is needed for healthy
H (biotin) | Liver, yeast, egg white, made | Used to make an enzyme involved with teeth and bones.
_ by bacteria in the human gut | metabolic reactions B ® Sodium and chloride ions are used
C (ascorbic | Potatoes, green vegetables, Used to make an enzymes needed for in the control of the composition
acid) fruits protein metabolism; involved in iron

absorption

About 15 minerals are known to be essential for a healthy body (Table 3.2),

They are obtained from food sources where they are present in low concentrations.

of body fluids.

= [ron is needed to make
hemoglobin — the oxygen-carrying
molecule in red blood cells.

Biology for the |IB MYP 4&S5: by Concept




ACTIVITY: Food tests
ATL
m Critical-thinking skills: Interpret data

Food can be tested for carbohydrates, protein and lipids,
using the following food tests.

Testing for starch (a complex carbohydrate)

lodine
Red/brown > Blue/black

L /

[

Few drops ——&
lodine 'y
[

Substance —— Blue/black
to test colour

&

B Figure 3.6 Starch test

Testing for glucose (a simple carbohydrate)

Benedict's
Blue » Orange/brown

Blue
Benedict's —-

reagent Orange/brown

colour

Solution ——
to test

B Figure 3.7 Test for glucose — a simple sugar. A water
bath set at 70°C can be used to heat the solution

DISCUSS

Discuss in a small group what you have learnt about
the nutrients organisms need to survive. What are
macromolecules? What are the building blocks of
macromolecules?

Testing for protein

Biuret
Blue » Purpledilac
\ (

NaOH
and
CusO, Purplefilac
Solution —— colour

to test \_
M Figure 3.8 Test for protein

Testing for lipids
A simple test for lipid is to put a little of your sample

onto a piece of paper. If it leaves a greasy mark when it
is dry, lipid is present.

Alternatively, an emulsion test can be carried out.

A small quantity of alcohol is added to the test solution -
the mixture is shaken vigorously. A milky-white emulsion
is formed if fats are present.

Your teacher will provide you with a ‘mystery solution’
containing at least two different food groups. Can you
work out which groups it contains?

Safety: Wear eye protection. Take care with the water

bath when carrying out the Benedict's test. Wash your
hands at the end of the practical.

e Carry out each of the food tests on the mystery
solution and observe the results.

e Accurately interpret your data and explain results
using correct scientific reasoning.

Assessment opportunities

+ In this activity you have practised skills that are
assessed using Criterion C; Collect data; Interpret
data and explain results using scientific reasoning.

REVIEW

e What are the seven food groups that make up a
balanced diet?

e What are the constituent parts of carbohydrates,
lipids and proteins?

¢« How do you test food for:
o starch o protein
o glucose o lipid?
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How can the
process of digestion
be modelled?

ACTIVITY: Modelling digestion in the gut

AlL

m Critical-thinking skills: Use models to explore
complex systems

Dialysis tubing (also known as visking tubing) can be used

to model the digestion and absorption of foods in the

intestine, Dialysis tube is an artificial partially permeable

membrane made from cellulose or cellophane.

You will need for this model:
e 10cm’of a 1%
starch solution
10cm?® of a 1%
amylase solution
e Distilled water
e Beakers

Test tubes

A 10 cm?® pipette
Dialysis tubing
lodine solution
Benedict's reagent
Water bath

Use the dialysis tubing to model absorption of digested
food in the intestine. You could tackle this task and
group discussion with others in your class.

Design an experiment to:

e demonstrate whether a carbohydrate food item,
such as starch, is able to pass across a selectively
permeable membrane

e find out what happens when the starch is digested.

Can the products of digestion cross the membrane
and if so why?

Evaluate how accurate your model is in demonstrating
how digestion and absorption happens in the gut.

WHAT OCCURS DURING THE
PROCESS OF DIGESTION?

Large insoluble molecules in our food must be broken down
into small soluble ones, so that they can be absorbed from
our guts into the blood and ultimately into cells. The process
of digestion involves the physical (for example, teeth) and
chemical (enzymes) breakdown of food.

Glass rods

B Figure 3.9 Making a model gut

Safety: Wear eye protection when handling iodine
solution and Benedict's reagant. When carrying out
the Benedict's test, take care when using a water bath

to heat the solution.

e How did you test for starch in the water surrounding
the visking tubing?
o How did you test for maltose in the beaker water?

Assessment opportunities

+ This activity can be assessed using Criterion C:
Interpret data and explain results using scientific

reasoning.

In this activity we have used a biological model to
demonstrate a complex system (see page 64 for an
evaluation of models).
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THINK-PUZZLE-EXPLORE
ATL

m Creative-thinking skills: Apply existing knowledge
to generate new ideas

B Information literacy skills: Access information to
be informed

Look at the diagram of the digestive system below.

B Figure 3.10 The human digestive system

What do you think you know about the digestive
system already?

What is the role of the digestive system? What do the
various parts do and why?

e What questions or puzzles do you have?

e Are there parts that you do not know about? What
questions can you think of to help you explore
these parts further?

o How can you explore this topic?

e Where could you find out further information to
answer the questions you have?

Make summary notes (for example, diagrams, lists,
mind maps) on what you already know about the
digestive system.

Assessment opportunities

# In this activity you have practised skills that are

assessed using Criterion A: Describe and explain
scientific knowledge.

Amino acids

s vk
1
Fatty acids and glycerol
Lipids/Fats
B Figure 3.11 The breakdown of food into smaller
molecules

The digestive system takes large molecules and breaks them
down into smaller units. Figure 3.11 shows how this is done.
Earlier in this chapter we saw what the major food groups
are made from — digestion breaks these molecules down
into their smallest component parts.

But how is this done? Figure 3.12 shows how and where
different molecules are broken down.

Bile, produced in the liver and stored in the gall bladder,
helps to break down lipids through a process called
emulsification.

The bile breaks down the lipids into smaller droplets so
that lipase has a larger surface area to act on — this speeds
up the digestion process (Figure 3.13). The issue of surface
area:volume is addressed in more detail in Chapter 4
(pages 94-95).

The bile is also alkaline, which neutralizes the stomach acids,
ensuring the enzymes in the small intestine have the
correct pH (pH 7-8) to work in.
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Large intestine

Reabsorbs some water and ions
Forms and stores faeces

SUMMARY REFLECTION

e What have you learnt about what occurs during the process of digestion?

Large lipid droplet s ; ; "
e What new ideas or concepts have you learnt in this section?

REVIEW

What three types of enzyme digest carbohydrates, lipids and proteins?

What is the role of bile?

L

e What does amylase do?

L

e Why does food have to be digested?

B Figure 3.13 Bile emulsifies fats,
creating a larger surface area for
lipase to act on
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How does gas exchange support the body?

WHAT OCCURS DURING THE PROCESS OF
GAS EXCHANGE?

In Chapter 2 we saw how oxygen is needed to fully release energy from glucose.
How does oxygen reach the cells?

WHAT MAKES YOU SAY THAT?

ATL What do you see that makes you say that?
Now explain the features you have noted. Aim for at
® Creative-thinking skills: Apply existing knowledge least five different adaptations. What features can
to generate new ideas you explain that enable the breathing system to move

m Information literacy skills: Access information to be oxygen into the blood at a fast enough rate to maintain
informed life processes?

What's going on? Assessment opportunities

Look at the diagram of the human breathing system. ¢ In this activity you have practised skills that are
Its role is to get oxygen into the blood and remove assessed using Criterion A: Describe and explain
carbon dioxide. The oxygen needs to be continually scientific knowledge.

supplied for respiration in cells - without this constant

input we would quickly die. Describe the way that the

breathing system is adapted to its function.

Rib

Bronchiole

\ 4 Diaphragm

W Figure 3.14 The human breathing system
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ACTIVITY: How does air enter
and leave the lungs?

ATL

m Critical-thinking skills: Use models to explore

complex systems
B Transfer skills: Make connections between subjects
and disciplines

Create a model of the breathing system, as follows:
e Take a bell jar and attach a thin rubber sheet to the

open end.

e Fixa'Y' shaped glass tube to the top of the jar and

attach two balloons to the end of the two branches.

What is represented by:

e the cavity of the bell jar
e the Y-shaped tube

e the balloons

o the rubber sheet?

Models are used to show the structure or
workings of a system.

The strength of models is that they are easy to

understand and can simplify complex process. Their
limitations are that they may be over simplified and
miss out essential details, and be less accurate than

the actual system.

(s
0.0

Inhalation (breathing in)

Intercostal muscles contract, pulling the ribs up and
out,

The diaphragm contracts and moves down (flattens).
The volume of the thorax increases, and so the
pressure decreases (see Figure 3.16), drawing air into
the lungs.

The pleural membranes surrounding the lungs and
thoracic cavity ensures that the thorax is air-tight,
enabling the pressure changes to occur.

5 5

Balloon

Thin rubber = |
sheet >

B Figure 3.15 A model of the human breathing system

Pull down on the rubber sheet — what happens and why?

e What is missing from this model of the human
breathing system?

Air is drawn into the lungs by pressure changes in the

thorax.

Assessment opportunities

+ In this activity you have practised skills that can be
assessed using Criterion A: Describe and explain
scientific knowledge.

Chest wall Intrapleural
and rib cage  space

Negative pressure
breathing

Lung

Diaphragm

B Figure 3.16 Inhalation
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Expiration (breathing out)

® Intercostal muscles relax, moving the ribs down and in.

®m The diaphragm relaxes and moves up (into a dome
shape).

®m The volume of the thorax decreases, and so the
pressure increases.

®  Air is forced out of the lungs.

Ventilation of the lungs (breathing) ensures there is always
fresh air entering the alveoli, which means there is always
a difference in oxygen concentration (i.e. a concentration
gradient) between the alveolar air and the blood. Carbon
dioxide moves in the opposite direction, from a higher
concentration in the blood to a lower concentration in the
alveolar air (see Figure 3.17).

®m Why is there more carbon dioxide in the blood entering
the lungs than in the alveolar air? What has produced
the carbon dioxide?

® Why do large organisms need a specially adapted gas
exchange system?

= How is the breathing system adapted to the job it
does?

B Figure 3.17 Oxygen (red arrows) diffuses into the blood

at the alveolus, and carbon dioxide diffuses from blood
(blue arrows)

How does the breathing system achieve the following
things?

® A large surface area

m Concentration gradient (between alveolar air and blood
capillaries)

u A small distance for diffusion

These three factors ensure that oxygen diffuses fast enough
into the blood, and carbon dioxide out from it.

EXTENSION: Fick’s law

What can you find out about Fick’s law, and how
it relates to the rate of diffusion of molecules?

DISCUSS

Discuss with your neighbour how the human
breathing system maximizes gas exchange.

» Why does oxygen need to move into the blood?

e By what process does oxygen move into the blood,
and carbon dioxide out from it?

Why does carbon dioxide need to be removed from
the blood.

Excretion is the process by which the waste
products of metabolic reactions in cells are
removed from the body. Why is the removal of CO,
an excretion process?

Why do we need a breathing system, whereas
smaller organisms do not? (This will be addressed
in the next chapter.)
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How are substances
transported around
an organism?

WHAT IS THE CIRCULATORY
SYSTEM?

Blood, containing vital nutrients and oxygen, must be carried
to each cell in the body. Large multicellular organisms are too
large for this to happen without assistance. How then does
food travel from the gut, where it is digested, to the cells
where it is needed for metabolic reactions?

The organs of the body are composed of tissues whose

cells are alive. That means they need glucose, oxygen and
other nutrients to perform their various jobs and produce

waste in the process (see Chapter 2).

The cells of the body occupy fixed positions, far from

the source of food, oxygen and water. Also, the waste
products will poison them if they are not removed quickly.
An efficient system is, therefore, needed to service all cells.

1 A -
B Figure 3.18 The human circulatory systerm

ACTIVITY: DIY circulatory
system

AlL

m Creative-thinking skills: Use visual diagrams to

generate new ideas; make unexpected connections
between ideas; apply existing knowledge to
generate new ideas

Your task is to design an organ system for the body that

does the following things:

o picks up oxygen, glucose and other nutrients, and
circulates them around the body

e supplies oxygen, glucose and other nutrients to the
cells

e getsrid of waste products from cells and takes them
to areas for export out of the body.

So you need to invent a circulatory system!

You need to draw a diagram of your design, and add
labels to show how it works.

Things to think about ...

a) Getting oxygen into the body

o What vessels will pick up oxygen, and where will
they be located?

o How thick will these vessels be?

what will speedl up the dliffusion of oxygen into thew?

e What substance will they contain to carry the
oxygen?

e What other features of these vessels will speed up
the diffusion of oxygen into them? (Why would this
be important?)
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b) Getting glucose into the body

e What vessels will pick up glucose, and where will they
be located?

e How thick will these vessels be?

what will speed up the diffusion of glucost into thems?

e What substance will they contain to carry the glucose?
Will this be the same as the substance that carries the

oxygen?
¢) Moving glucose, oxygen and other nutrients, to
where they are needed

e What structure will pump the substances needed by
the body to where they are needed? What would it
look like, and where would it be located? We will
explore this important organ further on pages 69-71.

d) Vessels under high pressure

e The organ you have designed in (c) above will have
to move the nutrients needed by the cells over large
distances (to the head and to the furthest parts
of the body — hands and toes). The liquid carrying
the nutrients will, therefore, have to be under high
pressure going away from this organ.

e What features will the vessels carrying liquid away
from this organ have to have to deal with this high
pressure?

