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In this Unit, you will
discover

= What molecules make up
cells

= How the cell membrane
separates cells from their
external environment but
allows substances into
and out of the cell

= \What special functions cell
structures have and how
these contribute to
keeping an organism alive

m \What processes in cells
capture and release the
energy needed for survival
and how we harness these
processes

Unit
Contents
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Chapter 1

Exploring the Micro-
universe of the Cell .
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Organizing Life . . . . @
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Cells, Energy, and
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Unit

Investigation . . . . . @

Look ahead to pages
110-111.

= You can start planning
your investigation well in
advance by knowing what
you will need.

= As you work through the
unit, watch for ideas and

materials that will help you

prepare your experimental
design.
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Cellular Functions

It has been said that we are made of the stuff of
stars. What do you think this means? The pine
wood cells pictured on the right and all other
organisms on Earth are made mostly of only six
common chemical elements. These elements
originated under the conditions of massive
gravity and heat found in stars. Evidence that the
molecules of life — compounds containing carbon,
hydrogen, and oxygen — exist throughout the
universe is found in comets like Hale-Bopp, shown
below. Scientists have recently found that such
rocks, travelling through space, transport compounds
and molecules that form the basis of life on Earth.
Within cells, these molecules are transformed
into living organisms with a multitude of complex
strategies for survival. The same few molecules are
used over and over in different combinations to
make literally millions of different structures and to
carry out all the different functions needed by
living things. The processes involved in sustaining
life all begin at the molecular level within the
microscopic spaces of the cell. This includes the
storage and release of the energy needed to power
cellular process — which ultimately comes from
the Sun.

The image below may look like a single-
celled organism, but it is actually a comet
called Hale-Bopp. What does a comet have
to do with the pine wood cells on the right?
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Reflecting
Questions

CHAPTERO _

Exploring the
Micro-universe of the Cell

= \What are the key e
molecules of life?

= How does the cell
membrane define the
living cell and separate it
from its environment?

= How does a cell control
the movement of materials
that enter and leave it?

The micro-universe of the cell is a
world of stunning beauty, high
drama, and battles to the death. All
of it relies on and revolves around
the molecules of life. Why does the
didinium in the photograph on the
right hunt the paramecium — a larger
micro-organism? The didinium
cannot make all the molecules it
needs, such as proteins, from the
substances dissolved in its watery
environment. So the didinium must
acquire these molecules from its prey.
It then uses the molecules to build
and repair cellular structures and as a
source of energy for cellular processes.
The didinium and paramecium, as
well as the vorticella pictured below,
separate themselves from the outside
world with a cell membrane. How
then does the didinium “eat” the
paramecium? If the didinium opened
a hole in its cell membrane large
enough to take in the paramecium,
the didinium’s own cell contents
would leak out into the water
surrounding it. Indeed, how do any
of these cells take in molecules they
need or excrete wastes? Clearly, the
cell membrane must do much more
than separate the cell contents from
the external environment. How does
this living edge of the cell function?
Cellular dramas are also taking
place in the human body. For example,
cells that line your stomach live no
longer than four days because the
acid produced there eventually
destroys them. As the old cells die,
replacement cells emerge to face the
acidic battleground. If this did not

happen, you would not get the
nutrients you need to feed the cells
of your body.

Earlier courses introduced you to
cells and cell reproduction. In this
chapter, you will discover the
molecules of life. In particular, you
will investigate the large molecules
— carbohydrates, lipids, proteins,
and nucleic acids — that nourish,
build, and direct the living cell. You
will also examine the role that the
cell membrane plays in transporting
substances into and out of the cell.

Beautiful but deadly, the single-
celled vorticella pictured below use
the coiled spring in their cilia to leap
out to grab their prey (bacteria).
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The Molecular Basis of Life

e
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EXPECTATIONS

m Describe the structure and

m Test for macromolecules

= Use three-dimensional models

function of important
biochemical compounds.

found in living organisms.

of important compounds.

Figure 1.1 These bacteria
remained dormant in a salt
crystal, probably from before
the time of the dinosaurs. In
2000, scientists revived them
by giving them water and
carbon-containing compounds. \

S

When you think about cells, what first comes to
mind? How small they are? How such tiny living
things can do so much work? How a single
fertilized egg cell can produce all the many
specialized cells of a large organism, such as a
human being? This chapter, and the other chapters
in this unit, will help you answer these questions
— and perhaps also help you find new ones to ask.

Life: A Winning Experiment
Background

Where do cells come from? Prior to the development and
acceptance of the cell theory in 1864, at least one early
investigator thought that mice could be generated
spontaneously by leaving a dirty shirt in a bucket. In 1860,
the Paris Academy of Sciences offered a prize to anyone
who could prove or disprove the spontaneous generation of
life. The biologist Louis Pasteur took up the challenge. The
two Erlenmeyer flasks shown here reproduce the results of
Pasteur’s winning experiment. Each flask and the stopper
were sterilized. Each contains 100 mL of vegetable broth
that was boiled for 10 min. Then, the sterilized stopper
was placed in one flask, while the second was left
unstoppered. This is what the flasks looked like five days
after they were filled.
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Less than two hundred years ago, people did
not know of the existence of cells. The development
of the first microscopes finally gave scientists
access to the miniature world of the cell. Early
investigators discovered what you now take for
granted: that all living things are made up of one or
more cells. Other scientists determined that cells
are also the fundamental functional units of life.
What does this mean?

Analyze

1. Describe any differences you observe in the broth of the
two flasks.

2. If you see any evidence of life generating life in these
photographs, where did the living organisms come from?



+» FAST FORWARD
To review the cell theory, turn to Appendix 1.

word I

Look at the ingredients list on a milk package. You will see the
word pasteurized connected with the ingredients. Find out what
this word means. Why does it appear on a milk carton? Explain
in your own words where this term came from and how it
relates to cells.

What must the cells pictured in Figure 1.1 do to
stay alive? Like you, they have to obtain and ingest
food and water, get rid of wastes, grow, and respond
to changes in their environment. At some point,
they will reproduce, creating more cells. Each one
of these cells has to perform key life processes.

How does one cell do all that? Each cell uses
energy to fashion the structures it needs out of
materials available in its external environment —
atoms and molecules. Each cell also maintains a
sophisticated barrier between itself and the outside
world: the cell membrane. For example, the parasites
pictured in Figure 1.2 have cell membranes that
help them evade the human immune system.

How have scientists learned so many of the cell’s
secrets? Technology and scientific inquiry have
provided many answers. The technology for
examining cells you probably know best is the
compound light microscope. However, its glass
lenses can only magnify the cell enough to allow
you to see some of the larger cell features. Light
microscopes cannot resolve — or form distinct
images of — objects as close together as are most
structures in the cell.

The nature of visible light itself limits the
resolving power of a light microscope. When a light
wave passes through a specimen with structures
less than 0.2 pm apart, the wave bounces back from

The Resolving Power of Skin

You may not think of your skin as an exploratory tool that
has resolving power, but that is one of its functions. The
network of nerves in your skin gives you greater resolving
power in some places than in others. What does this
mean? Tape two pencils together, and ask a classmate to
touch both pencil points gently on the following spots while
you keep your eyes closed: a fingertip, the palm of your
hand, the back of your hand, and the back of your neck.

Figure 1.2 The flat, undulating cells (trypanosomes) you see
among the red blood cells enter the bloodstream when a
tsetse fly bites and cause a disease called African sleeping
sickness. The structure of their cell membranes can make
them difficult for the human immune system to destroy.

the two features as if they consisted of a single
point. The features are too close together to block
the light wave separately, which would reveal them
as two points.

Before the invention of the electron microscope,
how did biologists gather information about the
inner workings of the cell? Living things depend
on chemical reactions, which take place at the
level of the molecule. So scientists used chemical
knowledge and procedures to learn about the world
of the cell: the molecules that living cells use,
form, excrete, and interact with. This section will
introduce you to that world.

|IPAUSE F & RECORD

Explain why biologists describe the cell as the unifying
structure that links all life.

Ask your classmate to record what you felt each time, two
points or one.

Analyze
1. Which part of your skin has the greatest resolving
power (lets you clearly distinguish the two pencil
points)? Which has the least resolving power?

2. Suggest how differences in sensitivity to touch are
related to differences in the number and closeness of
nerve endings in your skin.

Exploring the Micro-universe of the Cell e MHR o 7



Living Organisms Rely on Small
Molecules

You may not think of your body in terms of
chemical reactions, yet you rely on your cells to

perform trillions of chemical reactions every second.

Without these, you could not remain alive. The
study of these reactions and the molecules and
processes involved in them is called biochemistry.
Some of the smallest molecules involved in
biochemical reactions are the most important.

Your breath contains three kinds of small
molecules critical to life. When you “see your
breath” on winter days, what you are seeing? Like
clouds, your visible breath consists of condensed
water vapour molecules (H,O) released through
your lungs. Your exhaled breath also contains two
other kinds of small molecules important to your
cells: oxygen (O;) and carbon dioxide (CO;). The
oxygen is left over from the previous inhalation
(your body absorbs only a small fraction of the
oxygen you take in with each breath).

Your cells use the oxygen molecules that do
pass in through your lungs to help release energy
from simple food molecules. This process,
called cellular respiration, can be summarized in
an equation:

CeH12,06 + 60, —> 6C0O, + 6H,0 + energy
carbon  water
dioxide

glucose oxygen

CO;

H20

Figure 1.3 Life as we know it would not exist without these
small molecules.
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Thus, the carbon dioxide and water you exhale are
waste products of this reaction, which occurs in
your cells. The compounds produced by the
process of converting food into energy are small
molecules. Figure 1.3 uses models to illustrate how
atoms in molecules of water, oxygen, and carbon
dioxide are arranged.

Water: The Primary Molecule of Life

Water is the most abundant molecule in any cell.
The unique chemical properties of water enable it
to act as a carrier for dissolved molecules inside and
outside the cell, and as a raw material in essential
cell reactions. It also functions as a lubricant
between organs, tissues, and individual cells.

These properties of water make possible life as
we know it.

® remains liquid over a wide temperature range,
including temperatures at which most small
molecules are gases (such as room temperature)

m dissolves most substances involved in living
processes, such as oxygen, carbon dioxide,
glucose, amino acids (components of proteins),
and sodium chloride (salt)

m changes temperature gradually when heated or
cooled, so it protects cells from rapid temperature
changes and provides a stable environment for
cell reactions

m is the only pure substance that expands when it
becomes a solid, which means that it floats when
it freezes (see Figure 1.5)

Figure 1.4 Water molecules cling together, which helps
water to creep up thin tubes, such as those running from
the roots to the tops of plants.



Ice acts as an insulator and prevents the water below it — £
from freezing, which protects aquatic organisms in the winter. ice 0° _:z""“ b )

Figure 1.5 All organisms require water to live.

The special properties of water are determined
by its chemical structure. The uneven distribution
of electrical charges on a water molecule allows
one water molecule to attract another water
molecule at room temperature enough to form a
liquid. (Larger molecules such as oxygen and
carbon dioxide remain gases at room temperature.)
Figure 1.4 shows how this property is important to
plants. Molecules with uneven charge distribution
are said to be polar (because they have oppositely
charged “poles”). Although carbon dioxide
contains oxygen, it has an even distribution of
electrical charge. This means that it is nonpolar.

e > FAST FORWARD __jme

To review chemical bonding, turn to Appendix 2.

Organic Compounds

The term organic compound refers to molecules
that contain both carbon and hydrogen, which
means that molecules such as oxygen, water, and
carbon dioxide are inorganic. Although living
things require water to perform their life functions,
and most also require oxygen, these molecules

can be generated without the involvement of
living things.

frog
hibernating
in mud

The molecules that form a more permanent part
of living cells all have a carbon “backbone.” This
abundance of carbon in organic compounds is why
scientists call life on Earth carbon based. Each
carbon atom can form up to four bonds with other
atoms. Hydrocarbon molecules (organic molecules
containing only carbon and hydrogen) come in an
enormous range of sizes and shapes, including
open-ended chains and closed, loop-like “rings,”
such as those shown in Figure 1.6. From previous
studies, you may recognize the lines joining the
atoms in this figure as covalent bonds.
PRENPNP!
H—C—%~c—C~¢c—C~c~C—H

LTl
H  H  H ' H

Figure 1.6 These hydrocarbon molecules have relatively
simple structures.

Exploring the Micro-universe of the Celle MHR ® 9



In addition to carbon and hydrogen, many
organic molecules contain other elements, the
most important of which are oxygen, nitrogen,
phosphorous, and sulfur. You may recall from
earlier studies that normal air is about 20% oxygen
and 78% nitrogen, so it is not surprising that many
organic molecules contain these two elements.

Living cells make and use a variety of organic
molecules, such as glucose (a sugar). The cells of
plants and some other organisms manufacture
glucose through the process of photosynthesis
summarized in this equation:

light
6C0O, + 6H,0O i’ 60, + CgH120¢

carbon  water oxygen glucose

dioxide
Both plants and animals use glucose as a food from
which they obtain energy.

In this chapter, you will explore only the
principal organic molecules contained in
carbohydrates, lipids, and proteins, as well as
the nucleic acids. that make up the DNA in
chromosomes. Figure 1.7 illustrates foods
containing these molecules. All of these organic
compounds are very large molecules, or
macromolecules (macro means large), composed
of smaller subunits.

»» FAST FORWARD |
To view the periodic table, turn to Appendix 11.

vetn

This chart gives you the chemical formulas for a number of
important biological molecules and the mass of each in atomic
mass units. Use this information to determine the mass of a
molecule of table sugar (sucrose), which has the chemical
formula C12H25041.

Molecule Chemical formula | Atomic mass units
Water H,0 18
Oxygen 0, 32
Carbon dioxide €0, 44
Glucose CeH1206 180

The Structure and Biological
Function of Carbohydrates

Very interested in the food produced by plants,
early scientists chemically analyzed sugars and
starches. They discovered that these compounds
always contain carbon, hydrogen, and oxygen —
almost always in the same proportion: two atoms of
hydrogen and one atom of oxygen for every atom of
carbon, or CH,0. Since the formula for water is
H,0, the scientists concluded that sugars and
starches consist of carbons with water attached to
them, or carbohydrates (hydro means water).
Carbohydrates provide short- or longer-term energy
storage for living organisms.

Figure 1.7 Foods rich in carbohydrates, lipids, and proteins.

10 e MHR e Cellular Functions
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A carbohydrate molecule with three to seven
carbon atoms (and the corresponding number
of hydrogen and oxygen atoms) is called a
monosaccharide, or simple sugar (mono means one;
sakkharon means sugar). Figure 1.8 shows the
single, closed ring-like structures of three common
monosaccharides: glucose, fructose, and galactose.

A disaccharide, or double sugar, is made up of
two simple sugars (di means two). Figure 1.9 shows
how two glucose units link together to form one
molecule of the disaccharide maltose. Malted
products such as beer contain maltose. You may be
more familiar with another disaccharide, sucrose,
which is made by joining glucose with fructose.
Sucrose is in many food products, from brownies
to barbeque sauce.

glucose
CeH1206

glucose
CeH1206

CH,OH

o—o—=T

H OH
glucose

OH
galactose
CH,0OH

OH H

fructose

Figure 1.8 Living cells use molecules of glucose or other
simple sugars, such as fructose and galactose, as a quick
source of energy. Although all three simple sugars have the
same composition of atoms, the arrangement of these
atoms differs slightly in each molecule.

H H
+ —> + H0
OH HO 0

maltose water
C12H22011 H20

Figure 1.9 Note the role played by water when glucose units are linked to form
maltose and when maltose is broken apart to form individual glucose molecules.

Modelling Sugars

In this lab, you will construct models of two glucose
molecules and join them together to make a disaccharide
molecule. To do this, you will need the following molecular
model materials: 12 carbon atoms, 24 hydrogen atoms,
12 oxygen atoms, and 50 bonds.

Use the diagram of glucose in Figure 1.8 above as a

guide to building your glucose molecule models. Note that
glucose has a ring structure consisting of five carbon atoms
and an oxygen atom. A sixth carbon is attached to one of
the ring carbons. Keep in mind that each carbon has four
bonding sites. Set both of your glucose models side by side
so that they match the orientation of the glucose molecules

on the left side of Figure 1.9. Break and re-make bonds to
build a model of the disaccharide maltose.

Analyze
1. Which atoms are involved in the breaking and making
of bonds when a disaccharide is formed? Suggest a
reason for this.

2. Describe how you think the glucose and fructose
subunits in sucrose are linked. Build a molecular model
to show this.

3. How might a cell use the three-dimensional shape of a
glucose molecule to orient the connecting atoms
between two glucose “rings”?

Exploring the Micro-universe of the Cell e MHR o 11




A polysaccharide is a complex carbohydrate
consisting of many simple sugars linked together
(poly means many). Figure 1.10 shows the structure
of the polysaccharides starch, glycogen, and
cellulose. Starch performs the important function
of energy storage in plants. Glycogen performs the
same function in animals. Compare the structures
of the starch and glycogen molecules, and note the
many “branches” on the glycogen molecule. The
larger amount of branching in glycogen means that
glycogen molecules pack more glucose units into a
single cell than do starch molecules.

Plants produce an even larger polysaccharide
macromolecule called cellulose, out of which they
build their cell walls. Cellulose is considered a
structural molecule because it protects individual
cells and provides support for the whole plant. As
a polysaccharide made up of glucose units,
cellulose also stores a great deal of energy.
However, only a few bacterial species produce the
digestive chemicals needed to break cellulose
down into glucose units and release energy. So —
to obtain nourishment from grass, leaves, wood,
and other cellulose-rich plant materials — animals
such as cattle, rabbits, and termites must host these
bacteria in their guts. The human gut does not host
these bacteria, so the food energy in cellulose is not
directly accessible to us.

glucose
subunits

"> glucose
/ subunits

liver

Cellulose

crosslink
bonds

glucose
subunits

cotton

Figure 1.10 Look at the structural differences among the
polysaccharides starch, glycogen, and cellulose. Notice that
all three consist of glucose subunits.
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In terms of mass, most of the world’s carbohydrate exists in
the form of cellulose.

The Structure and Biological
Function of Lipids

Lipids are a diverse group of macromolecules that
have one important feature in common: they do not
dissolve in water. Living organisms use lipids for
many purposes: long-term nutrient and energy
storage, insulation, cushioning of internal organs,
and hormones to send messages around the body.
Lipids are also the primary structural component of
the cell membrane of every cell.

The lipid with which you are likely most
familiar is fat. Fats include not only substances
such as butter but also oils such as canola oil.
Whether in solid or liquid form, one gram of lipid
contains 2.25 times as much energy as one gram
of carbohydrate.

Figure 1.11 The white walrus has just returned from an
extended swim in extremely cold water. You can see its
blubber right through its skin because the blood vessels in
its skin have constricted (narrowed) to conserve heat in the
cold water. Without normal blood flow, the skin becomes
nearly transparent, making the walrus appear white.
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Figure 1.12 Notice that in each fatty acid chain of a triglyceride molecule only the
carbon atom at the glycerol end has oxygen attached to it. All the rest of the
carbon atoms on the fatty acid have only hydrogen atoms attached to them.

All fat molecules have the same basic three-
branched structure. Figure 1.13 shows how this
structure forms in a chemical reaction involving
one molecule of an alcohol called glycerol and
three molecules of fatty acid. Another name for
this structure is a triglyceride.

Fatty acid 1

Fatty acid 2 )

glycerol
A

Fatty acid 3 )

-

Figure 1.13 On this simple model of a triglyceride (fat)
macromolecule, the triangles represent glycerol’s three
reaction sites.

A fatty acid is a hydrocarbon chain with a
difference: at one end, the carbon has an acidic
— COOH group instead of hydrogen attached to it.
It is this acidic group of a fatty acid that attaches to
one of the three main reaction sites on a glycerol
molecule, as shown in Figures 1.13 and 1.14. The
triglyceride produced is nonpolar. This means that
it will not be attracted to (polar) water molecules,
which is why fats are insoluble in water.

eesssssss—— || PAUSE P » RECORD _

Compare Figure 1.12 (lipid formation) with Figure 1.9
(carbohydrate formation). What do the two reactions have in
common? (Hint: Look at the blue highlighting on each
figure.) How do they differ?

Glycerol always has the same composition;
not so for the three fatty acids, which may be
identical or nonidentical, short or long, saturated
or unsaturated. In the hydrocarbon chain of a
saturated fatty acid, each of the carbon atoms
beyond the one bonded to oxygen is bonded to four
other atoms. An unsaturated fatty acid has bonding
sites (double bonds) where additional hydrogen
atoms could be attached. Figure 1.14 shows the
difference between a saturated and an unsaturated
fatty acid.

If unsaturated fatty acids dominate, the resulting
fat will likely be liquid at room temperature. If
saturated fatty acids dominate, the resulting fat will
likely be solid at room temperature.

meeessssssssmmm - FAST FORWARD —

To learn about double bonds, turn to Appendix 2.

H
o | 1 1 10
(A) S¢c—c—Cc—Cc—-C—C—C—H
HOO I L 1 1
H HHHHIH
o 1 m A
(B) Sc—Cc—-€=C-C—C—H
HO | I
H H H

Figure 1.14 (A) This fatty acid is saturated with hydrogen.
(B) This fatty acid has room for two more hydrogen atoms,
one on each of the highlighted carbon atoms. Such a fatty
acid is called unsaturated.
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Steroids (and cholesterol) are lipids too, although the
structure of these molecules differs markedly from the
structure of fats. News reports from the sports world may
have led you to think of steroids as harmful to health. In
fact, your body makes several different kinds of steroids
from the fats you eat. You need all of these steroids for
normal health and development. Your body manufactures
all the steroids it needs, so injecting or ingesting steroids
can lead to abnormal development of sex organs and even

early death.
- /

The Structure and Biological
Function of Proteins

Most cellular structures are made of various

types of protein. Proteins also serve many other
functions in cells. In fact, they display greater
structural complexity and functional diversity than
either lipids or carbohydrates.

Your hair and fingernails are both made of the
same type of protein, keratin, yet each has its own
distinctive properties. The bones and muscles
inside your hand and the ligaments and tendons
connecting them also contain distinctly different
proteins. Without these proteins, you would not be
able to move your hand.

In addition to their structural functions,
proteins also

m function as enzymes to facilitate chemical
reactions (the enzyme amylase in your saliva
begins the breakdown of starches into simple
sugars while you chew)

m help transport substances across cell membranes
or to different parts of an organism (the
hemoglobin in your blood transports oxygen
from your lungs to each cell in your body)

Figure 1.15 Feathers, spider webs, wool, and silk are made
up of proteins. In fact, feathers consist mostly of the same
protein, keratin, that makes up human nails and hair.

® act as chemical messengers (some hormones are
proteins rather than lipids, such as the insulin
that helps to regulate the amount of glucose
available to cells)

Like other macromolecules, proteins are
assembled from small units. In proteins, the
building blocks are amino acid molecules.

Figure 1.16 shows the chemical structure of five
representative amino acids. Note the unhighlighted
part of each amino acid. It contains two carbon
atoms, two oxygen atoms, four hydrogen atoms,
and one nitrogen atom per molecule. The number
and arrangement of these atoms is identical for

all but one amino acid (proline). What differs
substantially from one amino acid to another is the
highlighted remainder group (or R group).

alanine valine cysteine phenylalanine
H H H H H H H H
L1 A0 | L P L1
H—N—?—C\ H—N—Cl—C H_N_?_C\ H—N—|C—C\
— o~y OH OH e OH OH
Remainder group, 5 C|: A bl 5 C|: ! H—Clt—H
or R grou H H—C—H H—C—H
grotip | | SH 20N
H v
—Co /C H
¢
|
H

Figure 1.16 Note that these five representative amino acids differ from one

another by their R groups.
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peptide

bond
H H H R H H O R
1,0 I 1 ,OH - 5 Lol | ,OH
H—N—C—C + N—C—C\ -~ H—N—C—C—N—C—C\ + H0
I \OH H I \O I I \O
R H R H
amino acid amino acid dipeptide water

Figure 1.17 In the first stage of the formation of a polypeptide, two amino acids
are linked together. The R groups appear only as “R” because they do not take

part in the reaction that produces or breaks a peptide bond.

A chemical linkage called a peptide bond joins
individual amino acids together. Figure 1.17 shows
how a peptide bond between two amino acids is
formed or broken. Regardless of which R group is
present, amino acids always bond to each other in
the manner shown in Figure 1.17. However, a
chain of amino acids is not yet a protein, only a
polypeptide.

Figure 1.19 on the next page shows the steps
between a peptide bond and a finished protein
molecule. The final shape of the protein’s three-
dimensional structure determines what properties
it will have and therefore what functions it can
perform.

If a protein molecule is exposed to extreme
temperatures, extreme pH conditions (very acidic
or very basic), or harsh chemicals, it will unfold or
change shape. When this happens, the protein is
said to have been denatured. The protein loses its
ability to perform its normal function.

Why can some proteins such as enzymes or
hemoglobin function in a water solution while
others (such as the keratin in your fingernails) are
usually insoluble in water? This depends on how
the polypeptide(s) making up a protein are twisted
and folded. When the parts of the R groups that can
interact with water end up on the outside of the
final protein structure, the protein is soluble in
water. When the parts of the R groups that do not
interact with water or react only slightly with it
end up on the outside, the protein will not dissolve
in water.

= PLAY _

To enhance your learning about macromolecules, go to your
Electronic Learning Partner.

Figure 1.18 This computer-generated image of a protein
molecule makes the protein’s complex, three-dimensional
structure easier to visualize.

Humans need 20 amino acids — known as
the common amino acids — to make the protein
macromolecules required for healthy body
structures and functions. Your body can
manufacture 12 of these amino acids from non-
protein food sources. The other eight must be
present in your food because your body cannot
manufacture them for itself. These eight are
referred to as essential amino acids.

With 20 different amino acids to combine,
proteins exist in thousands of distinctly different
forms. Each kind of organism manufactures its
own characteristic proteins or variations on
proteins common to a number of species, such as
hemoglobin. Indeed, it is our proteins that make us
different from ants, amoebas, or ash trees.

Exploring the Micro-universe of the Celle MHR ® 15



Many amino acids are
joined together to form
a polypeptide chain.

pleated shape. I

(0] /C
Il CH
I ch | R
/C\ N / I H . R /
CH | o o, (alpha) helix \C\
When a polypeptide grows é H ICI:
beyond 30 amino acids, it ?I v ~N H=pN
begins to either coil up into a /C‘N/ I |l| pleated sheet
helix or bend into a pleated CH R 0 O=
sheet. The dotted lines < H Il ©
represent the weak attraction |1| o C R
between the O and H A y: /?H =€
“sidearms” that holds the T cii N"R
molecule in a helical or C‘N/ | H-

The helix then folds into a three-dimensional Many proteins contain two or more
structure, the exact shape of which depends folded polypeptides joined together.
on which R groups are present and in
what order.

Figure 1.19 The formation of a protein molecule from a polypeptide

16 e MHR e Cellular Functions




phosphate
(6]
S nitrogen-
containing
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pentose sugar

Figure 1.20 Generalized nucleotide. Nucleotides consist

of a five-carbon simple sugar (ribose in the case of RNA and
deoxyribose in DNA), a nitrogen base, and a phosphate
group, symbolized here by ®.

Nucleic Acids

Nucleic acids direct the growth and development
of every living thing by means of a chemical code.
They determine how the cell functions and what
characteristics it has.

The cell contains two types of nucleic acid: RNA
(ribonucleic acid) and DNA (deoxyribonucleic
acid). You may already have learned that DNA is
the main component of the genes, or hereditary
material, in all cells. Each gene contains
instructions for making RNA. RNA, contains the
instructions for making proteins. These proteins

»@»@MQGQG

make up much of the structure of a cell and control
how it functions.

Like proteins and carbohydrates, nucleic acids
consist of long chains of linked subunits. These
subunits are called nucleotides, which are depicted
in Figure 1.20. DNA is made up of just four
different nucleotides. So is RNA. Each DNA
nucleotide has an RNA nucleotide counterpart.

RNA consists of a single, long chain of
nucleotides. In DNA, two enormous nucleotide
chains are attached in a ladder-like structure,
which then coils into a double helix shape.

Figure 1.22 illustrates this DNA structure.

Figure 1.21 This image shows the shape of individual
atoms on a section of a DNA molecule. It was mapped using
a probe through which a tiny electric current flows.

Figure 1.22 DNA’s structure. Each DNA strand contains carbon rings (sugar) and
phosphate molecules, while the ladder “rungs” between the strands consist of

nitrogen bases.
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Investigation

What’s Here? Testing for Macromolecules

Biochemists have developed standard tests to determine the presence
of the most abundant macromolecules made by cells: carbohydrates,
lipids, and proteins. In this investigation, you will conduct standard

Conducting research
Performing and recording
Analyzing and interpreting

Communicating results

tests to determine the presence of glucose, starch, lipid, and protein in
known samples. Each test involves an indicator, which is a chemical
that changes colour when it reacts with a specific substance.

Pre-lab Questions

m Glucose is a monosaccharide. What does this
mean?

m Proteins are made of amino acids. What atom
is present in an amino acid that is not present
in a sugar molecule?

m Identify two health hazards related to using a
copper sulfate solution.

Problem

How can you determine the presence of glucose,
starch, lipid, and protein in various samples?

CAUTION: Be careful when handling iodine,
Benedict’s solution, Sudan IV, and Biuret reagent
as they are toxic. Avoid allowing the hot water
bath to boil vigorously because this can cause
test tubes to break. Clean up spills immediately,
and notify your teacher if a spill occurs.

V4= R B9 ) B3

Materials

safety goggles

disposable gloves

apron

marker

6 graduated cylinders

12 test tubes

test tube rack

hot water bath

test tube clamp

test tube brush

40 mL protein solution
(2% gelatin solution)

40 mL vegetable oil

40 mL glucose solution

Procedure

40 mL sucrose solution

40 mL starch solution

40 mL distilled water

Benedict’s solution in a
dropper bottle

iodine solution in a
dropper bottle

Sudan IV solution
(0.5% alcohol solution)
in a dropper bottle

Biuret reagent in a
dropper bottle

glassware soap

m Follow your teacher’s instructions for the
disposal of the test solutions and samples.

MHR e Cellular Functions

m Use the same graduated cylinder to measure
samples of the same substance for all four
parts of this investigation. For example, use
the same graduated cylinder to measure out
vegetable oil each time.

® Perform parts B, C, and D of this investigation
while you heat samples for part A.

m Carefully clean your work area after you finish
each test.

m Wash glassware throughly with soap and water.

Part A

1. Set up the hot water bath as shown below.
Use a medium setting for the hot plate.

2. Mark the six graduated cylinders with the
numbers 1 to 6.

3. Mark six test tubes with the numbers 1 to 6.

4. Measure out 10 mL of protein solution into
graduated cylinder 1, 10 mL of vegetable oil
into graduated cylinder 2, 10 mL of glucose
solution into graduated cylinder 3, 10 mL of
sucrose solution into graduated cylinder 4,
10 mL of starch solution into graduated
cylinder 5, and 10 mL of distilled water into
graduated cylinder 6.



5. Add 10 mL of each sample to the test tube
with the same number.

6. Add 5 drops of Benedict’s solution to each

test tube. Safely mix the contents of each test
tube by swirling the test tube as shown below.

7. Heat each test tube in the hot water bath
for 5 min. If your hot water bath is large
enough, heat two test tubes at a time. After
5 min, use a test tube clamp to move each
test tube to the test tube rack.

8. When all the test tubes have been heated
and removed, turn off the source of heat and
let the water bath cool.

9. Record your observations for each test tube.

10. When the test tubes have cooled, wash
them. When the hot water bath has cooled,
pour out the water and wash the glassware.

Part B
1. Repeat steps 3, 4, and 5 from Part A.

2. Add 5 drops of iodine solution to each test
tube. Carefully mix the contents of each test
tube.

3. Record your observations for each test tube.
Then wash the test tubes.

Part C
1. Repeat steps 3, 4, and 5 from Part A.
2. Add 5 drops of Sudan IV solution to each

test tube. Safely mix the contents of each
test tube.

3. Record your observations for each test tube.
Then wash the test tubes thoroughly.

Part D
1. Repeat steps 3, 4, and 5 from Part A.
2. Add 5 drops of Biuret reagent to each test

tube. Safely mix the contents of each test
tube.

3. Record your observations for each test tube.
Then wash the test tubes and graduated

cylinders.
A. B. C. D.
Benedict’s | lodine Sudan IV Biuret
solution + | solution solution reagent
heat

1. protein

solution

2. vegetable

oil

Post-lab Questions

1. Describe a positive test for starch. Explain
how you know.

2. Describe a positive test for glucose. Explain
how you know.

3. Describe a positive test for lipids. Explain
how you know.

4. Describe a positive test for protein. Explain
how you know.

Conclude and Apply

5. What was the purpose of testing distilled
water for each part of the investigation?

6. Suppose you have a sample of breakfast
cereal that may contain one, two, three, or
all four of the macromolecules you tested
for in this investigation. Write a procedure
describing how you would test the sample
to determine which macromolecules
it contains.

Exploring Further

7. Physicians often want to know the glucose
and lipid levels in a patient’s blood and
whether proteins are present in a patient’s
urine. Research to find out what this
information might show about an
individual’s health.

Exploring the Micro-universe of the Cell e MHR @
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Manipulating Macromolecules

The study of biological molecules has been revolutionized
by the use of computers. Today, sophisticated software
programs allow biochemists to explore, build, and
manipulate three-dimensional models of macromolecules.
In this lab, you will use the Internet to view and manipulate
similar models. (You may need to download free software
to run the simulations, such as Chime. Check with your
teacher before you download anything onto a school
computer.) Your teacher will give you a list of sites that
contain three-dimensional models of proteins and other
macromolecules. Go to each site, and use the simulations
to view and manipulate the molecular models.

Analyze

1. Describe each type of model the site(s) allowed you to
view, for example, a bail-and-stick model, space-filing
model, and so on.

2. How does rotating a molecule change what you can
see about it?

3. Draw structural formulas for two of the three-
dimensional models that you viewed.

4. What did the computer simulations of molecules show
you that would be more difficult to see using molecular
model kits?

1
] SECTION REVIEW

1. List the key life processes of cells.

2. Identify three inorganic molecules important
for cells.

3. Describe the unique properties of water. Explain
how each property is important to cells.

4, Copy and complete this chart:

Function in
the cell

Sample
Molecule

Macromolecule
type Diagram

monosaccharide
carbohydrate
lipid (2 examples)

protein (2 examples)

nucleic acid

5. What is a peptide bond?

6. Why are some amino acids described as
essential amino acids?

7. @ Some people add cold milk to hot coffee. Others
heat milk so that it is hot and steamy. Does heating
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milk change its chemical make-up? Predict any
changes, and design a lab that would test your
prediction.

8. Some oils, such as olive oil, are liquid at room
temperature. How can the structure of the oil
molecules be changed so that they are almost solid
at room temperature?

9. I Find a Materials Safety Data Sheet, and identify
health hazards related to Biuret's reagent.

10. @ Explain how computer molecular-model
simulations could benefit biomedical research.

. 4 UNIT INVESTIGATION PREP

How is whole milk different from skim milk?
 Design a series of tests to identify the macromolecules
in whole milk. Which indicators would you use?

e Predict which macromolecules you would find if you

performed the tests you designed above. Would you
expect different results with skim milk? Explain.



Cell Membrane Structure

EXPECTATIONS

i
= |dentify the structure and
function of phospholipids.

m Describe the fluid-mosaic
structure of the cell
membrane.

Figure 1.23 From an altitude of
10 000 m, a city may look quiet
and still. From 1000 m, it
becomes clear that buses,
trucks, and cars are moving.
Airplanes fly into its airport.
Ships and boats come and go
from its harbour. How does this
city resemble a cell?

When viewed with even the most powerful

light microscope, the cell membrane looks like
nothing more than a thin, dark line. Yet if the cell
membrane functioned only as a barrier separating
the inside of the cell from its external environment,
how could the cell survive? How would the cell get
the raw materials it needs to build macromolecules?
The cell membrane must also regulate the movement
of materials from one environment to the other.

Figure 1.24 What was the original purpose of this wall
around the old part of Québec City? How did its original
function resemble that of a cell membrane?

The efficient operation of a city such as the one
pictured in Figure 1.23 would soon grind to a halt
without adequate routes for the flow of people and
things in and out. Similarly, the activities of a
living cell depend on the ability of its membrane to

m transport raw materials into the cell

® transport manufactured products and wastes out

of the cell
= prevent the entry of unwanted matter into the cell

m prevent the escape of the matter needed to
perform the cellular functions

Getting the Cell Membrane in Focus

The development of the electron microscope gave
scientists the information they needed to begin
exploring how the cell membrane performs its
regulatory functions. An electron microscope uses
beams of electrons instead of light to produce
images. Electron microscopes and other devices
separate electrons from their atoms and focus them
into a beam. For example, the image on a TV set is
formed by electron beams that cause the inner
coating on the screen to glow.

Compared to light, an electron beam has a very
short wavelength — so short that it can pass
between two cell features less than 0.2 pm apart
and form an image of them that shows two distinct
and separate points.
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Figure 1.25 James Hillier was in his early twenties when
his professor asked him to help build a practical electron
microscope. The microscope that Hiller and Albert Prebus
built is now on display at the Ontario Science Centre in
Toronto. It has 7000x magnification.

The first really usable electron microscope was
built in 1938 at the University of Toronto by two
graduate students, James Hillier (1915-) and Albert
Prebus (1913-1997). Their microscope revealed
that what look like “grains” under the light
microscope are complex cellular structures. In
Chapter 2, you will learn more about these
structures. This section continues the story of
research into the cell membrane.

When electron microscopy finally yielded a
more detailed view, microscopists saw that the
cell membrane is in fact a bilayer, or a structure
consisting of two layers of molecules. Chemical

analysis revealed that this bilayer is composed
mainly of phospholipid molecules, a type of lipid.

Phospholipids have two fatty acids bonded to a
glycerol “backbone.” The third glycerol reaction
site is bonded to a chain containing phosphorus,
and in some cases nitrogen as well.

This makes the shape and properties of a
phospholipid quite different from those of a
triglyceride. The phosphate chain forms a “head,”
while the two fatty acids form two “tails.” The
electric charge in the molecule is unevenly
distributed, as shown in Figure 1.27: the molecule
has a polar head and nonpolar tails.

The polar head of a phospholipid molecule is
attracted to water molecules, which are also polar.
This makes the phosphorus end of a phospholipid
water soluble. The hydrocarbon chains in the fatty-
acid tails of the phospholipid are not attracted to
water molecules. They are, however, compatible
with other lipids.

word I

Earlier in this chapter, you learned that hydro means water.
Many textbooks use the terms hydrophobic and hydrophilic to
describe the way that molecules interact with water. Write a
definition for each of these words, including the word soluble
in one definition and insoluble in the other. Which end of a
phospholipid is hydrophobic and which is hydrophilic?

Figure 1.28 shows what can happen when a film
of phospholipid molecules is spread in a water
sample. Through a combination of attraction and
repulsion, the phospholipids spontaneously
arrange themselves into a spherical, cage-like
bilayer. Their water-attracting polar heads face both
the inside and the outside of the sphere, while

animal cell membrane

Figure 1.26 Electron microscopy showed that the cell membranes of both plant
and animal cells have a two-layered structure. This gave scientists the clue they
needed to begin unravelling the mystery of how the cell membrane works.
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Figure 1.27 Constructed much like a triglyceride (fat),
phospholipids contain a phosphate group and sometimes
also a nitrogen group.

their water-averse, nonpolar lipid tails face each
other. This sandwich-like phospholipid structure,
called a phospholipid bilayer, forms the basis of
the cell membrane.

The ability of phospholipids to spontaneously form a

spherical bilayer in water likely played a key role in the
formation of the first cells about 3.8 billion years ago.

The Fluid-Mosaic Membrane Model

The fact that lipids do not dissolve in water creates
a border around the cell. The phosphate edges of
this border help to define and contain the more
fluid lipid centre. However, there is much more to
a cell membrane than its phospholipid bilayer.

2

Figure 1.28 The molecular structure of a phospholipid
bilayer. Unlike the cell membrane of a living cell, this bilayer
contains only water inside it.

Based on intensive research by biochemists
and electron microscopists, biologists have inferred
that the cell membrane also contains a mosaic of
different components scattered throughout it, much
like raisins in a slice of raisin bread. For example,
numerous protein molecules stud the phospholipid
bilayer. The phospholipid molecules and some of
these proteins can drift sideways in the bilayer, a
phenomenon which supports the idea that the
phospholipid bilayer has a fluid consistency. Thus,
this description of the cell membrane is called the
fluid-mosaic membrane model.

Figure 1.29 on the next page shows how proteins
and phospholipids fit together in the continuous
mosaic of an animal cell membrane. Note that this
cell membrane also contains another type of lipid:
cholesterol molecules. Cholesterol allows animal
cell membranes to function in a wide range of
temperatures. At high temperatures, it helps
maintain rigidity in the oily membrane bilayer. At
low temperatures, its keeps the membrane fluid,
flexible, and functional — preventing cell death
from a frozen membrane. Cholesterol also makes
the membrane less permeable to most biological
molecules. Plants have a different lipid that serves
a similar function in their cell membranes.

The shapes of the membrane proteins vary
according to their function, and each type of cell
has a characteristic arrangement of proteins in its
membrane. For example, the membrane of a human
red blood cell includes 50 different protein types
arranged in a pattern that only other cells from
humans with the same blood type can “recognize.”
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Figure 1.29 Fluid-mosaic model of membrane structure. its cytoskeleton) support the membrane. Each type of cell
Notice that many lipids and proteins facing the exterior of has its own unique “fingerprint” of carbohydrate chains that
the cell have carbohydrate chains attached to them, while distinguish it from other kinds of cells.

on the interior of the cell, parts of the cell’s skeleton (called

1
] SECTION REVIEW

1. List the functions of the cell membrane. 7. Why does your body manufacture cholesterol
even if you do not eat any foods that contain

2. @ Compare the structures of a phospholipid and a cholesterol?

fatty acid using a simple diagram of each type of
molecule. Label any differences in polarity. 8. Explain why the electron microscope is better
than the light microscope for looking at the cell

3. @ Make a model cell membrane that shows the
membrane.

different components. Include a legend that makes
your model easy to understand. 9. What other cellular structures might the electron
microscope provide useful information about that a

4. @ Cells are organized differently from the world light microscope could not?

outside the cell membrane. Draw a diagram of a

predator cell, showing how this organization inside 10. @ Oil acts as an organic solvent. What kinds of
the cell is different from the material outside the cell. problems would organisms coming into contact with
Then make a second diagram to show the impact an oil spill have?

that opening a hole in the cell membrane would have

on the cell.

5. Identify the component(s) of the cell membrane
that give it a fluid consistency.

6. Why does the cell membrane require a fluid
consistency?
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Through the Cell Membrane

EXPECTATIONS

H

= Explain the dynamics of the
transport of substances
through the cell membrane,
including facilitated diffusion.

= Design and carry out an
investigation to examine the
movement of substances
across a membrane.

Figure 1.30 Two different water
environments meet when the
Thompson River joins the
Fraser River, much like the
internal environment of a cell
and the extracellular fluid
meeting at the cell membrane.

The conditions inside every cell must remain
nearly constant for it to continue performing its
life functions. The steady state that results from
maintaining near-constant conditions in the
internal environment of a living thing is called
homeostasis. The structure chiefly responsible for
maintaining homeostasis inside a living cell is the
cell membrane.

You have seen that the cell membrane’s structure
is remarkably complex. The cell membrane uses
several methods to transport molecules of different
sizes and with different properties in and out of the
cell. The primary methods it uses rely on the fact
that the cell membrane is semi-permeable, allowing
some molecules to pass through it while preventing
others from doing so. This section will examine
those transport methods that involve substances
moving through the cell membrane.

On both sides of the cell membrane, water is
the solvent, the meeting place for all of the other
chemicals. As you learned in Section 1.1, water
has special properties that make it a functional
medium for living reactions. For example, the
external environment of a single-celled life form,
such as the amoeba shown in Figure 1.31, consists
primarily of water. This external environment also
contains other microscopic aquatic organisms,
decaying organic matter, and dissolved gases (such
as oxygen) and other inorganic substances.

Figure 1.31 This amoeba has little sensory equipment,
limited locomotion, and a seemingly fragile membranous
covering. Yet it copes with an external environment as
complex as yours.

In the case of a multicellular organism, every
cell is bathed in a thin layer of extracellular fluid.
The extracellular fluid consists of a variable
mixture of water and dissolved materials. Some are
substances that a particular cell type requires; some
are substances needed by all cells. Other materials
are wastes that the cell has already discarded —
and that the organism will eventually get rid of.

Diffusion and the Cell Membrane

One passive method by which small molecules
move through the cell membrane is diffusion.

Diffusion is the movement of molecules from a
region where they are more concentrated to one
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where they are less concentrated. Many molecules
— especially small, uncharged ones, such as
oxygen — can move easily through the cell
membrane as a result of this process.

How does diffusion work? You may remember
from earlier studies that molecules are in constant
motion — even in a solid. In a liquid, this means
that the molecules move about randomly all the
time. As they collide with each other and with the
walls of their container, they rebound, changing
speed and direction. This constant, random
movement of molecules in a liquid is called
Brownian motion. It drives the process of diffusion.

If molecules of another substance are added to
water, they will be bounced around by the motion
of the water molecules and each other until the
new substance is spread evenly throughout the
water. From earlier studies, you will recall that in
this case the water is acting as a solvent that
dissolves other substances, or solutes.

Diffusion always results in the net movement
of particles from a region of high concentration
toward a region of low concentration. The
difference in concentrations between these regions
is called the concentration gradient. For example,
in the river pictured in Figure 1.30 on the previous
page, the concentration of mud particles is very
high on one side and very low on the other. What
do you think happens to the concentration of the
mud particles farther downstream?

Over short distances, diffusion works well
to transport small molecules across the cell
membrane. For example, oxygen and carbon
dioxide cross the cell membrane by diffusion. As a
cell uses up dissolved oxygen, more oxygen enters
the cell; as a cell generates carbon dioxide, more
carbon dioxide leaves the cell.

Random Walking

In this lab, you will measure how long it takes for food-
colouring particles to diffuse different distances. Fill a 25 mL
graduated cylinder with warm tap water. Gently tap the side
of the cylinder to eliminate all air bubbles in the water. Use
a long pipette to take a 1 mL sample of undiluted blue or
red food colouring, and then rinse the outside of the pipette
with running water. Carefully insert the pipette into the
cylinder until the tip reaches the bottom of the water.
Release the food colouring into the water. Time how long it
takes for the colour to move 3 mL up the cylinder. Time
how long it takes for the colour to move up 10 mL.
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Diffusion Limits Cell Size

Diffusion also explains how molecules move
around once inside the cell. But the concentration
gradient within a cell is not nearly as great as that
across the cell membrane. Once molecules have
diffused through the membrane, their rate of
diffusion slows down abruptly. How does this fact
limit the maximum size of cells? Figure 1.32 gives
some clues.

For the cell, having a large surface area relative
to its volume increases the area available for
materials to diffuse in and out.

A human - sized amoeba?

Substances diffuse
rapidly through the
cell membrane (in
less than a second).

Substances diffuse very slowly throughout
the cell’s internal fluid (taking more than a
week to reach the centre).

Figure 1.32 This amoeba has two problems: (1) It would
take years for molecules critical to survival, such as oxygen,
to reach its centre via diffusion. (2) Relative to the volume

of the “body” that it has, it does not have much surface area
(cell membrane) across which substances can move in

and out.

Y uap |

Analyze

1. Make a general statement about the speed of diffusion
and distance.

2. Explain why you think this MiniLab is called “Random
Walking.”

3. Make a prediction about what would happen to the rate
of diffusion if you (a) increased the temperature of the
water or (b) decreased the temperature of the water. In
each case, explain your reasons why.

4. State whether temperature is a dependent or an
independent variable in testing rates of diffusion.



As a cell increases in size, what happens to the amount of
surface area it has relative to the volume of its contents? Find
out by calculating the ratio of a cell’s surface area to its
volume. Start your calculations using a cube-shaped cell with
sides 1 unit long. Find the cell’s surface area and volume.
Divide the surface area by the volume. Increase the length of
each side by 0.5 units, and perform your calculations again.
Repeat this 10 times. Display your data in a spreadsheet.

Perform the same calculations for a spherical and a cylindrical
cell (both starting with a radius of 1 unit). Display your data in
a spreadsheet. How does changing the shape of the cell affect
the ratio of surface area to volume?

Osmosis: The Diffusion of Water

Water from the extracellular fluid and from inside
the cell also diffuses freely through the cell
membrane in such a way that the concentration
of water on either side of the membrane usually
remains equal. This diffusion of the solvent across
a semi-permeable membrane separating two
solutions is called osmosis. For cells, where the
solvent is water, the water molecules move from a
region of higher concentration to a region of lower
concentration — as in any other form of diffusion.
The direction of osmosis always depends on the
relative concentration of water molecules on either
side of the cell membrane:

m When the water concentration inside the cell
equals the water concentration outside the cell,
equal amounts of water move in and out of the
cell (isotonic conditions).

m When the water concentration outside the cell is
greater than that inside the cell, water moves into
the cell (hypotonic conditions).

m When the water concentration inside the cell is
greater than that outside the cell, water moves
out of the cell (hypertonic conditions).

The cell membrane cannot prevent this
movement of water (because it is permeable to
water molecules), and the only energy involved
is the Brownian motion of the water molecules.
Hence, osmosis (like diffusion) is a passive process
that does not require energy from the cell. Clearly
though, the cell can remain healthy only if the
water concentrations inside it and in the extra
cellular fluid surrounding it stay in balance.

Blood plasma and the fluid that bathes our cells
are usually isotonic. Figure 1.33 illustrates what
happens to a red blood cell in an isotonic and a

hypotonic environment. The figure also shows how
the concentration of solutes on either side of the
cell membrane affects the concentration of water.
One of the dangers a cell faces under hypotonic
conditions is that the cell membrane may burst.
The destruction of a cell through this process is
called lysis.

What would happen to this cell under hypertonic
conditions? When water diffuses out of the cell, the
process is called plasmolysis. A higher concentration
of solutes in the extracellular fluid than in the
intracellular fluid can cause plasmolysis.

Water concentrations Red blood cell

Q Equal water concentrations

cell unchanged

0 Greater water concentration
outside cell — pure water
cell bursts

water molecules

dissolved substances

Figure 1.33 If a cell is placed in a hypotonic solution, water
enters the cell by osmosis. Under these conditions, cells
without cell walls may burst.

Facilitated Diffusion

Although water, oxygen, and carbon dioxide can
pass through the cell membrane without assistance,
other substances cannot do so without help. This
makes the cell membrane a selectively permeable
membrane. For example, glucose cannot cross the
cell membrane by simple diffusion — even if the
glucose concentration outside a cell is greater than
that within. The glucose molecule is too big to
diffuse between the phospholipid molecules of the
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membrane and is insoluble in lipids, so it cannot In the case of glucose, a type of membrane

dissolve in the lipid bilayer. protein called a carrier protein facilitates the
How then do molecules such as glucose get in movement of glucose molecules from a region
and out of the cell? This is where many of the where they are more concentrated to a region
proteins studded in the cell membrane play a role. where they are less concentrated. Because the
Specialized transport proteins in the cell membrane  relative concentration of glucose still drives its
help different kinds of substances move in and out movement through the carrier protein, this
of the cell. The structure of these transport proteins facilitated diffusion is also an example of passive
enables them to be highly selective. A particular transport. Figure 1.34 shows how a carrier protein
transport protein will recognize and help to move works.

only one type of dissolved molecule or ion based
on the particle’s shape, size, and electrical charge.

DESIGN YOUR OWN

Investigation

Hypothesizing
Osmosis in a Model Cell Modelling concepts
The small size of living cells makes it difficult to observe osmosis Initiating and planning

actually occurring across their membranes. However, you can make a
model of a cell to study the process of osmosis. You can use dialysis
tubing, which provides a synthetic membrane permeable to water
molecules, as the membrane of a model cell. In this investigation, you
will design and conduct an experiment to determine how the
composition of the extracellular fluid affects osmosis.

Analyzing and interpreting

Problem Hypothesis

How does the presence or absence of solutes in Make a hypothesis about the effect of solutes in
the extracellular fluid affect the direction and the extracellular fluid on the flow of water
amount of osmosis through the model cell’s through the cell membrane by osmosis.
membrane?

CAUTION: Follow your teacher’s directions for
conducting laboratory experiments safely. Do not
consume any food products in the laboratory.

Materials
dialysis tubing 4 mol/L sucrose solution or
string to tie tubing table syrup
support stand to hang sodium chloride (table salt)
“cell” in beaker tap water
large beakers (500 mL) any other materials
or jars you require

distilled water, egg white,
or Ringer’s solution
Experimental Plan

1. Examine the materials provided by your
teacher. As a group, list the possible ways

28 e MHR e Cellular Functions



Carrier proteins depend on their three-
dimensional shapes to do their jobs. A carrier
protein will accept only a non-charged molecule
with a specific shape, much as a shape-sorting toy
allows a child to insert a triangular piece only in a
triangular hole. However, carrier proteins allow
molecules to move both in and out of the cell.

~ PLAY
To review cell membrane structure and enhance your
learning about membrane transport, go to your Electronic
Learning Partner.

you might test your hypothesis using these
materials.

2. Agree on one way that your group could
investigate your hypothesis.

3. Your experimental design should use a
control and test only one variable at a time.
Plan how you will collect quantitative data.

4. Write a numbered procedure for your
experiment that lists each step, and prepare
a list of materials that includes the
quantities you will need.

Checking the Plan

1. What will be your independent variable?
What will be your dependent variable(s)?
How will you set up your control?

2. What measurements will you make?
How will you determine if the solute
content in the extracellular fluid has
affected the direction or amount of osmosis?
Have you designed a table for collecting data?

3. How many trials will you carry out?
How long will you allow each trial to run?

Data and Observations

Conduct your experiment, make your
measurements, and complete your data table.
Design and complete a graph or other visual
presentation of your results.

carrier

1. How did any changes you observed in

. What evidence do you have that the amount

. What evidence do you have that dialysis

Conclude and Apply

4. How do solutes affect the concentration of

Figure 1.34 Carrier proteins change shape to allow certain
molecules to cross the cell membrane.

Analyze

your model cell(s) relate to the solute
concentrations of the extracellular fluid
in which you placed the cell(s)?

of water inside the cell was or was not
changed by osmosis?

tubing is permeable to water?

water?

5. Based on your results, predict how the use

of road salt to melt ice or snow affects the
plants bordering the sidewalk, road, or
highway. Explain.

Exploring Further

6. Using what you learned in this investigation,

design an experiment that would help solve
a related problem: How will the presence
or absence of solutes in the model cell’s
intracellular fluid affect the direction and
extent of osmosis through the model cell’s
membrane? If time and materials are
available, perform the experiment and
anlayze your results.
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negatively charged
channel protein

Figure 1.35 Channel proteins provide water-filled
passages through which small dissolved ions can diffuse.

Channel Proteins

Since carrier proteins cannot transport charged
particles across the cell membrane, a different type
of membrane protein called a channel protein does
this. Channel proteins have a tunnel-like shape that
allows charged particles (ions) to pass through the
lipid bilayer. Figure 1.35 illustrates how this
process works.

To pass through a channel protein, an ion in
solution must be small enough to fit through the
“tunnel.” Tt must also have the right charge. In
much the same way that like poles of two magnets
repel each other, a positively charged channel
protein repels positively charged ions and a
negatively charged channel protein repels
negatively charged ions.

________sioli)FacT

In cystic fibrosis, a genetic disorder, faulty channel proteins
cause chloride ions to build up outside the cell and sodium
ions to build up inside the cell. This makes water move

into the cell (by osmosis). The cells that line the lungs,
intestines, and pancreas take water from the mucous layer
coating the passageways, leaving the mucous thick and
sticky. In the lungs, the thick mucous interferes with
breathing. It interferes with the absorption of nutrients in
the intestine. Intensive research has led to an increase in the

quality and length of life for people living with the disease.
\_ J

In all of the forms of passive transport you have
looked at, any substances crossing the cell membrane
travel along (or down) their concentration gradient.
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No cellular energy is required regardless of
whether the substances move in or out of the cell.
Facilitated diffusion does require the participation
of specialized membrane proteins, but the proteins
do not require energy from the cell to do their job.

Active Transport

A cell often needs to maintain an intracellular
environment vastly different from that outside the
cell. For example, it must concentrate nutrients for
growth and maintenance inside, and also carry out
any specialized functions it may have. In addition,
many of the cell’s waste products are highly

toxic and must be completely removed from the
intracellular environment. Passive transport would
allow some of these materials to remain in the cell.

