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Introduction

Welcome to your Essentials guide to Biology. This book has been designed to solve
the key problems of many IB Diploma students:

® relating material you have been taught to the syllabus goals and outcomes
® remembering it from one lesson to the next

® recalling it months later in an exam situation
°

demonstrating your understanding of it in an exam situation within a
strict time limit.

Who should use Essentials guides?

Essentials guides serve as highly effective summaries and have been carefully
designed with all IB students in mind.

However, the guides also deal with the particular interests of IB students whose first
language is not English, and who would like further support. As a result, the content
in all Essentials guides has been edited by an EAL (English as an additional language)
expert to make sure that:

® the language used is clear and accessible
® key terms are explained
® essential vocabulary is defined and reinforced.

Key features of an Essentials guide

Reduced content: Essentials guides are not intended to be comprehensive
textbooks - they contain the essential information you need to understand

and respond to the Understandings in the IB Biology Guide. This allows you to
understand material quickly and still be confident you are meeting the essential
aims of the syllabus. We have reduced the number of words as much as possible to
ensure everything you read has clear meaning, is clearly related to the IB Biology
Guide, and will help you in an exam.

Format and approach: The content of the book is organized according to the
Understandings in the IB Biology Guide. Each Understanding is looked at separately
so that you can study each one without having read or understood previous
sections. This allows you to use the book as a first text, or a revision guide, or as a
way to help you understand material you have been given from other sources.

Main ideas: Most sub-topics start with a main idea, which gives a simple
introduction to the topic and an idea of the main learning point.
Main idea
Chromosomes carry genes in a linear sequence that is shared
by members of a species.

Model sentences: These summarize key concepts so that you gain a clearer
understanding of them. They are examples of the sort of sentences you could use in
an exam. For example:

Model sentence: Itis possible to find out the gender of an unborn
child or determine if there are any chromosomal anomalies by
preparing a karyogram.



Applications and skills: These relate to the applications and skills in the IB Biology
Guide, and show how you can apply the Understandings in a more practical way;
they illustrate how theory can be used in practice in real situations.

Skill: Use of a database to determine differences in the base sequence of
a gene in two species

Application: Use of karyograms to deduce sex and diagnose Down
syndrome in humans

Vocabulary and synonym boxes: Useful words and phrases are colour coded

in the text and given matching colour-coded explanations in the margins. There
are three different sets: vocabulary related to the topic, synonyms, and general
vocabulary. These are included to help identify and support your understanding of
academic and difficult words. In order to make the text more accessible to students
whose first language is not English, we have avoided using a highly academic tone.
However, at the same time we have ensured that the complexity of the content is at
the level required by successful IB Diploma students.

Subject vocabulary

hypothesis possible explanation
for a set of observations or
possible answer to a scientific
question

ratio a relationship between two
numbers

nutrient chemical material a cell
or organism needs

excretion process in which a cell
rids itself of waste products

Synonyms

rid................. remove

General vocabulary

squaring process of multiplying a
number by itself

cubing process of taking a
number times itself twice

Internal Assessment and Extended Essay sections: These are intended to help
you design, research, and write your own investigations and essays. They provide
useful guidance on how to complete your investigation or essay, and explain what is
required to achieve the top marks.

eText and audio: In the accompanying eText you will find a complete digital
version of the book. There are also links to spoken audio files of the vocabulary
terms and definitions to help with comprehension and pronunciation. In addition,
all the vocabulary lists are located together as downloadable files.

Above all, we hope this book helps you to understand and consolidate your
Biology course more easily than ever, helping you to achieve the highest possible
result in your exams.

Introduction
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” 1.1 Introduction to cells
model sentences. o
= Main idea

.

In many celled organisms, individual cells take on specific tasks.
Individual cells may replace damaged or diseased cells when needed.

Understanding: According to the cell theory, living
organisms are composed of cells.

Subject vocabulary

Model sentence: The cell theory states that organisms are made up of
F one or more cells.
cell theory important cellular
theory which states that all o : ;
organisms are made of one or e Some living organisms are composed of only one cell, such as Paramecium.
more cells, cells are the smallest These organisms are referred to as unicellular.
units of life, and cells come from
other celis which already exist

® Multicellular organisms, such as trees and birds, are composed of many cells.
organism anything showing the

features of life

Paramecium single-celled
organism which lives in many

Nature of science: In biology, there are often exceptions to theories and beliefs.
3 TR iy There are exceptions to the cell theory statement that says all organisms are
E unicellular made up of only made up of cells.
ot one cell
I - multicellular made up of many
. calls

Scientists recognize that exceptions to the cell theory include giant fungal hyphae
that do not have walls separating cells, and striated muscle cells in humans.

hyphae threadlike filaments

. making up the body of a fungus

**striated having definite lines

Understanding: Organisms consisting of only one cell carry
visije upon observation

out all functions of life in that cell.
reactiorl wa.change due to the .

interaction of chibfrricaksubst
or response due to a stimulus

'+ Model sentence: Anything on Earth said to be alive carries out the
function of life.
response areaclion or answer

stimulus a factor to which an
organism responds

® Unicellular organisms carry out all the functions of life,

e Multicellular organisms carry out all the functions of life,
waste products result of

chemical reactions within an

The functions of life include:
organism which the organism [ sum total of all chemical reactions in an organism
cannot use
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organisms of the same type
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crease in size over time, may be

a specific response to a stimulus
Edit

table internal environment

ability to convert materials from the external environment
into usable forms
ability to remove waste products
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1 Cell biology

1.1 Introduction to cells

Main idea
In many celled organisms, individual cells take on specific tasks.
Individual cells may replace damaged or diseased cells when needed.

