Sense organs
allow animals to

detect stimuli.

Arthropods have a
tough exoskeleton.

Effector organs such
as muscles allow
animals to respond.

Jointed limbs
allow insects
to move.
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How sclence works S Key facts
Science is not merely a collection of facts. It is also / The scientific method involves
a way of discovering new facts by having ideas and testing hypotheses with experiments.
testing them. Scientists use ideas (hypotheses) to / An experiment cannot prove a
make predictions they can test with experiments. hypothesis is true—it can only
This process of testing ideas with experiments is support it.
known as the scientific method.

1. Make an observation

The first step in the scientific method is
to make an observation. For instance,
you might notice that spring bulbs in a
garden always flower first at the
sunniest end of the garden.

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

2. Form a hypothesis

The next step is to form a hypothesis—a
scientific idea—that might explain the
observation. For instance, one possible
explanation is that flowers emerge in
the sunny spot first because the soil is
warmer there.

3. Perform an experiment

You test a hypothesis by carrying out an
experiment and collecting evidence. If
temperature makes spring bulbs grow faster,
you might set up an experiment to grow bulbs
of the same plant species in identical soil
containers at three different temperatures.

To collect reliable evidence, you might grow
many bulbs at each temperature. This makes
it easier to spot if something has gone wrong,
such as a plant not growing normally.

Hyacinth bulb  Hyacinth bulb  Hyacinth bulb
grown at 10°C  grown at 15°C  grown at 20°C
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4. Collect data

Scientists collect results (called data)
from an experiment very carefully,
often by taking measurements. These
may be repeated to make sure they
are accurate. The results are often
recorded in a table.

10°C  15°C  20°C
Height in 5 days Ocm Ocm Ocm
Height in 10 days Ocm lcm 2cm
Height in 15 days 2cm 5cm 8cm
Height in 20 days 5cm 9cm 16 cm

Height in 25 days 8cm ldcm 20cm

5. Analyze the results

To make the results easier to analyze, they E T™
are often shown on a graph. The graph here £ 20
shows the average heights of the plants over % 15 -
25 days. In this case, the results support the E
hypothesis that warmer temperatures make o 107
flowers emerge sooner. The results are & 5
considered to be repeatable if the same 3

. . . . 0 bV
experiment is carried out several times 10 12 12 16 18 20

and similar results are obtained. Temperature (°C)

6. Repeat the experiment A
A single experiment doesn’t prove a hypothesis
is true—it merely supports it. Scientists usually
share their results in scientific journals so that
others can repeat the experiment and verify
the results. This is known as peer review. After
many successful trials, a hypothesis may be
accepted as a theory.

s

L Fact or theory?

If a scientific theory has been tested
many times and has never failed, it might
eventually be accepted as a fact. For
instance, we now accept the theory that
germs spread diseases as a fact. The
theory that fossils are the remains of
prehistoric organisms is also accepted
as a fact. However, no scientific theory
or fact can be proven true beyond doubt,
as new evidence that a theory can’t
explain could always come to light.
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Taking

measurements

Many experiments involve taking measurements of

physical quantities, such as temperature, volume, and
mass. Measurements should be both accurate and precise.

Measuring equipment

Biology experiments often require equipment
to measure mass, volume, temperature, time,
or length. To ensure a reliable reading when
using measuring equipment, it is often wise
to repeat a measurement several times and

then figure out an average.

Thermometers
measure temperature. =

A stopwatch
measures time.

v

—

%\ Key facts

// Measurements are more reliable if
they are repeated several times and
an average is taken.

A balance is used
to measure mass.

// Measurements should be both
accurate and precise.

Measuring cylinders
measure volume.

Rulers measure

distance.
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jo Accuracy
and precision

The words accurate and
precise have slightly
different meanings in
science. A measurement

is accurate if it is very close
to the true value being
measured. A measurement
is precise if repeating the
measurement several times
produces the same (or a
very close) value.

Precise but inaccurate
Imagine you measure the
temperature of a beaker of
warm water four times with a
digital thermometer. All four
readings show the same
number to two decimal places,
but the thermometer is faulty.
The readings are precise

but inaccurate.

Accurate but not precise

Now imagine you use a different
thermometer that isn’t faulty,
but the readings are all slightly
different. Perhaps the tip of the
thermometer was in a different
patch of water each time. The
readings are accurate, but they
aren’t precise.

©

Accurate and precise

Finally, you stir the water
before taking the temperature,
and all four readings are the
same and correct. They are
accurate and precise. Whenever
you take measurements, try to
be accurate and precise.

oSl
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variables

Things that might change during an experiment are
called variables. There are three important types of
variables: independent variables, dependent variables,

and control variables.

Experimental variables

Working Scientifically

/ The three important types of
variables in experiments are
independent, dependent,
and control.

// Anexperiment deliberately changes
the independent variable.

/ The dependent variable is measured
to obtain the experiment’s results.

The experiment below measures how quickly an enzyme digests
starch in test tubes kept at three different temperatures: hot
(60°C), body temperature (37°C), and cold (4°C).

One variable—the independent
variable—is deliberately varied
in experiments. In this
experiment, temperature is

the independent variable.

(5]

I amylase, which digests starch.

Control variables are variables that are
kept constant so they don't affect the
dependent variable. In this experiment,
the volume and concentration of reactants
in each test tube are control variables.

‘ Each test tube contains a
mixture of starch and the enzyme

The dependent variable is the
variable you measure to get your
results. In this experiment, time is
the dependent variable because
starch is digested at different rates
at each temperature.

A water bath maintains a constant
temperature in each test tube.

p
L Scientific controls

Some experiments involve what's
called a scientific control. This helps
rule out the effects of unwanted
variables, making the results more
reliable. In the example shown here,
the control is set up the same as the
main test, except the organisms
being tested are not included. This
reveals whether changes in the
dependent variable are caused by
the organisms or by other factors.

Living organisms

Gauze

Hydrogen carbonate
indicator changes from
yellow to red when carbon
dioxide is present.

This experiment tests for the presence
of carbon dioxide produced by respiring
organisms. Carbon dioxide changes the
indicator solution from yellow to red.

No organisms

\/ Gauze

q_/

Hydrogen carbonate
indicator

The control is exactly the same but
has no living organisms. If the solution
in this tube does not change color,
any color change in the first test tube
must be caused by the organisms.
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Scientific
models

We often use models to help us understand scientific
ideas. Like hypotheses, models can be tested by
experiments. There are five main types of scientific

models: representational, spatial, descriptive,
computational, and mathematical.

Representational models

These models use simplified shapes or objects to represent

more complex objects in the real world. For instance, a

“lock and key” model of an enzyme and the chemicals it
acts on helps us understand how enzymes work without

using realistic images of the molecules involved.

Spatial models

A spatial model shows the way something is arranged in a
three-dimensional space, such as the way carbon, oxygen,

and hydrogen atoms are arranged in a molecule.

Descriptive models
Descriptive models use words or diagrams to describe
something. A diagram explaining the life cycle of a
ladybug is an example of a descriptive model.

Computational models
These models use computers to simulate complex
processes, such as changes in Earth’s climate. This
image produced by a NASA climate model predicts
maximum summer temperatures in the year 2100.
Many places could regularly experience
daytime temperatures of more than 45°C (dark red).

Mathematical models
Mathematical models use math to model processes in

the real world. For example, the growth of a population of

bacteria in ideal growing conditions can be modeled by a

mathematical equation and shown on a graph. The model

can be used to predict how many bacteria there
will be after a given length of time.

©

\ Key facts

/ Models help us understand or describe a
scientific idea.

/ Models can be used to make predictions,
which can then be tested by experiments.

/ The five types of models used in biology are
representational, spatial, descriptive,
computational, and mathematical.

The substrate
molecules fit into
an active site on

the enzyme Enzyme
l I f molecule

molecule.

The red sphere
represents an
oxygen atom.

Black spheres represent
carbon atoms in a
vitamin D molecule.

White spheres
represent
hydrogen atoms.

Adults W ’ — Eggs

0 \Y

Higher
temperatures
are shown in red.

Cooler areas are
shown in blue.

The curve shows
bacteria numbers
doubling with
each generation.

Number of
bacteria

Time
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Questions X ey o 2
in S C j_ e n C e / Scientific questions are questions

that can be tested.

/ Some scientific questions cannot
be answered yet because not enough
evidence is available.

Questions are an important part of the scientific
process. Good scientific questions are questions
that can be tested by experiments or observations.
Science sometimes also raises ethical questions.
These cannot be answered by experiments and
depend on people’s opinions.

/ Ethical questions ask whether something
is right or wrong and cannot be answered by
science. The answer is a matter of opinion.

Intensive farming

Many modern farms use the latest developments
in science and technology to maximize how
much food they can produce. This practice,
known as intensive farming, raises a range of
questions. Some are scientific questions that
can be answered by collecting evidence—
such as when the best time to spray crops is.
Others are scientific questions that can’t yet
be answered or ethical questions that science
cannot address.

Tractor spraying fertilizer

Questions raised by intensive farming

Scientific questions that Scientific questions that . .
, Ethical questions
can be answered can’t be answered yet
What's the best time of year to What effect will climate change Should the farm change from intensive
spray fertilizers on crops? have on crop yield? farming to organic farming practices?
How might pesticides When will genetic engineering make Is growing food more important than
affect biodiversity? pesticides unnecessary? protecting the environment?
s )

L Animal welfare

Ethical questions are raised when biologists carry out experiments with
animals. In cancer research, for instance, special strains of mice bred
to develop cancer automatically are used to study the disease. These
mice lead short lives and can suffer. Is it right or wrong to use them? In
many countries, strict regulations govern the use of animals in science.
Scientists must demonstrate the potential benefit of an experiment to
receive a licence, and they must minimize the animals’ suffering.
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BGHEﬁtS and TiSkS \ Key facts
Of SCience / Developments in science and

technology can produce benefits
and risks.