How does the cell acquire control over the
substances it needs for life? To do this, the cell
must expend energy to transport substances
(solutes) from an area of lower concentration to one
of higher concentration, much like pushing an
object up a hill. This process of moving substances
against (or up) their concentration gradients is
called active transport.

How much energy does it take to move a
substance up a concentration gradient? That
depends on how steep the uphill gradient is.
Particles move down a concentration gradient with
the same ease that you might ride a bike down a
hill. A similar analogy can be made for particles
being moved up a concentration gradient. Like the
cyclist in Figure 1.36, the steeper the hill the
harder the you have to pedal to get up it.

Figure 1.36 Like a cyclist pedalling up a steep hill, the cell
must expend a great deal of energy to pump molecules and
ions in or out of the cell against their concentration gradients.
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Dr. Pierre C6té with a sample of ZeeWeed membrane and
a glass of water that has passed through the membrane.

Civil Engineer

Traditionally, “membrane” is used to refer to a thin film
with microscopic pores that admit only particles small
enough to pass through. Membrane filtration technology
beyond teabags and coffee filters is nothing new. For
example, hospital dialysis machines use membranes to
filter the blood of patients whose kidneys no longer
function. However, the use of this technology is costly.
Until recently, membrane technology for water filtration
has been costly, too.

Enter Dr. Pierre C6té, civil engineer, with a new kind of
membrane. A book about the potential environmental
impact of Earth’s rapidly growing human population
motivated him to focus on environmental engineering,
especially water treatment.

A typical water treatment plant passes water through
clean sand as a primary filter and then gel-like coagulants
to trap fine sediments, such as clay. After this, chlorine

is added to kill remaining bacteria. (A conventional
“activated sludge” sewage treatment plant uses bacteria
to break down wastes.) Now, Dr. Coté’s prize-winning
membrane technology offers a new approach.

Designing an Award-Winning Membrane

Dr. C6té received a Manning Innovation Award of
$100,000 for his development of ZeeWeed, a unique
filtration membrane that represents a revolution in water
treatment. It can be used to treat ground or surface water

for drinking or to purify municipal and industrial wastewater
before discharge to the environment.

ZeeWeed is composed of thin, hollow fibres. The
membrane of the fibres has pores small enough to block
the passage of viruses and of micro-organisms such as
bacteria. These fibres are mounted in an open frame that
can be immersed directly in the water to be treated. Like
living seaweed, ZeeWeed fibres float freely. ZeeWeed has
low energy requirements. A light stream of air bubbles
keeps the Zeeweed fibres moving, thereby exposing the
fiore membranes to incoming water currents. A slight
suction on the clean water side draws water through the
pores of the membranes into the hollow interior of the
fibres, leaving the micro-organisms and viruses behind.

Dr. James M. Dickson of McMaster University’s
Membrane Research Group describes such membranes
as “not very smart” when compared with the cell
membrane. “They’re designed to do a very specific job,
and that’s all they do.” The membrane around a living cell
must sense and respond to every aspect of the internal
and external environment. It must perform dozens of
distinctly different sensing, separation, and transportation
tasks — some of them thousands of times per minute.

Teamwork Pays Off

As the chief technical officer at Oakville’s Zenon
Environmental Inc. — a global leader in advanced
membrane technologies for water purification,
wastewater treatment, and water recycling — Dr. Coté
loves his job. “Just coming to work is fun. It's not
working,” he says. “I'm doing research and development,
so it's always something new.” When asked what he’'d do
with the prize money from the Manning Award, he replied
“I ' will share it with my [research] team and the workers at
Zenon.” Like other researchers in both the pure sciences
and the technologies, Dr. Coté recognizes that new
developments almost always result from a team effort.

Career Tips

1. Research further to discover how civil engineers are
solving other real-world environmental problems.

2. What knowledge of cell biology should a manager
at a water-treatment facility have to do the job
effectively? How does this person work with the
Ministry of the Environment, water-testing facilities,
and local landowners to ensure the delivery of safe
drinking water?
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When a person is resting, his or her cells use up
to 40% of their energy on active transport. Many
types of specialized cells use much more. For
example, the cells in your kidneys that filter your
blood use up to 90% of their energy on active
transport.

What kind of substances do cells need to pump
in or out by active transport? A few examples
follow:

m Kidney cells pump glucose and amino acids out
of the urine and back into the blood.

m Intestinal cells pump in nutrients from the gut.
® Root cells pump in nutrients from the soil.

m Gill cells in fish pump out sodium ions (their
extracellular fluid is less salty than sea water).

Specialized cells in your stomach lining secrete acid so that you
can digest foods. They maintain the concentration of acid at
about 0.000 15 g/mL of fluid. That number may seem low, but
the concentration of acid inside the cells is much lower — less
than 0.000 000 000 05 g/mL. Compare the acidity of the fluid
inside your stomach to the acidity inside these cells: divide the
stomach’s acid concentration by the cell’s acid concentration.
Write your answer using scientific notation. What does this
ratio tell you about the concentration gradient faced by the
cells? Why must the cells consume large amounts of energy to
pump acid out across their cell membranes?

Figure 1.37 How does the work done by a refrigerator
resemble the work done by active transport in cells?

It may help to think of the cell as a refrigerator.
Although food comes into the kitchen, some food
must be actively concentrated in the refrigerator
and some items in the refrigerator need to be taken
out. The refrigerator has to maintain a special
environment inside in order to keep the food fresh.
To do this, the refrigerator uses a mechanism to
cool the inside air and pump out excess heat. It
also removes the water from the air inside and
sends it outside (the water comes from the food
that enters the refrigerator). Otherwise, the water
would condense on surfaces in the cold
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Background

Nitella, a green alga, is a common pond organism that has
very long cells and a plantlike structure. If left undisturbed,
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Nitella can spread across the bottom of a pond, providing
refuge for many pond dwellers. Pond water contains
several of the dissolved ions needed by pond organisms,
such as sodium (Na*), potassium (K*), calcium (Ca??),
magnesium (Mg®*), and chloride (CI). In this lab, you will
investigate the concentration of these ions inside and
outside of Nitella. The vertical blue bars on the graph
represent ion concentrations inside the Nitella cells. The
green bars represent the concentration of ions in the pond
water outside Nitella’s cell membrane.

You Try It

1. If ions simply diffuse through Nitella’s cell membrane,
how would the blue and green bars for each ion
compare? Suggest why simple diffusion cannot
account for the data presented in the graph.

2. What evidence is there that Nitella must somehow be
forcing ions inward against a concentration gradient?



environment. Every time you open the refrigerator,
warm air flows in and cold air flows out, both
along their concentration gradients. Even with the
door closed, the refrigerator pump must still come
on frequently and use energy to maintain the
special internal environment.

Active Transport Pump

The cell uses an elegant system to actively
transport substances in and out against their
concentration gradients. The engine that drives this
system is a pump, which runs on energy from cell
metabolism. The pump is a cell membrane protein.
This transporter protein actively pumps ions across
the membrane against their concentration gradients.
Cells have several different transporter pumps.

The best-understood example of an active
transport pump is the sodium-potassium pump in
animal cells. The cell membrane of every cell in
your body uses these pumps. As Figure 1.38 shows,
this transporter pumps sodium and potassium ions.

When three (positive) sodium ions inside the
cell and two (positive) potassium ions from the
extracellular fluid bind to the transporter’s protein
complex, the transporter taps a form of cellular
energy (ATP). This allows the protein to change
shape. In its new shape, the three sodium ions
move to the outside of the cell and the two
potassium ions move inside — the transporter has
flipped the ions. Then it releases all of the ions and
returns to its original shape.

—

To learn more about cellular respiration and ATP, turn to
Chapter 3, Section 3.3.

eeeeessessssss - FAST FORWARD

=~ PLAY —

To view an animation of and explore active transport, go to
your Electronic Learning Partner.

Tapping the Energy Stored by Active Transport

The cell uses the artificial concentration gradient it
has created for sodium ions to push molecules it
needs, such as glucose and amino acids, into the
cell. The cell cannot function if it only gets as many
of these molecules as diffusion will allow into the
cell, so the cell must move extra glucose and amino
acids in against a concentration gradient.
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Figure 1.38 The primary components of the active-
transport system driven by the sodium-potassium pump

How can a sodium ion exert a pushing force on a
molecule? Think of the sodium ions as skiers at the
top of a ski hill with nowhere to go but down. The
cell pushed them up the chair lift. Now it makes
them take a molecule down the hill with them. A
type of carrier membrane protein helps the sodium
ion and a molecule (such as glucose) enter the cell.
When one sodium ion and one glucose molecule
bind to this carrier protein, it changes shape. It
now allows the sodium ion to ride down its
concentration gradient into the cell — providing
the energy to move the glucose molecule as well.
Plant and bacterial cells use hydrogen instead of
sodium ions to do this.

Another protein in the cell membrane also taps
the energy stored in the sodium-ion concentration
gradient — this time to push another positive ion
out of the cell. A common use for this exchange
of one ion for another is pumping unwanted
hydrogen ions (H*) out of the cell against their
concentration gradient. This keeps the cell interior
from becoming too acidic.

The artificial concentration gradients that active
transport creates for sodium and potassium ions
result in a constant tendency for potassium ions
to diffuse out of the cell and for sodium ions to
diffuse back into it. So the sodium-potassium
pump must work constantly. In fact, even when
you are resting it consumes nearly one third of the
energy generated by your cells. This high-energy
requirement is thought to be caused by the need for
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rapid, repeated changes of shape in the transporter
protein complex.

Through its active transport system, the cell
stockpiles nutrients it needs for maintenance and
growth and pumps out unwanted particles. In
addition, it creates an electrical potential across
the cell membrane that allows nerves and muscles
to work. The higher concentration of positive ions
outside the cell creates an electrical charge across
the cell membrane.

_______sioli)FacT

For a nerve impulse to travel the length of a nerve cell, it
must keep changing the electrical charge across the cell
membrane as it goes. The change in charge in one part of
the nerve cell membrane causes special ion channels to
open in the next part. During the millisecond that each

of these sodium ion channels remains open, some

7000 sodium ions pass into the cell through each one. To
allow for a new nerve impulse, the cell must pump out all of

these sodium ions.
o %

1
[ SECTION REVIEW

1. Define diffusion using one specific example.

2. Explain the concept of a concentration gradient,

and use diagrams to clarify your explanation.

3. Identify three different molecules that diffuse
into cells.

I

. Distinguish between osmosis and diffusion.

[$)]

. What is homeostasis? Why is homeostasis
important to cells?

6. Diffusion allows for the effective movement of
substances over short distances. How is this
important for the cell?

7. © Some potato cells are immersed in tap water.
Make diagrams showing the relative concentration
of water in both the cells and in the water.

8. Describe the movement of water inside a cell in

a hypertonic environment.

9. How is facilitated diffusion different from
diffusion?

10. Identify two situations where cells need to use
active transport. Describe an additional possible
situation where active transport might make sense.

11. Make a diagram of the sodium-potassium
pump, and briefly explain how it works.

12, What would happen to a cell if its cell membrane

were permeable rather than semi-permeable?

13. Why does oxygen continue to diffuse into cells
on an ongoing basis?

14. I Explain why water pollution has such a profound

effect on living organisms.
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15. @D Cystic fibrosis is the result of genetic mutations
within a gene identified as cystic fibrosis
transmembrane conductance regulator (CFTR),
which codes for a channel protein. An experiment
was conducted to identify the specific ion being
transported by CFTR. The candidate ions were
chloride (CI7), magnesium (Mg?*), and sodium (Nat).
The experiment involved comparing cytoplasmic
levels of these ions between normal cells and cystic
fibrosis cells. Interpret the results below, and give a
possible explanation for them.

Cytoplasmic ion concentration (mmol/dL)

Normal CFTR Abnormal CFTR
Mg? 0.02 0.02
Na™ 0.05 1.55
cr- 12 0.001

16. @ Plan a dramatic presentation involving students in
the class to show the difference between passive
transport and active transport in the cell.

. 4 UNIT INVESTIGATION PREP

Cells need to bring in (absorb) nutrients.
e What method(s) of transport do cells in the intestine
use to absorb nutrients? Explain why.

e Draw a picture showing how glucose and galactose
enter a cell. Use a different shape for each simple sugar.
e |f a cell has adequate glucose in its extracellular

environment, explain why a cell might not have enough
glucose inside. Give several possible reasons.



Bulk Membrane Transport

EXPECTATIONS

H
m Explain the processes of
endocytosis and exocytosis.

Figure 1.39 By binding to two
cell membrane receptors, a
human immunodeficiency
virus (HIV) tricks a cell into
transporting it inside (through
a process called receptor-
assisted endocytosis).

Very few materials that the cell must take in or
expel are too big or too polar to cross through the
cell membrane via passive transport (diffusion,
osmosis, and facilitated diffusion) or active transport.
The cell uses a specialized method of moving these
substances in and out so that they do not have to
pass through the lipid bilayer. The cell membrane
can fold in on itself to create a membrane-enclosed,
bubble-like sac, or vesicle. The cell uses these
vesicles to “swallow” or expel various materials.

Endocytosis

When the cell membrane folds inward, trapping
and enclosing a small amount of matter from the
extracellular fluid, the process is called endocytosis
(endo means within). There are three main forms of
endocytosis: pinocytosis, phagocytosis, and
receptor-assisted endocytosis.

Pinocytosis, or cell “drinking,” involves the
intake of a small droplet of extracellular fluid,
together with any dissolved substances or very
small particles that it may contain. This process
occurs in nearly all cell types nearly all of the time.

Phagocytosis, or cell “eating,” involves the
intake of a large droplet of extracellular fluid, often
including particulate matter such as bacteria or bits
of organic matter. This process occurs only in
specialized cells, such as a single-celled amoeba or
the bacteria-eating cells of our own immune system
(macrophages) — and only when they encounter
something “suitable for engulfing.”

Receptor-assisted endocytosis involves the
intake of specific molecules that attach to special
proteins in the cell membrane that serve as
receptors. These membrane receptors possess a
uniquely shaped projection or cavity that fits the
shape of only one specific molecule.

red blood cell
membrane

Figure 1.40 (A) Animal macrophages take in worn-out red
blood cells as well as bacteria by phagocytosis. (B) In
pinocytosis, the cell takes in solute particles along with fluids.
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in Biology Gl

The Mystery of the Frozen Frogs

Dr. Kenneth Storey with a graduate student

Humans die if they are frozen. Ice crystals form inside our
cells, irreparably damaging the cell membrane. But some
species of frogs freeze solid every winter in Canada.
Frozen frogs have no heartbeat. They stop breathing.
They appear to be dead, but come spring, they thaw out
and hop away. Award-winning cryobiologist Kenneth
Storey has spent much of his career trying to understand
this survival mechanism. At his lab at Carleton University
in Ottawa, he began freezing thumbnail-sized wood frogs
and spring peepers in cozy moss-filled boxes, carrying
out experiments to try to discover the molecular secrets
that allow them to survive being frozen.

A Natural Cryoprotectant

Dr. Storey suspected that the frogs have a mystery
molecule that allows their cells to withstand the rigours
of freezing. He soon discovered that the molecule was
glucose, the same blood sugar that your cells use for
fuel. As soon as ice starts forming on their smooth, green
skin, frogs start packing their cells with glucose (released
from glycogen stored in the liver). This prevents ice
crystals from forming within the cells. If humans had the
same glucose levels in their blood as freezing frogs, they
would be diabetic and extremely sick. So Dr. Storey’s
next challenge is to find out what makes frog cells pull
the glucose out of the blood.

But Would It Work for Individual
Human Organs?

From the beginning of his frog research, Dr. Storey
believed that the secret of the icy frogs might one day

help save human lives by allowing organs that have been
donated for transplant to be frozen. Doctors now have to
race against time once a heart or a liver has been taken
from a donor. Human livers taken from donors for
transplant generally last only six to eight hours after
death, a heart and lung only four to five. Freezing would
give doctors time to wait for the perfect match. During
the Second World War, scientists did experiments to
learn how to freeze blood. After the war, they tried to
same approach with organs, but failed to freeze them
without destroying them. That is when they began
looking for a model in the natural world. When a scientist
in Minnesota accidentally left frogs in his car trunk
overnight and found they survived freezing, Dr. Storey
was intrigued.

One Mystery at a Time

Dr. Storey was recognized in 1984 with a Steacie Award
as one of Canada’s most promising young scientists.
Discovering that glucose was the cryoprotectant in frogs
was only the first step. He has found more than 20 genes
(out of the 2 000 that make up a frog’s chromosomes)
that are turned on when the animal starts to freeze.

It appears that these genes shut down the frog’s
metabolism and then pack its cells with sugar. Dr. Storey
explains that once he and other scientists have identified
all the genes that are involved in cryoprotection, they then
have to discover how to turn the genes on and off.

Not Only Frogs Are Cool

Researchers in his lab now study ground squirrels, bats,
snails, and turtles. Some turtles can hibernate for three or
four months under water without breathing. A hibernating
ground squirrel does not freeze solid, but it does turn

off its metabolism and lives in a state of suspended
animation. Are the same genes involved in freeze-tolerant
frogs, turtles, and squirrels? No, says Dr. Storey, but the
processes and mechanisms seem to be similar. For
example, in both squirrels and frogs, enzymes known as
“stress-activated kinases” are turned on when an animal
starts to freeze, and these act to shut its metabolism
down. Dr. Storey says it will take years to figure out
exactly how it all works. If he cannot get organs to freeze
without damage (like those of a frog), the next best thing
would be to get them to stay in a squirrel-like state of
hibernation.

“These animals are living in a state of suspended
animation. If you think about suspended animation,

that is exactly what you want for organs for transplant.
Squirrels aren’t dead at five degrees. We want
mammalian organs to act like that in fridges everywhere.”
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Figure 1.41 The transport of cholesterol molecules from the extracellular fluid into
the cell interior is an example of receptor-mediated endocytosis.

Animal cells bring in cholesterol using receptor-
assisted endocytosis. To ensure that the membranes
of cells and of structures within cells have enough
cholesterol, your liver manufactures the cholesterol
that your cells need from natural lipids in your diet
— even if you eat only “cholesterol-free” foods.

Freezing Cells

Many Canadian plants and animals must be able to survive
-40°C temperatures for extended periods. What happens to
the cell membrane and the contents of the cell at these
temperatures? Freezing models of the cell will help you
appreciate the nature of the challenge organisms face in
cold climates.

Collect three small pill vials or film canisters. (A pharmacy or
photo shop may be able to provide containers.) These
containers will represent the cell membranes of three
individual cells. Use a permanent marker to label one “A,”
one “B,” and the third “C.” Because cells contain more
water than any other substance, fill model cell A with water
to represent the cell’s contents. Living cells run on sugar, so
fill model cell B with a dilute sugar solution (5 mL glucose

However, being a lipid, cholesterol cannot dissolve
directly in your blood or extracellular fluid (which
are water based). Thus, cholesterol cannot cross the
cell membrane by pinocytosis. Figure 1.41 shows
the method by which your cells take up
cholesterol.

or honey in 50 mL water). For comparison, fill model cell C
with a more concentrated sugar solution, such as undiluted
corn syrup, molasses, or table syrup. Make sure all three
containers are filled to the very top. Place them in a sealed
plastic bag, and leave them in a freezer overnight. Examine
each container the next day.

Analyze
1. What happened to model cell A? Suggest why this
happened.

2. What happened to model cells B and C? Suggest why.

3. Based on the behaviour of these models, what do you
think would happen if a real cell were frozen?

4. Explain how your own cells could survive in below-
freezing temperatures. What about plant cells?
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Cholesterol molecules are transported in the
blood and extracellular fluid inside droplets
covered with a single layer of phospholipids. These
phospholipids have their lipid-soluble tails pointed
inward (at the cholesterol) and their water-soluble
heads pointed outward (at the blood or fluid). Each
droplet has a protein “tag” on its surface that can
be recognized only by a matching receptor on the
cell membrane. Once the tag and receptor connect,
the surrounding membrane folds inward, forming a
vesicle filled with cholesterol molecules attached
to receptors. Figure 1.42 depicts this process.

The vesicle empties its contents inside the cell and
then returns to the cell membrane, where it turns

inside out so that the receptors face outward again.
This recycles both the receptors and the membrane.

e N . ) .
Figure 1.42 How do these photographs of receptor-assisted
endocytosis provide clues to the way that the cell

membrane works?

wer P

To find out more about endocytosis, visit the web site shown
below. Go to Science Resources, then to BIOLOGY 11 to find
out where to visit next. Compare the images and describe what
you See.

www.school.mcgrawhill.ca/resources/

1
[ SECTION REVIEW

1. Identify two examples of exocytosis in your
body.

2. White blood cells move throughout the body to
engulf matter, including parts of dead cells. Use
labelled diagrams and words to explain this process.

3. How does the structure of the cell membrane
facilitate endocytosis and exocytosis?

4, Endocytosis involves the formation of vesicles
to bring matter into the cell. Once inside, what
happens to this matter?
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List the three main forms of endocytosis and state what
they have in common. Develop a chart or set of diagrams to
show how they differ.

Exocytosis

The reverse of endocytosis is exocytosis. In
exocytosis, a vesicle from inside the cell moves to
the cell surface. There, the vesicle membrane fuses
with the cell membrane (thus restoring membrane
removed in endocytosis). The contents of the
outward-bound vesicle are secreted into the
extracellular fluid. Exocytosis is especially
important in cells that specialize in the secretion
of various cell products. For example, specialized
cells in the human pancreas below secrete the
hormone insulin by means of exocytosis.

Figure 1.43 Exocytosis in pancreatic cells appears as
vesicles releasing their contents on the surface of the cells.

5. What do membrane receptors and carrier
proteins have in common? How are they different?

6. @ Compare and contrast endocytosis and active
transport, using a chart to organize your information.

7. Suggest one way that specialized cells using
phagocytosis to bring in materials may replace the
pieces of cell membrane used to form vesicles.

8. I Explain how the development of the electron
microscope and research into cell membrane function
have helped scientists understand how a virus can
get into cells. How might this technology and its
applications have affected the field of medicine?
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Chapter Expectations
Briefly explain each of the following points.

e The subunits of every organic
macromolecule contain carbon. (1.1)
e Carbohydrates provide energy storage. (1.1)

Language of Biology

Write a sentence using each of the following words or
terms. Use any six terms in a concept map to show
your understanding of how they are related.

e biochemistry e phospholipid

. e polar ® phospholipid bilayer
e The structure of proteins allows them to P PROSPROTP Y
. . . e nonpolar e fluid-mosaic membrane

play important roles in an organism. (1.1) e organic compound model

¢ Indicators form the basis of standard tests e macromolecule « selectively permeable
for biochemical compounds. (1.1) e carbohydrate membrane

¢ The nucleic acids in DNA have a different ® monosaccharide ® homeostasis
monosaccharide base than the ones in e disaccharide e extracellular fluid
RNA. (1.1) ¢ polysaccharide e diffusion

e Three-dimensional models of molecules e starch e concentration gradient
allow scientists to better understand the ° glycogen ® OsSmosis
structure of and interactions between M * lysis '
molecules. (1.1) e |ipid . ° plas'molyS|s .

e fatty acid e carrier protein

e The fact that phospholipids do not dissolve
in water and have a polar and a nonpolar

e saturated e facilitated diffusion

. e unsaturated e channel protein
component makes them a useful material « protein e active transport
from which to make cell membranes. (1.2) e amino acid e endocytosis

e Without the proteins, cholesterol, and other « peptide bond o vesicle
molecules in its fluid-mosaic structure, the * polypeptide e phagocytosis
cell membrane could not perform its e denatured ® pinocytosis

functions. (1.2)

¢ As a form of passive transport, osmosis
relies on a concentration gradient. (1.3)

e In facilitated diffusion, the cell membrane
transports specific molecules in or out
without expending energy. (1.3)

¢ Endocytosis and exocytosis allow cells to
move large or very polar materials in and
out. (1.4)

essential amino acids
nucleic acids
nucleotides

electron microscope

e receptor-assisted
endocytosis

e membrane receptor

e exocytosis

UNDERSTANDING CONCEPTS

1. List the cell processes necessary for life.

. Describe the unique properties of water that
allow life to exist.

. Identify examples of a monosaccharide, a
disaccharide, and a polysaccharide.

. Identify the three main types of lipids. Explain
the importance of each type.

. Draw a diagram of a phospholipid. Label the
polar and non-polar ends.

. What is a positive test to detect the presence of
a protein?

. Use a sketch to show how a single strand of
nucleic acids looks.

8. Many biological molecules are polymers, or

long chains made with repeating subunits. List

three types of polymers commonly found in
cells. Identify the subunit for each molecule.

9. (a) Draw a diagram of a water molecule. Show
how this molecule is polar.
(b) Draw a diagram of a carbon dioxide
molecule.
(c) Explain why carbon dioxide is not polar
but water is.

10. Explain how the polarity of water organizes

phospholipids into a bilayer.

Exploring the Micro-universe of the Cell ¢ MHR
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11

12.

13.
14.

15.

16.

. List three molecules that are found on or in the
cell membrane other than phospholipds.

Cholesterol acts to maintain the cell
membrane’s fluid consistency in extreme
environments. Suggest reasons why this is
important to the cell.

How is homeostasis important for the cell?

Explain the process of diffusion across a
membrane.

The cells in your body live in an environment
with an almost constant temperature. How
does this affect diffusion?

Define osmosis as a special case of diffusion.

17.

18.

19.

20.
21.

(a) Explain what happens to a cell placed in a
hypotonic solution.

(b) Will this be the same for a plant cell as an
animal cell? Explain.

What is a channel protein? Why are channel

proteins important to cells?

Use examples to explain how facilitated
diffusion is different from diffusion.

Describe the three types of endocytosis.

How is bulk transport different from either
passive transport or active transport?

22.

23.

D o W N

You are interested in identifying the
macromolecules present in a popular energy
drink used by athletes. Prepare an observation
chart that lists the indicators you need to carry
out this test. Justify your choices.

The effects of different solvents and of
varying solvent concentrations on membrane
permeability can be studied using beet root.
Slices of beet root were placed into one of
three solvent solutions for 10 minutes. Then

a colorimeter was used to measure the

concentration (absorbency) of each solution by

comparing its colour to that of a standard beet
solution. The tabulated data from the
experiment appear below.

(a) Which alcohol damaged the beet the most
at the lowest concentrations?

(b) Which of the three alcohols seems to affect
the beet cell membranes the most? How did
you come to this conclusion?

(c) Make a line graph for this data that would
properly identify the independent and
dependent variables.

Absorbency (nm)

Concentration

(%) Methanol Ethanol Propanol
0 250 250 250
20 300 270 262
40 500 350 299
60 625 453 366
80 625 630 500
100 628 628 600
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24.

A scientist conducted an experiment that
investigated the nature of a nerve impulse
within a giant squid axon (an extension of a
nerve cell). Key to the nerve impulse is the
maintenance of sodium and potassium ion
concentrations on either side of the cell
membrane. Under normal conditions, there is
about 30 times more potassium outside of the
cell than inside and about 10 times more
sodium inside the cell than outside. The result
is that a nerve cell has an electric potential
(known as the resting potential) of about
—70 mV (millivolts) across its cell membrane.
In this experiment, dinitrophenol (DNP) was
added incrementally to a squid axon and the
resting potential was monitored. The results
of the experiment are illustrated in the graph
below.
(a) Interpret the results.
(b) Propose a hypothesis and develop an
experiment that would investigate the
mechanism of DNP action within the axon.
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25.

You studied osmosis with an artificial
membrane. How would the results change
with a living membrane? If a shell is carefully
removed from an egg, the membrane
underneath is left intact. Design a lab to
explore osmosis with this living membrane.
Clearly identify your predictions.

26.

Three cubes of potato are placed in beakers
with different types of solution: hypertonic,
hypotonic, and isotonic. Make diagrams to
show the movement of water across the cell
membranes of the potato cells. Predict any
changes that will happen to the potato cubes
over a period of two days.

COMMUNICATING

27.

29.

30.

31.

32.

Figure 1.5 depicts the consequences of the fact
that water is less dense in its solid than in its
liquid state. Find out how the polarity of water
molecules accounts for this special property of
water. Then create a computer-generated
diagram to explain this.

. Make a chart to compare and contrast active

transport with passive transport. Include a
column for sample molecules.

Draw a concept map to describe how material
from outside the cell can get inside the cell.

Design a poster of a cell membrane. Include
information about the function of different
parts of the cell membrane.

Construct a model of a protein using several
different forms for the amino acids. Explain
how your model works to a few classmates. As
a small group, decide which of the models
worked best. Justify your choice. Keep your
own model for the end-of-unit review.

Suppose that you are a non-phospholipid in a
cell membrane. The cell is restructuring and
needs to downsize. Write a short promotional
speech to save your position.

33.

The condition of the cell pictured on the right

below is called plasmolysis.

(a) Hlustrate what happened to this cell using
circles of one colour to represent water
molecules, triangles of another colour for
solute molecules, and arrows to show the
direction of molecule movement.

(b) Explain why plasmolysis kills cells.

(A) Healthy plant cell (B) Plasmolysis has occurred.

MAKING CONNECTIONS

34.

35.

36.

Bacteria and moulds do not grow in honey or
pickle jars, even after their containers have
been opened. Explain why.

Bananas are a good source of potassium ions.
Potassium is common in other foods too. What
processes would be affected by limited
amounts of potassium in the body? Use one

or more sources to find health problems
connected to such a situation.

Find the nutrition chart for several breakfast
cereals. Rank the cereals in order of the highest
level of carbohydrates to lowest. Look at the
marketing approach used on the cereal box.
Decide which age group is the target market for
each cereal. Suggest reasons for this.

37.

38.

Some organisms live in shallow ponds that dry
up after a few weeks of hot, dry weather. This
means that the concentration of solutes in the
water will change. How will this create
problems for the cells of organisms for whom
the pond water is their extracellular fluid?

All cells use combinations of the same
fundamental macromolecules. This means that
cells share common building blocks. The
molecules in your cells are much like the
molecules in a pine tree. How might this fact
be of benefit to the environment?
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Reflecting
Questions

Organizing Life
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= What structures does
the cell contain?

= How do cell structures
contribute to life
processes?

= How does research into
cellular processes help
scientists develop new
technology?

42

Without teamwork and organization,
the travelling fair pictured on the right
could not function. It requires people
with different skills contributing
different kinds of work to make the
whole thing run smoothly. It also
requires a lot of organization. Some
aspects of running a successful fair
are obvious at a glance — the need
for a variety of different activities,
power, and food concessions, for
example. Other important things the
fair needs may not be so noticeable,
such as restrooms, garbage disposal,
and maintenance.

Like the fair, a cell relies on
teamwork and organization to
function. As a team, the many parts
of the cell work together to keep the
cell alive. In the photograph of the
leaf cell below, you can see some
aspects of the internal organization of
a cell — some of the members of the
cell’s team. Also like the fair, many
aspects of maintaining a healthy cell
are not obvious at a glance. What
must a healthy cell do to function?
Which parts of a cell take care of
each job?

In Chapter 1, you examined one
important cellular structure: the
cell membrane. This chapter will
introduce you to the other important
cell structures and explain how they
work individually and together, each
one depending on the others. You
will explore how cell structures
process materials brought inside,
such as amino acids. You will also
examine how the work performed by
individual cells in a multicellular

organism relates to the functioning of
its organs. Finally, you will learn
about how some diseases affect cells
and explore how researchers use and
develop technologies to treat diseases
based on what they discover about
the way cells work.

How is the work necessary for life
organized and co-ordinated within the
tiny space of a cell?
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Structuring Cell Processes

EXPECTATIONS

i
m |dentify the basic features of
eukaryotic and prokaryotic

cells.

m Describe the structure and
function of organelles and
other cell structures.

Figure 2.1 Cells with simple
internal organization such

as this Escherichia coli are
called prokaryotes. The most
abundant cells on Earth,
prokaryotes survive in diverse
habitats, such as the salt-laden
water of the Dead Sea and hot
sulfur springs.

Each cell starts out as a fully functional living
thing. To sustain life, the cell must create and
maintain molecules and structures that then
perform the essential tasks necessary for the
functioning of the cell. What are these essential
tasks? Living cells must

m obtain food and energy

m convert energy from an external source into a
form that works within the cell

m construct and maintain the molecules that make
up cell structures

® carry out chemical reactions
m eliminate wastes

= reproduce

keep records of how to build structures

The seemingly endless variety of cells in the
world fits one of two basic cell types known as
eukaryotic and prokaryotic cells.

Prokaryotes and Eukaryotes

The smallest cells with the simplest type of
internal organization lack a nucleus — an enclosed
region inside the cell where the DNA is separated
from the rest of the cell by a double membrane.
Instead, the DNA in these cells is concentrated in
an area inside the cell called the nucleoid. Such
cells are named prokaryotes (“pro” means before,
“karyon” means nucleus).
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Bacteria, such as the Escherichia coli pictured in
Figure 2.1, are prokaryotes.

e - FAST FORWARD

—

To find more detailed information about prokaryotes, turn to
Chapter 12, Sections 12.1 and 12.2.

The cells of all other organisms are larger and
have a more complex internal structure that
includes a nucleus. Such cells are called
eukaryotes (“eu” means good or true, for true
nucleus). Examples of eukaryotes include plants,
animals, fungi, and protists.

In addition to the nucleus, eukaryotes have a
number of other specialized structures called
organelles. Each organelle has a highly organized
structure and a specific function within the cell.
Many organelles are surrounded by their own
membranes. The various organelles work together
as a team to effectively carry out cell processes —
the essential tasks of the cell.

Identifying the different structures of the cell
and how they function helps us understand the
complex interactions within the cell and between
the cell and its external environment. Piecing
together the puzzle of how cells function has
fascinated people for centuries. With each
discovery we come closer to understanding how
life works.



Eukaryotic Cells

A great deal of diversity exists among eukaryotic
cells. For example, a mature human red blood cell
has no nucleus, and the longest cell in your body
is a nerve cell that runs from your lower spine to
your big toe. To appreciate the specializations of
such cells, you need first to understand all the
major features of a typical cell.

The organelles in a eukaryotic cell divide its
interior into compartments. This allows the many
different chemical reactions constantly taking
place within the cell to proceed at the same time
without interfering with each other. Many
organelles contain highly folded membranes that
increase the surface area on which chemical
reactions can be co-ordinated. This also increases
the overall rate of reaction within the cell. The
photomicrograph in Figure 2.2 shows such folded
structures. Like the cell membrane, organelle
membranes have a fluid-mosaic structure. Turn to
Figure 2.3 on the next page to learn about the major
organelles of a typical animal cell.

To review using a microscope and calculating the
magnification and size of a specimen, turn to Appendix 3.

Contrasting Cells

Stains or dyes mark specific macromolecules in the cell and
provide a clearer picture of these structures. Traditional
stains change colour to indicate the presence of particular
macromolecules. In this lab, you will compare unstained
and stained cells using a light microscope. Note: Wash your
hands thoroughly before and after this activity, and avoid
getting methylene blue stain on your skin or in your eyes. To
view onion-skin cells, first remove the outer, papery, layer(s)
of an onion. Then remove a section of the first ring of the
bulb. Using a fingernail, peel a small piece of the inner,
transparent, layer off the inside of your onion section. Lay
this transparent piece on a glass slide, taking care to ensure
that it is not folded. Make a wet mount of this onion skin.
Observe the onion cells under low- and high-power
magnification. Draw a diagram of one of the onion cells,
showing its size in the field of view. Next, use a dropper to
add a drop of methylene blue to one edge of the cover slip.

Figure 2.2 This eukaryotic animal cell contains many
organelles in addition to its nucleus.

wetn

The size of cells, cellular structures, and cellular products is
measured in micrometres and nanometres. How small is a
nanometre? Copy and complete this chart to review the units
useful for understanding the size of the cellular world. Then
write the equivalent for 1 pm and 1 nm in millimetres.

Unit name | Notation | Equivalentin metres | Example
millimetre =1x10%m frog egg
micrometre 1um chloroplast

1nm =1x107m amino acid

Place a piece of filter paper at the opposite edge of the
cover slip to draw the stain through your specimen. Find a
well-stained area of your specimen using low-power
magnification. Move to high power, and find one clearly
stained cell (with blue edges). Draw a diagram of the cell,
indicating the colours of the cell features.

Analyze
1. How are stains useful for observing cells?

2. Compare your observations to the photograph of a
eukaryotic cell on this page. What part(s) of the cell
absorb methylene blue stain?

3. From your investigation to test for macromolecules on
pages 16 and 17, what other stain(s) might be useful
for viewing cell features?

4. Estimate the size of a plant cell and its nucleus.

5. If a cell part measured 100 pm in diameter, what
magnification would you select to see it?
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chromatin
nuclear pores

ribosome

centrosome

mitochondrion

lysosome

® cell membrane a fluid-mosaic membrane that separates
the cell interior from the outside world and controls the
movement of materials into and out of the cell

m cytoplasm a gel-like material consisting mostly of water
that contains dissolved materials and creates the chemical
environment in which the other cell structures work

B nucleus the command centre of the cell that contains
the DNA blueprints for making proteins and is surrounded
by a double membrane to protect the DNA from potentially
damaging byproducts of biochemical reactions

cytoskeleton

nucleus

nucleolus . .
endoplasmic reticulum

peroxisome

cytoplasm

vacuole

Golgi apparatus

cell membrane
vesicle

B nuclear pores pores in the nuclear membrane large
enough to allow macromolecules to enter and ribosomes
to leave the nucleus

® chromatin uncoiled chromosomes (DNA)

B nucleolus a specialized area of chromatin inside the
nucleus responsible for producing ribosomes

® ribosome tiny two-part structures found throughout the
cytoplasm that help put together proteins

Figure 2.3 Structures of animal cells

Electron microscope studies have revealed the
major organelles of animal cells shown in Figure
2.3. Experiments, over the past 50 years, have also
led to a good understanding of the functions of
each of these cell organelles. Use this figure as your
quick guide to each organelle and its function. A
more complete description of how cells “work” can
be found on the pages that follow. The above figure,
however, should serve as a useful guide to flip to
when you need a reminder about cell structures
and their functions. Figure 2.4 is provided to show
you one technique scientists have used to view
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cells at high magnifications in order to establish
their detailed structure. It also shows you how
technical artists then produce drawings from the
images, such as the one you see here, and the ones
you will see throughout this textbook. Figure 2.4
shows the freeze fracture technique that involves
rapidly freezing a specimen to —100°C and
sectioning it in a vacuum. Carbon-and-platinum
replicas of sections provide three-dimensional casts
that can be examined with a scanning electron
microscope.



® endoplasmic reticulum (ER) a system of flattened
membrane-bound sacs and tubes continuous with the outer
membrane of the nuclear envelope that has two types of
membrane: rough ER, which is studded with ribosomes and
synthesizes proteins, and smooth ER, which synthesizes
phospholipids and packages macromolecules in vesicles for
transport to other parts of the cell

Golgi apparatus a stack of flattened membrane-bound
sacs that receive vesicles from the ER, contain enzymes for
modifying proteins and lipids, package finished products
into vesicles for transport to the cell membrane (for secretion
through exocytosis) and within the cell as lysosomes

mitochondrion the powerhouse of the cell where organic
molecules, usually carbohydrates, are broken down inside a
double membrane to release energy and transfer it to ATP

lysosome a membrane-bound vesicle filled with digestive
enzymes that can break down worn-out cell components or
materials brought into the cell through endocytosis

peroxisome a membrane-bound vesicle containing
enzymes that break down lipids and toxic waste products,
such as alcohol

centrosome an organelle located near the nucleus that
organizes the cell’s microtubules, contains a pair of
centrioles (made up of microtubules), and helps to organize
the even distribution of cell components when cells divide

vesicle a small membrane-bound transport sac

vacuole a large membrane-bound, fluid-filled sac for the
temporary storage of food, water, or waste products

cytoskeleton a network of three kinds of interconnected
fibres that maintain cell shape and allow for movement of
cell parts: actin filaments, intermediate filaments, and
microtubules

Figure 2.4 (A) The freeze fracture technique used to
expose the nucleus for study provides valuable details
about organelle and membrane structure. For example,
you can see the two layers of the double membrane
around the nucleus, or nuclear envelope. (B) A close-up
scanning electron micrograph of the nuclear pores
reveals their flower-like structure. (C) An artist has
rendered the information from electron microscope
studies of the nuclear envelope as a three-dimensional
drawing.

nuclear pore
inner membrane

of nuclear
envelope

outer membrane
of nuclear envelope
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Cell Organelles

Nucleus The genetic information stored in the
nucleus determines the structural characteristics of
the cell and how the cell functions. Unless a cell is
in the process of dividing or preparing to divide,
the DNA strands remain in an uncoiled state
(chromatin). Each nucleus has at least one area of
chromatin, called a nucleolus, dedicated to
producing the special RNA used to construct the
many ribosomes required by the cell.

To find out what happens to the nucleus when a cell divides,
turn to Chapter 5, Section 5.1.

Ribosomes Every cell contains thousands of
ribosomes, tiny organelles that lack a membrane
envelope. Assembled in the nucleus, a ribosome
consists of a large and a small subunit, both
composed of ribosomal RNA and proteins.
Cytoplasmic ribosomes, sometimes called free
ribosomes, help to produce proteins (mostly
enzymes) used within the cell. These ribosomes are
attached to a cytoskeleton element in the cytoplasm.
Ribosomes attached to the endoplasmic reticulum
(ER) produce proteins that are processed in the ER
and sent to the Golgi apparatus. Section 2.2 will
cover protein synthesis in more detail.

Endoplasmic reticulum The numerous folded
membranes of the endoplasmic reticulum (ER)
provide a huge surface area for chemical reactions
to take place. Materials synthesized inside the ER
are kept separate from the rest of the cell. It would
be harmful for a cell to have large quantities of the
digestive enzymes or proteins such as insulin
produced in the ER floating through the cytoplasm.
As illustrated in Figure 2.5, the outer surface of the
rough ER is covered with ribosomes. The proteins
produced on these ribosomes are processed and
modified with the help of enzymes embedded on
the inner surface of the rough ER. Lysosomal
enzymes (for cellular digestion) are produced
this way.

The tubules of smooth ER also have enzymes
embedded on the inner surface for processing
macromolecules such as lipids. In addition to
synthesizing phospholipids, smooth ER can have
specialized functions in different cells. For
example, the smooth ER produces testosterone
(a lipid) in testicular cells. Sections of smooth ER
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can pinch off to form vesicles, which transport
macromolecules to the cell membrane or
Golgi apparatus.

h ER
G roug

o

400 nm
e ribosome
transport

vesicle

vesicle formation

Figure 2.5 (A) Rough endoplasmic reticulum (ER) has
attached ribosomes, but smooth ER does not. (B) A
transmission electron micrograph of the ER shows the
flattened saccules of rough ER and the tubules of smooth
ER. (C) Proteins produced on the ribosomes then move into
the interior of the rough endoplasmic reticulum (ER).

| p—

In Chapter 1, you learned about exocytosis. Why can the
endoplasmic reticulum (ER) use this process to create
transport vesicles for large molecules? What kind of
structural maintenance do you think the ER requires?
Briefly explain your ideas.




Golgi apparatus When a vesicle from the
endoplasmic reticulum (ER) arrives at the Golgi
apparatus, the vesicle membrane fuses with the
membrane of a saucer-shaped sac of the Golgi
apparatus. The Golgi apparatus completes the
processing of macromolecules synthesized in the
ER, making them fully functional (while continuing
to keep them separate from the cytoplasm). It then
sorts them into packages for transport to appropriate
locations. The whole process of protein synthesis
in the ER through to packaging the final product in
the Golgi apparatus can occur in about 12 min.

Vesicles containing materials intended for use
outside the cell pinch off from the Golgi apparatus,
travel to the cell membrane, and secrete their
contents into the extracellular fluid by exocytosis.
You can see such vesicles surrounding the Golgi
apparatus in Figure 2.6. The Golgi apparatus forms
a special vesicle, the lysosome, to transport cellular
digestive enzymes safely through the cytoplasm.

Incoming vesicles provide membrane to replace
the membrane lost in outgoing vesicles. This
cycling of membrane is possible because the ER,
Golgi apparatus, and cell membrane all have the
same basic fluid-mosaic structure.

Golgi
apparatus

Figure 2.6 To reveal the structural details of the Golgi
apparatus shown in the transmission electron micrograph
here, heavy metals are used to stain the specimen. An
extremely thin section must be taken from the specimen
so that electrons can pass through the unstained portions.

Mitochondria Much as we use electricity to run
most appliances in our homes, the cell also uses a
universal form of energy to run the processes
within it. Inside the mitochondria, the energy
stored in different macromolecules is transformed
into a form that can be used throughout the cell
(called ATP).

+» FAST FORWARD |e—

To find out more about how mitochondria provide a form of
energy the cell can use, turn to Chapter 3, Section 3.3.

The outer mitochondrial membrane separates
the chemical reactions occurring inside the
mitochondrion from the rest of the cytoplasm. The
folds of the inner membrane, or cristae, provide a
large surface area for the enzyme complexes involved
in forming ATP. Figure 2.7 shows the distinctive
membrane structure of a mitochondrion. Cells
that use large amounts of energy have a high
concentration of mitochondria. For example, a
liver cell may contain up to 1000 mitochondria.
Mitochondria contain their own ribosomes and a
loop of their own DNA. They duplicate themselves
by dividing in the middle to produce two daughter
mitochondria, much as a prokaryotic bacterium does.

meeseeeessss—s .- FAST FORWARD _—

To learn more about how bacterial cells divide, turn to
Chapter 12, Section 12.2.

wer

To view three-dimensional animations of mitochondria, go to
the web site shown below. Go to Science Resources and then
to BIOLOGY 11 to find out where to go next. Can a slice through
a mitochondrion make a view of it look like a circular structure?
Compare the texture of the outer and inner membranes, and
describe the three-dimensional shape of a mitochondrion.
www.school.megrawhill.ca/resources/

double ‘
membrane cristae matrix
/\

inner outer
membrane membrane

Figure 2.7 The outer portions of a mitochondrion have been
cut away to reveal the cristae.
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Lysosomes You can think of lysosomes as the
composters of the cell. Their digestive enzymes
break down macromolecules or larger structures,
such as a whole bacterium engulfed through
phagocytosis or a worn-out organelle. This
provides raw materials for use as components of
new macromolecules within the cell. Recycling
organelles such as mitochondria (mitochondria
function for about 10 days in your liver) ensures a
constant supply of working organelles. Some of the
details of lysosomal digestion will be explained in
Section 2.2.

 Bio()FACT

When a tadpole develops into a frog, lysosomes break down
the cells of the tail.

T e e T

Peroxisomes Although peroxisomes have a
similar vesicle structure to lysosomes and contain
strong enzymes, they are formed in the cytoplasm.
Most common in liver, kidney, and brain cells,
peroxisomes have many functions. One of their
main jobs is to break down long fatty acid chains.
Peroxisomes also detoxify alcohol (ethanol).

Cytoskeleton Extending from the nucleus to the
cell membrane, the cytoskelton organizes the
location of organelles within the cytoplasm, gives
shape to the cell, and allows for movement of parts
of the cell. Unlike bones and muscles, the three
components of the cytoskeleton — actin filaments,
intermediate filaments, and microtubules — can be
assembled and disassembled within seconds or
minutes. Each component consists of repeated
protein subunits that can be added or removed.

So when a cell divides, the cytoskeleton
disassembles and then reassembles into a structure
called a spindle (which evenly distributes the
genetic material and other cell contents into two
daughter cells). Figure 2.8 (A) gives you a view of
microtubules before mitosis and also shows

the arrangement of microtubules during mitosis (B).

To reveal the details of faintly visible structures
such as the microtubules shown in Figure 2.8,
researchers use a technique called fluorescence
microscopy. This involves dyes that can
temporarily absorb ultraviolet (UV) light energy
and emit it at a lower (visible) energy level. A
stained specimen is viewed under a fluorescence
microscope through UV filters.

What Do You See?

7

To prepare a multicellular specimen for viewing with a
transmission electron or light microscope, a researcher
must slice off a section thin enough for electrons or light to
pass through. This means that cellular structures may be
cut along many different planes. This often makes their
three-dimensional structures difficult to interpret in the
two-dimensional view produced. In this lab, you will section
various objects and represent the information your sections
give you about the specimens. Hard boil three eggs; cook
about 10 elbow noodles and straight, tubular noodles; and
obtain three oranges. Think about all the different ways that
a section might slice through each of these specimens.
(Hint: Sometimes a section cuts off only the outside surface
of a structure.) Choose five different section planes for each
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specimen. Use a sharp knife to slice each of these sections
carefully out of the original objects. For each type of
specimen, draw the original three-dimensional object and
each of the five sections you made of it.

Analyze

1. For someone who had never before seen the original
objects, which of the five sections of each would give
that person the most complete information about the
object’s appearance?

2. Suggest a method by which you could use sections to
gather enough information about a specimen to identify
its three-dimensional shape.

3. Fluorescence microscopy is one of the fastest-growing
microscope techniques. Examine the photographs of
the microtubules on page 51, and use your experience
from this lab to explain why this technique is useful.



Figure 2.8 Microtubules before mitosis (A), and during
mitosis (B).

Long, thin, flexible cables of actin filaments form
a dense web under the cell membrane. This allows
for movement of the membrane. Actin is a protein
that can contract and that forms a key component
of muscle cells. Intermediate filaments anchor
organelles into regions in the cell, as well as
support the nuclear envelope and cell membrane.
The rod-like tubes of microtubules act like tracks

one microtubule
triplet

along which organelles, such as vesicles and
mitochondria, can move and stabilize the shape of
cells with irregular contours, such as nerve cells.
Microtubules also form the main structural
component of spindle fibres and of centrioles, cilia,
and flagella.

To view images of centrosomes releasing microtubules, visit
the web site shown below. Go to Science Resources and then
to BIOLOGY 11 to find out where to go next. Describe a
microtubule, how microtubules move as they are released, and
the centrosome.

www.school.mcgrawhill.ca/resources/

Centrosome The centrosome assembles and
co-ordinates the activity of spindle fibres when
the cell divides. Since the centrosome lacks a
membrane, its most distinctive feature (in an
animal cell) is a pair of short, cylindrical centrioles.
Figure 2.9 illustrates the characteristic pattern of
microtubules in the walls of a centriole: a ring
of nine sets of microtubule triplets, with no
microtubules in the middle (called a 9 + 0 pattern).
The centrioles may be involved in the formation of
cilia and flagella.

Plant cells have centrosomes; however, because plant cells
lack centrioles, their centrosomes are more difficult to see.

_w
To review and learn more about the organelles within the
cells of your body, go to your Electronic Learning Partner.

Figure 2.9 Near its nucleus, a nondividing animal cell has a pair of centrioles

in its centrosome.
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Figure 2.10 (A) This electron micrograph reveals the internal structure of cilia and
flagella, and shows their characteristic pattern of microtubule pairs (called a 9 + 2
pattern). (B) Cilia in the tubes to your lungs prevent dirt from entering them. (C) The
flagella of sperm propel them toward their ultimate goal, fertilizing an egg.

Cilia and flagella How can some cells move or
move the fluid in their external environment? Such
cells have flexible projections enclosed in cell
membrane that extend outward from the cell.

The short cylindrical projections shown in

Figure 2.10 (B) are called cilia (singular, cilium)
and produce a wave-like motion. The long
projections shown in Figure 2.10 (C) are called
flagella (singular, flagellum) and produce an
undulating, whip-like motion. Both have the same
internal construction and can move a cell through
its environment. Cilia have other uses as well.
Organisms such as a single-celled paramecium use
the co-ordinated movement of many cilia to propel
food toward a special feeding groove. The cells
lining your trachea use cilia to move particles out
of your lungs on a mucus blanket. The movement
of cilia and flagella requires energy from the cell.

Structures of Plant Cells

To carry on its life processes, a plant cell requires
some specialized structures, such as a cell wall and
choloroplasts. It also uses some organelles common
to plant and animal cells in a unique way, such as
vacuoles and peroxisomes. Figure 2.12 depicts the
cellular structures in a generalized plant cell.

Cell wall The cell wall around plant and fungal
cells, and some single-celled eukaryotes, consists
mostly of cellulose fibres and adds strength and
rigidity to the cell. Spaces between the cellulose
fibres allow molecules to pass to and from the cell.
You can see the arrangement of these fibres in
Figure 2.11. Plant cells that form part of a
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supporting structure in a plant have a secondary,
stronger, cell wall (which usually contains a
substance called lignin) inside the primary cell
wall. Unlike the cell membrane, the cell wall does
not control the materials that can pass through it.
However, the cell wall does help the cell deal with
hypotonic or hypertonic environments. It prevents
the cell from bursting in hypotonic environments.
In hypertonic environments, it provides structural
support when the rest of the cell contents shrink.

Figure 2.11 Interwoven cellulose fibres make up eukaryotic
cell walls.

Central Vacuole Plant cells usually have a large,
fluid-filled central vacuole. This presses outwards
on the cell wall to help support it. It also provides
storage space for water and other substances. These
may include toxins that make the cell, and thus the
plant, taste bad to animals.

Plastids The green chloroplast is one of a group
of organelles in plant cells called plastids. All
plastids contain stacked internal membrane sacs.



peroxisome a membrane-bound vesicle containing enzymes
that convert fatty acids in seeds to sugars (providing a useable
food source for a germinating plant) and help fix carbon
dioxide in carbohydrates during photosynthesis

central vacuole a very large membrane-bound,
fluid-filled storage sac that gives added internal
support to a plant cell and contains toxic
molecules along with storage molecules

nucleus

nuclear pore
chromatin

chloroplast a plastid (organelle used to
synthesize or store food) that gives green
plants their colour and transfers the
energy in sunlight into stored energy in
carbohydrates during photosynthesis

nucleolus

nuclear
envelope

Actin filaments and
microtubules form the
cytoskeleton.

ribosome

rough ER
actin filament
smooth ER

cell membrane

cell wall arigid structure
surrounding the cell membrane
that protects and supports the
cell and allows materials to
cytoplasm  pass to and from the cell
membrane through pores

microtubule

mitochondrion

Golgi apparatus

cell wall of adjacent cell

Figure 2.12 In general, plant cells are larger than animal cells. The most distinctive
features of plant cells are their cell wall and chloroplasts. Would the cells in a plant
root contain chloroplasts?
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double
membrane

outer membrane
inner membrane

Figure 2.13 Although usually disc-shaped, chloroplasts can alter their shape and
move along cytoskeleton elements to change their location in the cell in order to

maximize the amount of light they capture.

These sacs are enclosed within a double membrane
and have the ability to perform photosynthesis.
Only plastids exposed to light develop pigments
and participate in collecting energy from light.
Plastids also act as storage containers for starches,
lipids, and proteins. These organelles contain their
own DNA and ribosomes, and new plastids are
produced through the division of existing plastids.
The green pigment chlorophyll gives chloroplasts
their colour and also absorbs solar energy, allowing
photosynthesis to occur. The chlorophyll, other
pigments, and enzymes necessary for photosynthesis
are contained within a special membrane system.
Figure 2.13 shows how this membrane system (the
thylakoids) consists of interconnected flattened sacs.

\_W
To find out more about how chloroplasts transform solar

energy into chemical energy during photosynthesis, turn to
Chapter 3, Section 3.2.

 Bio()FACT

Did you know that all of your mitochondria came from your
mother? In sexual reproduction, new eukaryotic cells inherit
their mitochondria, peroxisomes, and chloroplasts from

the cytoplasm of the maternal gamete (egg). In asexual
reproduction, new cells receive these organelles from the

cytoplasm of an existing cell.
\_ /

Prokaryotic Cells

About the size of mitochondria, prokaryotic cells
such as those shown in Figure 2.14 lack any
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membrane-bound organelles. They do contain
thousands of ribosomes. The nucleoid of a
prokaryote contains a single loop of double-
stranded DNA. However, some prokaryotes also
contain self-replicating, circular DNA molecules
called plasmids. Plasmids often carry information
that gives the cell resistance to certain antibiotics
and heavy metals or the ability to synthesize or
break down unusual compounds.

Almost all prokaryotes have a cell wall
consisting of a unique macromolecule called
peptidoglycan. Some prokaryotes have a capsule or
slime layer around the cell wall. Bacteria that can
carry out photosynthesis have thylakoids that
develop from invaginations of the cell membrane.
Prokaryotic thylakoids function the same way that
those in choroplasts do.

Some prokaryotes have flagella. Unlike
eukaryotic flagella, these rotate like propellers. A
prokaryotic cell may also have hollow appendages
called pili. These allow the cells to stick to other
cells or surfaces and to exchange plasmids with
other prokaryotic cells.