Understanding: According to the cell theory, living
organisms are composed of cells.

Subject vocabulary . :\,/Inc;djrl ::::::TI:SThe cell theory states that organisms are made up of

cell theory important cellular
theory which states that all

organisms are made of one or ® Some living organisms are composed of only one cell, such as Paramecium.
more cells, cells are the smallest These organisms are referred to as unicellular.

units of life, and cells come from . . .

other cells which already exist ® Multicellular organisms, such as trees and birds, are composed of many cells.

organism anything showing the
features of life

Z :’g’:r:g;"v‘\‘/mcaiﬁgi‘ic:ﬁ:ny Nature of science: In biology, there are often exceptions to theories and beliefs.
VIS G4 Hesh WERET There are exceptions to the cell theory statement that says all organisms are

unicellular made up of only made up of cells.

amz call Scientists recognize that exceptions to the cell theory include giant fungal hyphae
mﬁlticellular made up of many that do not have walls separating cells, and striated muscle cells in humans.
cells

hyphae threadlike filaments

LA i el S L Understanding: Organisms consisting of only one cell carry

striated having definite lines

visible upon observation out all functions of life in that cell.

reaction a change due to the . . . .

interaction of chemical substances Model sentence: Anything on Earth said to be alive carries out the
or response due to a stimulus function of life.

response a reaction or answer

stimulus a factor to which an ® Unicellular organisms carry out all the functions of life.

organism responds ® Multicellular organisms carry out all the functions of life.

waste products result of
chemical reactions within an
organism which the organism
cannot use

The functions of life include:

sum total of all chemical reactions in an organism

ability to change or increase in size over time, may be

demonstrate... show ability to produce new organisms of the same type

General vocabulary ability to demonstrate a specific response to a stimulus

environment the suiroundings ability to maintain a stable internal environment
of an object or organism(s)

ability to convert materials from the external environment
into usable forms

ability to remove waste products

2 | 1.1 Introduction to cells



Hints for success: When asked how one would know if something was alive,

state that anything alive would have to demonstrate all the functions of life
listed in the table.

Any living organism may be observed over a period of time to recognize the
functions of life mentioned in the table. Paramecium and Chlorella are unicellular
organisms which when grown in a lab culture will allow the observation of most of
the functions of life mentioned in the table.

Nature of science: A hypothesis is often produced by scientists before any
observations or experiments are carried out.

Understanding: Surface area to volume ratio is important in
the limitation of cell size.

Model sentence: When a cell becomes too large there is not enough surface
area to rid the cell of all the waste produced by metabolism.

Large cells also have problems bringing in enough materials for cell
metabolism to occur.

The surface area of a cell is that area of the cell which makes contact with its
external environment.

The surface area controls the movement of materials in and out of the cell.

When the cell grows, the thin surface layer increases by a factor involving
squaring the cell radius.

The volume of a cell includes everything inside the thin surface layer.

Itis in the interior of the cell, the volume area, where most of the chemical
reactions of the cell occur.

surface area of cell

volume of cell

Figure 1.1 General cell diagram

When the cell grows, the volume of the cell increases by a factor involving
cubing the cell radius.

If the ratio between the surface area and the volume is low, not enough
nutrients can enter the cell to keep the necessary chemical reactions of
life occurring.

If the surface area to volume ratio is high, such as 11:1, the cell will be healthy
and may continue to grow.

If the surface area to volume ratio is low, such as 2:1, the cell will not grow. It
may even die because not enough nutrients may enter the cell and excretion of
waste is slowed.

Subject vocabulary

| hypothesis possible explanation
for a set of observations or
possible answer to a scientific
question

ratio arelationship between two
numbers

nutrient chemical material a cell
or organism needs

excretion process in which a cell
rids itself of waste products

Synonyms

rid................. remove

General vocabulary

squaring process of multiplying a
number by itself

cubing process of taking a
number times itself twice

1 Cell biology | 3



Subject vocabulary

magnification the ratio of the
image size to the actual object size

field of view what is visible
when looking through the ocular/
eyepiece of a microscope

scale bar line added to a
micrograph or drawing to show
the actual size of an object or
structure

micrograph visual
representation of a microscopic
image

functions specific actions or jobs

emergent coming into existence,
arising through an evolving
process

specialized having a specific
function or action

differentiation series of changes
which transforms unspecialized
cells into specialized cells and
tissues in multicellular organisms

unspecialized without specific
function, general in function

Synonyms

accomplish..... achieve

General vocabulary

emerge to come from, as a result |

of

interaction the process of having
an effect on other objects or
organisms or being affected by
other objects or organisms

4 | 1.1 Introduction to cells

Skill: Use of a light microscope to investigate the structure of cells and tissues,
with drawing of cells

You are expected to be able to:

® Name the parts of a typical light microscope.

® State the major function of each part of the light microscope.

® Determine the total magnification when making observations with the
light microscope.

® Calculate the diameter of the field of view when looking through the eyepiece/
ocular of the light microscope.

Use the diameter of the field of view to determine the approximate size of cells.
Use scale bars on a micrograph to determine the actual size of cells or cell parts.

Make proper drawings of cells when observing with the light microscope that
include correct labelling.

Understanding: Multicellular organisms have properties that
emerge from the interaction of their cellular components.

Model sentence: Cells working together can accomplish more than cells
working individually.

Multicellular organisms have specific cells carrying out unique functions.
Usually, no single cell in a multicellular organism carries out all the functions to
keep the organism alive.

® Multicellular organisms are able to carry out more functions than the sum of the
functions of the individual cells they contain.

® These increased properties of the multicellular organism over the sum of its
individual cells are called emergent properties.

emerge interaction

Understanding: Specialized tissues can develop by cell
differentiation in multicellular organisms.