Developments in science can produce both benefits

and risks. For example, low doses of the drug aspirin might
protect people from heart attacks, but aspirin can also
cause internal bleeding. Is it a good thing to take aspirin
or not? To answer such questions, benefits and risks \ J
have to be compared.

/ To answer questions involving risk,
it is important to weigh benefits
against risks.

Measles vaccine

Measles is a disease that can have serious
complications. About one in 1,000—2,000 people
with measles suffer a brain infection that can cause
permanent harm. The MMR (measles, mumps, rubella)
vaccine prevents measles, but it also has risks. One
in 10 children develop mild symptoms of measles
after vaccination, and about 1 in 24,000 develop

a rare complication that requires hospital treatment.
However, the risk of harm from an MMR vaccination
is much less than from a measles infection.

The MMR vaccine
is given by injection.

g )
L Science
and society

Scientific developments
can have positive as well

as negative implications Economic implications Environmental implications

for society. The benefits Some scientific developments save money but Biofuels are fuels made from crops.

and risks need to be also create problems. For instance, selective Growing biofuel crops benefits the
breeding has produced fast-growing chickens environment by reducing emissions

weighed when decisions

de about how t that make meat cheaper, increasing profits for from fossil fuels. But it also uses up
are mal € about how 1o farmers. But the birds’ rapid growth can make land that might have been used to grow
use science. them unhealthy or even too heavy to walk. food, which can lead to food shortages.
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Finding
the average

Biology experiments often involve collecting
data and then figuring out an average to make
comparisons. For instance, you might want to
compare the average height of plants grown in
a greenhouse to plants grown outdoors. There
are three types of averages you could use: the
mean, median, and mode.

Mean

The most common type of average is the mean. To
find the mean, add all the values and divide by the
number of values. One disadvantage of the mean is
that if some values are unusually large or small, the

mean may not represent the midpoint of the data set.

15.5+20.4 +10.2 +
Mean — 15.5+18.4 +16.6 + 8.7 - 15.0cm
7
Median

The median is the middle value of a data set when
all the values are arranged in order of size. This
can give a better idea of the midpoint if there are
one or two very low or high values in the set, which
would skew the mean.

Median = 15.5cm

Mode

The mode of a data set is the most common
value. The mode is sometimes useful when the
mean and median make no sense. For instance,
if you wanted to know the average kind of plant
grown in a greenhouse, you would use the mode.

Mode = 15.5cm

&

\ Key facts

/ Mean, median, and mode are the three types of
averages used in biology.

// The mean is the sum of the values in the data set
divided by the number of values.

// The median is the middle value when all values are
arranged in order of size.

/ The mode is the most frequent value in the data set.
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Presenting data

The facts and measurements collected in a science experiment

are known as data. Patterns in data are easier to see when the data are
displayed in tables or diagrams such as charts and graphs. Choosing
which type of chart or graph to use depends on the type of data collected.

2 N
{3 Drawing charts and graphs
Follow these guidelines to help you draw charts and i ® Use a suitable scale for each measurement so that
graphs well. more than half of each axis is used.
© @ Use a sharp pencil to mark points clearly and accuratel
® When drawing a graph, put the independent variable ) b penclX pal y ! y
X i ! with crosses (x) or circled dots.
(see page 13) on the x-axis (the horizontal axis) and : ) ) ) ) i
the dependent variable on the y-axis (the vertical axis). : © Drawthe trend line using a single thin, straight, or
) ) : curved line that best fits the points.
©® Label each axis clearly with the measurement and
its unit.
\, J
. 4% 2%
Pie charts
Mo
These charts show percentages 0.
in a simple graphic that’s easy E
to understand at a glance. For B
example, the pie charts here L
show the percentage of people in
a population with different blood
groups. Pairs of pie charts make
it easy to compare different sets
of data quickly.
UK blood Peru blood
group distribution group distribution
Tables
Tables are useful for summarizing data Measurement on ruler where caught
collected in experiments. They can also Age 1st try 2nd try 3rd try Mean
make it easier to spot errors. For instance, (cm) (cm) (cm) (cm)
the table on the right, which shows the
reaction times of people catching a falling 15 47 5.1 49 49
ruler (see page 130), has a possible error.
38 5.5 8.2 5.7 6.5

This unusually high value
may be an error. The person
might not have been ready
for the test.
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Bar charts

Bar charts are used when the variable on

the x-axis is made up of discrete (separate)
categories. For example, in this chart, the
x-axis shows types of trees. This bar chart is
also a frequency chart—a chart in which the
y-axis shows the number of times something
happened or was counted (in this case, the
number of trees with algae growing on them).

N
6 e
A 5 1 .
8 The values on the x-axis
58 4 are discrete categories,
S ‘;': so the bars on the chart
o= 31 should not touch.
o B
E= 27
=
= 1 4
Birch Sycamore Oak Ash
Tree species
Line graphs

A line graph is drawn when the x-axis and
y-axis both show numerical values that are
continuous rather than discrete. For instance,
in the experiment on page 55, a change in

the mass of potato pieces is measured after
soaking the potato in sugar solutions of varying
concentrations. Both variables (potato mass
and sugar concentration) are numerical.

207

107

—107

Change in mass (%)

-20

Sugar concentration (mol dm-)

Histograms

Histograms are frequency charts in which the
variable on the x-axis is continuous (made up

of numerical data that can vary across a range).
The continuous data is divided into chunks to
help reveal patterns. For example, this histogram
shows the frequency of different foot lengths in

a class of schoolchildren.

A The bars of a histogram
9- touch because the
g-  Vvariable on the x-axis
is continuous.

Frequency

23.0-23.9 24.0-24.9 25.0-25.9 26.0-26.9
Foot length (cm)

Scatter graphs

Scientists sometimes look for relationships
between two independent variables, such as a
person’s height and the length of their feet. These
data are displayed in a scatter graph. A “line of best
fit” is then drawn so that about as many points lie
above it as below it. The scatter graph here shows
arising trend line (a positive correlation), indicating
that as height increases, so does foot length.

N
25.54
E 25.0- %
C
S 245
00
qc, 24.0- This trend line is rising,
= showing a positive
8 correlation between
L 23.57 X height and foot length.
23.0 T T T >

145 150 155 160
Height (cm)

165
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SCientiﬁC %\ Key facts
p ro gre S S / Scientific theories and methods

change over time.

/ The invention of the microscope
led to the discovery of cells
and microorganisms.

Scientific methods and theories change over time.

For example, the invention of the microscope led to
the discovery of microorganisms, which changed the
way organisms are classified. As microscopes became
more powerful, new discoveries were made, and the
classification scheme was changed again.

/ The discoveries led to new theories
and new classification systems.

Main screw

Compound microscope

The compound
microscope

(a microscope with
more than one
lens) was invented

Single lens

by placing two ) Replica of
magnifying Leeuwenhoek’s drawing of Leeuwenhoek’s
lenses in a tube. sperm cells under a microscope microscope

A few years later,
Italian scientist
Francesco Stelluti
used one to draw
incredibly detailed
close-ups of bees.

Discovery of bacteria

Dutch inventor Antonie van Leeuwenhoek
learned how to make exceptionally good
spherical lenses and improved the magnification
of microscopes from 50x to 270x. He discovered
many kinds of microorganisms, including bacteria,
and he viewed blood and sperm cells.

Stelluti’s drawings of bees

1620 1660 1665 1676
Blood capillaries The cell
Using a compound By shining light through very thinly cut slices of plant
microscope, Italian tissue, English scientist Robert Hooke discovered cells.
scientist Marcello He published drawings of them in a book, along with
Malpighi observed drawings of a needle and razor blade, which looked
blood coursing through blunt and jagged when viewed through his microscope.

microscopic tubes in
the lungs of frogs. He
had discovered blood
capillaries—vessels
that carry blood
between arteries and
veins. His observation

Early Italian led to the theory that
microscope blood circulates
like the one through a closed
used by system of vessels. Replica of

Malpighi Hooke’s microscope Hooke’s drawing of cells
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L Electron microscopes

Electron microscopes use electron
beams rather than light to view
specimens. This makes it possible

to see objects more than a 1,000 times " ¢
smaller than can be seen with a light Transmission electron microscopes can Scanning electron microscopes

microscope. However, the sample must  magnify images up to 1,000,000 times. typically magnify up to 30,000 times.
be free of water, so only dead material The image is made from electrons that They create images by scattering a beam
can be viewed. There are two main pass through the specimen, resulting in of electrons off the surface of an object,
types of electron microscopes. a two-dimensional picture of a very thin resulting in a 3-D image. Color may be
slice of the specimen. added artificially.
| J

Drawings
from Theodor
Schwann’s ‘ L
1839 book (S /i X AN
ze Microscopical Ruska with an electron microscope
B 3 Investigations
Cell theory Electron microscope
By the early 19th century, cells had German scientist Ernst Ruska
been seen in so many biological invented the electron microscope,
specimens that German scientists YVhiCh uses a beam of ele_ctrons
Theodor Schwann and Matthias instead of light to create images,
Schleiden put forward the theory increasing maximum magnification
that the cell is the basic building from 2,000x to 10,000,000x.
block of all organisms.

1839 1866 1931 1930s
Three Eukaryotes and prokaryotes
kingdoms Using electron microscopes, scientists
The discovery of discovered that bacteria have no nuclei.
many different kinds of This led to another new classification
microorganisms inspired system, with all organisms divided into
German biologist Ernst two groups: those with nuclei (eukaryotes)
Haeckel to propose a and those without (prokaryotes).

new way of classifying
life. Instead of dividing
all organisms into two
kingdoms (animals and
plants), he created a
third kingdom, Protista,
for microorganisms.