Without the many folded membranes of
eukaryotic organelles, prokaryotic cells have
limited surface area available for reaction sites —
although some species have areas of folded cell
membrane. Still, prokaryotes work efficiently to
meet their needs using a smaller number of
reactions than eukaryotes do. Small prokaryotic
cells benefit from rapid internal diffusion of
materials. Prokaryotic intracellular fluid contains
areas of different concentrations of materials,
which provide some segregation of chemicals and
reactions.



flagellum

intracellular fluid

ribosome

nucleoid region

capsule

cell wall

cell membrane

ribosome cell wall

nucleoid region
thylakoid ucleold reg!

. . . cell membrane
@ intracellular fluid slime layer

Figure 2.14 (A) Non-photosynthetic prokaryotes may have flagella.
(B) Photosynthetic prokaryotes have thylakoids.

1
L] SECTION REVIEW

1. List the essential tasks of life. 8. Which cells in your body have large numbers of

e . , , i ? Explain why thi ki .
2. A cell is like a small community or a fair. Identify peroxisomes? Explain why this makes sense

five cell parts that have a similar function to parts of 9. @ A liver cell can have over 1000 mitochondria.
your local community. Explain your choices. Explain how a liver cell can pack so many specialized
organelles inside. If a mitochondrion is 1 um long,
how large would the liver cell need to be? Express
your answer in standard (SI) units.

3. Complete a chart for eukaryotic cells using the
headings shown below:

Organelle Description | Description Plant or

10. @D In Chapter 1, you tested for the presence of
certain macromolecules.

name of structure of function animal?

(a) Describe how you could find proteins in
endoplasmic reticulum.

4. Identify structures that are unique to or perform

: . ) (b) What other cell components could you find using
unique functions in plant cells.

other indicators?
5. Organelles divide a eukaryotic cell into different

11. I Some antibiotics interfere with the ability of
compartments. Explain how this is helpful to the cell. Y

bacteria to form cell walls.

6. List three cell structures that have folded (a) Describe how such an anitbiotic will Stop the
membranes. Explain how the folded membranes help bacteria from growing in your body.

each structure function. (b) Explain whether this drug would harm human

7. Prokaryotic and eukaryotic cells have many cells and why.
fundamental differences. List cell structures common
to both of these cell types.
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EXPECTATIONS

i
m Describe how cell structures
work together to carry out
protein synthesis and
lysosomal digestion.

m lllustrate and explain the
function of, and relationship
between, protein synthesis
and lysosomal digestion.

Figure 2.15 To make silk, a
spider’s spinnerets draw out a
fluid containing protein subunits.
How does this process resemble
the protein synthesis going on
inside the spider’s cells?

The processes of protein synthesis and lysosomal
digestion illustrate the dynamic nature of the way
that the cell’s organelles work together. The ability
of lysosomes to digest materials within the cell
depends on the correct production of enzymes
(proteins). Protein production relies on complex
interactions among organelles.

Protein Synthesis

Almost all cell processes require proteins, so the
production of many different kinds of proteins is a
fundamental activity of living cells. In fact, proteins
make up about half of the dry mass of cellular
material. Many proteins function as enzymes. An
important protein is the blood protein hemoglobin,
which carries oxygen and carbon dioxide. An
organism such as the spider in Figure 2.15 depends
on the production of proteins (in the form of the
silk threads of its web) to obtain food.

Cells produce proteins only in the amounts and
at the times required, and all cells use a similar
process for protein synthesis. Follow the numbered
steps in Figure 2.17 on the next page as you read
about how protein synthesis occurs in eukaryotes.

<< REWIND _—

To review protein structure, turn to Chapter 1, Section 1.1.
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Organelles at Work

1. Transcription occurs in the nucleus. As you
learned in Chapter 1, DNA codes for cellular
proteins. It does this using a code of three
nucleotide bases (triplets) for each amino acid.
The cell transcribes (copies) the coded
information from a section of DNA called a
gene. To do this, the cell must unwind and
unzip that section of DNA and make an RNA
copy of it, as shown in Figure 2.16. During this
process of transcription, the information along
only one of the DNA strands is copied,
producing a strand of RNA nucleotides.

o

Figure 2.16 Many copies of RNA are being transcribed
simultaneously from a single strand of DNA (centre).
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1 DNA is transcribed | completed —
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(copied) onto a ‘ . ; polypeptide - I:“HP "-._“_- !-
complementary | o \ {
strand of RNA. : M, \

ribosome releases the
finished polypeptide and
the mRNA.
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o Translation complete, a g . f'
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polypeptide

e mRNA takes the chain (forming)

coded message to
ribosomes in the
cytoplasm.

e mRNA attaches to a
ribosome, where its
coded message can be
translated. -

ribosome

representation of
three-nucleotide

code for one p
amino acid - o - — st peptide bond

o A tRNA molecule transfers
a specific amino acid to the
ribosome.

e When the ribosome moves
along the mRNA, the tRNA
released can pick up another
amino acid.

tRNA molecule
(released)

e The incoming tRNA attaches to the mRNA, which allows
the tRNA amino acid to bond to the polypeptide chain.

Figure 2.17 The accuracy of transcription and translation relies on the pairing of
nucleotide bases in DNA and RNA. Enzymes direct both processes.

2. mRNA moves into the cytoplasm. The
completed RNA — called messenger RNA,
or mRNA — carries the coded message from
the DNA in the nucleus, to ribosomes in
the cytoplasm.

To confirm the path that mRNA takes during protein
synthesis, researchers stained its nucleic acids with
a fluorescing dye and then traced its progress with a
fluorescence microscope.

3. Translation starts when mRNA attaches to a
ribosome. The translation of the coded mRNA
message from a sequence of nucleotide bases

4. tRNA brings amino acids to the ribosome.

into a sequence of amino acids takes place on a Dissolved amino acids in the cytoplasm must
ribosome. A ribosome can translate any mRNA be transferred to the ribosome for assembly into
strand. To begin the translation process, mRNA a polypeptide. Another type of _RNA called
attaches either to a cytoplasmic ribosome or to transfer RNA, or.tRNA, does th1s..Each _tRNA

a ribosome attached to the endoplasmic molecule recognizes only one amino acid. It

attaches this amino acid to one side of its
structure. On the other side of the tRNA
molecule, three nucleotide bases match one of
the triplet codes on the mRNA.

reticulum (as shown in Figure 2.5 on page 48).
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Figure 2.18 Several ribosomes can move along the same
strand of mRNA at the same time, creating multiple copies
of the same polypeptide. This arrangement is called a
polyribosome.

5. An incoming tRNA positions its amino acid to
join the polypeptide chain. The tRNA carrying
the next amino acid in the mRNA code forms a
temporary bond with the mRNA at the
ribosome. This places the amino acid in the
correct position to form a peptide bond with
the amino acid on the tRNA molecule already
at the ribosome. In this way, about 15 amino
acids are added to the polypeptide chain
every second.

6. An outgoing tRNA releases its amino acid and
detaches from the mRNA. A ribosome has
room for only two tRNA molecules at a time.
When the ribosome moves along the mRNA to
the next coding unit, the outgoing tRNA
transfers the polypeptide chain to the other
tRNA. This frees up space for a new tRNA
molecule at the ribosome. The outgoing tRNA
molecule can now collect another amino acid.

7. Translation ends when a ribosome reaches a
“stop” instruction. When a ribosome reaches
the “stop” codes at the end of an mRNA strand,
it releases the completed polypeptide. Then the
ribosome separates into its subunits, which
detaches it from the mRNA. The polypeptide
must still complete its folding process before
becoming a finished protein.

| "EAUSE__,PM__
In Section 2.1, you learned how the endoplasmic reticulum
and Golgi apparatus prepare proteins for use by the cell

(or by other cells). Use this information and what you know
about protein synthesis to draw a simple flowchart that

shows how a protein destined for use in a lysosome is
produced and transported within the cell.
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mRNA

ribosome

polypeptides
under
construction

Figure 2.19 Without a nucleus, a prokaryotic cell can carry
out transcription and translation at the same time. Although
not pictured, tRNA molecules bring amino acids to
prokaryotic ribosomes to be added to a polypeptide.

Protein Synthesis in Prokaryotes

Although the processes of transcription and
translation in prokaryotes and eukaryotes follow
very similar basic steps, you can see from the
illustration in Figure 2.19 that protein synthesis in
prokaryotes is simpler. The prokaryotic ribosomes
(which are smaller than eukaryotic ones) lie close
to the DNA, so the beginning of an mRNA strand
can attach directly to a ribosome while the rest of
the strand is still being transcribed. This allows
prokaryotes to produce proteins very rapidly.

 Bio[)FACT

Like prokaryotic cells, mitochondria and chloroplasts of
eukaryotes use their own DNA and ribosomes to produce
some of the proteins they need. However, most of the
proteins needed by mitochondria and chloroplasts are coded
for on genes in the cell nucleus, synthesized on cytoplasmic

ribosomes, and then transported into the organelles.
\_ /

Lysosomal Digestion

Only eukaryotic cells contain lysosomes. In plant
cells, the specialized vesicles that recycle cellular
material (the way that a lysosome does) are often
called vacuoles. Each lysosome (or vacuole)
contains over 40 different digestive enzymes. After
the lysosome leaves the Golgi apparatus, its
membrane actively pumps in hydrogen ions to
make its interior environment more acidic. This
acidic environment activates the lysosomal
enzymes.



When active, these enzymes can break apart
macromolecules in a step-by-step process. This
lysosomal digestion can occur in two ways:

by breaking down material ingested through
endocytosis and by recycling the cell’s own
organic material. Figure 2.21 illustrates the two
pathways of lysosomal digestion.

Endocytosis

After a cell engulfs material by endocytosis, a .
lysosome fuses with the food vacuole formed to fill /
the vacuole with digestive enzymes and break

down the captured material. You can follow the
steps involved in this process in Figure 2.21.

cell membrane

— - EWIND -

To review endocytosis, turn to Chapter 1, Section 1.4. Figure 2.20 You can see what happens to the cell
membrane of a didinium as it engulfs a paramecium.

food particles

or cells
= J food vacuole
w\':-J
=4
/y [s= 1% \
'-‘j_ :':J]_ -_.‘
" '-'.n., J
E
endocytosis

transport vesicle (containing
inactive lysosomal enzymes)

breakdown of

cell membrane old organellg -

Figure 2.21 Lysosomal digestion in an animal cell
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Recycling ol JracT

A lysosome fuses with and digests organelles no

longer useful to the cell. It then recycles their o

lysosomal enzyme may not work. This interrupts the orderly
componel}ts back t? the'cytoplasm.. Yo_u can follow sequence of steps for breaking apart large molecules. As a
the steps involved in this process in Figure 2.21. result, the cell accumulates useless molecule fragments.
Over long periods of time, the build-up of these fragments
inside cells can negatively affect the growth and development

Errors in enzyme production can mean that a particular

p— > FAST FORWARD e of the individual. A number of serious genetic diseases such
To learn more about Tay-Sachs disease, turn to Chapter 7, as Tay-Sachs and Hunter syndrome are linked to faulty
Section 7.1. lysosomal enzymes.
o J

Predicting
Exploring Organelle Function Performing and recording

Lysosomal digestion can be difficult to demonstrate, but you can easily
observe the process of peroxisome enzymes breaking down molecules.
One of these, catalase, breaks hydrogen peroxide (H,0;) down to water Identifying variables
and oxygen. To function, lysosomal enzymes need an acidic

environment. Does catalase also need an acidic environment?

Analyzing and interpreting

Pre-lab Questions Materials
= What is the pH value of an acid solution, a 3 graduated cylinders 60 mL 3% hydrogen
neutral solution, and a dilute acid solution? 2 droppers peroxide
® What function(s) do peroxisome enzymes serve? kf"fe . 0.1 moI/L hydroohlorlc
) ) dissecting probe acid solution
= Adding hydrogen peroxide to cut potatoes pH probe or indicator distilled water
causes foam to be produced. Why? paper potato
Problem Procedure
How can you demonstrate the effect of pH on the 1. Prepare 3 hydrogen peroxide solutions of
catalase enzyme found in potato peroxisomes? different pH as follows:
- (a) Measure 50 mL of 3% hydrogen
Prediction 8 S £
peroxide into each of the 3 graduated
Predict what pH condition will best support cylinders.
enzyme function in peroxisomes. (b) Label the cylinders 1, 2, and 3.

(c) Use one dropper to add 10 drops of
0.5 mol/L hydrochloric acid solution
to cylinder 1 and 5 drops of 0.5 mol/L
hydrochloric acid solution to cylinder 2.

CAUTION: Acids are corrosive; avoid contact with
skin and use water to flood spills. If you are
using a computer pH probe, ensure that the
probe remains stable so that it does not fall and
cause a spill. (d) Use the other dropper to add 5 drops of

distilled water to cylinder 2 and 10
Za

drops of distilled water to cylinder 3.
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enzyme enzyme-substrate complex enzyme

Figure 2.22 The union of the enzyme with its substrate
(the molecule) weakens certain chemical bonds within the
substrate. This causes the substrate to break apart.

(e) Record the contents of each cylinder.

2. Check and record the pH of each cylinder. If
you are using a pH probe, keep a running
record of the pH.

3. Peel the potato, and cut it into 3 equal
cubes. Mince each cube (sample) to an equal
fineness.

4. Add one potato sample to each graduated
cylinder. Use the dissecting probe to push
all of the potato into each hydrogen
peroxide solution, rinsing the probe between
each use.

5. Observe the contents of each cylinder, and
record your observations once a minute for
5 min. Then test and record the final pH for
each cylinder. Use a chart to organize your
observations. Make a graph to compare the
reaction of each sample.

Post-lab Questions

1. In terms of their initial reactions, order the
hydrogen peroxide solutions from strongest
to weakest.

2. Which solution had the strongest final
reaction?

Enzyme Function

Enzymes make possible reactions that would
otherwise not proceed at temperatures low enough
for life to be possible. An enzyme is a protein that
functions as an organic catalyst. A catalyst helps a
particular reaction go forward without being used
up in the process. The cell makes a different
enzyme for each reaction it requires.

An enzymatic reaction may either combine
molecules to produce a new product or break a
molecule into smaller parts. Figure 2.22 illustrates
a model of the way an enzyme breaks apart a
molecule.

In Chapter 1, you learned that proteins have
three-dimensional shapes. An enzyme’s shape
allows its substrate(s) to attach at a spot called the

The catalase crystal inside a plant peroxisome allows the
organelle to break down hydrogen peroxide.

Conclude and Apply

3. How does pH affect the rate of the catalase
reaction?

4. In terms of pH, what kind of internal
environment would allow peroxisomes to
function most efficiently?

5. Identify the dependent and independent
variables in this experiment.

Exploring Further

6. What do you predict the natural pH of a
potato to be? How could you test this?

7. Conduct research to find out what other
factors can affect the rate of an enzyme
reaction.
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CONCEPT ORGANIZER | The Cellular Team in Action

Organelle Functions
(Chapter 2, Section 2.1)

Enzyme (Protein)
Synthesis and Shape

(Chapter 2, Section 2.2;
Chapter 1, Section 1.1)

Endocytosis
(Chapter 1, Section 1.2)

To understand how a lysosome carries out intracellular
digestion, you need to know how a lysosome functions,
how its enzymes are formed, and how it connects with the
materials it must break down. Which cellular structures are
involved in lysosmal digestion?

The process of forming a lysosome begins in the nucleus
with the transcription of mMRNA for the lysosomal enzymes.
In the cytoplasm, ribosomes attached to the endoplasmic
reticulum translate this mMRNA. The enzymes are transported

Lysosomal Digestion of
Macromolecules in
Cellular Structures i

)

\ 41
4
o

to the Golgi apparatus, which modifies the enzymes and
packages the correct ones together into a lysosome. The
three-dimensional shape of the enzymes allows them to do
their job. Some materials on which the lysosome works
enter the cell in vesicles (food vacuoles) formed by the cell
membrane through endocytosis. Once the lysosome has
digested the macromolecules, the lysosomal membrane
transports nutrients useful to the cell into the cytoplasm.
Mitochondria supply the energy required to drive many of
these processes.

Figure 2.23 What did happen to the paramecium captured by the didinium?

active site. Here, chemical bonds within a substrate
can be broken or bonds between substrates can be
formed. Then the enzyme releases the product(s)
and can start the process again.

word I

Write a scenario about the fate of a bacterium that has been
engulfed by a eukaryotic cell through phagocytosis.

1
[ SECTION REVIEW

1. List the key steps involved in protein synthesis.

2. Why do all cells need to perform protein
synthesis?

3. What is transcription and where does it take
place?

4, What is translation and where does it take
place?

5. Eukaryotic cells have a double membrane
surrounding their DNA, separating it from the
cytoplasm. Identify a reason for this.

6. Make a flow chart for the lysosomal digestion of
a mitochondrion.

7. What is an enzyme and how does it function?

8. @ Make a prediction about what the optimum pH
for catalase could be. Then design a lab that
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determines the optimum pH for the catalase enzyme,
outlining the procedures you would use.

9. @ A good analogy for protein synthesis is the
manufacturing process. Ribosomes are the factories
that produce proteins. Complete this analogy by
describing the role of DNA, mRNA, and tRNA. In a
small group, prepare a dramatic presentation of
this process.

. 4 UNIT INVESTIGATION PREP

Food coming from the stomach contains many molecules,
such as disaccharides, too large to diffuse or be
transported into cells lining the small intestine. How
could the intestinal cells break down these molecules?
Draw a diagram of this process. For the most economical
use of an intestinal cell’s resources, where could this
process take place?



Specialists at Work

EXPECTATIONS

i

m Explain how the cell processes
carried out by organelles
relate to the function of
organs.

= Present informed opinions on
stem cells and technological
applications of stem cell
research.

Figure 2.24 Groups of
specialized cells work together
to allow a person to see, hear,
taste, smell, smile, think, and
talk — and these are only some
of the many specialized cells in
the body.

A marvel of seemingly endless adaptation, a
multicellular organism contains a large number of
different kinds of specialized cells. For example,
nerve cells connected to muscles carry information
to and from your brain to control how much your
muscles contract or relax. What structures do each
of these cellular specialists (motor neurons and
skeletal muscle cells) have that allow them to
perform their unique functions? How are these
cells created? In this section, you will begin to
explore the world of the cellular specialists within
your own body.

Organization of Cells

A group of specialized cells that have the same
structure and perform the same function is called a
tissue. Examples of tissues include muscles in
animals and bark in plants. A group of different
tissues working together form an organ. For
example, the leaf of a plant is an organ made
up of protective tissues on the outside and
photosynthetic and other tissues on the inside.
You have already seen how organelles work
together to accomplish tasks. Later in this book,
you will look at ways in which groups of organs
work together as a system, such as the circulatory
system. Any large multicellular organism relies on
groups of such systems in order to function.

i

Specialized Cells

How do the specialized cells in a tissue contribute
to the function of an organ? A few examples will
help provide an answer.

Heart muscle cells To pump blood throughout
the body, your heart needs highly efficient muscle
cells. The small size of heart muscle cells gives
them a large surface area, which increases their
access to critical materials, such as oxygen. They
have a branched shape that allows them to form an
interconnected network of cells. This network can
conduct electric impulses and contract in unison
— even without a signal from the nervous system.

Iljllllll'll -

Figure 2.25 Heart muscle cells contain many large
mitochondria to power their action. Like all other muscle
cells, they contain the actin and myosin filaments (in
structures called myofibrils) that allow them to contract.
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Parietal cells Within indentations in the lining
of your stomach called gastric pits, cells secrete the
juices necessary for digestion. Parietal cells there
produce hydrochloric acid. This activates an enzyme
secreted by other cells lining the gastric pit and
allows digestion to proceed. Parietal cells contain
tiny canals that run from the cell membrane facing
the gastric pit deep into the cytoplasm. Each canal

Figure 2.26 As well as microvilli, a parietal cell requires
large numbers of mitochondria. These power the active
transport required to pump hydrogen ions out to the stomach
(against the concentration gradient for these ions).

DESIGN YOUR OWN
Investigation

Initiating and planning

Modelling a Specialized Cell

What characteristics does a specialized cell need in order to perform
its unique functions? How does its function affect the organelles or
other internal structures it contains? In this investigation, you will
work in a group to research and create a scale model of a particular
eukaryotic cell type. Then you will present your model to the class.

Conducting research
Communicating results

Predicting

Problem

How does the function of a eukaryotic cell affect
its internal structures, size, and shape?

Prediction

Based on your existing knowledge of cell
structures and what your cell type does, make a
prediction about what internal structures, size,
and shape it should have.

Materials

Select your own materials.

Plan

1. Choose a eukaryotic cell type that makes up
one kind of tissue, and find out its correct
scientific name.

2. Identify research resources such as books,
videos, CD-ROMs, and the Internet. If your
school has microscope slides of different
cell types, you may want to view your cell
type under a microscope and record your
observations.

3. Discuss what kind of specific information
you need to gather about your cell type.
Remember that you will need information
about its dimensions and internal structures.
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4. Identify what limitations, if any, creating a
scale model places on your choice of
materials.

5. Decide on the materials you will use to make
the scale model of your cell, and prepare a
list of all the materials you will require.

6. Outline a strategy for completing the model
and ensuring that it is to scale.

You may want to use a computer drawing program to
create a scale model or simulation of your cell type. Use the
graphics tools you have available to give cell structures a
three-dimensional appearance. What advantages does using
a computer give you in making your model to scale?

Checking the Plan

1. Have you identified a variety of resource
materials? How can you ensure that the
information you gather is accurate?

2. Will the type of information you plan to
gather help you identify your cell’s special
function(s)? Will it help you relate the
structure of your cell to its function(s)?



is lined with very small extensions of cell
membrane called microvilli. With little increase to
individual cell size, this highly folded fringe of
membrane maximizes the surface area for pumping
hydrogen ions out into the canals that lead into the
stomach.

To review active transport and how cells pump hydrogen
ions out against a gradient, turn to Chapter 1, Section 1.3.

3. What kind of materials might make it easier
to create your model? For example, would
creating a poster work well?

4. Do your materials allow you to easily
control the size of different cell components
in the final model? How will you show the
scale on your cell model?

These hair cells in the inner ear transmit information
about sound to the brain.

Data and Observations

Conduct your research and gather your data.
Record any observations you make both in
writing and as labelled drawings. You may find
it useful to record information on the size of
different cell components in chart form. Collect
copies of photographs and illustrations of your
cell type for reference when making your model.

Conclude and Apply

Podocytes Cells excrete toxic nitrogen-containing
waste in the form of ammonia, which the liver
converts to less toxic substances: uric acid or urea.
An important function of your kidneys is to cleanse
the blood of this nitrogen waste. Cells called
podocytes act as the main filtration barrier in the
nephron of the kidneys. A podocyte has long, thin
processes that interlock with the processes of
another podocyte around the capillaries entering
the kidneys.

Analyze

1. How do the structural characteristics of the
cell type you modelled compare to those of
the generalized cells you studied in Section
2.17 For example, does your cell type have
more of, or lack, a particular organelle?

2. What dimensions does your cell type have
(in pm or mm)? How do these compare with
the dimensions of other cell types?

3. How does the shape of the cell type you
modelled contribute to its special
function(s)?

4. What advantage(s) does its size give it in
carrying out its special function(s)?

5. How do the composition and arrangement of
its internal structures help it carry out its
special function(s)?

6. How does it interact with or support the
function of other cell types?

Exploring Further

7. All specialized eukaryotic cells arise from
undifferentiated cells called stem cells. In
order to become part of a specialized cell
line, many cells have very interesting
developmental paths. Carry out research to
trace the development of the cell type that
you modelled.
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interlocked
podocyte process

Figure 2.27 Podocytes

Arterial blood pressure pushes small molecules
such as water, salts, glucose, amino acids, urea, and
uric acid from the capillaries into the kidney
through thin membranes between prodocyte
processes. However, podocytes keep blood cells,
platelets, and proteins from leaving the blood.
Before urine leaves the kidneys, other specialized

m THINKING | LAB

Cell Detective at Work

Background

Pathologists specialize in identifying signs of disease. Armed
with only a light microscope and methylene blue stain, a
pathologist can identify the signs of nuclear deterioration
that indicate abnormal cell death (necrosis) in a specimen.
In an autopsy, the question of whether certain cells died
before the organism did helps a pathologist determine the
cause of death. In this lab, you will examine liver tissue
samples and, like a pathologist, identify signs of necrosis.

For information about mitosis, turn to Chapter 5, Section 5.1.

kidney cells extract amino acids, glucose, and
required salts from the liquid while some actively
transport wastes such as drugs into the urine.

Squamous epithelial cells Deep in your lungs,
extremely thin, flat cells line the tiny sacs (alveoli)
where gas exchange takes place. Lying directly
against the equally thin cells forming capillary
walls, these squamous epithelial cells provide the
shortest distance possible (about 1 pm) for oxygen
to diffuse into and carbon dioxide to diffuse out of
your body.

To learn more about how red blood cells transport carbon

dioxide to and oxygen from the lungs, turn to Chapter 9,
Section 9.2.

COURSE CHALLENGE

You may find what you learn in the Thinking Lab
below useful in preparing your Biology Course Challenge.
Can you think of a way that you could use this kind of
pathology evidence to develop your crime scenario?

You Try It
1. Each of the four photographs below was made through
a light microscope. Find the cell nuclei in each
photograph, and identify any signs of necrosis.
Describe what these signs look like. If any of the
photographs shows healthy cells, explain how you
know this.

2. If starved for oxygen long enough, a cell will shut down
and then die. How could you arrange the photographs
below to show what this process looks like? Explain
your reasons for choosing this order.

3. Contrast what happens to the nucleus in necrosis to
what happens to the nucleus in mitosis.
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Stem Cells: A Medical Miracle?

Imagine doctors being able to grow new hearts and
kidneys or new nerves for patients paralyzed by spinal
cord injury. Stem cells could be the key to these kind of
dramatic medical advances in the years to come.

What Are Stem Cells?

Stem cells have been described as the blank slate of the
human body — undifferentiated (nonspecialized) cells that
can give rise to any type of cell, from a nerve cell to a
white blood cell. Until they differentiate, stem cells have
the unique ability to reproduce themselves indefinitely.

Most of the rapidly dividing cells of a week-old embryo
are stem cells. These differentiate to become all of the
multitude of cell types in the body. People retain a limited
number of stem cells — one for every five million other
cells. To replace worn-out or damaged cells, the body
uses reserves of stem cells. These are found primarily in
bone marrow but also in the blood, muscle tissue, lining
of the digestive tract, brain, and retina of the eye.

Where Do Researchers Get Stem Cells?

Doctors already take advantage of the rejuvenating power
of stem cells to treat patients with some kinds of leukemia
through bone marrow transplants. However, these
transplants are extremely painful and must be done under
general anesthetic, which entails its own risks. Through
the use of drugs or growth factors, adult stem cells can
also be encouraged to increase in the bone marrow and
can then be collected directly from the blood.

Other sources of stem cells include aborted fetuses,
unused embryos from in-vitro fertilization treatments, and
cord blood. Cord blood is the blood left in the placenta
and umbilical cord following a birth. Canada now has a
well-established private cord blood bank in Toronto and a
public one in Alberta, which accept donations.

What Issues Surround Stem Cell Research?

® The nature of the sources of stem cells has made it
difficult to get enough human stem cells for research.

® Cloning of human embryos could provide a large
supply of stem cells.

m A sick person’s DNA could be transferred into a human
egg. Stem cells from an embryo developed from the
egg could be used to treat the sick person.

® A particular human being could be cloned.
m Harvesting the stem cells from an embryo destroys it.

®m Moral, ethical, and legal questions arise around using
human embryos.

m Potential uses for stem-cell therapies include treating
cancers, strokes, hepatitis, spinal cord injuries,

Alzheimer’s disease, diabetes, heart disease, muscular
dystrophy, AIDS, and other disorders.

B |t once seemed that adult stem cells could only develop
into a few types of tissue, but recent findings have
shown that scientists may be able to program adult
stem cells to act like embryonic stem cells.

What Discoveries Have Canadians Made?

m At least two types of adult stem cell exist: one that
initiates the short-term replacement of tissue and the
other that initiates the long-term replacement of tissue.
(Hospital for Sick Children, Toronto, Ontario)

® |n rats, stem cells from bone marrow injected into
damaged heart muscle took on the appearance and
function of heart muscle cells, replacing the damaged
cells in 20 out of 22 trials. (McGill University Health
Centre, Montréal, Québec)

m |n the presence of an embryo protein (called sonic
hedgehog), adult stem cells from bone marrow rapidly
reproduce, much as stem cells do in a human embryo.
(J.P. Robarts Research Institute, London, Ontario)

Stem cells hold the promise of releasing millions of
people from pain and suffering or death. Stem cells also
raise disturbing questions about how we view life.

Stem cells are stored in liquid nitrogen.

Follow-up

Debate with classmates the pro or con aspects of stem
cell research. You may want to use the following real-life
situation to help focus your discussion:

In the U.S., parents of a six-year-old girl with a rare
inherited blood disease asked doctors for help in
conceiving a baby that could provide donor stem cells for
their daughter. They selected the most suitable embryo
from among 15 created through in vitro fertilization. They
had a little boy, and their daughter received stem cells
from his cord blood in the hope that she will now
produce healthy bone marrow.
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Apoptosis

The proper development and maintenance of all
tissues requires that some cells be removed or
replaced. To allow for this, some cells turn on an
orderly self-destruct process called apoptosis
(programmed cell death). For example, as the
fingers and toes develop, web-like fetal tissue
between the digits goes through apoptosis. These
cells are programmed to die at a particular time.
Most cells with DNA damage and many infected
with viruses die by apoptosis.

When a cell dies from injury, the cell contents
scatter into its environment. In your body, this
leads to inflammation of the area. In apoptosis, a
series of enzyme reactions degrade the contents of
a cell. The cell shrinks, and small bulges appear
along the cell membrane. Figure 2.35 shows how
the cell then breaks into pieces, each bound by a
membrane. Finally, special phagocytotic cells
engulf and digest these cell fragments. The
phagocytotic cells also release chemicals that
inhibit inflammation.

Some cells with damaged or defective DNA Web
do not make the correct chemicals to induce

Figure 2.28 Outside the nucleus (yellow) of a cell undergoing
apoptosis, the cytoplasm (green/red) is fragmenting.

apoptosis. Failure of apoptosis can result in To view an animation of apoptosis, visit the web site shown
some forms of cancer, such as leukemia, and in below. Go to Science Resources and then to BIOLOGY 11 to
autoimmune diseases, such as rheumatoid arthritis. find out where to go next. Compare the web animation to

Figure 2.28. Identify any similarities and differences.

Too much apoptosis can lead to degenerative :
www.school.mcgrawhill.ca/resources/

diseases, such as muscular dystrophy.

1
] SECTION REVIEW

1. Explain how tissues relate to organ systems. 8. I Canadian researchers discovered a gene
responsible for programmed cell death. It codes for a

. € i i
2. €D Why are some cells in your body highly protein that intiates apoptosis in embryo cells.

specialized?

(a) The scientists cloned mice lacking this gene.
None of the mice survived to be born. When the
scientists studied the mouse embryos, describe

3. Complete this chart in your notebook:

Cell type | Organ ‘ Organ system .

what you think they found.

heart muscle (b) Some cancer cells may grow out of control.

parietal How could this new research help scientists fight
cancer?

podocyte (nephron)

squamous epithelial .
UNIT INVESTIGATION PREP

4. Mature red blood cells have no mitochondria. Specialized cells lining the small intestine absorb and help
Explain how this reflects the function of these cells. to break down food. What structural features are typical

of such a cell? What would happen if these cells could
not break down large molecules into subunits, such as
6. Apoptosis is often called “programmed cell monosaccharides?

death.” What does this phrase mean?

5. @ Make a flip book to show the process of apoptosis.

7. How is a stem cell different from a regular cell?
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Advancing Biotechnological Frontiers

EXPECTATIONS

i
= Present informed opinions on
advances in cellular biology
related to new treatments for

cancer.

= Analyze ways in which
societal needs have led to
technological advances
related to cellular processes.

Figure 2.29 Special biohazard
equipment has been developed
to protect researchers and
technicians who work with
samples containing extremely
dangerous disease-causing
agents such as ebola and
anthrax.

Research in cell biology involves a cross-section
of scientific disciplines and makes use of many
different types of technology. Even seemingly
unrelated technologies such as the Internet and
microcomputers help accelerate the already rapid
pace of discoveries related to cells. Figure 2.29
illustrates how researchers need technology far
beyond the microscope and petri dish to even look
at some kinds of biological processes.

What kind of impact might recent research into
cell biology have? What types of technology does it
use or apply? This section gives a few examples to
help you explore these questions.

Finding New Cancer Treatments

Even as investigators map the process by which
apoptosis works, they are looking for ways to
activate the apoptotic mechanism in tumour cells.
The possibility that cancer cells could be induced
to self-destruct may provide the basis for various
treatments. To start, researchers look at how treated
cells in a culture die. (A culture consists of a few
cells placed on a growing medium in a petri dish to
multiply.) They track this by tagging cellular
structures sensitive to the changes that take place
during apoptosis with fluorescing dyes. This allows
them to literally see how a particular treatment is
working. For example, one fluorescing marker used
is sensitive to chemical changes in mitochondria

as they degrade in a dying cell. While the

mitochondria remain intact, the marker fluoresces
red. When the mitochondrial membrane breaks, it
fluoresces green — indicating that apoptosis is
underway.

Following another line of investigation,
Canadian researchers at the University of Alberta
recently discovered that some cancer cells do not
produce an important cell membrane receptor. This
membrane protein allows the killer cells of the
immune system to signal a damaged cell to begin
the process of apoptosis. This finding opens the
door to research on ways to get these tumour cells
to accept or produce the membrane receptor that
would then allow killer cells to destroy them.

o

A PAP test allows for early detection of cancer of the cervix,
a common form of cancer in women. This test involves
removing a few cervical cells and checking them under a
microscope for signs of cancer.

How Societal Needs Drive
Technological Advances

Much modern technology has been developed to
meet the needs (or satisfy the wants) of society.
As an example, this section reviews the evolution
of treatment for diabetes to illustrate ways in
which technological advances can be driven by
societal needs.
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in Biology Gl

Global Heroes: Banting and
Best Discover Insulin

Frederick Banting, right, and Charles Best, left,
discovered a life-saving treatment for diabetes: insulin.

A diagnosis of diabetes meant almost certain death until
1922, when the discovery of its cause and treatment
thrust two young Canadian researchers into the
international spotlight. Frederick Banting and Charles
Best seemed unlikely heroes, and neither had any special
research qualifications. Though a diabetic’s blood
contains high levels of glucose, very little of it enters the
cells. This means that an untreated patient can literally
starve to death while eating what should be adequate
meals.

Unexpected Insight

Banting had obtained a medical degree at the University
of Toronto and trained in orthopedic surgery. On October
30, 1920, he read a medical journal article about an
apparent link between the pancreas and diabetes. He
learned that (1) depancreatized dogs developed
symptoms of diabetes; (2) a healthy pancreas contains
background cells and a small scattering of distinctive cell
clusters called the islets of Langerhans; (3) if the main
duct of the pancreas is deliberately blocked, the
background tissue usually shrivels up but the islets often
persist; (4) if the islet cells remain healthy, diabetes does
not develop. Apparently, the islets held the key that
allowed glucose to enter the body’s cells.

At about two the next morning, Banting suddenly awoke
with an exciting research idea that would eventually save
the lives of millions of diabetics around the world and
dramatically change his own.

Banting’s Bold Idea

Banting’s idea was this: block the pancreatic duct to
isolate islets cells from the pancreas of a dog, chemically
extract the islet secretions, and administer the purified
extract to another dog made diabetic by removing its

pancreas. He hypothesized that the islets extract would
normalize the second dog’s blood sugar levels.

Banting presented his hypothesis to Dr. J.J.R. Macleod,
a diabetes expert at the University of Toronto. Intrigued,
Macleod offered Banting a small lab, a supply of dogs,
and a 21-year-old assistant, Charles Best. Best was in
medical school, and his excellent laboratory skills in
biochemistry complemented Banting’s surgical experience.

The first exhilarating results supporting their hypothesis
came on July 30, 1921, when a diabetic dog’s blood
sugar did normalize as expected. By November, they had
duplicated this result many times over.

Breakthrough

Banting and Best’s extract was given to a human diabetic
patient for the first time on January 11, 1922, but with
disappointing results. Fortunately, J.B. Collip, a biochemist
from the University of Alberta, had joined the team late in
December. After much “bathtubb chemistry,” as he later
described it, Collip discovered that alcohol in a 90%
concentration precipitated the active ingredient out of the
raw extract. On January 23, Collip’s purer extract was
given to the same patient with much greater success.

Wegth 5

T i(" b o 3T -' L : s 4+

The membrane-bound secretory granules (vesicles) in this
islets cell contain insulin (red dots).

Macleod named the extract insulin, after the Latin word
for “island.” The University of Toronto’s Connaught
Laboratories immediately began developing large-scale
production methods. The outcome was dramatic: within
months, insulin was saving lives all around the world.

The media spotlight shone with its brightest intensity in
1923 when Banting and Macleod were awarded the
Nobel Prize for medicine. Shocked that Macleod was
named and not Best, Banting immediately split his award
with his young assistant. Macleod followed suit by
sharing his award with Collip. Surely, in this great
moment, there was glory enough for all.
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Needs of Diabetics Still Drive Research

What makes insulin so important? Diabetes

is caused either by a deficiency of insulin,

because the islet cells in the pancreas have been
damaged or destroyed, or by the inability of cells to
respond to insulin. When you eat, the cells in your
intestines transfer nutrients into the blood stream.
Within minutes of a rise in blood glucose levels,
healthy islets cells synthesize quantities of insulin
and secrete it into the blood stream. Insulin is a
hormone that binds to cell membrane receptors,
primarily on muscle and liver cells. This signals
the cells to take up glucose and amino acids. By

a mechanism not yet understood, it also causes
protein synthesis to start. As soon as blood glucose
levels fall, insulin production rapidly shuts down.
However, your cells have now stored the nutrients
they need until the next meal.

Without insulin, or when cells fail to receive its
signal, glucose and amino acid transport into cells
and protein synthesis within cells shut down. The
body uses lipids as an alternative energy source to
glucose, and large quantities of lipid products start
circulating in the blood. Some of these form
deposits in blood vessels, impeding circulation;
others are acidic and damage tissues. The blood
contains so much glucose that kidney cells cannot
filter it back into blood. Glucose in the urine draws
water with it by osmosis, causing cells to become
dehydrated and circulation to collapse.
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Figure 2.30 A computerized smart insulin pump is still very
expensive.

Figure 2.31 Scientists insert the human gene for insulin into
a bacterial plasmid such as this one. Other bacteria
exposed to the new, recombinant, plasmids take them up
and begin transcribing and translating insulin.

Biotechnology and human insulin. The millions
of diabetics around the world create a huge demand
for insulin. Until 1982, all insulin was extracted
from the islet cells of beef cattle or pigs. Animal
insulin is similar enough to human insulin that
it can work in the human body. However, most
diabetes patients eventually developed a sensitivity
or even an allergic reaction to it.

The mass production of truly human insulin was
one of the first applications of biotechnology. This
aspect of biotechnology involves the use of living
organisms to manufacture products for humans.
The pharmaceutical industry now genetically
engineers bacteria to manufacture human insulin.
The bacteria are given the DNA instructions
for making human insulin molecules and then
manufacture insulin along with the other proteins
they need for their own life functions.

~»~ FAST FORWARD

To view how the gene for human insulin is spliced into
bacterial plasmids, turn to Chapter 12, Section 12.2.

On-time insulin delivery. Another aspect of
biotechnology involves applying knowledge and
techniques from engineering to solve biological
problems. Regardless of their source of injected
insulin, diabetics have to deal with swings in blood
sugar levels. Thanks to computerized “smart”
pumps, some diabetics now have access to the
type of insulin pump pictured in Figure 2.30. This
tests a diabetic’s blood several times a day and
automatically dispenses the correct amount
of insulin.
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Figure 2.32 Viruses like this rubella virus, which you were
probably vaccinated against, infect animal cells.

Viral vector technology. When you hear the
word “virus,” you may think of flu “bugs” or
perhaps something like the more severe ebola
virus. A virus is not much more than a small
collection of nucleic acids tightly wrapped in a
protective protein coat. The nucleic acids contain
instructions for manufacturing more viruses, but a
virus cannot manufacture anything until it gains
access to the organelles of a living cell. Inside a
cell, the viral nucleic acids take over cellular
operations from the nucleus.

Biologists are now exploiting the ability of
viruses to enter cells. University of Calgary
researchers are using a virus as a vector (or tiny
vehicle) to carry specific pieces of DNA into the
livers of diabetic mice. They splice DNA
instructions for making a molecule similar to
mouse insulin into the DNA of a harmless virus.
When the virus enters (infects) mouse liver cells,
the cells begin to make the desired insulin-like
molecules. Although the engineered insulin is only
40% as potent as natural insulin, this is sufficient
to control blood glucose levels. This research may
lead to the use of viral vector technology to treat
human diabetics, allowing their liver cells to
produce insulin-like molecules in a natural way.

_—

To learn more about viral replication and viral vectors, turn
to Chapter 11, Section 11.2.

eeeesesssss—— .- FAST FORWARD
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Diabetes and cancer represent just two of many
diseases for which researchers continue to search
for better treatments. From the examples given,
you can see how their work has led to or used
technological advances related to cellular processes.
This work and other research into cell biology
has provided investigators with an arsenal of
information and tools that can be applied to finding
ways to alleviate human suffering and disease.

Newer Forces Driving Research

Two examples of recently identified diseases

that ravage people’s health are AIDS (acquired
immunodeficiency syndrome) and hepatitis C.
AIDS is caused by the human immunodeficiency
virus (HIV); hepatitis C is caused by the hepatitis C
virus (HCV). Millions of people worldwide are
infected with these diseases, and treatments for
both are rapidly being developed.

Isolated as a separate disease in 1987, HCV is
transmitted through direct contact with infected
blood. Tt spreads quickly among people who share
injection needles. Tattooing and body piercing may
also put people at risk of acquiring HCV.

The virus damages liver cells. An infected
person may not manifest symptoms for 20 years.
Symptoms include fatigue, jaundice (yellowing of
the skin or eyes), nausea, hair loss, and a build-up
of toxins in the blood. Infection can lead to chronic
inflammation of the liver, liver cancer, and death.
Many people with HCV need liver transplants.

Only in 1990 did a reliable HCV test become
available. Many people with hepatitis C got it
through blood transfusions received before testing
for HCV became established. Scientists in Québec
recently developed a combination of drugs that has
been shown to be effective in eliminating HCV
from the blood.

wer

To see an animation of the HCV life cycle, visit the web site
shown below. Go to Science Resources and then to BIOLOGY 11
to find out where to go next. How does HCV enter liver cells?
Which cell structures and processes does HCV use to replicate
itself?

www.school.mcgrawhill.ca/resources/



Tracking Treatment Technology

Background

HIV and HCV present special challenges for the immune
system and researchers alike. Much like the trypanosomes
pictured on page 7, both of these viruses mutate rapidly.
This changes the surface proteins of their protein coats and
tricks the immune system so that it does not recognize

the viruses as invaders. In order to develop successful
treatments, researchers must keep abreast of the latest
developments in their field and know its history. In this lab,
you will help to create and complete a class tracking sheet
to capture relevant treatment, technology, and research
information about at least two diseases, AIDS and hepatitis C.

Recent Research Finding I: AIDS

People who show evidence of having HIV are constantly
tested for viral load (the number of viruses in the blood) and
a count of the CD4+T cells in their blood. These cells are
the part of the immune system that coordinates the activity
of cytotoxic T cells (killer cells) to eliminate a virus. HIV
infects CD4+T cells. As the infection develops, the count of
CD4+T cells in the blood drops. This diminishes the ability
of the immune system to respond to all kinds of infection.
Does the HIV virus actually kill all these CD4+T cells? Many
uninfected CD4+T cells die by apoptosis. During HIV
infection, killer cells appear to bind with CD4+T cells and
start the apoptotic cascade. Also, the antibodies formed as
part of the immune response to HIV seem to initiate
apoptosis in these CD4+T cells.

Recent Research Finding lI: AIDS

Typically, HIV enters a CD4-T cell by binding to two different
receptors on the cell membrane. First, the virus binds with
the CD-4 receptor and then with a nearby CCR-5 receptor.
Once attached to both receptors, the virus can enter the
cell. A small number of people exposed to HIV never devel-
op AIDS and show no antibody response to it. These
people have a natural immunity to HIV. They also have a
defective gene that affects the amino acid sequence of the
CCR-5 receptor protein. In these people, HIV binds with the
CD-4 receptor but cannot bind with the modified CCR-5
receptor. So the virus is unable to enter the cell. The
modified CCR-5 receptor does not appear to impair the
health or function of the individuals who have it. A new

line of research arising from this is exploring ways to make
a vaccine that targets and disables CCR-5 membrane
receptors.

Causative Method(s)

transmission

Method(s)

Disease protection

hepatitis C

WA cenenoloas ]
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To see animations and explanations of HIV topics, visit the web
site shown below. Go to Science Resources and then to
BIOLOGY 11 to find out where to go next. Describe how HIV
enters a T-lymphocyte. How does the drug AZT help people
with AIDS?

www.school.megrawhill.ca/resources/

HIV viruses (green particles) are budding from the surface of
this T-lymphocyte (a CD4+T cell).

You Try It

1. Use the sample tracking sheet below to develop a class
tracking sheet. Decide if any columns should be added
to it. For example, would dividing the Treatment(s)
column into an Early Treatment(s) and a Current
Treatment(s) column make it easier for you to track the
evolution of related technologies? Decide if you would
like to add additional rows to the tracking sheet. For
example, you might include ebola, influenza, or mad
cow disease. Add any relevant information to the track-
ing sheet from this section of the book. Then research
the current status of treatment for each disease by
searching for information from newspaper articles and
current web sites.

2. In the research described above, investigators started
by asking themselves a question that led them to
examine a specific aspect of HIV infection. Find this
question in Recent Research Finding |. Then extrapolate
what this question must have been for Recent
Research Finding Il. Explain how these questions
helped to focus the research in each case.

Current
research

Technology
involved

Funding

Treatment(s) source(s)
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Disease and Cells

All diseases work at the level of the cell and affect
the function of cells in different ways. In this
section, you have seen examples of diseases
resulting from damage to cells (diabetes and
cancer) and caused by viral infections (AIDS and
hepatitis C). Other infectious agents include
bacteria, mycoplasmas, and prions. In Section 2.2,
you read about Tay-Sachs disease, an example of a
disease caused by a genetic defect. Environmental
factors or ingested toxins can also cause disease.

Whatever the cause of the disease, you have seen
how the loss in function of one type of specialized
tissue — even the loss of one protein — can have a
profound effect on the health of an individual. The
interdependent nature of cellular interactions can
initiate a cascade of damaging effects in many parts
of the body.

Research to understand how cellular structures
contribute to life processes helps scientists unravel
the mechanisms of disease. This often leads to the
development of new technology and treatments.

In medicine as elsewhere, one technology builds
on another. The insulin pump could not have been
developed until the miniaturization of computers
(for military and other purposes) became quite
advanced. The technology to manufacture human
insulin could not have been developed without the
techniques for cloning particular DNA sequences.
Techniques developed for apoptosis research
may lead to new treatments for cancer. Fantastic
new discoveries and technologies are just around
the corner.

Choose a disease in which you are interested or that you have
read about in this section. In the role of a member of a
foundation raising money for research, write a brochure to
raise public awareness about the disease. Include information
about some of the latest research your foundation funded and
any new discoveries or technologies that people’s contributions
supported. In what ways can raising public awareness benefit
researchers or those afflicted with this disease?

1
[ SECTION REVIEW

1. What do HIV and HCV stand for?

2. @ Refer to Figure 2.29 at the beginning of this
section. Explain how the researcher is protected from
biohazards in the workplace.

w

. Explain how fluorescent dyes can be useful
when learning about how cancer cells work.

4. How does a faulty membrane receptor help
certain cancer cells survive?

[$)]

. Copy and complete the consequences map on
the right in your notebook.

(a) Why is the diagram called a cascade?

(b) Identify three technologies used to help prevent
the negative consequences of the diabetes
cascade.

(c) Explain how one of these technologies could be
used help diabetics with healthy islets cells.

6. @ Describe the environmental benefits of using
biotechnology to produce insulin instead of earlier
insulin production methods.

7. @ Use labelled diagrams to compare the way that
HIV and HCV infect and affect their target cells.

8. @ Write an article about what impact you think
public awareness has on research to detect and treat
diseases such as AIDS and hepatitis C.
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Chapter Expectations
Briefly explain each of the following points.

e Eukaryotic cells contain membrane-bound
organelles, such as the nucleus. (2.1)

¢ A plant cell has unique structures that allow
it to make food and deal with different
osmotic conditions. (2.1)

e Cells must make proteins to create
structural components, enzymes, and
hormones. (2.2)

e In all cells, protein synthesis starts with
transcription of the DNA instructions for
making a polypeptide. (2.2)

¢ Lysosomal digestion allows a eukaryotic cell
to break down organic compounds and re-
use their components, such as the amino
acids required for protein synthesis. (2.2)

e A parietal cell pumps hydrogen ions into
the stomach, so the cell needs many
mitochondria. (2.3)

e Cells in the lungs have a very thin layer of
cytoplasm to allow for rapid diffusion of
oxygen and carbon dioxide. (2.3)

e Some cancer research is investigating the
possibility of triggering cancer cells to
undergo apoptosis. (2.4)

\.

* People’s need to fight disease leads to
research and technological advances. (2.4)

Language of Biology

Write a sentence using each of the following words or
terms. Use any six terms in a concept map to show
your understanding of how they are related.

e prokaryote e central vacuole
e cukaryote e plastids

e organelles e chloroplasts

® nucleus ® nucleoid

e nucleolus e plasmids

® ribosomes e capsule

e endoplasmic reticulum e thylakoids

e Golgi apparatus e pili

e mitochondria e protein synthesis
e cristae e transcription

e lysosomes * mMRNA

® peroxisomes e translation

e cytoskeleton e tRNA

e actin filaments e lysosomal digestion
¢ intermediate filaments ® enzyme

e microtubules e tissue

e centrosome ® organ

e centrioles e microvilli

e cilia e apoptosis

e flagella e biotechnology

e cell wall

UNDERSTANDING CONCEPTS

1. Diffusion works quickly over a short distance,
but it is very slow over a long distance.
Eukarytoic cells can be very large. Which cell
structures compensate for this problem? How?

2. Identify the organelle in the photomicrograph
below. Explain how organelle orientation can
affect what you see in a photomicrograph of a
cell.

3. Only eukaryotic cells have a cytoskeleton.
(a) How has new technology changed
cytoskeleton study?
(b) Explain how the cytoskeleton is important
to the eukaryotic cell.
(c) What functions must be different in a
prokaryotic cell?

4. How does the cell wall prevent lysis?

5. What organelles would be larger or more
numerous in a cell that produces large amounts
of a protein product?

6. Which cell type is likely to have many
peroxisomes: liver cells, red blood cells, and/or
parietal cells? Explain your answer.

7. Outline the process of creating a lysosome.

8. Explain how cells recycle matter efficiently.

Organizing Life ¢ MHR



9. Identify three cell processes that use energy.

10. Some organelles have one membrane layer and
others have two. Take an example of each kind
of organelle, and explain how the membranes

have similar or different functions.

11. White blood cells have lysosomes, but mature
red blood cells do not. Explain one reason for

this difference.

12. The pancreas has excretory cells. Explain the
production and release of insulin in terms of

cell processes.

13. How are mitochondria and chloroplasts

distinct from other organelles?

14. Testosterone is a lipid molecule. Why is lipid
produced in the smooth endoplasmsic

reticulum (ER) and not the rough ER?

15. Outline the consequences for a cell if it had no

nucleolus.

17. Refer to these photographs.

-
L

- Tan,
’ - x

(a) If 2 cm represents 265 nm on the
mitochondrion electron micrograph,
determine the approximate length of this
organelle.
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18.

19.

20.

16. The generalized plant cell below shows all of
its key cellular structures.

(a) Identify three structures that are critical to
the cell’s survival.

(b) Justify your selection.

(c) Share your response with other students.
Make additional comments after listening
to their thoughts.

(b) Use the scale with the chloroplast electron
micrograph to determine the approximate
size of this organelle.

(c) Make a diagram showing the relative size of
each structure. Include the scale.

Some chemicals prevent the organization of

microtubules into spindle fibres.

(a) Predict the effect of one of these chemicals
on cells.

(b) Design a lab to test your prediction.

As a researcher, you are studying a particular

genetic disorder that slowly destroys cells

through the accumulation of amino acid

chains.

(a) Suggest a cell process that is not
functioning properly.

(b) What are your reasons for thinking this?

(c) What kind of research could you explore to
discover if your ideas are correct?

B-cell leukemia is a cancer of the B-cells of the
immune system. A researcher has hypothesized
that this cancer is due to a failure of the
apoptosis of B-cells after they have performed
their part in an immune response. From the
studies of apoptosis in other cells, a protein
known as Bcl-2 has been observed to play a
role in the apoptotic process. In a study to
investigate whether or not Bcl-2 is involved in
B-cell apoptosis, mice were infected with the



Epstein-Barr virus to initiate B-cell production.
The mice were then divided into two groups. 6250-
One group was given injectiong of Bcl-z;'the -~ g 200+
other was not. Ten days after viral infection, 52
another B-cell count was performed on both 8 S 1501
groups. The results are illustrated on the right. @ g 4
(a) From the results, draw conclusions about 0 ‘CO: Il No Bcl-2 supplied
what k1r.1d of role Bcl-2 may play in X 507 Il Bci-2 supplied
apoptosis.
(b) During this experiment, the mice were kept 0
in a sterile environment. Why would this
be essential to ensure the validity of the
experiment?
COMMUNICATING

21.

22,

23.

24.

Create a poster to show how protein synthesis
and lysosomal digestion are both parts of a
cycle of matter within the cell.

Make a five-panel cartoon of apoptosis. Add
text in a caption or text bubbles to explain how
apoptosis helps recycle matter in the body.

Many cellular processes are still poorly
understood. Further research and new
technology could change this situation. Write a
persuasive letter to your MP asking for the
government to continue providing grants to
fund basic research into cell function.

A change in the DNA of a specialized cell can
cause a protein error. Use your knowledge of
how some diseases affect cells to make a
consequences map showing the cascade of

steps that could result from this. Choose one of
the possible paths from the partial cascade
shown below. Keep in mind that the result of
some cascades may be something other than
cell death. Label points in the cascade where
technological interventions can help people
deal with the disease.

Specialized cell

DNA error

Protein error

i

Cell membrane Enzyme affected

protein affected

MAKING CONNECTIONS

25.

26.

27.

Cells use matter efficiently. Suggest how people
could learn from the cell to produce less waste
for landfill.

A virus consists of only a protein coat and a

small piece of nucleic acid.

(a) What information is coded on the nucleic
acid?

(b) A virus must use a living cell to make new
virus copies. Explain why.

(c) The immune system can attack a virus that
it recognizes. This is the basis of vaccine
protection from a virus. Which part of the
virus should be used for a vaccine? Explain
your answer.

HIV and HCV are global diseases that kill
millions of people each year. However, few
Canadians die of these diseases. Explain why

28.

29.

many Canadian research teams are trying to
find new technologies to fight these diseases.

Although many diseases can cause tissue
damage or kill people, there are limits to the
financial support and teams of trained
researchers available to find treatments. Who
sets the priorities for research? Identify four
criteria that should help people prioritize
research funding.

A specialized cell in a multicellular animal
cannot do the work required by the entire
body, but collectively the animal’s cells can.
Also, the animal’s body has the flexibility and
resources to be able to deal with problems that
arise with individual cells. Explain how these
complex interactions are mirrored in the
workings of society.
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Reflecting
Questions

CHAPTERe _

Cells, Energy,
and Technology

~y

= How do cells transfer
and use energy?

m \What are key energy
processes in cells?

= How can metabolic
processes in cells offer
solutions to difficult
problems?

78

The runner in the photograph would
come to a complete standstill without
energy. Every muscle cell in the
runner’s body, every cell in her brain,
eyes, intestines, and skin, must have
energy to function and to stay alive.
The cells of her body obtain their
energy from the food she eats.

A living plant’s need for energy is
much like the runner’s. Every cell
making up a plant’s roots, stems, and
leaves must have energy to function.
Where do the cells of the plant obtain
their energy from? The inset
photograph shows a fossilized plant.
Forests of plants from ancient times
stored great amounts of solar energy
as organic matter. Buried beneath
layer upon layer of sediment, great
pressure over many years changed
the plant matter into the coal and oil
we use today.