Model sentence: Groups of cells in a multicellular organism may go through
similar changes over time to produce a mass of similar cells called a tissue.

® A group of cells with similar structure and function within a multicellular
organism is called a tissue.

e Differentiation is a process cells may go through over time to bring about
change in their structure and/or function.

e Differentiated cells are specialized to carry out functions more efficiently than
undifferentiated or unspecialized cells.

e Differentiation of cells to perform specific functions is important to the overall
success of the multicellular organism.

e Differentiation of cells allows emergent properties to develop within the
multicellular organism.



Hints for success: Think of differentiation of cells as being important in bringing

about greater in multicellular organisms. Greater efficiency results in a
greater chance of survival.

General vocabulary

efficiency level of production

. . .. . . Subject vocabulary
Understanding: Differentiation involves the expression of e Vo

some genes and not others in a cell's genome. . sequence of an organism
hereditary passed from
generation to generation by genes

Model sentence: When not all the genes of a cell’'s DNA become active, the

genes which do become active cause the cell to differentiate. chromosomes structures on
which DNA occurs within a cell

® DNA is the hereditary material of the cell and is present on structures species a group of organisms

which are structurally similar and
called chromosomes. able to pass their genetic traits on

to their offspring

The complete line represents a chromosome

gene section of DNA molecule
which codes for a particular trait/
protein in an organism

The small area in parentheses would be a gene.
Many, many genes exist on a single chromosome.

Figure 1.2 Representation of a gene on a chromosome segment part

All of the DNA within a cell is called the cell's genome.

Cells of different species of organisms will have different numbers of
chromosomes in their genome.

® Ageneisasegment of DNA on a chromosome which controls a particular
structure or function in the cell.

e Not all genes of a cell are active at the same time. When certain genes become
active, the function, and even structure, of cells may change.

® Cells become specialized according to which DNA segments become active.

Hints for success: Think of DNA as the controlling material within the cell. Also,
keep in mind not all the DNA of a cell is active at any one time. The activities

and properties of a cell will change depending on which genes are active at a
particular time.

Example: flowering plants

The form and structures of a flowering plant go through great changes over the life
of the plant. The DNA of all the cells stays the same during the plant’s life. However,
at different times in the life cycle of the plant, sections of the DNA in specific cells
become active and non-active. Different areas of DNA activity cause the changes in
form and structures of the plant.

1 Cell biology | 5



capacity......... ability
retain............ keep
significant...... large
derived.......... taken

controversy.... disagreement/
debate

Subject vocabulary

therapeutic relating to the
treatment of disease

bone marrow soft tissue which
fills the inner, hollow spaces of
certain types of bones

disease change or condition,
other than injury, that affects
the normal functioning of the
organism

umbilical cord structure which
attaches the embryo to the
mother in mammals

eukaryote organism composed
of a cell or cells which are
complex in structure and always
include organelles

prokaryote organism composed
of a cell which does not contain
most of the known cell organelles

§) | 1.2 Ultrastructure of cells

Understanding: The capacity of stem cells to divide and
differentiate along different pathways is necessary for
embryonic development and also makes stem cells suitable
for therapeutic uses.

Model sentence: Stem cells are non-specialized cells which may go through
the process of differentiation to become cells needed in the multicellular
organism’s future.

Stem cells have a function in the development of the embryo of an organism.
A multicellular organism is an embryo during the stages it goes through before it is
able to live on its own.

The undifferentiated stem cells may also be used therapeutically. Stem cells are cells
within an organism which retain their ability to divide and differentiate into various
cell types. These stem cells are relatively large in number in an organism’s embryo
stages. As the embryo develops, the undifferentiated stem cells specialize to become
certain types of tissue necessary for the function of the adult organism. Most tissues
in adult multicellular organisms retain a significant number of stem cells. The large
stem cell number allows possible repair of damaged or diseased cells in that tissue.

The use of stem cells in therapeutic situations is largely in the experimental stage
at present. Their use in the treatment of disease and trauma seems very promising.
Bone marrow stem cells have been successfully used in human therapeutic instances.

Application: Use of stem cells

The use of stem cells is very promising for the possible treatment of Stargardt's disease
and diabetes. Stargardt's disease is due to a genetic condition which eventually results in
blindness. Diabetes results in a problem metabolizing sugars within the organism’s cells.

The use of stem cells derived from specially created embryos has created ethical
concerns amongst some groups of people. There are also questions of right or wrong
in using stem cells obtained from an organism’s tissues or from umbilical cord

blood in humans.

Nature of science: Research involving stem cells has not been without controversy.
Many religions and cultures have questions about the ethics of stem cell research.

1.2 Ultrastructure of cells

Main idea
Cells of organisms known as eukaryotes have a more complex
structure than cells of organisms known as prokaryotes.

Understanding: Electron microscopes have a much higher
resolution than light microscopes.

Model sentence: Electron microscopes allow a clearer image of cells and
their structures.

® Electron microscopes provide greater magnification than light microscopes.
Electron microscopes may enlarge objects over 500000 times. Light microscopes
can enlarge objects only 2000 times.



® Electron microscopes use electrons to produce high-resolution images.
Resolution refers to the clarity of an image. Light microscopes use light to
produce images. Resolution is not nearly as high in light microscopes as in
electron microscopes.

® One advantage light microscopes have over electron microscopes is that
light microscopes can allow observation of living cells or specimens. Electron
microscopes are only able to provide images of non-living cells or specimens.

Scale bars are often used with micrographs or drawings so that the actual size may
be determined. One may calculate magnification or enlargement of an object by
using the following formula:

Magnification = size of image + actual size of specimen

Understanding: Prokaryotes have a simple cell structure
without compartmentalization.