Think of adaptations that any vessel undler high pressure would
have to have.

e) Delivering the nutrients to the cells

e Once the nutrients arrive at the cells, how will the
nutrients get into the cells?

e What vessels will carry the nutrients to the cells?
(Will they be the same as those in (d) above - or do the
adaptations of the vessels under high pressure mean
that they cannot be used to deliver nutrients all the
way to the cells?)

f) Vessels under low pressure

e Once the liquid carrying the nutrients has passed
through the tissues which need them, the liquid will
have lost much of its pressure. (Think of a big river
that has split into lots of smaller ones - the speed
of the river slows down, due to friction and other
reasons.)

e What adaptations will the vessels of your circulatory
system have now? How will they deal with the lower
pressure, and stop the liquid they contain flowing
backwards?

o Where will these vessels deliver the liquid back to?

Assessment opportunities

+ In this activity you have practised skills that
are assessed using Criterion A: Apply scientific
knowledge and understanding to solve problems.

é Lungs

s

g 4

g Pulmaonary artery Bulmorian

S vein

=

= | Vena cava

[+

.
Heart Aorta

5

= |

Lé’ et g Liver

=) PR Mesenteric

Y, arteries

E Stomach

4 -

2 | Renal vein Renal artery
Kidney
Lower body

B Figure 3.19 The circulatory system
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Facts about blood vessels:

m Arteries carry blood at high pressure away from the
heart.

m Arteries absorb the heart beat (which we can feel in
our pulse) — their contents increase and decrease in
pressure as the heart contracts and relaxes.

m Capillaries supply nutrients and oxygen to the cells by

diffusion. They carry away waste products from the cells.

ACTIVITY: The blood vessels

AlL

m Critical-thinking skills: Draw reasonable conclusions
and generalizations

Using the information above, identify the following
blood vessels, and explain your choices to your
neighbour.

Thick, elastic wall

Small lumen

Thin wall
Large lumen
Valve

Single cell wall

W Figure 3.20 Differences between the different
blood vessels

m Veins carry blood from the capillaries back to the
heart, under low pressure.

® Veins do not have increases and decreases in
pressure and are adapted to stop blood from flowing
backwards, due to the low pressure. Veins have valves
that stop the blood flowing backwards.

Capillaries

B Figure 3.21 The blood vessels of the circulatory
system

Explore the circulation of blood around the body further
here: www.kscience.co.uk/animations/blood_system.htm

Assessment opportunities

+ In this activity you have practised skills that
are assessed using Criterion A: Apply scientific
knowledge and understanding to solve problems.
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WHAT IS THE STRUCTURE AND FUNCTION
OF THE HEART?

We have already investigated the role of the circulatory system, and how it is
adapted to its role. Now let’s look more closely at the organ that is central to the
working of the circulatory system — the heart!

The heart is a double pump that pushes blood first to the lungs under low
pressure, and then to the rest of the body under high pressure.

The heart contains two types of chamber:
m The atria - receive blood into the heart
m The ventricles — push blood to lungs and rest of the body.

Heart valves, as in the veins, prevent blood from going the wrong direction.

ACTIVITY: The heart o For one of these, choose a colour that you feel best

represents or captures the essence of that idea.

e For another one, choose a symbol that you feel best
represents or captures the essence of that idea.

e For the other one, choose an image that you feel best
represents or captures the essence of that idea.

With a partner or group first share your colour and then
share the item that it represents. Say why you choose
that colour as a representation of that idea. Repeat the
sharing process until every member of the group has

® Figure 3.22 Thinking about the heart shared his or her colour, symbol and image.

Your colour, symbol and image may each focus on
different roles that the heart plays. The heart:
pumps blood to lungs and to the rest of body
allows blood to be pumped to lungs at lower pressure
than it is pumped to the rest of the body
keeps oxygenated blood (from lungs) separate from
deoxygenated blood (from the rest of body)
| | maximizes the efficiency of oxygen delivery to tissues
COLOUR-SYMBOL-IMAGE » makes sure blood travels in one direction through the
Find a source of information about the function of the body.
heart (this may be in a book, on the Internet orin a
magazine). As you read about the heart, make notes of
things that you find interesting, important, or insightful.
When you finish, choose three of these items that most

stand out for you.

m Creative-thinking skills: Apply existing knowledge
to generate new ideas

B Information literacy skills: Access information to be
informed

Now watch how the heart contraction moves blood
through the heart here: www.kscience.co.uk/animations/
heart.htm
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Figure 3.23 shows a labelled and annotated heart.

\ To lungs
s —=Pulmonary veins
#,"‘f él», /fmm 'Uﬂgs

Mitral valve

To lungs

Pulmonary veins
from lungs

Superior vena cava

= Semilunar valve
Atrial septum

Tricuspid valve

Ventricular
septum

AQ = Aorta

PA = Pulmonary artery
LA = Left atrium

RA = Right atrium

B Oxygen—rich blood LV = Left ventricle

B Oxygen—poor bloed RV = Right ventricle

M Figure 3.23 The anatomy of the heart

Inferior vena cava

Semilunar valve

The heart ensures that each cell in the body receives a constant supply of oxygen
and food, and has waste products removed such as urea and carbon dioxide.

To bﬂdQ \x |

From upper body

To lung
To lung

From lung

From lung -

- B Figure 3.24 Blood

From lower body | | B Oxygenated blood flow through the
[ Deoxygenated blood heart

EXTENSION

What controls the contraction
of the heart? Use these search
terms: pacemaker, SAN, AV
node, electrical activity.

Practise labelling the heart here:
www.kscience.co.uk/animations/
heart_labelling.htm

REVIEW

e How do nutrients and oxygen
reach the cells of the body?
How do the three different
blood vessels, arteries,
capillaries and veins, vary in

structure and function?
Draw and label a diagram of
the heart. Explain how blood
passes from the heart to the
lungs, back to the heart, and
then to the rest of the body.
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REVIEW

Look at the following two diagrams:

Lungs Supply of blood to lungs 5 Capillaries in lungs where
" (pulmonary circuit): U e, gas exchange occurs

shorter distance to . -

heart so lower

pressure necessary

v
Pulmonary
Pulmonary Y&
artery
Pulmaonary '
artery - Pulmonary vein

Vena cava | 1 = Aorta

3 ! e i Heaft J ) o .;;.i- | : . :
Vena cava \ Right atrium e e Left atrium

Left ventricle
Right ventricle

Very low pressure ™~ RA = Right atrium

Aorta RL: : E;gth;;ﬁz:‘de Supply of blood to
rest of body

v 5 ) - Lz " \ :
eins High pressure l LV = Left ventricle : Sl (systemic circuit):
' reater distance

Arteries <7 Tricuspid valve N — rom heart requires
. Ay =/ ' higher pressure

("> Bicuspid valve A\ o A
Y " = Capillaries in tissues for

Venules Arterioles - . Xy | qas exchange and supply
b Capcilgﬂ'es el - o i | of nutrients to cells

} Semilunar valves . = Oxygen_pnar-
Low pressure

CO,-rich blood
W Figure 3.25 The passage of blood through the heart ~ B Figure 3.26 Blood supply to and from the heart

o What have you learnt about how substances are e What have you learnt about the structure and

transported around an organism? function of the heart?
e What have you learnt about how the structure of the
circulatory system is related to its function?
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What processes are

involved in movement
and transport?

HOW DO SUBSTANCES MOVE
IN AND OUT OF CELLS?

Substances must move from the intestines and lungs into
the blood. Carbon dioxide must move from the blood into
the alveoli. How does this happen?

Look carefully at the following two diagrams:

—— Lumen of small intestine

Glucose molecule

%

Epithelial cell

WD

A

° ._...i_ﬂfﬂﬁd capillary

W Figure 3.27 Movement of glucose from lumen of small
intestine to epithelial cell and on into blood

B Figure 3.28
Movement of

from blood,

and oxygen
into blood at

alveolus

carbon dioxide

These diagrams show how molecules move from high

to low concentration - this is called diffusion. Through
random movement, more molecules are going to move
from a higher concentration to a lower one than vice versa.

Oxygen moves from the alveoli in the lungs into the blood,
and carbon dioxide from the blood into the alveoli (this

is known as gas exchange). In the intestine (gut), food
molecules such as glucose move from the lumen (the space
in the middle of the intestine where the food moves) into the
cells lining the gut (epithelial cells) and then into the blood.

Look again at the lower part of Figure 3.27. There is a higher
concentration of glucose in the blood than in the epithelial
cells. How can glucose move from the cells into the blood?
The answer lies in a different way in which molecules can
move, called active transport. Active transport moves
molecules from lower to higher concentration (j.e. against
their concentration gradient) — this needs energy from
respiration.

Imagine you are trying to push
a cart up a hill - you will need a
lot of energy to get to the top!

W Figure 3.29 Active transport requires energy

There is a further way in which molecules are moved —
osmosis. We will investigate this in the following activity.
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ACTIVITY: Osmosis
ATL

m Critical-thinking skills: Use models to explore complex systems

Osmosis is the diffusion of water through a partially permeable membrane.
Because water is very important to living things, we give the movement of
water into and out from cells a special name. The cell membrane is partially
permeable because it lets some molecules through freely but not others.

Look at the following diagram. Can you describe and explain what is
happening?

39 salt solution

Partially
permeable
membrane

Distilled
water

B Figure 3.30 An osmometer. The partially permeable membrane could be
visking tubing

The water can pass through the partially permeable membrane because

it is small enough to fit through the pores in the membrane, but the salt
cannot as it is too big.

e How does this model what happens in cells?
e What would happen if you put an animal cell in pure water?

Assessment opportunities

# In this activity you have practised skills that are assessed using Criterion C
Interpret data and explain results using scientific reasoning.

¢« What have you learnt about how substances move in and out of cells?

e What processes are involved in movement and transport?

e What are diffusion, osmosis and active transport?

o What have you learnt about the process of osmosis? How is it different
to diffusion?

DISCUSS

Describe to your neighbour what
is happening in the following
diagrams:

30 minutes 30 minutes
later later

— Ay

i
2| ; i

Pure Sucrose Sucrose  Pure
water solution solution water

B Figure 3.31 Osmosis in action

Complete the following diagram
by adding similarities and
differences between the three
processes:

W Figure 3.32 Comparing
diffusion, osmosis and active

transport
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Why do the

conditions within
organisms need to
be kept in balance?

WHAT IS HOMEOSTASIS?

Your body needs to keep itself within strict limits — if the
conditions stray outside these limits then your health, and
ultimately your life, may be in danger.

Keeping conditions balanced within the body is called
homeostasis.

The following factors must be kept in balance:
temperature

pH

water levels in blood and fluids surrounding tissues
sugar levels in blood

CO, levels in blood.

The following activity gets you to think about why you must
keep conditions constant within your body.

Temperature and pH must be kept constant to ensure that
enzymes have the optimum conditions to work in and do
not denature.

Carbon dioxide, when dissolved in blood, lowers the pH and
creates an acidic environment. The carbon dioxide must,
therefore, be removed by breathing it out.

Too much or too little water in the blood creates osmotic
effects — water will either move into cells in the blood (too
much water) causing them to burst, or move out of cells
(too little water) by osmosis. Either can be damaging for

the body.

Your blood sugar level must be constant because too much
sugar means that there is a lower water concentration in the
blood, and so water moves into the blood from the tissues
leading to the body becoming dehydrated. Respiration in
cells needs a regular supply of glucose in the right quantities
— too much sugar can be as serious as too little.

ACTIVITY: Keeping conditions
constant

AlL

m Creative-thinking skills: Apply existing knowledge

to generate new ideas

Discuss the following with your partner:

1

Why must temperature be kept the same? Use your
knowledge of enzymes (pages 40-45) to explain
why.

How is temperature kept constant? Think about:

a What happens when you get too hot?

b What happens when you get too cold?

Search terms: vasodilation, vasoconstriction,
sweat, shivering, piloerection.

Why must the pH of your blood be kept constant?
Use your knowledge of enzymes to explain why.
Why must the water level in your blood be kept
constant? Use your knowledge of osmosis (page 73)
to help you.

Why must the sugar level in your blood be kept
constant? Use your knowledge of respiration
(pages 28-32) and osmosis to explain why.

Analyse and evaluate the knowledge you have

learnt in this chapter about how organisms sustain

themselves. Apply this understanding to make

scientifically supported judgements about how
organisms keep their internal environment constant.

Assessment opportunities

# This activity can be assessed using Criterion A:

Describe and explain scientific knowledge.
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How is sugar level controlled?

After a meal, digested sugar enters the blood.

Higher blood-sugar level is detected by the pancreas.
The pancreas releases the hormone insulin.

Insulin travels around the body in the blood.

At muscle and liver cells, insulin instructs cells to store
glucose as glycogen.

m The blood sugar level returns to normal.

A second hormone is used if blood-sugar levels are too
low. Glucagon instructs cells to break glycogen down into
glucose.

Many homeostatic mechanisms use hormones in this way.

Explore further here: www.abpischools.org.uk/page/
modules/diabetes/diabetes4.cfm

Raises High
blood@* ‘CE R blood &%
:ugar sugar ;

SumdatES breakd =
of glycogen "

Stimulates formation | | __ "

Glycogen Glucose

Stimulates glucose
uptake from blood

Ttssue cells
(muscle, kidney, fat}

B Figure 3.33 Insulin and glucagon control sugar levels in
the blood

EXTENSION

How does the kidney filter urea from the blood and
control water levels in the body? Explore further
here: www.kscience.co.uk/animations/kidney.htm

EXTENSION

How does the body regulate temperature?