The processes that stored this
energy long ago continue today in the
plants around us. We rely on plants
for food, fuel, and other products.
Cells continue to use the same
processes that store and release energy.
How do the cells of living things
make use of the molecules you
investigated in Chapter 1? How do
they obtain the energy needed to run
all the chemical processes that you
investigated in Chapter 27 So far, this
unit has focussed on the matter that
makes life possible: organelles and
the molecules they require. This
chapter rounds out your study of
cells and cell processes by
concentrating on energy — the other
necessity that makes life possible.

You will investigate how organisms
obtain energy, and you will be
introduced to the mechanisms that
allow cells to make use of energy. You
will also explore some technologies
that humans have developed to make
use of biological processes.

Trees of the distant past, buried in
swamps and covered with mud and

silt over thousands of years, were
transformed by the resulting heat and
pressure into one of today’s principal
fuels: carbon-rich coal. What processes
allowed them to obtain, then to store,
the energy we now use?
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Cells, Matter, and Energy

EXPECTATIONS

i

= Explain the molecular
principles and mechanisms
that govern energy-
transforming activities in all
organisms.

Figure 3.1 Although only a
small fraction of the total energy
emitted by the Sun reaches
Earth’s surface to be used by
plants and algae to produce
food, that small share is enough
to sustain life on our planet.

solar energy

2% of solar energy reaching
Earth’s atmosphere

photosynthesizers

-'

herbivores

decomposers

e

/ energy transformed to hea

thermal energy returned
to the atmosphere

You have learned that all organisms are composed
of cells, whether they are plants, animals, algae,
fungi, or micro-organisms. They all need food to
provide the energy and matter they need for growth
and reproduction. As the above flowchart shows,
the organisms that photosynthesize obtain their
energy directly from the Sun. What about other
organisms? What is the source of their energy? The
herbivores (plant eaters) obtain it directly from the
plants they eat. The carnivores (meat eaters) obtain
it from the herbivores they eat, and the top
carnivores obtain energy from the herbivores and
other carnivores they eat. Notice that the boxes

containing the names of organisms (e.g. carnivores)
become smaller and smaller. This is done to
illustrate an important point — not all of the
energy the photosynthesizers obtain from the Sun
is passed on to the herbivores that eat them, and so
on. Why not? Think about it. Some of the energy
that a dog, for example, obtains from its food is
used for everyday processes — walking, running,
catching a stick, even blinking its eyes. Some is
transformed to other forms of energy, such as
sound (as it barks) and thermal energy (heat that
keeps its body warm). Thus, some energy escapes

Matter and Energy Carousel

Living things use energy to organize matter. How are energy
and matter related to the processes of life? Do this activity
to find out about this question.

Your class will divide into small groups. Each group will be
assigned one coloured marker. The black marker will be
used to show the paths of carbon atoms. The red marker
will show the paths of oxygen atoms. The blue marker will
show the paths of hydrogen atoms, and the green marker
will represent the transfer of energy.

There will be six stations set up around the room, each with
a different scene. One station will have a picture showing a
picnic scene, another will have a forest scene, yet another
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will have an underwater scene, etc. At each station your
group will use the marker assigned to you to mark coloured
arrows on the diagram or photograph, showing the path of
the type of atom, or energy, for which your group is
responsible. A sheet of lined paper is available at each
station for your group to write additional comments. You
will remain at the last station, and your group will be
responsible for reporting all the results of that station.

Analyze

1. One member of your group will report on the collective
findings of all the groups for the station.

2. Was there agreement on what happens to each kind of
atom and to energy? If not, what are some questions to
which you still need to find answers?



from the food chain at each of the feeding or
so-called trophic levels (see Figure 3.1).

What about the matter? Does matter escape from
the food chain as energy does, or is it simply
cycled over and over and over again?

Figure 3.2 What activities use the energy supplied by the
food the fox eats? That energy will no longer be available
to the eagle or bear that attacks the fox, or to the
decomposers if it dies a natural death.

Thinking About Energy

The following brief review of energy concepts will
ensure you understand the nature of energy before
you proceed with this chapter. You will probably
recall from your previous studies that energy is the
capacity to do work. You are already familiar with
some everyday forms of energy — light energy, sound
energy, electrical energy, etc. Potential energy is
stored energy. An apple hanging from a stem on a
tree has potential energy as does the water stored
behind a dam, but that energy must be released
before it can actually do any work. Kinetic energy
is the energy of motion, such as the energy of an
apple falling to the ground from the tree or water
flowing over a dam (its energy can then be
harnessed to run turbines to generate electricity, for
example). Chemical energy is the energy stored in
the bonds between atoms in molecules. Thus,
chemical energy is potential energy. Once the
chemical bonds are broken, the atoms have extra
kinetic energy. They have the ability to move, to do
work, to make things happen. By 1859, strong
evidence persuaded scientists to accept the Law of
Conservation of Energy, which states the idea that
energy can neither be created nor destroyed, but
simply converted to another form of energy. So far,

no exceptions have been found to this enormously
important idea.

Consider this chain of transformations. A
baseball is thrown into a mitt on your hand. You
hear a thud as it hits your mitt. You have just
observed evidence of energy transformation. The
energy of the incoming ball was in the form of
kinetic energy (of motion). As the ball hits your
mitt, some kinetic energy was transformed into
sound energy. A sensitive thermometer would also
detect an increase in the mitt’s temperature where
the ball struck it. In this transformation, kinetic
energy was converted to thermal energy. Note that
none of the ball’s energy has been “lost,” it is
simply transformed.

Figure 3.3 What energy transformations occur when the
ball hits your baseball mitt?

Chemical reactions also involve energy
transformations: that is, a change of energy from
one form to another. As long as a cell remains alive
it retains the ability to control the chemical
reactions occurring within it. If too little energy is
transformed during certain reactions, the cell dies.
The intricate chemical balance that cells are
capable of maintaining is difficult to imagine.
Taken together, the total of all of the chemical
reactions that occur within a cell are known as its
metabolism. Metabolism includes all of the
building up and breaking down of substances in a
cell as well as the energy changes that occur
simultaneously. A cell’s metabolism relies on
chemical energy. The next section will reveal
where that chemical energy comes from.
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[ SECTION REVIEW

1. Look at the two photographs shown here to 2. Why do cells need energy?
check your understanding of energy. Identify areas in
the photographs where an energy transformation is
taking place. Some will be useful, ensuring that work

3. Identify five ways your body uses energy during
an average day.

is done. Others will be conversions to energy forms 4, Glucose is a common source of energy in cells.
that cannot be (or, at least, are not being) used to do Where is the energy in glucose?

work. Identify, as well, where potential energy may be
used to do work in the future.

5. @ Energy can not be created or destroyed. The flow
diagram in Figure 3.1 seems to show a loss of
energy.

(a) Explain this apparent loss of energy.

(b) Assume that the atmosphere of the Earth
changed so that energy from the Sun could reach
the surface of Earth but visible light could not.
How would the flow diagram change?

6. © Make a flow diagram showing the chain of energy
transformations for each of the following situations:

(a) This book falls off a table.
(b) You walk home after eating a meal.

7. Define the term metabolism. Then, do the
following:

(a) List three metabolic processes you have studied
in previous chapters.

(b) For one of these processes, identify how energy
is used.

8. @ Amylose and cellulose are carbohydrates. We can
eat both, but can only use amylose as a source of
energy. Some animals can digest cellulose and use
the energy stored in this carbohydrate. Which
molecule has the greatest potential energy? Propose
one way to answer this question.

9. @® The flow diagram in Figure 3.1 shows the Sun as
the source of energy for life on Earth. Design a
diagram to show the path followed by oxygen among
living things on Earth.

10. I Constant solar energy supports the processes
of life on Earth. How, then, can we have energy
shortages?

~J UNIT INVESTIGATION PREP

How does energy flow through communities of
organisms? How much energy is transferred from
herbivores to carnivores, for instance? Energy is also
stored in various molecules, including the fat, protein,
and carbohydrate in milk. Which of these molecules is
your body most likely to use? What is the ultimate source
of this energy? Write your thoughts in preparation for
your Unit 1 Design Your Own Investigation.
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The Process of Photosynthesis

EXPECTATIONS

H

= Explain how plant cells
transfer the energy from light
into energy stored in chemical
bonds.

= |dentify the raw materials
and end products of
photosynthesis.

Figure 3.4 Photosynthesis
stores energy and cellular
respiration releases energy,
helping to drive the carbon cycle.

photosynthesis

dead organisms 2=
and wastes

carbon dioxide
and

oxygen

in atmosphere

CO;

cellular

respiration
cellular P

respiration

. dead organisms
“‘and wastes

decomposers
(bacteria and'fungi)

The illustration above depicts the carbon cycle. As
well as recycling the element carbon, this cycle
also involves two energy transformations that are
essential for life. The first of these transformations
is photosynthesis, in which light energy from the
Sun is used to transform carbon dioxide and water
into energy-rich food molecules. You have already
learned the chemical equation for this process:

light energy
6C0O, + 6H,O ——>

carbon water
dioxide

CeH1206 + 60,

glucose  oxygen

The energy in the food made by this process is
used by organisms to grow and carry out all their
other life functions. For example, where does your
energy come from? It comes from the food you eat.
If you eat cheese, the energy comes from a cow,
which in turn obtained its energy from the grass it
ate. The grass obtained its energy from the sunlight.
In other words, the energy in your food also came
originally from the light energy, converted to stored
energy in the chemical bonds of carbohydrate
molecules.

How is the stored chemical energy in food made
available for your cells to use? The energy is released
by the second important transformation process
seen in the carbon cycle — cellular respiration:

CeH 1206 + 60, —— 6H,0 + 6CO, + energy
glucose oxygen ATP (energy

dioxide storage
molecule)

water  carbon

(Note: CgH120p represents a simple carbohydrate,
but green plants produce other energy-rich food
molecules as well.)

The process of respiration releases energy for
use by the cell. Both cellular respiration and
photosynthesis are actually a series of many
different chemical reactions. All chemical reactions
involve the absorption or release of energy. You
will explore the major reactions of both
photosynthesis and cellular respiration in
more detail in this chapter.

What Is Photosynthesis?

The equation for photosynthesis shown on this
page shows what photosynthesis does, but not how
it works. In fact, the process of photosynthesis
involves over 100 different chemical reactions.
These reactions proceed in two main stages called
the photo stage and the synthesis stage. Each stage,
in turn, involves a set of reactions. The reactions of
the photo stage supply the chemical energy needed
to drive the synthesis reactions forward. The
reactions of the synthesis stage store chemical
energy in the bonds of glucose, a simple
carbohydrate molecule. The photo stage is also
known as the light dependent reactions. The
synthesis stage is also called the light independent
reactions.

Cells, Energy, and Technology e MHR e 83



werd I

The word photosynthesis is a combination of Greek words:
“photo” from photos meaning light, “synthesis” from syn,
meaning together, and sis meaning putting or placing.

Knowledge about exactly how photosynthesis
occurs has come from many different sources.
Physicists have made some discoveries, chemists
others, and biologists still others. Because each
specialty has its own preferred terminology, there
is often more than one name for the same part or
process. To keep your study of photosynthesis
straightforward, this book uses only the simpler
terms, but other resources or reference books may
use different or more advanced terminology.

What Is Light?

Since the first stage of photosynthesis involves
light, we begin with a review of the nature of light.
As you may know, we are surrounded by both
visible and invisible radiation from our Sun and
other sources. Examples of invisible radiation
include TV signals, microwaves, and X-rays.
Visible radiation is usually simply called light.

In earlier studies you learned about the wave
model of light, whose main ideas are listed below.

m Radiation such as light consists of energy waves
with both electrical and magnetic properties. This
electromagnetic radiation travels outward from its
source in regular waves or pulses of energy,
rather than in a constant unchanging flow.

m The entire range of radiation produced by natural
or human-made sources is called the
electromagnetic spectrum (see Figure 3.5).

All forms of electromagnetic radiation travel at
the same astonishing speed, 300 000 000 m/s, but
properties vary according to the frequency with
which the waves of that type pulse, or vibrate.

= We perceive different frequencies of visible
radiation (light) as different colours. Light with
the greatest frequency is perceived as violet,
while light with the lowest frequency is
perceived as red. A combination of all
frequencies is seen as white (see Figure 3.6).

The wave model of light is very useful for
explaining everyday properties of light, such as the
reflection by a mirror or the refraction of a beam of
light by a prism (see Figure 3.7).

decreasing wavelength

N \/\/\/\/\/\/\/\/\/\/\/\N

increasing frequency

increasing photon energy

Electromagnetic Spectrum

60 A\
AM radio television channels :
s
shortwave  FM radar i
i radio .
a1l microwave tl) ultra- X
radio waves infrared e | Violet rays gamma rays
|
i
g
h
t

orange yellow

green

blue indigo violet

Figure 3.5 This vast range of electromagnetic radiation is emitted naturally

in the universe.

84 e MHR e Cellular Functions



Figure 3.6 The sunlight reflected from a snowy mountain
peak looks white, but it is actually a mixture of colours that
range from red to violet.

 Bio()FACT

Human eyes cannot detect wavelengths longer than 770 nm.
We cannot see infrared radiation, but heat receptors in our
skin detect it readily as “heat rays.” Similarly, we cannot see
wavelengths shorter than 400 nm, nor can we feel this
ultraviolet radiation on our skin — at least, not at first. We
may, however, feel its effects later. Ultraviolet waves are
energetic enough to enter cells and cause increased
production of melanin pigment (suntan) or even cause cell
damage (sunburn) that may disrupt DNA and lead to skin
cancer decades later.

Figure 3.7 A prism can separate the different frequencies of
light into distinctly different coloured bands. Our eyes
respond differently to the different frequencies.

The Photon Model of Light

To understand photosynthesis, you need to know
about another model of light, the photon model of
light, whose main ideas are listed below.

m Light travels through space in the form of
individual energy “packets,” which are called
photons. Like electromagnetic waves, photons
travel at 300 000 000 m/s.

m The amount of energy in a photon depends on
the frequency of the light. The higher the
frequency, the more energy the photon delivers.

m Violet light has a higher frequency than red light.
This means that there is more energy in a photon
of violet light than there is in a photon of red light.

At first glance, the wave model and the photon
model may seem to contradict each other. In fact,
the photon model of light caused an uproar in the
scientific world when Albert Einstein (1879-1955),
first proposed it in 1905. Most physicists accepted
the wave model, and did not see how light could
be both a wave and a photon. Now we know that a
single model is not enough to explain everything
we can observe about light. The two models
complement each other. Each model fills in the
other’s gaps or weaknesses. However, the photon
model is better suited for explaining photosynthesis.

eeeeessssssmm - FAST FORWARD _—

You can find definitions for both wavelength and frequency
in the Glossary at the back of this book.

 Bio( ‘)FACT

Most of our Sun’s radiant energy is given off in three
general forms: infrared (IR), visible, and ultraviolet (UV).
However, much of the UV and IR radiation that travels
toward us never reaches Earth’s surface because it is

absorbed or reflected by the upper atmosphere.
o %

The Chemistry of Pigments

To use the energy of light for photosynthesis, a
plant must first absorb photons of light. Absorption
is only one of three possible outcomes when light
strikes a surface. Which of the three outcomes
(absorption, reflection, and transmission) actually
occurs depends on the nature of the surface, as
shown in Figure 3.8 on the next page.
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) Transmission of light

86

transparent material

>

smooth, shiny material

(® Reflection of light

Investigation

Light Colour and Photosynthesis

The oxygen produced during photosynthesis in aquatic plants can be
easily seen as bubbles rising to the surface of the water. Counting the
bubbles of oxygen that are produced in a given time can be used as a

Figure 3.8 What becomes
of light energy that is (A)
transmitted, (B) reflected,
and (C) absorbed?

=

opaque material

(® Absorption of light

Predicting
Performing and recording
Communicating results

Analyzing and interpreting

measure of the rate of photosynthesis occurring. Some colours of light
promote photosynthesis more than others. You will be using cellophane
or filters of different colours to investigate under which colour(s) of
light an aquatic plant has the highest rate of photosynthesis.

Pre-lab Questions

1. Which wavelength does chlorophyll @ most
readily absorb? Chlorophyll b?

2. What variable(s) must you control in order
to establish the effect of light colour on the
rate of photosynthesis?

Problem

What colour(s) of light will promote the highest
rate of photosynthesis?

Prediction

Predict which colour filter over a light bulb will
result in the highest rate of photosynthesis by an
aquatic plant.

caurion: P (2 9 i

Materials

large beaker or jar (about 1 L)

an aquatic plant such as Rotela

coloured cellophane or filters (several different colours)
desk lamp with a reflector and 100-W bulb

sodium hydrogen carbonate solution (0.25%)

small graduated cylinder (10-25 mL)

adhesive tape stop watch
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Procedure

1. Prepare the lamp by taping coloured
cellophane over its reflector.

2. Make a table to record your results. Include
a column for a control and a column for
each colour of cellophane tested.

3. Place the plant in the beaker or jar, and
cover with water. Add about 5 mL of the
sodium hydrogen carbonate solution to the
beaker. This will supply the CO, that would
ordinarily be found in pond water where
this plant lives in nature. (Note: Make sure
you add the same amount of water and same
amount of sodium hydrogen carbonate




Molecules that absorb specific colours
(wavelengths) of light are called pigments. For
example, most plant leaves contain chlorophyll
pigments which give leaves their green colour.
When struck by white light such as that from the
Sun, chlorophyll pigments absorb red light from
one end of the visible spectrum, and violet and
certain shades of blue from the other end. However,
chlorophyll pigments transmit or reflect green light

solution when you test each light colour as
separate trials.)

. Place the lamp above the beaker, as shown.
As soon as you observe bubbles being
produced, start timing for 5 min, counting
the bubbles produced in that time period.
Record the results in your table.

5. Repeat steps 3-5 using a new plant and a
different colour of cellophane.

Post-lab Questions

1. Was your prediction correct? If not, why do
you think it was not?

2. How could you do a similar experiment
using a terrestrial plant? For example, how
could you collect the oxygen produced?

Conclude and Apply

3. Make a graph using the data in your table,
and write an explanation of the results it
shows.

. Compare your results with those of other
classmates. Were there differences in your
observations? If so, explain why you think
those might have occurred.

Exploring Further

5. If you have access to a spectroscope, use it
to find out more about the absorption of
light by chlorophyll. A spectroscope is an
instrument that displays the visible
spectrum when a white light source is
shined through its light port. If a coloured,
transparent solution or material is placed
between the light source and the

from the middle of the spectrum, which is why the
leaves of grass appear green to our eyes. Figure 3.9
on the next page explains how this works.

werd

The name “chlorophyll” comes from the Greek khloros meaning
green, and phullon meaning leaf.

spectroscope, some of the light is eliminated
from the spectrum (because the light is
absorbed by the substance).

Use a small test tube containing a solution of
chlorophyll, supplied by your teacher, to
determine the colours of the spectrum that it
absorbs. Use solutions of food colouring for
comparison. Make a hypothesis about what
colour of light you think your chlorophyll
sample will absorb.

Shine a light source through the light port in
the back of the spectroscope and observe the
spectrum. Using coloured pencils, record your
observations of the wavelengths (in nanometres)
for each colour visible in the spectrum. Place a
small test tube containing clear water in front of
the light port to see if any light is absorbed. You
can account for this in the observations that
follow.

Place each of the test tubes containing
different food colouring solutions in front of the
light port of the spectroscope. Observe the
spectrum for each, and record your results.
Then use the spectroscope to test the absorption
spectrum for chlorophyll by placing that test
tube in front of the light port. Observe the light
spectrum, and record your results. Did your
results support your hypothesis? Why or why
not? How would you improve this experiment?

= PLAY _—
Use the Light Colour and Photosynthesis activity on

your Electronic Learning Partner to examine further the
effect of light colour on the rate of photosynthesis.
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white light

light reflected
by leaf

_ ~ light
— absorbed
by leaf

—_——

light transmitted
by leaf

Figure 3.9 Which colours reflect off the leaf and return to
the eye? Which colours are absorbed by the leaf, and can
no longer be seen?

The term chlorophyll refers to a group of
related, but not identical, pigment molecules.
Two chlorophylls play an important role in plant
photosynthesis. One chlorophyll is yellow-green:
that is, it reflects yellow and green light to our
eyes. The other is blue-green in colour because it
reflects green and some shades of blue. Because
they are reflected, these colours do not provide
energy for photosynthesis. That is, they never
enter the leaf.

|IPAUSE /= » RECORD }

The energy for photosynthesis comes from the light that is
absorbed. Compare Figure 3.9 with Figure 3.10. What do
the peaks on the graph represent? What do the valleys
represent?

Chlorophyll’s Role

Chlorophyll’s role in photosynthesis is twofold: (1)
it absorbs red light, violet light, and certain shades
of blue, and (2) it converts the absorbed energy into
a form that the synthesis reactions can use.

However, chlorophyll can only perform this
conversion in a particular environment. The
pigment molecules must be embedded on an
enzyme-studded membrane. The cell organelle that
provides this ideal environment is the chloroplast,
as you learned in Chapter 2.

The Structure of the Chloroplast

A typical chloroplast from a plant cell is small. It
would require 38-40 chloroplasts to make a line
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1 mm long. Yet a single chloroplast can perform
hundreds or thousands of reactions in just one
second. The key to this remarkable level of activity
is the many-folded thylakoid membrane inside the
chloroplast.

100
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Wavelength (nanometres)

Figure 3.10 Note the labels on each axis. What does the
vertical axis measure? What does the horizontal axis
measure?

Recall that enzymes promote or catalyze
chemical reactions without being used up.
Although chlorophyll is not an enzyme, it can also
be reused repeatedly. A chlorophyll molecule
absorbs light (photons) and then passes the energy
on to another molecule.

Both enzymes and chlorophyll are needed to
make photosynthesis occur, but they are not raw
materials of the process. The materials (CO, and
H,0) plus light energy pass into the chloroplast
through its outer membrane. Oxygen molecules
(O,) produced by photosynthesis pass out through
the same membrane into the cell cytoplasm. Most
of this oxygen is a waste product, but the plant’s
own cells use some of the “waste” oxygen to carry
out cellular respiration to release the energy they
require from the glucose.

_—

Most of the oxygen molecules produced by photosynthesis
are released from the cell and pass out through small
openings in the plant’s leaves into the atmosphere.
Eventually this O, is used by other organisms to drive
cellular respiration. Go to Chapter 14, Section 14.2, to see
where this occurs in the leaves.

eeeeessssssm— -~ FAST FORWARD
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All leaves contain pigments other than chlorophyll. These
extra pigments may reflect yellow, red, or orange light
depending on their structure. In most leaves, the chlorophyll
molecules are far more numerous than the other pigments,
so their colours are masked until autumn, when chlorophyll

aand b break down.
o J

Photosystems and Energy

Researchers have found that the chlorophyll
pigments within the thylakoid membrane are
packed into clusters called photosystems. Each
photosystem is composed of a few hundred
pigment molecules (mostly chlorophylls) that act
together. Their combined function can be compared
to that of a funnel, but instead of funnelling liquid,
the photosystems funnel energy. Figure 3.11
illustrates the funnel model of a photosystem. Read
the labels and numbered captions carefully.

As light enters a photosystem, the pigments in
the “funnel” act like a bucket brigade. Energy
resulting from the excitation of electrons by light is
relayed from one pigment molecule to another
until the energy reaches its target, a special pair of
chlorophylls that function as a reaction centre.

continuous supply

——— | PAUSE h & RECORD

Think about what happens when you charge a balloon with
static electricity in order to stick it on a wall. The balloon is
charged, the wall is not: there is a charge difference between
them. The charge difference provides the energy used to
hold the balloon in place. How is the energy produced by
the charge difference in the cell’s chloroplast used?

The reaction centre of a photosystem uses the
incoming energy to split water molecules into
oxygen atoms and hydrogen atoms to form ATP —
an energy carrier molecule.

Synthesis Reactions

The synthesis reactions take place in the stroma of
the chloroplast. The stroma is a solution containing
water and nearly everything else needed to run the
synthesis reactions — but the reactions cannot
begin without chemical energy. For that, they need
energy carrier molecules produced by the
photosystems.

Notice that the photosystem reactions need light
energy in order to proceed. However, the synthesis
reactions also need chemical energy; they get this
energy from the energy carrier molecules produced
by the photosystems. The synthesis reactions can

of light
o Energy from photons photons )
is passed from one energized
chlorophyll molecule electrons
to another. e e
4 A A
B
et .a‘:_..h &>
chlorophyll —— .
_ ; G Thylakoid enzymes break down the hydrogen
. atoms into protons and electrons. The energy
reaction ) . .
/ released from this process is used in energy
9 centre ) .
H,O —> carrying molecules, such as ATP, which perform
/ various synthesis reactions.
. (0] 2H —— thylakoid enzymes
continuous
water supply l i

0+0 — 0O,

e Two chlorophyll molecules in the bottom of the funnel
break down water molecules into oxygen and hydrogen.
Oxygen is a waste product of this process.

%

H* —— charge difference — ATP (energy carrier
(protons)

builds up molecule) is formed

Figure 3.11 The funnel model of a photosystem. Light is transformed into

potential energy, or energized electrons.
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run for a while in the dark, but only until all of the
energy-carrier molecules have been used up. Taken
together, the synthesis reactions are called the
Calvin cycle, after the American chemist Melvin
Calvin (1911-1997), who won a Nobel prize for
explaining them (Figure 3.12). The product of the
Calvin cycle is glyceraldehyde phosphate (PGAL).
Molecules of glyceraldehyde phosphate can be
bonded together to form glucose, which the plant
can use as food. PGAL can also be used to form
other compounds, such as sucrose, lipids, and
proteins.

Energy for Life

Deciphering the Calvin cycle was an enormous step
forward for biologists. It showed them just how
complex organic reactions could be, and how
chemistry could be a major help in determining the
details of biological processes.

The Calvin cycle in photosynthesis is critical to
almost all life on Earth. Without the Calvin cycle,
photosystems could still release oxygen gas, but
there would be no means of manufacturing the

H,0 stroma
"
|

P

oxidized
energy
carrier

ATP

ADP

O,

thylakoid
membrane

thylakoid space

Figure 3.12 A summary of photosynthesis in the chloroplast.
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thylakoid

glucose that nearly all organisms depend on for
stored chemical energy — organisms including
animals (such as humans) as well as the green
plants and algae that carry out photosynthesis.

Deciphering the Calvin cycle launched a new era in the
scientific discipline of biochemistry, which led eventually to
major advances in technologies such as those described in
Chapter 3, Section 3.5.

we F

To learn more about the Calvin cycle and how a photosystem
operates, visit the web site below. Go to Science Resources
then to BIOLOGY 11 to find out where to go next. How are
these two systems related? What part of the chloroplast
produces 0,? What part of the chloroplast uses GO, ? What
types of research led up to the discovery of these processes?
Prepare a brief report of your findings.
www.school.mcgrawhill.ca/resources/

Chloroplast

Ty s
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L] SECTION REVIEW

1. @ The reactions of photosynthesis proceed in two
main stages. Name these in order and briefly
describe the principal outcome of each.

2. What is the principal difference between the
photon model of light and the wave model of light?

3. ©® Which model is more useful when discussing
photosynthesis? Explain why.

4. Define the terms pigment and chlorophyll.
Explain how the two are connected.

5. @ Describe the role that chlorophyll plays in
photosynthesis.

(a) What other substances must be present for
chlorophyll to play its role?

(b) Where in the chloroplast are these substances
found?

6. @ Explain why the enzymes needed for
photosynthesis are not regarded as raw materials.

(a) Explain why chlorophyll is not regarded as a raw
material.

(b) Explain why water and carbon dioxide are
regarded as raw materials.

7. What is a photosystem made of? Describe
what it does.

8. Where are the photosystems of a green plant
located?

©

. @ Briefly explain the funnel model of a photosystem.

10. @ In twenty five words or less, describe the Calvin
cycle’s role in the biosphere.

11. Describe the process of photosynthesis and the
process of respiration in terms of glucose.

12. The carbon cycle shows how carbon atoms are
reused as molecules transform.

(a) Show the recycling of hydrogen atoms between
photosynthesis and respiration.
(b) In a different colour than you used for part (a),

show how energy flows as this recycling of
hydrogen proceeds.

13. Write the simple equation for cellular respiration.

(a) Which molecule in the equation has the greatest
potential energy?

(b) Where is the kinetic energy?

14. Cellular respiration transforms the chemical
energy in glucose. Where does the energy go?

15. Give three examples of invisible electromagnetic
radiation. What is meant by visible radiation?

16. @D The photosynthetic activity of algae at various
temperatures is shown in the table. A chemical
indicator added to the test tubes containing the
algae changed colour to show how much CO, was
being used when the algae were photosynthesizing.

Temperature of

the algae
suspension

Time elapsed until

Test Tube Number colour changed

1 2°C no colour change
2 10°C 44 min
3 15°C 22 min
4 25°C 30 min
5 30°C 35 min
6 35°C 44 min

Based on the data in the table, answer the following
questions:

(a) At what temperature was the algae most active?

(b) What can be inferred from the fact that there was
no change in colour in the algae at 2°C?

(c) How was the temperature related to the rate of
photosynthesis in these algae?
17. I (a) List two limitations to energy production by
plants.
(b) How could people improve the process?

(c) Describe the impact of such a change.
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The Process of Cellular Respiration

EXPECTATIONS

i
= Explain and illustrate the
process of cellular respiration.

= |nvestigate the process of
fermentation.

= Examine the use of micro-
organisms in producing
ethanol as a fuel.

Figure 3.13 Oxygen from the
air helps to release energy from
this skier’s food fast enough to
keep him moving. The water
vapour and carbon dioxide that
he exhales are end-products

of processes occurring within
his cells.

As aresult of photosynthesis, the skier in Figure
3.13 has the oxygen he needs to breathe. Into his
lungs it moves, diffusing through thin blood vessel
walls to travel in his blood to every cell in his
body. The food he ate earlier in the day has, by
now, been digested — broken down into tiny
molecules, such as glucose, which have diffused
through the lining of his small intestine into thin-
walled blood vessels. From there it has travelled to
cells throughout his body. Here the oxygen and
molecules such as glucose recombine in a series of
reactions to complete the process of cellular
respiration. Cellular respiration includes the series
of chemical reactions needed to break down
(metabolize) carbohydrates and other molecules in
order to release the energy they contain.

Energy in Living Organisms

The energy released by cellular respiration is
stored in the form of the energy carrier molecule,
adenosine triphosphate (ATP). This important
molecule provides the energy for muscles to
contract, nerves to conduct impulses, and all that
cells require to build protein, pump in substances
they need, permit enzymes to act, and so on.
Energy is released one ATP molecule at a time, as
the cell requires it.

You have learned that photosynthesis occurs in
chloroplasts and uses solar energy to produce
glucose and other carbohydrates. Glucose and other
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molecules are broken down mainly in the
mitochondria of cells, producing ATP molecules.
All organisms perform cellular respiration, and
almost all organisms carry out the process of
aerobic cellular respiration in their mitochondria.
Aerobic means that the process requires oxygen.
Aerobic cellular respiration consists of four main
phases, as summarized in Figure 3.14.

Through the whole four-phase process, cellular
respiration of one glucose molecule produces
38 molecules of ATP in bacterial cells and
36 molecules of ATP in cells with mitochondria.
In eukaryotic cells, two ATPs of energy are lost to
intermediate energy carrier molecules. The usable
energy of ATP is stored when the energy from
cellular respiration chemically bonds a third
phosphate group to a molecule that is already
present, called adenosine diphosphate (ADP). The
bonding of a third phosphate (P) to the two-
phosphate ADP molecule is what produces the
three-phosphate ATP molecule.

This ATP can now release energy for cell
activities, when its third phosphate group breaks off.
Perhaps surprisingly, the phosphate-to-phosphate
bond in ATP, between the second and third
phosphate groups is relatively weak — less than
10% as strong as a carbon-to-hydrogen covalent
bond, for example. Nevertheless, the amount of
energy released by breaking the phosphate-to-
phosphate bonds is enough to drive essential cell
reactions. In fact, the low energy phosphate-to-



O Glycolysis is the breakdown of one glucose
molecule (with six carbons) to form two
pyruvate molecules (with three carbons
each). Carbon dioxide (CO,) and ATP co,
are produced in the process.

ruvate
glucose 0 Py c
3
Cs
pyruvate
Cs
ATP
CO,
ATP ATP
G The transition reaction connects glycolysis to the Q The electron transport chain is a series of reactions
Krebs cycle. In it, the two pyruvate molecules each in which “carrier” molecules pass electrons from one
have a carbon split off, producing two CO, molecules carrier molecule to the next, and, at last, to oxygen. As
and two two-carbon molecules, which are still rich in the electrons are passed along a great deal of energy
stored energy. is released, producing ATP. In fact, this is the stage in

hich t of the ATP i duced.
e The Krebs cycle is a series of reactions that also which most ot the IS produce

release CO,, and produce ATP. For every one glucose
molecule broken down, two pyruvate molecules are
produced and sent through the cycle, so the cycle
occurs twice. Other “carrier” molecules attach to
electrons from the Krebs cycle.

Figure 3.14 As cellular respiration occurs, energy is released step by step and
stored in ATP. Its energy is then transferred to molecules in other chemical
reactions, such as those that permit our muscles to contract. The ADP left behind
is then available to receive another phosphate group.

phosphate bond is extremely valuable precisely ma

because it is easily broken and the release of energy
within a cell can be adjusted to suit the cell’s exact
requirements. After the third phosphate group
breaks off, the ATP molecule reverts to the lower
energy ADP molecule, available to accept another

In an average adult human at rest, it is estimated that this
cycle of ADP = ATP occurs so often that about 40 kg of
ATP are processed per day. Imagine the amount that is
processed if a person is running, swimming, or being
otherwise very active. Yet, consider that you do not gain

phosphate group, producing the ATP molecule, 40 kg in mass each day.

once again. This process continues over and over \ J
in every cell, so long as oxygen and molecules of

foods are available for the process of cellular Where Cellular Respiration Occurs

respiration to continue.
Glycolysis (Figure 3.14 A) takes place in the

————— SRR Jo— CYtOplasm of the cell, not in the mitochondria.

- Glycolysis is the breakdown of glucose into two
pyruvate molecules, and it does not use oxygen.
All organisms perform glycolysis, but only a small
fraction of the available chemical energy is released

For more information about energy carrier molecules, refer
to your Electronic Learning Partner.
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by this phase (just two ATP molecules from one
glucose molecule). What happens next will depend
on two factors:

1. The type of organism. Some micro-organisms
lack the cell parts and enzymes to perform the
aerobic phases of cellular respiration. The Krebs
cycle (Figure 3.14 C) and electron transport
(Figure 3.14 D) do not occur in these organisms.

2. The availability of oxygen. Even in cells with
many mitochondria, a continuous supply of
oxygen is needed to sustain a continuous
release of energy. If the oxygen supply is
deficient, such cells cannot carry out the Krebs
cycle; hence electron transport cannot occur.

In either of these cases, the cell may use an
alternative process to release further chemical
energy from its food molecules.

The Process of Fermentation

Some types of cells can also release energy through
the process of fermentation. Fermentation includes
glycolysis, but not the other parts of aerobic

DESIGN YOUR OWN

Investigation

Seeds and Respiration

Problem

What factor(s) affect the rate of cellular
respiration in germinating seeds?
Hypothesis

Make a hypothesis about one factor that you
think will affect the rate of cellular respiration in
the germinating seeds supplied by your teacher.

& JooIE | 79

Materials

Rubber or plastic tubing Glass tubing

E-flask Bromothymol blue

1- and 2-holed rubber any other material your
stoppers teacher approves
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Soaking seeds for a short period will lead to their germination. In this
investigation, you will determine if germinating seeds respire and, if
so, what factor(s) affect the rate of their cellular respiration.

cellular respiration. In fermentation, glycolysis is
followed by one of two pathways: the pyruvate
formed breaks down to become either lactate or
alcohol, depending on the organism. First, look at
how fermentation happens in your own body.
When muscles work hard, they need more oxygen
than the body can deliver. As the oxygen runs out,
mitochondrial action shuts down. In the cytoplasm,
however, glycolysis continues to break down
glucose into pyruvate molecules. In the absence of
oxygen, the pyruvate molecules break down to
form lactate. Fermentation produces just two ATP
molecules, so its energy yield is low, but
fermentation is important because it can provide a
rapid burst of energy in the absence of oxygen.
However, fermentation cannot sustain the release of
energy in muscle cells for a prolonged period. After
a while, you simply have to stop and rest.

You probably find yourself breathing heavily
after you have been running or exercising in some
other way. You have a so-called oxygen debt; that
is, you need oxygen to break down the lactate that
has accumulated. Both glycolysis and fermentation

Initiating and planning
Hypothesizing

Identifying variables
Performing and recording

Conducting research

Experimental Plan

1. Decide which variable you will investigate
to determine its influence on the rate of
cellular respiration.

2. Determine what variable you will measure,
for example, oxygen use or carbon dioxide
production, etc. If probeware is available,
consider using it. (Note: Your teacher will
review the tests for oxygen, carbon dioxide,
etc., with you, as needed.)

3. Outline your procedural steps for approval
by your teacher.



are anaerobic processes: they occur in the absence
of oxygen. Have you ever noticed that after you've

rested for a few moments, you are ready to run
again? Here is what happens. As lactate builds up
in the muscle cells, it changes their acidity and

prevents muscles from contracting. When you stop

running, you breathe in more oxygen. When it
reaches the cells, they are again able to perform

aerobic cellular respiration instead of fermentation,
and the lactate molecules leave the muscle cells to

go to the liver where they are converted back to
pyruvate.

COURSE CHALLENGE

Aerobic respiration stops when oxygen levels are

low. Under these conditions, mitochondria start to break
down and then the cell prepares to die by way of necrosis.
Can a microscopic view of cells indicate that a person died
from suffocation? Start making a file of information in
preparation for your Biology Course Challenge.

Checking the Plan

1. Revise your experimental plan, based on
discussions with your classmates and teacher.

2. Be ready to perform your revised procedure,
ensuring you take all appropriate safety
precautions.

Data and Observations

1. Make sure you produce a table of your
observations.

2. Explain the results of your experiment,
based on observations you have made.

Analyze
1. Make a graph using the data in your table.
2. Does the variable you investigated influence

the rate of cellular respiration? What
evidence do you have?

Fermentation in Micro-organisms

Many foods are available because of the process of

fermentation, as shown in Figure 3.15 on the next
pages. Many different bacteria are responsible for
the flavours of different cheeses, in which their
fermentation produces lactate. Yeasts also break

down sugars by fermentation, but the end-products

are carbon dioxide (which we use to make bread

rise), and ethanol. This type of fermentation allows

us to produce wine from grapes, for example. The
fermentation of grains has traditionally been used
to make beer. More recently, it is also giving us
new fuels for our internal combustion engines,
replacing the need for gasoline from fossil fuels.

peeeeeeessssmm— - FAST FORWARD _—

To learn more about the biology of bacteria and yeast, turn
to Chapter 12, Sections 12.2 and 12.4.

Conclude and Apply

3. Explain how the variable you investigated
influences the rate of cellular respiration.

4. How would you make use of this
information to provide a greenhouse, or
other facility where plants are grown
commercially from seeds, with information
they need about the variables that are most
important for the growth of seeds.

Exploring Further

5. Consider an independent project that might
take you beyond this investigation. What
other factors might you investigate? What
other species would you be interested in
investigating? Outline an original
experiment that you would like to do based
on the information and activities on
photosynthesis and cellular respiration you
have conducted in this chapter. This outline
could, for example, become a science fair
project for you to pursue.
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N
Figure 3.15 (a) Bacterial fermentation gives this cheese its (b) Yeast has been added to the dough for this bread, and it
distinctive, “sharp” flavour. is being left in a warm place to ferment.

Predicting

Glucose is the main source of chemical energy for cells. Yeasts use the
process of fermentation to release energy from glucose without using
oxygen. This experiment will provide evidence for the chemical Conducting research
breakdown of sugar by yeast cells.

Analyzing and interpreting

Pre-lab Questions

m What are the products of fermentation with
baker’s yeast?

m Describe a positive test for glucose using
Benedict’s solution.

Problem

How can you determine that yeast cells break

down sugar? ]
Yeast cells reproducing.

Prediction
Procedure

1. Fill a large beaker about half full of water,
and begin heating it on a hot plate. When
the temperature reaches about 35-40°C, it
will serve as your hot water bath.

Predict how yeast cells use glucose as food.

CAUTION: Benedict’s solution is poisonous. Lift
hot test tubes from a hot water bath using a test
tube holder.

E 2. Label the test tubes #1, #2, #3, and #4 near
their upper rims with a marker that is
resistant to heat.

Materials
hot plate test tube rack 3. Measure about 25 mL of distilled water and
test tube holder 4 test tubes pour this into test tube #1.
electronic or triple 600 mL beaker . ..
4. Collect about 100 mL of dilut 1 .

beam balance 100 mL graduated cylinder oliect abou k. ot diitte apprie juice
400 mL beaker thermometer or 5. Measure and pour 25 mL of dilute apple
glucose solution or temperature probe juice for each of the other 3 test tubes.

apple juice (prepared Benedict’s solution

by teacher) baker's yeast 6. Carefully add 7 drops of Benedict’s solution

distilled water to each test tube.

7. Observe and record the colour and
appearance of the material in each test tube.
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(c) After a few hours, the bread you saw in b has now risen,
due to the carbon dioxide bubbles produced by fermentation.

8. Use the electronic or triple-beam balance to
measure one 3 g sample of dry yeast.

9. Add this to test
tube #4. Wait
15 min.

10. Use the balance
to measure one
3 g sample
of dry yeast.

11. Add this to test
tube #2.

12. Test the temperature of the hot water bath
with a thermometer. Place all the test tubes
in the hot water bath (about 35-40°C). Note:
Do not add the test tubes if the temperature
is higher than this.

13. After adding all the test tubes to the hot
water bath, wait 7 min.

14. Using a test tube holder, remove the test
tubes and place them in the test tube rack.

(d) These grapes will be harvested and left in vats to ferment,
producing a solution containing alcohol, as well as water,
sugar, and flavour molecules.

15. Record your observations as quickly as

possible.

Post-lab Questions

1. Why did you use glucose and not sucrose
for this experiment?

2. What is the purpose of test tube #1?
3. What is the purpose of test tube #3?

4. Which test tube showed the strongest
concentration of glucose?

5. Explain why test tube #2 and test tube #3
did not have the same results.

Conclude and Apply

6. Did yeast consume glucose? Explain how
you reached your conclusion.

Extend Your Knowledge

7. Predict what would happen if you allowed
the yeast in test tube #4 to ferment for one
day before being tested with Benedict’s.

8. Design an experiment to see if yeast can
ferment a larger sugar molecule
(a disaccharide) like sucrose or lactose.

9. Repeat the experiment using test tube
number 4 only. First use an electronic probe
to measure the concentration of CO, in the
test tubes following step 8. Then complete
steps 9, 12, and 13. While the test tube is
still in the hot water bath use the probe
again to measure the concentration of CO,
in the test tube. Is there a change? Explain
your results.
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From the Cornfield to the
Carburetor — Using the
Products of Fermentation

Ethanol is one of the oldest products of
biotechnology. It is grain alcohol, which we have
long produced in beer, wine, and spirits. Today
“fuel ethanol,” or denatured grain alcohol, shows
promise as an alternative to petroleum-based fuels,
and could help meet some pressing environmental
problems.

Ethanol-based fuel is not a new idea — Henry
Ford’s famous Model T of the early 1900s could run
on either ethanol or gasoline. High-performance
“top fuel” racing cars use ethanol-based fuels,
which have a higher “octane rating” (resistance to
engine knock or “pinging”) than gasoline and burn
at lower temperatures. But because ethanol costs
more to produce than gasoline, its use was generally
limited to this kind of specialized application.

The Need for Alternative Fuels

Beginning in the late 1970s, however, environmental
concerns, rising oil prices, and dwindling
petroleum reserves led some governments to take
another look at ethanol fuels. Since then, ethanol
has come into use in a variety of forms.

In North America, ethanol commonly appears in
an unleaded gasoline blend (“gasohol”), as E5

(5% ethanol/95% gasoline by volume) or E10

(10% ethanol/90% gasoline). In gasohol blends,
ethanol is a non-toxic octane booster, replacing
toxic lead or benzene additives. Because ethanol
contains oxygen in its molecular structure, it is also
an “oxygenator” that allows gasoline to burn more
completely, improving performance and reducing
exhaust emissions.

Cars manufactured since 1980 can use gasohol
without engine modification, and it has become
especially popular in large urban areas where air
pollution from automotive emissions is a special
concern. Gasohol is currently marketed in Canada
from British Columbia to Québec.

A more radical ethanol formula, E85
(85% ethanol/15% gasoline), was introduced in the
late 1990s. E85 is used in “flexible fuel vehicles”
(FFVs), mainly small trucks, minivans, and sports
utility vehicles that can also use unleaded gasoline
or any ethanol/gasoline blend.

Where Does Ethanol Come From?

In North America, starch-rich grain “feedstocks”
provide the basis for ethanol production. The
commonest feedstock is corn, although some
Canadian ethanol plants use wheat. (The grain
plants used are generally unfit for human
consumption.)

Solve an Industrial Problem

Imagine that you work for a company that is about to
embark on a large-scale, industrial fermentation project to
make a fuel additive. The company needs to produce as
much ethanol as possible as quickly as possible for this
purpose. Your task is to help decide on the optimal
conditions for fermentation.

What variable will you investigate, how will you design your
experiment, and how will you present your plan to the
Research and Development (R & D) Advisory Group for
approval? With a partner, develop a plan for your
presentation. Make a hypothesis about how the variable
you have selected will affect fermentation. Together, design
an experiment to test your hypothesis.

Lay out your plan. Consider that you must be able to
convince the advisory group that your experiment is one
that will likely provide good information on optimal
conditions for fermentation.
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Present your plan to your teacher and/or other students as
if they are the Research and Development Advisory Board.
(Note: ethanol is highly flammable and poisonous. Do not
carry out the plan; this activity is to present your
experimental plan only.)

Analyze

Could the experiment you designed be used by the
company for the large-scale production of ethanol? If yes,
suggest other questions the company would need to ask
as well. If no, explain why you think such an operation
would not be feasible, or should not be undertaken.

wer

To learn more about how companies produce ethanol on a large
scale, visit the web site below. Go to Science Resources, then
to BIOLOGY 11 to find out where to go next. What processes
are involved and what is the ethanol used for? Prepare a brief
report on your findings.
www.school.mcgrawhill.ca/resources/



Figure 3.16 Canada’s largest ethanol production plant is
located in Chatham, Ontario.

Ethanol is produced through the process of
fermentation. To prepare for fermentation, the
feedstock is ground into meal, then mixed with
water to form a slurry called “mash.” Enzymes
added to the mash convert the feedstock’s starches
into a simple sugar called dextrose. The mash is
heated to destroy any stray bacteria, then cooled
and placed in fermenters.

In the fermenters, yeast is added to the mash.
The single-celled yeast organisms (Saccharomyces
cerevisiae) consume the dextrose and reproduce,
producing ethanol and carbon dioxide gas (CO;) as
by-products. When fermentation is complete, the

resulting product, called “beer,” is approximately
10% ethanol and 90% water. Figure 3.17 illustrates
this complete process.

Distilling the beer to eliminate as much as
possible yields nearly pure ethanol; this is then
made unfit for human consumption (“denatured”)
by blending it with about 5% by volume of
gasoline. The grain and yeast residues are dried to
produce a vitamin- and protein-rich product called
Distiller’s Dried Grains and Solubles (DDGS), used
in poultry and cattle feeds.

Clearing the Air and Cooling the Greenhouse

Because the ethanol molecule contains oxygen, it
burns more completely in a vehicle engine than
pure gasoline, which contains no oxygen. This
improved fuel combustion can reduce tailpipe
emissions of carbon monoxide (CO); burning
ethanol instead of straight gasoline can reduce
emissions by as much as 30% (Figure 3.18). CO is
one of the main reactants responsible for the
production of ground-level (“bad”) ozone, and a
primary ingredient in “smog,” a form of air
pollution that harms plant life and contributes to
human respiratory disease.

Emissions of unburned hydrocarbons from
petroleum-based fuels, including volatile organic
compounds (VOCs) released when gasoline
evaporates, also contribute to smog formation.
Ethanol is not petroleum-based, and it releases no
hydrocarbons through combustion or evaporation.
Public health concerns over the effects of CO and
hydrocarbon emissions have
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been a major factor in fuel
ethanol’s acceptance. The
combustion of ethanol does
produce carbon dioxide
(CO,), a powerful
“greenhouse gas” thought to
be one of the main
contributors to global
warming. However, ethanol,

Denaturant
unlike gasoline, is produced
Product Fuel from a renewable resource
Sk Ll Ethanol | (grain) rather than a non-
renewable fossil source
DDGS (crude oil). This “balances
st bbes he budget” h
orage the budget” on greenhouse

gas emissions: the growing of
ethanol feedstock plants
such as corn or wheat

Figure 3.17 The ethanol production process.

absorbs more atmospheric
carbon dioxide through
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photosynthesis than is released during production
and use of ethanol fuels. By contrast, all of the CO,
produced by burning fossil fuel is excess
greenhouse gas with no balancing factors. Current
estimates indicate that E10 ethanol-blend fuel
reduces greenhouse gas emissions by about 3.9%;
E85 fuels can achieve a 37% reduction.

Of course, the best way to reduce environmental
harm from vehicle emissions is simply to drive less
and use alternative transportation whenever
possible. If we continue to use our fuel-burning
cars for some decades yet, ethanol as an alternative
fuel offers a workable way to reduce our impact on
the environment.

1
[ SECTION REVIEW

1. List three cellular activities that rely on ATP.

2. Make a diagram of ATP and show how energy
is released from this molecule.

3. What is glycolysis? Where does it occur?

4. Identify the three main stages of cellular
respiration. Which step produces the most ATP?

5. @ How is oxygen important to the release of energy
in cellular respiration?

6. @ What strategies can some cells use if oxygen is
not available?

7. @D Some bacteria can only perform glycolysis and
fermentation. These bacteria cannot use oxygen.
Review the structure of prokaryotic cells (Chapter 2)
to explain this. Suggest an experimental procedure
you could use to investigate this.

8. @ a) Describe the process used by muscle cells to
release energy without oxygen.

b) Brain cells do not do this process. Suggest
reasons for this.

c) Consider a traumatic situation, like drowning,
when oxygen levels drop. Suggest strategies that
the body could use to make the most of the
oxygen resources left.

9. Write a chemical reaction for fermentation.

10. I List the advantages and disadvantages of
ethanol as a fuel for automobiles.

11. @D An experiment was conducted to compare the
rate of aerobic respiration to the rate of anaerobic
respiration of yeast cells over a period of time. An
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Figure 3.18 This ethanol-powered truck produces no
hydrocarbons during combustion of fuel.

indirect measurement was made by monitoring the
amount of carbon dioxide released from the yeast
cells. Supplied with glucose, the yeast cells were
incubated within an air-tight vat for several hours.
The results are shown in the table below.

Volume of CO,

Time (hours) released (mL)

1 5
2 9
3 30
4 48
5 5

(a) At what time period(s) was the yeast metabolizing
aerobically?

(b) During what time interval was glucose
consumption the greatest?

(c) At what time interval were the yeast cells
producing the greatest number of ATP molecules
per glucose molecule consumed?

(d) Account for the sudden decrease in CO,
consumption after the fourth hour.

_ UNIT INVESTIGATION PREP

What kind of cellular respiration would bacteria use in an
anaerobic environment? What kind of waste products
might the bacteria produce using this kind of cellular
respiration? Write your thoughts in preparation for your
Unit 1 Design Your Own Investigation.



Cell Organelles and Biotechnology

EXPECTATIONS

i

= Explain the flow of energy
between photosynthesis and
respiration.

m Examine the origins of
chloroplasts and mitochondria.

= |dentify industrial applications
of cellular metabolism.

= Explain the value of the
radioactive labelling of carbon
compounds in tracking
cellular metabolism.

Figure 3.19 This technician is
studying a magnified, colour-
enhanced image of brain cells.

Mouch is now known about cell organelles because
of the advent of electron microscopy in the last
century, and more and better microscopic
techniques. As well, the work of chemists on the
biochemical pathways occurring within each
organelle has led to interesting observations about
chloroplasts and mitochondria.

How are they alike and how are they different?
As you can see from Figure 3.20 both the
chloroplast and the mitochondrion are responsible

heat

Cellular respiration

O,

r/ carbohydrate \
\ S0s 4 Ho

for a series of critical energetic reactions. The
chloroplast is responsible for photosynthesis, the
mitochondria for aerobic cellular respiration.

The structure of each, with their double inner
membranes, and fluid-filled spaces permits many
reactions to occur simultaneously. Both contain
enzymes that permit all the reactions for which
they are responsible to take place continously.
Carbohydrates produced by photosynthesis provide
the raw material for cellular respiration.

itochondrion 8

ATP for synthetic
reaction, active
transport, muscle
contraction,
nerve impulse

\ heat

Figure 3.20 Metabolic processes in the chloroplast and mitochondrion.
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Figure 3.21 Hypothesis on the origin of chloroplasts and mitochondria in
eukaryotic cells. Cyanobacteria can produce food using photosynthesis.

An Origin Hypothesis

Most researchers think that eukaryotic cells (such
as those in your body) arose from prokaryotic ones
(such as bacterial cells). How this happened is a
much-discussed topic of interest among biologists.
The similarities between the two energy-related
organelles of cells, the chloroplast and the
mitochondrion, have led to an interesting hypothesis
about their origin. This hypothesis is shown
visually in Figure 3.21. What if mitochondria were
originally aerobic bacteria? And what if
chloroplasts were originally cyanobacteria? Perhaps
these prokaryotic cells were engulfed by a larger
cell at some time in the distant past. The larger cell
would have gained the ability to make its own
food, and have a greater ability to break down
foods by cellular respiration. The smaller bacterial
cells would have gained the food-gathering ability
of the larger cells. We have some evidence for this
hypothesis since both chloroplasts and mitochondria
contain a small amount of DNA, and their DNA is
in the form of a loop, like bacterial DNA, instead of
being like the DNA in eukaryotic cells.

Metabolism and Technology

The cellular processes of bacteria and fungi have
been put to widespread use by human beings for
thousands of years. For example, people have been
eating raised breads for 6000 years (before that they
ate only flat breads similar to pitas, chapatis, or
tortillas). It is thought that the first alcoholic
beverage was a wine, produced about 8000 years
ago from fermented grapes domesticated for wine-
making. Starchy grains like barley and wheat were
purposely left to ferment to produce early beers in
the Middle East; then the knowledge was
transferred elsewhere.
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This section will concentrate on recent human
exploitation of cellular processes, and provide you
with ideas for further research of your own.

Cellular Processes and
Improving the Environment

As you have read in the previous section, the
production of ethanol relies upon an anaerobic
process — fermentation by yeast — to turn starch-
rich grains into fuel. Manure digestors use
fermentation by bacteria. Bacteria and animal
wastes, such as hog manure, are warmed and
mixed in a sealed, airless tank. The resulting biogas
is a mixture of methane, carbon dioxide, and small
amounts of other gases. This biogas is burned to
generate electricity. The residual, nutrient-rich
fibres are used as soil conditioners and the
remaining liquid is an effective fertilizer.

Figure 3.22 Interest in manure digestors is increasing in
North America, especially with the development of huge
hog-farming operations and the rise in natural gas prices.
Manure digestors have been used successfully in European
countries, such as Germany and Denmark.



Another new technology that will help improve
our environment is bioremediation — the use of
micro-organisms to break complex toxic
compounds down into simpler, non-toxic
substances. Bioremediation has been the focus of
intense study and biotechnical development for
several decades. Biologists have investigated both
soil and water sites contaminated with industrial
waste. In these polluted environments, they have
identified communities of heterotrophic bacteria
and other micro-organisms that were able to
survive by consuming toxic substances and
metabolizing them through fermentation.
Investigating how these communities (called
consortia) survived led to the development of
biotreatment systems, such as activated sludge
bioreactors. They are used to detoxify effluent from
industries such as pulp and paper mills. Activated
sludge biomass is composed of about 95% bacteria
and 5% other micro-organisms, such as amoebas,
ciliates, flagellates, and rotifers.

pr— > FAST FORWARD |se—
To learn more about the diversity of bacteria and other
micro-organisms, turn to Chapter 12, Section 12.2.