Model sentence: The lack of compartments within the prokaryotic cell leads
to their simple structure.

{ General vocabulary
. compartment area separated
from other areas

Subject vocabulary

plasma membrane membrane
which surrounds the cell

ribosomes bacterium (bacteria) organism

which is an example of a

cell wall r
prokaryotic cell

plasma membrane
nucleoid of DNA

nucleoid region of a prokaryotic
cell where the DNA exists

plasmid

Figure 1.3 Drawing of the ultrastructure of a prokaryotic cell

® Asyou examine the drawing of the ultrastructure of a prokaryotic cell, notice
there are no internal compartments. All the structures within the plasma
membrane are mixed together.

® Bacteria are examples of prokaryotic cells. The drawing is of a type of bacterium.

® Note the nucleoid region containing DNA. The nucleoid region contains the
DNA which is the material that controls the cell.

® The prokaryotic DNA also allows characteristics to be passed to offspring of
prokaryotic cells.

1 Cell biology | 7



Subject vocabulary ® Prokaryotic cells divide by binary fission. Binary fission is a simple form of cell
division which produces two cells or organisms from one.

binary fission simplified form of

cell division in bacteria ® Many prokaryotes reproduce by carrying out binary fission. Binary fission is why
ultrastructure detailed structure many types of bacteria can increase in numbers very rapidly.

of a cell not visible with light ® Prokaryotic cells contain ribosomes, just as more complex cell types do.
microscope

However, the ribosomes of prokaryotes are simpler in structure than those of

cell wall outermost layer of more complex cells.
bacterial and plant cells

pili hairlike growths on bacterial
cells which function in attachment
and DNA exchange between

Skill: Drawing the ultrastructure of a prokaryotic cell

When asked to draw the ultrastructure of a prokaryotic cell in an exam, be certain

bacteria to include the following structures and their labels: cell wall, pili, flagella, plasma
flagella. (singular: me'mbran.e, cytoplasm, apq ribosomes. These structures must be'clearly drawn and
flagellum) whip-like structure their relative size and position must be correct. The drawing provided should be
which allows movement of cells studied carefully and used as a model when making drawings.

cytoplasm region of the cell
within the plasma membrane in

Application: The division of prokaryotic cells by binary fission is

which the cell organelles exist a simple process

ribosome organelle within cells The simplicity of binary fission is partly due to the DNA of the nucleoid region of

where polypeptides are formed

i the prokaryotic cell being pure. The DNA is not attached to any other compounds

| orproteins as it is in more complex cells.
General vocabulary

compartmentalization division
into separate areas or groups

complexity the state of being

Understanding: Eukaryotes have a compartmentalized cell

complicated structure.

8

Model sentence: Eukaryotic cells have compartments within an outside
membrane to produce greater interior complexity than prokaryotic cells.

Plasma membrane Cytoplasm Mitochondria are organelles that
carry out respiration.

Golgi apparatus stores,
modifies, and packages proteins.

Nuclear pore allows
communication between the
nucleus and the rest of the cell.

Centrioles are associated with
nuclear division. They are
composed of microtubules. The
area in which centrioles are
found is called the centrosome.
Itis present in all eukaryotic
cells, but centrioles are absent
from higher plant cells.

Nucleolus is a dense,
solid structure involved in
ribosome synthesis.

) Nuclear membrane
Ribosomes are small

structures, free in the
cytoplasm or associated
with the endoplasmic
reticulum (ER).

Lysosomes are sacs bounded
by a single membrane. They
contain and transport enzymes.
Lysosomes show little internal
structure. Lysosomes are usually

Rough endoplasmic reticulum absent from plant cells.

is a site of protein synthesis.

Smooth endoplasmic reticulum Vacuoles are smaller than those
is ER without ribosomes. found in plant cells.

Figure 1.4 Generalized animal eukaryotic cell

| 1.2 Ultrastructure of cells



Endoplasmic reticulum (ER) is a network of tubes
and flattened sacs. ER connects with the plasma
membrane and the nuclear membrane and may
be smooth or have attached ribosomes (rough ER).

Central vacuole has
storage and hydrolytic
functions

Cytoplasm contains dissolved
substances, enzymes, and the cell
organelles.

Nucleus contains most of the
cell's DNA.

Nuclear pore

Chloroplasts are specialized
plastids containing the green
pigment chlorophyll. They
consist of grana within the
colourless stroma. They are
the sites for photosynthesis.

Nucleolus

Nuclear membrane is a double-
layered structure.

Ribosomes are small (20 nm)
structures that manufacture proteins.
They may be free in the cytoplasm or
associated with the surface of the
endoplasmic reticulum.

Cell wall is a semi-rigid
structure composed
mainly of cellulose.

Plasma membrane

Golgi t
is inside the cell wall. olgl apparatus

Starch granules are

Mitochondria are bounded by composed of carbohydrate

a double membrane. They are

stored in amyloplasts.
energy transformers.
® The compartments formed in eukaryotic cells are separated from the cell Figure 1.5 Generalized plant
cytoplasm and other structures of the cell by at least one plasma membrane. eukaryotic cell

The structures formed by these compartments are called organelles.

| Subject vocabulary

The plasma membranes which form compartments are very similar to the
; . . organelles non-cellular
plasma membrane which occurs on the outside of the eukaryotic cell. Plant cells structures within a cell which carry
are eukaryotic. Most plant cells have a cell wall outside their plasma membrane. out organ-like processes
Animal cells are also eukaryotic cells. They do not have a cell wall.

® Compartmentalization allows greater efficiency for chemical reactions which
occur in specific regions of the eukaryotic cell.