Find out about the thermoregulatory homeostatic
mechanisms: vasodilation, vasoconstriction,
sweating, shivering, piloerection.

How do poikilothermic (cold-blooded) organisms
regulate their temperature?

Produce a summary poster of how
thermoregulation works.

SUMMARY REFLECTION

e What have you learnt about homeostasis?
e Why do the conditions within organisms need to be
kept in balance?

REVIEW

Describe and explain how and why the following
conditions in the body must be controlled:

e temperature

e pH

» water levels in blood and fluids surrounding tissues
e sugar levels in blood

e CO, levels in blood.
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How do elements

eSSentlaI for llfe ACTIVITY: Investigating the
Cyde between the carbon cycle
environment and ATL

m Creative-thinking skills: Apply existing knowledge to
generate new ideas

organisms?

Think about the following:
e What biological molecules contain carbon? (Remind

WHAT IS THE CARBON CYCLE? yourself on pages 56-57.)

e What process releases carbon dioxide from living
things? (See pages 30-31 if you need help here.)
e What process takes in carbon dioxide and converts it

All elements in living things, such as carbon, oxygen and
hydrogen, cycle between the physical environment and the

biotic (i.e. living) part of ecosystems (i.e. the community). into glucose? (Reminder on pages 33-34.)

WlthC{Ut such cycling, nutrients would end up in dead s e How does carbon pass from one organism to the next
organisms, faeces and waste, and not get returned to living in a food chain?

matter. e Bacteria, fungi and other decomposers feed on
dead organisms and waste material (such as faeces).
How would these organisms return carbon into the
atmosphere?

e Under the right conditions, carbon in dead organisms
is locked up in coal, oil, gas and other fossil fuels.
High pressure and incomplete decay lead to the
production of such fossil fuels over thousands of
years. How is the carbon in these materials being
returned to the atmosphere?

In this section we will investigate how two elements —
carbon and nitrogen — cydle,

Now complete the diagram on the next page.

Words to use: respiration, photosynthesis, combustion,
carbon dioxide, decomposition, consumption/eaten by
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B Figure 3.34 The carbon cycle

EXTENSION

* What role does limestone play in the carbon
cycle?

Can you find out how much carbon is
stored in each of the reservoirs in which it is

found (for example, the ocean, fossil fuels,
the atmosphere, sedimentary rock, the
Earth’s mantle)?

How are human activities affecting the
carbon cycle?

Assessment opportunities

+ In this activity you have practised skills that are

assessed using Criterion A: Describe and explain
scientific knowledge,
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ACTIVITY: The nitrogen cycle

ATL You will find that the whole nitrogen cycle is driven by
four types of bacteria — but which bacteria does what,

B Information literacy skills: Access information to and how do they link together to make a cycle?
be informed

Your task in this activity is to find out about the nitrogen EXTENSION

cycle and make your own summary diagram to show « How do waterlogged soils affect the

how nitrogen moves from the atmosphere and into nitrogen cycle?

living things, and how it is then returned to the physical Why do carnivorous plants, pitcher plants,
environment. sundew, Venus flytrap exist?

Find out about the nitrogen cycle using these search
terms: decomposers, nitrogen-fixing bacteria,
nitrifying bacteria, denitrifying bacteria, ammonia,
nitrite, nitrate,

Assessment opportunities

¢ In this activity you have practised skills that are

Help is also available here: www.classzone.com/books/ 255955"'93 “Sinsd’:"itzf ton A:d"_"PF"Y SCiT“tiﬁc =
ml_science_share/vis_sim/em05_pg20_nitrogen/em05 _ fitibeti o e e s S e

pg20_nitrogen.swf

WHAT IS THE
NITROGEN CYCLE?

DISCUSS

Discuss with your neighbour what you found out about the nitrogen cycle.

As we have seen earlier in the Check your understanding using the following figure:

chapter (pages 56-57), nitrogen
is needed in living things to make

: : Wi . " Nitrogen gas in atmosphere The nitrogen cyclel
protein. Organisms have difficulty in geng E P Know your bacgn'a:
using nitrogen gas directly from the DECOMPOSERS

oy . L NITROGEN-FIXING
atmosphere — it is a very unreactive The plants with the NITRIEYING
gas and only one group of bacteria nitrates are eaten by DENITRIFYING
have evolved the ability to use nitrogen animals, who produce -
: animal protein. - |
directly to make other compounds. The animals are eaten

by humans to get ~ Denitrifying bacteria "~ Nitrogen gas
protein for growth turn the nitrates back is converted
and repair of cells into nitrogen gas into ammonia
¥ by nitrogen-
fixing bacteria

Nitrates in soil Ammonia " The waste from the
absorbed by plants in soil organisms is broken
through roots down by decompasers
‘ and becomes ammonia

in the soil

Nitrifying bacterla
turn the ammonia
into nitrates

B Figure 3.35 The nitrogen cycle
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Are there dangers in using drugs

to control weight?

In this chapter we have investigated how a healthy diet
provides the body with all the nutrients it needs to function
properly. Some people have metabolic conditions that mean
that they put on weight and can become overweight. Other
people may become obese because they have an unhealthy
diet, where the amount of energy they consume in their
food is not balanced by the amount of energy they expend.

THINK-PUZZLE-EXPLORE

B Figure 3.36 Pharmaceutical drugs can be used to aid
weight loss. Examples of such drugs include orlistat
(Alli or Xenical), sibutramine (Meridia) and lorcaserin
(Belviqg)

AlL

B Communication skills: Use a variety of media to
communicate with a range of audiences; Negotiate
ideas with peers and teachers

In small groups, research weight-control drugs,

and record your findings. Which people are generally
prescribed these drugs, and why? Should overweight
people, in general, have access to these drugs? Are there
dangers in using these drugs?

www.drugs.com/article/prescription-weight-loss-drugs.html

www.nhs.uk/Conditions/Obesity/Pages/Treatment.aspx

There are many diets available to help people lose weight.
There are also legal drugs that people can take to aid weight
loss. These drugs can:

m suppress appetite (people feel less hungry so eat less)

® inhibit fat absorption in the intestine (less fat is
absorbed into the blood and, hence, into cells)

®m increase cell metabolism (so more food is broken down
in cells to release energy).

Consider what ‘legal’ means and why some drugs are
legal but others are not.

In your group, prepare a presentation of what you have
found. The presentation should educate the public
about these drugs - their use and possible abuse. Should
people use legal drugs to try to control their weight?

Allocate roles in your group, Communicate together and
with your teacher to assess the information and weigh
up the evidence.

Aim to use a variety of media in your presentation -

for example, as well as the presentation itself (which
could be a PowerPoint) you could also have hand-outs
available so that people can take away and read the
information you have provided. Make the information
visually interesting, and be aware of the sensitive nature
of the material you will be talking about.

Assessment opportunities

¢ This activity can be assessed using Criterion A:
Describe and explain scientific knowledge and
understanding and Criterion D; Discuss and
evaluate the implications of science to solve a
specific problem.
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REVIEW

Brainstorm a list of at least 12 questions about the
topic. Use these question-starts to help you think of
interesting questions:
& Why o

How would it be different if ...

What are the reasons ...?

Suppose that ...?

What if ...?

What if we knew ...?

What is the purpose of ...2

What would change if ...?

Review the brainstormed list and star the questions
that seem most interesting. Then, select one or more

of the starred questions to discuss for a few moments.

e« What new ideas do you have about the topic that
you didn’t have before?

What have you learnt about yourself as a

knowledgeable scientist? How have you developed

and used conceptual understanding, and explored

knowledge across a range of disciplines?

Take action: Food choices

Diet can be affected by personal and cultural choices.
Some people choose to be vegetarian as they do not
believe it is right to eat animals. Other people’s diets
are influenced by their religion, training regime for
sport or health issues.

Any diet must ensure that a healthy balance of
nutrients is taken into the body.

Using the information you have learnt from this
chapter, plan an advertising campaign to ensure
healthy eating within your school or community.
Your campaign needs to make sure that:

¢ it explains what is meant by a healthy diet

¢ it explains that food needs, such as energy intake,
vary from person to person

¢ thereis a range of dietary choices available and
that these will depend on personal preferences,
beliefs and culture,

Decide within your class the best way of promoting
your message. This could be a poster campaign,
information on a website, leaflets and brochures, and
so on,

Explore further ...

www.nhs.uk/livewell/goodfood/pages/eight-tips-
healthy-eating.aspx

www.healthyeating.org/Portals/0/Documents/
Tip%20Sheets/CulturalFoodGuide.pdf

www.jamieoliverfoodfoundation.org.uk/

Write up your findings as a fully referenced report,
evaluating your sources and the effectiveness of your
campaign. Make sure that your report is supported
by materials (such as posters, leaflets, etc.) produced
for your project,

Assessment opportunities

+ This activity can be assessed using Criterion D:
Reflecting on the impacts of science.
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SOME SUMMATIVE PROBLEMS
TO TRY

Use these problems to apply and extend your learning in
this chapter. These problems are designed so that you can
evaluate your learning at different levels of achievernent in
Criterion A: Knowledge and understanding.

THESE PROBLEMS CAN BE USED TO EVALUATE YOUR

LEARNING IN CRITERION ATO LEVEL 1-2

1 State the seven components in a balanced diet.

2 State the elements found in proteins.

2 a Suggest why snacking on chocolate, crisps and soft
drinks is an unsuitable diet for children who are not
very active.

b Suggest the health problems that might develop if
children have too much fat in their diet.

THESE PROBLEMS CAN BE USED TO EVALUATE YOUR
LEARNING IN CRITERION A TO LEVEL 3-4

4 Outline the role of digestion in the body.

5 Three different foods were tested for different food
groups. The following results were found:

Food 1 lodine solution Orange/brown

Benedict’s solution | Blue

Biuret test Purple/lilac

Paper test Greasy mark present

lodine solution Blue/black

Benedict'’s solution | Blue

Biuret test Blue

Paper test No change

lodine solution Orange/brown

Benedict’s solution | Orange precipitate

Biuret test Blue

Paper test No change

Which food groups were present in each food sample?
Justify your answers using evidence from the results
given.

THESE PROBLEMS CAN BE USED TO EVALUATE YOUR
LEARNING IN CRITERION A TO LEVEL 5-6
6 a Describe two ways in which the mouth can break
down starchy foods.
b Describe how the liver helps to digest fats.
¢ Describe one role of bile other than helping to digest
fats.
7 Describe how oxygen from the air reaches cells in our
body.
8 The following diagram shows four ways in which
molecules may move into and out of a cell. The dots
represent the concentration of the different molecules.

S

B Figure 3.37 Movement of molecules into and out from
a cell

a  Which arrow represents movement of oxygen
molecules?

b Which arrow represents movement of carbon
dioxide?

¢ Which arrow represents the active transport of
glucose molecules?

9 Describe the differences between arteries, capillaries
and veins.
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10 The following diagram shows the drculatory systems of three different animals:

a  Gill capillaries

Artery

Heart:
Ventricle (V)

Atrium (A)

Vein

Systemic capillaries

W Figure 3.38 The drculatory systems of a fish, b amphibians and ¢ mammals

<]

Lung and skin capillaries

Systemic capillaries

Describe the differences between the three different circulatory systems.

b Suggest what is meant by ‘systemic’ capillaries.

¢ Suggest the advantages of having a mammalian heart compared to an

amphibian or a fish heart.

¢ Lung capillaries

Systemic capillaries
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THESE PROBLEMS CAN BE USED TO EVALUATE YOUR

12 An experiment was carried out to investigate osmosis

11 An experiment was set up to investigate osmosis.
The following equipment was used:

Capillary tube

Level of solution
at the start of
the investigation

(Figure 3.417).

Beaker
':;k::% i;Ugbing = Figurg 3.41 Preparing potato chips for osmosis
concentrated experiment
g B The chips were cut to 30mm in length and the mass
of each recorded. Each chip was placed in a different
W Figure 3.39 Investigating osmosis concentration of sucrose solution, from 0.0 to
5 What is osmosis? 1.0maoldm™=. After 40 minutes, the chips were removed
b Describe and explain what will happen to the level and re-weighed. The percentage change in mass was
of solution in the capillary tube during the experiment. calculated for all chips (the change in mass divided by the
¢ Red blood cells were put into different concentrations original mass, multiplied by 100). A graph was plotted
of salt solution. Figure 3.40 shows the appearance of showing percentage change in mass against sucrose

the blood cells after 10 minutes. ‘concentration (Figure 3.42 overleaf).

I Using your knowledge of osmaosis, suggest
reasons for the appearance of the cells in each
solution, A, B and C.

il Explain the appearance of a plant cell placed in a
solution of pure water.

Solution A — pure water Solution B — medium salt solution

Cell bursts

Rt

MW Figure 3.40 Red blood cells in a range of different concentrations of salt

Solution C - strong salt solution

Cell outline
becomes
crinkled

Cell solution becomes
more concentrated
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Percent change in mass

B Figure 3.42 Graph showing percent change in mass of
potato chips at different sucrose concentrations

=

b

Describe and explain the results shown in

Figure 3.42.

Evaluate the experiment.

i How could the reliability have been improved?

il What were the limitations of the experiment?