You have learned that heterotrophic bacteria
derive energy by breaking down the complex
organic compounds they take in from their
environment into simpler compounds such as
water and carbon dioxide. This makes them
important and beneficial decomposers. In a
bioreactor, heterotrophic bacteria derive energy
from organic waste — such as tree bark and
fertilizer — that is dumped into the sludge tank
(Figure 3.24). Certain species of bacteria, such as
Pseudomonas, are maintained along with the other
micro-organisms in the tank. Air is bubbled
through the tank, keeping the bacteria, sludge, and
water in motion. This “activated” environment
brings cells together with oxygen and the nutrient-
containing waste. In this aerobic process, the
bacteria produce enzymes that break down the
organic molecules in the toxic compounds.
Although the enzymes speed up the process of
decomposition, they also produce heat, which is
the result of the chemical reactions taking place
during metabolism. For this reason, the
temperature of the tank is regulated to keep the
bacterial reactions efficient and to ensure that the
liquid released with the treated effluent is not too
warm when it enters the water body.

Figure 3.23 Pulp and paper mills often discharge effluent
into water bodies that provide the habitats for fish, such as
salmon and sturgeon. Because the effluent can reduce the
amount of dissolved oxygen available to aquatic species, its
effects are monitored. How might low levels of dissolved
oxygen affect the life processes of aquatic species?

The by-product the bacteria produce, which
trickles out with the effluent, does not contain
living cells that require oxygen. The bacteria are
kept in the tank either by using coagulant
(flocculant) chemicals or by allowing the sludge to
settle. The sludge is then “dewatered,” and the
solid cake is combined with other wastes and
burned to produce energy. Because the solid sludge
is often high in nitrogen and phosphorus, it has
been used as fertilizer in large-scale growing
operations, such as tree farms. However, in some
cases, the public has opposed the use of mill
waste as fertilizer. Can you suggest reasons for
this opposition?

Figure 3.24 Activated sludge bioreactors are part of waste
treatment systems that often include primary and secondary
effluent clarifiers and dewatering facilities. Not all activated
sludge systems operate in the same way. For example,
some systems use oxygen from the air in addition to some
pure oxygen. Other systems use a high percentage of pure
oxygen.
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ST {5 LTI, The Next Step in Bioremediation

The first patent for a genetically engineered
organism was issued in 1980. Samples from sites
polluted with oil were analyzed. The bacteria
found living in the samples were then cultured and

Bioremediation research continues on many fronts in the
pulp and paper industry. In the 1990s, increased public
concern over chlorine levels in effluent led to numerous
studies on reducing or removing chlorine from the pulp

“bleaching” process. Chlorine or chlorine-containing tested in the lab. Once scientists located the actual
compounds are used because they are very effective at genes used by the bacteria to allow them to

breaking down lignin (a glue-like substance that stiffens metabolize oil, the scientists spliced these genes
certain cell walls in woody plants). If not removed, lignin into plasmids, which could then be taken up by
makes the pulp dark and the resulting paper brown - like other bacteria. The organism was a greatly

brown paper bags. Research on lignin removal has resulted enhanced oil-eating bacterium, and was used to

in the development of new bleaching technologies that use clean up oil spills. These bacteria are able to break

other less harmful chemicals, such as hydrogen peroxide.
Recently, however, researchers have been studying the
possibility of using enzymes, such as xylanase, to help

down the large, complex molecules of oil into
simpler molecules, using the energy released by the

break down lignin, thereby dramatically reducing the need l(;he,:m.cal chagllge.tVanous n.ag[urally OC(f:uilrmg_ 1
for blsaching chemicals. acteria are able to use a wide range of chemicals
_ /) as a source of energy, including chemicals that are

toxic to most other organisms. For example, there

in Bioloay Rl

Fighting Foodborne llinesses Microbiologist and Food Detective

Odumeru is a senior research microbiologist at the
University of Guelph and a regulatory scientist at the
Laboratory Services Division. This is an extension of the
university that provides services to industry and the
government. The Ontario Ministry of Agriculture, Food
and Rural Affairs and food companies send samples to
the laboratory for testing to determine potential sources
of outbreaks of foodborne illnesses or to ensure that their
food product is safe.

Every year an estimated one to two million Canadians
suffer from a foodborne iliness. Also known as food
poisoning, a foodborne illness occurs when a person
eats something that is contaminated with micro-
organisms such as bacteria, other micro-organisms, and
viruses. These harmful micro-organisms, called
“pathogens,” have the ability to make us sick, and in
some cases can even Kill us. But despite the number of
foodborne illness cases, Canada has some of the safest

food in the world. Scientists and regulators, such as As a microbiologist with 19 years of experience,
Joseph Odumeru, in Guelph, Ontario work to protect us Odumeru uses his expertise to develop techniques to
from foodborne illness. They use their skills, expertise, identify and quantify bacteria in food. This helps the
and the most up-to-date techniques to help keep our government and food companies identify the type and
food free from contamination and safe to eat. source of contamination more rapidly and prevents

further illnesses.

Bacteria, such as certain Escherichia coli in hamburger
meat and Salmonella enteritis in eggs and chicken, are
major causes of foodborne illness. Bacteria can
contaminate food in different ways. For example, certain
strains of E. coli produce a toxin, a poisonous waste
product. These toxins can produce severe and
sometimes fatal iliness. Not all E. coli makes us sick,
however. Most strains, such as the benign strain of

E. coli, live in healthy human intestines. However, E. coli
0157:H7 is different. It actually produces a toxin that
breaks down the lining of the intestines and causes
symptoms such as bloody diarrhea.

Dr. Joseph Odumeru
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are bacteria that feed on such materials as
methylene chloride, detergents, creosote,
pentachlorophenol, sulfur, and polychlorinated
biphenols (PCBs).

As you have read, in order to find organisms to
use in bioremediation, microbiologists take
samples from polluted sites and analyze them for
signs of life. Any organisms found living in such
hazardous conditions are at least resistant to deadly
chemicals and may actually use the chemicals.
Samples are grown and tested in the lab. If
scientists can locate the actual genes used by the
organisms to help them metabolize toxic chemicals,
they may be able to transfer the genes to other
organisms or modify them to improve their
effectiveness.

A culture of E. coli bacteria.

Bacteria of different species vary in a number of ways
that are used in their identification. For example, different
bacterial species have different staining characteristics
and they use sugar as an energy source in different ways,
says Odumeru. Bacteria that turn purple when stained
with crystal violet and safranin dyes are called Gram
positive bacteria. Those that turn pink are called Gram
negative bacteria. These basic techniques are used at
Laboratory Services to determine the type of bacteria
present in food samples. The abundance of bacteria in a
food is another important indicator of whether a food
may have caused illness or has the potential to cause
illness. Odumeru develops and tests different rapid
methods for the detection of pathogens in food. A new
system Odumeru is currently using counts the total

~» FAST FORWARD

To find out more about splicing genes into bacterial
plasmids, turn to Chapter 12, Section 12.2.

Cellular Processes and
Medical Technologies

In order for scientists to learn how cells function,
they must be able to follow metabolic pathways.
For example, it was unclear to the scientific
community how carbon dioxide entered the
metabolic pathway in the chloroplast. Melvin
Calvin studied the role of carbon dioxide in

photosynthesis. Using a radioactive form of carbon
to make carbon dioxide, he traced the sequence of
molecules formed.

organisms in a food within 14 h of testing. Older systems
take days to count bacteria. Another method developed
by Odumeru and Laboratory Services scientists can
detect low levels of Salmonella within 24-48 h. The
current testing takes five to seven days. The new system
means scientists can determine the cause of foodborne
illness more rapidly. Quicker identification of the cause of
an illness means quicker elimination of the disease
source and better treatment for those affected. Each time
Odumeru helps to improve methods for detection of
bacteria, he helps to improve safety of food in Canada.
He says he enjoys the challenge of developing new
techniques.

“I love working with lab instruments used for bacterial
growth and detection of pathogenic micro-organisms,”
says Odumeru. “I also enjoy the detective work and
challenge of discovering new methods for testing
pathogens in food products.”

When Odumeru is not researching new ways of ensuring
our food is safe, he is supervising the food microbiology
staff at Laboratory Services. The staff performs safety
tests on different food products. He also coordinates all
the research that takes place at Laboratory Services and
shares his expertise with graduate students.

Odumeru obtained a certificate in Medical Laboratory
Technology before deciding to study Microbiology and
Immunology at the University of Western Ontario, in
London, Ontario. He went on to obtain his M.Sc. and
Ph.D. in Medical Microbiology from the University of
Manitoba, Winnipeg.
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Radioactive carbon is heavier than regular
carbon because there are two extra neutrons in the
nucleus. This small difference in mass allowed him
to separate the tiny amounts of newly synthesized
compounds. What he found was that carbon dioxide
was captured to create a molecule already familiar
to scientists who studied cellular respiration.

We now have many technologies that assist us in
diagnosing diseases without having to perform
surgery. X-ray technology has been used effectively
for many years, and more recently magnetic
resonance imaging (MRI) is also available. (You
will learn more about these technologies in Unit 3.)
A very interesting new technology that makes use
of our knowledge of cell metabolism is an
instrument known as PET (positron emission
tomography). With it, a radiologist can scan an
organ of the body while it is functioning. First the
patient is injected with a substance that contains
radioactive atoms. These atoms emit radiation that
can be followed by the PET scanner as it moves to
various parts of the body. Blood flow to the brain or

another area can be “watched” and the amount of
glucose being metabolized by different parts of an
organ can be determined (see Figure 3.25). If there
has been brain damage, for example, this is an
excellent method for pinpointing the location of
the damage. Observation of the activity occurs on a
computer screen. Energy given off by the radioactive
atoms is converted to the image on the screen.

Figure 3.25 This PET scan shows variation in metabolic
activity in different parts of a human brain.

1
[ SECTION REVIEW

1. Mitochondria may have once existed as free-
living aerobic bacteria. What is an aerobic bacterium?

2. @ Draw a diagram of a chloroplast and a diagram of
a mitochondrion. Compare these diagrams. How are
these structures similar? How are they different?

3. @ Consider the theory that a large eukaryotic cell
captured aerobic bacteria and kept them as
organelles, the mitochondria.

(a) What advantage would this bacterium be to a
eukaryotic cell?

(b) Draw diagrams showing the process of
phagocytosis.

(c) Suggest a reason why the chloroplast was
captured after the mitochondrion?

4. Manure digestion takes place in sealed airless
tanks. Why are the tanks airless?

5. Define the term bioremediation.

6. How do heterotrophic bacteria contribute to
bioremediation?

7. @D Oil spills can be an environmental disaster. Some
spill sites involve the use of oil-eating bacteria. Often,
these bacteria work very slowly. Suggest one strategy
to improve this situation.

MHR e Cellular Functions

8. @ The graph below shows the relationship between
yeast population and alcohol concentration.

(a) Describe the relationship shown.

(b) Which concentration of alcohol is most lethal for a
yeast cell?

(c) At what percentage alcohol did the yeast cells
produce the greatest amount of CO,?

Number of Yeast Cells

3 6 9 12
% Alcohol
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Chapter Expectations
Briefly explain each of the following points.

® Metabolism involves the use of chemical
energy. (3.1)

e Through a series of reactions,
photosynthesis transfers the energy in light
to energy in chemical bonds. (3.2)

e The chemical energy stored through
photosynthesis is transferred to a form
usable anywhere in the cell during cellular
respiration. (3.2)

¢ All eukaryotic and most prokaryotic cells
use glycolysis to form ATP. (3.3)

e Aerobic respiration efficiently produces 36
or 38 molecules of ATP from one molecule
of glucose, but it requires that a cell have
access to oxygen. (3.3)

e Anaerobic respiration quickly forms two
molecules of ATP per molecule of glucose,
but produces toxic waste products. (3.3)

¢ The structure of chloroplasts and
mitochondria provides evidence that these
organelles may once have been free-living
micro-organisms. (3.4)

¢ Research into cellular biology has led to
practical applications. (3.4)

e Some industries harness the ability of
bacteria to metabolize organic materials
toxic to most organisms. (3.4)

Language of Biology

Write a sentence using each of the following words or

terms. Use any six terms in a concept map to show
your understanding of how they are related.

e photosystems

e reaction centre

o ATP

e Calvin cycle

e cellular respiration

® energy
e potential energy
e kinetic energy

e chemical energy
® metabolism

e wave model of light e aerobic

e electromagnetic e glycolysis
spectrum e fermentation

e photon model of light e oxygen debt

e photons e anaerobic

® pigments e pioremediation

e chlorophyll e radioactive

UNDERSTANDING CONCEPTS

7. Write the simple reaction for photosynthesis.

. What is the source of energy in your body?

. Explain the terms “potential energy” and
“kinetic energy” with respect to a cell.

. (a) How do your muscle cells use energy?
(b) Describe conditions where muscles use an
alternative process.
(c) Explain one possible reason that muscle
cells are the best cells to switch to the
alternative process.

. Describe three metabolic processes in your
body powered by energy in your food.

. “Energy is used to keep the cell organized.”
(a) What does this statement mean?
(b) What would happen to a cell that has no
energy?

. Refer to Chapter 1 to find the structural
formula of glucose. Glucose is made of carbon,
oxygen and hydrogen atoms. Identify the
source of each type of atom in the process of
photosynthesis.

(a) Which molecule listed has the highest
potential energy? Justify your response.

(b) Which molecule has the lowest potential

energy? Justify your response.

8. Describe the features of light energy that are
important to the process of photosynthesis.

9. Identify one pigment used by a chloroplast to

help with photosynthesis.

10. What colour or colours of light are absorbed by

a green leaf? Explain your response.
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11. Where in the chloroplast are the photosystems
found? Draw a diagram and indicate the
location of the photosystems.

12. Briefly describe the role played by each
photosystem in the chloroplast.

13. Where do the synthesis reactions of
photosynthesis take place?
14. (a) List the three stages of photosynthesis.

(b) Identify how the energy captured in one step
is used to power changes in another step.

15. What is the role of cellular respiration in your
cells?

16. Draw a diagram of a cell and show where each
stage of cellular respiration takes place.

17. How is oxygen important to cellular respiration?

18. Identify three different organisms that use
fermentation regularly.

19. How are radioactive molecules used to study
metabolic processes?

INQUIRY

20. Lactose is a sugar that most bacteria can use as
a source of glucose. They can do so because
they manufacture an enzyme called
betagalactosidase (B-gal). This enzyme will
break down a molecule of lactose into a
molecule of glucose and a molecule of
galactose. In an experiment, bacteria were
supplied with lactose, and the amount of B-gal
was monitored. The results are illustrated in
the graph below.

(a) What can be interpreted from the graph?

(b) Why would it be incorrect to conclude from
these results that lactose is acting directly
on the transcription of mRNA to produce
the B-gal protein?

(c) Sketch a graph that would illustrate the
relationship between cytoplasmic glucose
and B-gal levels after the addition of lactose.

Lactose
added

|

total bacterial protein (ug)

B-gal (ug)

21. Dinitrophenol (DNP) is a chemical that
interferes with the production of ATP in both
chloroplasts and mitochondria. In an attempt
to identify the minimal concentration of DNP
required to inhibit ATP production, DNP was
applied to separate suspensions of both
organelles. Data are presented in the table.
(a) Which set of data would represent the
chloroplast?

(b) Which organelle would be considered the
most active? Explain.

(c) Which organelle is most susceptible to
changing concentrations of DNP? Explain.

Concentration of DNP

Organelle
Volume of CO, 0.50 0.11 0.05 0.01
released (mL)
Volume of 0, 0.88 0.04 0.01 n/a

released (mL)

22. Glycolysis takes place in the cytoplasm of
eukaryotic cells. This indicates that the process
is very ancient, probably older than the
development of eukaryotic cells. Explain briefly.

23. In single-celled organisms, compare the
relative need for kinetic energy in a plant-like
cell and an animal-like cell.

COMMUNICATING

24. On Earth, matter cycles and energy flows.
(a) To make this statement clearer, explain how
matter is different from energy.
(b) Draw a diagram to illustrate the given
statement.
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25. Make a concept map or flowchart that shows
what happens to a glucose molecule from the
time it enters a plant or animal cell.

26. Make a diagram showing how photosynthesis

and aerobic respiration form a cycle of
connected reactions.



27. Review the process of phagocytosis from
Chapter 1. Describe the structure of the vesicle
formed. Compare this to the outer membrane of
both the chloroplast and the mitochondrion.

28. Refer to Chapter 2 for information about the
chloroplast and the mitochondrion.

(a) Draw a diagram of a chloroplast. Label your
diagram to show the outer membrane,
thylakoids, grana, stroma and lamellae.

(b) Draw a diagram of a mitochondrion. Label
your diagram to show the outer membrane,
inner membrane, cristae and matrix.

(c) Compare these two structures. Make a chart
to record how the structures are similar and
how they are different.

29. A train has derailed 13 km from your home.
Some toxic chemicals spilled onto the ground.
Develop a bioremediation plan to share with
your town council. Who could you contact for
support and help?

30. Energy profiles for photosynthesis and cellular
respiration are illustrated above.

(a) With reasons to support your choices,
identify which energy profile is for cellular
respiration and which is for photosynthesis.

(b) Compare the energy required to make
glucose to the amount of energy required to
break it down.

31.

32.

Potential Energy (kJ)
Potential Energy (kJ)

Time Time

Living cells capture a tiny amount of the solar

radiation available. This tiny amount supports

almost all the life on earth.

(a) What would be the consequence if twice as
much energy were captured? Explain.

(b) What would be the consequence if half as
much energy were captured? Explain.

Eukaryotic cells have mitochondria for aerobic

respiration. Some eukaryotic cells have

chloroplasts to capture solar energy in food

molecules. Indicate whether you agree or

disagree with the following statements:

(a) The first cells with chloroplasts were
predators. Explain briefly.

(b) Cells with chloroplasts are still predators.
Explain briefly.

(c) Perhaps the biggest physical difference
between a plant cell and an animal cell is
the presence of a cell wall. Explain briefly.

MAKING CONNECTIONS

33. Despite many attempts, researchers have been
unable to get photosynthesis to proceed outside
a chloroplast. Why are researchers still
interested in pursuing this goal? What
possible practical use could come from
attaining the goal?
34. People have made use of fermentation for
thousands of years.
(a) Identify two ancient uses for this cellular
process.
(b) Identify one modern use for this cellular
process.

35. People now turn to bacteria for biological
solutions of technological problems. Explain
this using one example from the text.

36. In Chapter 1, you learned about the
experiments conducted by Louis Pasteur to
explain how micro-organisms can spoil a broth.
This research was funded by the wine industry.

These people wanted to learn more about the

biological processes in their industry.

(a) Today, pasteurization is used in the milk
industry, but not in the wine industry.
Explain briefly.

(b) Explain the relationship between the
reproducing yeast cells shown here and the
process of fermentation.

1
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DESIGN YOUR OWN

uNnITE

Cellular Processes and
Lactose Intolerance

Background

Investigation

During digestion, enzymes on the microvilli of
cells lining the small intestine help break down
food. One of these enzymes, lactase, breaks the
milk sugar lactose down into simple sugars
small enough to be transported into the

intestinal cells:

lactase
lactose —> glucose + galactose

(Galactose is converted to glucose in the liver.)

We all produce lactase as children. However,
many people stop synthesizing it as adults.
When these people eat foods containing milk,
they often experience the symptoms of lactose
intolerance: diarrhea, gas, and intestinal cramps.
These symptoms result when lactose passes into
the large intestine and bacteria there use it as an
energy source. The anaerobic conditions in the
large intestine require that the bacteria use
fermentation to do this.

—

To learn more about human digestion, turn to
Chapter 10, Sections 10.2 and 10.3.

— > FAST FORWARD

Synthetic lactase is now available to help
people with lactose intolerance digest milk.
Some brands of milk and other dairy products
contain added synthetic lactase. Drugstores also
sell synthetic lactase in the form of pills or
drops. Synthetic lactase performs the same
function as natural lactase.

In this project, you will work in small groups
to design and perform an investigation to
determine the efficiency of a synthetic lactase
product (or products) or the conditions under
which synthetic lactase works best. Based on
your data, you will make a recommendation on
how well the product(s) will reduce the
symptoms of lactose intolerance or on how
consumers should use the product(s).

HINT: Remember that a chemical reaction can
be affected by time, temperature, and pH.

Pre-lab Focus
m How can you test for simple sugars?

® Does regular milk contain glucose and
galactose?

MHR e Cellular Functions

After you complete this investigation,

e assess your procedure by having a classmate try to
duplicate your results;

e assess your poster presentation based on how well the
representation and analysis of data ties in to your
hypothesis or prediction.

= What product(s) of fermentation might cause
the symptoms of lactose intolerance?

LINK

To view statistics on lactose intolerance in different
populations, visit the web site shown below. Go to Science
Resources and then to BIOLOGY 11 to find out where to go
next. Which groups of people would be most likely to need
lactase products in order to enjoy foods such as ice cream?
How many people in your class would you expect to
become lactose intolerant later in life?
www.school.mcgrawhill.ca/resources/

Problem

How can people who are lactose intolerant eat
foods containing lactose, maximize the sugars
absorbed from these foods by cells in the small
intestine, and minimize the amount of lactose
available to bacteria in the large intestine?

Hypothesis or Prediction

Based on your understanding of cellular
processes, formulate a hypothesis or prediction
about the effectiveness of a synthetic lactase
product or the conditions required for it to
function best.

Materials

safety goggles
disposable gloves

commercial lactase product,
such as a dairy digestive

apron supplement or a dairy
hot water bath product that already
droppers contains lactase

test tubes milk products, such as
test tube rack yogurt or sour cream
test tube holder (optional)

beaker tong any other materials

test tube brush you require

Benedict’s solution

Safety Precautions

m Check WHMIS charts to identify appropriate
safety equipment when using chemicals.

m Be careful when handling Benedict’s solution.



= Avoid allowing a hot water bath to boil
vigorously, since this can cause test tubes to
break. Use a moderate heat setting.

m Use test tube holders and beaker tongs to
move hot glassware.

® Do not ingest food products in the lab.
® Wash your hands with soap after the lab.

Procedure

1. Design a rubric, an assessment checklist, or
some other means of assessing the validity
of your experimental design and procedure.

2. Identify a number of testable variables.

Select one that you can test and control with

the time and materials available.

3. Design an experimental procedure to test
your hypothesis or prediction. Your design
must identify the control and the dependent
and independent variables. The steps must
clearly explain how the experiment will
be carried out. Where appropriate, use
diagrams to help clarify the procedure.
Explain what a positive result would be for
any indicators. Include a list of materials.
Plan how you will collect quantitative data.

4. Develop a flowchart relating the procedure
to the hypothesis or prediction. Include lists
of materials needed. Explain the purpose of
any chemicals you plan to use.

5. Share your plan with one or two other
groups for feedback. After making
improvements to your experimental design,
show it to your teacher for approval.

6. Collect the materials you need.

7. Set up and perform your experiment. If
necessary, modify your experimental design.
Check the new design with your teacher.

8. Record data and observations. Decide how
to present your data in a clear format (for
example, using a table, chart, graph, or
diagram).

Analysis and Conclusions

1. Prepare a poster presentation of your project
that includes:

m g title

® your hypothesis or prediction and the
reasons behind it

m a flowchart showing your experimental
design and indicating positive and
negative results for tests

m a diagram showing how lactase breaks
down lactose

® a representation of your data
® an analysis of the data

m a conclusion

m next steps

® a recommendation to consumers regarding
the lactase product(s) you investigated

. If cells in the brain use glucose exclusively

as an energy source, explain why infants
need to produce lactase.

Assess Your Experimental Design
3. Use the rubric or checklist you developed to

assess your experimental design.

4. Compare your experimental design and

results with those of other groups. Then list
ways you could improve your experimental
design, and give reasons for any changes
you suggest.

. How did the process of planning your

experiment help you think about what you
have learned in this unit?
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UNDERSTANDING CONCEPTS

True-False
In your notebook, indicate whether each statement
is true or false. Correct each false statement.

1.

The many kinds of cells have in common many
of the same molecules and processes.

. Water is polar because it is small.

. Osmosis is the diffusion of sodium chloride

across a membrane.

. Diffusion moves molecules effectively over

short distances.

. The cell membrane is composed mostly of

proteins.

. Passive transport moves materials against a

concentration gradient.

7. Pancreatic cells may use exocytosis.

8. DNA contains the instructions for the

10.

11.

12.
13.

14.
15.

production of proteins in the cell.

. The cytoskeleton helps transport material

around the cell interior.

Lysosomes are important for packaging
proteins for the cell membrane.

Most organisms rely on the Sun as their
ultimate source of energy.

Glycolysis takes place in mitochondria.

Respiration releases energy with the help of
oxygen.

Cellular respiration is common to all cells.
Mitochondria have their own DNA.

Multiple Choice
In your notebook, write the letter of the best
answer for each of the following questions.

16.

17.

18.

19.

Glycogen is a
(a) fat

(b) hormone

(c) carbohydrate

(d) protein
(e) amino acid

Nucleic acids are composed of

(a) nitrogen bases (d) protein

(b) nucleotides (e) all of the above
(c) phosphates

Benedict’s solution will show the presence of
(a) glucose (d) cellulose

(b) sucrose (e) lactose

(c) maltose

The cell membrane is described as a fluid
mosaic because
(a) it is made of many different molecules
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20.

21.

22.

23.

24.

(b) the phospholipids can change colour

(c) some molecules in the membrane are
anchored to the cytoskeleton

(d) the phospholipid heads are attracted to
water

(e) it contains cholesterol

Which of the following best describes one

mechanism of active transport?

(a) Particles move from an area of high
concentration to low concentration.

(b) Glucose enters the cell through a channel
protein.

(c) Water moves into the cell.

(d) A membrane protein pumps ions out of
the cell.

(e) The cell membrane folds to form a vesicle.

The cytoskeleton allows the following
process(es) to proceed:

(a) protein synthesis

(b) mitosis

(c) active transport

(d) digestion inside the cell

(e) all of the above

Identify the type of cell shown below.

e o

(a) plant cell
(b) fungal cell
(c) animal cell

(d) prokaryotic cell
(e) protist cell

Proteins are produced
(a) in the nucleus

(b) with centrosomes
(c) on ribosomes

(d) in special vesicles
(e) by the nucleolus

Energy

(a) is created by plants

(b) can be transformed but not destroyed

(c) is a fundamental component of atoms

(d) in the form of heat, is the basis of the food
chain

(e) will run out soon



25.

26.

Glycolysis describes the process of

(a) making proteins on ribosomes

(b) breaking glycogen into glucose

(c) making glycogen in the liver

(d) red blood cells bursting as a result of
0smosis

(e) breaking glucose into pyruvate

Oxygen is

(a) produced through the process of respiration
(b) used during photosynthesis

(c) moved into the cell by protein channels

(d) used in aerobic respiration

(e) made by fermentation

Short Answers
In your notebook, write a sentence or a short
paragraph to answer each of the following questions.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Describe the characteristics of water that are
important for life.

Draw a diagram showing the structural formula
of a glucose molecule.

List four carbohydrates and explain the role of
each in the cell.

How is the basic structure of a lipid different
from the basic structure of a carbohydrate?

Using a diagram, explain the molecular
structure of a fatty acid.

List the functions of proteins in the cell.
Identify an example for each.

Draw a short polypeptide with four amino
acids. Show the peptide bonds.

Describe the composition of the extracellular
fluid.

How does a concentration gradient determine
the direction of the flow of molecules?

How does diffusion limit cell size? What can
cells do to increase their efficiency?

Explain how the cell wall affects the response
of plant cells to being in a hypotonic solution.

Use examples of passive and active transport to
explain how the cell membrane is selectively
permeable.

Current models of cells show more structures
than older models do. Explain this in terms of
changing technology.

List five structures in the cell that have a
membrane. In each case, explain the purpose of
the membrane.

41.

Structures A, B, C, and D in the cell shown
here are involved in making a product to be
released outside the cell.

42.

43.

44.

45.

46.

47.
48.
49.
50.

51.

52.

State whether the cell is a plant or animal cell,
and list the names of the cellular structures
that correspond to labels A, B, C, and D. What
product do these structures work together to
produce? Give the order in which each of the
cellular structures contributes to this process.

Explain how the instructions to make a protein
end up at ribosomes.

Give an example of a specialized (tissue) cell
and how its structures contribute to the
function of an organ.

Lysosomes help cells reuse matter. How is this
beneficial to the cell?

Current technologies used to fight cancer are
based on research into how cells function.
Explain this statement.

The AIDS virus attaches to T-lymphocytes.
Why are some of these cells immune to this
virus?

Define chemical energy.
Briefly describe the process of photosynthesis.
Why are leaves green?

Both mitochondria and chloroplasts have a
double membrane. Identify the similarities and
differences between these structures.

Yeast have mitochondria, so they can carry
out aerobic respiration. They can also use
fermentation to release energy. Describe the
conditions yeast requires to make dough rise.

Explain the flow of energy between
photosynthesis and respiration.
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53. Glycolysis occurs in the cytoplasm, not the
mitochondria. Why does this suggest that
glycolysis is a process that developed in early
cells?

54. Explain how bacteria are used to solve
environmental problems.

55. Design a lab to determine if a sports drink is
isotonic to an animal cell. Include your
prediction and your reasons for this prediction.

56. An experiment was conducted to find out
whether heat affects osmosis across an egg’s
membrane (a fluid-mosaic membrane). A
portion of shell was removed on each of three
eggs to allow observations. One egg was placed
in a hot water bath at 40°C for one min and
another in a hot water bath at 70°C for one min.
The third egg was not heated. The mass of each
egg was recorded. Each egg was placed in a
beaker of distilled water overnight. The next
day, the final mass of each egg was recorded.
These observations were made.

Description of egg Initial | Final
Egg next day mass | mass
1. Heated at 40°C | The membrane is 359 3849

somewhat translucent.
The interior is thicker
and less yellow than for
uncooked egg.

2. Heated at 70°C | The membrane is opaque | 44 g 44 q
and white. The interior

(yolk) is not visible at all.

3. Uncooked The membrane is 3749 4249
translucent. The yellowy

interior is visible.

(a) Which egg showed the greatest change in
mass? Explain why this happened.

(b) Present the results as a labelled graph.

(c) How does heat affect membrane function?

(d) Predict the temperature at which the
function of an egg membrane changes.
Design an experiment to find this
temperature.

57. Use the protein model kit you designed in
Chapter 1 to explain how an error in the
nucleotide sequence of DNA can provide some
people with immunity to AIDS.

58. The following graph illustrates data on the
number of mitochondria in each of three cell

types.
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(a) Which cell type would require the most
glucose for its functions?

(b) Speculate why a basal skin cell would have
the least number of mitochondria of the
three types of cells studied.

59. An aquatic plant was immersed in a beaker of
water. A pH meter was placed into the water to
monitor any changes in the pH over a 24-hour
period. The experiment was set up next to a
window. The results are illustrated below.

4:00 10:00 4:00 10:00 4:00

Time

(a) Carbon dioxide will react with water to
form carbonic acid. At what time of day did
this experiment begin? Support your
answer.

(b) Use this graph to support the hypothesis
that the rate of photosynthesis is faster than
the rate of cellular respiration.

(c) What effect would adding a chemical such
as DNP, which inhibits the production of
ATP, to the beaker have on the pH over the
same time period?



60.

Bacteria that metabolize lactose are used to
make yogurt. How can you measure their
activity indirectly? Identify factors that might
affect the work of these bacteria.

COMMUNICATING

61.

Apoptosis is the result of a cascade of events
that can be triggered by a protein from a killer
cell of the immune system attaching to a
membrane receptor. Draw a diagram to show
the cascade.

. Make a flowchart showing how a mutation in

one chromosome can result in cancer.

. A research team in Canada has developed a

new medical treatment for hepatitis C. Write a

newspaper article that outlines how this work
will have global significance.

64. Develop a chart to compile evidence that

mitochondria and chloroplasts were once
bacteria that have become adapted to life
inside a larger cell.

65. Make a concept map showing the benefits of

research into cellular structure and function.

MAKING CONNECTIONS

66.

In remarkable cases, small children have
survived exposure to sub-zero temperatures for
several hours without winter clothing.

A critical factor in the successful resuscitation
and subsequent normal functioning of these
children involves the activation of the
mammalian diving reflex. When the face
encounters cold water (or snow), the body
responds by slowing down the metabolic
processes and conserving the delivery of oxygen
to the brain. Other natural reactions to harsh
conditions protect the cells so that they can
recover. Identify one possible research pathway
to explore how cells survive extreme conditions.
Justify funding research to discover the cellular
mechanisms involved in this pathway.

. The undulating cells among the red blood cells

below survive as a result of mutations. These
mutations give successive generations of this
organism membrane proteins that make it
appear “human” to the host immune system.
Explain how different membrane proteins
could be produced. Suggest treatments that
might help the human body fight this invader.

COURSE CHALLENGE

68. List the benefits of new cancer therapies that

target apoptosis triggers.

69. Hepatitis C and AIDS affect many people in the

developing world. Continued research into
effective treatments could help both the global
community and economy. Present your opinion
about this, and give reasons for it.

70. Before people understood the danger of many

industrial chemicals, hazardous materials were
simply dumped onto the land next to an
industrial complex. Many old industrial sites
now have toxic soil. Suggest how the study of
bacterial processes could provide new
biotechnologies to clean up these sites.

Consider the following as you continue to
build your biology research portfolio.

* The most common cause of abnormal cell death
(necrosis) is a lack of oxygen. Create a chart to
contrast the appearance of cells that have died due to
necrosis and apoptosis.

 Adult brain cells usually die after three to five minutes
without oxygen. Other body cells begin to go through
necrosis within minutes or hours after. How can a
pathologist decide on the cause of death based on
tissue samples? Think about what kind of cell damage
diseases, infections, and old injuries might cause.
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UNIT

Unit
Preview
H
In this Unit, you will
discover

m how characteristics are
inherited,

= the importance of meiosis
in creating variation
among offspring,

m scientific research and
technological advances
that led to the concept of
the gene, and

m issues raised by genetic
research and reproductive
technology.

Unit
Contents

[ ]

Chapter 4

Heredity .. ....... @

Chapter 5
Cellular Reproduction
and Chromosomes .

Chapter 6
DNA Structure

and Replication. . . . @

Chapter 7

Human Genetics . . . @

Unit Issue

Analysis. .. ...... @

-. UNIT ISSUE PREP

Read pages 240-241 before
beginning this unit.

= Ghoose the genetic
technology you will be
examining.

m Set up files to organize
your information on your
genetic technology.

= Begin collecting
information in preparation
for your action plan.
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Genetic Continuity

High above the ground, within the coastal forest of
Australia, you hear loud chatter and screeches. A
flock of brightly coloured rainbow lorikeets gather
in a treetop. Of the 58 species of parrots that live in
Australia, each has plumage that is unique. No two
species of parrot there have the same feather colour
and pattern. Why do rainbow lorikeets have red,
blue, and yellow feathers? Feather colour is a
characteristic, or trait, that is inherited. This trait,
along with many other traits, is passed from parents
to offspring through reproduction.

Information about traits is found in the nucleus
of each cell in your body and determines what kind
of traits you will have, such as the colour of your
skin, the texture of your hair, as well as your sex.
You, like all other organisms that are alive, are each
part of an unbroken family line. Each person has or
has had parents, grandparents, great grandparents,
and so on, which date back many thousands of
years. Everyone in your family inherited traits from
their parents, and you inherited these traits from
your parents.

In this Unit, you will explore how traits are
inherited using examples from living organisms.
Some traits have a simple inheritance pattern while
the inheritance of other traits may be very complex.
You will discover how genetic information is
transmitted from cell to cell and why this process is
important in determining variation among offspring.
Finally, medical research has made important
discoveries in human genetics. You will consider
how this information might be used and who
should be responsible for making these decisions.

How do individuals
inherit characteristics
from their parents?







Reflecting
Questions

= Why do you share e
some characteristics, such
as eye and skin colour,
with your parents?

= Why do you inherit some
characteristics and not
others?

= Can you predict the types
of traits a person will
inherit?
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CHAPTER

Heredity

For centuries people have realized
that certain physical characteristics
are passed from one generation to the
next. This knowledge was used to
produce crops and livestock with
desired characteristics. Plants were
selectively bred to produce heartier
and more nutritious crops — a prime
example of this ingenuity is the
development of varieties of wheat.
Livestock were bred to produce
offspring with certain characteristics,
such as stronger oxen or cows that
could produce larger quantities of
milk. How these characteristics were
passed from parents to offspring,
however, remained a mystery.

Have you ever traced your family
history and found that you very
closely resemble one of your distant
relatives? Members of a family share
many similarities in appearance, such
as height, eye colour, and hair colour.

People noted that there was
variation in how characteristics were
inherited by offspring. In other
words, offspring did not look exactly
like their parents. Why were some
characteristics passed on to offspring,
but not others? Why did the
inheritance of some characteristics
skip one or more generations? These
questions remained unanswered until
the late nineteenth century, when an
Austrian monk performed a series of
simple experiments and discovered
how heredity worked.

In this chapter, you will learn how
characteristics are passed from
parents to their offspring. For many
characteristics, this process follows

simple models. You will use these
models to predict the genetic make-up
and physical appearance of offspring.
Does the inheritance of one trait
influence the inheritance of others?
Also, you will infer the genetic make-
up of parents based on data collected
about the characteristics of offspring.
Finally, you will learn how to
construct pedigrees, or family
histories, for characteristics that are
found in your own or other families.
Pedigrees are useful in determining
the likelihood of a trait being
expressed in a family.

Why do members of a family share
similarities in appearance?
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(Genetics of Inheritance

EXPECTATIONS

i
= Explain some of the different
theories of heredity and
understand why they were
disputed.

Evaluate your own patterns
of inheritance.

Figure 4.1 Selective breeding
is used to develop special
varieties of dog.

Every living organism is made up of many
different traits, or distinguishing characteristics,
that make it a unique individual. Certain traits in
plants and animals may have qualities that people
want to promote. For example, dog breeders have
used the variations in traits of hair colour to
produce the yellow, black, and brown colour
variations of Labrador retrievers. Such variations
are achieved through selective breeding of
individuals. That is, only certain individuals that
show the desirable trait are permitted to reproduce.
People have been selectively breeding plants and
animals for thousands of years (see Figure 4.1).
They knew from observation and experience that
certain physical traits could be transmitted, or
inherited, by each generation from the preceeding
generation. However, the actual mechanisms of
how this occurred were unknown.

Early Ideas About Heredity

Genetics is the branch of biology dealing with the
principles of variation and inheritance in animals
and plants. The study of genetics gives us greater
understanding of how we can determine the
likelihood of inheriting certain traits and helps
explain and predict patterns of inheritance in
family lines. For much of human history, people
were unaware of the scientific details of how babies
were conceived and how heredity worked. Clearly,
there was some hereditary connection between
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parents and children, but the mechanisms were not
readily apparent.

The Greek philosopher, Hippocrates
(460-377 B.C.E.) theorized that every part of the
body was involved in the production of the “seeds
of the parents. These seeds then fused together to
give rise to a new individual. Aristotle
(384-322 B.C.E., see Figure 4.2) suggested that male
and female semen mixed upon conception.

33

Al =

Figure 4.2 Aristotle suggested that the mother had an
essential role in the process of generation.



During the 1500s, English physician William
Harvey speculated that new individuals arose
through the process of epigenesis. His theory
suggested that the embryo formed in stages, and its
development was affected by factors both inside
and outside of the mother. A Dutch scientist, Anton
van Leeuwenhoek (1632-1723), used a microscope
to examine the gametes of humans and other
animals. Leeuwenhoek discovered what he called
“animalcules” in the semen and proposed that they
were preformed embryos (see Figure 4.3).
Leeuwenhoek and other scientists suggested that
the female contribution to the next generation was
only the influences of the uterus in which the
embryo developed.

Figure 4.3 Leeuwenhoek believed that the development of
offspring was controlled entirely by the male parent. Each
sperm cell contained an embryo of the future offspring.

The History of Your Inheritance

You share many characteristics with your sisters, brothers,
parents, and other relatives. Obtain photographs showing
the different generations of your family. If you do not have
photographs, you can use those of a friend’s family. Try to
identify one or two physical characteristics that seem to be
found in most of your family members. Why do you think
these particular characteristics are so common? Try to
identify five or six of your physical characteristics in other
members of your family. Some examples of characteristics

The notion of pangenesis originated with the
Greeks. It proposed that males and females formed
“genes” in every organ. These “genes” then moved
through the blood to the genitals and into the
children. This concept influenced biology until
little over 100 years ago. Francis Galton, a cousin
of Charles Darwin, disproved this theory during
the 1870s.

word I

The terms “blood relative,” “full-blooded,” and “royal blood”
are all relicts of the concept of pangenesis.

During the nineteenth century, the “blending
theory” of inheritance became popular. This theory
suggested that sperm and egg mixed together,
resulting in offspring that were a blend of the
parent’s characteristics. Sex cells were collectively
known as gametes (gamos, Greek for marriage).
According to this theory, the offspring of a plant
with red flowers and a plant with white flowers
were expected to have pink flowers. However, this
was not always the case. As well, the theory of
blending inheritance could not explain other
anomalies in the inheritance of certain
characteristics, and it ignored characteristics that
skipped a generation.

+» FAST FORWARD ]

To learn about variation among different organisms and how
organisms are classified, turn to Chapter 11, Section 11.1.

that can be easily traced include eye colour, detached
versus attached ear lobes, and hairline (smooth versus
pointed). Trace the pattern of inheritance of each of these
characteristics from your great grandparents to you.

Analyze
1. Are there some inherited characteristics that you
have that your parents do not? Do you have any
characteristics that are unique to you?

2. How could you explain the pattern of inheritance for
some of your traits?
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Charles Darwin (see Figure 4.4) theorized that
offspring had variations of their parents’
characteristics, but he was unable to explain the
basis of heredity. The answer of how traits were
inherited came from his contemporary Gregor
Mendel (1822—1884), an Austrian monk. Mendel
developed the fundamental principles that became
the modern science of genetics. He experimented
with pea plants and proposed two generalizations
of heredity, later known as Mendel’s laws of
heredity. In the following sections, you will learn
how Mendel performed his experiments and
formed his conclusions about heredity. You will
also conduct your own experiments on heredity
based on genetic principles developed by Mendel.

we> F

Through the years, many researchers were involved in studying
heredity. Select four or five scientists who helped establish
fundamental principles in the field of genetics. Using a timeline,
document the individuals, their work, and dates when they
completed or published material. Begin your own history of
genetics timeline by visiting the web address shown below. Go
to Science Resources, then to BIOLOGY 11 to find out where
to go next. Obtain a photograph of each person for your
timeline. How did each researcher advance the study of
heredity and genetics? Present your findings to the class in the
form of a poster. Note: Include researchers who have not been

mentioned thus far.
www.school.mcgrawhill.ca/resources/

Figure 4.4 Charles Darwin could not explain the process of
heredity. He suggested that current science had not yet
discovered its physical basis.

1
[ SECTION REVIEW

1. Define the following terms: genetics, heredity,
trait, epigenesis, pangenesis.

2. Explain the ideas behind the theory of “blending
inheritance.” Why was this theory considered
incorrect?

3. @ What is the importance of studying genetics with
respect to agriculture?

4. @ Create a flowchart to show the different people
involved in the development of the scientific details
of heredity.

5. @ Modern genetics is built on the foundations of
various discoveries that have spanned more than
200 years. Gregor Mendel, as you will see,
contributed essential knowledge used by geneticists
today. How do you think the theory of inheritance
would have developed if the different scientists did
not reach the conclusions they did? How might this
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have affected the development of genetic theory?
Explain your answer.

. @@ We now know that DNA is responsible for the

transmission of genetic characteristics. Using your
knowledge of cells and cell organelles, explain how
this method of transmission works. You may have to
recall your previous studies regarding chromosomes
and cell division.

. @ Suppose a farmer in the early fourteenth century

had a group of sheep that seem to have thicker,
warmer wool. In conversation with another farmer, he
discovers that another group of sheep produce more
edible meat per kilogram. Both farmers decide to
mate their sheep together hoping for sheep that have
thicker wool and produce more meat. They are
successful in their venture. How would Hippocrates
have explained the result? How would Leeuwenhoek
have explained the result? How would you explain
the result?



The Inheritance of One Trait

EXPECTATIONS

H
Explain the concepts of
dominance and recessiveness.

Solve basic genetics problems
involving crosses.

Investigate and analyze a
typical pedigree.

Figure 4.5 Gregor Mendel
(1822-1884), an Austrian monk,
studied garden pea plants as a
means to explain the
inheritance of characteristics.

Knowledge of the mechanisms controlling

inheritance came as a result of careful experiments.

This work was begun in 1853 by a monk in the
monastery of St. Thomas in Brunn (now Brno, in
the Czech Republic) named Gregor Mendel (see
Figure 4.5). Before his work at the monastery,
Mendel attended the University of Vienna, where
his studies included mathematics and botany. This
training became especially important during
Mendel’s study of heredity. He conducted a series
of experiments on plants over an eight-year period
(1853—-1861). Following his experiments, Mendel
published a paper outlining his conclusions.

Why did Mendel succeed in discovering the
basis of inheritence when others before him had
failed? There are three key points to any successful
experiment in biology:

1. choosing the appropriate organism to study,

2. designing and performing the experiment
correctly, and

3. analyzing the data properly.

Mendel conducted his research using the
common pea plant (Pisum sativum), as shown in
Figure 4.6. These plants were an excellent choice
for four main reasons. The common pea plant was
commercially available throughout Europe. It was
easy to grow and matured quickly. Thirdly, the
sexual organs of the plant are entirely enclosed in
the flower. This means that pea plants self-
pollinate, or fertilize eggs with pollen from the

same flower, which allowed Mendel to control
which plants reproduced. He introduced pollen
from one flower to the pistil of another flower,
cross-pollinating between plants to perform his
experiments (see Figure 4.7 on the next page).
Finally, different varieties of the common pea had
different traits that could be observed easily from
one generation to the next. Mendel examined seven
different traits, as shown in Figure 4.8 (see next
page). Each trait had only two possible variations.
Mendel’s decision to look at single traits helped
him formulate his conclusions about heredity.

Figure 4.6 Common garden peas provided an excellent
research organism for Mendel’s experiments. These plants
were easy to cultivate and had several traits that could

be studied.
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Seed Seed Flower Flower Pod Pod Plant
shape colour colour position colour shape height
Dominant
trait
axial
round yellow (side) green inflated fall
Recessive
trait %
b >
(e 22
m I
terminal
wrinkled green white (tips) yellow constricted short

Figure 4.8 Mendel examined seven different characteristics of pea plants.

Each trait had only two possible variations.

How did Mendel set up his experiment? The
first thing he needed to do was to obtain purebred
plants for the trait he wanted to study. A purebred
organism is descended from ancestors of a distinct
type, or breed. Purebred organisms in a given
species or variety all share similar traits. For
example, a certain variety of day lily may have a
particular flower colour. This trait is inherited from
previous generations, and results from a long period
of selective breeding. Mendel produced purebred
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varieties of pea plants through selective breeding.
He chose plants that were tall, for instance, and
bred them together. These plants produced seeds,
which Mendel planted and grew. Some of these
plants grew tall and some were short. Mendel
selected only the plants that grew tall and bred
them together again. He continued to breed only
tall plants each generation until only tall offspring
were produced. Mendel did the same for short
plants, breeding only short plants together. In this



way, he produced plants that were true breeding.
That is, they only produced offspring that grew
either tall or short. Mendel also produced true
breeding pea plants for each form of the other six
traits shown in Figure 4.8. Similar to plant height,
the other traits were easily distinguished and could
be classified into one of two categories.

'Biology| At Work |

Plant Breeder

There is a pink and burgundy “Angel on My Shoulder.” To
my right is a salmon pink “Jazz Beat” and beyond that, a
lemon yellow “Tuscany Lights.” These are all varieties of
day lilies that you might see at Henry Lorrain’s We're In
The Hayfield Now Day Lily Gardens near Orono, east of
Toronto. Henry specializes in breeding new varieties of
day lilies. He displays and sells them at his gardens, as
well as supplying them to companies that resell them to
gardeners.

Day lilies, a favourite with many gardeners, range in
colour from red to pink to yellow to almost white. They
are easily grown, tolerating a variety of temperatures, light
conditions, and soils. They have a long growing season
and, though their blossoms last only one day, a new crop
of flowers bursts forth every morning.

Day lily breeders, Henry Lorrain and Douglas Lycett

Lilies of the Field

It was Henry Lorrain’s partner, Douglas Lycett, who
inspired Henry’s interest in day lilies. Douglas Lycett died
in 1998, but Henry continues his work. Using the method
called hand pollination, Henry takes pollen from the
stamen of one variety of day lily and applies it to the pistil
of another. His aim might be, for example, to get a gold
edge on a purple day lily or to produce a hardier day lily
with prettier blossoms. Once Henry has pollinated the
flowers, he waits for them to produce seeds. The

T S

Although pea plants normally self-pollinate, plant breeders
can also mate two different plants by hand. Cross-
pollination is the method breeders use to transfer the pollen
from one plant to another. In this way, two different
true-breeding plants can be mated and the traits of the

offspring studied.
\_ %

following spring, he and his staff plant these seeds in
seed trays and, when the ground is warm enough, they
plant them outdoors. The plants do not bloom until the
following year. “There’s lots of variety in how the flowers
look,” Henry says. “Some are awful but others are
spectacular.” The plants with the spectacular flowers are
the ones Henry chooses to propagate and eventually sell.

The goal of plant breeders like Henry Lorrain is to alter
plants genetically to suit human needs and preferences.
This can include developing anything from a gold-edged
purple day lily, to oats that are more nutritious for horses,
to a variety of potatoes that resist diseases (such as
potato blight). Some plant breeders, like Henry, have their
own companies. Some work for companies that supply
seeds and bulbs to farmers and gardeners. Some do
research and teach at universities. A number of Canadian
plant breeders work for federal and provincial departments
of agriculture, where they carry out research. They inform
farmers and gardeners of new varieties, telling them
which varieties are likely to grow best in certain
conditions. They develop and enforce standards for the
production and sale of seeds and other plant products.
Some plant breeders work for international agencies,
where they help to improve living standards in developing
countries.

Career Tips
1. Plant breeding draws on many sciences including
agriculture, biology, horticulture, botany, genetics,
and plant biochemistry. Studying one or more of
these sciences could lead you into a career in plant
breeding. Some universities also offer programs
specifically geared to plant breeding.

2. Find out more about one of the following: (a) Charles
Saunders and Marquis wheat; (b) Baldur Stefansson
and canola; (c) J. Patricia White and the Silken
Laumann Rose.

3. Genetically modified foods have been both promoted
and opposed for several years. Research this issue.
Use what you learn as the basis for a pro and con
chart, class debate, or letter to a company president.
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Mendel’s First Experiment:
A Monohybrid Cross

Once Mendel had his purebred plants, he designated
them the parent generation, or P generation. Then,
he crossed a true-breeding tall pea plant with a
true-breeding short pea plant. The offspring from
this cross were the first filial generation, or

F, generation. Mendel called the F; generation
hybrid plants to indicate they were the result of a
cross between two different purebred plants. This
is called a monohybrid cross, because only one
trait, plant height, was involved.

What happened when Mendel planted the seeds
of the F; generation? According to the theory of
blending inheritance, he should have obtained
plants of medium height. What Mendel observed,
however, was that 100% of the plants in the
F, generation were tall! (see Figure 4.9). This led
Mendel to conclude that the trait for tall plants
must be dominant, and the trait for short plants
must be recessive. A dominant trait is a
characteristic that is always expressed, or always
appears, in an individual. A recessive trait is a
characteristic that is latent (present but inactive)
and is therefore not usually expressed in an
individual. (A recessive trait may be expressed if it
is the only trait present, as Mendel observed in his
short-growing plants.) Thus, the trait for tall pea
plants was dominant over the trait for short plants.
All the pea plants grew tall if they possessed the
dominant trait for size — tall.

Mendel conducted this experiment many times
using true-breeding plants for each of the seven
traits he had chosen to study. He obtained the same
results every time: one trait was dominant over the
other. Mendel concluded that heredity was
definitely not just a blending of traits. He also
concluded that when plants with two contrasting
traits are crossed, one trait is always dominant over
the other. This led him to formulate the principle
of dominance: when individuals with contrasting
traits are crossed, the offspring will express only
the dominant trait. Return to Figure 4.8 on page 124
to see which traits in pea plants were dominant
and which were recessive.

Law of Segregation

The next experiment Mendel conducted involved
breeding the F; generation. He allowed the hybrid
tall plants of the F; generation to self-pollinate.
This produced the second filial generation, or

F, generation. Figure 4.9 shows the traits that
Mendel observed in the F, generation.
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Figure 4.9 Mendel crossed a purebred tall pea plant and

a purebred short pea plant. The resulting F1 generation was
all tall pea plants. Mendel then allowed plants of the F4
generation to self-pollinate. In the F, generation, three
quarters of the pea plants were tall and one quarter were
short.

Three out of four plants in the F, generation
were tall while one was short. Mendel repeated
this experiment many times and examined all
seven traits. He obtained the same results time after
time. The F, generation resembled one parent from
the P generation 75% of the time and the other
parent from the P generation 25% of the time. This
ratio of 3 : 1 is known as the Mendelian ratio. Why
did this happen? Based on his observations of traits
in the F; and F, generations, Mendel drew the
following conclusions:

m Each parent in his F; generation starts with two
hereditary “factors.” One factor is dominant and
the other is recessive.



m The factors separate in the parent. Only one
factor from each parent is contributed to the
offspring.

m Each offspring inherits one factor from each
parent. If the dominant factor is present it will
be expressed even if the recessive factor is also
present.

m The recessive factor will be expressed if only
recessive factors are present.

Mendel’s results from the F, generation gave rise
to his first law of heredity. The law of segregation
states that inherited traits are determined by pairs
of “factors.” These factors segregate (separate) in
the gametes, with one in each gamete. You will
learn more about how gametes are formed in
Chapter 5.

We know today that Mendel’s “factors” were
genes, the part of the chromosome that governs the
expression of a particular trait. A gene can occur in
alternate forms called alleles. When two alleles are
present, a dominant allele may prevent the
expression of the recessive allele. Even though the
dominant allele is expressed and the recessive
allele is not, the recessive allele has not been
altered physically and will pass unchanged in an
individual’s gametes to the next generation, where
it may or may not be expressed.

Let’s examine Mendel’s experiments again, from
the point of view that each trait is associated with a
different allele. In Mendel’s first experiment, he
started with two purebred plants, as shown in
Figure 4.10. Using letters to represent the different
alleles, a purebred tall pea plant will have two
uppercase letters, TT. In other words, the plant is
homozygous for tall (the two alleles are the same).
The purebred short pea plant has two alleles for
short, designated in lowercase letters as tt. It is said
to be homozygous for short. What happened when
Mendel crossed the two plants? Each parent
contributed one allele to each offspring — one T
from the tall plant and one t from the short plant.
The product of the cross was a tall offspring with
alleles T and t. A plant that has a dominant and a
recessive allele is said to be heterozygous for tall
(the two alleles are different). The tall allele is
dominant and is therefore expressed. The short
allele is recessive and, while present, will not be
expressed. Study Figure 4.11 to learn how alleles
were distributed among the offspring when plants
of the F; generation reproduced. Recall that the
recessive trait is expressed only when there is no
dominant allele.
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Figure 4.10 A cross of purebred short and tall pea plants
illustrates Mendel’s principle of dominance. Dominant
alleles (T) are expressed in the Fy generation and recessive
alleles (t) are not expressed.

law of segregation N Tt x Tt cross

@
male gametes ” female gametes

tall plant tall plant
T t X T t

Figure 4.11 Individuals from the Fy generation of pea plants
produced a 3 : 1 ratio of tall plants to short. Mendel
concluded that each parent plant had two factors and that
these factors segregate during the production of gametes
(eggs or sperm).
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1. A coin is tossed in the air and allowed to
land on the table. What is the probability that
the coin will come up heads? Derive a simple
formula that expresses the probability of this
occurring.

2. Calculate the probability of throwing a pair of
sixes when two dice are rolled.

3. What are the chances that a family of four
children will have two boys and two girls?
All girls? At least three boys?

4. In humans, albinism (lack of skin pigment) is
due to a recessive gene. Suppose that two
normally pigmented parents produce an
albino child. What are the chances of their
second child also being albino?

Probability and Genetics

If you flipped a coin into the air, what is the
chance that it would land on the ground heads up?
The coin could land tails up, too. In fact, there is
an equal chance, or probability, of getting either a
head or a tail. This probability can be expressed as
a ratio — one head: one tail, or 50 : 50. This is the
ratio you would expect because there is an equal
chance for each outcome — heads or tails. What

would be the possible outcomes if you flipped two
coins at the same time? Complete the next MiniLab
to find out.