® Ribosomes are unique structures which occur in both prokaryotic and
eukaryotic cells. The ribosomes of eukaryotic cells are greater in mass than
the ribosomes of prokaryotic cells. Ribosomes of prokaryotic cells are 70S.
Ribosomes of eukaryotic cells are 80S.

® The figures above represent the ultrastructure of animal and plant eukaryotic
cells. Most of the ultrastructure of a eukaryotic cell is visible only with an
electron microscope.

@ The DNA of the eukaryotic cell’s nucleus is combined with protein. The DNA of
prokaryotic cells is not combined with any other compound.

Skill: Drawing the ultrastructure of eukaryotic cells

Study both the plant and animal cell figures so you can draw each with all structures
properly labelled. The structures and organelles in these drawings must be of
correct relative size. They must also be in the correct cell position.
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Subject vocabulary

exocrine gland a gland that
secretes a substance into a duct
for transport

enzyme a protein that acts as a
catalyst

duct a small tube

intestine digestive system part
involved in breakdown of food

Golgi apparatus cell organelle
involved in the storage,
modification, and packaging of
proteins

endoplasmic reticulum
organelle involved in transport
within the cell

mitochondrion (plural:
mitochondria) cell organelle(s)
involved in cell respiration

palisade mesophyll cells cells
in the middle section of leaves
specialized for carrying out
photosynthesis

chloroplasts organelles involved
in carrying out photosynthesis

photosynthesis process which
converts light energy into
chemical energy

vacuoles cell storage structures
especially visible in plants

starch large molecule made
up of many sugars chemically
bonded to one another

modifications . changes/
alterations

10 | 1.2 Ultrastructure of cells

Skill: Interpretation of electron micrographs to identify organelles and deduce
the function of specialized cells

Study electron micrographs of both plant and animal cells. Practise correctly
labelling the structures and organelles shown in these micrographs.

Nature of science: It took the development of the electron microscope to form
an understanding of the ultrastructure of the cell.

Application: The pancreas is able to act as an exocrine gland due to the
structure and function of certain cell parts

The pancreas has cells which produce and send chemicals called enzymes into
specialized tubes called ducts. These enzymes help in the digestion of food in the
intestine. Pancreas exocrine cells have the following modifications to accomplish
this task: increased number and activity of ribosomes, increased development and
activity of the Golgi apparatus, more extensive endoplasmic reticulum within

the cytoplasm, and a larger number of mitochondria. The mitochondria provide
the energy necessary for the increased production of enzymes which occurs in the
ribosomes. The Golgi apparatus is very active in the final preparation and packaging
of the enzymes for release from the cell into ducts. The endoplasmic reticulum is
important in the transportation of necessary raw materials within the cell.

Application: Specialized cells within the leaf called palisade mesophyll cells are
able to carry out high amounts of sugar production which is necessary for plant
growth and maintenance

These palisade mesophyll cells contain large numbers of chloroplasts which carry
out photosynthesis. Photosynthesis is the plant process which uses light energy
to produce the carbohydrate commonly known as sugar. These plant cells will also
have few, but large, vacuoles for storing these sugars as starch. In these plant cells,
the nucleus is pushed away from the centre of the cell by the large vacuole(s).

Organelleor | Major function Organism type
location name

cytoplasm contains the organelles plant and animal

endoplasmic transportation plant and animal
reticulum (ER)

rough ER protein transportation, plant and animal
processing, and packaging,
along with cell support

smooth ER lipid synthesis, transportation, plant and animal

and packaging, along with cell

support
ribosomes protein synthesis plant and animal
lysosomes intracellular digestion animal and some plants



Organelleor | Major function Organism type
location name

Golgi apparatus storage, packaging, and transport  plant and animal
mitochondria  ATP generation plant and animal

nucleus control centre containing plant and animal
chromosomes

chloroplasts photosynthesis plant

centrosome region that aids in cell division plant and animal (but no
centrioles in plants)

vacuole storage most obvious in plants

similar smaller structures in
animal cells are called vesicles
and tend to be temporary

1.3 Membrane structure

Main idea
All cellular membranes have a structure that allows them to be
flexible and active in cellular activities.

Understanding: Phospholipids form bilayers in water due
to the amphipathic properties of phospholipid molecules.

Model sentence: Phospholipids form the foundation of cellular membranes
and have regions of different solubility properties with water.

® Phospholipids are made up of three parts: a phosphate : g
group, a glycerol molecule, and two fatty acids. organic alcohol
. o . attached to a
® The phosphate region of the phospholipid is polar, while phosphate
the fatty acid region is non-polar. group

® |n the figure notice the polar region is said to be
hydrophilic. The hydrophilic region associates
freely with water.

® The fatty acid region of the molecule shown in the
figure is hydrophobic. This region does not associate
freely with water.

® Two layers of phospholipids form the foundation

of cellular membranes. The hydrophobic regions of (hydrophilic) region

each phospholipid bilayer attract one another when
placed in water.

Subject vocabulary

ATP a molecule used for a source
of chemical energy

phospholids lipids formed from
two fatty acids, a phosphate
group, and glycerol; important
component of cell membranes

amphipathic molecule with both
hydrophobic and hydrophilic
regions

polar having a region of electrical
charge

non-polar region of no electrical
charge

hydrophilic ‘water loving',
substances that dissolve in water

hydrophobic ‘water fearing’,
substances that do not dissolve
in water

General vocabulary

bilayer structure composed of
two layers

solubility ability of a substance
to dissolve

fatty acid

fatty acid

non-polar
(hydrophobic) region

Figure 1.6 This is a model of a
phospholipid
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hydrophilic _
phosphorylated { ) \ n '

alcohol
heads

hydrophobic

region of
fatty acids

hydrophilic

phosphorylated N
OO

alcohol
heads

Subject vocabulary

proteins biochemical
compounds composed of
large numbers of amino acids
connected by peptide bonds

active transport cellular
transport requiring energy from
the cell

passive transport cellular
transport not requiring cellular
energy to occur, occurs along a
concentration gradient

hormone chemical messenger
produced in very small amounts in
one area, used to send messages

to other areas I

glycoprotein combination of a
carbohydrate and a protein

General vocabulary

peripheral at the edge

integral membrane protein
present in both layers of the
membrane

adhesion process where two
different substances stick together
or attach to one another

12 | 1.3 Membrane structure

Figure 1.7 A model of the phospholipid bilayer in cellular membranes

® The hydrophilic parts of the two layers face outward where there
is water present.