Il How would limitations have affected the accuracy
of the result?

v How could the experiment have been improved to
reduce these limitations and improve accuracy?
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Reflection

In this chapter we have explored how the body can achieve a balanced diet,

and how the nutrients we need reach our cells. We have seen how elements
present in our food and bodies cycle between the environment and living matter.
We have discussed how oxygen is absorbed and transported to cells, and how
waste products are removed, so that a state of balance can be maintained in

the body. We have applied our knowledge to discuss whether people should

use drugs to control their weight, and how we can promote healthy eating

in our local community. We have learnt how to develop and use conceptual
understanding, and focused on the role of knowledge in scientific endeavour.

Use this table to reflect on your own learning in this chapter

Questions we asked

Answers we found

Any further questions now?

Factual: What nutrients do organisms need to survive? What
occurs during the process of digestion? What occurs during the
process of gas exchange? How are substances transported around
an organism? How do substances move in and out of cells? What
are diffusion, osmosis and active transport? What is homeostasis?
How do elements essential for life cycle between the environment
and organisms?

Conceptual: What processes are involved in movement and
transport? Why do the conditions within organisms need to be kept
in balance?

Debatable: Should people use drugs to try to control their weight?

Approaches to learning you used in this chapter

Description —what new skills
did you learn?

How well did you master the
skills?

Learner
Practitioner
Expert

;

Critical-thinking skills

Creative-thinking skills

Communication skills

Transfer skills

Information literacy skills

Collaboration skills

Learner profile attribute(s)

How did you demonstrate being knowledgeable in this

| chapter?

Knowledgeable
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Form, Function; Development;
Relationships Environment

What issues do larger
organisms face?

The size of organisms determines their
and
the form and function of specialized
structures in larger organisms
develop from their relationships
with the environment.

CONSIDER AND ANSWER
THESE QUESTIONS:

Factual: In what ways are organisms adapted to the
environment they live in? What structures do larger
organisms have in order to efficiently exchange

nutrients, gases and waste with their environment?
What are the adaptations or specialized features of
cells, tissues, and organs that increase surface area?

Conceptual: How does the size of an organism
determine its needs for energy and nutrients? What
role does surface area:volume ratio play in determining B Figure 4.1 An African elephant — an example of a (very)
the efficiency of transfer of substances into and out large organism

of organisms? How does the shape of an organism

help adapt it to the environment it lives in? How IN THIS CHAPTER, WE WILL ...

does the behaviour of an animal help adapt it to the ® Find out how the size of an organism plays

environment it lives in? an important role in its relationship with the
environment, and issues they face as they get bigger.

® Explore how different animals and plants are
adapted to the environment they live in.

Debatable: How important is it to protect endangered

animals? How can the design of conservation areas,
and zoos, help meet the needs of larger animals and

o val? m Take action by planning how endangered large
support their survival?

animals, such as elephants and tigers, can be

Now share and compare your thoughts and ideas with protected in the wild or in zoos, so as to meet their

your partner, or with the whole class. needs and support survival.
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B Figure 4.2 A selection of plants and animals. How are
they adapted to their respective environments?

These Approaches to Learning (ATL)
skills will be useful ...
m Critical-thinking skills

m Creative-thinking skills

We will reflect on this learner profile
attribute ...

e Thinker - you will have opportunity to develop as a
thinker through various critical-thinking activities.

Assessment opportunities in this
chapter ...

¢ Criterion A: Knowing and understanding
+ Criterion B: Inquiring and designing
# Criterion C: Processing and evaluating

& Criterion D: Reflecting on the impacts of science

adaptation physiological
behavioural specialized
implications

In the examples shown in Figure 4.2, each organism is
adapted to its environment, allowing them to survive

often in extreme conditions. Adaptations can be physical
features such as size and shape, behavioural characteristics
such as how an animal lives with others in its group, or
physiological adaptations which involve the function of the
organism’s body, such as temperature regulation. Can you
identify the different adaptations for each organism? What
about other adaptations that you may not be able to see in
the photos?

In the last chapter we explored how animals maintain a
constant environment in their bodies — the process known
as homeostasis. Adaptations in animals enable them

to maintain homeostasis, even in extreme environments.
Organisms that are adapted to specific environments are
known by certain terms, such as species of plants adapted
to dry conditions which are known as xerophytes (from
‘xero’ which means dry, and ‘phyte’ which means plant).

In Chapter 7 we will explore the work of nineteenth-
century scientist-adventurer Charles Darwin. He made the
link between animal adaptations and species’ survival, and
what happens to species when their environment changes.
In order to survive and reproduce, an organism must be
perfectly adapted to their surroundings — if not then it will
not survive and pass on its genes to the next generation
(something we will look at further in Chapter 6).

4 What issues do larger organisms face?




WHAT MAKES YOU SAY THAT?

AlL

m Critical-thinking skills: Draw reasonable conclusions
and generalizations

What's going on?
Choose an organism, and find a photo of it that clearly
shows its adaptations.

http://waynesword.palomar.edu/Imexe10b.htm

Describe the way of life that the organism is adapted

to (for example, ‘adapted to life in the desert’ if it is a
camel). List all the environmental factors that may affect
the organism (such as a reqular supply of water if it is a
plant, or temperature if is an animal living at the North
or South Pole).

What do you see that makes you say that?

Now describe and explain the features that adapt the
organism to its environment (for example, the hump on
a camel that stores fat and which can be broken down
to release energy and a source of water). Aim for at
least five different adaptations. What features can you
describe and explain that enable them to overcome the
environmental factors you have listed?

Alternatively, for this activity, you could choose to talk
about an organ from within an organism, such as the
heart or eye (Figure 4.3 and Figure 4.4).

To lungs

To lungs

Pulmonary
veins from

lungs Y

Superior
vena cava
Atrial
septum

Pulmonary
veins from
lungs

Mitral valve

Semilunar
valve

Tricuspid
valve

Ventricular

Inferior i

Vena

cava :
Semilunar
valve

AO = Aorta
B Oxygen—rich blood ~ PA = Pulmonary artery
B Oxygen—poor blood LA = Left atrium

B Figure 4.3 The human heart

RA = Right atrium
LV = Left ventricle
RV = Right ventricle

Sclera
Ciliary
muscle
Iris

- Cornea l
. Agueous \‘ :

humour

Retina

Vitreous
humour

W Figure 4.4 The human eye

e What's going on? What is the role of the organ in the
body?

e What do you see that makes you say that?
What adaptations can you see in the organ that
enable it to fulfil its function?

Assessment opportunities

+ In this activity you have practised skills that
are assessed using Criterion A: Apply scientific
knowledge and understanding to solve problems.
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The environment that an organism is adapted to can include
many different factors — temperature, the availability of
water, the amount of sunlight, food — depending on the
type of organism and the way it lives. Adaptations may be
outwardly visible, such as the hump (or humps) on camels
(one hump on a dromedary and two on a bactrian). Other
adaptations are hidden within the body: think of the four—
chambered heart in mammals that separates oxygenated
and deoxygenated blood and enables oxygen-rich blood to
be delivered to all cells, for example (see Chapter 3), or the
retina cells at the back of the eye that enable us to see (see
Chapter 8).

B Figure 4.6 Dromedary camel

W Figure 4.7 A humpback whale and her calf. How is a
whale adapted to its environment?




What specialized structures

do larger animals have
inside their bodies?
How do they help

animals survive?

THINK-PAIR-SHARE

AlL

m Critical-thinking skills: Draw reasonable conclusions
and generalizations

Look at the four figures shown here. How is each organ
adapted to increase the rate of movement of substances,
such as food or vital gases (oxygen in animals and carbon
dioxide in plants) into the organism? Pick one of the
organ systems. Think about explanations yourself, then
share them with your neighbour, and finally feed your
ideas back to the class.

B Figure 4.8 Human breathing system

e What key substance is provided by the lungs, needed
by all cells to survive?

e What waste product is removed by the lungs, which if
left in the blood would decrease the pH of the blood?

o Remind yourself of the structure of the breathing
system in humans: can you name all the different
parts?

SPECIALIZED STRUCTURES IN
LARGER ANIMALS

Two essential ingredients needed for survival are food and
oxygen (as we explored in Chapter 2). What adaptations do
animals have to increase the rate at which these life-giving
substances can be taken into the body?

Placenta

__Placenta

| Fetus’ blood |
vessels

Villi
Placental
___ membrane

Umbilical |

K cord

Intervillous |
space
Maother's
blood vessels

sy
i

Umbilical
cord

5. & 0O 05 28 5o 0 5 0o

B Figure 4.9 The placenta

e The placenta grows from the embryo and implants
itself in the uterus (womb) of the mother: what role
does it play for the embryo?

o Look carefully at the shape of the placental
membrane (which absorbs food and oxygen from the
mother): why is it highly folded in this way?

o What substances does the placenta remove from the
embryo? (Think about waste products that must be
removed from the body because they are toxic.)
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>, Small intestine

(_1-Submucosa
2 Muscularis

Epithelial cell

Capillary Villus
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Vein
Artery
Lymphatic duct

Microvilli

W Figure 4.10 The small intestine

o Look carefully at the lining of the small intestine,
through which digested food is absorbed into the
blood. What are villi? What essential adaptation do
they have to increase the rate of absorption?

e Now look carefully at the cells that line the intestine
on the surface of the villi — what adaptations do they
have?

Sunlight

Epidermis

Palisade mesophyll

Spongy mesophyll - Stoma

Carbon

Oxygen dioxide

Vein

B Figure 4.11 The structure of a leaf

e The leaf has several different layers — what do you
think each of these layers is for?

e Carbon dioxide, needed for photosynthesis, enters the
leaf through stomata (plural of stoma), and oxygen
leaves. There are airspaces between the cells in the
spongy mesophyll layer that increase the surface
area for diffusion of gases.

e Why are these adaptations needed? There is one
common feature in all four organs that enable the
organism to survive — can you identify what it is?

o All these adaptations are found in larger organisms,
not smaller ones such as single-celled amoeba — why
is this?

Assessment opportunities

¢ In this activity you have practised skills that
are assessed using Criterion A: Apply scientific
knowledge and understanding to solve problems.

4 What issues do larger organisms face?




How can the rate
of movement

of molecules be
iIncreased?

ACTIVITY: What factors speed
up the rate of diffusion?

Air-freshener

Stand at one corner of your classroom during a lesson.
Spray air-freshener into the room. Who can smell the
air-freshener first? What happens to the smell of air-
freshener eventually? Can you explain your observations?

W Figure 4.12 Air-freshener diffusing through air

Potassium permanganate

Put a few crystals of potassium permanganate into a
glass or Petri dish containing water. Watch what happens
to the purple molecules of potassium permanganate.
What happens to the purple colour eventually?

How could you speed up the rate at which the purple
colour reaches all parts of the glass/Petri dish? Can you
explain your observations?

WHAT FACTORS SPEED UP THE
RATE OF DIFFUSION?

Diffusion is the movement of molecules from higher to
lower concentration. Think of an air-freshener that you
spray into a room — it takes several seconds for the scent to
reach all parts of the room, as the particles spread out from
the can from a higher to lower concentration (concentration
Is a measure of number of molecules per unit volume).

B Figure 4.13 Potassium permanganate diffusing
through water

Adding more crystals to the water would speed up

the rate at which the purple reaches all parts of the
container. This is because there is a greater difference in
concentration between the area where the crystals were
added and the rest of the water, and also because the
greater number of crystals would have a greater surface
area compared to only a few. Distance is also important
—the students nearest to the air-freshener will smell the
scent first as it has less distance to travel.
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As we have already seen in Chapter 3, organisms need a
variety of different substances to keep functioning, and to
maintain life processes. Oxygen and glucose are needed for
cellular respiration, and a variety of nutrients are needed to
sustain metabolic processes.

Various factors speed up the rate at which substances can
move into organisms. What are these factors? Think about
the structures you have explored on pages 90-91 (the
lungs, placenta, intestine and leaf) and the features that
make them efficient at the job they do.

A fast rate of diffusion can be achieved by:

® increasing surface area

m decreasing the thickness of the diffusion surface
B maintaining a concentration gradient.

A concentration gradient is needed so that molecules can
move from a higher to lower concentration. For example,
in the lungs, oxygen is removed from the alveoli by the
blood which maintains the difference between the oxygen
concentration in air in the alveoli and the blood oxygen
concentration.

A small diffusion distance is needed as the thicker the
surface, the longer it will take for molecules to cross it.

For example, there is a small distance between the mother's
blood and that of the embryo, ensuring that the embryo
gets food and oxygen quickly enough.

The larger the surface area, the faster molecules can move
into (or out from) an organism. For example, the folds in
the lining of the small intestine (the villi) allow digested
food molecules to move into the blood at a rate that is
fast enough to maintain life processes. Further folds on
the membranes of the cells lining the intestine (microvilli)
further increase the surface area.

Why do organisms need these specialized structures?
Small animals do not have lungs/intestines/placenta, and
microscopic plants do not need specialized leaf structures.
What is it about larger organisms that make these
specialized structures essential?

3
E High concentration of carbon dioxide
5
2
S
[
[+]
c
.3
© Low concentration
';i:'; of carbon dioxide
=
S
Blood Lungs

Location in body

B Figure 4.14 The concentration gradient in alveoli allows
carbon dioxide to diffuse from the blood

Maternal blood Maternal blood

Uterine wall

Fetal villi in
placenta

0w
»-4 a & =

Fetal blood

B Figure 4.15 There is a short distance between maternal
blood and fetal blood

Villi increase the
surface area

Each wvillus

contains

Each cell of
the villus has
microvilli on
its surface

B Figure 4.16 How villi and microvilli increase surface area
in the small intestine
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What is ‘surface
: ACTIVITY: What happens to the surface
dred. VOIUme area and volume of objects as they increase

ratio’ and Why in size?
IS It Important ATL

m Critical-thinking skills: Evaluate evidence

to living things?