The probability, or chance, that two or more
independent events will occur together is the
product of their individual probabilities of
occurring alone. For example, what is the
probability of flipping two coins and getting two
heads at the same time? The chance of getting one
head is § or 50 : 50. The chance of getting

the second head is also 1 or 50 : 50. The
chance of getting both heads at the same
time is  x 3 = 7. Figure 4.12 shows all

1 chance
heads

possible outcomes of flipping two coins.

Figure 4.12 There are two possible outcomes
when tossing a coin in the air. To find the
probability of several different combinations of
outcome, you need to multiply the individual
outcomes.

Heads or Tails?

In this lab, you will investigate the probability of turning up
heads or tails during the toss of two coins. Together with a
partner, two coins, paper, and a pencil, flip one coin 20
times and record how many times you get heads and how
many times you get tails. Tabulate the class results. Now
both of you flip a coin at the same time and record how
many times you get two heads, two tails or one of each. Do
the toss 20 times. Use H for heads and T for tails. Tabulate
the class results.
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Analyze

1. What do the results of the first part of the experiment
seem to show? How many times did you record heads?
How many times did you record tails? What is the
probability of either heads or tails being the result of
each toss? Do the class results support this?

2. In the second part of the experiment, what are the
chances of two heads turning up? Of two tails turning
up? What is the chance that you will turn up one of
each? Is it greater or less than the chance of turning
up both heads or both tails? Do the class results
support this?

3. How does this experiment help illustrate ratios and
probabilities in inheritence?




The law of probability forms the basis for
solving genetics problems. The two alleles for each
parent represent probabilities. For example, in a
cross of pea plants that are heterozygous for tall
(Tt), it is probable that half of the gametes will
contain the T allele and half will contain the t allele.
A gamete with the T allele may combine with a
gamete with either another T allele or a t allele.
This happens entirely by chance. The probability
of getting a particular combination of alleles in a
given zygote depends on the genetic makeup of
the parents.

Punnett Squares

What are the possible combinations of alleles in the
offspring? The results can be organized easily in a
Punnett square (see Figure 4.13). A Punnett square
is used to calculate the probability of inheriting a
particular trait. It is a simple method of illustrating
all possible combinations of gametes from a given
set of parents. All the possible gametes for one
parent are listed across the top and all the possible
gametes for the other parent are listed down the
side of the square. Then, each box is filled in by
copying the row and column-head letters across or
down the empty squares. This will give you a
prediction of the outcome of a particular cross for a
given set of alleles. Using the Punnett square, you
can determine both the genotypes and phenotypes
of the offspring of different crosses. The genotype is
the genetic make-up of an organism. The phenotype
is the appearance of the trait in an organism. For
example, the genotype of the F; generation of pea
plants is Tt but the phenotype is tall.

ST S

The use of a Punnett square to determine the outcome of
various crosses was first proposed by Reginald C. Punnett,
an early twentieth century English geneticist who worked
with traits of feather colour in chickens. He discovered
certain fundamentals of genetics, including sex
determination and traits that are linked, or specific, to

each sex.
- %

Using the Punnett square, you can examine the
genotypes and phenotypes of the F; x F; cross.
Recall that all of the F; generation of pea plants
had the genotype Tt. The only possible gametes for
both the mother and the father then are T and t.
The Punnett square shows that this results in one
genotype TT, two genotypes Tt, and one genotype
tt. Expressed as a Mendelian ratio for genotype,
this is 1: 2 : 1. There is one homozygous dominant
genotype, two heterozygous genotypes and one
homozygous recessive genotype. The Punnett
square also indicates the expected phenotype.
Three of four offspring have the T allele and will
be tall. Only one genotype, homozygous for the
recessive characteristic, will result in a short pea
plant. Expressed as a Mendelian ratio for
phenotype, this is 3 : 1. The concepts of
phenotype, genotype, dominant allele and
recessive allele are summarized in the concept
organizer in Figure 4.14 on page 131.

=

o The gametes formed by n:ﬁ s
each parent are listed along homozygous & (’@

the top and left side of the tall parent L

Punnett square.
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0 Al possible
genotypes are
determined by
combining gametes
from each row
and column in
the square.

~ PLAY )

An interactive exploration involving various crosses can be
found on your Electronic Learning Partner.

Figure 4.13 A Punnett square can be used to determine
the outcome of crosses. According to Mendel, the alleles
separate during gamete formation to produce T gamete and
t gamete. Each gamete of one plant has the opportunity to
pair with the gametes of the other plant. All possible
pairings of alleles produce tall plants (Tt).
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Solving a Punnett Square

Tall pea plants are governed by the allele T
while short pea plants are governed by the allele
t. Suppose a heterozygous tall pea plant was
crossed with a short pea plant. What are the
genotypes of the parents? Identify the genotypes
and phenotypes of the offspring of the

F1 generation.

What is required?

You are asked to find the genotype of each parent
as well as the genotypes and phenotypes of the
F, generation.

What is given?

You know the genotypes and phenotypes of each
parent:

T represents the allele for tall plants

t represents the allele for short plants

For the heterozygous tall parent, the genotype

is Tt

For the short parent (homozygous short) the
genotype is tt (must be tt because of the law of
dominance)

Plan your strategy
You are asked to make the following cross: Tt x tt

Act on your strategy

The genotypes of the parents are: Tt
(heterozygous tall plant), and tt (homozygous
short plant). Place the alleles of each parent along
the columns and rows of the Punnett square and
complete the possible crosses.

The genotypes of the offspring are: two Tt and
two tt. This is a genotypic ratio of 1 : 1.

These genotypes correspond to the following
phenotypes:
Tt — heterozygous tall plant

tt — homozygous short plant

The corresponding phenotypic ratio is also 1 : 1.

Check your solution

The parent genotypes are Tt and tt representing
tall and short plants, respectively. The genotypes
of the F; generation are Tt and tt, which
represent the phenotypes tall and short plants,
respectively.

Practice Problems

1. In pea plants, round peas are dominant over
wrinkled peas. Use a Punnett square to
predict the phenotypic and genotypic
outcome of a cross between a plant
homozygous for round peas (RR) and a plant
homozygous for wrinkled peas (zr).

2. In tomatoes, red fruit (R) is dominant over
yellow fruit (r). If a heterozygous red fruit is
crossed with a yellow fruit,

(a) What is the appearance of the
F1 generation?

(b) What are the genotypes of the
F, generation if two plants from the
F, generation are crossed?

(c) What are the phenotypes of the
F, generation?

T t .
3. In cattle, horns (h) are recessive over
hornlessness (H). If two homozygous cattle,
t Tt tt one hornless and the other horned, are
crossed, what are the genotypes and
phenotypes of the first generation?
t Tt tt
Pedigrees crosses are not possible, human geneticists use

Crosses can be done easily with plants, such as the
common garden pea, in order to determine the
inheritance of traits. How is inheritance of traits
studied among humans? Because experimental
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medical, historical, and family records to study
crosses that have already occurred. Records
extending across several generations can be
arranged in the form of a family pedigree.




Predicting the Outcome

Phenotypes of parents

alleles

Law of Segregation

In this section, the concepts of phenotype, dominant and
recessive traits, and gene segregation are used to predict
the outcomes of crosses. For example, according to the
gene segregation model, the monohybrid cross of parent
fruit flies that are both heterozygous for the trait “curly-
wings” will produce offspring in the following proportions:

Dominant/Recessive Ratio of offspring
phenotypes

25% homozygous dominant, 50% heterozygous, and 25%
homozygous recessive. Because the trait is recessive, it is
not expressed in homozygous dominant and heterozygous
individuals. Thus, only one in every four offspring will show
the curly-wing trait.

Figure 4.14 A summary of the major concepts in Mendelian genetics.

This is a diagram that illustrates the genetic
relationships among a group of related individuals
(see Figure 4.15). Careful analysis of different
pedigrees has shown that certain human traits,
such as a widow’s peak hairline and tongue-rolling
ability, are inherited as simple dominant traits. A
simple dominant trait has only two possible alleles
— dominant or recessive. Other inherited traits do
not influence the inheritance of simple dominant
traits. In other words, a person who inherits a
widow’s peak hairline has at least one dominant
allele present; and this allele is the only factor
controlling the inheritance of the trait. Many other
common human traits, such as freckles, long
eyelashes, and unattached earlobes, are inherited in
the same way. That is, they each appear to be
controlled by one pair of alleles, one a dominant
allele and the other a recessive allele. Other traits,
such as albinism, are inherited as recessives.

In order to construct a pedigree, squares are
generally used to represent males and circles
represent females. Colour represents individuals
who are recessive or dominant for a single trait (see
Figure 4.15). Generations are indicated by roman
numerals to the left of the pedigree. It is important
to note that a study of inheritance is usually
restricted to either the recessive or the dominant
nature of a particular trait. Therefore, only one of
the variations uses colour. Some individuals may

I male I—— parents

female

I affected male

I siblings

known
heterozygotes for

affected female recessive allele

I— mating

Figure 4.15 This example of a pedigree shows the method
of transmission of dominant and recessive alleles from one
generation to the next. Standard symbols are used to
establish a pedigree.

death

S wvwa |

show only half a square or circle of colour. This
indicates that the given individual is a carrier,
heterozygous for the given trait but does not show it.
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For instance, pea plants that are heterozygous for
tall (Tt) carry the recessive t allele, although it is
not expressed. In human pedigrees, the genotypes
are deduced from the phenotypes of individuals, so
they cannot always be determined with complete
accuracy. In the following investigation, you will
construct a family pedigree based on common
human traits.

Determining Genotypes

How can you determine if a particular organism is
a homozygous dominant or a heterozygous? You
cannot deduce this information by looking at the
phenotype alone. Recall that tall pea plants may be
homozygous dominant (TT) or heterozygous (Tt). In
order to determine the genotype of an individual,
you must perform a test cross. A test cross involves
crossing an individual of unknown genotype with a

Investigation

What Traits Can You See in Your Family?

In this investigation, you will prepare four different pedigrees to
illustrate the inheritance of common traits in your family. Using the
traits of tongue rolling, hitchhiker’s thumb, ear lobe attachment, and
widow’s peak hairline, you will determine the genotype of each family

member across three or four generations.

homozygous recessive individual. The offspring
will exhibit certain phenotypes that will allow you
to determine if your unknown is either
homozygous dominant or heterozygous. Study
Figure 4.16 on page 134 to learn how results of a
test cross are interpreted.

Test crosses are especially valuable for
determining whether a particular trait is passed by
one, two, or more pairs of alleles. For example,
Table 4.1 shows the phenotypic ratios of F;
offspring produced after mating parents with
contrasting traits and then breeding the F,
individuals. Each ratio gives rise to a particular
conclusion about the underlying genetic
interactions. Why is it important to know how
many pairs of alleles govern a particular trait?
Multiple allele inheritance is often influenced by
environmental factors, such as diet and climate,
while single allele inheritance is not. Plant

Predicting
Performing and recording
Analyzing and interpreting

Conducting research

m How can you identify the genotypes of family

members if you know their phenotypes?

Problem

[ If a family member shows a phenotype for a
dominant trait, how can you determine

Tongue Thumb Earlobe Hairline
dominant .
trait U s .’-.“. f ’_;',"l ';
can roll straight detached pointed
i
; ) P
recessive f <
trait R el
cannot roll | bent back attached

whether the individual is homozygous or
heterozygous for that trait?

Prediction

Pre-lab Questions
= How many of the traits illustrated in the figure
have you noticed among your family members?

= How could you determine whether a trait was
dominant or recessive if you were not given
that information?
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Predict how dominant traits are inherited
across several generations.

Materials

ruler
coloured pencils

blank white paper
pencil
Procedure

1. Record the phenotypes of different family
members from at least three generations



researchers, for example, need to know how much
of their plant breeding results are due to genes and
how much to the care they give growing plants.
You will investigate the inheritance of more than
one trait in the next section.

Table 4.1
Results of several test crosses

Phenotypic ratio
Conclusion

in F; offspring
3:1
9:3:3:1

One pair of alleles at one gene location
Two pairs of alleles at two gene locations

No recognizable ratio Alleles at multiple gene locations

including your own. If your relatives do not
live nearby, contact them to learn about
their traits. In some cases photographs or
videos of family members may help you
determine certain phenotypic traits. If you
cannot contact your family members, select a
friend and construct a pedigree with the
information from his or her family.

2. Draw four different pedigrees. Use the
symbols shown in Figure 4.15 (see page 131)
to indicate the sex and genotype status of
each individual. Give each pedigree a title
to correspond with the trait you are
illustrating.

3. Write the name of each person below each
symbol in your pedigree.

4. Beside each symbol, indicate what genotype
you think the person has.

Post-lab Questions

1. Which of the traits are most common in
your family line?

2. Where you unable to determine dominance
or recessiveness for one or more of the
traits? Explain.

=~ PLAY

To enhance your learning about pedigrees and crosses, refer
to your Electronic Learning Partner.

wer

As you have learned, offspring inherit certain traits from their
parents. How traits are expressed, however, may be influenced
by other factors. To find out how environmental factors can
influence the expression of traits, visit the web site below. Go
to Science Resources then to BIOLOGY 11 to find out where to
go next. For example, how does ambient temperature affect the
growth of plants, hair colour in mammals, or wing patterns in
butterflies? How can the sex of a fish change depending on its
social environment? How does soil pH affect the colour of
flowers? Research an environmental factor and determine how
it can influence the expression of a trait in one species. Prepare
a 10 min oral presentation for a class symposium.
www.school.mecgrawhill.ca/resources/

Conclude and Apply

3. Explain how you arrived at the genotypes of
at least three members of your family.

4. Which dominant traits do you have? Which
recessive traits?

5. Are some traits more or less common in the
families of other class members than they
are in your family?

Exploring Further

6. Some deleterious, disease-causing recessive
traits remain hidden for many generations.
Is there any circumstance in which such a
recessive allele could be beneficial to
individuals who are heterozygous for that
allele?” Do you know of an example of such
an occurrence in the human population?
Why do you think these traits continue to
exist in the human population?

7. Research a human genetic condition, such
as cystic fibrosis, albinism, or sickle cell
anemia. Report on the characteristics of the
condition and the method of genetic
transmission.
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o The dog of unknown genotype
could be heterozygous (Dd) or
homozygous dominant (DD) for

the trait.
Homozygous x Homozygous Heterozygous x Homozygous
DD dd Dd dd
G If the dog .of unknown d d d d e If the dog .of unknown

genotype is genotype is heterozygous,
homozygous dominant D Dd Dd D Dd Dd half the offspring will be
(DD), all the offspring heterozygous (Dd) and
will be heterozygous appear normal. However,
(Dd) and will appear D Dd Dd d dd dd the other half of the
normal. offspring will be

Offspring: all dominant Offspring: 1/2 dominant homozygous recessive

1/2 recessive and appear dwarf.

Figure 4.16 This test cross of Alaskan malamutes involves a dwarf dog that is
homozygous recessive (dd) and a normal-size dog of unknown genotype (D?).

7 cag |

|dentify the Genotypes 5. What additional information would you need in order to
positively determine the genotypes of those that you

were unsure about?

Background

It is often difficult to determine the exact genotypes of
parents of various species when only their phenotypes are
known. In this lab, you will deduce probable genotype(s) for
parents based on a series of crosses. Carefully read each

6. Identify the genetic principle (or principles) that enabled
you to solve each scenario.

Scenario Outcome (offspring)
scenario and the outcome of each cross that is listed in the
table, and then complete the questions. A watermelon plant with striped fruit | All fruit are striped.
is crossed with a plant heterozygous
You Try It for this characteristic.
1. Suggest probable genotypes for the parents based on A black pig mates with a white pig. | In a litter of 16 piglets, 75% are
the results of each cross. black and 25% are white.
2. Give a brief explanation of how you determined the A yellow-haired female rat is mated | Of 99 offspring, 46 are black
genotypes for each of the scenarios described in the with a black-haired male rat. and 53 are yellow.
table.
Two pea plants are crossed. Plants with green pods and
3. Identify and explain any evidence that enabled you to plants with yellow pods are
be reasonably sure of your answers. produced in the ratio 3 : 1.
4. Are there any answers of which you are unsure? Why or Atall green pea plant is crossed with | Of 18 plants produced, only one
why not? another of its kind. is short and yellow.
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L] SECTION REVIEW

1. State the principle of segregation.

2. What important ratio appears in the
F» generation of Mendel’s monohybrid crosses?
Explain why this ratio appears.

3. Differentiate between the following:(a) dominant

and recessive; (b) gene and allele.

4. Define the “principle of dominance.” Briefly
describe the experimental results that led Mendel to
this principle.

5. @ Why might a plant breeder be interested in
knowing how certain traits are inherited?

- 3 ’ FR
“_"_‘ . ff_ A o L ¥

6. Why was the pea plant a suitable organism for
Mendel to conduct his experiments on heredity?

7. What is the purpose of a test cross? Why are
test crosses often considered to be unreliable when
determining genotypes of animals?

8. @ Using an illustration, explain the purpose of the
Punnett square.

9. @ In pea plants, yellow peas are dominant over
green peas. Use a Punnett square to predict the
phenotypes and genotypes of the offspring from a
cross between a plant heterozygous for yellow peas
(Yy) and a plant homozygous for green peas (yy).

10. @ As a reward for being a good student, Mr. Singh
gives you a rabbit named Bud. Bud has long hair.
You introduce Bud to your other rabbit, Sarah, who
has short hair. Later that school year, Bud and Sarah
produce a litter of one long-haired and seven short-
haired bunnies. If short hair is due to the dominant
gene (S) and long hair to the recessive allele (s):

(a) What are the possible genotypes of Bud and
Sarah?

(b) What phenotypic ratio would you expect in the
offspring generation of a cross between Bud and
Sarah? Create a Punnett square to show the
results of the cross.

11.

(c) How many of the eight bunnies were expected to
be long-haired?

(d) The expected phenotypic ratio would be achieved
in every case. Would you agree with this
statement? Why?

@ A woman has a father who died of Huntington’s
disease. What is the probability that she will develop
the symptoms of the disease? (Hint: Huntington’s
disease is caused by a recessive allele.)

12. @ In humans, albinism (the lack of skin pigmentation)

is governed by a recessive allele (a) and normal
pigmentation is governed by the dominant allele (A).
Given this information, determine the genotypic and
phenotypic ratios of the children expected from the
following crosses:

(a) homozygous dominant x heterozygous

(b) heterozygous x homozygous recessive

(c) homozygous dominant x homozygous recessive
(d) heterozygous x heterozygous

(e) For each of the above crosses, state the percent
likelihood of the first child being albino.

Determine the percent likelihood of having one normal
child followed by two albino children in one family.

13. @D A hornless bull is crossed with three cows, A, B,

and C. Cow A is horned and produces calf A" which
is also horned. Cow B is hornless and produces calf
B’, which is horned. Cow C is horned and produces
calf C’, which is hornless. Give the genotypes and
phenotypes of all seven animals.

14. @ A couple has two children, one of which is a boy.

What is the probability that the other child is a girl?

15. I Many characteristics are the result of single gene

inheritance. For example, a widow’s peak is inherited
over a smooth hairline if the allele for the widow’s
peak is present. How do you think characteristics
that are controlled by more than one gene might be
expressed?

16. I Can you think of any other organism that would

have been a good candidate for Mendel to study the
genetics of inheritance? Why did Mendel choose to
study plants rather than animals or, indeed, humans?

) UNIT ISSUE PREP

If you have decided to investigate breeding technologies
in your Unit 2 Issue Analysis, be sure you are familiar

with how traits are inherited.
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The Inheritance of Two Traits

EXPECTATIONS

i
m Explain the inheritance of
more than one trait.

m Predict the outcome of
crosses involving two traits.

= Compile quantitative and
qualitative data in a laboratory
investigation to determine the
genotypes of plants.

Figure 4.17 Many varieties of
plants, such as this rose, have
been hybridized. Each may
have a combination of traits
including flower shape, colour,
and fragrance.

When Mendel performed his monohybrid crosses
on pea plants, he was investigating one trait at a
time. This method allowed him to determine the
inheritance pattern of plant height, for instance,
among generations. However, organisms are
composed of many traits. The common pea,
among other characteristics, has traits for colour,
shape, and height. Fragrance in flowers also has a
genetic basis and is particularly important in the
cultivation of ornamentals, such as roses (see
Figure 4.17). How are multiple traits (two or more)
inherited? This was the question Mendel sought to
answer in his next series of experiments.

Mendel’s Second Experiment:
A Dihybrid Cross

Mendel wanted to know if the inheritance of one
characteristic influenced the inheritance of a

different characteristic. For example, did pea shape

influence pea colour? Mendel approached this
question the same way he had approached the
previous ones. First, he produced plants that were

purebred for the traits he wanted to examine. Using

the combination of the pea’s shape and colour, for
instance, he selectively bred pea plants until the
offspring always had round, yellow seeds. These
plants were homozygous dominant for both traits.
He then bred plants that were homozygous
recessive for both seed shape and colour. These
individuals always had wrinkled, green seeds.
Mendel then performed a dihybrid cross; that is,

136 e MHR ¢ Genetic Continuity

he crossed two pea plants that differed in two traits
— pea shape and pea colour. The F; generation all
had round, yellow seeds. Remember that round
seed shape and yellow colour are dominant
characteristics (see Figure 4.18). The offspring were
therefore all heterozygous for the two traits. If

R represents the dominant trait for pea shape and
Y represents the dominant trait for pea colour, the
genotype of the F; generation is RrYy. The
phenotype is round and yellow seeds. What
happens if you cross individuals of the

F, generation? Figure 4.19 shows all possible
genotypes from an F; cross.

dihybrid cross
round yellow x wrinkled green

P X @
round yellow ’ wrinkled green

F4 . all round
yellow
£ . &
9 3 3 1
round round wrinkled wrinkled
yellow green yellow green

Figure 4.18 Results of Mendel’s dihybrid crosses of pea
plants. What traits were expressed in the F; and F»
generations?



F; cross RY Ry rY ry
RrYy x RrYy RRYY RRYy RrYY RrYy
. round yellow o o Fo das
" (“J’ (“J’ (“J’ (“J’
o round green
| wrinkled yell
:__f-l wrinkled yellow RRYy RRyy RrYy y
. wrinkled green y y
Ry ‘ | Y
RrYY RrYy rrYY rrYy
v &rd % ¢ % ¢
-9 -9 .\. b .\. b
RrYy Rryy rrYY rryy
v | : i}- Y
(1 ) & 3

Figure 4.19 A dihybrid cross of the F; generation produced nine different

genotypes. How many phenotypes resulted from this cross?

Mendel allowed the F; generation of his
dihybrid cross to self-pollinate. Of 551 plants in
the F, generation, Mendel observed the following
traits:

® 320 round yellow ® 104 round green

= 101 wrinkled yellow = 26 wrinkled green

These results represent a phenotypic ratio of
9:3:3:1. The F, generations of other dihybrid
crosses for other traits showed a similar phenotypic
ratio.

Law of Independent Assortment

Mendel realized that a ratio of 9:3:3:1 could be
explained if the alleles from one trait were
inherited independently of the alleles for another
trait. This led Mendel to propose the law of
independent assortment. This second law of
inheritance states that the inheritance of alleles for
one trait does not affect the inheritance of alleles
for another trait. According to the law of
independent assortment, different pairs of alleles
are passed to the offspring independently of each
other. This means that offspring may have new
combinations of alleles that are not present in
either parent. A pea plant’s ability to produce

white flowers instead of purple ones does not
influence the same pea plant’s ability to produce a
round pea shape rather than a wrinkled pea shape.

wer

The common fruit fly, Drosophila melanogaster, is often used
by researchers to study the inheritance of traits. This fruit fly
shows distinct phenotypes, such as eye colour and wing shape,
which are inherited as simple dominants. Thus, genotypic and
phenotypic ratios can be easily determined from crosses. A
virtual computer lab may be used to investigate the inheritance
of traits in this fly. To find out how to conduct crosses using
virtual flies, visit the web site below. Go to Science Resources,
then to BIOLOGY 11 to find out where to go next. The virtual fly
lab is recommended over conventional fly labs because there is
no need to actually breed flies and wait for offspring to
develop. Computer software allows you to create crosses and
determine the outcome quickly and easily.
www.school.mcgrawhill.ca/resources/

—— | PAUSE h © RECORD

In what step of an experimental design would you use a
Punnett square? Explain briefly using an example.
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As in the case for a single trait, a test cross may
also be used to determine the genotype of an
individual for two traits. A two-trait test cross
involves crossing an individual that shows the
dominant phenotype for two traits with an
individual that is homozygous recessive for the
same two traits. The individual showing the
dominant phenotype for both traits may be either
heterozygous or homozygous dominant. A
homozygous recessive individual is used in the
cross because it provides the best chance of

DESIGN YOUR OWN

Investigation

Determining Plant Genotypes

producing an offspring that is homozygous
recessive for both traits.

For instance, if a pea plant is homozygous
dominant for purple flower colour (PP) and round
pea shape (RR), then the F; generation will all have
the dominant phenotype. This will occur even if
the cross involves a homozygous recessive plant,
which has white flowers (pp) and a wrinkled pea
shape (rr). However, if the pea plant is
heterozygous for both traits (PpRr), then there is a
25% chance that the F; generation will show the
recessive condition for one or both of the traits.

Predicting
Hypothesizing

In this investigation, you will design and conduct experiments to
determine the genotypes of tobacco plant seeds. You will use two
batches of seeds that yield slightly different characteristics in the
plants. One batch of seeds will produce some seedlings that are green,
and some that are white (albino). The other batch will produce some
seedlings that are green, some green-yellow, and some yellow. Work in
a small group to design your experiments. Then obtain your teacher’s

Identifying variables

Performing and recording

approval before completing the investigation.

Problem

How can you determine the genotype of a tobacco
seed based on the phenotype of the seedling?

Hypothesis

Each group is responsible for formulating a
testable hypothesis of how the plant phenotypes
reflect their genotypes. The hypothesis will form
the basis of your experimental design.

NOTE: Be careful not to mix seeds from the two
batches. Wash your hands following this
investigation.

Materials

2 different batches of tobacco seeds

flats, small pots, or plastic cups

growth medium (vermiculite or sterilized potting soil)
magnifying lens or dissecting light microscope
water labels
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Experimental Plan

1. Brainstorm several methods you could use
to test your hypothesis, using the materials
listed here.

. As a group, select one method for your
experimental design.

3. Your experimental design should include
the collection of qualitative and quantitative
data.

. Your plan should consist of a series of easily
identifiable and understandable steps that
could be duplicated by another group,
without the need for additional information
or clarification.

Checking the Plan

Review your plan among the members of your
group and with your teacher. Possible questions
include:

1. What types of data will you collect?



Figure 4.20 shows a Punnett square involving a
cross between heterozygous and homozygous
recessive individuals. The expected ratio of
individuals is one purple flower with round peas,
one purple flower with wrinkled peas, one white
flower with round peas, and one white flower with
wrinkles peas (thatis, 1:1:1:1).

Figure 4.20 This two-trait test cross shows a cross
between a heterozygous individual and a homozygous
recessive individual. The Punnett square shows that there
is a 25% chance of producing each of the possible
phenotypes.

2. What is/are the dependent and independent
variable(s)? Does your experiment include
any control variables? What variables might
you wish to control?

3. What is the duration of the experiment and
what data will you collect during this time?

4. Have you prepared a table for collecting
your data?

5. Has your plan been approved by your teacher?

6. Have you applied/used all necessary safety
precautions?

Data and Observations

Each group is responsible for carrying out their
own data collection. Record your observations
in your table. Each group is also responsible for
analyzing their results. Use a graph or chart to
present your results.

Analyze

1. Suggest possible genotypes (combinations of
alleles) for the different phenotypes

. Why is it not possible for the genotypes of

. Identify each of the variables you

. Determine the method of inheritance for the

Parents Female (pprr)
P = purple flower
Egg p = white flower
pr R = round pea shape
Sperm r = wrinkled
pea shape
Male PR PpRr
PpRi

(PpRN) Pr Pprr
PR ppPRr
pr prpr

observed (for example, GG might indicate
homozygous dominant for green).

the different batches of tobacco plants to be
determined through an investigation of the
seeds alone?

considered in designing your experiment.
Explain how consideration of each variable
was necessary in order to obtain valid
scientific results.

batch of seeds that produced green and/or
white tobacco seedlings. Explain.

. Describe, how you determined the

genotypes of the individual seeds using an
example from each of the seed batches.

Conclude and Apply

6. Determine the method of inheritance for the

batch of seeds that produce green, yellow-
green, and/or yellow tobacco plants. How is
this method different from the method you
described above? Does this method of
inheritance follow the principles laid out by
Mendel? Explain.

Exploring Further

7. In this investigation, you looked at

variations of a single trait — plant colour.
How would you modify your experimental
design to determine the genotypes of the
seeds for two different traits?
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\\| sample Potemm ...

The Two-trait Cross

A male and a female guinea pig are both
heterozygous for fur colour and fur texture. Both
dark fur (D) and rough fur (R) are dominant traits.

(a) What are the recessive traits and what
letters do you use for them?

(b) What are the parent phenotypes?

(c) How many different gametes are formed
and what are they?

(d) Determine the frequency of offspring that
are homozygous for both traits.

(e) Determine the frequency of offspring that
have rough, dark fur.

(f) Determine the frequency of offspring that
express both recessive traits.

What is required?

You are asked to determine the recessive traits
and assign letters to represent them. Further, you
are asked to determine the phenotypes of the
parents and offspring.

What is given?

You know that both dark fur (D) and rough fur
(R) are dominant traits. Therefore, the recessive
traits are light fur (d) and soft fur (r). You are told
that both parents are heterozygous. This means
the genotype of each parent is DdRr. Because of
the rule of dominance, each parent would have
dark, rough fur.

Plan your strategy

To determine the genotype and phenotype of the
offspring, you will need to make the following
cross: DdRr x DdRr. A gamete from each parent
can include one allele from each trait. Therefore,
each parent can produce four possible gametes:
DR, Dr, dR, and dr.

Act on your strategy

Place the gametes of each parent along the
columns and rows of the Punnett square and
complete the possible crosses.

Female gametes

DR Dr dR dr
DR| DDRR | DDRr | DdRR | DdRr

(%]

% Dr| DDRr | DDrr | DdRr | Ddrr
£

[

o]

(3]

S dR| DdRR | DdRr | ddRR | ddRr
dr | DdRr Ddrr ddRr ddrr

There are only two individuals homozygous for
both fur colour and texture. These are DDRR and
ddrr. Therefore, the proportion of offspring
purebred for these traits is  or .

The following offspring have rough, dark fur:
DDRR, DDRr, DARR, and DdRr. There are nine
individuals with this genotype. Therefore ;% of
the offspring have rough, dark fur.

Only one offspring is homozygous recessive
(ddrr). Thus 55 of all the offspring will have light,
smooth fur.

Check your solution

The genotype of each parent is DdRr. This means
that each parent will have dark, rough fur. A
cross produces nine possible genotypes in the
offspring: DDRR, DDRr, DARR, DDrr, DdRr, Ddrr,
ddRR, ddRr, and ddrr. The phenotypic ratio of
the offspring is:

= % dark and rough fur

» 2 dark and smooth fur

= 2 light and rough fur

= - light and smooth fur

Practice Problem

1. In people, curly hair is dominant over
straight hair and the ability to curl the tongue
is dominant over not being able to curl the
tongue. A man with curly hair who has the
ability to curl his tongue and a woman with
curly hair who cannot curl her tongue have
children. What are the possible genotypic
and phenotypic ratios of their offspring?
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L] SECTION REVIEW

1. Define the term “dihybrid cross.” State three
examples of dihybrid crosses of pea plants that
Mendel may have performed.

2. State the law of independent assortment.
Explain briefly what is meant by independent
assortment.

3. The Punnett square is often used for solving
genetics problems involving monohybrid and dihybrid
crosses but rarely for crosses that are more complex
(that is 3 or more gene pairs). Explain why this is so.

4. @ In a dihybrid cross of two pea plants, one
homozygous for two dominant traits and the other
homozygous for the corresponding recessive traits,
what will the phenotypic ratio be for the
F1 generation? for the Fo» generation?

5. @ Give the possible alleles in the eggs produced by
a woman whose genotype is JjKkLI.

6. @ In Drosophila melanogaster (the fruit fly you find
hanging around your vegetables and fruits at home)
normal wings (W) are dominant over vestigial wings
(w); grey body colour (G) is dominant over ebony
colour (g); and normal antennae (A) are dominant
over antennapedia (a). Bugsy, a male fruit fly who is
homozygous dominant for body colour and normal
wing shape, mates with Daisy, a female fruit fly who
is homozygous recessive for body colour and
wing shape.

(a) Write the genotypes of Bugsy and Daisy for body
colour and wing shape. Bugsy and Daisy will be
the P generation.

(b) What are the alleles that Bugsy can provide for
body colour? for wing shape?

(c) What are the alleles that Daisy can provide for
body colour? for wing shape?

(d) Draw a Punnett square and show the possible
genotype(s) of the Fy generation produced by
Bugsy and Daisy.

(e) What are the percentages of each genotype?

(f) What are the alleles for body colour and wing
shape that can be provided by any member of the
F1 generation?

(g) Now cross two individuals from the Fy generation
(a dihybrid cross). Show this cross. The offspring
from this cross will be the Fo generation.

(h) What are the genotypic ratios for body colour in
the F1 generation? for wing shape?

. @D Dino, another fruit fly, is homozygous recessive

for body colour and homozygous dominant for
antennae. He mates with Daisy’s sister Lulu, who is
homozygous dominant for body colour and
homozygous recessive for antennae.

(a) What are the genotypes for the P generation? Be
sure to include both traits.

(b) Draw the Punnett square and show the cross
between Dino and Lulu. Their offspring will be the
F1 generation.

(c) What are the percentages of the genotype(s)
found in the Fy generation?

(d) List the four possible combinations of alleles that
could be produced in the gametes by members of
the Fy generation.

(e) Cross two individuals of the Fy generation. Show
this cross in a Punnett square.

(f) What ratio of phenotypes can you expect from
this dihybrid cross?

. @ In the fruit fly, sepia eye is recessive to red eye,

and curved wing is recessive to straight wing. If a
pure-breeding sepia-eyed, straight-winged fly is
mated with a pure-breeding red-eyed curved-winged
fly, what phenotypes will appear in the Fy generation?
If two F; flies are allowed to mate, what phenotypes
will appear in the F» generation and in what ratio?

. @D Fruit with seeds are dominant over fruits that are

seedless, and blue colour is dominant over purple
colour. A homozygous purple fruit with seeds is
crossbred with a homozygous blue, seedless fruit.
What are the genotypes and phenotypes of the

F»> generation?
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EXPECTATIONS

i

= Explain how incomplete
dominance and co-dominance
can account for inheritance of
intermediate characteristics.

= Solve genetics problem
involving multiple alleles.

Figure 4.21 The inheritance
pattern of multicoloured corn
would have been unknown to
Mendel.

In his studies of pea plants, Mendel found that

inherited traits were either dominant or recessive.

The dominant allele in an individual was always

expressed, even if the recessive allele was present.
However, some organisms show different patterns
of inheritance. For example, the variety of colours

of corn shown in Figure 4.21 does not follow the
inheritance pattern outlined by Mendel — many
colours of kernel are expressed rather than only
one. How can we explain the inheritance of traits
that do not follow simple Mendelian genetics?

Incomplete Dominance

Not all traits are purely dominant or purely
recessive. In some instances neither of the alleles
controlling the trait are dominant. When this
happens, a blending of the two traits can occur,
called incomplete dominance. Apparent blending
of traits to give an intermediate expression can
occur in individuals that are heterozygous.
Examples of incomplete dominance can be found
in many species of plants, including the
snapdragon (see Figure 4.22).

White or red snapdragon flowers are

homozygous, while pink flowers are heterozygous.

In this example, the letters R and R” are used

(rather than R and r) to indicate alleles that show
incomplete dominance (see Figure 4.23). Two red
alleles (RR) are necessary to produce a red flower.
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Figure 4.22 Snapdragon flowers can be white, red, or pink.
Pink flowers result from a cross of individuals with white and
red flowers.

Individuals with only one R allele are unable to
make enough red pigment to produce red flowers,
and they appear pink. Individuals that are white
(R'R’) produce no red pigment.

In traits that show incomplete dominance, the
alleles segregate the same way as in crosses
mentioned earlier in this chapter. However, because
neither of the alleles are dominant, only pink
flowers (RR’) are produced in the F; generation.
What happens when two individuals with pink
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Figure 4.23 Flower colour in the snapdragon is an example of incomplete
dominance. Pink flowers are heterozygous (RR’), where neither allele is dominant.

flowers are crossed? The phenotypes of the

F, generation are: 25% red, 50% pink, and 25%
white, or a ratio of 1 : 2 : 1. Notice, that the

F, generation does not show a Mendelian ratio for
phenotype of 3 : 1. The ratios for genotype and
phenotype are both 1 : 2 : 1 because there is no
dominant allele. This supports Mendel’s law of
independent assortment. Another example of
incomplete dominance occurs in the pitch of the
human male voice. The lowest and highest pitches
occur in men who are homozygous for these
alleles. Intermediate pitches occur in men
heterozygous for this condition. Fortunately for
Mendel, the pea plant traits that he studied were
not controlled by incomplete dominance.
Otherwise he may not have been able to develop
the basic principles of genetics.

Co-dominance

In some cases, both alleles for a trait may be
dominant. Such alleles are said to be co-dominant
because both alleles are expressed in the
heterozygous individual. For example, feather
colour in chickens is governed by two dominant
alleles. Black birds are homozygous for the B allele
and white birds are homozygous for the W allele.

What happens when a black rooster is crossed
with a white hen? If the colours blended, you
would expect offsping with grey plumage. If only
the B allele was dominant, then only black-
feathered young would result. However, the result
of the cross is offspring with checkered black-and-
white plumage, as shown in Figure 4.24. Some of
the feathers are white and some are black.

Figure 4.24 In some varieties of chicken, two alleles for a
trait may be expressed equally, such as in this bird with
barred plumage.

Multiple Alleles

Many genes have more than two alleles, or
multiple alleles. An example of multiple alleles
occurs in human blood types. In this case, three
alleles are involved: A, B, and O. Table 4.2 on

page 144 shows the blood types in humans and the
possible genotypes for each. Each person has two
of the three alleles and each allele determines if the
red blood cells do or do not possess certain
glycoproteins. People with type A blood have A
glycoproteins on their blood cells. People with type
B blood have B glycoproteins. People with type AB
blood have both glycoprotiens. People with blood
type O do not have either A or B glycoproteins.
The three alleles for human blood types are I*, I?,
and i. Alleles I* and I® are dominant over i.
However, I* and I® are co-dominant and are
expressed equally.
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Table 4.2
Human blood types

Phenotype (blood type) Genotypes
(AR or 1A
B BB or IBj
AB A8
0 ii

There are two possible genotypes for blood types
A and B, one homozygous, and one heterozygous.
In order to have type AB blood, a person would
have to inherit one I* and one I? allele. People
with type O blood must inherit two ii alleles. You
will learn about the inheritance of human blood-
related illnesses in Chapter 7.

Human blood type is only one example of a trait
that is governed by more than one pair of alleles.
Some traits are controlled by far greater numbers of
alleles. These types of traits are the result of

\| sample Proptemn ... _...__._._

Human Blood Types

If a woman has blood type AB, and a man has
blood type A, what possible blood types will
their children have?

What is required?

You are asked to determine the possible
genotypes of offspring from a cross.

What is given?
You know the genotype of the mother (AB) and

IATA if he is homozygous or 141 if he is

heterozygous.

Plan your strategy

You must make the following crosses:
IAIB x TATA

IAIB x 141

Act on your strategy

Place the alleles of each parent along the
columns and rows of the Punnett square and
complete the possible crosses. If the father is
blood type A homozygous, then:

Mother
1A IB
Al AR A8
Father
Al AR A8

If father is blood type A heterozygous, then:

father (A). The possible gametes from the mother
are I*IB. The possible gametes from the father are

Mother
1A IB
Al A IAIB
Father
i 1A 1B

There are four possible genotypes: I*I#, A5, 14,
I%i. (Note: the genotypes I*I* and I*i will both
produce the same phenotype — type A blood).
Thus, the possible blood types of the children
are: A, AB, and B.

Check your solution

If the father is homozygous, the possible blood
types of the children are A and AB. If the father
is heterozygous, the possible blood types of the
children are A, AB, and B.

Practice Problems

1. A man has blood type A and his wife has
blood type B. A child has blood type O.
Could these individuals be the parents of this
child? Explain.

2. Suppose a man with blood type B marries a
woman with type AB blood. What blood
types would you expect to find among their
children? What could tell you whether the
man was homozygous or heterozygous for the
B blood type?

3. In foxes, a pair of alleles, P and p, interact as
follows: PP is lethal, usually during the
embryonic stage; Pp produces platinum-
coloured fur, and pp produces silver foxes.
Could a fox breeder establish a true-breeding
variety of platinum foxes? Explain.
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multiple gene inheritance and are very complex.
Skin colour is a good example of this type of
inheritance. There are many more than just the two
or three phenotypes attributed to skin colour. In
fact there may be several phenotypes, or even a
continuous variation that cannot be split up into
convenient, easily defined categories. The more
genes that contribute to a single trait, the greater
the number of categories of the trait, with
increasingly fine differences between the
categories. These complex patterns of inheritance
will be addressed in the next chapter.

Since Mendel’s time, knowledge of the
mechanisms that control the inheritance of traits
has developed considerably. It is now understood
that the inheritance of one allele can, at times,
affect the inheritance of a second allele, or can
affect how and when a trait is expressed in an
individual. As you have learned not all inheritance
follows the simple dominant-recessive pattern. In

Inheritance of Coat Colour
in Rabbits

Background

Coat colour in rabbits is governed by four different alleles.
Each allele is responsible for producing a different coat
colour: dark grey, Chinchilla, Himalayan, and white. Each
rabbit has only two alleles. Study the relationship among
the alleles in the table and then complete the lab.

Phenotype
(coat colour) Allele Pattern of inheritance
Dark grey C dominant to all other alleles
Chinchilla cen dominant to Himalayan and to white
Himalayan ch dominant to white
White ® recessive
You Try It

1. List all the possible genotypes for a
(a) dark grey rabbit
(b) Chinchilla rabbit
(c) Himalayan rabbit
(d) white rabbit
2. Predict the phenotype of a rabbit with the following
genotypes. Explain your answers.
(a) chcen (b) Cc"

incomplete dominance, heterozygotes exhibit an
intermediate phenotype between the two
contrasting phenotypes. Co-dominant alleles, such
as those determining blood type, are both present
in the phenotype of heterozygous individuals.
Many traits are determined by several alleles.

COURSE CHALLENGE

Blood types are often used to help establish the
identity of people. How could blood types be used to help
determine the presence of disease or as evidence in criminal
investigations?

3. Would it be possible to obtain white rabbits if one
parent is white and the other is Chinchilla? Explain.

4. Would it be possible to obtain Chinchilla rabbits if one
parent is Himalayan and the other is white? Explain.

5. A Chinchilla rabbit is mated with a Himalayan. Some
of the offspring are white. What are the parents’
genotypes?
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[ SECTION REVIEW

1. Define the following terms: carrier, incomplete
dominance, co-dominance, multiple allele
inheritance, multiple gene inheritance.

2. Explain the law of probability as it applies to the
inheritance of different traits.

3. @ Tay Sachs disease is the result of two recessive
alleles. Frank’s brother died from Tay Sachs disease,
but Frank is healthy. Stephanie’s brother died from
Tay Sachs disease but Stephanie is healthy.

(a) If Frank and Stephanie have a child, what is the
probability that the child will inherit Tay Sachs
disease?

(b) If Frank and Stephanie have a child, what is the
probability that the child will not inherit the
disorder?

4. @ Explain how an individual can be a carrier for a
particular disease yet not have the disease. Is this
explanation true for all people who are carriers?

5. Differentiate between co-dominance and
multiple allele inheritance.

6. @ How many different genotypes of the human
blood type are possible? Explain. How many different
phenotypes are possible? Why are these numbers
different? Explain.

7. @ A woman sues a man for the support of her
child. She has blood type A, her child has type O,
and the man has type B. Could the man be the
father? Explain your answer.

8. @ The Punnett square shows a dihybrid cross of
Fi pea plants. Purple flowers (P) are dominant and
white flowers are recessive. Tall plants (T) are
dominant and short plants are recessive. Determine
the phenotype ratios of the F» generation. What
Mendelian law does this ratio demonstrate?

Female gametes

PT Pt pT pt

PT| PPTT | PPTt | PpTT | PpTt
(/2]

£ Pt| PPTt | PPtt | PPTt | Pptt
£
o]
o
)

TEva PpTT | PpTt | ppTT | ppTt

pt | PpTt Pptt ppTt pptt
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9.

10.

11.

@ A mother with blood type AB has a child with the
same blood type. What are the possible genotypes of
the father?

@ Mrs. Doe and Mrs. Roe had babies at the same
time. Mrs. Doe took home a girl and named her
Nancy. Mrs. Roe received a boy and named him
Richard. However, Mrs. Roe was sure she had a girl,
and sued the hospital. Blood tests showed that

Mr. Roe was type O and Mrs. Roe was type AB.

Mr. and Mrs. Doe were both type B. Nancy was
type A and Richard was type O. Had an exchange
occurred? Explain your answer.

@ A rose-combed rooster is mated with two rose-
combed hens. Hen A produces 14 chicks, all rose-
combed. Hen B produces 9 chicks, 7 of which are
rose-combed and 2 single-combed. What are the
likely genotypes of the parent birds? Explain.

12. @D In four o’clock plants, red flowers are incompletely

dominant over white flowers. The heterozygous
flowers are pink. If a red-flowered four o’clock plant
is crossed with a white-flowered four o’clock plant,
what will be the flower colour of

(a) the Fy generation?
(b) the Fy generation crossed with its red parent?
(c) the Fy generation crossed with its white parent?

.4 UNIT ISSUE PREP

If you have decided to investigate research into
inheritance of complex traits in your Unit 2 Issue
Analysis, make sure you are familiar with the different
models of inheritance of traits.
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Chapter Expectations
Briefly explain each of the following points.

¢ People before Mendel could not adequately
explain how traits were inherited. (4.1)

¢ A dominant trait is always expressed in an : itr:iltt;ite d : Eggroozzyfgoouuss
individual. (4.2). . o « genetics * probability

e A homozygous individual is either « purebred e Punnett square
dominant or recessive for a particular « true breeding e genotype

trait. (4.2)
e Punnett squares can be used to determine

the outcome of crosses. (4.2) e [, generation genotype
¢ In pea plants, Mendel found that the * hybrid * pedigree
inheritance of one trait was not influenced * monohybrid * simple dominant trait
by the inheritance of another trait. (4.3) e dominant e carrier
® recessive ® test cross

® The law of independent assortment is
based on a particular phenotypic ratio in the
F, generation. (4.3)

e Exceptions to simple Mendelian genetics
include incomplete dominance and
co-dominance. (4.4)

Language of Biology

Write a sentence using each of the following words or
terms. Use any six terms in a concept map to show
your understanding of how they are related.

e P generation
e filial generation

e principle of dominance
e [, generation

e Mendelian ratio

e law of segregation

e genes

e alleles

e phenotype
e Mendelian ratio for

e dihybrid cross

e law of independent
assortment

e incomplete dominance

e co-dominant

e multiple alleles

UNDERSTANDING CONCEPTS

1. In your notebook, state whether each of the 2. Fundamental to our understanding of

following statements is true or false. Correct

each false statement.

(a) Heredity is the branch of biology dealing
with the principles of variation in plants
and animals.

(b) Gregor Mendel is credited with developing
the fundamental principles of genetics.

(c) The 1:2:1 ratio is a ratio of phenotypes in
a dihybrid cross.

(d) A hybrid is an organism that is a cross
between two different purebred plants.

(e) The second filial generation is the offspring
of the parent generation.

(f) The Punnett square is a graphical way of
illustrating all the possible combinations of
gametes.

(g) The genotype of an organism describes the
physical appearance of the particular
characteristic under study.

inheritance is the knowledge of what happens
during the process of cell division. What is the
genetic significance of meiosis in terms of
heredity?

3. Explain the meanings of Mendel’s principle of
segregation and principle of independent
assortment. Under what circumstances does

the principle of independent assortment hold
true? Give an example in which this law does

not apply.

4. What is the difference between a phenotype
and a genotype? Does knowledge of an
organism’s phenotype always lead you to
determine the correct genotype? Explain.

5. Explain, using examples, the difference
between incomplete dominance and

co-dominance.

6. Multiple allele inheritance acknowledges that
there are more than two alleles for a given
gene. If this is true, why is it not possible to
have more than one genotype and phenotype
for those characteristics in question?
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7. Sometimes we are able to tell the genotype of (b) Using the method you described in

an organism by knowing the phenotype. In the

case of Mendel’s pea plants, for example,

round seeds (R) are dominant over wrinkled

seeds (r).

(a) For which of the plants carrying various
combinations of these traits could you tell
the genotype by observation alone? Explain.

(b) Mendel worked out a method for
determining the genotype when he could
not tell just by looking at the phenotype
alone. What was the system he developed?
Explain the genotypes he determined using
this system.

. A pedigree is a diagram that shows how a
particular trait is transmitted from generation
to generation in a family. Symbols are used to
denote males and females with shading to
show those who are affected with the trait
under study. Complete the pedigree below. Use
the defined symbols to determine the genotype
(or possible genotypes) of each individual in
the pedigree. The couple in the first generation
of the pedigree shown below are both carriers
of the tongue-rolling trait (they cannot roll
their tongues). Assume that each descendent of
the couple marries an individual who is not a
tongue-roller.

_O

&

. Your aunt dies and leaves you her mouse
Henry. To obtain some money from your
inheritance, you decide to breed the mouse and
sell the offspring. In looking over Henry’s
family history, you discover that Henry’s
grandfather exhibited a rare genetic disorder,
which leads to brittle bones. This disorder is
hereditary and is the result of being
homozygous for the recessive allele (bb). Based
on this information, you realize that there is a
possibility that Henry could be heterozygous
for the allele. If this is the case, the genetic
condition may be passed on to his offspring.

(a) What method could you use to determine if
Henry is heterozygous and carries the
recessive allele (b)?
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question (a), determine which phenotypes
and genotypes you would expect to see if
Henry is heterozygous or if he is
homozygous dominant.

10. The results of monohybrid and dihybrid

crosses are fairly easy to predict. We can use

the same general principle to find the possible

genotypes and phenotypes of offspring from
crosses in which three, four, or more traits are
involved independently of each other. Show
what happens in a cross involving three
independent traits at once. Find the ratios of
the phenotypes in each case. Black fur (B) is
dominant to brown fur (b) in hamsters. Short
fur (A) is dominant over long fur (a). Rough

coat (R) is dominant over smooth coat (r).

(a) What happens when a hamster that is
homozygous dominant for all three traits is
crossed with a hamster that is homozygous
recessive for all three traits? Use a Punnett
square to determine your answer.

(b) Determine the genotypes and phenotypes of
the offspring of a cross between two
organisms from the F, generation.




11.

Mendel proposed much of his genetic theories
based on results he obtained from crossing
various pea plants. He crossed a tall pea plant
with a short pea plant and observed that all the
offspring were tall. From this observation he
proposed his law of dominance. How would
Mendel’s laws have been altered if,

(a) the results of his cross were all short pea
plants?

(b) the results of his cross were all plants of
medium height?

(c) the results of his cross were plants of many
different heights?

12.

COMMUNICATING

When we determine genetic ratios that exist

among the offspring of different crosses, we are

working with probability. Determine the

probability of each in the following problems.

(a) A couple are both tested and found to be
carriers of the cystic fibrosis gene (cystic
fibrosis is a disease caused by the
inheritance of two recessive genes). If they
have two children, what is the chance that
both children will be affected by cystic
fibrosis?

(b) What is the chance that both children will
be carriers of the trait?

(c) What is the chance that the couple will
have two girls who are both affected by
cystic fibrosis?

. The tobacco plant illustrates single gene

inheritance. How would you set up an
experiment to determine the inheritance of two
different characteristics?

. A wealthy elderly couple dies together in an

accident. Soon a man appears to claim their
fortune, contending that he is their only child.
Other relatives dispute this claim. Hospital
records show that the deceased couple had
blood types AB and O respectively. The
claimant to the fortune is type O. Do you think
the claimant is an impostor? Explain your
answer.

15.

Yellow guinea pigs crossed with white ones
always produce cream-coloured offspring.
When two cream-coloured guinea pigs are
crossed, they produce yellow, cream, and white
offspring in the ratio of 1 yellow : 2 cream :

1 white. How are these colours inherited?
Explain.

. The figure shows the results of two crosses.

Explain what is being depicted and what

genetic principle is illustrated.

\ 4

2 &

MAKING CONNECTIONS

17.

Mendel chose to conduct his research on the
commercial pea plant. What do you think
would have happened if he had chosen a
different specimen on which to conduct his
research?

18.

People who are heterozygous for a recessive
condition do not express the trait, but may pass
it on to their children. Do we have a
responsibility to inform our children of certain
recessive traits they may have inherited?
Present your thoughts in a one page essay.
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Reflecting
Questions

CHAPTERe _

Cellular Reproduction
and Chromosomes

~y

= What is the function
of mitosis?

= How are eggs and sperm
formed?

= \What processes contribute
to genetic variation?

150

What is responsible for your eye
colour, a crab’s hard shell, the scent
of a rose, or a cheetah’s spotted fur?
The answer to this question lies in
the cells of each of these organisms.
Cells contain genetic information, or
genes, which form the basis for the
inheritance of traits. Genes are passed
from one cell to the next through a
process of cell division. However, do
all cells contain the same genes? Does
a human skin cell contain the same
genes as a human brain cell? Do both
sperm and egg cells contain the same
genes? Where can we find the genes
for hair colour?

Research into the mechanisms of
cell division has become more and
more intricate with the advancement
of technology. In less than 150 years,
the study of genetics has progressed
from Mendel’s discovery of genetic
“factors” in 1865 to the use of
computers to analyze huge amounts
of genetic data. Some genetic
discoveries have created ethical
dilemmas that weigh heavily on the
minds of many people. We are faced
with two challenges: thinking about
the implications of new discoveries,
and solving these ethical dilemmas in
ways that will help both present and
future populations.

New cells are produced throughout
your life. This is necessary for
growth, maintenance, and repair of
your body. In this chapter, you will
explore the processes by which
cells reproduce and how genetic
information is transmitted from cell

to cell. In addition, you will discover
how sex cells, sperm and eggs, are
produced, and the basis for variation
among individuals. Finally, you will
learn about the theory of inheritance
and how certain traits have a pattern
of inheritance that is more complex
than simple Mendelian genetics.

Chromosomes within the nucleus of
a cell contain genetic information.
How is this information transmitted
from one cell to another?
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How Body Cells Reproduce

EXPECTATIONS

i

= Demonstrate an understanding
of the cell cycle and the
process and importance of
mitosis.

= Perform laboratory
investigations to study the
processes of mitosis.

= Organize data that illustrate

the number of chromosomes
in various cells.

Figure 5.1 The number of cells
in these frog embryos will
double each time cell division
takes place.

Recently, researchers in Pennsylvania discovered The Cell Cycle
that a chemical compound in raw garlic can affect
how certain body cells reproduce. Preliminary
studies show that this compound, diallyl disulfide,
can slow the rate at which cancer cells multiply.
Somehow diallyl disulfide blocks cancer-causing
compounds and thus reduces the growth of a
cancerous tumour. The key to understanding how
such chemical compounds can affect cells lies in
knowing how cells reproduce. Figure 5.1 shows
two balls of cells, frog embryos, that are in the
early stage of development. How are body cells
produced? Do all body cells form the same way?

Cells reproduce through a continuous sequence of
growth and division known as the cell cycle. The
cell cycle consists of two main stages, the growth
stage and the division stage (as shown in

Figure 5.2). In the growth stage, called interphase,
the cell makes new molecules, which increases the
cell’s volume and mass. DNA (deoxyribonucleic
acid), the molecule that forms the genetic blueprint
of the cell, is copied during interphase in a process
known as DNA replication. You will learn more
about the process of DNA replication in Chapter 6.

During the first part of interphase, called gap 1
(G1), cells are carrying out metabolic activities to
prepare for the synthesis phase (S phase). DNA is
replicated during the S phase of the cell cycle.
Scientists are very interested in what stimulates a
cell to progress from G1 to S phase. Once a cell has
completed the G1 phase, it can either progress to
S phase or enter a rest phase. Cells that enter a rest
phase can still function, but they do not progress
through the entire cell cycle and therefore no new
cells are produced.