® Since the phospholipid molecule has both hydrophobic and hydrophilic regions,
it is said to be amphipathic.

Understanding: Membrane proteins are diverse in terms of
structure, position in the membrane, and function.

Model sentence: Various kinds of proteins occur at different positions within
the cell membrane and carry out many different functions.

There are two major types of proteins seen when observing their position in
membranes. Peripheral proteins occur on the external or internal surfaces of

the phospholipid bilayer and are hydrophilic. Integral proteins occur completely
through the phospholipid bilayer and have amphipathic properties. Observe these
two types of proteins in the following diagram.

Each of the different proteins in the membrane has a specific function. Some of
the functions of these proteins are cell adhesion, enzyme action, active transport,
passive transport, communication between cells, and hormone interaction. Some
of these proteins have carbohydrate chains attached to them. When proteins are
attached to carbohydrates the combined structure is called a glycoprotein.



integral protein peripheral protein

.@W COCCOOCO
peripheral protein

Figure 1.8 Positions of proteins in the cell membrane

Skill: Analysis of evidence from electron microscopy led to the proposal of the
Davson-Danielli model

Early studies of the cell membrane indicated they were largely made up of proteins
and phospholipids. Using this information, Davson and Danielli produced the first
model of the cell membrane, the Davson-Danielli model. These scientists used
relative amounts and solubility properties of proteins and phospholipids to form a
model with a phospholipid bilayer on the inside surrounded by a thin protein layer
on both surfaces. It was simply a protein-phospholipid-protein sandwich.

Singer and Nicolson modified the Davson-Danielli model of the cell membrane.
They based their modified model on:
® Electron microscope observations of the cell membrane.

Cell membranes differ in their composition.

Cell membranes are asymmetrical.

Membranes with different functions have different structure and composition.

Proteins do not form a layer. They are only found at certain locations within the
phospholipid bilayer.

® Evidence from freeze fracture studies shows proteins often occur

inside the membrane.

Singer and Nicolson used the modifications of the Davson-Danielli model to
produce the Singer-Nicolson model. This model has been slightly changed over
recent years to produce the present cell membrane model, which is known as the
fluid mosaic model.

Understanding: Cholesterol is a component of animal cell
membranes.

Model sentence: Animal cell membranes contain cholesterol in their
structure. Plant cell nembranes do not contain cholesterol in their structure.

The cholesterol component of animal cell membranes allows these membranes to
work effectively over a wide range of temperatures. The cholesterol contributes to
the fluid or flexible characteristic of the membrane. The cholesterol acts as a fluidity
buffer in which it keeps the fluidity of the cell membrane within proper limits for
optimum function. The cholesterol molecules occur at various locations within the
hydrophobic region of the animal cell membrane.

! '!5! fé! ii, E i E’ ii, g - phospholipid bilayer

vocabulary

mosaic structure made up of
visible smaller pieces

buffer something that prevents
or slows change

| su bject vocabulary

cholesterol a lipid steroid found
in animal membranes
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Examine the following figure and note the positions of the cholesterol,
phospholipids, and proteins within the fluid mosaic model of the cell membrane.

Glycoproteins are composed of carbohydrate Integral proteins completely penetrate
chains attached to peripheral proteins. They play  the lipid bilayer. They control the

a role in recognition of like cells and are involved ~ entry and removal of specific
in immune responses. molecules from the cell.

phospholipid
bilayer

Cholesterol helps to
regulate membrane
fluidity and is important
for membrane stability.

Some polar substances, particularly ions Some non-polar substances are
and carbohydrates, are transported across transported directly through

the membrane via the channel proteins. the lipid bilayer.

Figure 1.9 In the fluid mosaic model of the cell membrane there is a double layer of lipids (fats) arranged with
their tails facing inwards. Proteins are thought to ‘float’ in the lipid bilayer

Plant cells do not have membranes containing cholesterol. The membranes of plant
cells depend on modifications of their phospholipid fatty acid tails to maintain a
fluid or flexible characteristic.

Hints for success: Recognize that it is because of detailed analysis that we now
recognize the best representation of cell membranes is the fluid mosaic model.
This model is named fluid mosaic because:

Fluid - this term is used because phospholipid molecules allow a flexible or fluid
basic structure. Animal membranes have cholesterol which helps in maintaining
their optimum flexibility. Plant membranes do not.

Mosaic - proteins occur in patches or as single proteins ‘floating’ in the
phospholipid bilayer producing a mosaic appearance.

Remember that carbohydrates can be attached to both proteins and lipids.
Carbohydrates are sometimes found attached to membrane lipids and proteins as
short, branched chains. When carbohydrates are attached to lipids, are
formed. When carbohydrates are attached to proteins, glycoproteins are formed.