In this activity you will collect and present data relating to
surface area:volume ratio.

Imagine that the three cubes below represent three different sized animals
(it is easier to use these rather than real animals): let’s investigate what
happens as they increase in size ...

1 7| |2 B
T A

B Figure 4.17 Three cubes representing animals of different sizes

1 Work out the surface area of each cube. (Can you see why we are using
cubes rather than real animals now?) Think of each cube spread out flat

(see Figure 4.18 below) and the surface of each square added together to
work out the total surface area.

® Figure 4.18 A 2D plan of a cube
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Now work out the volume of each cube, by multiplying the width by the

breadth by the depth (i.e. block A has a volume of 1 x 1 x 1=1cm?).

3 Finally, divide the surface area by the volume to work out the 'surface
area:volume ratio’). Copy and complete Table 4.1.

W Table 4.1 What happens as a block increases in size?

Surface area of Volume of Surface area:volume ratio
Sacic} biockicar l(sucrace arsaivolums)
A (Ix1)xb= 1x1x1=
B (2x2)x6= 2xTnd=
= (3x3)x6= Ix3Ix3=

00

The relationship between two variables may not be obvious - visual
diagrams can help to reveal unexpected connections and create new
ideas and avenues for further inquiry.

4 Imagine now a fourth block, 10cm x 10cm x 10cm. Calculate the surface
area:volume ratio of this block.

5 Now sketch a graph showing the relationship between size and surface
area:volume ratio. Extrapolate your graph out to larger dimensions.
What happens to the ratio as the block continues to get larger? Is it a
linear relationship (i.e. a straight line)? If it is not a linear relationship,
what does this tell you?

e What association have you found between surface area and volume as

organisms increase in size? 5

Science is all about inquiry - but how do we know what questions to
ask? Scientific inquiry often starts with some preliminary observations
which lead us to make a hypothesis about how things work. We can
then design an investigation to test the predictions we make.

Assessment opportunities

# In this activity you have practised skills that are assessed using

Criterion C: Present data; Interpret data and explain results using
scientific reasoning.
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ACTIVITY: The effect of size and surface area on the movement

of molecules

ATL

m Critical-thinking skills: Evaluate evidence

1 Take a4 cm length of agar jelly with a cross-
sectional area of 2cm?. The jelly has been made with
phenolphthalein indicator which is an indicator that
turns colourless in the presence of acid: the indicator
stains the jelly pink. Cut the agar block in half to
create two 2 cm® cubes (one of these cells will be
called cell A). The cubes represent model cells, which
will be used to investigate how quickly material can
diffuse throughout the cell. Cut the other 2 cm® cube
in half to create a cell 2cm® by 2 cm? by 1.cm? (cell B).
Cut the remaining block in half so that you have a 2cm?®
by 1cm? by 1cm? cell (cell C) and the remaining part in
half again (cell D). Cut the final piece in half to create cell
E so that you have five cells of different sizes in total.

L S
= = g g -
e

B Figure 4.19 Apparatus for experiment into rate of
diffusion compared to cell size

2 Place the five models cells, each of a different size, in
1M hydrochloric acid (make sure you are wearing eye
protection). As the acid diffuses into the agar ‘cells’
the indicator will lose its colour and turn colourless.
The acid represents essential materials needed by the
cell for metabolic reactions — the faster the substances
reach all parts of the cell, the more likely the cell is to
survive.

Safety: Wear eye protection when handling the acid.
Wash your hands after the experiment.

Hypothesis
Formulate and explain a testable hypothesis using correct
scientific reasoning.

Predict what will happen to each model cell. Which will

show the fastest rate of diffusion? Which will show the
slowest rate of diffusion? What do you think will happen
to the surface area:volume as the blocks increase in size?

Carry out the experiment

Observe what happens to the model cells. Time how long
it takes for each cell to turn completely clear. Compare the
results and record your data in a table.

Repeat the experiment to improve reliability; take care
cutting the cubes to ensure your results are accurate.
How could you improve the precision of the experiment?

i

reliability Results are repeated so that a mean can
be calculated, and any results that do not fit the overall
pattern of data can be identified as anomalous.

precision The number of decimal places that can be
reliably measured. For example, if a digital balance can
measure to two decimal places then this is the precision
that can be recorded in a results table.
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Calculate the surface area, volume and surface
area:volume ratio for each agar block. You need at
least five values for the independent variable.

Observe the changes that occur as the blocks
increase in size by measuring the time taken for each
block to change colour.

Accurately interpret your data and explain your
results using correct scientific reasoning.

Evaluate the validity of your hypothesis based on
the outcome of the investigation.

Evaluate the validity of the method based on the
outcome of the investigation.

Explain improvements or extensions to the method
that would benefit the investigation.

Explain, using the results from the experiment,
why single-celled organisms can never become very
big.

Explain, using the results from the experiment,
why cells are the size they are.

Predict, using the results from the experiment and
your own knowledge, what cells can do when they

~ become too large.

Assessment opportunities

+ In this activity you have practised skills that are

assessed using Criterion B: Inquiring and designing;
this activity can be assessed using Criterion C:
Processing and evaluating.

As organisms increase in size their surface area:volume ratio
decreases.

As objects increase in size, their volume increases at a faster
rate than their surface area (as we have seen). This means
that larger organisms have a smaller surface area compared
to their size. Living things depend on the constant exchange
of nutrients, gases and waste with their environment —
srnaller organisms can achieve this across their surface
without the need for specialized structures, as the surface
area is very large compared to their size. Larger organisms
need specialized structures to increase the surface across
which vital materials can be taken into their body, and
wastes removed.

The issue of surface area relative to size also determines the
size that cells themselves can be. What happens to a cell as
It increases in size? Why might this create problems for the

survival of the cell?

| USED TO THINK ...,
BUT NOW I THINK ...

Reflect on what you have learnt so far ...

e Summarize the implications that an increase in

size has for organisms.

Has your understanding about how organisms are
adapted to their environment changed as a result
of what you have studied so far this chapter?
Summarize in a few sentences, if this is the case,
how your thinking has changed.
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When is having a large-sized
body an advantage

and when is it a
disadvantage?

BEING BIG — A PROBLEM §
OR A SOLUTION?

Not all penguins live in cold environments.
The fairy penguin lives on the coasts of
Australia and New Zealand. Look at the two
photos in Figure 4.20: the fairy penguin (left) _
and the emperor penguin (right). The emperor i T -
penguin is much larger than the fairy penguin. = -

Why do you think this is? W Figure 4.20 A fairy penguin (height = 41cm) and an

emperor penguin (height = 1.3m)

THINK-PAIR-SHARE Imagine you go to live at the South

Pole, and want to take a dog with
ATL you. Predict which dog in Figure 4.21
would be best suited to these

m Creative-thinking skills: Make unexpected connections between ideas; conditions. Why is this? Imagine you
Generate new ideas go somewhere to live that is hot,
such as the Sahara. Predict which
dog would be best suited to these
conditions. Why is this?

Compare the optimal habitat for the
two dogs. Use your knowledge of the
effect of size on surface area:volume
to explain your observations.

Assessment
opportunities

+ In this activity you have practised
skills that are assessed using
Criterion B: Formulate a testable
hypothesis and Criterion C:
Interpret data and explain results
using scientific reasoning.

® Figure 4.21 Big dog, small dog
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ACTIVITY: How body size affects the rate of heat loss from animals

AlL

m Critical-thinking skills: Evaluate evidence

Fairy penguins can be up to 41cm in length. Emperor
penguins are, in contrast, the largest species of penguin,
with male adults reaching up to 1.3m and weighing
45kg. The emperor lives in Antarctica and is large, and
the fairy penguin lives in Australia and New Zealand and
is small. This experiment investigates the advantage of
having a larger body size and mass in cold environments.

You will measure the rate of heat loss in two beakers,
representing the emperor (large beaker) and fairy
penguins (small beaker). Predict which beaker will lose

heat the most quickly.

1 Take two glass beakers, one 500 ml and the other
100ml.
Fill the two beakers with hot water (as near to 75°C
as possible). 75 °C is used because it is much higher
than room temperature.
Immediately start recording the temperature in
each beaker with the thermometer. Record the
temperature in each beaker every minute for
15 minutes. If you have data-logging equipment use it
to record your data.
Plot graphs of the results. Make sure the graphs are
properly labelled.

Safety: Take care handling the hot water.

5 Did your results match your prediction? Explain why
one beaker had a slower rate of heat loss than the
other, using your knowledge of surface area:volume
ratio. Which environment would this penguin live in?

B Figure 4.22 Penguin experiment

Assessment opportunities

+ In this activity you have practised skills that are
assessed using Criterion B: Formulate a testable
hypothesis and Criterion C: Interpret data and
explain results using scientific reasoning.
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The photos in Figure 4.23 show pairs of animals from different parts of the world.
Both bears and foxes are found in both warm/temperate environments and also
cold/northern environments. The sun bear (upper left) is found in the rainforests
of Southeast Asia, and is the smallest bear species. The polar bear (bottom right)
is the largest bear species, and is found in the Arctic Circle. The European (or
‘red’) fox (bottom left) is found throughout northern hemisphere, from Europe
through to North Africa, Central America and Asia. The Arctic fox (top right) is
native to the Arctic Circle.

Look carefully at the photos in Figure 4.23. How are the animals adapted to the
environment they live in? Think about their size and shape — how do these factors
adapt them for cold or warmer conditions?

Write down as many adaptations for each animal as you can think of, and the
reasons for each adaptation. Do this now.

Many Arctic animals, such as the polar bear, have white fur made of hollow

hairs, which act as camouflage and trap warm air next to the skin. Sunlight is
transmitted down the hairs to the bear’s black skin, which absorbs the light and
changes it to heat. But if you lock carefully at these animals, you will also see that
the shapes of the animals are different depending on where they are found in the
world. Why is this? How does shape help them adapt to their environment?

Larger animals found in warmer environments find it difficult to lose heat.

They can get round this by increasing their surface area, by having large ears (the
African elephant is a good example of this — see Figure 4.1) or spending much of
the day in water (the hippopotamus only emerges from rivers once the hot sun
has set, feeding on grass in the savannah during the cool of the night).

Larger animals need greater amounts of food and energy to support their
metabolism. More cells mean more nutrients. This can be an issue for larger
animals. However, smaller animals, because they lose more heat, have to have a
relatively high metabolic rate (rate of respiration) to sustain life processes —what
issues does this raise for them?
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B Figure 4.23 Foxes and bears from different environments
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Which body shape is
best for living in cold
environments?

THINK-PAIR-SHARE

Figure 4.24 shows the relationship between
the volume and surface area of different three-
dimensional shapes.

350

300 H

150 200 250 300 350
Volume

B Figure 4.24 Graphs of surface area against volume
for different solid shapes

Compare the curve for the sphere with the curve for
the pyramid. Which has the greatest ratio? Which has
the smallest ratio? Use this information to identify the
optimum shape for animals in cold environments.

Assessment opportunities

# In this activity you have practised skills that are
assessed using Criterion B: Formulate a testable
hypothesis and Criterion C: Interpret data and
explain results using scientific reasoning,

HOW DOES SHAPE AFFECT
SURFACE AREA:VOLUME
RATIO?

An animal with a small surface area:volume ratio is well
adapted to cold environments as it will lose heat more
slowly than other animals.

Body shape is an important adaptation in animals. We have
already seen how surface area to volume ratio decreases
with increasing volume — this is shown again in the graph
of different shapes (left). Surface area decreases for
rounder shapes, and increases with shapes such as cubes
and pyramids. But what effect does this have on animals,
or even plants come to that? Look again at the animals in
Figure 4.23. Are the animals from warmer environments
the same shapes as those from the North and South Poles?
What shape are the animals from the ice and snow-covered
habitats? Which shape would minimize their surface area
compared to their volume, reducing heat loss and increasing
chances of survival? Angular or spherical?

The body shape of animals in colder environments is
adapted to minimize heat loss. Legs, ears and tail tend to
be shorter, which also helps to conserve heat. For example,
compared with the red fox, the Arctic fox has a rounder
body, thicker fur, shorter legs and tail, as well as a shorter
muzzle and ears. Having a lower surface area for their size,
by being rounder in shape, means that animals such as the
emperor penguin and polar bear lose less heat compared
to their relatives from warmer climates. As we can see, the
best shape for an animal in cold environments would be a
perfect sphere! This isn't a very practical shape for a bird
that swims, but the shape of a penguin is fairly close to this.

o , ;
030
Critical-thinking skills: Identifying similarities and
differences between things is a good way to see

‘patterns’ and connections — and these help us to
understand the bigger picture.
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ACTIVITY: How animal
behaviour can improve the

chances of survival

ATL

m Critical-thinking skills: Evaluate evidence

Take eight test tubes. These will represent individual
penguins (in the same way that we used beakers to
model penguins in the Activity on page 99).

Set up one test tube by itself, and the remaining seven
test tubes into a bundle, held by an elastic band.

\ 5 k\J .7
B Figure 4.25 Penguin-huddling experiment

3 Put water that has just boiled into each test tube.
Fill each test tube two-thirds full. TAKE CARE with

the hot water.