Cells that progress through the S phase then
enter the last segment of interphase, called gap 2
(G2). During the G2 phase, cells are preparing to
undergo division. The division stage involves two
processes: mitosis (division of the cell’s nucleus)
and cell division. These two processes are the
shortest events in the cycle of a cell. Cell division

G2 phase
Centrioles replica

cell prepares fo
division

G1 phase
Rapid growth
and metabolic activity

mitosis and
cell division

Figure 5.2 The cell cycle. Interphase is the growth stage,
and mitosis and cell division are the division stage.
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involves division of the cytoplasm of the cell to
form two new cells.

How does the cell cycle vary among different
kinds of cells? The timing of the cell cycle and the
lengths of the different phases depend on the type
of cell and its environment. Study Figure 5.3,
which shows the cell cycle for two different types
of cells. What can you infer about the roles of each
of these cells? Think about the different kinds of
cells that make up the body of a bird, for example.
Some cells are skin cells while others may be bone,
muscle, or organ cells. Why might the cycle of
some kinds of cells be faster than the cycle of others?

Mitosis
1 hour

11 hours /

Mitosis
1 hour

\nterphase

Total = 22 hours

\nterphase

7 hours

37 hours /

Figure 5.3 Different types of cells spend different relative
lengths of time in the phases of the cell cycle.

Total = 48 hours

What is the Function of Mitosis?

The giant pumpkin shown in Figure 5.4 has a mass
of several hundred kg. It began life as a single cell
and is now made up of billions of cells. How did
the pumpkin grow so large? In order for an organism
to grow, repair, and maintain its functions, new
cells are needed. Each cell that undergoes mitosis
will divide to produce two new cells. As mitosis
and cell division occur, the pumpkin grows and the

The life span of a cell in the lining of the stomach wall is
only two days. The life span of a brain cell is 30-50 years.

number of cells increases throughout the fruit.
Through the process of mitosis and cell division,
organisms can also regenerate damaged tissues.
Every time you cut your finger, mitosis and cell
division form new skin cells over the injured area.
In certain cases, some organisms can regenerate
entire body parts that have been lost. For example,
when a starfish loses an arm as a result of an attack
by a predator, a new arm is regenerated through the
process of mitosis and cell division (see Figure 5.5).
Mitosis and cell division are also necessary for
maintenance of the body. Some cells need to be
replaced because they cannot function properly.
Others are replaced when they die. For instance, in
the average person, millions of red blood cells die
every day. These are replaced by new blood cells
that are formed through mitosis and cell division.

Figure 5.4 This pumpkin required only four months to grow
to this enormous size.

Figure 5.5 This starfish lost three arms. It was able to
regenerate them through the process of mitosis and cell
division.
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Researchers at the University of Wisconsin-Madison have
discovered a strain of skin cells that live forever. The
immortal skin cells could be used to treat burn patients and
to serve as models for human skin disease research.

Mitosis and cell division occur in all somatic
(body) cells. New cells that are produced for
growth or repair are identical to the previously
existing cells. For example, if skin cells are
damaged, they are replaced with new skin cells —
not cells of a different kind. The instructions to
form each new cell are stored in the nucleus of the
cell. Chromosomes within the nucleus hold the
genetic information needed to maintain the cell
and to make new copies of the cell. Figure 5.6
shows a typical chromosome in a body cell. Each
chromosome is made up of two sister chromatids,
which are held together by a centromere. Sister
chromatids are genetic copies of each other; that is,
the DNA in one sister chromatid is identical to the
DNA in the other. Why is a copy of DNA necessary
in a cell? How is this information passed from one
cell to the next? You will consider these questions
in the next Thinking Lab.

Magnification: 97 875x

Figure 5.6 A chromosome is made up of two sister
chromatids that are joined by a centromere. This
chromosome is ready to undergo mitosis.

The function of mitosis is to maintain the same
number of chromosomes from cell to cell. During
cell division, the original or parent cell divides to
produce two new daughter cells. Mitosis ensures
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that each daughter cell contains the same number
of chromosomes and the same genetic information
as the parent cell. A body cell contains two copies
of every chromosome. During mitosis, a parent cell
produces two identical daughter cells. For
example, your skin cells, like all of your somatic
cells, have 46 chromosomes (two copies of each
chromosome). Before mitosis, the parent skin cell
has 46 chromosomes. After mitosis, the resulting
two new daughter skin cells also each have

46 chromosomes. This is important because each
new skin cell must have a complete set of genetic
instructions to maintain itself and to produce new
skin cells.

word I

The word “somatic” comes from the Greek word soma,
meaning body.

\_w
To review the structure and function of various cell
organelles, turn to Chapter 2, Section 2.1.

The Phases of Mitosis

Several events must occur during mitosis to
maintain the same number of chromosomes from
parent cell to daughter cells. These events, or
phases, can be observed most easily in the rapidly
growing areas of plant and animal tissues. For
example, the root tip is an area of the onion that
grows rapidly and therefore contains cells that
undergo mitosis frequently. At any given time,
many onion root tip cells are in different phases of
mitosis. Although these phases are continuous, for
convenience they are divided into four main
phases ordered according to the sequence in which
they occur. The phases are called prophase,
metaphase, anaphase, and telophase. Each phase is
characterized by a particular arrangement of the
chromosomes within the cell and by the
appearance or disappearance of other cell
structures. Refer to Figure 5.7 on page 156 to help
you understand the various phases of mitosis.

Prophase

Mitosis begins with the first of the four stages
called prophase (Figure 5.7). During prophase,
chromatin, which is made up of DNA and proteins,
condenses and thickens to form visible duplicated
chromosomes. At this stage, each chromosome,



having been replicated (copied) during S phase of
interphase, is X-shaped. Each half of the X is one
copy of the original chromosome. Since the two
halves are connected, they are still considered part
of a single chromosome. Recall that the chromosome
is made up of two chromatids that are held together
by a centromere. Because there is a copy of each
chromosome (two chromatids), it is possible for
each of the daughter cells to receive a full set of the
parent cell’s genes. If this copying had not occurred,
each of the daughter cells would get only half of

How Does Mitosis Work to
Generate New Cells?

Background

These diagrams show onion root tip cells before and after
mitosis. The onion root tip cell at the beginning of mitosis
has 16 duplicated chromosomes, each consisting of two
chromatids. The two daughter cells at the end of mitosis
also have 16 chromosomes each. (Note that a chromatid is
half of a duplicated chromosome. After chromatids separate
into different cells, they are called chromosomes again.)

You Try It

Study the diagrams of the onion root tip cells shown.
Compare the number of chromosomes in cell 1 with the
number of chromosomes in cells 2 and 3, and answer the
following questions.

1. What do you notice about the number of chromosomes
in cells 1, 2, and 3? How is it possible to start with

nuclear

cell
membrane |

16 single chromosomes

membrane ' %
\

/\f cell wall —\\\ D

16 single chromosomes

the parent cell’s genes when the chromosomes
divide in mitosis. Other structures in the cell are
also changing during prophase. The nuclear
membrane and the nucleolus disappear. Centrioles
made up of microtubules migrate to opposite poles
of the cell. Spindle fibres, also made of microtubules,
start to form between the two centrioles.

WA rewknefias]

16 chromosomes in cell 1 and end with
16 chromosomes in each of cell 2 and cell 3?
Explain briefly.

2. What do you notice about the characteristics of each
chromosome in cells 1, 2, and 37

3. Do you think there are other cellular structures (that are
not visible using the light microscope) involved in the
process that takes the chromosomes from cell 1 and
divides them between cell 2 and cell 3? If so,
hypothesize their role in mitosis.

4. Predict each change in chromosome arrangement that
would occur between the original cell 1 and the two
new cells 2 and 3. Draw at least five individual cells to
illustrate these changes. (Hint: If cell 2 and cell 3
contain the same genetic information, how will the
chromosomes have to be arranged to be equally
divided between cell 2 and cell 37?)

16 single chromosomes

new cell membranes
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Figure 5.7 Phases of mitosis. The diagrams illustrate mitosis in animal cells.
The photographs show mitosis in plant cells.
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Metaphase

The second phase of mitosis is called metaphase
(Figure 5.7). During metaphase, the spindle fibres
attach to the centromere of the replicated
chromosomes. The chromatids are guided by the
spindle fibres to the middle of the cell, also known
as the cell’s equator. A spindle fibre from one pole
is attached to one chromatid and a spindle fibre
from the opposite pole is attached to the other
chromatid at the centromere. Each chromatid has
its own spindle fibre attachment in order to ensure
that each new daughter cell will contain one of
each of the chromatids (and therefore the same
genetic information).

To see an animation of the process of mitosis and cell
division, refer to the Electronic Learning Partner. This can
help you if you are having difficulty visualizing the different
stages of mitosis.

Anaphase

The third phase of mitosis is called anaphase
(Figure 5.7). During anaphase, the centromere splits
apart and the chromatids are pulled to opposite
poles of the cell by the spindle fibres. The
chromatids are pulled apart as a result of the
shortening of the microtubules that make up the
spindle fibres.

Telophase

The fourth and last phase of mitosis is called
telophase (Figure 5.7). Telophase begins when the
chromatids have reached the two opposite poles Fi 5.8 This animal cell is underdoi tokinesis. Th
within the cell. At this time, each of the chromatids fgure 5.8 This anima’ cel IS Undergoing cytokinesis. The

. ) . cell pinches inward to divide the cytoplasm equally between
is called a single, non-replicated chromosome. The the two daughter cells.

chromosomes now begin to unwind and become
less visible.

Cytokinesis

Cell division occurs after mitosis. The separation of
the cytoplasm and the formation of two new
daughter cells is called cytokinesis. As part of this
process, the spindle fibres are no longer needed, so
they break down and disappear. The nucleolus
reappears. A nuclear membrane forms around each
new set of chromosomes, which are located at the
opposite poles of the cell. The cytoplasm (and all
of its contents) divides between the two halves of
the cell (see Figure 5.8). The final structure to form
is the cell membrane. In plant cells, a cell wall
forms and separates the two newly formed nuclei,
as shown in Figure 5.9. After cytokinesis is
complete, two new daughter cells have been
formed. In the next MiniLab, you will observe and
draw the stages of mitosis in a prepared slide of
onion root cells.

Figure 5.9 Daughter cells in plants are separated by a cell
wall.
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How long does it take to complete each phase of mitosis? From
a prepared slide of onion root tip cells, select 30 cells at
random and identify the phase in each. Determine the number
of cells in each phase and present your findings as a ratio.
Which phase requires the most time to complete? Which phase
requires the least time to complete? Suggest possible
explanations for your answers.

Errors in Mitosis

A serious error can occur if the mitotic process is
disrupted by mutations. Mutations can be caused
by various mutagens, such as toxic compounds,
radiation, or viruses. Mutations cause a permanent
error, or change, in the normal DNA molecule. For
example, certain chemical compounds found in
cigarette smoke can alter the structure of
chromosomes in an individual parent cell. These
mutations are copied during prophase, when DNA
replication takes place. When sister chromatids
segregate during anaphase, the mutation is passed
to the daughter cells. This mutation will only be
found in daughter cells produced from the parent
cell that contained the mutation. Therefore, the
mutation is found in a localized group of cells

Observing the Stages of Mitosis in
Onion Root Tip Cells

Obtain a prepared slide of onion root tip cells from your
teacher. Observe a section of onion root tip cells under the
high-power setting of a compound light microscope. For
proper care and use of a microscope, turn to Appendix 3.
Find cells that are similar to each of the phases of mitosis
shown in Figure 5.7 on page 156. Make sketches of at
least ten onion root tip cells that have different chromosomal
arrangements. Organize your drawings into four groups
according to where the chromosomes are located in the
cell. For example, cells with chromosomes mainly in the
centre of the cell should be grouped together.

Analyze

1. List the characteristics that you used to form the four
groups of the onion root tip cells.

2. What are the similarities and differences between your
grouped drawings of the onion root tip cells and your
drawings from the Thinking Lab on page 1557 Write a
short essay explaining your findings.
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rather than in every cell in the body. For example,
toxic compounds found in cigarette smoke can
cause a change in a gene known as FHIT on
chromosome number three in humans. In the
lungs, cells containing the mutated form of the
FHIT gene undergo mitosis much more frequently
than normal lung cells. This results in a mass of
cells called a tumour (see Figure 5.10).

Figure 5.10 This photomicrograph shows uncontrolled
mitosis that resulted in a cancerous tumour. What do you
notice about this cell that is unusual?




Certain genes work like switches to regulate the
rate of mitosis. If these genes are altered by a
mutation, the rate of mitosis will also be affected.
For example, once a cell has completed its cell
cycle, certain genes are “switched on,” or activated.
These genes produce proteins that stop the process
of mitosis. When these genes are “switched off,” or
inactivated, mitosis can continue and the cell can
divide to produce new cells. A mutation could
permanently inactivate these genes. As a result, the
cell could begin to divide uncontrollably.

The rate of mitosis can also be regulated through
genes that start cell division. A mutation could
cause these genes to be “switched on” permanently,
which would cause uncontrolled cell division.
Genes that can be activated by a mutation are
called oncogenes. For example, retinoblastoma is a
retinal cancer that is either inherited or results
from a mutation to both copies of the
retinoblastoma gene. This mutation results in the
formation of a tumour on the retina of the eye.

Wilms tumour is a cancer that can develop as a
result of a mutation to the Wilms tumour gene in a
kidney cell. Breast cancer is another example of a
mutation to both breast cancer 1 (BRCA1) genes.
You will learn more about how mutations affect
human health in Chapter 7.

Many different mutagens can be found in the environment.
These include radiation and toxic materials, such as pesticides,
chlorinated compounds, cigarette smoke, solvents, and
industrial wastes. To find out more about mutagens and how
they can affect our bodies, go to the web site shown below. Go
to Science Resources, then to BIOLOGY 11 to find out where
to go next. Select a mutagen that could be found in the
environment where you live. Describe the effects of exposure to
this mutagen. What gene is changed as a result of exposure to
the mutagen? What is the condition that results? Propose ideas
on how exposure to this mutagen could be reduced or eliminated.
www.school.mcgrawhill.ca/resources/

1
L] SECTION REVIEW

1. What is the purpose of mitosis?

2. Explain why the DNA that makes up two sister
chromatids is identical.

3. How can mutations lead to changes in the cell
cycle?

4. @I A person notices a dark spot on their skin.
This dark spot turns out to be skin cancer. What
could have caused the start of the skin cancer
tumour and how was mitosis and cell division of
these cells affected?

5. I How would a cure for skin cancer possibly work
to stop the occurrence of skin tumours?

6. @ Summarize each phase of mitosis. Use sketches
to illustrate your explanations.

7. In what areas of a plant would mitosis occur
most frequently? Explain why.

8. At what time of year would mitosis in a plant
occur most frequently? Explain why.

9. What would happen to the chromosome
number in a cell if that cell does not go through S
phase of the cell cycle?

10. Why is the process of cytokinesis necessary
to ensure the normal functioning of a cell?

11. Explain why different kinds of cells in the body
might live for different lengths of time.

12. @ Cancerous cells require less time to complete a
cell cycle than do normal cells of the same kind.
(The time required to complete interphase and
prophase is substantially shortened). What is the
importance of these observations? Develop one
hypothesis that a scientist might test if they were
looking to control cancer.

Cellular Reproduction and Chromosomes ¢ MHR
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How Reproductive Cells Are Produced

EXPECTATIONS

i

= Demonstrate an
understanding of the process
and importance of meiosis.

= |nvestigate the processes of
meiosis in Easter lilies.

= |nvestigate the number of
chromosomes in cells before,
during, and after meiosis.

= Compare the processes of
mitosis and meiosis.

Figure 5.11 Every person
receives characteristics from
both their parents.

Look around you at the diversity of individuals in
your neighbourhood, classroom, or home. Other
than identical twins, every individual in the world
is unique. Diversity exists between sisters, brothers,
and even between you and your parents. Diversity
is not limited to people, however — all species of
organisms show diversity.

= Meiosis

sperm cell

haploid gametes
(n=23)

)\ Meiosis

egg cell

Fertilization

diploid zygote multicellular
(2n = 46) diploid adults
(2n = 46)

Mitosis and
Development

Figure 5.12 The human life cycle

werd I

The word “meiosis” comes from the Greek word meion, which
means to diminish.
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What is the Function of Meiosis?

From earlier studies, you learned that reproduction
involves the union of two cells to form a zygote
(see Figure 5.12). The zygote contains chromosomes
from both parents, but it does not contain double
the number of chromosomes found in a normal
body cell. How is this possible? The answer lies in
a process called meiosis. Meiosis is a special type
of cell division that occurs only in reproductive
organs. Meiosis produces reproductive cells called
gametes. The gametes, either eggs or sperm, are
haploid (n), which means they contain only one
copy of each type of chromosome that the diploid
(2n) parent cell contains.

The first part of meiosis reduces the
chromosome number from diploid to haploid.
This is often referred to as reduction division.
For example, human sperm cells contain
n = 23 chromosomes compared to the
2n = 46 chromosomes found in all somatic cells.
Each human sperm or egg cell contains
22 autosomes and one sex chromosome (either
an X or a Y chromosome). Autosomes are
chromosomes that are not directly involved in
determining the sex of an individual. Females have
two X chromosomes and males have one X and one
Y chromosome. Table 5.1 shows the number of
chromosomes for a variety of organisms. What do
you notice about the diploid number of
chromosomes for each organism?



Table 5.1
Chromosome numbers of some common organisms

Diploid body
Organism cell (2n) Haploid gamete (n)

Fruit fly 8 4

Garden pea 14 7

Comn 20 10
Tomato 24 12
Leopard frog 26 13
Apple 34 17
Human 46 23
Chimpanzee 48 24
Dog 78 39
Adder’s tongue fern 1260 630

{IPAUSE = @ RECORD }

Review the phases of mitosis and predict the changes that
must occur in these phases to accomplish reduction division
from a diploid parent cell to a haploid gamete cell. Refer to
Figure 5.7 on page 156 to help with your predictions.

—

To learn more about the evolution of organisms and the
importance of genetic variation, turn to Chapter 11,
Section 11.4.

eeeseessssssss - FAST FORWARD

Phases of Meiosis

Study Figure 5.13 on the next page, which shows
the phases of meiosis. Meiosis involves a sequence
of phases that is similar to mitosis: prophase,
metaphase, anaphase, and telophase. However,
meiosis involves two sequences of these phases,
called meiosis I and meiosis II. Select a pair of
chromosomes to follow through each phase of
meiosis. In your notebook, describe briefly what is
happening during each phase. How are the
chromosomes arranged in each phase? Use your
knowledge of mitosis to describe what events must
have occurred to create the different chromosomal
arrangements from one phase to the next. How
many cells are produced at the end of meiosis II?
After you have completed your notes, read the
following sections describing the details of each
phase of meiosis.

Interphase

Recall that in mitosis, the chromosomes replicate
during interphase before cell division begins. This
also occurs before meiosis I begins. During
replication, the chromosomes are not condensed
and are not easily visible. After replication, each
chromosome is made up of a pair of identical sister
chromatids. The sister chromatids are joined
together by a centromere.

Prophase |

In prophase I, similar chromosomes called
homologous chromosomes pair to form
homologous pairs. The homologous pair, which is
made up of four chromatids, is called a tetrad. The
term “tetrad” is from the Greek word tetra meaning
four. Where does each member of a homologous
pair come from? Each diploid cell has two copies
of each chromosome. One copy of the chromosome
pair was “donated” by the female gamete (egg), and
the other copy of the chromosome was “donated”
by the male gamete (sperm). During fertilization,
the union of gametes forms a diploid zygote. All
the cells in your body contain copies of
chromosomes of this original diploid zygote.
Therefore, each cell has one copy of each of your
mother’s chromosomes (maternal origin) and one
copy of each of your father’s chromosomes
(paternal origin).

—— | PAUSE F & RECORD

How are homologous chromosomes similar to a pair of
shoes? Look at your shoes and those of your classmates.
Imagine the classroom now represents a diploid cell
populated with shoe “chromosomes.” Compare the left and
right shoes of one pair. What do you notice about the shape
of each shoe, the laces or tying device, markings, and so on?

Like a pair of shoes, homologous chromosomes
are similar to each other but they are not identical.
The chromosomes are homologous because they are
made up of the same genes. However, although
homologous chromosomes contain the same genes,
they may have different forms of these genes,
called alleles. Recall from Chapter 4 that alleles can
be recessive or dominant, which can determine
whether a trait is expressed or not.

During the pairing process, crossing over of
chromatids can occur, in which non-sister
chromatids exchange genes, as shown in
Figure 5.14 on page 163. This allows for the
recombination of genes in each chromosome and
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Figure 5.13 Phases of meiosis

contributes greatly to genetic variation. As a result
of crossing over, individual chromosomes contain
some genes from maternal origin and some genes
from paternal origin. Without crossing over, every
chromosome would either have only a maternal or
paternal origin. You will model crossing over in the
next Thinking Lab.

162 e MHR e Genetic Continuity

To see an animation of the phases of meiosis and crossing
over, refer to the Electronic Learning Partner. This can help
you if you are having difficulty visualizing the different
stages of meiosis.




Metaphase |

Following prophase I, a spindle fibre attaches to
the centromere of each chromosome. A spindle
fibre from one pole attaches to one pair of sister
chromatids, and a spindle fibre from the opposite
pole attaches to the other pair of sister chromatids
in the tetrad. The spindle fibres pull each tetrad to
the equator of the cell. However, the chromosomes
do not line up in single file as they do in mitosis.
Instead, they line up in their homologous pairs. In
each pair, one homologous chromosome is
positioned on one side of the cell’s equator, and the
other homologous chromosome is positioned on
the other side of the cell’s equator. It is important
to note that chromosomes that come from one
parent are not all positioned on the same side of
the cell’s equator. Rather, they are positioned
randomly so that some sister chromatids of
maternal origin face one pole while other sister
chromatids of maternal origin face the other pole of
the cell. This random positioning of tetrads along
the cell’s equator is called independent assortment.

Anaphase |

During anaphase I, the homologous chromosomes
separate and move to opposite poles of the cell.
They are pulled apart by the shortening of the
spindle fibres. Notice that the centromere does not
split (as it does in mitosis), and that the sister
chromatids are held together. Thus, only one
chromosome from each pair will move to each pole
of the cell.

Telophase |

Telophase I does not occur in all cells. Where
telophase I does not occur, cell division goes
directly to meiosis II. If telophase does occur, the

homologous chromosomes begin to uncoil and the
spindle fibres disappear. The cytoplasm is divided,
the nuclear membrane forms around each group of
homologous chromosomes, and two cells are
formed. Each of these new cells contains one copy
of each chromosome. Because each chromosome
already consists of two chromatids, a second
chromosome replication does not take place
between telophase I and prophase II of meiosis. In
females, meiosis II occurs after the egg is fertilized
by a sperm cell.

At the end of telophase I, each cell contains
some maternal chromosomes and some paternal
chromosomes, due to the independent assortment
of chromosomes during metaphase I. Each cell also
contains chromosomes that are made up of a
combination of maternal and paternal alleles as a
result of crossing over during prophase 1.

You will illustrate these processes and their
outcomes in the Minil.ab on page 164.

Meiosis Il

The phases of meiosis II are identical to mitosis.
The two cells from telophase I go through

prophase II, metaphase II, anaphase II, and
telophase II. Each cell beginning meiosis II is
haploid but consists of replicated chromosomes
(each consisting of two chromatids). At the end of
meiosis II, the daughter cells are still haploid but
each cell contains single unreplicated chromosomes
(no longer made up of two chromatids attached
together). The daughter cells at the end of meiosis II
are called gametes in animals and either gametes or
spores in plants. In the investigation on page 168,
you will study the phases of meiosis and gamete
production in Easter lilies.

sister chromatids

homologous chromosomes

non-sister chromatids
1 1

a
AA ala A A a a '
(N [N INA ;
B B b b B B b gametes
L 1

tetrad

crossing over in tetrad

(C)

e |

b 3 S
T S BOEI
T SRS

Figure 5.14 During prophase, homologous chromosomes form pairs (A). Non-
sister chromatids wind around each other and exchange segments of chromosome
(B). As a result, new genetic combinations are produced in gametes (C).
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Figure 5.15 Crossing over may occur several times
between non-sister chromatids.

Comparison of Meiosis with Mitosis

Now that you are familiar with meiosis and
mitosis, what events characterize these two

m THINKING | LAB

Modelling Crossing Over

Background

Crossing over occurs during prophase | of meiosis. During
tetrad formation, non-sister chromatids cross over and
exchange genes. This process creates new combinations of
alleles in the resulting gametes. In this lab, you will use a
simple model to simulate crossing over and record the
possible outcomes.

tetrad

~

twist tie

Mark genes
with a pencil
point

nonsister chromatids
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processes? Study Figure 5.16 and prepare a list of
events, according to occurrence and process, which
distinguish meiosis from mitosis. Which events
occur in meiosis that do not occur in mitosis? Why
is this so?

Now that you are familiar with the phases and events in the
process of meiosis, draw a consequences map linking the
following terms (presented here in no particular order):
independent assortment, homologous chromosomes,
crossing over, haploid, reduction division, tetrad, non-sister
chromatids, diploid. Briefly describe what is occurring at
each step in your map. You may include sketches to
accompany your descriptions.

You Try It
1. Make a copy of the data table shown below.

2. Arrange four strips of clay as shown in the illustration.
These strips represent a pair of chromosomes after
replication. Use different colours of clay to identify the
different genes. Using a pencil point, indicate the
dominant or recessive allele for each gene as shown.

3. First, assume that no crossing over occurs. Model the
appearance of the four gametes that will result at the
end of meiosis. Record your model’s appearance by
drawing the gametes’ chromosomes and their genes
in your data table.

4. Repeat steps 2 and 3, this time assuming that crossing
over occurs between genes B and C.

5. Compare any differences in the appearance of genes
on chromosomes in gamete cells when crossing over
occurs and when it does not occur. Wash your hands
after handling the clay.

6. What would be accomplished if crossing over occurred
between sister chromatids? Explain your answer.

7. Define “crossing over.” How is this similar to shuffling a
deck of cards? Explain your answer.

Appearance of gametes

No crossing over Crossing over




Mitosis

sister
chromatids
separate

chromosomes align

Meiosis

crossing-over occurs

homologous

chromosomes align homologous

chromosomes separate

=

daughter
cells form

daughter nuclei are genetically
identical to parent cell

¢ 9

sister
chromatids
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daughter
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Figure 5.16 Meiosis compared to mitosis. The blue chromosomes were received
from one parent and the red chromosomes were received from the other parent.
Crossing over is shown in non-sister chromatids that are both red and blue.

Meiosis | Flip Book

Create a flip-book for each of the steps of meiosis | given in
the table shown here. Draw each step on plain 7.5 x 13 mm
(8 x 5 in.) index cards. Position your drawing of the cell
membrane in the same location on each card. Use different
colours to represent chromosomes of maternal and paternal
origin and to identify crossing over of non-sister chromatids.
When the drawings are complete, tightly bind one end of
the cards using an elastic band. Write the name of the
phase on the card where that phase begins. By slowly
flipping through the book, you can watch the chromosomes
appear, double to form sister chromatids, form tetrads of
homologous pairs, move to the cell’s equator, separate to
opposite poles, and become enclosed by nuclear
membranes.

Analyze

1. Describe the appearance of the chromosomes in the
two cells at the end of telophase I.

T |

2. Are different combinations of chromosomes possible in
the daughter cells? Explain your answer.

Number
Steps of Meiosis | of Cards

Original cell 1
Nuclear membrane disappears and sister chromatids form 3
Sister chromatids form homologous pairs (tetrad) and 4
crossing over takes place

Centrioles move to the poles of the cell and spindle fibres 4
appear

Homologous pairs line up on the cell's equator 2
Homologous pairs are pulled apart, randomly separating 3
non-sister chromatids

Spindle fibres disappear and the nuclear membrane forms 3
Cytokinesis occurs forming two cells 3
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The technique used to determine the location of genes relative
to one another on one chromosome is called chromosome
mapping. This is possible, in part, because of crossing over,
which affects how genes move together between non-sister
chromatids. To find out more about how chromosome mapping
is done, go to the web site shown below. Go to Science
Resources, then to BIOLOGY 11 to find out where to go next.
How do scientists measure the distance between genes? How
does the distance between genes affect how they move from
one chromatid to another during crossing over? Why is it
important to know the position of a gene on a particular
chromosome? Present your findings in a brief report.
www.school.mcgrawhill.ca/resources/

The Origin of Human
Sex Chromosomes

Among the characteristics that distinguish women from
men, it is only one small chromosome that determines
your sex. Of the 46 chromosomes in the human genome,
44 are autosomes and two are sex chromosomes, called
X and Y. Women have two X chromosomes and men
have one X and one Y chromosome. The Y chromosome
is much smaller and contains only about 1% of the genes
found in the X chromosome. Why is there such a huge
difference in size between the two sex chromosomes?

Human female (left) and male sex chromosomes

From XtoY

Genetic scientists have proposed that millions of years
ago, the sex chromosomes began as a normal pair of
autosomes that were equal in size. However, during the
course of human evolution, changes occurred in an X-like
ancestor that caused it to become reduced in size. These
changes involved mutations that rearranged the
chromosome. For example, a small part of the
chromosome may have broken away, rotated 180 degrees,
and then reattached itself. This type of mutation is called
a chromosomal inversion, and it results in a permanent

COURSE CHALLENGE

You have used a compound light microscope to

observe various stages of mitosis and meiosis. What other
technology is available to observe cells and cell structures?
How has this technology improved our knowledge of cells?
How might this be important for your Biology Course
Challenge?

eesesessssm—— > FAST FORWARD _—

To find out more about changes in chromosome structure,
turn to Chapter 7, Section 7.3.

TECHNOLOGY » SOCIETY » ENVIRONMENT

genetic change. Various other factors can cause
chromosomal mutations as well, including radiation,
chemical compounds, and viruses. Changes in the
structure of the X chromosome were important in
determining sex in humans. During meiosis, homologous
pairs of chromosomes are able to exchange genetic
information through crossing over. This process
recombines genes (a source of variation) in each
chromosome and keeps the genetic information in both
chromosomes similar. Mutations, such as inversions,
prevent recombination from taking place because each
chromosome no longer has the same genetic sequence.
Genetic scientists believe that this process resulted in a
reduction in size of one of the X chromosomes to its
present Y condition.
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Vertebrate evolution

How many chromosomal inversions were necessary for
the Y chromosome to evolve to its present state? Recent
work by American geneticists Bruce Lahn and David Page
suggests that at least four inversions have taken place in
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Gamete Formation

The end result of meiosis is the production of
gametes. This process, called gametogenesis,
results in the production of sperm and eggs, as
shown in Figure 5.17. The process of male gamete
production in animals is called spermatogenesis.
The process of female gamete production in
animals is called oogenesis. These processes are
discussed in greater detail on page 170.

Figure 5.17 Human egg and sperm cells are produced at
the end of meiosis.

the Y chromosome over the last 300 to 350 million
years B.C.E. The researchers used 19 genes to

reconstruct the history of changes in the Y chromosome.

These are ancient genes that are still common to both

the X and Y chromosome, and thus served as “fossils” to
help identify past mutation events. The first chromosomal

inversion occurred about 240 to 320 million years B.C.E.
This marked the origin of the Y sex chromosome and
happened at the time when mammals and birds evolved
from reptiles. The second and third inversions took place
from 80 to 170 million years B.C.E, resulting in greater

dissimilarity between the chromosomes. The most recent

inversion, about 50 million years B.C.E, occurred during
primate evolution when monkeys evolved from their
prosimian ancestors.

Are Sex Chromosomes Necessary?

Chromosomes are not always important in determining
sex. For instance, many reptiles, including lizards,
snakes, and turtles, do not have special sex
chromosomes. So, what determines the sex of a
snapping turtle? When a female snapping turtle lays her
eggs, she buries them in sandy soil. The eggs incubate
there until the young turtles hatch. If the temperature of

the soil is 23-27°C, all the hatchling turtles will be male. If

the temperature is cooler or warmer, they will be female.
Temperature of the environment affects genes on certain
chromosomes of the embryos. In turn, these genes
cause the turtles to develop into either males or females.
This systems works because reptiles are cold-blooded
and development of the young occurs, in most cases,
outside the body of the female.

In contrast, mammals have internal development. Their
young develop at a constant temperature. This kind of
reproduction requires a different method of determining

sex. The development of a special Y chromosome allows
sex to be determined without the effect of temperature.
This is believed to be advantageous because species
where the young develop inside the female often receive
greater care and protection than those species’ young
that develop outside the body of the parent. This
improves the chances of survival of offspring.

Snapping turtle

Follow-up

1. The sex of a person is determined by their
chromosomes. Other characteristics, such as
personality and intelligence, may be influenced by the
environment. How much of a person’s behaviour is
genetically determined? Debate the issue in class.
Provide evidence to support your viewpoint.

2. What other types of mutations cause changes in
chromosomes? Provide a brief explanation of each
mutation and its effect.

Cellular Reproduction and Chromosomes ¢ MHR  ®

167



Predicting
Meiosis in Easter Lilies Performing and recording

Easter lilies have large anthers (male reproductive structures), which
makes them ideal specimens to use when investigating meiosis in
plants. The male gametes, or pollen, are produced in the anthers, as Communicating results
shown in the illustration. In this investigation, you will work with a

partner to examine cells in the anthers. These cells are undergoing

meiosis, which will eventually result in the formation of pollen.

Analyzing and interpreting

Flower structure Problem

petal Where does meiosis occur in a
flowering plant?

—anther Prediction

stamen Predict which stage of meiosis will be
observed most often? Explain your
reasons for making this prediction.

filament

CAUTION: Follow your teacher’s
instructions on the safe use of a

stigma
pistil style scalpel. When using chromosome stain,
(carpel) / avoid contact with eyes or skin. If
ovary ovule contact does occur, rinse thoroughly
‘“ﬁ // with water and inform your teacher.
"
3
receptacle
Materials
Easter lily with young, tweezers
unopened flower buds ~ chromosome stain (for
15 to 20 mm long example, Aceto-Orcein)
Pre-lab Questions compound light glass microscope slide
Study the figure showing flower structure, then Mmicroscope - spalpel
plastic cover slip filter paper or paper towel

answer the following questions.

m Which structures in a flower consist of diploid Procedure
cells, and which structures produce haploid

1. Working with a partner, select an unopened
cells?

lily flower bud that is approximately 15 to

= Why does a flower produce haploid cells? 20 mm long.

m At what stage(s) in the life cycle of a flowering
plant is there opportunity for genetic variation
to increase?

2. Using your scalpel, make a shallow cut
along the length of the flower bud. Spread
apart the sepals (outer leaf-like structures)

m At what stage(s) in the life cycle of a flowering and petals with your fingers until you
plant does mitosis occur? expose the anthers in the middle of
m What is the function of mitosis in the life the flower.
i ?
cycle of a flowering plant’ 3. Using the tweezers, remove one of the

anthers. Then, with the scalpel, carefully cut
off the top section of the anther.
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. Using your fingers, carefully squeeze the
contents of the cut-off section of the anther
onto the middle of a microscope slide.
These cells are undergoing meiosis.

. Place two drops of chromosome stain on the
sample of cells.

. Place a cover slip over the specimen and
cover it with a piece of filter paper or paper
towel.

. With very little pressure, press down on the
cover slip with your finger to flatten the
cells. (Note: If too much pressure is applied
the cells will burst and release their
chromosomes. You may have to repeat this
step several times before producing a slide
where you can see intact cells in the various
phases of meiosis.)

. Using the high-power setting of the
compound light microscope, find cells that
are in the different stages of meiosis in one
field of view. For proper care and use of a
microscope, turn to Appendix 3. Draw
diagrams of the cells that you can see are in
various stages of meiosis.

. You may not find cells in all of the phases
of meiosis. Be prepared to share your

observations with other groups in the class
and to view other groups’ slides to observe

cells in as many stages of meiosis as possible.

10. When looking at each groups’ slide
preparation, take note of the number of cells
that you observe in each of the phases of
meiosis. Is there a phase that you find more
often than other phases?

11. Locate haploid cells that have formed from a
diploid nucleus, as well as any tetrads.

12. On completion of this investigation, wash
your hands thoroughly.

Post-lab Questions

1. Which phase of meiosis did you find most
often? What could you infer from this
observation about the length of this phase?

2. What did you notice about the arrangement
of the chromosomes in anaphase?

3. What is the diploid and haploid number for
the lily, based on your slide observations?

4. Which phase is most useful in determining
chromosome number? Explain briefly.

Conclude and Apply

5. What can you infer about the make-up of the
chromosomes at the end of telophase II
when compared to the make-up of the
chromosomes at prophase I?

6. In a flowering plant, what are the four cells
at the end of telophase II called, and what is
their function?

Extend Your Knowledge

7. Define the term “alternation of generations.”
Does alternation of generations occur in
plants, animals, fungi, and protists? What
would be the survival advantage to an
organism with a life cycle that included
alternation of generations?

1

~» FAST FORWARD },

To review the life cycle of a flowering plant and to learn
more about the natural history of other organisms, turn
to Chapter 13, Sections 13.2 and 13.3.
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Spermatogenesis

Meiosis in mature males takes place in the testes,
the male reproductive organs. Figure 5.18 shows
the production of sperm, which starts with a
diploid germ cell called a spermatogonium. This
cell enlarges and undergoes meiosis I and meiosis II.
The final product is four haploid sperm cells.
Notice that each sperm cell has the same number of
chromosomes and the same amount of cytoplasm.
Following meiosis II, the sperm cells develop into
mature sperm. Each cell loses cytoplasm and the
nucleus forms into a head. As well, a long, tail-like
flagellum is formed for locomotion. Spermatogenesis
can occur throughout the year in some organisms,
including humans. In other organisms, sperm
production occurs only during a certain time of the
year called a breeding season. For example, many
species of migratory birds reproduce only during
the spring and summer months.

Oogenesis
In females, meiosis takes place in the ovaries, the
female reproductive organs. The process starts with
a diploid germ cell called an oogonium (see
Figure 5.18). This cell enlarges and undergoes
meiosis I and meiosis II. At the end of meiosis I,
the cytoplasm is not equally divided between the
two daughter cells. The cell that receives most of
the cytoplasm is called the primary oocyte. The
other cell is called a polar body and is not a viable
sex cell. As the primary oocyte undergoes meiosis
IT, the cytoplasm is again unequally divided. Only
one cell becomes an egg, or ovum, and contains
most of the cytoplasm. The other cell, a polar body,
is not a viable sex cell. The purpose of the unequal
division of the cytoplasm is to provide the ovum
with sufficient nutrients to support the developing
zygote in the first few days following fertilization.
Meiosis I and meiosis II are not continuous in
many organisms. In humans, for example, meiosis I
begins in the ovarian tissue of the embryo before

Spermatogenesis:
Sperm Formation
in Males

spermatogonium

duplication of
chromosomes

pairing of
homologues to
form tetrads

Oogenesis:
Egg Formation
in Females

oogonium

first second |
meiotic meiotic 4
division division

unequal
division of
cytoplasm

separation four haploid

ration ;
separatio of chromatids cells (sperm)

of homologues

paseomg

£ I \
i Woe——t, ot 1

r ;-..__,‘ B I

unequal =
division of T =i
one haploid

cytoplasm

cell (egg)

Figure 5.18 Production of sperm and eggs in animals. Which cells are diploid and

which are haploid?
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birth and does not continue beyond prophase I. The
continuation of meiosis I occurs after the female
reaches puberty. Normally, only one oogonium
undergoes this process each month. Meiosis II takes
place after fertilization by a sperm cell. The
production of ova (two or more egg cells) in females
continues from the start of puberty until menopause,
which usually occurs between 40 and 50 years of age.

Meiosis and Genetic Variation

Figure 5.19 shows the variation of fur colour in a
litter of kittens. The kittens are different because
each has a different genetic make-up. This
variation would not have been possible without
two important processes of meiosis. First, the
combination of genes responsible for fur colour
varies because of crossing over between
chromosomes during prophase I. (The number of
crossovers between non-sister chromatids depends
on the size of the chromosomes. Usually two or
three crossovers occur per chromosome.) Second,
variation depends on how each pair of homologous
chromosomes lined up during metaphase I. When
the chromosomes separate during anaphase I, some
chromosomes of paternal origin move to one pole
of the cell while other chromosomes of paternal
origin move to the other pole. The same applies for
chromosomes of maternal origin. The direction that
each chromosome travels is entirely by chance, or
random. Both crossing over and random
segregation work to shuffle the chromosomes and

the genes they carry. This re-assortment is called
genetic recombination, and it contributes greatly to
variation among organisms. Variation among
individuals of a species is important because
certain combinations of genes can help an
organism survive better than other combinations

of genes can.

Figure 5.19 These kittens are from the same litter, yet all
have different patterns of fur colour. What events in meiosis
can contribute to this variation?

How much genetic variation in sperm or eggs is
possible through genetic recombination? Figure
5.20 shows the possible gametes and zygotes for a
two-chromosome model. Now consider a fruit fly,
which has 2n = 8 pairs of chromosomes. Each pair
of chromosomes can line up in one of two ways
during metaphase I and segregate randomly. This
means there are 16 (2*) different kinds of gametes
that can be produced. If fertilization is random, as
well, 256 (16 x 16) different zygotes are possible. If
crossing over is also considered, the possible
genetic combinations are almost limitless!
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Figure 5.20 Possible gametes and zygotes for a cell with two pairs of
chromosomes (2n = 4). Notice the different ways alleles can segregate to
produce gametes (A). A Punnett square shows 16 possible zygotes (B).
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Natural selection is the process by which individuals become
adapted to their environment. Individuals show variation in
traits, such as weight or strength, which they inherit. Certain
traits may permit some individuals to survive better. For
example, rabbits with the thickest fur may be best able to
survive the coldest winters. Such individuals will survive to
reproduce and thus pass on their traits to their offspring.

Using the data in Table 5.1 on page 161, calculate how many
different kinds of sperm or eggs can be produced by each
organism through random segregation alone. How many
different zygotes are possible?

'Biology| At Work |

Bioinformatics

A new field of research has recently been developed that
incorporates biotechnology and computer science.
Bioinformatics uses powerful computers to process the
vast amounts of information generated by genetic
sequencing, such as the Human Genome Project. The
results are used to help develop new pharmaceuticals to
combat diseases. At Sunnybrook Medical Centre and the
Women'’s College Health Sciences Centre in Toronto,

Dr. Corrinne Lobe and her colleagues are applying the
new tools of bioinformatics in their research. They are
studying how cells develop into different types of tissue
and how this relates to cancer growth.

Search for a Cancer Vaccine

Dr. Lobe and her colleagues work extensively with
transgenic mice. These mice have been given specific
genes that can cause cancer. Using computers to
process gigabytes of mouse DNA data, Dr. Lobe has
discovered how to turn “on” the cancer-causing genes in
mice. In this way, Dr. Lobe studies how cancer cells
develop. More importantly, she studies how the immune
system of mice can be stimulated through different
vaccines to control the growth of cancerous cells. This
research may eventually lead to the development of
cancer vaccines for people.

In addition to her work as a research scientist, Dr. Lobe is
also a marathon runner. The exercise allows her to relax
and focus her mind on the scientific challenges she
faces. There is a great deal of work to do in her laboratory.
The field of bioinformatics offers many new opportunities
for exploring, deciphering, and applying the growing
volume of data from genetic research.

In this section, you have learned that genetic
information is shuffled between chromosomes
during meiosis. This results in the production of
genetically unique gametes. During fertilization,
gametes unite to form a zygote. Thus, genes from
both parents are passed on to their offspring. These
sources of genetic variation are summarized in
Figure 5.21. What other sources of variation
might exist?

Errors in Meiosis

Changes in the structure of a chromosome in
gametes can have severe consequences. These
changes, or mutations, can be passed from one
generation to the next when that gamete combines
with another gamete to form a zygote. Because

Dr. Corrinne Lobe

Skills Shortage

In Canada, there are not enough trained people to meet
the growing demand for bioinformaticians. To help
overcome this shortage, workshops have been set up in
Canada for university graduates in the biological and
computer sciences, as well those studying mathematics,
statistics, or physics. These workshops provide an
introduction to the development and use of bioinformatics
software.

Career Tips
1. The key to success in this field lies in a broad under-
standing of the life sciences. A valuable way to learn
how bioinformatics is used in research is to spend
some time volunteering in genetic research labs.

2. A career in bioinformatics requires good
communication skills and experience with
computers, software applications, and the Internet.
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CONCEPT ORGANIZER | Sources of Variation

Gene segregation

Chromosome
recombination

Fertilization
(union of gametes)

The random segregation of genes and the recombination
of chromosomes that occur in meiosis result in the
production of unique gametes. The union of these

Genetic variation
in individuals

gametes during fertilization contributes to genetic
variation within individuals.

Figure 5.21 Sources of genetic variation resulting from meiosis and fertilization.

chromosomes are copied during interphase before
each mitosis, all the cells that develop from this
zygote will also carry the mutation.

The failure of chromosomes to separate properly,
called nondisjunction, can occur during meiosis.
This error results in the addition or deletion of one
or more chromosomes from a gamete. Study
Figure 5.22 to learn how nondisjunction happens. In
what phases of meiosis can nondisjunction occur?
If a gamete with an extra chromosome is fertilized

the zygote will also have an extra chromosome.
This is called trisomy. An example of trisomy in
humans is Down Syndrome, in which there is an
extra chromosome number 21. You will learn more
about the effects of nondisjunction in human
chromosomes in Chapter 7.

What happens if the chromosomes do not
segregate during meiosis? This means that the
resulting gamete will be diploid rather than
haploid. If a diploid gamete unites with a normal
haploid gamete, the zygote will contain three sets

Pair of

by a normal gamete, all the cells that develop from
homologous
chromosomes

i
=
O

==
==

\‘ Meiosis Il

~—

Abnormal gametes:
two gametes have one extra and two gametes
have one fewer chromosome than normal.

Pair of
homologous
chromosomes

i

v/ N\

Normal
meiosis |

Normal meiosis I Nondisjunction

oo ¥

I

One gamete has
one extra and the
other has one fewer
chromosome.

Gametes have
usual number of
chromosomes.

Figure 5.22 Nondisjunction can result in abnormal numbers of chromosomes in
gametes. Offspring may inherit an extra chromosome or may be missing a chromosome.

Cellular Reproduction and Chromosomes ¢ MHR

e 173



of chromosomes (3n). This condition is called
triploidy. Organisms that have more than two sets
of chromosomes are called polyploids. Polyploidy
is rare in animals, but is rather common in plants.
For example, seedless grapes and watermelon are
polyploids. Plant breeders can cross a diploid male
plant with a tetraploid (4n chromosomes) female
plant to produce the seedless variety of watermelon
(see Figure 5.23). The offspring are sterile and
therefore do not contain seeds.

LINK

Nondisjunction of chromosomes during meiosis can have
profound effects. In humans, the results of inheriting a gamete
containing either an extra chromosome or lacking a
chromosome can vary from mild to fatal. To find out more
about the effects of nondisjunction, go to the website shown
below. Go to Science Resources, then to BIOLOGY 11 to find
out where to go next. Do a survey of four different
chromosomal syndromes associated with nondisjunction.
Present your findings in a brief report.
www.school.mcgrawhill.ca/resources/

Figure 5.23 Seedless fruits like this watermelon are
polyploids.

_—

To learn more about the frequency of polypoidy in flowering
plants, turn to Chapter 13, Section 13.2.

eeseeeesss—— .- FAST FORWARD

1
[ SECTION REVIEW

1. What is the purpose of meiosis?
2. Where does meiosis occur in organisms?

3. I What characteristics of an egg cell and a sperm
cell are critical to their ultimate function of combining
to form a zygote?

4. I Given that genes code for the production of
proteins, why might an organism that has an
abnormal number of chromosomes (either one less
or one more than normal) have abnormal physical
development or abnormal body function?

5. I What would be the advantage to an organism of
having several genes that code for the same protein?

6. @ Summarize each phase of meiosis. You may use
sketches to illustrate your explanation.

7. @ How can mutations lead to variations in the
daughter cells produced through the process of
meiosis?

[

; Why are seeds not good specimens for the
microscopic observation of the phases of meiosis?

©

. Why is the occurrence of mutations in meiosis
often more detrimental to an organism than the
occurrence of mutations in mitosis?

174 e MHR ¢ Genetic Continuity

10. @ Which division in meiosis, | or ll, is most similar to
mitosis? Write a brief explanation.

11. @ Based on your knowledge of meiosis, use
diagrams to model the steps that would need to
occur to produce triploid gametes from a tetraploid
and diploid parental cross. Hint: what happens to the
number of chromosomes during meiosis?

12. @D Hypothesize why triploid offspring are sterile
and therefore cannot produce seeds. Design an
experiment to test your hypothesis.

4 UNIT ISSUE PREP

You have probably chosen the genetic issue you will be
examining for your Unit 2 Issue Analysis. Decide now
how you will use what you have learned about mitosis
and meiosis. Will you be able to apply the scientific
information you have learned in this section to your
Unit 2 Issue Analysis? If so, be sure to collect this
information in your files for your Issue.



Chromosomes and Heredity

EXPECTATIONS

H
m Describe the contributions of
genetic scientists that led to
the chromosome theory of
inheritance and understanding

sex-linked inheritance.

m Solve sex-linked inheritance
problems using Punnett
squares.

= Develop an understanding of
gene expression and
polygenic inheritance.

Figure 5.24 How are pairs of
chromosomes related to pairs
of alleles?

When Gregor Mendel formulated his laws of
inheritance of traits, he did not know about meiosis
or the existence of chromosomes in cells. Based
upon his experiments with pea plants, Mendel
concluded that each trait has two factors. During
gamete formation, the factors segregate so that each
gamete has one factor. Mendel’s conclusions were
remarkable for his time. However, his findings
went largely unnoticed until the early 1900s, when
better techniques were developed to investigate
cellular processes and chromosomes were actually
observed in cells.

In 1902, scientists Walter Sutton and Theodor
Boveri made an important discovery while
studying the phases of meiosis. They realized that
the behaviour of chromosomes during meiosis was
related to the behaviour of “factors” in Mendel’s
experiments with pea plants. Based on their
observations, Sutton and Boveri developed a theory
about the relationship between Mendel’s factors
and chromosomes. Figure 5.25, on page 176,
compares the behaviour of Mendel’s factors and
chromosomes. What three observations did these
scientists make that helped them to develop their
theory? The combined research of Mendel, Sutton,
and Boveri formed the basis of the chromosome
theory of inheritance. This theory states that genes
are located on chromosomes, and chromosomes
provide the basis for the segregation and
independent assortment of genes.

Sex-linked Inheritance

Some traits that are passed from one generation to
the next depend on the sex of the parent carrying
the trait. This is because the genes for these traits
are located on the sex chromosomes. The
transmission of genes that are located on one of the
sex chromosomes, X or Y, is called sex-linked
inheritance. A gene that is located on the

X chromosome only is called X-linked. A gene that
is located on the Y chromosome only is called
Y-linked. Most of the known sex-linked traits are
X-linked. Very few Y-linked traits are known. This
may be because the Y chromosome is much smaller
than the X chromosome. Examples of X-linked
traits in humans include colour blindness and
hemophilia. You will examine the inheritance of
these conditions in the human population in more
detail in Chapter 7. How do you think people
discovered that the inheritance of certain traits was
governed by the sex of an individual?

In humans, colourblindness is rare in females because they
must inherit two recessive alleles — one from each parent
—— to be colourblind. Males, however, need to receive only
one recessive allele to inherit this condition.
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Figure 5.25 The behaviour of Mendel’s factors (genes) and chromosomes during
meiosis. Light and dark shades of the same colour show different members of the

same homologous pair of chromosomes.

Morgan’s Discovery

While investigating eye colour in fruit flies in 1910,
American scientist Thomas Morgan produced a
white-eyed male fly by crossing two red-eyed
parent flies. At first, this did not seem unusual to
Morgan. The result could be explained using the
law of dominance in a monohybrid cross, which
produces a 3:1 ratio of red-eyed fruit flies to white-
eyed fruit flies. Red eye colour (allele symbol R) is
dominant to white eye colour (allele symbol r)

(see Figure 5.26).

Figure 5.26 In fruit flies, the allele for eye colour is carried
on the X chromosome. Red eye colour is dominant to white
eye colour.

MHR e Genetic Continuity

However, when Morgan crossed the white-eyed
male with a red-eyed female he was not able to
produce a female fruit fly with white eyes. How
could this outcome be explained?

Morgan hypothesized that the gene coding for
eye colour in fruit flies was located on the
X chromosome, as shown in Figure 5.27. He
reasoned that the white-eyed trait was recessive.
Therefore, the only way to obtain a female white-
eyed fruit fly was if both the male and female
parent donated an allele that coded for white-eyes.
Figure 5.28 shows a cross between a white-eyed
male (genotype X'Y) and a red-eyed female
(genotype XRXR). The male donates the
Y chromosome (which does not carry the eye
colour gene) to all male offspring. The female,
therefore, donates the X chromosome to the male
offspring. The source of the X chromosome in all
female offspring from this cross comes from the
male, and in this cross both X chromosomes
contain the allele that codes for red eyes.

— | PAUSE F # RECORD

Hypothesize why Morgan was not able to produce
white-eyed female fruit flies from a cross between a
white-eyed male and a red-eyed female. Is it possible to
produce white-eyed female fruit flies? If so, describe the
phenotypes and genotypes of the parents.




sex
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Female
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autosomes
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Figure 5.27 In fruit flies (Drosophila melanogaster), the
gene for eye colour is located on the X chromosome.

White-eyed -

XAX XRY

Figure 5.28 Crosses of fruit flies for red eyes (R) and
white eyes (r).

Sex-linked Traits and Punnett Squares

Punnett squares can be used to predict the outcome
of crosses involving genes that are located on the X
or Y chromosome. When creating a Punnett square
to determine the outcome of a cross involving a
sex-linked trait, assume that the trait is located on
the X chromosome unless it is stated that the trait
is located on the Y chromosome. As shown in
Figure 5.29, the gametes containing the X and

Y chromosomes are placed on the outside of the

XY

X Y

[ ]
X XX "I

Female B -
XX == r
X XX XYy
LB Bl

Genotypic ratio = 1/2 XX : 1/2 XY
Phentypic ratio = 1/2 female : 1/2 male

Figure 5.29 In this Punnett square, half of the offspring are
female and half are male.

Punnett square in the same manner as autosomal
traits. The only differences are that the alleles are
written on the X chromosome if the trait is X-linked
and no allele is written with the Y chromosome.
When the genotype and phenotype ratios are
written, the sex is always included in the ratio.

Chromosomes
and Gene Expression

Males and females produce the same amounts of
proteins coded by genes located on the
X chromosome. However, females have two copies
of the X chromosome in every cell and males only
have one copy of the X chromosome in every cell.
Experimental evidence has demonstrated that one
of the X chromosomes in each female cell is
inactivated. Which one is inactivated is random,
and therefore different X chromosomes are active
in different cells. The inactivated X chromosome is
called a Barr body.

The tortoiseshell coat colour in cats is an
example of the presence of inactivated
X chromosomes. The tortoiseshell pattern can only
occur in female cats (see Figure 5.30). Each
tortoiseshell cat has a random distribution of
orange and black patches. The gene that codes for
this orange and black colour is located on the
X chromosome. A tortoiseshell cat is heterozygous
for the allele that codes for this coat colour. This
means that one copy of the X chromosome has an
allele that codes for orange pigment and the other
copy of the X chromosome has an allele that codes
for black pigment. The random inactivation of an X
chromosome in every cell of a tortoiseshell cat
results in a patchwork orange and black coat colour.

Figure 5.30 Only female cats show the tortoiseshell fur
colour pattern. Why is this so?
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Polygenic Inheritance

Many traits are controlled by more than one gene.
This phenomenon is known as polygenic
inheritance. The protein products produced by
many genes working together results in a range of
variation, or continuous variation, in a trait.
Continuous variation can be defined as the
variation among individuals in a population in
which there is a gradient of phenotypes for one
trait. An example of continuous variation is range
of ear length in corn. Figure 5.31 shows that the
longest ear length is obtained when both genes
controlling corn ear length are homozygous
dominant for both alleles. The shortest ear length
occurs when both genes controlling corn ear length

DESIGN YOUR OWN
Investigation

Measuring Variation in a Trait

Problem

How can you infer the inheritance pattern
of a trait?

Hypothesis

Make a hypothesis about the inheritance pattern
of a trait based on the shape of the trait’s graph.
The graph should illustrate the variation of the
trait on the x-axis and the number of students
on the y-axis.