Illustration of microscopic Legionella bacteria seen with a
algae by Ernst Haeckel transmission electron microscope



Working Scientifically
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Scientific units =] Standard form
Scientists in most parts of .the worlr_:l use the sg_me Huge or tiny numbers with lots of
system of units for measuring physical quantities zeros are hard to read and so can
such as distance, temperature, mass, and time. cause errors. Scientists simplify these
The units are known as metric units or Sl units numbers by writing them in “standard

form,” which shows them as small
numbers multiplied by powers of ten.
For instance, 6,000,000 (6 million)
can be written as 6 x 10°, and
0.000001 (one millionth) can be
written as 1 x 107, To convert to
standard form, count how many times
the decimal place needs to move right
(negative powers) or left (positive
length meters (m) feet (ft) powers). In the example below, the
decimal place has to move 6 digits
right, so the power of ten is 107°.

(International System of Units).

Measurement Sl unit Imperial unit

volume liters (L) pints (pt)
0.0000012 =1.2x 10
mass kilograms (kg) pounds (Ib) b
>
temperature degrees Celsius (°C) degrees Fahrenheit (°F)
Base units
The table above shows some of the most Using prefixes
common metric units used in biology Most Sl units can be easily changed into larger
classes, along with the traditional or smaller units by placing a prefix in front of the
imperial units they replace. unit’s name. The prefix stands for a power of ten.
For instance, the prefix “kilo” means x 1,000.
1 kilometer = 1,000 meters (1 km =1 mx 103).
Using prefixes helps keep the numbers short,
which makes calculations easier.
Prefix Symbol Multiple of unit Example
kilo k (e.g., km) x1,000 (x 10%) 1 kilometer

centi c (e.g., cm) x0.01 (x 102) & 1 centimeter

milli m (e.g., mm) x0.001 = (x 103) 1 millimeter

micro e.g., um 0.000001 (x 10°¢ : :
p (e.g., um) X (x 10°%) % 1 micrometer

nano n (e.g., nm) x0.000000001 (x 10) »OOMC 1 nanometer



Working safely

There are many potential hazards when carrying
out science experiments. You need to be aware
of these hazards and know how to work safely.

Safety goggles
Always wear safety
goggles when
working with
substances that
can harm the eyes,
such as liquids that
can splash.

Bunsen burners

When using a Bunsen burner,
keep the area around it clear.
Tie loose hair back and prevent
loose clothing from getting near
the flame. Never heat ethanol
or other alcohols over an

open flame.

Heating water

When using hot water, take
care to avoid splashing it on
skin. If scalded, run cold
water over the skin as soon —
as possible.

Heating test tubes

If you need to briefly heat
material in a test tube, use
tongs to hold the test tube.
Use a clamp to hold anything
that needs heating for longer.
Use heat-resistant gloves to
handle hot equipment.

When pushing thin glass
tubing into stoppers or

¢ Working with microorganisms
When working with
techniques (see page 48) to

from the environment. Tape

temperatures higher than 25°C.

i Washing hands
Always wash your

Working Scientifically

——
: Hazardous chemicals
¢ Always check chemicals for —_—
¢ hazard warnings and use only
as instructed. Use a fume 2
hood when there is a risk of
breathing in harmful fumes.
b 3
Handling glass : P
Glass equipment can be i "
delicate, so handle it with
: care and keep it in the J ‘
: center of the workbench. =~ v

rubber hosing, for
example, push gently.

microorganisms, use aseptic

prevent contamination of the
culture by microorganisms

dish lids to their bases, and
don’t incubate bacteria at

hands after handling

any hazardous chemicals
or after working with
living organisms

or microorganisms. [}







What Is Life?

Characteristics X ey
O f ]_j_ fe / There are seven characteristics that all living

organisms share: movement, reproduction,
sensitivity, growth, respiration, excretion,

Living organisms carry out a set of processes and nutrition.

that nonliving things cannot. These

.. . Viruses do not carry out life processes
processes are the characteristics of life. 4

but can replicate inside living cells.

Reproduction
Reproduction is the production
of offspring. Squash bugs

reproduce by laying eggs, Growth Nutrition
but other life forms give All organisms can grow, Nutrition is how an organism obtains or
birth to live young, or use increasing their size makes food. Animals do this by eating food.
seeds or spores. permanently—young Plants make their own food from simple
bugs will shed their chemicals and the energy in sunlight.
skin five times before
they are fully grown. Movement

All forms of life can move some
or all of their body. Even plants
move, often by growth. Squash

bugs have jointed legs for
walking and wings for flight.

Respiration
All life forms respire, releasing
energy from the breakdown of
substances to enable all

cell processes.

Sensing
All living things can sense
changes in their surroundings

Life processes and respond to them. Many

L. . insects use their antennae .
The seven characteristics of life are (feelers) to detect changes . Excretion
movement, sensing, nutrition, excretion, around them. All organisms excrete waste

substances from their cells. This
includes the carbon dioxide that this
bug produces during cell respiration.

respiration, growth, and reproduction.

r

P Viruses

Viruses cannot carry out any of the life process
on their own. They can reproduce, but only by
invading living cells. Scientists disagree on

whether viruses are alive or not. Measles

virus




What Is Life?

Classification
of species

A species is defined as a group of organisms with
similar characteristics that can breed with each other
to produce fertile offspring. Studies of body structure,
body function, and DNA sequences can identify how
closely related species are. This is called classification.

KINGDOM

Plants
(Plantae)

Protoctists
(Protoctista)

Animals (Animalia) Prokaryotes

Fungi
(Fungi)

Chordates (Chordata)

Segmented worms
(Annelida)

«a

Arthropods
(Arthropoda)

Bony fish

Mammals (Mammalia) (Osteichthyes)

Cloven-hoofed
mammals
(Artiodactyla)

Rodents
(Rodentia}’ Carnivores (Carnivora)

Cats (Felidae)
Bears Dogs
(Ursidae) (Canidae)
GENUS
Cheetah Big cats (Panthera) Small cats
(Acinonyx) (Felis)

©

\7,

\ Key facts

/ A species is a group of
organisms. Members of the
same species can breed to
produce fertile offspring.

v

Classification is the process
of putting living organisms
into groups.

/ The binomial name of genus
and species is unique for
each species.

Linnaean classification

All living things can be classified by
placing them into a series of nested
categories that fit inside each other,
such as species, genus, and family.
This is called Linnaean classification
because it was devised by the
Swedish scientist Carl Linnaeus
(1707-1778). Linnaeus divided all
living things into only two kingdoms
(plants and animals), but today
biologists use more.

-
A Binomial naming

American
robin

European
robin

Every species has a unique scientific
name that consists of two parts
(binomial)—its genus and species
names. For example, the robin

that lives in Europe is Erithacus
rubecula. This distinguishes it from
the American robin, Turdus
migratorius, which is more closely
related to European thrushes.

Lion Tiger
(Panthera (Panthera
leo) tigris)




What Is Life?

Kingdoms BX oy o
O f ]_j_ fe / Living things have traditionally

been divided into major categories

. AP called kingdoms.
All organisms can be classified into one of

several major categories called kingdoms, such
as the animal kingdom and the plant kingdom.
Biologists have traditionally divided living things
into five or six kingdoms.

/ Plants make up the plant kingdom, and
animals make up the animal kingdom.

/" Inrecentyears, scientists have devised a
new classification scheme based on three
groupings called domains.

Kingdoms Key characteristics

© Multicellular organisms

Plants © Cells have a nucleus and cell wall of cellulose
© Chloroplasts allow photosynthesis
© Mostly multicellular organisms
. © Cells have a nucleus and cell wall of chitin
Fungi

© Most species digest plant and animal material and absorb
nutrients into their cells

© Multicellular organisms
Animals @ Cells have a nucleus
© Get nutrients by eating other organisms

© Mostly single-celled organisms

Protoctista © Cells have a nucleus
© Some species contain chloroplasts
© Single-celled organisms #
© Cells have a simple structure with no nucleus : S
Prokaryotes © Single chromosome; some species have extra DNA in @.5&
circular plasmids Y i

"
L Three domains
Archaea

DNA studies have allowed scientists to figure out a tree of life

showing how the earliest organisms on Earth evolved from a

common ancestor, giving rise to the major groups that exist .

today. This led to a new classification system based on Bacteria Eukarya
evolutionary relationships. This scheme divides all organisms

into three groups called domains. Bacteria and archaeans are

prokaryotes. Eukaryotes (such as animals, plants, and fungi)

are placed in a domain called Eukarya.




What Is Life?

Body organization S Key facts

The cells that make up a multicellular organism / Bodies have different levels of

are organized into groups called tissues. Different organization: organ systems, organs,

tissues are joined to form organs, and organs work tissues, and cells.

in groups called organ systems. / The different levels of organization help
multicellular bodies function efficiently.

The digestive system v :‘het matm:n orlgar;sfrf a f:ov:le;:rg _|:Iant are

The human body has several organ systems, oot, stem, leal, lower, a urt-

including the circulatory system, L )

the nervous system, the
respiratory system, and
the digestive system.
Each system carries out
a particular function

in the body.

Stomach

\( Organ

Each organ in an organ
system has a particular
function. For example,
the stomach helps digest
food by releasing enzymes
and churning the food to
mix it with the enzymes.

Organ system

Organ systems are made up of a
number of organs working together to
perform a function. The main function of the digestive system is
to break down the complex substances in food so that they are
small enough to be absorbed from the intestine into the blood.

s )

L Organization in plants

Tissue
Organs are made up of different

The structure of a flowering plant is also tissues. A tissue is a group of cells

organized at different levels. The main with similar structure and function.
organs of a plant are the root, stem, For example, the stomach is largely
leaf, flower, and fruit. made of muscle tissue that expands

and contracts when you eat food.

Flower

Leaf

Muscle tissue

Cell

Cell

Cells are the basic structural
and functional units of living
organisms. Most cells in the
body are specialized for one
function. For example, some
of the epithelial cells in the
stomach are specialized to

- 2 make and release digestive
\ J enzymes into the stomach.

Stem Fruit

Root




What Is Life?