Huddling in emperor penguins reduces heat loss. The male
emperor endures a 115-day ordeal, during which he courts,
mates and incubates an egg without eating a single meal.
Along with this, he has to cope with wind-chill temperatures
reaching down to minus 60°C. The males conserve their
energy by huddling together to keep warm. Emperor
penguins have to face freezing winds (called katabatic
winds), which blow off the polar plateau and intensify the
cold. Huddling cuts the heat loss by as much as 50%, and
enables males to survive the long incubation fast since the
warmer they are, the longer their fat lasts.

Immediately put a thermometer into the central test
tube in the huddle, one at the edge of the huddle,
and one in the solitary tube.

Predict which penguin will lose the most heat, and
which will lose the least heat.
Record the temperature for 15 minutes. Do this for
the test tube on its own, the one in the middle of the
huddle and one at the edge of the huddle.
Plot the data for each of the three penguins on a
graph. Explain what is shown. Use what you have
learnt about surface area:volume ratio to explain
why the huddle lost less heat than the solitary
penguin.

ST T — ———— —
EHwE

L::;*.-i ?dl}: o S T

The hudslle acts Like one Large organisn. - its Lavoer size means
that it has a Lower surface area compared to its volume and
thevefore Loses Less heat.

Information literacy skills: Processing data and
reporting results are essential skills in scientific
research.

|

Safety: Take care handling the hot water. Ask your
teacher to fill the test tubes. Remain standing

throughout the experiment in case of spillages.

Assessment opportunities

+ In this activity you have practised skills that are
assessed using Criterion B: Formulate a testable
hypothesis; this activity can be assessed using
Criterion C: Interpret data and explain results using
scientific reasoning.

As we have seen above, the large huddle has a lower
surface area:volume ratio than a solitary penguin, so that
less heat is lost. This shows that animal behaviour can also
be related to the concept of surface area relative to size, as
well as the other issues we have explored in this chapter.
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Take action

As well as issues concerning surface area:volume
ratio, large animals often live in habitats threatened
by human activities, and face extinction as a result.
In this chapter we have examined how animals are
adapted to the environment in which they live.
Habitats that are being encroached on by human
activities, such as deforestation, mining or hunting,
suffer damage as a result. Animals that live in these
degraded habitats can no longer survive, and so
become endangered.

M Figure 4.26 Sumatran tiger

News article: ‘Sumatran tigers on the brink of
extinction”:

www.worldwildlife.org/press-releases/sumatran-
tiger-on-brink-of-extinction

Read about illegal trade in wildlife here:
www.worldwildlife.org/thre ats/illegal-wildlife-trade

Many top predators are under threat — a recent study
has shown that out of 31 predator species, three-
quarters are in decline, including cheetahs, leopards,
polar bears, tigers, giant otters and many species

of wolf. Habitat loss through human disturbance is
one of the main reasons why these large animals

are under threat, combined with hunting and
exploitation by humans.

News article: ‘How the threat to lions, leopards
and wolves endangers us all' (Guardian newspaper,
January 2014):

www.theguardian.com/environment/2014/jan/26/
endangered-species-carnivores-extinction

Animals can be protected in their natural habitat (in
situ conservation) or in artificial environments such as
zoos (ex situ conservation).

Protected areas contain habitats that endangered
animals are adapted to, and ensure that species

have the necessary space to survive. Read about the
design of protected areas here (go to the section
titled 'Conserve Natural Areas According to Ecological
Principles’).

www.extension.org/pages/31821/conservation-
subdivision:-design-phase-patch-size-and-shape-
of-conserved-open-spaces# VCli8mddXww

Reserve design considers the spatial arrangement of
the habitats needed by the species, as well as how
the species will respond through time.,

B Figure 4.27 The shape and size of reserves, as well
as how they are connected together, is important in
designing a protected area

Read about how zoos can help protect endangered
animals here:

www.zsl.org/conservation-initiatives/
conservation-breeding

As well as conserving animals in the wild and in
zoos, trade in endangered animals (either whole

animals or body parts) can be prevented by countries
cooperating with one another. Read about this here:

www.cites.org/
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ACTIVITY: How can large
animals be best protected?

Choose an animal that is under threat of extinction
using one of these sites:

www.wwi.org.uk/wildlife/
www.iucnredlist.org/

Find out about ways in which the species can be
protected. Use science to explain how the scientific
solutions would work, for example one based on
the area required by the animal to survive relating
to its reproductive capacity, population size, and
habitat requirements. Which ways do you think
would work best for the species you have selected?
You must think about the pros and cons of in situ
and ex situ conservation. Could CITES (Convention
on International Trade in Endangered Species of
Wild Fauna and Flora - an organization helping to
control the trade in endangered species) play a role in
protecting your species?

Here is an example of how one species of large
mammal is being protected:

www.worldwildlife.org/species/elephant

Write your research findings in the form of a report
to the government, and make a recommendation at
the end: what are the best ways, in your view, for
improving the chances of survival of your endangered
animal? Make sure you use science to explain how the
scientific solutions would work.

Assessment opportunities

# This activity can be assessed using Criterion D:
Reflecting on the impacts of science.

WHAT ISSUES DO LARGER
ORGANISMS FACE?

As organisms increase in size their surface area does not
increase at the same rate as their mass or volume: this not
only affects how big cells can be, but also explains why
larger animals need spedialized structures such as lungs and
intestines. In order to maintain themselves and sustain life,
food and oxygen needs to be taken into cells and wastes
removed (Chapter 3). Surface area:volume explains why
cells can't simply get bigger and bigger, as above a certain
size they would not be able to absorb fast enough all the
substances they need to survive — this is why tissues and
organs (Chapter 1) are needed, built out of many millions of
individual cells, in larger organisms. It explains why leaves
are flat and animals in colder environments have a rounder
body shape than their relatives in warmer climates.

In the next chapter, we will be considering how artificial
and naturally occurring factors affect human health. Some
ilinesses affect the functioning of the human body by
reducing the surface area of certain organs — meaning that
the substances needed by the body cannot be absorbed
fast enough. We will see how surface area, in relation to
the volume of living things, can explain the causes of certain
ilinesses, in addition to the various issues we have explored
in this chapter.
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SOME SUMMATIVE PROBLEMS
TO TRY

Use these problems to apply and extend your learning in
this chapter. These problems are designed so that you can
evaluate your learning at different levels of achievernent in
Criterion A: Knowing and Understanding.

THIS PROBLEM CAN BE USED TO EVALUATE YOUR
LEARNING IN CRITERION A TO LEVEL 1-2

1 Using what you have learnt in this chapter, try to improve
your explanations for the effect that shape has on
surface area:volume ratio.

The table below shows five objects that gradually
become flatter. Object 1 is a cube, which is then
gradually flattened more and more (objects 2-5).

The original cube is made thinner and thinner while

maintaining the original volume. Find out what happens

to the surface area and surface area:volume ratio as the

box is flattened by completing the table below.

a State the relationship between surface area and
volume as organisms increase in size.

b Using the data in the table, suggest a solution that
explains why surface area increases even though the
volume of the animals stays the same.

B Table 4.2 What effect does flattening an object have
on its surface area:volume ratio?

¢ Interpret the data to make a judgement as to why
flatworms (phylum Platyhelminthes) do not need
specialized surfaces for absorbing oxygen or food into
their bodies.

THIS PROBLEM CAN BE USED TO EVALUATE YOUR
LEARNING IN CRITERION A TO LEVEL 3-4

2 The graph below shows the relationship between
surface area:volume ratio and the size of an object.

Surface area : volume
L
|

8] 2 4 B 8 10
Length of side of cube

M Figure 4.28 The relationship between size and surface
area:volume ratio

a Outline the relationship between surface
area:volume and the size of an object.

b Apply your knowledge of surface area and volume
to explain the relationship between surface
area:volume ratio and the size of an object shown in
the graph.

¢ Interpret the data to make a scientifically supported
judgement to explain how surface area:volume ratio
limits cell size.

Surface
Object number | Height (mm) | Length {(mm) | Width (mm) | Surface area (mm?) | Volume (mm?)

1 4 4 4 192 256
2 2 8 4 224 256
3 1 8 8 320 256
4 0.5 16 8 560 256
5 0.25 16 16 1056 256
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THIS PROBLEM CAN BE USED TO EVALUATE YOUR LEARNING IN
CRITERION A TO LEVEL 5-6

3 The following diagram shows the gas exchange surfaces (alveoli) of a healthy
person and someone with a disease called emphysema. Emphysema can be
caused by cigarette smoking over a long period of time. Persistent coughing
by the smoker, and damage from chemicals in the cigarette tar, damage the
walls of the alveoli.

Emphysema

i (i Mucus in bronchicle

Enlarged alveoli

Fewer capillaries

Normal
bronchicle and
alveoli

Lungs

B Figure 4.29 Healthy and affected alveoli in someone with emphysema

Figure 4.30 shows slides made from sections of lungs taken from a healthy

person (left) and someone with emphysema (right).

a Describe how the structure of the alveoli of a healthy person relates to
their function.

b Describe the difference between healthy alveoli and those from a person
with emphysema.

¢ How would the differences you have observed affect the person with
emphysema (i.e. what symptoms would they show)? Analyse the photos
so you can make a sdentifically supported judgement.
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B Figure 4.30 (a) Alveoli of a healthy person, (b) alveoli of someone with emphysema
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THIS PROBLEM CAN BE USED TO EVALUATE YOUR
LEARNING IN CRITERION ATO LEVEL 7-8

4 Look at Figure 4.31 below, showing the small intestine of
a healthy person (left) and someone with an illness called
coeliac disease (right).

Coeliac disease is caused when a person is allergic to
gluten — an immune response, in reaction to any gluten
in the food eaten, causes the defence mechanisms to
attack the person’s own gut tissue.

Analyse the information you have been given
about coeliac disease to make a scientifically supported
judgement about the symptoms you would expect a
person with coeliac disease to show.

B Figure 4.31 (a) The small intestine of a healthy person, (b) someone with coeliac disease
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Reflection

In this chapter we have seen how size affects the way that organisms interact
with their environment. We have explored how many scientific phenomena,

such as cell size, the shape of animals in different environments, and huddling
behaviour in emperor penguins, can be explained using the concept of surface
area:volume ratio. We have explained why larger animals need spedialized
structures such as lungs and intestines in order to maintain body processes.

We have had opportunity to develop as a thinker through various critical-thinking

activities.

Use this table to reflect on your own learning in this chapter
Questions we asked

Answers we found

_Any further questions now?

Factual: In what ways are organisms adapted to the environment
they live in? What structures do larger organisms have in order
to efficiently exchange nutrients, gases and waste with their
environment? What are the adaptations or specialized features of
cells, tissues, and organs that increase surface area?

Conceptual: How does the size of an organism determine its needs
for energy and nutrients? What role does surface area: volume ratio
play in determining the efficiency of transfer of substances into and
out of organisms? How does the shape of an organism help adapt
it to the environment it lives in? How does the behaviour of an
animal help adapt it to the environment it lives in?

Debatable: How important is it to protect endangered animals?
How can the design of conservation areas, and zoos, help meet the
needs and support the survival of larger animals?

Approaches to learning you used in this chapter

Description — what new skills
did you learn?

How well did you master the
skills?

Nowvice
Learner
Practitioner
Expert

Critical-thinking skills

Creative-thinking skills

Learner profile attribute(s)

How did you demonstrate your skills as a thinker in this

chapter?

Thinker
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Relationships Consequences; Interaction

What factors affect human
health?

Human health is a
consequence of the
relationships and
interactions between
biological processes in our
bodies, our lifestyles and

11> conditions we live in
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CONSIDER AND ANSWER
THESE QUESTIONS: IN THIS CHAPTER, WE WILL ...

n ® Find out how different types of living conditions and environments
Factual: What must happen inside influence human health and how diseases can spread within a population.

the humah body in order to for us m Explore different types of disease and the mechanisms our bodies have to
to be healthy? What are external maintain or re-establish our health.

conditions that contribute to our m Take action by raising awareness of strategies that will support and
health? improve human health,

Conceptual: How are biological

processes in our bodies, the
conditions we live in and our These Approaches to

lifestyles related so that their Learning (ATL) skills
interactions have consequences for will be useful ...

our overall health?
_ m Communication skills
Debatable: What does it mean to

be healthy? Do you think access to ® Media literacy skills

health care and a healthy lifestyle m Critical-thinking skills

: o ?
are rights or privileges: m Transfer skills di
Isease

Now share and compare your m Organization skills host

thoughts and ideas with your
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We will reflect on this learner profile Assessment opportunities in this
attribute ... chapter:

e Reflective -thm:Jg.htfuIIy tf.onsider how the condition « Criterion C: Processing and evaluating
of our surroundings, our lifestyle and our natural . N . _
tendencies impact on our health; and discuss what ¢ Criterion D: Reflecting on the impacts of science
options we have and what decisions we can make to
improve our health and that of others.

THINK-PAIR-SHARE

B Figure 5.2 ‘Health’ can have many forms

What do we consider to be ‘healthy’?

Think about someone who you would describe as

really ‘healthy’. This person could be you, someone you

know personally (like one of your parents) or someone

you have only seen or heard about (like an athlete).

Ask yourself, "What is it that makes me think this person  Pair up with a partner. Share your lists with each other.

is healthy?’ Fill in your ideas in a table, like this one: Compare your lists to identify what is similar and
different in your ideas about a healthy person.

The healthy person is:
Next, combine the ideas you agreed on in order to t
Physical Actions this Other things y g 'y

S person does that | about this person and write one 'big idea’ of what makes a person healthy.
that make me make me think that make me Put your 'big idea’ into one sentence and complete this

think this person | s/he is healthy think s/he is sentence: ‘A person is healthy when ...".
is healthy healthy

Finally, share your ideas with the class, so that everyone’s
'big ideas’ can be written down in a common learning
place. You will go back to reflect on and add to these
'big ideas’ as you learn more about the factors affecting
- human health,
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What is health?