NOTE: Follow your teacher’s directions for
conducting this investigation in a manner that is
always respectful of others.

Materials

Ruler or measuring tape
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Different traits show different degrees of variation. Some traits are
either present or absent, while others show continuous variation.
Traits that are either present or absent may be governed by a single
gene, whereas traits that show continuous variation may be governed
by several or many genes. The graphical representation of a trait can
provide information about its inheritance pattern. How can the
inheritance pattern of a trait be graphically represented? In this
investigation, you will design a method to determine the inheritance
pattern of two human traits based on data you will collect.

are homozygous recessive for both alleles. As
indicated by the Punnett square, the longest and
shortest phenotypes are the least common because
each can only be obtained by one combination of
alleles. The medium length is most common
because it can be obtained through many different
combinations of alleles. In humans, height and skin
colour are thought to be polygenic traits. In the
following investigation, you will use graphical
methods to infer the inheritance pattern of several
human traits.

Initiating and planning
Hypothesizing

Identifying variables
Performing and recording

Analyzing and interpreting

Experimental Plan

1. Prepare a list of the possible ways you might
test your hypothesis.

2. Decide on one approach for your
investigation that could be conducted in
the classroom.

3. Your design should test one variable at a
time. Plan to collect quantitative data, and
prepare a table that will organize the data
effectively.

4. Outline a procedure for your experiment
listing each step. Provide a list of your
materials and the quantities you will require.
Get your teacher’s approval before
conducting your investigation.
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in this trait, with
medium length ears
occurring most often.

LENGTH OF EARS OF CORN

Checking the Plan

1. What will you measure or count? What kind
of graph will you produce using the data?

2. How will you infer the inheritance pattern
of a trait from the shape of a graph?

Data and Observations

Conduct your investigation and make your
measurements. Enter the data into your table.
Make a graph of your results.

Analyze

1. Compare the shape of the graphs for the two
human traits you investigated.

2. Suggest reasons for the similarity or
difference in the shapes of the two graphs.

3. Compare the shape of the your graphs to the
graphs drawn by other students.

4. Suggest reasons for the similarities or
differences in the shapes of the graphs.

Conclude and Apply

5. Based on your results, what inferences can
be drawn about the inheritance pattern of a
trait from the shape of the graph?

Exploring Further

6. What is a normal distribution? How do the
results you obtained in this investigation
compare with a normal distribution?
Explain briefly.

7. The range of variation of the traits you
investigated may be the result of many
factors. Carry out research to investigate
which factors contribute the most, and
which factors contribute least, to the
variation of the traits that you investigated.
From your findings, what could an
individual do to influence the development
of the traits you investigated?

Use a spreadsheet program to input the data for the trait
being measured. Generate the graphs using the spreadsheet
program.
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Modifier Genes

Some genes, called modifier genes, work together
with other genes to control the expression of a trait.
The expression of eye colour in humans may
involve modifier genes. For example, brown eye
colour is the result of the presence of the pigment
called melanin that is coded for by the dominant
allele for eye colour. Blue eye colour is the result of
the absence of the pigment melanin coded for by

olccrion nevien

1. Explain the relationship between Mendel’s
“factors” and chromosomes.

2. What is sex-linked inheritance? Provide an
example in your explanation.

3. How did the laws of inheritance proposed by
Mendel help in the development of the chromosome
theory of inheritance?

4. @ Explain how a range of phenotypes can exist for
one trait.

5. I How can variation in a trait be used to produce
crops with new genotypes and phenotypes? Use a
Punnett square to illustrate your answer.

6. @ Using a Punnett square predict the genotypic and
phenotypic ratios of the F1 generation from a parental
cross between a red-eyed male fruit fly and a white-
eyed female fruit fly.

7. @ Colourblindness in humans is an X-linked
recessive trait. What is the probability of a couple
having a child that is colourblind if the man is
colourblind and the woman is heterozygous for
normal colour vision?
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the recessive allele for eye colour. Various modifier
genes help to produce other eye colours, as shown
in Figure 5.32.

Some genes are controlled through a process called
imprinting. This occurs when a series of chemical markers
produced by some genes are attached to other genes to
make them become inactive.

Figure 5.32 The gene for eye colour
only codes for the presence or absence
of the melanin pigment, which produces
either brown or blue eyes. If this is the
case, why are there other eye colours

in humans?

8. @ What is the probability that the child from
the cross in question 7 will be a female that is
colourblind?

9. What type of inheritance could be responsible
for the variation in human height? Explain your
answer.

10. @D Fruit flies can have normal wings or stunted
wings. In an experiment, you mate several normal-
winged females with a male that has stunted wings.
In the F1 generation, only the males have stunted
wings. Design an experiment to show that females in
the F1 generation can also have stunted wings. Use a
Punnett square to illustrate your reasoning.

~ ) UNIT ISSUE PREP

The genetic issue you will be examining for your Unit 2
Issue Analysis may be related to chromosomes and
heredity. If it is, consider what some industrial
information on this topic would consist of. What types of
information on this subject would political leaders
discuss? Are there any legal implications that could be
applied to this subject? Think about your answers and
note your responses in your file for this Issue.



CHAPTERREVIEW

p
Chapter Expectations

Briefly explain each of the following points.

e Cells reproduce continually through a
sequence known as the cell cycle (5.1)

e The growth stage of the cell cycle is called
interphase. (5.1)

e The division stage consists of mitosis and
cell division. (5.1)

e Mitosis functions to produce new cells,
allowing organisms to grow, repair, and
maintain regular functions. (5.1)

e Mitosis consists of four stages: prophase,
metaphase, anaphase, and telophase. (5.1)
* Meiosis is a type of cell division that occurs

in reproductive organs. (5.2)

* Meiosis involves two sequences known as
Meiosis I and Meiosis II. (5.2)

¢ Genetic variation in gametes is a result of
the re-assortment of genes on chromosomes
by the processes of crossing over and
random assortment. (5.2)

¢ Sex-linked inheritance involves traits
carried on genes located on the sex
chromosomes. (5.3)

¢ An inactivated X chromosome is called a
Barr body. (5.3)

e Some traits, controlled by more than one
gene, are called polygenic inheritance. (5.3)

\.

~
Language of Biology
Write a sentence using each of the following words or
terms. Use any six terms in a concept map to show
your understanding of how they are related.
e cell cycle e tetrad
e interphase ® Crossing over
® mitosis ® non-sister chromatids
e chromosomes e independent
e sister chromatids assortment
® centromere e gametogenesis
e parent cell e spermatogenesis
e daughter cells ® 00genesis
e prophase e spermatogonium
e metaphase e 0ogonium
e anaphase e genetic recombination
e telophase e nondisjunction
e cytokinesis e trisomy
e mutations e triploid
® oncogenes e polyploids
® meiosis e chromosome theory of
e haploid inheritance
e diploid e sex-linked inheritance
e reduction division e Barr body
e autosome e polygenic inheritance
® sex chromosome e continuous variation
° homologous e modifier genes
chromosome
J

UNDERSTANDING CONCEPTS

1. Which of the chromosomes shown here are
homologous? Explain brieﬂy.
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2. Explain how mitosis would be affected if DNA
were prevented from replicating.

3. What role does mitosis play in the survival of
an organism? What plant and animal tissues
would be best to use to study the process of
mitosis?

4. What role does meiosis play in the survival of
an organism? What plant and animal tissues
would be best to use to study the process of
meiosis?

5. Explain the consequence if no crossing over
takes place in meiosis 1.

6. Why is meiosis often referred to as reduction
division?

7. Draw a series of diagrams illustrating meiosis

in a plant cell that has a chromosome number
of 2n = 8.
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. A plant can be reproduced using a clipping
consisting of a stem and a few leaves. The
clipping is placed in water until roots form
from the stem. What process, mitosis or
meiosis, is responsible for the reproduction of
plants through clippings? Explain your answer.

. How would mitosis differ between a haploid

and a diploid organism? How would meiosis
differ between a haploid and a diploid organism?

. What scientific processes were used by Thomas

Morgan to construct an understanding of sex-
linked inheritance?

. How does polygenic inheritance differ from

single gene inheritance?

. What information can be determined from a

Punnett square involving a sex-linked cross?

. What are the advantages in plants that can

reproduce both sexually and asexually?

. What are the disadvantages in the ability of

plants to reproduce both sexually and asexually?

. What happens to inheritance information as a

zygote divides?

. What is the relationship between a

chromosome and a gene?

. Explain how an individual can be heterozygous

or homozygous for a particular trait.

. Do both autosomes and sex chromosomes

consist of genes and alleles? Explain your
answer.

. Does a human skin cell contain the same

genetic information as a human brain cell?
Explain your answer.

. Do both sperm and egg cells contain the same

genetic information? Explain your answer.

21.

Using the information provided in Table 5.1

(on page 161), draw a fruit fly cell undergoing

mitosis and answer the following questions.

(a) How many chromatids would be found in a
leopard frog body cell in prophase I?

(b) How many chromosomes would be found
in a dog sperm cell?

. An organism is heterozygous for two genes

located on two different chromosomes, as
shown in the diagram. Prepare short written
answers (including diagrams) to the questions
that follow.

a —b —

A

(a) What happens to the alleles A, a and B, b
when they are transmitted through mitosis
from a parent cell to two daughter cells?

(b) What happens to the alleles A, aand B, b
when they are transmitted through meiosis
from a parent cell to gametes?

(c) How does the sorting of these alleles during
meiosis provide the physical basis for
Mendel’s law of segregation and
independent assortment?

(d) Predict what would happen if the spindle
fibres in a cell undergoing mitosis only
formed from one pole of the cell.

B
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23.

Is every gene in all cells expressed through the
production of proteins all of the time? What
evidence supports your answer? Explain your
answer.

. What evidence would you use to indicate that
a mushroom contains genes? Outline an
experimental procedure you could use to prove
the presence of genes.

. Suppose a geneticist wanted to study frequency

of crossing over to estimate the amount of
variation in a population. Describe a procedure
to investigate this idea. What problems might
there be with this approach?

. Hemophilia is a recessive X-linked trait. What

is the probability of a couple having a child
with hemophilia if the man does not have
hemophilia and the woman is a carrier?



27. The F, phenotypic ratio for eye colour from a
cross between a pair of fruit flies is 1 red eyed
female : 1 red eyed male : 1 white eyed male.
Determine the genotypes and phenotypes of the
parent generation.

28.

The F, phenotypic ratio for eye colour from a
cross between a pair of fruit flies is 2 red eyed
females : 2 red eyed males. Determine the
genotypes and phenotypes of the parent
generation.

COMMUNICATING

29. In which cells in the human body does mitosis
occur most frequently? Explain your answer.

30. In which cells in the human body does mitosis

occur least frequently? Explain your answer.

. Create a chart to illustrate the number of
chromosomes in the following list of cells
before, during, and as a result of mitosis. A
human cell with 46 chromosomes, a dog cell
with 78 chromosomes, an apple cell with
34 chromosomes, and a corn cell with
20 chromosomes.

. Create a chart to illustrate the number of
chromosomes in the following list of cells
before, during, and as a result of meiosis. A
human cell with 46 chromosomes, a dog cell
with 78 chromosomes, an apple cell with
34 chromosomes, and a corn cell with
20 chromosomes.

. Would species that have more traits that are
determined through polygenic inheritance than

36.

single gene inheritance have a survival
advantage over species that have very few traits
that are determined through polygenic
inheritance? Write a short essay to support and
explain your reasoning.

. Compare and contrast the terms gene and allele.
35.

Explain the role of autosomal chromosomes
and explain the role of sex chromosomes. You
may write your answer or use diagrams.

What would happen if homologous
chromosomes paired with non-homologous
chromosomes in meiosis I instead of the
matching homolog?

. What is the purpose of using a Punnett square

to predict the outcome of a genetic cross?

. Can a single Punnett square predict the

outcome of several crosses at one time? Explain
your answer.

. In your notebook, complete the following table

that compares mitosis and meiosis.

QOccurs in

Number of cells produced per parent cell
Number of chromosomes in parent cell
Number of chromosomes in daughter cells
Type of cell produced

Function

Mitosis Meiosis
all body cells
two
diploid (2n)
same as parent cell
gametes

transfer of genetic information from
generation to generation; increases variation

MAKING CONNECTIONS

40. Does mitosis in humans occur more frequently
in a five-year-old or an 85-year-old individual?
Explain your answer. Many scientists are
working on ways to slow the effects of aging.
Given your answer to the first part of the
question, suggest an area for further research?
List three ways this research could be applied.

41.

A scientist produces a new strain of seeds
using genetic engineering. What process,
mitosis or meiosis, would the seed go through
when germinating into a mature plant? Would
the seeds produced by the mature plant be
identical or different from the original
genetically engineered seeds? Explain.
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Reflecting
Questions

CHAPTERG _

DNA Structure
and Replication

= How are traits stored
in chromosomes?

= Why is DNA called the
“code of life”?

= How do cells copy genetic
information?

184

When a pianist sits down at the
piano, he or she can strike the

88 piano keys in millions of different
combinations to make music. The
number of combinations in which the
keys can be played together is as
endless as the number of composers
who have written, or will write,
music. The difference between music
and noise, however, depends on
striking the keys in a particular
sequence. Every keyboard is the
same; the difference from one song to

the next is how the notes are arranged.

All organisms are formed from the
same chemicals, and yet they all look
so different. The key is how the
chemicals in their cells are arranged.
Just as different combinations of
piano keys make different tunes, the
chemicals in cells can be arranged in
a variety of ways to produce the
many thousands of characteristics.
For example, people share many
characteristics. They have a similar
body shape and structure. This is
because they are made of the same
chemical compounds. However, there
is considerable variation from person
to person. People vary in height, eye
colour, hair colour, and other traits.
This variation occurs because the
chemical compounds can be arranged
in different combinations. The
organization of these chemical
compounds forms the basis for
genetic variation.

In this chapter, you will find out
what kinds of scientific research led
to the discovery of the DNA
molecule. You will learn how

chemicals in the cells of all
organisms can be combined to form
molecules of DNA. Although the
DNA molecule can hold an enormous
amount of genetic information, it is
based on a simple code. You will
learn how to read this code and then
model your own DNA molecules. You
will also learn how the DNA
molecule is used as a template to
form new molecules of DNA. Finally,
you will explore recent genetic
technologies, such as DNA
fingerprinting and cloning, and learn
how they are used to identify
individuals.

How is genetic information
organized in DNA?
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EXPECTATIONS

i

= Explain how DNA accounts for
the transmission of hereditary
characteristics.

= Summarize the main scientific
investigations that led to the
modern understanding of DNA
and genes.

m Research genetic technologies.

Figure 6.1 This scanning
electron micrograph shows the
nucleus of an animal cell. The
mass of threadlike structures is
the cell’'s DNA.

Earlier in this unit, you learned how genes and
chromosomes transmit characteristics from
generation to generation. Chromosomes are made of
the compound deoxyribonucleic acid, or DNA.
DNA is like the blueprint or master copy of
information used to construct an organism. During
mitosis, DNA in the nucleus is copied and passed
to the new cells. In this way, new cells receive the
same information that was in the original cell. DNA
controls the activities of cells by providing
instructions for making proteins. Every nucleated
cell that has ever been formed in your body or in
any other organism contains DNA.

You learned in Chapter 5 how scientists
determined that chromosomes carry genetic
information. They knew chromosomes were
composed of almost equal amounts of two
substances, DNA and proteins, but they did not know
which substance carried the genetic information.

Scientists knew that chromosomes carried a
great deal of information, and they also knew that
DNA had a much simpler structure than protein.
Because of this, most scientists thought proteins
carried the genetic information. A discovery made
in the 1950s, however, proved that it was actually
DNA that carried genetic information.

In 1952, American scientists Alfred Hershey and
Martha Chase performed an experiment using
bacteriophages, viruses that attack bacteria (see
Figure 6.2). Bacteriophages use the bacterial cell’s
ability to copy DNA in order to quickly produce
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new viruses in the host cell. The bacterial cell soon
bursts, releasing the viruses, which can then attack
other cells. Bacteriophages were ideal for
determining whether it was DNA or protein that
carried genetic information, because bacteriophages
are composed of both of these materials (each of
which makes up a different part of the virus).

Figure 6.2 These bacteriophages are viruses that attack
bacteria.

\_W
To learn more about the life cycle of viruses, turn to
Chapter 11, Section 11.2.
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Figure 6.3 Hershey-Chase experiment

The outer coating of the bacteriophage is made of
protein, and the inside of the bacteriophage carries
a core of DNA. Hershey and Chase devised a way
to mark the protein coat and the DNA using
radioactive sulfur (**S) and phosphorus (3?P) so
they could follow what each component did as the
viruses attacked bacteria cells. They found that the
protein coat of the bacteriophage remained outside
the bacterial cell. However, the bacteriophage’s
DNA moved into the bacterial cells and directed
them to create new bacteriophages (see Figure 6.3).
The Hershey-Chase experiment was very important
in helping to confirm that it is DNA, not protein,
that carries the genetic information.

T

Adenine (A)

Guanine (G)

Nucleotides

While Hershey and Chase’s experiment determined
the role of DNA in heredity, earlier work by
biochemist P.A. Levine had shown that DNA was
made up of a series of units called nucleotides.
Each nucleotide is made of three parts — a sugar
called deoxyribose, a phosphate group (also called
phosphoric acid), and four nitrogen-containing
bases. The nitrogen bases are adenine, guanine,
thymine, and cytosine, which are abbreviated as
A, G, T, and C, respectively. Figure 6.4 shows the
four nitrogen bases of DNA.

Levine found that each nitrogen base is attached
to a sugar, and each sugar is then attached to a
phosphate group to form a single nucleotide. Each
nucleotide is named for the base it contains.

7\
0

Thymine (T) —H
/N
H

H—N
|

H Cytosine (C)

Figure 6.4 The nitrogen bases of DNA are adenine, guanine, thymine, and cytosine.
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For example, Figure 6.5 shows an adenine
nucleotide. Therefore, in DNA there are four
possible nucleotides, each containing one of four
bases. Note that adenine and guanine have a
double-ring structure. They belong to a group of
nucleotides called purines. Thymine and cytosine
have a single-ring structure. Single-ring nucleotides
are called pyrimidines.

Phosphate

rou
group Nitrogen base

|
o)
0=P-0"
o
|

OH Sugar
(deoxyribose)

Figure 6.5 One DNA nucleotide, the adenine nucleotide.

Further studies showed that nucleotides are
joined together to form long chains, much like
beads in a necklace. The phosphate group of one
nucleotide is bonded to the deoxyribose sugar of an
adjacent nucleotide, as shown in Figure 6.6. The
phosphate groups and deoxyribose molecules form
the backbone of the chain, and the nitrogen bases
stick out like the teeth on a zipper. Erwin Chargaff,
another scientist studying the chemical structure of
DNA, found that in any given species the amounts
of adenine and thymine were virtually the same, as
were the amounts of guanine and cytosine. The
questions still remained, however, of how DNA
was constructed and exactly how DNA carried
genetic information.

Q®eae &

p<he el Cle L8
(P phosphate @ sugar

Figure 6.6 Nucleotides are joined together in a long chain.
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Now that you know what DNA is made of and where DNA is
found, why do you think scientists called this chemical
deoxyribonucleic acid?

Discovering the Double Helix

Like athletes, scientists can be very competitive. As
the evidence mounted, scientists knew they were
very close to determining the structure of DNA.
Many people were vying to be the first to make this
important discovery. The race was on! Here are the
facts the scientists knew at the time.

® DNA is made of nucleotides.

® Nucleotides are linked together in a string. The
sugar of one nucleotide is attached to the
phosphate group of the next, and the nitrogen
bases stick out from one side of this sugar-
phosphate “backbone.”

m In each DNA molecule, the number of adenine
nucleotides equals the number of thymine
nucleotides, and the number of cytosine
nucleotides equals the number of guanine
nucleotides.

m If the nucleotides are strung in a straight line,
a typical DNA molecule would be over a metre
long. Somehow, the DNA molecule must
be compressed.

The work of Rosalind Franklin (see Figure 6.7)
provided another crucial piece of evidence needed
to solve the mystery of DNA’s structure. Franklin,
along with Maurice Wilkins, the head of the
laboratory where she worked in King’s College,
London, had perfected a technique that used X rays
to photograph molecules. Although it takes an
expert eye to interpret these pictures (see Figure 6.8),
some of Franklin’s photographs of DNA showed
patterns that indicated DNA was like a giant spring
or coil. Furthermore, the DNA molecule had a
constant diameter of 2 nm. It did not get wider in
some parts and narrower in others.

Figure 6.7 Rosalind Franklin,
a British crystallographer,
used X ray diffraction
techniques to discover the
double helix nature of the
DNA molecule.




Watson and Crick also determined that the
nitrogen bases were always paired in the same
manner: adenine with thymine and guanine with
cytosine. (See Figure 6.9) This explained the earlier
discovery by Chargaff that adenine and thymine
were always present in equal amounts, as were
amounts of guanine and cytosine. These paired
nitrogen bases are called complementary base pairs.

o DNA molecules take the form
of a twisted ladder, or a spiral
staircase. This shape is
called a double helix.

Figure 6.8 X-ray diffraction photograph of DNA taken by
Rosalind Franklin.

Armed with this new information, and
everything else that had been discovered about
DNA, scientists James Watson and Francis Crick at
the University of Cambridge, England, set about to
propose a structure of DNA that would fit all the
known facts. Using Dr. Franklin’s photographs,
Watson and Crick made scale models to try to fit all
of the facts together. Finally, they found a structure
that worked. They determined that the structure of
DNA was similar to the handrails and steps in a
spiral staircase. The “sides” (or handrails) of the
DNA molecule were made up of two twisted strands
made of alternating deoxyribose and phosphate
molecules. In between the two strands were the
paired nitrogen bases that were joined by hydrogen
bonds. They called this shape the double helix.

e The “handrails” of the DNA
molecule are formed by chains
of deoxyribose and phosphate.

Key
@ = Phosphate
. = Deoxyribose
= Adenine
=Thymine
= Guanine e The “stairs” of the DNA
molecule are made of pairs
of nitrogen bases joined by
; _ hydrogen bonds.

= Cytosine

Figure 6.9 The structure of DNA
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- PLAY ——
To explore the structure of DNA, refer to your Electronic
Learning Partner. This will help you to visualize how the

DNA molecule is constructed.

T S

Watson, Crick, and Wilkins received a Nobel Prize in 1962
for their discovery of the structure of DNA. Why was
Rosalind Franklin not recognized for her contribution to the
discovery? In 1958, Franklin died of cancer at the age of 37.
Because the Nobel Prize cannot be awarded to more than
three people and the persons must be living, Wilkins

received the honour instead of Franklin.
L /

word I

Francis Crick said, “If you want to understand function, study
structure.” What do you think he meant by this statement?

Nucleotide Sequences

A fern and a frog are different organisms composed
of different proteins. However, if you were to
compare the chromosomes of these organisms, you
would find that they contain DNA made up of the
same types of nucleotides — adenine, thymine,
guanine, and cytosine bases. How can organisms be
so different if their DNA is composed of the same
nucleotides? The answer lies in the sequence of the
nucleotides along the DNA strands.

Evidence for Nucleotide Pairs

Background

One of the pieces that helped to solve the DNA puzzle was
the discovery of a numerical relationship between the
nitrogen bases of DNA. This relationship was revealed by
carrying out a chemical analysis of DNA.

You Try It

1. Examine the data in the table. Note the amounts of
adenine, guanine, cytosine, and thymine found in the
DNA of each of the cells studied.

2. Compare the amounts of A, T, G, and C in each sample
of DNA.

3. Why do you think the relative amounts are so similar in
human liver and thymus cells?

MHR e Genetic Continuity

Unique genetic information is determined by the
sequence of nucleotides. A sequence of A-T-C-G-G-A
carries different information from the sequence
C-A-G-T-T-A-C. The closer the relationship between
two organisms, the greater the similarities in their
DNA sequences. For example, the DNA sequence of
a wolf would be similar to that of a coyote, but
different from that of a cactus.

An interesting feature of DNA is that if you
know the sequence of bases on one strand of DNA,
you also know the sequence of the bases on the
opposite strand because of the way the pairs of
bases combine. For example, if the sequence on a
section of DNA is A-T-C-G-A-G-T-T, then the
opposite strand would have the sequence:
T-A-G-C-T-C-A-A.

It may seem hard to believe that all the
information needed to build and operate an
organism is stored in something as simple as the
sequence of four bases along a strand of DNA. To
put this in perspective, however, remember that a
computer uses only two sources of information —
the presence or absence of an electrical impulse
— and look at what a computer can do! The Morse
code shown in Figure 6.10 on the next page is also
very simple. It uses combinations of dots and
dashes to represent each letter in the alphabet. The
26 letters can be combined in ways to give all the
information that can be conveyed by the English
and many other languages.

WA el oo

4. What fact can you state about the overall composition
of DNA, regardless of its source?

Proportions of DNA bases in different
tissues and organisms

Percent of each base in DNA samples

Source of sample A G C T
Human liver 30.3 19.5 19.9 30.3
Human thymus 30.9 19.9 19.8 29.4
Wheat plant 27.3 22.7 22.8 27.1
A Bacterium 24.7 26.0 25.7 23.6




Sign Signal Sign Signal

A @Il S 000 There are about 3 billion nucleotides in each human cell,

B  ENeee T | strung together to make up 46 chromosomes.

C I Heomme U ool

D HIHee V o000l | PAUSE

If the base sequence on a strand of DNA is T-A-C-C-G-A-G-
E W
o omnEm T-T, what is the base sequence on the opposite strand?

F  ooNNeO )y [ XJ |

G |INme Y | 1IN e I

H 000® / 'IHmee ALLS
Chromosome 21 was the first human chromosome to be

I oo ! © I N . . completely sequenced. This means that the genetic information

J | @ I /AR YY | | encoded as DNA is known for every gene on chromosome
number 21. This milestone was achieved in May 2000. The

K ema 3 | oooNNEN knowledge of gene sequences and entire chromosomal

L  ONNOeo 41 O000NNH sequences provides us with the information needed to detect
the presence or absence of specific genes in individuals. To find

M| . ' 00000 out more about this accomplishment, and to investigate the

N | He o Y XX) issues surrounding it, go to the web site shown below. Go to
Science Resources, then to BIOLOGY 11 to find out where to

O | NN /| HEeee go next. Evaluate the risks and benefits of pursuing and then

N ] | ) ey 1 | X using gene and chromosome sequence information. Should
individuals or companies be permitted to patent gene

0 | NS NN ¢ | IENENENe sequences or entire chromosome sequences?

R ONNEO® ooy 1 1 1 | | www.school.mcgrawhill.ca/resources/

Figure 6.10 The Morse code uses a series of short (dot)
and long (dash) signals to indicate numbers and letters of
the alphabet. When used in the correct sequence, the code
can be used to form words and sentences.

Nucleotide Model

Watson and Crick built a model of DNA using wire, string,
and tin. They tinkered in their laboratory until they
constructed the ladder-like model that helped them
understand how DNA was constructed. One of their
models is shown here.

With a partner, determine a way to construct a model of
two nucleotide pairs in a DNA molecule. You may use
materials of your choice. For example, you might use
cardboard or wood strips, and small balls of modelling clay
for your model.

Analyze

How did making a model of two paired nucleotides help

you review and remember the information you have learned Watson and Crick display their model of the DNA molecule,
so far in this chapter? Why do you think DNA is coiled? which shows the characteristic double helix pattern.

DNA Structure and Replication e MHR o 191



Genes and Proteins

Like the Morse code, DNA stores information in a
type of code — the genetic code. The order of base
pairs in a DNA molecule makes up the genetic
code of an organism. Before you can decipher the
genetic code, however, it is important to understand
the type of information that the code carries. For
example, what instructions does DNA give to a
cell? To answer this, you need to understand the
relationship between genes and proteins.

Proteins are made of 20 kinds of amino acids
linked together in a certain order in each protein.
Linked amino acids form long chains called
polypeptides, and two or more polypeptides are
joined to make a particular protein. A protein may
be made of hundreds or thousands of amino acids.
Each different type of protein contains different

Investigation

DNA Extraction

what DNA looks like with the unaided eye.

Pre-lab Question

What two safety precautions must be considered
when working with NaCl and ethanol?

Problem

How can DNA be extracted from animal tissue?

Prediction

Predict what must occur to a cell before its DNA
can be removed.

CAUTION: When using NaCl, ethanol, and animal
tissues, avoid contact with eyes or skin. If
contact does occur, rinse thoroughly with water
and inform your teacher. Wash your hands
thoroughly with soap and water after you have
completed this investigation.

AIE] Plo I ®

Materials
mortar and pestle cheesecloth
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DNA is always pictured as a double helix. It takes a very high-
powered microscope to actually see the double helix, however. In this
investigation, you will extract DNA from animal tissue to find out

numbers of the 20 amino acids, arranged in a
specific order (see Figure 6.11).

All organisms contain and make proteins.
Proteins are important structural components of
your cells, and thus of your body as a whole.
Certain types of cells are largely made up of
protein. For example, your hair and fingernails are
made mostly of a protein called keratin. The
hemoglobin found in your red blood cells is a
protein, as is insulin and other hormones. Other
proteins produced by cells, called enzymes, control
virtually all of the chemical reactions going on in
your body; it is these chemical reactions that
provide your body with energy. All of your actions,
including running, eating, and even thinking,
depend on enzymes. Some enzymes drive the cell
cycles of growth and division, while others stop
cell cycles.

Predicting
Performing and recording
Communicating results

Conducting research

250 mL beaker 50 mL beaker (2)

glass stirring rod graduated cylinder

small piece of fish muscle tissue (approximately 1 cm?3)
0.9% NaCl (0.9 g of NaCl in 100 mL distilled water)
10% dishwashing detergent (10 mL in 90 mL water)
95% ethanol (ice cold)

Procedure

1. Place the sample of fish tissue in the mortar.

2. Add 10 mL of 0.9% NaCl and grind
thoroughly with the pestle for 2 to 5 min.

3. Strain the solution through three layers of
cheesecloth and collect the liquid in the
250 mL beaker.

4. Pour the liquid into one 50 mL beaker and
add 1.5 mL of 10% dishwashing detergent.

5. Estimate the volume of the extract in the
beaker. Then measure approximately twice
as much ice-cold 95% ethanol into the other
50 mL beaker.
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Figure 6.11 This polypeptide is made up of six amino
acids. The amino acids are connected with chemical bonds,
shown as shaded areas.

DNA determines how amino acids are strung
together and how proteins are made. The sequence
of amino acids is determined by the sequence of

6. Slightly tilt the beaker holding the fish
extract and gently add the ethanol to the
suspension by pouring ethanol down the
inside of the beaker.

4.

. Use the glass stirring rod to gently stir the
mixture. When you see a precipitate form
at the boundary of the two liquids, twirl
the rod to spool the DNA sample onto the
glass rod.

5.

Post-lab Questions
1. Qualitatively describe DNA.

2. List the components that make up DNA.

Conclude and Apply
3.

OH

|

c=o0

|

CH; TH3 TH

|

THQ CHg—TH T THQ

C— C=N—C— C=N—C—C—OH
1 T I I
HOHHO HO

nucleotides in the DNA. In other words, the DNA
is a code that specifies how to put amino acids in a
particular order. A gene is the segment of DNA that
controls the production of a protein. The order of
nucleotides in a gene is a type of message —
written in genetic code — that provides the
information necessary to build a protein.

Draw a labelled diagram of a DNA molecule.

Why did you use detergent in step 4? Think
about what you normally use detergent for.
(Hint: Cell membranes are made of proteins
and lipids.)

Exploring Further

How is DNA extracted from tissue on a
larger scale? Conduct research to find out,
and describe the process in a paragraph
or flowchart.
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DNA codon DNA codon
ACT GCT

Figure 6.12 Three bases form each codon. Codons define a particular amino acid
in a protein.

The Genetic Code Table 6.1 The RNA genetic code

Second base in codon

How is the genetic code written? Recall that
there are 20 amino acids but that DNA
contains only four kinds of bases. If we tried

Third base
in codon

First base
in codon

to use nucleotides one at a time to code for U phenylalanine | serine fyrosine cysteine U
amino acids, we would only be able to code phenylalanine |  serine tyrosine cysteine G
for four different amino acids. If we took the _ ,
. . . leucine serine stop stop A

nucleotides two at a time (for example, using
AT or CG to code for a single amino acid), we leucine serine stop tryptophan G
still Woul_d not be able to come up with C leucine proling | histidine | arginine U
enough different combinations to code for all _ _ o N
20 amino acids. It takes combinations of three leucine proline histidine e C
nucleotides in order to have enough different leucing proline | glutamine | arginine A
“code words” to represent 20 amino acids. : : : L

. . leucine proline glutamine | arginine G
Using three base sequences at a time (for
example, ACT, AAC, CAG), there are 64 A isoleucine threonine | asparagine serine 1]
possible combinations of the four different isoleucine | threonine | asparagine |  serine c
nucleotides. This is far more than is needed _ . _ . .
to code for 20 different amino acids. Each set isoleucine | threoning lysine argininé A
of three bases is known as a codon (see Figure methionine | threonine lysine arginine G
6.12) Slnce‘there are 6'54 possible codons and G valine danine | aspartate glycine U
only 20 amino acids, in some cases two or ‘ _ .
more codons code for the same amino acids. valine alanine | aspartate glycine G
In other words, there are codon synonyms. valine alanine | glutamate | glycine A

In order for proteins to be manufactured, i - — - g
genetic information from DNA must be carried vanne danine | Oufamale | gicine

to the cell’s ribosomes. This task is performed
by a molecule similar to DNA, called RNA
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(ribonucleic acid). RNA also has four bases,
however, rather than thymine, RNA contains uracil
(U), which forms a base pair with adenine. You
will learn more about this process in future studies.
Table 6.1 shows the amino acids and their three-
letter codes used by RNA.

As you look over the table, notice that 61 triplets
correspond to a particular amino acid. The
remaining three triplets are stop codons. Stop
codons indicate that no more amino acids should
be added and thus, the production of a particular
protein is complete. The amino acid with the base
sequence AUG, called methionine, is a start codon,
which indicates the first amino acid in a chain that
will grow to be a protein.

vetn

Four bases cannot make enough pairs to code for 20 amino
acids. How many possible code words would pairs of bases
provide?

—— !-I:PAUSE_ J FW
Are you clear on the relationship between DNA, genes,
nucleotides, codons, and amino acids? Write a description
of each. If you need to, review the relevant parts of this
chapter before you proceed.

DNA Fingerprinting

You might have heard that courts sometimes use
DNA evidence to convict or acquit criminals. To
obtain this evidence, scientists isolate DNA from
blood or other biological materials, such as hair or
skin, found at the crime scene (as shown in
Figure 6.13). They also take a DNA sample from a
suspect. Tiny quantities of DNA can be copied
many times using a special technique so there is

Reading the Code

Can you read the genetic code? Look at Table 6.1 on the
previous page. To find the codon or codons for a

particular amino acid, first locate the amino acid in the
table. The first base in the codon corresponds to the base
in the row to the left of the amino acid. The second base in
the codon corresponds to the base in the column in which
the amino acid is listed. The third base in the codon
corresponds to the base in the row to the right of the
amino acid.

enough genetic material to use for tests. The
samples are treated with enzymes that cut DNA
strands into small fragments at specific locations.
These fragments of DNA vary in length from person
to person and allow us to identify individuals. The
DNA fragments from the scene and those of the
suspect are then compared.

Figure 6.13 Forensics investigators study a sample of
clothing for DNA analysis.

Figure 6.14 on the next page shows how DNA
fragments are analyzed and compared. Each band
represents a fragment of DNA. Together, these
fragments form distinct patterns that can be used
like fingerprints to identify which person, or other
organism, the DNA came from. This technique is
often called DNA fingerprinting. No two
individuals (with the exception of identical twins)
have the same DNA sequences, and all cells in an
individual have the same DNA pattern.

I I [

Analyze
1. What amino acid is produced by the codon GAG?

2. What is the codon for tryptophan?
3. How many codons code for valine?

4. Codons can only be read in one direction. Why is
this so?
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Figure 6.14 The bands on this genetic fingerprint represent
different fragments of DNA. The pattern of bands can be
used to identify individuals.

The probability of two individuals having identical DNA
fingerprints is one chance in 9.34 billion. This is about one
and a half times the current world population.

DNA has been used to solve many crimes involving people, but
wildlife officials can also use this technique. For example,
poachers can be traced by comparing DNA found in a carcass
at the crime scene with DNA found in antlers, meat, or other
parts of an animal, in the possession of the suspected
poachers. To learn more about how DNA fingerprinting can be
used to solve wildlife crimes, go to the web site below. Go to
Science Resources, then to BIOLOGY 11 to find out where to
go next. Choose one case where wildlife officials have used
DNA to help solve a crime, and prepare a five minute oral
presentation about the case.
www.school.mcgrawhill.ca/resources/

All cells of an individual have the same amount of DNA
except gametes (sperm and eggs). Based on what you know
about reproduction and meiosis, why do you think this is so?

PBiology| Magazine| TECHNOLOGY + SOCIETY + ENVIRONMENT

Is Genetic Testing a Threat?

Vast amounts of information about Canadians are stored
on databases in various institutions throughout our
country. This information may include your home address,
gender, and income. In addition, you may be uniquely
identified on various cards you carry, such as a library or
debit card, through a magnetic strip, or through a bar
code. Is it possible that your genetic identity, too, will be
encrypted into a bar code in the near future? As medical
research continues to yield more information about the
human genome, advanced computer systems can now
process these data. How will this information be used?
Access to this growing body of genetic information has
enormous social, ethical, and economic implications.

ISBN 0070887056-X

|| Bar codes such as this

oliz800701'88708 4 could carry a person’s

genetic information.

The Value of Genetic Testing

Scientists use several mapping techniques to locate
different segments of DNA or genes on a particular
chromosome. These DNA segments can be cloned
(copied), in the laboratory, and stored in freezers for later

use. Cloned segments of genetic material may be
sequenced at any future time to determine the exact
order of each base in the strand of DNA.

RSV I

chromosome

- -
large clones -

small clones - . - T—_—

DNA sequence  [TTCAGGCGT

DNA mapping can show several levels of detail.

Genetic testing is used to identify genes associated with
various inherited diseases, such as cystic fibrosis and
Tay-Sachs disease. At present, there are more than 4000
diseases that are known to have a genetic basis. Through
genetic testing, we can also identify whether some
people may be predisposed to certain diseases, such as
Alzheimer’s disease or various forms of cancer. Other
conditions, including diabetes and heart disease, also
have a genetic basis. Knowing that a disease or condition
has a genetic basis can save lives because early
detection of diseases means that preventive measures
(such as medication or therapy) can be prescribed.
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Reading a DNA Fingerprint 2. Try to determine the percentage of the father's DNA
that matches the child’s. Can you do the same for the

Background mother’s DNA? Explain this.

After samples of DNA have been prepared in the laboratory, ) L ) .
segments are stained and prepared in a special gel. These 3. Dgscrlbe other situations where DNA fingerprinting
samples can then be compared with other samples to solve might be useful.

a crime or provide answers in other situations, such as a Parents Parents Parents Parents
question of paternity (determining the father of a child). You A ‘ B c ‘ ) E ‘ F G ‘ H

know from your study of heredity earlier in this Unit that a
child’s DNA is a combination of the DNA of his or her —

parents. Can you analyze these DNA samples to determine | = — —

the child’s parents? _—— — -
—_— = — —
You Try It — | = —_| T | = —
1. Which parental DNA matches the child’s? How did you — - _ : o
decide this? — — S

Individual Privacy

Who should be genetically tested and who should have
access to the resulting information? For example, could
some individuals be denied employment in the future
because of their genetic make-up? Many, employers
already conduct employee health assessments for a
variety of reasons. These may be necessary in order to:
® meet legal requirements;

= |imit employer liability;

m identify employees’ work-related needs;

m screen out unsuitable applicants;

m offer advice on health promotion such as diet, exercise,
and so on; and/or

® meet company pension and/or insurance scheme
requirements. Follow-up

is i ?
The results of genetic testing could be used to predict 1. What is informed consent?

the future health of employees. They could also be used 2. List other possible risks of genetic testing.
to obtain information about genetic predispositions to
occupational diseases. Could a genetic condition place
an employee or others at risk in the workplace?
Employers are interested in minimizing costs due to

3. Should law enforcement agencies promote genetic
screening to establish identification data banks to be
used in criminal investigations?

absence, sickness, lost time for hospital treatment, or 4. How can we as a society ensure responsible genetic
wasted training. How thoroughly should an employer be screening? What role should the provincial and/or
allowed to investigate the health of a potential employee? federal governments take to regulate genetic testing?

We presently devote much attention to identifying genetic Debate this issue in class.

diseases. Although this information can help save lives,
we must also consider some of the consequences.
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COURSE CHALLENGE

What is the role of DNA fingerprinting in
forensics investigations? Is this form of analysis
superior to other methods of crime detection?

In addition to criminal investigations, DNA
fingerprinting has other important applications.
For example, it can be used to determine
relatedness among people. The DNA of a child can
be compared to the DNA of the mother and one or
more possible biological fathers. DNA may also be
used to establish pedigrees and determine the
relationships among people living in different parts
of the world. This is important in settling disputes
concerning immigration.

DNA fingerprinting is also used by conservation
biologists who study endangered wildlife species.
For instance, it can be used to determine the
species type, maternity, paternity, siblings, and sex
of an individual. This allows researchers to answer
questions about how individuals move within a
population, and the genetic variability within those

[ SECTION REVIEW

1. Describe the pattern of pairing of nucleotides.

2. Explain why the structure of a DNA molecule is
often compared to a zipper.

(%)

. What is a codon, and what is its function?

H

. @ Make a sketch showing the structure of a
nucleotide.

5. @ Explain how DNA fingerprinting can be used to
solve a crime.

N O

. Why is it important to have a stop codon in
DNA?

8. Explain how the hair of a suspect and blood
found at a crime scene can be used to convict or
acquit a suspect.

9. I Explain why many discoveries in science are the
result of people working together.

10. I Discuss the following statement: genetic privacy
must protect the dignity and integrity of the individual.

11. @ If researchers found a gene responsible for alco-
hol or drug addiction, should employers be informed?

12. @D The best DNA extractions come from cells that
are dividing rapidly. If you were planning to extract
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. @ Explain the connection between DNA and proteins.

populations. Such information is important in
managing populations of endangered or threatened
species. Genetic data from wolves are being used to
monitor their movements in the Northwest
Territories (see Figure 6.15). Biologists are
interested in identifying crucial habitat that wolves
are using. Such data will be important in
establishing sustainable populations of wolves.

-

x\

Figure 6.15 Genetic information can be used to study the
biology of wildlife, such as this grey wolf.

DNA from cells other than fish muscle cells (which
were used in Investigation 6-A on page 192), what
cells might you use? Explain your answer.

13. @D Determine the possible banding patterns for each
child in the DNA fingerprint shown here. Standard
markers are used as a control.

standard

father mother child child
markers
=
[ 1 I 1 1 I 1 I ]
A
A | . :
B | n— — wells for
injecting
C | m— I DNA
D |
E | mo—
F | s

] UNIT ISSUE PREP

If you have decided to investigate the field of genetic
identification in your Unit 2 Issue Analysis, make sure
you have noted how DNA can be used to identify
individuals.



DNA Replication

EXPECTATIONS

H
m Describe and explain the
process of DNA replication.

= Explain how genetic
technologies were developed
to copy DNA.

Figure 6.16 Each cell in this
butterfly, the common buckeye,
contains a copy of the
butterfly’s DNA.

The butterfly in Figure 6.16 began its development
when a sperm cell and an egg cell united to form a
fertilized egg. From this one fertilized egg, the
process of mitosis eventually formed a butterfly
made of millions of cells. As you learned in
Chapter 5, before a cell can divide it must first
make a copy of each of its chromosomes. This
copying process is called DNA replication.

During DNA replication, two DNA molecules are
made from one. As you

can see in Figure 6.17, DNA

each new DNA
molecule will have one
strand of DNA from the
original molecule and
one new strand. The
“parent” DNA molecule
and “daughter”
molecules are identical
— all made up of the

4plicatio>

same nucleotides ep|icatioy

888

order. Figure 6.18
shows an actual strand
of bacterial DNA that
is replicating.

Figure 6.17 DNA replication results in the formation of two
DNA molecules from one. Each new molecule contains one
original strand of DNA and one newly formed strand, which
is shown in red.

Figure 6.18 This strand of bacterial DNA is undergoing
replication. A new strand of DNA is forming at the point
where the strands divide.

You know that nucleotides on one strand of DNA
always pair with the corresponding nucleotides on
the complementary strand. Adenine pairs with
thymine, and guanine pairs with cytosine.
Therefore, if you know the order of bases on one
strand, you can easily determine the order of
nucleotides on the complementary strand. This is
what happens in the process of DNA replication —
one strand acts as a template to make a new strand.

The first step in DNA replication involves an
enzyme that breaks the hydrogen bonds between
the nitrogen bases that hold the two strands
together. When this happens, the double helix
structure begins to “unzip.” As the DNA unzips,
another enzyme moves along each strand attaching
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the opposing strand, and the original DNA molecule /@

= Phosphate = Thymine unzips.
‘ = Deoxyribose

) = Adenine .
= Cytosine

= Guanine

Original DNA

Figure 6.19 DNA replication results in exact copies of DNA that can be passed on
to offspring and to other cells.

free (or unattached) nucleotides to each base (see  PLAY )

Figure 6.19). This process continues until the Go to your Electronic Learning Partner to enhance your
original molecule has been entirely unzipped and knowledge about DNA replication.

two new molecules formed. Each new DNA

molecule is identical to the parent molecule.

O ED

Modelling DNA Replication

Replication of DNA in a human cell takes about four hours.

Za X o
This occurs during interphase of the cell cycle.

Using only different coloured sheets of construction papet,
scissors, and tape, model the process of DNA replication.
Decide what shapes you will use to represent each of the
six molecules in DNA. Work in a small group. Your DNA
strand should code for cystine, tryptophan, and lysine, in
that order.

Analyze
1. What did you learn about DNA by making a model of
its replication?

2. Write a brief summary of how DNA replicates.
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Nucleotides
about to pair

Q Another enzyme helps bond free nucleotides to each
of the unzipped parent chains. Adenine pairs with
thymine; cytosine pairs with guanine. By pairing
nitrogen bases, each parent strand builds a
complementary strand.

New DNA copy

e Deoxyribose and phosphate of adjacent nucleotides
bond to form the backbone of the new DNA strand.

0 Two new copies of DNA are produced from one
original strand of DNA.

Errors in Replication

Mistakes, or mutations, occasionally occur during
DNA replication. The number of mutations that are
actually passed on to new cells is quite small
because special enzymes “proofread” the new
strand of DNA for errors after replication occurs.
Sometimes these enzymes can remove incorrect
nucleotides and insert the correct one. Not every
error can be repaired, however.

Mutations occur in all organisms. A mutation
may be useful (positive mutation), harmful
(negative mutation), or have no effect on the
organism or cell in which it occurs (neutral
mutation). Albinism, a condition in which pigment
is missing from the skin, eyes, and hair, is an
example of a genetic mutation (see Figure 6.20). A
mutation in the body cell of an organism usually
has a much less drastic effect than a mutation in a
reproductive cell or in a growing embryo. When
mutations occur in a reproductive cell or embryo,
the development of the new organism can be
affected. A low rate of mutation is present in every
population. Each of us carries several mutations in
our bodies.

Figure 6.20 This albino white-tailed deer lacks colour
because its body cannot convert the amino acid tyrosine
into melanin, a natural pigment found in the skin. This
condition is caused by a faulty enzyme.

Recall from Chapter 5 that external influences,
such as radiation or exposure to chemicals
sometimes cause mutations. Such mutagens
increase the natural rate of mutation and can alter
the DNA and affect its replication. As a result, a
different protein or property of that protein may
develop, which could adversely affect the cell.
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For example, some mutations cause cells to lose
control of the cell division process and to grow
abnormally. The cells reproduce in an uncontrolled
manner and are said to be cancerous. These cells
can spread out, crowding out healthy cells and
destroying tissues into which they have spread.
Since any body cell can behave in this manner,
there is not one single type of cancer. The form of

cancer depends on which type of body cell has
been affected.

Mutagens include gases such as Agent Orange or
mustard gas. The most widespread is ultraviolet
(UV) radiation from the Sun. When your skin is
exposed to UV light, the energy from the light is
absorbed by DNA in your skin cells. This causes
the hydrogen bonds to break in the base pairs.

in Biology lQ L

Programming Genetic Change

How do genes work?
What part of an
organism’s genome
does what? One way
to answer these
questions is to
compare how a
normal gene works
with how a mutated
version of the same
gene works. For a
long time, this kind of
research was done
using radiation to
cause random
mutations in samples
of genetic material.
Then, the desired
mutations were carefully selected. This process was
time-consuming. It would be much more efficient if a
researcher could simply select a particular gene and
mutate it as desired.

Professor Michael Smith

Such a system was first proposed in the 1970s by
Canadian scientist Michael Smith. This system, known as
site-directed mutagenesis, is now used throughout the
world to investigate the structure and function of genes.
In site-directed mutagenesis, short segments of DNA,
called oligonucleotides, are made in the laboratory. These
segments contain an error in the normal sequence of
bases. The oligonucleotide is then inserted into a full DNA
strand. The DNA, which now contains a mutation, is
placed inside an organism, such as a bacterium. Any
changes in the function of the bacterium may be
attributed to the mutated gene. Although this process

is easy to describe, it is very difficult to accomplish in

the laboratory.

Professor Smith’s technique allows genetic mutations
to be, in effect, “programmed” like a computer. His
approach is regarded as one of the most important and
revolutionary scientific breakthroughs of the twentieth

century. It earned Professor Smith the Nobel Prize for
chemistry in 1993.

From Humble Beginnings

The path to the Nobel was not easy. Professor Smith had
to overcome the initial indifference of his peers before he
was recognized as one of the great figures of modern
science. Indeed, when he first suggested his idea about
site-directed mutagenesis, it was rejected as being of
little interest! Despite this setback, Smith continued his
research. Eventually, his ingenious method was published
and widely accepted as a major achievement.

Michael Smith was born in England in 1932 to a working-
class family. He did so well in elementary school that he
earned a scholarship to a private secondary school. He
was encouraged by his secondary school chemistry
teacher, and went on to study chemistry in university.
After graduating, he came to Canada and was fortunate
to obtain a research position in the laboratory of another
future Nobel laureate, University of British Columbia
biochemist Gobind Khorana. This led Smith along the
path that eventually brought his own Nobel Prize.

Smith carried out scientific research at many places in
Canada and the United States before he finally accepted
a biochemistry research position at the University of
British Columbia in 1966. In addition to being a
successful researcher, Michael Smith was also a
successful businessman. He helped to establish a
biotechnology firm in 1981.

None of Smith’s success went to his head, however. He
never failed to use his achievements for the good of
others. He donated his Nobel Prize money, for example,
in support of such organizations as the Society for
Canadian Women in Science and Technology.
Colleagues, associates, and former students all regard
Professor Smith with only the fondest affection. Michael
Smith died on October 4, 2000. He leaves behind a rich
scientific and personal legacy.
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The separated bases then fuse to two adjacent
bases. This results in inaccurate replication and
abnormal cell division. Eventually, tumours and
skin cancer can result.

There are several kinds of mutations. Two of
these are base pair substitutions and frameshift
mutations. Base pair substitutions occur when one
base pair is replaced by another base pair in a DNA
strand. For example, an A-T pair can be replaced
by a G-C pair. This type of change may alter the
code and produce a different amino acid, which
will result in a different polypeptide chain. This
type of mutation can also cause problems if the
substitution produces a stop codon. This would
halt the formation of a polypeptide chain before it
could be completed.

A frameshift mutation occurs when one or more
base pairs are added or deleted from a DNA strand.
This causes the polypeptide chain to be affected
from the point at which the new base pair is added
or deleted. As you can see in Figure 6.21, all of the
codons from that point will code for a different
amino acid.

nucleotide AATeGCAeTCGeeTCATTC

amino acid leucine arginine serine serine  lysine
C

mutated AATeGCAeCTCeeGTCeATT

nucleotide

new amino leucine arginine glutamate glutamine stop

acid sequence

Figure 6.21 Addition of a nitrogen base to a strand of DNA
causes a shift in the normal sequence of nucleotides. This is
known as a frameshift mutation.

—
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Genetic Technologies

Background

Cloning, genetic screening, and organ farming are all new
technologies that have emerged in the last few decades.
These techniques can be very controversial. While there are
many positive aspects to the techniques, serious ethical
questions often arise surrounding their appropriate use.

You Try It
1. Using print or electronic media sources, choose a
genetic technology to investigate further. It could be a
technology you have learned about in this chapter or

|IPAUSE

How might a mutation benefit a plant or animal? Discuss
this question with a partner.

Cloning

Cloning is the production of identical copies of
molecules, genes, cells, or even entire organisms.
The sheep in Figure 6.22 is no ordinary sheep.
She’s Dolly, the first cloned mammal. Dolly was
cloned by Scottish scientist lan Wilmut in 1997.

To create Dolly, Wilmut took an egg cell from one
adult female sheep and removed its nucleus. He
then replaced the nucleus with the nucleus from a
mammary gland cell of a different adult female
sheep. The egg cell was then implanted into the
uterus of a surrogate mother sheep. The cell began
to divide and formed an embryo. Five months later,
Dolly was born. Dolly was an exact genetic replica
of her “mother,” the cell that provided the nucleus.
It took many failed attempts and experiments
before this technique of cloning finally succeded.

Figure 6.22 This sheep, named Dolly, is a genetic copy. She
was cloned using the DNA of one cell from another sheep.

earlier in the unit, or it could be a technology you have
not studied yet. Suggested ideas include transgenic
organisms, the Human Genome Project, use of
recombinant bacteria in medicine or agriculture
(genetic engineering), organ farming, cloning, and
genetic screening.

2. Prepare a short essay that briefly describes this
technology and discusses its advantages and
disadvantages.

3. Present your findings to the class.

4. Prepare a class debate on one genetic technology.
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The possibility of cloning humans concerns
many people. Do you think there should be limits
on what we can and cannot clone? There are, many
ways in which we currently use cloning. For
example, cloning is used in agriculture to produce
many copies of the same high-quality crop plant. In
medicine, cloning is used to produce identical
strains of bacteria for research.

More common than the cloning of whole
organisms is the cloning of genes. In gene cloning,
multiple copies of DNA are produced. Scientists
can copy specific sections of DNA and insert them
into the chromosomes of bacteria cells. Then, when
the bacterial cell divides and its DNA replicates,
the new section will be copied as well. Scientists
often put DNA they want to replicate in bacteria,
because bacteria cells reproduce so rapidly.

One example of a practical application of gene
cloning is the production of insulin. (Insulin is a
hormone that most people have in their body, but
which diabetics lack. As a result, people with
diabetes have to take insulin by injection.) Genes
that produce insulin are introduced into the DNA
of bacterial cells. Insulin is then manufactured by
the bacteria.

[ SECTION REVIEW

1. One strand of a DNA molecule has the
nucleotide sequence A-C-C-T-G. What is the
sequence of the nucleotides on the partner strand?

N

. List the steps that happen in DNA replication.

W

. What is the codon for serine?

H

. @ Explain some reasons why genes are cloned by
scientists.

5. @ Describe how a frameshift mutation can affect a
DNA sequence.

6. @ \When Watson and Crick first started to think
about the structure of DNA, they thought DNA had
only a single strand of nucleotides. Would this
structure have explained successfully how DNA
replicated?

7. I Many organisms produce copies of themselves,
or clones, through asexual reproduction. However,
the idea of cloning humans is controversial. Why do
you think this is so?

8. I Should scientists be allowed to pursue certain
types of research even if some people consider the
research to be controversial? Explain your answer.
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Gene cloning is one way to create millions of
copies of a single gene, but it is not the only way to
clone DNA. A polymerase chain reaction (PCR)
can do a similar thing. However, PCR can copy a
DNA sequence that is less than one part in a
million of the total DNA sample. This means that a
single gene, or an even smaller piece of DNA, can
be copied using this technique. PCR can be used to
amplify, or generate multiple copies of, DNA from
crime scenes. Investigators can thus create a lot of
DNA from a small sample, such as a single strand
of hair. PCR techniques have been used in a variety
of other interesting ways, too. For example, DNA
from mummies has been amplified and analyzed to
better understand ancient life. As well, the DNA
from fossils has been analyzed and used to
compare the DNA of extinct species with the DNA
of living species.

COURSE CHALLENGE

Ho