Organ systems ﬁ)\weyfacts

Different parts of the human body work together in / Organ systems in the human body
groups of organs called systems. Each organ system are specialized to carry out
carries out a particular function, such as digestion particular functions.

or transporting substances around the body. / Each organ system is made up

of organs that contribute to the
function of that system.

Working parts \
Shown here are the organs that make up four different
organ systems. Different organ systems work together
to make the whole body function.

The brain and
spinal cord receive
nerve impulses
from receptors in
sense organs, such
as the eyes.

The main organ in
the circulatory system
is the heart, which
pumps blood.

Spinal cord

¥

{

\ \ ]

Small /\I‘_‘, Gas exchange
intestine ' AA In humans
} takes place
;/’ in the lungs.
S
E T o LD
v (};’\‘
\ \\\
.\\\ \\.
\\
LN
QN

Circulatory system Digestive system Nervous system Respiratory system
The function of the circulatory The digestive system breaks The nervous system is The respiratory system ensures
system is to transport substances down large substances in food, responsible for detecting that every cell in the body
around the body. These substances such as fats, carbohydrates, changes both inside and receives oxygen and gets rid
include oxygen and glucose and proteins. The subunits outside the body. This system of the waste product carbon
(needed by cells for respiration) of these substances, such as then coordinates responses dioxide. Breathing movements,
and carbon dioxide and urea simple sugars, fatty acids, and to those changes, such as by caused by muscles in the rib cage
(waste products that need to amino acids, are then absorbed  causing muscles to move or and the diaphragm, move air

be excreted from the body). into the body. hormones to be released. into and out of the lungs.
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Vertebrates @\ Key facts

The animal kingdom contains two main subgroups: / Vertebrates are animals with an internal

vertebrates and invertebrates. Vertebrates have skeleton of bone or cartilage.

backbones and an internal skeleton made o/ There are seven classes of vertebrates.

of bone or cartilage. / Each class of vertebrate has key
characteristics.

Vertebrate classification -
There are seven classes of vertebrates,
and each class has certain characteristic
features, as shown here.

Reptiles

Mammals

©® Give birth to live young : :
® Feed their young on milk made ©® Feathers cover body ©® Leathery scales cover body

in mammary glands i @ Lay hard-shelled eggs i @ Lay shelled eggs
© Have hair or fur : @ Maintain a constant body : @ Body temperature usually varies
® Maintain a constant body temperature with surroundings

temperature s :

Amphibians : Three classes of fish:
Jawless fish Cartilaginous fish Bony fish

©® Lay soft eggs, usually in water ’ C‘
® Young (tadpoles) tend to be
a different shape from adults
® Gills, moist skin, or lungs for : ) ) )
gas exchange : @ Gills for gas exchange e Gills o Gills
® Body temperature varies i ® No bony jaws ® Skeleton of cartilage ® Skeleton of bone

with surroundings i ® Skeleton of cartilage

F
L Birds and dinosaurs

Dinosaurs are a group of reptiles that
appeared more than 200 million years

ago. Evidence from fossils now shows that dmomi
many dinosaurs had feathers and other had feathers
characteristics of birds, so birds are for insulation
believed to have evolved from dinosaurs. and display.

Citipati




Invertebrates

More than 95 percent of the animal species

on Earth are invertebrates—animals that do not
have a backbone. They are usually smaller than
vertebrates and have a wide variety of body forms.

Arthropod classification

One category (phylum) of invertebrates is the
arthropods, which contains several subgroups, as
shown here. Arthropods have a tough exoskeleton
and jointed limbs and antennae.

Myriapods : Insects

Includes bees, wasps,
ants, and butterflies

Mostly millipedes and
centipedes

: @ Three main body
similar segments parts

© Body of many

©® Three pairs of
jointed legs

© Many pairs of legs

%

What Is Life?

\ Key facts

/ Invertebrates are animals that do not have
a backbone.

/ Arthropods are invertebrates that have a
tough exoskeleton and jointed limbs.

/ The arthropod group includes myriapods,
insects, arachnids, and crustacea.

Includes spiders, ticks,
and scorpions

Arachnids Crustacea

Large group including crabs,
shrimps, and woodlice

® Two main body ©® Body consists of head,
parts thorax, and segmented
® Four pairs of abdomen
jointed legs ¢ ® Usually five pairs

of legs but may
have more

-
L Insects in the ecosystem

Insects play many important roles in the ecosystem, but one
of the most important is pollinating flowering plants. This is

a mutualistic relationship—insects get food from the flower
(usually nectar), while also helping the plant reproduce by
carrying pollen between flowers. This leads to the fertilization
of flowers and the formation of seeds.

Butterflies feed on
nectar from flowers.




What Is Life?

<\ - =\
PlaHtS \>\ Key facts

2

The plant kingdom is divided into many groups, / Two major groups of the plant kingdom
depending on particular characteristics. Two of the are seed plants and spore plants.
major groups are seed plants and spore plants. /~ Monocots are a group of flowering

plants that have parallel veins in
their leaves and fibrous roots.
Groups of plants / Dicots are a group of flowering
The type of life cycle helps determine how plants that have netlike veins and
a plant is classified. Some plants, such as
mosses and ferns, grow from tiny structures
called spores. Other plants grow from larger,
more complex structures called seeds.
Some seed plants produce their seeds inside called fronds.
cones, but most produce them in flowers.

a taproot structure.

/ Ferns produce spores instead of
seeds, and the leaves of ferns are

J
Coniferous plants :  Flowering plants : Spore plants
Coniferous plants produce their seeds Flowering plants produce seeds in Ferns produce their spores in tiny capsules
in cones. These plants usually have  : flowers. Some flowering plants are :  that grow on the underside of their leaves,
needlelike leaves. They include some : called monocots. These usually ¢ which are sometimes called fronds.
of the tallest trees on the planet. i have narrow straplike leaves, like :

grasses and palms. Others are :
dicots with broader leaves that :
Needlelike : have a network of veins. Spore
leaves capsules

Flower parts are ¢ Fronds growing
usually in multiples ¢ straight from
of four or five. the ground

This is an
example of a
dicot flower.

X ,»,”;’

Root system
branching

from large ¢ Simple fibrous
main taproot : root system

Netlike
veins
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Evolutionary trees @\Keyfacts

Different types of Organisms were once classified by / Evolutionary trees show how
comparing their physical characteristics, but today we closely related species are.
classify species by studying their evolutionary history. / Organisms grouped closely
This can be shown in an evolutionary tree, which shows together on the tree share
how closely related different species are in terms of more characteristics than
their characteristics or their DNA. those that are farther apart.

/ Evolutionary trees may be based
on DNA, other biochemical

Evolutionary tree of mammals molecules, or the physical
Closely related species are grouped on the same characteristics of organisms.
branch in an evolutionary tree, with each fork in

a branch representing the common ancestor of two
or more groups. This tree shows how some different
types of mammals are related to each other.

Armadillos are very different from
other mammals, which shows they
have no close relatives. The common
ancestor they share with other
mammals lived a long time ago.

The farther left a
branching point is, Armadillos
the further back in
time the common
ancestor lived. Elephants

2

3>

Hyraxes ’ | Although they look very different,
I_ elephants, hyraxes, and sea cows are
L grouped together because they have
similar DNA, which shows that they
Sea cows ‘\ share a recent common ancestor.
monkeys Rabbits share many features
i with rodents, such as front teeth
Rabbits specialized for gnawing. There are
also many similarities in their DNA.
This shows that they share a more
Rodents % recent common ancestor with rodents
than with apes and monkeys.
Others
' “
p Evolutionary tree Orangutan Gorilla Chimpanzee Bonobo Human
Evolutionary trees may also be drawn
like this, with an approximate time for
each of the last common ancestors. ’
This evolutionary tree shows that the Common 6 million years ago
common ancestor of all the great ancestor
apes lived about 13 million years ago. 8 million years ago
13 million years ago
\ J
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Identification keys 3 Key facts
Identification keys are used by scientists to identify / Dichotomous keys
organisms. Each level of the key asks a question to can be used to help
which the answer is either yes or no, splitting the group identify organisms
of organisms in two. This is called a dichotomous by their features.
key—dichotomous means to split into two. / Ateach step of akey,

a question is asked that
Vertebrates splits the group in two.
I \ J
\ll Has fur? dl
Dichotomous key for vertebrates
Yes: mammal No: go to next ; . .
This key provides a simple way
of working out which of the
main groups of vertebrates
an organism belongs to.
JI Has feathers? JI
Yes: bird No: go to next

\ll Has dry, scaly skin? \ll

Yes: reptile No: go to next

\I/ Has scales? \ll

Yes: fish No: amphibian
Toad 3

Scarlet macaw

Gecko

Copperband

butterflyfish ____""

r )

L Creating a dichotomous key

To create a dichotomous key, list the main
features of the organisms you want to identify.
Choose features that the organisms always have
(for example, number of legs) rather than features
that vary with environment (for example, size).

Try to find groups that can be separated by yes/no
questions. You could start a dichotomous key for
these flying organisms using the number of wings
or the width of abdomen compared with length
(for example, thick or thin).

Bee

Damselfly Dragonfly







Cells
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Animal cells { Key facts

All living things are made of microscopic building /" Allliving things are made of tiny units called cells.

blocks called cells. An organism as complex as // Cells contain smaller structures called organelles.

a human, for example, is made of trillions of cells /" Most cells in animals are specialized to carry out
working together. Each cell contains smaller a particular task.

structures called organelles, each of which has

a specific function. - ~

Ribosomes are tiny
S organelles that help build

\ protein molecules.

The nucleus stores
DNA, which contains
coded instructions
called genes that
control the cell.

Human body cell

Many types of cells make up
the human body. Like other
animal cells, they have an
outer covering, or cell
membrane, and an

internal control center
called a nucleus.

Organelles are
small structures
inside a cell.

A cell membrane
surrounds an animal
cell and controls which
substances can enter
or leave it.