When was the last time you were sick enough to stay home from school?

How did you feel? Maybe you had a headache or stomach-ache or sore throat,
or some combination of all three. Maybe your body felt sore or you had a fever.
Probably, you felt tired and the only thing you wanted to do was stay in bed or lie
on the sofa.

What did you do to feel better? Did you drink some tea and just rest? Or did you
go to the doctor to get some medicine? Or were you so sick that you had to go
to the hospital for treatment?

Whatever the case, you were probably not very happy when you were sick, and
were relieved on the day you started to feel better. It happens to everyone ...
everyone gets sick at some time or another. But the big question is ... why?
Why do we get sick? Why do we have a fever or headache or stomach-ache?
Why do some people get sick often and others only rarely? Why do people in
some parts of the world suffer from
frequent, serious disease, while in
other parts of the world people
generally live healthy lives? Why do
some illnesses come and go quickly
with hardly any symptoms, while
others last a long time — even a lifetime
—and can even cause death?

In this chapter, we will look for
answers to these questions and more.
We will explore what factors contribute
to health, and we will consider the role
of governments and leaders in order
to ensure their citizens are healthy.

We will use our knowledge and
understanding about health in order to
develop strategies and suggestions for
improving health, which we will share
with others because, as the saying
goes, ‘He who has health has hope;
and he who has hope has everything'.

B Figure 5.3 How do you know you are "sick'?
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THE WORLD HEALTH ORGANIZATION

The World Health Organization (WHO) is part of the United Nations system; it is a
worldwide authority that provides leadership and support for health and health-
related matters in different countries and regions around the world.

Just like many countries and large organizations, the WHO has a constitution in
which its values and principles for leadership are outlined. Read the preamble
of the WHO's constitution, where you will find the WHO'’s definition of and
expectations for health:
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relations and security of all peoples:

Health is a state of complete physical, mental and social well-being and not merely the
absence of disease or infirmity.

The enjoyment of the highest attainable standard of health is one of the fundamental
rights of every human being without distinction of race, religion, political belief,
economic or social condition.

The health of all peoples is fundamental to the attainment of peace and security and is
dependent upon the fullest co-operation of individuals and States.

The achievement of any State in the promotion and protection of health is of value to all.
Unequal development in different countries in the promotion of health and control of
disease, especially communicable disease, is a common danger.

Healthy development of the child is of basic importance; the ability to live harmoniously
in a changing total environment is essential to such development.

The extension to all peoples of the benefits of medical, psychological and related
knowledge is essential to the fullest attainment of health.

Informed opinion and active co-operation on the part of the public are of the utmost
importance in the improvement of the health of the people.

Governments have a responsibility for the health of their peoples which can be fulfilled
only by the provision of adequate health and social measures...
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CONSTITUTION OF THE WORLD HEALTH ORGANIZATION

THE STATES Parties to this Constitution declare, in conformity with the Charter of the
United Nations, that the following principles are basic to the happiness, harmonious
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s access to health care and a healthy lifestyle
a right or a privilege?

ACTIVITY: WHO said what?
ATL

B Communication skills: Read critically and for
comprehension

m Critical-thinking skills: Formulate factual, topical,
conceptual and debatable questions

In this activity, you will critically and actively read the
preamble of the constitution of the WHO. You will
identify which of the expectations for health can be
addressed using science or scientific developments, and

share your ideas.

Instructions for critical and active reading:

e ldentify, and highlight or underline the WHO's
definition of "health’.

e Use the Connect-Extend-Challenge table (Table 5.1)
to focus your attention and write down and organize
your thoughts while reading.

After the active and critical reading ...

e In pairs, compare your notes:
o Did you identify the same definition for health?
o Inwhat similar and different ways did you
Connect-Extend-Challenge?

B Table 5.1 Connect-Extend—Challenge

While reading the preamble of
WHO'’s constitution, there were ...

|deas that CONNECT to science or

e Use your ‘wonderings’ from your Challenge notes to
write one or more debatable question(s).

With the class:

e Share your ideas with the class, and add to the list of
‘big ideas’ about health.

e Share your debatable question(s) for discussion now
or later on in the class.

By the end of the chapter:

o Take the role of a journalist for a weekly science
column and write an editorial column about the
expectations for health that are in the WHO's
constitution.

o Explain WHO's expectations for health and the
ways in which science is used to address these.

o Evaluate the impacts of cultural, economical,
environmental, ethical, moral political and social
factors on the implications of applying science to
address the WHO's expectations for health.

o Consistently apply scientific language and cite
your sources.

Assessment opportunities

# This activity can be assessed using Criterion D:
Reflecting on the impacts of science.

Notes from reading

Expectations for health

How science can be used to meet the
expectations

scientific developments

Ideas that EXTEND my original ideas
about health

| used to think that health is ...

... but now | think ‘health’ can also be ...

Ideas that CHALLENGE my way of
thinking or make me wonder more

shoit Reahh Pl

| don't quite understand these ideas:
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“ ® Figure 5.4 Going to hospital in
Vietnam, Ghana and the United

EXTENSION i

ATL

m Media literacy skills: Locate, organize, analyse, evaluate, synthesize
and ethically use information from a variety of sources and media

m Communication skills: Read critically and for comprehension

Do countries value and put as much emphasis on health as
the WHO? How many countries do you think include in their
constitutions provisions for the health, or welfare, of their citizens?

You and your classmates can do some research to find out. You can
find the constitution of many different countries translated to English
and available online in PDF. Then, you can do a quick word search in
the constitution to find out if or how often the constitution refers to
the government’s role in the health or welfare of its people.

DISCUSS

e To what extent do you agree
or disagree with the WHO's
definition of health as "... a
state of complete physical,
mental and social well-being
and not merely the absence of
disease or infirmity"?

How do you feel about
statement that ‘Governments
have a responsibility for the
health of their peoples which
can be fulfilled only by the
provision of adequate health
and social measures ..."?

Do you agree or disagree?

In what ways can science and
scientific developments be
applied and used to address
the issue of public health as
it is discussed in the WHO's
constitution?

Here's how:

* Open the search engine of your choice,

* Type in the name of the country you are interested in, followed
by the words constitution pdf. For example, if you are interested
in learning about Turkey, you would type into the search bar
Turkey constitution pdf.

Once you have found the constitution, do a word search for
'health’ and then for ‘welfare’. To search for a word, if you are
using a Mac, hold down the ‘command’ and 'f’ keys at the same
time; if you are on a PC, hold down the 'CTRL and 'f' keys. When
the word-find search bar opens, type in the word you are looking
for. The word-find search bar will tell you how many times the
word appears in the document, which you will find highlighted

in the text; scroll through to locate the words. If the word is not
present in the document, the search bar will say 0 or will be blank.

What did you find? Share the results with your class. What do your
findings tell you about the importance of health and welfare in
different countries around the world?
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What happens inside our
body for us to be healthy?

What external
conditions contribute
to our health?

MICRO-ORGANISMS

B Figure 5.5 A drop of water

A simple drop of water; you consume thousands of drops
of water just like this every day, totalling millions in your
lifetime.

Have you ever stopped to think about what is in each drop of
water that you drink? Of course, it is made up of hydrogen
and oxygen atoms bonded together, but there is more.

Water often contains many dissolved minerals that our
body cells use to perform the cellular functions which

give us energy and help us grow. But there are also tiny
micro-organisms floating and living in each drop of water
we consume,

In addition to being found in water, micro-organisms cover
literally every surface of everything that surrounds us ...
they cover the top of your desk, your kitchen table, your
toothbrush, your plate, money and even the food you are
eating. Micro-organisms are floating in the air we breathe
in and out throughout our lives. Our own bodies are even
covered by and filled with micro-organisms — in fact, believe
it or not, we have more single-celled micro-organisms living
on and in our bodies than we have of our own body cells!

-

W Figure 5.6 Bottled water usually contains dissolved
minerals

But, before you get nervous, it is important to know that
the majority of those micro-organisms are harmless or even
benefit our body; in fact, many of these micro-organisms
on and in our bodies are single-celled bacteria that
contribute to our health by protecting us from harmful
micro-organisms and helping us to digest our food.

The harmless bacteria pass into and out of our bodies
without us ever knowing; the beneficial bacteria (sormetimes
referred to as ‘probioctics’ since ‘pro” means ‘in favour of’
and ‘biotic’ means ‘living things') are actually necessary
components of our digestive system because they ensure
we break down foods and make the nutrients in our food
available, so that we can be well-nourished and healthy.

W Figure 5.7 Most water contains thousands of
micro-organisms
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virus, cholera bacteria and Giardia protozoa

Pathogens
Bacteria and viruses

Some of the micro-organisms that surround us can be
harmful to our body and health; these types of harmful
micro-organisms are known as pathogens (from ‘pathos,’
meaning ‘disease” or ‘suffering’ and ‘-gen,” meaning ‘giving
rise to'); they are bacteria, viruses or parasites which can
use or destroy our body cells for their own survival, while
causing diseases that make a person feel ill.

What happens that causes us to feel ill when those disease-
causing pathogens enter our bodies? We will take a closer
look at that now.

Like other organisms, micro-organisms need a place to

live with the temperature, amount of water and balance

of nutrients that are appropriate for them to survive and
reproduce. For many micro-organisms, including pathogens,
inside the human body is the perfect environment: normal
body temperature (between 36 and 37 °C) and the dissolved
substances in our blood and cells create an ideal habitat

for them to carry out all of their life functions ... you can
imagine the pathogens like people on a warm summer beach
holiday with a non-stop buffet, well-rested and enjoying
themselves with the nice weather and delicious food!

Micro-organisms enter our bodies from openings such as
the mouth, eyes, nose or an open cut. Micro-organisms
get access through these body openings in many different
ways, including in the water we drink, the food we eat, the
air we breathe, or from our hands. If the micro-organisms
are able to pass through some of the barriers to micro-
organisms in our body, such as nose hairs, sticky mucus

B Figure 5.8 These pathogens can cause disease if they find their way into the human body. From left to right: Ebola

covering our eyes and mouth and nose, and stomach

acid, they find themselves in this warm and food-filled
‘holiday’ environment, and it is very easy for them to live
and reproduce. Soon, in these perfect living conditions,
the number of micro-organisms multiplies very quickly and
they circulate throughout the body along with the blood
and other body fluids. If, as we mentioned before, these
micro-organisms are of the harmless or beneficial variety,
we do not even notice they are there. However, if these
micro-organisms are of the pathogenic sort, a disease may
start to develop and we may feel ill.

W Figure 5.9 Just like people, microbes have ideal
conditions in which to grow and reproduce
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B Figure 5.10 Micro-organisms, such as these yeast cells (left) and MRSA
bacteria cells (right) reproduce asexually, doubling their cellular contents and
dividing as in mitosis

Why, you might be wondering, do we feel ill as a result of having these
pathogenic micro-organisms growing inside us? It is because some of them, such
as bacteria, produce and release waste materials, in a similar way to how humans
and other living things produce and release waste. Some of the waste materials
that pathogenic bacteria produce and then release into our body are toxins —
small amounts of ‘poison’ that enter body cells, damaging or killing our healthy
body cells, and making us feel unwell in the process.

Other pathogens, such as viruses, make us feel ill for another reason. Viruses do
not contain all of the components or mechanisms necessary for reproduction.
For that reason, viruses are not capable of reproducing on their own; instead,
they must enter into other healthy cells and take over the reproductive
mechanisms of those cells. When this happens, the healthy host cells use their
own cellular components to assemble new viruses. Soon, the host cells fill with
the newly assembled viruses, until the host cell no longer can support its own
needs for survival. At this point, the host cells burst open, releasing all of the
newly formed viruses. Therefore, during a viral infection, our body cells that host
the virus die when they burst open and release the copied viruses; in addition, all
of the copies of the virus are now inside the body, ready to infect and get copied
by nearby body cells, which will also die in the process.

W Figure 5.11 Clostridium botulinum
is a type of bacterium that
produces a toxin that can cause
disease in humans. It grows
in canned foods that have not
been appropriately preserved,
and produces a toxin that causes
botulism poisoning, resulting in
serious food poisoning or even
death. The exotoxins produced by
C. botulinum are also used in the
injections for Botox treatments
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B Figure 5.12 We can see in this Herpes simplex virus W Figure 5.13 The HIV particles are ‘budding’ or growing
infection the red-coloured Herpes virus entering into, off from their host cell after they have taken over the
being copied by and breaking out of the host cell genetic and functional ‘machinery’ of the host cell. This

process will kill the host cell and will lead to thousands of
copies of the virus being released into the human body

Genetic information
(DNA or RNA) of
the virus

Virus J‘

Protein coat (covering) of virus

Host cell

f'__"h'_—u’_

ACTIVITY: A virus
infection

ATL

m Critical-thinking skills: Use
models to explore complex
systems

B Figure 5.14 A summary of the way in which a virus is replicated by its
host cell

Parasites

Parasites have different ways of making us feel ill. Because parasites may be
single-celled micro-organisms such as amoebas, or larger, multicellular organisms
such as worms, their interactions with the host body cells differ widely. However,
the end result is that the parasite uses the host as a source of nutrients, depriving
the host of the substances it needs for its own survival.