Subject vocabulary

glycolipid combination of a
carbohydrate and a protein

Skill: Drawing of the fluid mosaic model

Study the diagram of the fluid mosaic model. Practise drawing it with the following
structures correctly labelled: phospholipids, integral proteins, peripheral proteins,
glycolipids, glycoproteins, and cholesterol. All structures must be properly
positioned within the drawing to earn marks in the exam. Always show the structure
of a phospholipid as a circle with two parallel tails attached.
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1.4 Membrane transport

Main idea
Membranes control homeostasis and functions within the cell.

Understanding: Particles move across membranes by simple
diffusion, facilitated diffusion, osmosis, and active transport.

Diffusion and osmosis are types of passive transport. Passive transport does not
require energy from the cell when it occurs. Passive transport is movement of
particles from an area of high concentration to an area of low concentration of
the same type of particles. These two areas of different concentrations of the same
particles produce a concentration gradient. Study this table.

Type of

passive
transport

simple
diffusion

facilitated
diffusion

0sMosis

Description of movement at the
membrane

Particles of substances other than water

move between membrane phospholipid

molecules or through integral proteins
which possess channels.

Proteins of the membrane form an
attachment to the particles and move
them through the membrane. The
proteins which attach to the particles
are called carriers. Facilitated diffusion
does not describe water movement.

Osmosis allows movement of water
molecules through membranes. Water
may move through aquaporins which
are proteins with specialized channels.
Water may also move directly through
the membrane.

oxygen moving through
plasma membrane along a
concentration gradient

glucose moving into cells
involving a carrier

potassium channels
allowing potassium to
move along a concentration
gradient in nerve cells

water moving in and out of
the cell to keep the proper
water concentration in the
cell

The sodium-potassium pump, endocytosis, and exocytosis are types of active
transport. For active transport to occur, the cell must provide energy in the form
of ATP. Active transport does not require a concentration gradient to occur.

Study this table.

Type of

active
transport

sodium-
potassium

pump

Description of movement at the
membrane

A protein binds with sodium and
potassium to move them through a
membrane against a concentration
gradient. Sodium is transported
out of the cell and potassium is
transported into the cell.

functions in nerve cells and
allows their continual action

Subject vocabulary

homeostasis steady or
controlled state

diffusion movement along
a concentration gradient not
requiring cell energy

osmosis movement of water
through a membrane along a
concentration gradient

concentration gradient(s)
change(s) in a chemical
concentration between two areas
of chemical concentrations

carrier substance which helps

in the movement of another
material, usually involving
proteins in the plasma membrane

potassium channels
transmembrane proteins that
allow potassium ions to move in
or out of a cell

nerve cells neurones

sodium-potassium

pump process carried out by
membrane proteins which keep
sodium and potassium at proper
levels

endocytosis active transport in
which substances are brought into
the cell

exocytosis active transport in
which substances are lost from
the cell

General vocabulary

channels openings in a larger
object
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Subject vocabulary

vesicle smaller storage structure
surrounded by a membrane in
cells

insulin hormone produced and
released by exocytosis from the
pancreas which controls glucose
absorption by cells

pancreas an organ within the
body that has many functions
including production of three
important digestive enzymes

pinocytosis active transport in
which fluids and small particles
are brought into the cell

phagocytosis active transport
in which larger particles and
substances are brought into the
cell

sterile free of disease-causing
organisms and viruses

isotonic solutions solutions with
equal concentrations of solutes
and solvents

solute(s) molecules dissolved in
a solvent (water)

General vocabulary

deformation a change in shape

irrigating applying water

Synonyms

fusing............ merging

16 | 1.4 Membrane transport

Type of

Description of movement at the
active membrane

transport

exocytosis A membrane from a vesicle fuses release of insulin from
with a plasma membrane to allow  pancreas cells into the
release of the vesicle’s contents to bloodstream
the cell exterior.

endocytosis  The plasma membrane forms fluids and small particles

around a substance forming a
vesicle or vacuole and allowing the
substance to enter the cell interior.

brought into the cell by
pinocytosis; larger particles
and substances are brought
into the cell by phagocytosis

A change in membrane shape is visible in both pinocytosis and phagocytosis.
Pinocytosis involves a small deformation of the membrane called invagination

in which a small channel forms and material from the cell exterior flows into

the channel. Pinocytosis results in the temporary formation of smaller storage
structures. Phagocytosis involves a much more obvious change in membrane shape.
The membrane will actually flow around a substance on the cell exterior to form a
larger temporary storage structure.

Understanding: The fluidity of membranes allows materials
to be taken into cells by endocytosis or released by
exocytosis. Vesicles move materials within cells.

Model sentence: Endocytosis and exocytosis require membrane
fluidity to occur.

Membranes may change shape. The fluidity, which gives them the ability to change
shape, allows them to form vesicles transporting substances from outside the cell
into the cell interior. The property of fluidity also allows the fusing of vesicles with
the plasma membrane. The fusing of vesicles with the plasma membrane allows
materials produced inside the cell to be released to the cell exterior.

Application: Irrigating the eye

A sterile solution of 0.9% sodium chloride in water is best to use when irrigating the
eye. This concentration is very similar to the concentration of water and chemicals
inside the cells of the eye exterior. Because the concentrations are very similar there
will be no significant fluid loss or gain in the cells of the eye during the irrigation.
This allows the eye cells to maintain homeostasis. A similar solution may be used

to irrigate skin wounds so that little damage will be done to exposed cells due

to fluid gain or loss. The gain or loss of water in cells when not using the proper
concentration of irrigating solution would be due to osmosis.

Skill: Investigating differing concentrations of solute

A required lab for this section involves the effect of differing concentrations of
solute in water on living cells. Potato cells are often used for this lab. In the lab,
several key observations are required:

@ In isotonic solutions (solution has same concentration of solutes as are in the
potato cells), potato cell mass remains the same. This indicates homeostasis
between the cell and the surrounding solution with no net gain or loss of water.