Cytoplasm is a jellylike
substance that contains
the cell's organelles. It is the
site of most of the cell's
chemical reactions.

Mitochondria release
energy from simple
sugars to power the
cell. This process is
called respiration.

{ N

O Specialized animal cells
Branches Filament
of cells /(
N

As an animal develops
from an embryo, its

cells multiply and s — W
change into many Long tail for N
different types of swimming v
cells—each with a

different structure Sperm cells are produced by Nerve cells are specialized Muscle cells have filaments
suited to do a male animals. They use their long  to conduct electrical signals. that interweave, allowing the
specific job. tail to swim through body fluids They have tiny branches to cells to contract rapidly and so

to reach female sex cells (eggs). connect with other nerve cells. produce muscle movement.




Cells

Plant cells

Like animals, plants are made up of trillions

of small units called cells. Plant cells are
similar to animal cells, but they have a different
structure and contain some organelles not
found in animal cells.

Leaf cell

Like most plant cells, leaf cells have a rigid
cell wall that surrounds the cell and maintains
its shape. Inside the cell is a large fluid-filled
structure called a vacuole.

Ribosomes are sites
for protein building.

A storage unit filled with fluid,
called a vacuole, forms the
central part of each cell.

The nucleus is the cell’s
control center. It stores
the cell’s genes encoded
in molecules of DNA.

Cytoplasm is a jellylike substance that
fills much of the space inside the cell.
This is where chemical reactions occur.

O\

> )

\ Key facts

/ A rigid cell wall made of cellulose surrounds
the cell membrane and maintains the
cell’s shape.

\/ Water is stored in a vacuole in the center of
the cell, helping keep the cell turgid (plump).

\/ Chloroplasts are green organelles that capture
light energy and use it to manufacture food.

Mitochondria release
energy from simple
sugars to power the
cell (respiration).

Chloroplasts are green
organelles that capture
light energy to make food
(photosynthesis).

A thin cell membrane
inside the cell wall controls
which substances enter
and leave the cell.

Arigid cell wall made of a
substance called cellulose
surrounds the cell membrane
and supports the cell.

’e

L Specialized plant cells

Long, hairlike
As a plant grows from a extension
seed, its cells multiply and
become specialized for a
range of different functions.
The plant cells shown here

are specialized to transport

Pores in
end of cell

One-way flow
of water

Two-way flow
of sugar

vital substances, such as
water and sugar, around
the plant.

Root hair cells have long,
hairlike extensions that
absorb water and minerals
from the soil.

Phloem cells transport sugar
around the plant. These
tubelike cells have porous walls
that are joined end-to-end.

Xylem cells carry water up from
a plant’s roots to its leaves. The
cells have open ends that join
together to form a tube.




Cells
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Slﬂgle-CGHEd \)\ Key facts
organisms

The bodies of plants and animals are made

up of billions of cells, but some organisms consist
of just one cell. We call these microscopic life forms
unicellular (single-celled) organisms. Some kinds of
single-celled organisms cause disease in humans. \

/ Single-celled organisms consist of
one cell.

/' Some types of single-celled organisms prey
on other microscopic life forms.

/ Some kinds of single-celled organisms can
cause disease in humans.

Swallowed prey is
digested inside small
bubbles of fluid called
food vacuoles.

Amoeba

An amoeba is a single-celled
organism that lives in water and
damp places. It moves by making
its cell cytoplasm flow into
extensions called pseudopods,
causing the cell to change shape.

The nucleus stores genes
encoded in molecules of
DNA. The genes control
how the cell behaves.

Cytoplasm is a
jellylike substance
that fills the cell.

Excess water

is stored in

bubbles called
contractile vacuoles.

Extensions of the cell
are called pseudopods.

s

£ Types of single-celled organisms

Cell wall

Tiny beating hairs
used for swimming

Chloroplast to capture
energy from light

There are many
different types

of single-celled
organisms. Each
type has adaptations
to suit its particular
way of life.

Algae

These are plantlike organisms

that can be single-celled or
multicellular. Chlamydomonas

is a single-celled alga. It contains
chloroplasts, which are small green
organelles that capture energy
from sunlight to make food.

Protoctists

Protoctists are a diverse group
of organisms that mostly feed
by hunting other single-celled
organisms. Paramecium is a
protoctist that lives in water

and swims by beating hundreds
of tiny hairs on its surface.

Fungi

Yeasts are single-celled fungi.
They have a cell wall like plant
cells but no chloroplasts. Yeast
makes bread rise by making
bubbles of carbon dioxide during
respiration as it feeds on sugar.




Cells

Bacteria R Key facts

Bacteria are tiny, single-celled life forms that belong to a / Every organism is either a prokaryote
category of organisms known as prokaryotes. They are or eukaryote.
very common and live in every kind of habitat, including /' Animals and plants are eukaryotes.
inside and on the human body. Bacteria are prokaryotes.

/ Prokaryotic cells, which are much
) smaller than eukaryotic cells,
A protective outer L. .

coat called a capsule have no nuclei, mitochondria,
surrounds a cell wall. or chloroplasts.

.

Some bacteria have a long,
whiplike extension called a
flagellum, which rotates to
make them move.

Genes are carried by
a closed loop of DNA
floating in the cytoplasm.

Some prokaryotic cells
also contain small loops
of DNA called plasmids.

A cell wall and
cell membrane

within it surround
the cytoplasm.

Inside a bacterium
A typical rod-shaped bacterium has a
protective outer capsule, a cell wall,
and a thin cell membrane surrounding
the cytoplasm.

£ Prokaryotes and eukaryotes

Cytoplasm Strand Nucleus, which Organelles
contains DNA

All organisms are either prokaryotes or eukaryotes.
Eukaryotes include organisms such as animals, plants,
fungi, and many single-celled organisms. Prokaryotes
are tiny, single-celled organisms such as bacteria. While
eukaryotic cells have nuclei and membrane-bound
organelles, prokaryotic cells are smaller and have no
nuclei or membrane-bound organelles. Instead of

a nucleus, a prokaryotic cell has a closed loop of
DNA that floats in the cytoplasm.

Prokaryotic cell Eukaryotic cell
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Cells

'‘Microscopes

Some things are too small to see with the naked eye.
Microscopes are instruments that produce magnified

images, allowing us to see things as tiny as single cells.

Light microscope

A light microscope uses a series of lenses to magnify a
specimen tens or hundreds of times. Light shines through
the specimen, so it must be thin and transparent.

The eyepiece typically
contains a lens made of glass
with 10x magnification.

There are usually 3-4

objective lenses, with
magnifications such as
Turning the
coarse focusing
knob brings the
sample into focus.

The movable
stage holds
the slide.

A mirror or bulb
shines light
on the sample.

A glass slide holds
the specimen
being viewed.

4x, 10x, 40x, and 100x.

(

£ Electron microscope

) \. Key facts

Microscopes are instruments that
produce magnified images.

They are used to study microscopic
organisms and living cells.

To produce an image, a light
microscope uses light, but an electron
microscope uses electron beams.

This device uses magnetic lenses to focus
a beam of electrons and create images on a
computer screen. The beam of electrons
has a much shorter wavelength than light,
allowing much greater magnification. This
makes it possible to view the organelles
inside cells in great detail.
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microorganisms
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Using a
microscope

Before using a microscope, you need to prepare
your specimen by placing it on a slide. You can
then use the microscope’s controls to change
the magnification and focus the image.

4 )

{3 How to prepare and view a slide

Onion cells make ideal specimens for microscopes
because they grow in very thin films that let light
shine through them.

1. Dice an onion and
use tweezers to peel

/ off a thin film of tissue
from the bottom of one

///_‘ piece. Place this tissue
== on a microscope slide.

- 2. Using a pipette, add
R a drop of water to the
tissue. Then add a drop of

/ iodine solution, which will
*r darken the cells and make
BB them easier to see.

" 3. Slowly place a cover

‘ slip over the specimen
without trapping any
air bubbles. Lower the

microscope’s stage and
clip the slide onto it.

4. Select the objective lens with the lowest magnification.
Use the coarse adjustment knob to raise the stage to just
below the lens.

5. Switch on the light and look through the eyepiece.
Now use the coarse adjustment knob to focus the
image. Another knob, called the fine adjustment
knob, is sometimes used to make small adjustments.

Elodea plant

<§| Calculating magnification

You can calculate the magnification of an image
by using the formula below. For example, if a cell
is 40 mm wide in a magnified image but the true
cell is actually 0.1 mm wide, then:

A image size
maghnification = - =
true size

By rearranging the formula above, you can calculate the
true size of the object. For instance, if the magnified
image of a plant cell is 20 mm long and the
magnification is 100x, then:

. image size
true size = ——————
magnification
true size = 22% = 0.2 mm (200 micrometres)

The cells in a leaf,
which are packed
together to form tissues,
become visible under
this magnification.

Magnifying images
You can change how
powerfully a microscope
magnifies by switching between
its different objective lenses. To

figure out the total magnification, multiply

the power of the eyepiece by the power of
the chosen objective lens. For example, if the
eyepiece is 10x and the objective lens is
40x, the total magnification is 400x.
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Stem cells 3 Key facts
Stem cells are cells with the potential to turn into o/ Astem cellis an unspecialized cell. It
many other kinds of specialized cells in an organism’s has the potential to divide and become
body. Scientists hope that studying stem cells will one of many other types of cells.
lead to new cures for many diseases. / Embryonic stem cells can form any

type of cell, but adult stem cells have

more limited potential.

/ Stem cell research could lead
to new treatments for disease,

but using embryonic stem cells
is controversial.

A\

The cells in an embryo
are undifferentiated,
which means they
have not yet formed
specialized body cells.

Embryonic stem cells
At a few days old, an animal
embryo is nothing more than a ball
of stem cells. These cells have the
potential to divide and turn into
any of the many different kinds

of cells in an animal’s body.