In pairs, discuss what is
happening in each stage of
Figure 5.14. Write down the
stages of infection next to each
letter in the figure.
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B Figure 5.15 These virus particles (illustrated in green)
are suited for the conditions provided by the host
cells in the lungs; as the lung cells make copies of and
release more of the virus into the lung tissue, it causes
the human host to produce phlegm and cough in an
attempt to rid the body of the viral invaders

ACTIVITY: Symptoms of illness
ATL

B Communication skills: Make inferences and draw
conclusions

B

A Inferred explanations for symptoms
(before reading)

Symptoms

Fever

The living conditions of pathogens

Different pathogens have different specific requirements

for their ideal living conditions, for example, the lungs

the intestines or inside the ear. Depending on where the
pathogens have taken up residence, the symptoms you
experience from the infection result from the damage or
death to the cells that host the pathogens. For example, the
host cells for rhinovirus (the virus that leads to the common
cold) are found in our nasal sinuses or lungs, which is why
we have a stuffed up nose as a result of the cold virus.

Other symptoms when you are ill come from your body’s
defence system, called the immune system, in its attempt
to regain the balance of healthy body cells to pathogenic
cells — a balance which the body begins to lose when

the pathogens start to rapidly grow and reproduce. You
might recall from Chapter 3 that the balance of conditions
within our body is called homeostasis, and that the body
makes automatic adjustments or changes in order to try
and re-establish balance when different factors cause

an imbalance.

Think about some common symptoms when you feel ill,
and suggest some reasons for the symptoms that result
from infections by pathogens. Copy the table below and
fill in Column B with your inferences, and then share
with a partner, and the class.

Add three rows to the bottom of the table and enter
some other symptoms you have experienced when you
were ill, and suggest explanations for those symptoms as
well. Read page 121 and then fill in Column C with what
you have |earnt.

C
Biological explanations for symptoms
(after reading)

Runny nose

Sneezing

Coughing

Diarrhoea or vomiting
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W Figure 5.16 These rhinoviruses have been replicated
within the cells of the upper respiratory system; they
cannot live in the acidic conditions of the stomach,
so they will only infect cells in the sinuses or lungs,
resulting in the symptoms we associate with the
common cold

WHAT HAPPENS INSIDE YOUR
BODY WHEN YOU ARE ILL?

Your body responds to the presence of pathogens by trying
to make the inside of your body a less appealing place for
the pathogens to be; if we go back to the beach holiday
analogy, now think of a place that is cold and rainy and that
does not offer any meals. If you were on a beach holiday
under those conditions, you would not want to stay there
very long, and, in fact, you could not stay very long if there
was no food — the same is true for pathogens when they
find themselves in an environment that does not have the
correct temperature or a source of nutrients,

Therefore, the symptoms your body produces when you
have an illness is the way your body tries to make itself as
uninviting as possible for the pathogens. Each symptom
you experience is your body trying to damage or kill the
pathogens, prevent the pathogen from reproducing, or rid
itself of the pathogen all together.

M Figure 5.17 The effect of heat on pathogens is the
reason why we should wash our hands or dishes with
warm or hot water and why surgical equipment is
cleaned by putting it in a type of ‘oven’ before being
used for surgery. This thermal image shows hot water
(coloured in red) coming out of the tap while a surgeon
is washing his hands

Let’s consider again the symptoms in the table the Activity
on page 120 in order to identify the reason we experience
those symptoms when we are |ll.

First, a fever is a response to the presence of the pathogens
(or even other foreign substances) in your body. It is your
body's attempt at making your internal environment too
hot for the pathogens to live and reproduce because, as the
temperature increases above 37°C, pathogens become less
efficient at performing life-sustaining cellular processes, and
will eventually die.
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W Figure 5.18 This leg wound is infected; we can see
evidence of the immune system hard at work in the

production and build-up of white blood cells that are
coming out of the injury

When the cells of your immune system identify pathogens in
your body, the immune-system cells release a chemical that is
like a signal. The chemicals produced by the immune-system
cells, as well as the toxins produced by the pathogens,
circulate to different organs in your body, including to

your brain. When the chemicals from the pathogens and
immune-system cells get to your brain, they are detected

by a part of your brain called the hypothalamus. One of the
jobs of the hypothalamus is to regulate body temperature

in response to different stimuli. So, when the hypothalamus
detects these chemicals, it responds by ‘turning up the heat’
in your body, and you develop a fever.

The sticky mucus and phlegm that the cells in your nose and
lungs produce are your body’s way of trapping pathogens
before they fully enter the body. When you sneeze, cough
or blow your nose, all of those pathogens that were caught
by the mucus or phlegm end up in the tissue or air, instead
of in your body. In addition, the phlegm and mucus our
body produces contain antibodies, which are molecules
produced by specialized cells, called white blood cells, in
the immune system. In response and in order to fight off
invading pathogens, your body produces more white blood
cells, which, in turn, produce more antibodies,

So, the more pathogens there are in your body, the

more white blood cells, mucus and phlegm your body
produces, so that you have more antibodies and sticky

traps available to protect you from disease-causing micro-
organisms. In addition, this increased level of white blood
cell production is an important strategy to protect you in the
future, because some of the white blood cells are known

as ‘memory cells’. Their job is to circulate in your body,

ready to immediately produce antibodies in the case of a
future infection.
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When you have diarrhoea or vomit, though it Is unpleasant,
it is your body trying to make itself less welcoming to
pathogens because your digestive system becomes more
acidic. In addition, you are physically and actively removing
the pathogenic micro-organisms from your body.

However, sometimes despite your body’s best efforts, your
defence mechanism — the immune system — is not strong
enough on its own to protect you from pathogens and
re-establish homeostasis. In some of these cases, a doctor
might prescribe antibiotics. Antibiotics, which literally
means ‘against living things,” are substances that damage,
destroy or kill certain types of cells; specifically, antibiotics
target certain types of bacterial cells.

Many antibiotics are found in nature; for example the
popular antibiotic penicillin originates from a type of mould.
Even more antibiotics, however, are developed and mass-
produced by scientists in research and pharmaceutical
laboratories. Antibiotics are developed to target and
darmage or destroy different types of bacterial cells and,
therefore, can be effective only in treating diseases caused
by bacterial infections. This means that, if a parasite or

virus causes a disease, antibiotics will not be an effective
treatment for eliminating the pathogens that cause the
disease. In these types of parasitic or viral infections, doctors
may prescribe medicines that help to reduce the symptoms
of the infection so you feel better while your body is trying
to fight the disease.

EXTENSION

What role does luck play in important scientific
developments? Is all scientific advancement

the result of carefully planned and detailed
investigations? Try doing an Internet search using
the words Penicillin discovery to learn how chance
played a role in one of the most important,
life-changing discoveries in science and medicine.

M Figure 5.19 Alexander Fleming's sketch and notes
about the antibacterial effect of the fungus Penicillium
notatum growing on a Petri dish with Staphylococcus
bacteria. This ‘accidental’ discovery led to the
development of the first antibiotic, penicillin
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EXTENSION

How would you feel if a trusted doctor in your
town took you into his office one day, scratched
your arm, rubbed in some pus from some

open sores on another patient’s arm, kept you
under observation for a few days, and then,
after noticing you seemed healthy, rubbed the
scratches on your arm with some pus from the
sores of a third patient who was sick with a
deadly disease?

Would you believe that that was very much the
way in which the first vaccine was tested? In fact,
in the late 1700s a British doctor named Edward
Jenner used an unknowing young boy as a 'human
guinea pig’ to test his theory that exposing people
to a small amount of a less serious disease, in this
case cowpox, could prevent them from getting a
more serious disease, smallpox.

B Figure 5.20 Jenner infecting James Phipps with
cowpox in order to test his theory that the boy
would not later get smallpox

To learn more about Jenner’s approach to
developing vaccines, try searching for Edward
Jenner smallpox. How do you think his
methodology would be received today?

Links to: History

Have you studied the history of medicine and health

in your History class? Think about how medicine and
health have developed over time, and how these
factors have impacted on human life and societies.

For example, you might want to consider how the
development of medicines, such as antibiotics, and
mobile medical treatments have impacted on soldiers
and the outcomes of war. Or, perhaps, you could
explore the role that exposure to and spread of certain
diseases, such as smallpox, had on colonization in the
'New World".

B Figure 5.21 A historical satirical cartoon depicting
people getting the smallpox vaccine. What can you
infer about the way people felt about the smallpox
vaccine from studying this cartoon?
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WHAT IS THE BODY'S
RESPONSE TO PATHOGENIC
INVADERS?

You may, at this point, be wondering about vaccinations.
What are they and how do they work? To understand how
vaccines work, we have to understand your body’s natural
response to pathogenic invaders.

As we learnt before, your body’s immune system produces
antibodies in order to protect you from pathogens after they
have entered your body. We have also learnt that some of
those antibodies — the memory cells — stay in your body in
order to fight off future pathogenic invaders and prevent
the disease from developing. This process of fighting

off a current, or ‘primary’, infection while establishing

a protection mechanism from future, or ‘secondary’,
infections is a powerful one. The human body is, indeed,
well adapted and well equipped to protect itself from many
harmful things.

However, as you have probably heard on the news, or
perhaps even experienced personally, there are many
common diseases, such as measles, hepatitis and some
types of flu, as well as some types of rare but serious
diseases such as Ebola, that are caused by pathogens that
are able to reproduce (or be copied) so quickly in your
body, and have such serious symptoms, that your body's
immune system and antibodies have very little chance of
protecting you. To make matters more complicated, some
of these pathogens either do not respond to treatments
such as antibiotics, or respond very slowly. In these cases,
the pathogens can be so destructive to our body cells that
they cause life-long damage to body organs, or even, if the
symptoms are severe enough, death.

Vaccines

Vaccines, therefore, have been developed and are used

to prevent disease by acting as a "trigger’ for your body’s
production of antibodies and memory cells, without being
exposed to or infected by the living pathogen. This is
because vaccines contain dead or fragments of viral or
bacterial pathogens; these dead or fragments of pathogens
are enough to stimulate your immune system into producing
the antibodies and memory cells. That way, just like in the
natural immune response, the memory cells will be waiting
in your body, ready to protect you from the invading
pathogens should you be exposed to them, and should they
try to enter your body.

Vaccines have proven to be effective in preventing
individuals from getting ill, as well as in reducing or
completely eliminating the presence of a disease in certain
areas or populations. For example, the polio disease, caused
by poliovirus, was once a widespread and much-feared
disease because it causes paralysis and death in children
and adults. However, as of 2015, it has been eradicated,
or eliminated from, all but three countries in the world.
This near-complete eradication is due to large-scale and
worldwide efforts to vaccinate (or ‘immunize”) children and
adults from the virus.
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Despite the safety and widespread success of vaccines,
doctors have established some guidelines and suggestions
for who should get which vacdnes and when. For example,
doctors recommend that babies and children get different
vaccines at different times during infancy and childhood.
This is recommended because, even though new-born
babies have received some protective antibodies from their
mothers during the last weeks of pregnancy, their immune
systems are still in development; the vaccination schedule

is designed to help protect babies from the diseases they
are most likely to be exposed to and that are most likely

to cause immediate or long-term health complications.
Furthermore, if a baby is exposed to a virus before he or she
is vaccinated, there is more of a chance that the baby would
get sicker than an adult because the baby's undeveloped
and immature immune system would not respond quickly or
strongly enough.

B Figure 5.22 Vaccines are often administered through
an injection, though they may also be given by drops
directly in the mouth

EXTENSION

To learn more about poliovirus and the progress

that has been made towards its complete,
worldwide eradication, trying searching for
global polio eradication.
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You may be wondering if it is necessary for 100% of a
population to get vacdnated in order to prevent a virus from
spreading to a large portion of the population, in what is
known as an ‘epidemic.’ Let's take a look at Figure 5.23 to
answer that question.

THINK-PAIR-SHARE

Take a moment to pause and consider the Statement

of Inquiry for this chapter that has been guiding the
learning through this topic. From what you have learnt
so far, what aspects of human health can you identify as

coming from the internal environment as opposed to the

external environment?

Human health is a relationship between ...

Factors in the internal environment
(natural bodily processes)

You develop a fever.

ACTIVITY: Controlling the
spread of disease

ATL

m Critical-thinking skills: Draw reasonable
conclusions and generalizations; Use models to
explore complex systems and issues

Look at Figure 5.23. What do you notice about the
spread of the disease in each scenario? Jot down some
notes.

Now complete this sentence in a detailed, bulleted list,
'From the information in this diagram, | understand
that in order to avoid an uncontrollable spread of a
disease ...'

Compare your ‘understandings’ with those of your
partner. How do they compare? In what ways are
your ideas similar? In what ways are they different?
In what ways do you or your partner understand the
information in the figure in a different way after
discussing?

Figure 5.23 illustrates the principle of herd immunity.
According to this principle, it is not necessary for 100% of

a population to be vaccinated; however, the majority of the
population must be vacdnated in order to be able to contain
and prevent an uncontrolled spread of the disease.

Copy the table below and write your ideas in it. Discuss
your ideas with a partner. An example has been done
for you.

Factors in the external environment
(conditions of and resources available in our surroundings)

The only water for drinking comes from a water hole where clothes
are also washed.
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How do our surroundings, bodily
processes and lifestyle choices

interact and have
consequences for
our health?

HOW DO DISEASES GET
TRANSMITTED?

As we discussed in the previous section, the pathogenic
micro-organisms in our surroundings can have an effect

on our internal health if they are able to reproduce and
spread in our bodies. But what are some<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>