4 “
£ Stem cell research: pros and cons

Pros : Cons
® Stem cells have great potential in medical science. ® Some people think it is wrong to use human embryos
Adult stem cells are already used in bone marrow for research or medicine.

transplants, which help treat cancers of the

i ® In some countries, embryonic stem cell research
blood (leukemia).

is banned.

® Embryonic stem cells might one day be used to
replace faulty cells, such as damaged nerve cells in
the spinal cord, to cure conditions such as paralysis.

® Stem cells grown in a laboratory can become
infected by viruses, causing disease if they are
transplanted into a patient.

©® Tissue grown from a patient’s stem cells is not
rejected by the immune system, unlike transplants
from a donor.
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2 Stem cells in animals
A stem cell is a cell that has not yet become specialized. It has the potential to
multiply to make more stem cells. These new cells can then differentiate, or
become specialized, to serve a particular function, such as carrying oxygen
around the body or fighting disease-causing bacteria.
Adult Nerve cell TN Skin cell
stem cell :
®
Red
White blood cell
blood cell ~: )
Bone '-'.0 ‘ J ,
marrow Rl S : Embryonic |
: stem cell
\
Red
Platelet blood cell | @ Muscle cell
Livercell __ = 4
Adult stem cells are found in various parts of the adult Embryonic stem cells are found in embryos in the
human body, such as the bone marrow and intestinal lining. - first few days of development. These cells can develop
They can divide an unlimited number of times but give rise  * into all the different specialized cell types that make
to only a limited range of cell types, such as blood cells. - up the human body.
s )

£ Stem cells in plants

Plants have clusters of stem cells in parts called meristems. These
allow plants to continue growing and changing shape throughout
life, unlike animals. Meristems are found in shoot tips, buds, root
tips, and around the stem. Plant cuttings that contain meristem
tissue can grow into completely new plants.

Meristem
in shoot tip
, Cuttings grow
Mgr|stem new roots from
in stem meristem tissue
in the stem.
Meristem at

root tip
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Mitosis

The cells in animals and plants divide to
produce new cells for growth or to replace
cells that are damaged or worn out. This
process of dividing to produce genetically
identical cells is called mitosis.

Splitting into two

During the last stage of mitosis, the cytoplasm
narrows between the two newly formed nuclei and
the cell then splits to form two daughter cells. Mitosis
produces millions of new cells in the human body
every second. Rapidly dividing cells are found in your
skin, the roots of your hairs, and in the bone marrow,
where new blood cells are made.

The cytoplasm narrows
between the two newly
formed nuclei.

Each cell nucleus
carries a full set of the
organism'’s genes.

1 How the cell cycle works

Mitosis is the final stage of the cell cycle—the process
of cell growth and division. Before mitosis begins,

the cell makes a duplicate of all the DNA stored in
chromosomes in the nucleus. During mitosis, the
duplicate chromosomes are pulled apart. After mitosis,
each daughter cell grows and the cell cycle is repeated.

My To. S/\s\

>

Cytoplasmic
division

—

o
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\ Key facts
How cells divide \/ The process of cell growth and division is called the cell cycle.
During mitosis, the nucleus of a cell v/ Mitosis is the final stage of the cell cycle.
divides to form two new nuclei, with / Mitosis produces two genetically identical cells and leaves the
two identical sets of chromosomes. number of chromosomes unchanged.
Mitosis has four stages: prophase,
metaphase, anaphase, and telophase. \. J

2. Prophase

The membrane enclosing the nucleus breaks up,

and the DNA molecules wind up tightly, making
the chromosomes condense (shorten and
thicken). The chromosomes look X-shaped
because each one is attached to an identical
copy. Each side of the X is called a chromatid.

~

Chromatid
Chromatid

1. Before mitosis

The DNA in a cell is stored in
structures called chromosomes in
the nucleus. Before mitosis, these
look like long, tangled threads.

Chromosome

3. Metaphase

The chromosomes
are moved to the
center of the cell by
microscopic fibers
(spindle fibers).

4. Anaphase
The spindle fibers separate

6. N?W cglls each chromosome into
Two identical daughter chromatids and pull a

cells form and begin to
grow. Before the cells are
ready to divide again, the
chromosomes will be
copied to make duplicates
of all the cell's genes.

set of chromatids to
each end of the cell.

5. Telophase

Nuclear membranes form around each set of
chromatids. The cytoplasm begins to divide
(cytokinesis) to form two separate cells.
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Me].OS].S \ Key facts
Sexual reproduction involves a special kind of v/ Unlike mitosis, meiosis is a special kind of cell
cell division called meiosis, which takes place division that produces gametes (sex cells).
only in sex organs. It produces sex cells, which J// After meiosis, cells have half of the usual number
have half the usual number of chromosomes of chromosomes.
but a unique combination of genes. // Meiosis gives each gamete a unique mix of genes,
making each offspring different.
.

Crossing over

In a normal human cell, half of the chromosomes
come from the person’s mother and half from
their father. During meiosis, these maternal
and paternal chromosomes pair up and
swap random segments of DNA during
a process called crossing over.

Segments of DNA are
swapped between
chromosome pairs.

’
{3 How meiosis works
Meiosis has two rounds of cell division. First, crossing Vv
over takes place and the number of chromosomes AA
is halved. Second, each chromosome is pulled \ e é ,,’I
apart into two chromatids, as in mitosis.
- 7
vV W " / - ﬂ Z
AR ey AN 3 A
v v 1 o iz
A A M = é 27
1. Before meiosis 2. Now X-shaped, 3. The cell divides, and 4. A second cell 5. The cells develop into
“ begins, the arms of maternal and paternal one chromosome from division occurs, sex cells—sperm and
each chromosome chromosomes pair each pair goes into each separating each egg cells. Each has half
duplicate, making the up. The arms of the daughter cell. Each chromosome of the usual number of
chromosomes X-shaped. paired chromosomes chromosome now carries into chromatids. chromosomes. When a
Each chromosome now cross over and swap a mixture of genes from sperm joins an egg cell,
consists of two identical segments of DNA. the two original parents. the usual number will

copies, called chromatids. be restored.




Binary fission

Prokaryotic cells such as bacteria divide by

a process called binary fission, which means
splitting into two. Binary fission is the main way
that bacteria reproduce, and it allows them to
multiply quickly.

Dividing bacteria

This electron microscope image shows an A new cell wall
E. coli bacterium dividing. Bacteria have forms between
the two cells.

no cell nuclei and usually have just one or
two chromosomes. Each chromosome is a
closed loop of DNA.

Each daughter cell
receives a copy of the
original cell’s DNA.

Cells

{3 How binary fission works

1. The circular strand
of DNA carrying the
bacterium’s genes

is duplicated.

2. The cytoplasm begins
to divide and a new cell
wall forms in the middle.

3. The two daughter
cells separate.

£

\, Key facts

// Bacteria use binary fission as a form of
asexual reproduction.

\/ A bacterium’s circular DNA is copied before the
cell divides.

/ Binary fission produces genetically identical cells.

<S| Calculating number of cells

In ideal growing conditions, bacteria may divide as often
as once every 20 minutes, allowing them to multiply in
number quickly. If you know how long it takes for a new
bacterium to grow and divide (the division time), you can
use the formula below to calculate how many bacteria a
single cell can produce.

number of cells = 2" (n = the number of generations)

For example, how many bacteria could a single bacterium
produce after 3 hours if the division time is 30 minutes?

1. First calculate
how many divisions n =
can fit into 3 hours:

180 minutes 6
30 minutes

number of cells = 2°¢
=2X2x2x2x2x2
= 64

2. Then work out
the number of
cells produced:
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Culturing bacteria i

Bacteria and other microorganisms can be grown and / Bacteria are grown in a culture
studied in a lab. To prevent contamination of the sample medium, such as agar jelly.

by unwanted microorganisms, it is important to carefully / Bacteria should not be grown at
follow a set of procedures known as aseptic techniques. temperatures higher than 25°C.

/ Aseptic techniques help prevent
samples from being contaminated
by unwanted microorganisms.

Agar plates
Bacteria are grown in a nutrient medium—a solution containing

all the nutrients they need. This solution is often mixed with hot
agar jelly, which is then poured into plates called Petri dishes : .

and allowed to cool and set. The bacteria sample is transferred G Aseptic techniques
to the surface of the jelly with an inoculating loop—a loop of

wire that is streaked across the surface of the agar. The Petri Aseptic techniques help prevent a culture of
dish is then kept in a warm place for several days. The individual microorganisms from being contaminated
bacteria from the sample multiply to form visible spots called | by unwanted microorganisms from the air,

colonies, each of which contains millions of cells. dirt, or your body.

The \{vire inoculating Agar is a solid Inoculating loop
loop is used to transfer jelly that is mixed

a sample of bacteria with nutrients Bunsen burner

to the agar plate. that bacteria "Vl Taped

can feed on. '/_ Petri dish

N\ A

2 ©® Reusable equipment, such as
\ inoculating loops, are sterilized with
heat and allowed to cool before use.

\ © Sterile Petri dishes are opened (as

\ little as possible) near a Bunsen burner

‘ flame. The heat of the flame draws air
upward, preventing dust from settling
on the plate.

©® Petri dishes are taped shut to stop
microorganisms from getting in.

/ © After bacteria are transferred to Petri
/ dishes, the dishes are kept upside
/ down to keep condensation from
4 dripping onto the agar.

/ ©® Samples of bacteria are cultured at
/ 25°C, a temperature too low for most

disease-causing microorganisms

&
R APetridish to arow.
=~ holds the €

agar jelly.
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Effect of antibiotics
and antiseptics

Antibiotics and antiseptics are chemicals that
are harmful to bacteria. This experiment tests the
strength of antibiotics by using them to inhibit
(slow down) the growth of bacteria on agar plates.

) The inhibition
A paper d|§c zone is free
soaked in of bacteria.

antibiotic solution

Bacteria colonies
growing on agar

Result
The antibiotic on the small discs of paper has seeped
into the agar jelly, inhibiting the growth of bacteria and
so0 causing clear circles called inhibition zones. The
stronger the antibiotic, the larger the inhibition zone.

<S] Calculating the area of inhibition

The inhibition zones on the agar plate are circular, so you can use the
formula for the area of a circle to calculate their size:

area = mir? (where ris the radius)

Without opening the dish, use a ruler to measure the diameter of several
inhibition zones, and then figure out the average diameter. Halve your
result to find the average radius. Put the figure for the average radius
into the formula to figure out the answer.

{3} Method

1. Prepared agar plates are covered evenly with
bacteria using either a dropping pipette and
spreader or a cotton swab.

2. Paper discs that have been soaked in an
antibiotic solution are placed on the agar plate.

3. Add paper discs soaked in distilled water

rather than an antibiotic solution to a second

plate. This plate is the control. Any difference
between the two plates will be due to the

antibiotic, and not the paper.

4. Incubate the plates at 25°C for 48 hours,
then measure the inhibition zone around
each colony.







Diffusion

The particles in liquids and gases are continually
moving and mingling. As a result, they gradually
spread from areas of high concentration to areas
of low concentration. This movement is called
diffusion. It is the main way that cells exchange
substances with their surroundings.

(]
[
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Concentrated
particles

Before diffusion

Particles
spread out

Fully diffused
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\ Key facts

/ Diffusion is the movement of particles from
an area of high concentration to an area of
low concentration.

/ Diffusion is the main way cells absorb vital
substances and get rid of waste.

/ Diffusion is a passive process, so it does
not require energy.

\ J

How diffusion works

Diffusion occurs when there is a difference in
concentration of particles between two areas the
particles can freely move between. Although
the particles move about randomly, over time
they become evenly mixed, causing a net
(overall) movement from the area of high
concentration to the area of low concentration.

r )

L Factors that affect diffusion

Diffusion is the main way that cells absorb
substances such as oxygen and get rid of waste
such as carbon dioxide. Several factors can
speed up or slow down the rate of diffusion.

©® Temperature
Particles move faster when they are
warmer, so the rate of diffusion speeds
up at higher temperatures and slows
down at lower temperatures.

©® Concentration gradient
The greater the difference in concentration
between two places, the faster a substance
diffuses between them.

© Surface area
The larger the surface area of a cell or
an organ, the faster substances can
diffuse into or out of it.

© Distance
The shorter the distance particles have
to diffuse, the faster the rate of diffusion.
Cell membranes are very thin to allow a
high rate of diffusion.
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Osmosis

Osmosis is the movement of water
across a partially permeable membrane.
The water moves from an area with

a high water concentration (low solute
concentration) to an area with a

lower water concentration (high solute
concentration), such as a sugar solution.

Partially permeable membrane

A cell’s membrane has tiny gaps that allow
small molecules such as water to pass freely
across, while blocking larger molecules
such as sugar. If the liquid inside a cell

has a lower concentration of water
than the liquid outside it, due

to the presence of solutes ’
such as sugar, water

molecules will move
across the membrane
and into the cell.

This flow of water

is called osmosis.

OUTSIDE CELL

Water molecule

The net flow of water
is from outside the
cell to inside it.

o

\ Key facts

/ Osmosis is the diffusion of water across a partially
permeable membrane.

/ A partially permeable membrane lets small
molecules through but blocks large molecules.

/ Osmosis does not require energy from respiration
(it is a passive process).

v During osmosis, water moves down the
concentration gradient (moves from high
to low concentration).

Cell membrane

the membrane.

Only small

molecules such
as water can
pass through
the gaps in the

membrane.

Sugar molecules are too
large to pass through

INSIDE CELL
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L Osmosis in plants

Plants rely on osmosis to keep their soft tissues rigid so the whole plant stays upright.
The fluid in plant cell vacuoles contains dissolved sugars and other solutes, causing the
cells to absorb water by osmosis. This keeps cells turgid (plump and firm).

Vacuole

Water drawn in
by osmosis

A turgid cell has a large
vacuole with lots of water.
The vacuole presses outward,
putting pressure on the cell
wall and making the

cell plump.

Cell wall

The vacuole is
smaller, making
the cell less firm.

A flaccid cell has a small
vacuole with little water.
This makes the cell soft,
and the whole plant may
soften and wilt.

Net movement
of water

by The cell loses
Wilting plant its plump shape.

Cytoplasm pulls away
from the cell wall.

A plasmolyzed cell has
lost so much water by
osmosis that its cytoplasm
separates from the cell
wall. If the plant is not
watered, the cell will die.

Net movement
of water

Severely wilted plant
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Investigating
0SIMOoSsIS —_— —

.\\vp =
You can study the effect of osmosis
on plant cells by placing pieces of

potato in beakers of sugar solution ] 25/ T

of varying strength. Q B Y
Weak sugar solution ___ /\ 250m| {- :m

Strong sugar
solution

Potato cylinders
of equal size

Osmosis and potato cells
Each beaker contains three equally sized cylinders of potato tissue, but

the solutions the cylinders are immersed in have different concentrations of
sugar. Water will enter the potato cells by osmosis if the sugar concentration is
higher inside the potato cells than outside. Water will leave the potato cells by
osmosis if the sugar concentration is lower inside the cells than outside.
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{3 Method
1. Label five beakers A to E and put 200 ml of water 4. Weigh each group and k4
in each one. write down the mass.
200 ml of water in
[ every beaker

F e | F
| l4g 278 L 4l1g . 55g . 68g
- sugar [f sugar F sugar - sugar -~ sugar

A B c D E 5. Place each group of three cylinders in its beaker and leave

for an hour.
t2h. Dissolt\{f tabl;]s sugarb(sucrose) in each beaker, following 6. Remove the potato cylinders, pat dry with tissue paper, and
€ quantities shown above. weigh each group again. Write down the results.
7. For each group, figure out the percentage change in mass:
3. Use a cork borer to cut ¢ ¢
15 equally long cylinders of
potato tissue and arrange percentage final mass - original mass
these into five groups of (%) change = x 100
three, labeled A to E. in mass original mass
4 B
<5 Results
Record your results in a table. The experiment allows you
to estimate the concentration of sugar in potato cells by
drawing a graph. Make the y-axis the percentage change
in mass and the x-axis sugar concentration in moles per N
liter (mol dm-3). Mark a cross on the graph for each group 20 — The sugar
of potatoes. Then draw a line of best fit through the points. ,Cor,‘ge“”at'to’t‘
The point where the line crosses the x-axis tells you the [l BT
10 4. % cell is about

sugar concentration that causes no net movement of
water into or out of the potato cells. This is equal to the
sugar concentration inside the cells.

Table of results A B C D E

Sugarconcerltration 02 04 06 08 10
(mol dm-3)

Percentage change 10 0 -5 -15 -20
in mass

0.4 mol dm=.

-10 +

Percentage change in mass
o

—20 =
v

Sugar concentration (mol dm-3)
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Active transport < Key facts
Living cells can’t use diffusion to obtain substances that are v/ Active transport transfers
more concentrated inside the cell than outside. To absorb substances from areas of
such substances, cells use a system called active transport, low concentration to areas
which uses energy released by cellular respiration. of high concentration.

/ It is powered by energy

from respiration.
Cell membrane P

\/ Root hair cells in plants
and cells in the human
intestines take in nutrients
by active transport.

Nutrient
molecule

1. The nutrient molecule
binds to the carrier protein.

& o

2. The carrier protein receives energy
and begins to change its shape.

Carrier protein

Carrier proteins
Active transport is carried out by
protein molecules embedded in the
cell’s membrane. These “carrier proteins” )
bind to molecules the cell needs. Energy released 3. The molecule is

T . ,gy X released inside the cell.
by cellular respiration causes the carrier protein \
to change its shape or rotate, which moves the
transported molecule inside the cell.

o
,0 Root hair cells

Active transport is an important way for animals and plants to obtain
nutrients that might be in short supply. Plants obtain minerals from
the water in soil, but the concentration of these minerals is often
lower in soil moisture than in plant cells. As a result, microscopic
hair cells (right) on the roots use active transport to absorb these
minerals. The cells lining the human intestine also use active
transport to absorb nutrients such as sugars.
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Surface area K Ty ‘
and VO]_ume \/ Small organisms have a large

surface-area-to-volume ratio, so they

. . . absorb nutrients quickly by diffusion.
The ability of a cell or an organism to exchange vital quicklyby

substances or heat with its surroundings depends on -

it f t | tio. Small obiects h surface-area-to-volume ratio, so
its surface-area-to-volume ratio. Small objects have a they need special adaptations to
larger surface-area-to-volume ratio than large objects. absorb nutrients.

/ Large organisms have a small

\ S

Large ears increase the surface area
of skin and so help elephants cool
down in hot weather.

Surface area and temperature
Small animals such as mice have a
large surface area relative to their
volume, so they lose heat quickly.
To make up for this, they eat
high-energy food and have
dense fur to preserve
warmth. Large animals
such as elephants,
however, have a small
surface-area-to-volume
ratio. They lose heat
slowly, so they don’t
need fur and can survive
on low-energy food.

Mouse Elephant
a N
p Surface-area-to- Small objects have a
volume ratio high surface-area-

to-volume ratio.

The surface area of an
object is the total area of
all its outer surfaces. The
volume of an object is

the amount of space it takes

up. The ratio of these two surface = 32 x 6 = 54 surface = 22x 6 = 24 surface=1°x6=6
numbers is the surface- volume = 33 =27 volume=2°=8 volume=13=1
area-to-volume ratio. surface:volume = 54:27  surface:volume = 24:8 surface:volume = 6:1

:2 :3 :6
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EXChange and N‘\)\ Key facts ]
tra n S p O rt v Large organisms need exchange

surfaces and transport systems
to obtain vital substances such
as oxygen and nutrients.

Large multicellular organisms, such as humans, don’t

have a sufficiently large surface-area-to-volume ratio (see
. . / Exchange surfaces have a large

page 57) to absorb vital substances through their body surface area to maximize the
surface by diffusion. Instead, these organisms have special rate of diffusion.
adaptations to increase the surface area of the parts of the / Transport systems carry vital
body that absorb substances, as well as transport systems substances around the bodies
to carry substances around the organism. of animals and plants.

The small intestine \ J

is very long to create
a large internal
surface area.

Thousands of
projections called villi
give the intestine a
large surface area.

Small intestine

The human small intestine needs

a large surface area to absorb
nutrients from food efficiently. To
maximize its surface area, its inner
surface is covered by thousands of
fingerlike projections called villi.

2 )
Exchange surfaces and transport systems Airways carry oxygen
p g P y <|5 ‘r into the lungs.
Heart
Water flows through
Exchange surfaces afish's gills.
are parts of organisms
that have a high
surface area to Blood
absorb vital nutrients ~ vessels
or get rid of waste.
g Gills are organs that aquatic Lungs are organs that The blood vessels and heart
Transport systems are : . . . X
ti q animals use to absorb oxygen air-breathing animals use to make up the circulatory
ISsues and organs from water. They have a obtain oxygen and get rid of system of an animal. Blood
that transport folded structure to maximize carbon dioxide. They have flows through this system
substances around the surface area in contact thousands of airways ending of tubes, delivering oxygen
an animal or a plant. with water. in air pockets called alveoli, and nutrients to cells, which
which create a huge surface absorb these substances

area for gas exchange. by diffusion.






Respiration

Respiration

Every organism needs energy, and this comes from
respiration—a chemical reaction that happens all the
time inside the cells of all organisms. Respiration is an
exothermic reaction, which means it releases stored
chemical energy. The energy is used to fuel all sorts

of living processes.

Energy from food
During respiration, chemical reactions
controlled by enzymes break down the
chemical bonds in food molecules
such as glucose. This releases the
energy, which is transferred to a
chemical called ATP (adenosine
triphosphate). ATP drives many of
the processes inside living cells.

Energy from
respiration powers
muscle contraction.

Keeping warm

Mammals and birds use energy to keep their
body temperature constant. When they respire,
heat is released and transported around the
body through the blood. The rate of respiration
increases in colder environments to help
maintain body temperature.

Penguins use a
considerable amount of
energy to maintain a high
body temperature.

@

\ Key facts

/ Respiration is a chemical reaction
in cells controlled by enzymes.

\/ Respiration is an exothermic
reaction (energy is transferred
to surroundings).

/ The energy released by respiration
is stored in a chemical called ATP
(adenosine triphosphate).

Movement

Energy is needed to make muscle
cells contract so that animals can
walk, run, or leap. Some muscles
work all the time, such as those
that make your heart beat.

Growth

Energy is needed for growth and repair of
organisms. Caterpillars grow very quickly. They
rely on energy from respiration to create new
cells for this growth throughout their life cycle.



Root hairs ,—\Ij

Building large molecules

All cells need to make large molecules by joining
smaller units together. Trees make large proteins
by using small amino acids. Building these large
molecules requires energy from respiration.

Respiration

Transport of substances
In plants, minerals such as nitrates
from the soil are transferred to the
root hair cells by active transport—
a process that requires energy
(see page 56).

Eagles have excellent
vision—they can spot
prey up to five times

further than we can.

Relaying information

Nerve signals (impulses) relay information to

the brain, allowing animals to respond instantly
to changes in the environment—from spotting
prey to being alert to danger. Respiration provides
the energy needed to send these nerve signals
from one part of the body to another within a

few milliseconds.

#
L ATP molecule

Shown here is the structure of an
ATP (adenosine triphosphate)
molecule. The energy
released from glucose
and used by cells
is stored in

ATP molecules.

L Respiration in plants

During daylight hours, plants N o
make their own food (glucose ’Ik
and starch) through the process -

of photosynthesis, which needs * Q_«-’

light energy from the sun, carbon .\vj"b
dioxide, and water (see page 76). 53, “

At night, photosynthesis stops, N gL

so the plant breaks down food
by respiration—a process that
happens both day and night.
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Investigating the rate
of respiration

An organism respires at different rates depending on certain factors,
such as temperature. You can investigate the rate of respiration by
measuring how much oxygen an organism takes in from the air.

Effect of temperature on respiration

Germinating seeds respire to provide energy for growth.
An apparatus called a respirometer is used to measure
how quickly seeds respire at different temperatures.

respiration), the
liquid is drawn
toward test tube A.

== '
Syringe
-= f U-shaped
| tube filled
As theoi;ege:r? (adbjgt[g E with colored
" capillary tube liquid

Test tube Bis a
control (see page 13).

Seeds
) Glass beads
Soda lime granules Cotton wool
Water bath ' ' [
Test tube A Test tube B

<] Calculating the rate of respiration

-
<S] Method

1. Place the apparatus in a water
bath at 10°C.

2. Add soda lime granules to

both the test tubes and cover the
granules with cotton wool to protect
the seeds from the corrosive soda
lime. Soda lime is used because
it absorbs carbon dioxide released
by the respiring organism, so

the organism’s oxygen intake
(consumption) can be measured.

3. Place some seeds on top of
the cotton wool in test tube A
and some glass beads of the
same mass in test tube B—this
is to check that the movement
of the fluid in the respirometer
is caused by the organism and
not by other factors.

4, Using a syringe, fill the
U-shaped tube to a chosen level
with a colored liquid. Mark the
position of the liquid and leave
the apparatus for 5 minutes. Then
use the scale to measure the
distance the liquid has traveled.

5. Repeat the experiment at
different temperatures (15°C,
20°C, and 25°C) to compare the
rate of respiration. The faster
the rate of respiration, the
greater the distance the colored
liquid moves in a fixed period

of time.

The distance traveled by the liquid in the tube
represents the volume of oxygen taken in by the
organism. This can then be used in the formula below
to calculate the rate at which the organism is respiring.

volume of oxygen intake (cm?3)
time (min)

rate of _
respiration

Example: A marine biologist measured the rate of
respiration of an iguana at different temperatures.
She found that the iguana took in 420 cm? of oxygen
in 60 minutes, so the rate of respiration is:

rate of _ 420cm?

@ g = 7 cm3/min
respiration 60 min
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Aerobic
respiration

Aerobic respiration involves a series of
enzyme-controlled reactions that take place
constantly in every plant cell and animal cell.
Aerobic respiration breaks down glucose to
release a continuous supply of energy. It is
more efficient at transferring energy than
anaerobic respiration (see pages 64—65).

Carbon dioxide is released

Mitochondria

<5 :

\ Key facts

/ Aerobic respiration is respiration using oxygen.
It is an exothermic reaction (releases energy
into the environment).

/ Glucose and oxygen react inside the
mitochondria to produce carbon dioxide,
water, and energy.

\/ Aerobic respiration is more efficient at
transferring energy than anaerobic respiration.

Water is released for use in the
body or expelled as a waste product

as a waste product. in sweat, tears, exhalation, or urine.
. . ‘\ Glucose—a reactant—
Most of the chemical reactions Sy ‘ f

in aerobic respiration take place
inside tiny cell structures

called mitochondria

(singular mitochondrion).

A cell that uses a lot of

energy, such as a muscle

cell, contains a large

number of mitochondria.

Energy is released
from the mitochondrion

by combining glucose
with oxygen.

Animal cell

<S| Equation for aerobic respiration

is obtained from the
digestion of food.

Oxygen—a
\/\ reactant—is
obtained from
gas exchange.

Folded membranes create
a large surface area for
chemical reactions.

Shown here in symbols and words

is the equation for aerobic respiration.
The equation represents the chemical
reaction that releases energy from
the glucose.

CeH1206 + 60 % 6C0O, + 6H.0 (+energy)

carbon

glucose + oxygen ——— > dioxide T water (+ energy)
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AnaerObiC %\ Key facts
re S pira tj_o n /' Anaerobic respiration is respiration

without oxygen.

/" Glucose does not completely

Anaerobic respiration occurs when glucose is partly .
break down and produces lactic

broken down to release energy without using oxygen. S
. . acid in animal cells or carbon
Although it releases far less energy than aerobic dioxide and ethanol in plant and
respiration (see page 63), it can be used in special yeast cells.
circumstances—such as to get a bigger burst of energy / Less energy is released from each
during strenuous exercise or when oxygen levels are low. glucose molecule compared to
aerobic respiration.

Respiration in working muscles

When muscles work hard, such as during a race,
they contract more and so need more energy. This
is released from respiration. Much of it comes from
aerobic respiration, but some anaerobic respiration
also takes place to provide an extra boost of energy.

Getting ready

At the start of the race, the lung
and heart supply enough oxygen
to the whole body for use in
aerobic respiration.

When anaerobic
respiration occurs,
its waste product—
lactic acid—builds
up in muscle cells.

Before activity, muscles
are free of lactic acid.

<S] Equation for anaerobic respiration

The equation for anaerobic respiration in animals is:
Running
R During the race, the heart beats faster
C6H1206 2C3H603 and breathing speeds up so more
oxygen is delivered to muscles for
more aerobic respiration. But soon,
the heart and lungs are working as fast
The equation for anaerobic respiration in plants and yeast is: as they can. Some extra energy then
comes from anaerobic respiration,

C6H1206  — 2C2H50H 5 2C02 which doesn’t need any more oxygen,

but produces waste lactic acid.

glucose ——> lacticacid (+ energy)

glucose _— ethanol + carbon dioxide (+ energy)
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-
KL Anaerobic respiration
Carbon dioxide from

in other organisms yeast cells makes
the bread rise.

Anaerobic respiration happens
differently in animal and plant
cells. Unlike animals, which
produce lactic acid as a waste
product during anaerobic
respiration, plants and yeast

(a type of fungus) produce ethanol Yeast
and carbon dioxide as wastes In some microorganisms, such as yeast,
when they respire anaerobically. <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>