® In hypotonic solutions (solution has a lower concentration of solutes in water
than that inside the potato cells), potato cell mass will increase. This increase in
mass is because water moves from outside to inside the potato cells.

® In hypertonic solutions (solution has a higher concentration of solutes in water
than the solute concentration inside the potato cells), the mass of the potato
cells will decrease. This decrease in mass is because water moves from inside the
cell to outside the cell.

Knowing these principles, one can estimate the osmolarity (solute concentration) in
cells using solutions of known osmolarity. The solution concentration with the least
gain or loss of mass in the cells used is the most accurate osmolarity of the cells.

Application: Structure and function of sodium-potassium pumps for active
transport and potassium channels for facilitated diffusion in axons

The sodium-potassium pump has several features which maintain proper sodium
and potassium ion concentrations within nerve cells at rest.
These are that:

® An integral protein exists in the nerve cell membrane which is involved in the
sodium-potassium pump.

® Three sodium ions attach to the open protein on the interior surface
of the membrane.

® When ATP attaches to the protein, the protein changes shape and opens to the
exterior of the cell membrane.

® When this happens, the three sodium ions are released to the exterior of the cell.

Then two potassium ions attach to the open end of the protein.

® Next, the phosphate from ATP is released from the interior of the protein. The
result of this is the protein now opens on the inside of the cell membrane. The
potassium ions are then released to the interior of the cell.

1.5 The origin of cells

Main idea
The cells we see in organisms today have arisen from the first cells
which appeared on Earth.

Understanding: Cells can only be formed by division of
pre-existing cells.

Model sentence: The cell theory states that new cells only come from
already existing cells by a process of division.

One reason for saying all cells are related by a common ancestor is the similarity of
the genetic code in cells. There are 64 code terms (codons) observed in all studied
cells today. Each of these codes in all cells observed has the same meaning. There
are only minor changes in this code in some cells. These minor changes indicate a
common beginning for all cells.

Subject vocabulary

hypotonic solution a solution
with a lower concentration of
solute and a higher concentration
of solvent

hypertonic solution a solution
with a higher concentration of
solute and a lower concentration
of solvent

osmolarity solute concentration
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Subject vocabulary

spontaneous generation the
disproven idea that living
organisms can arise from non-
living sources

endosymbiotic theory a theory
which attempts to explain the
formation of a complex cell from
simple cells

symbiosis condition in which
two or more species have a close
relationship

mutualism a type of symbiotic
relationship where two different
species benefit from a relationship
they have with each other

T

engulfed........ surrounded

18 | 1.5 The origin of cells

The slight changes in the DNA code are explained by mutations. Mutations are
structural changes which occur to DNA.

Understanding: The first cells must have arisen from non-
living material.

Model sentence: A major part of the cell theory is to explain how the very
first cells formed on Earth.

® We have not observed non-living materials giving rise to living
cells. The production of living cells from non-living sources is called
spontaneous generation.

® The first cells on Earth were most likely very simple. However, these simple cells
had to have demonstrated the functions of life.

Application: Evidence from Pasteur’s experiments that spontaneous generation
of cells and organisms does not now occur on Earth

Louis Pasteur used nutrient broth in different types of flasks to show spontaneous
generation of cells and organisms does not occur today.

Understanding: The origin of eukaryotic cells can be
explained by the endosymbiotic theory.

Model sentence: The endosymbiotic theory is an explanation
of how a compartmentalized, complex cell may result from a
non-compartmentalized simple cell.

Major points of the endosymbiotic theory:
® Very simple, non-compartmentalized cells existed 2 billion years ago.
® A smaller prokaryote cell was engulfed by a larger existing cell and survived.

® The two cells formed a symbiotic relationship in which both were helped.
Symbiosis refers to a close relationship between two unrelated organisms.

® Astime proceeded, the cells changed resulting in an even stronger positive
relationship between them. The beneficial symbiotic relationship between two
organisms is referred to as mutualism.

Evidence for the endosymbiotic theory:

® Organelles such as mitochondria and chloroplasts are about the same size as
bacterial cells.

Mitochondria and chloroplasts divide by fission as do bacterial cells.
Mitochondria and chloroplasts divide independently of the overall cell.

Mitochondria and chloroplasts have their own DNA which is very similar in code
to bacterial DNA.

® Mitochondria and chloroplasts have two membranes on their exterior.



Nature of science: There is a need to replicate how the first cells formed on
Earth. This will most likely be done when scientists can assemble all the non-
living components of life in the laboratory and produce a living cell. It is
possible that some other explanation than spontaneous generation for the first
cells on Earth will be found. This explanation would have to be based on proper
scientific observation and experimentation.

1.6 Cell division

Main idea
Cell division is an essential process. However, it must be controlled or
a condition called cancer may occur.

Understanding: Cell division involves both mitosis and
cytokinesis.

Model sentence: For controlled cell division to occur, mitosis and cytokinesis
are both necessary.

® Mitosis refers to division of the nucleus.
@ Cytokinesis involves division of the cytoplasm.

Understanding: Mitosis is division of the nucleus into two
genetically identical daughter nuclei.

Model sentence: The DNA of the two nuclei produced by mitosis is an exact
copy of the original nucleus.

DNA replication in the process of mitosis is very accurate. Rarely, changes occur in
the process of copying DNA in mitosis. These changes are called mutations. Most of
the time mutations are bad for the cell and organisms. Mutations are often lethal.

replicate......... copy/repeat

Subject vocabulary

cancer disease involving
uncontrolled abnormal cell
growth

mitosis cell division where one
diploid cell becomes two diploid
cells

cytokinesis division of the
cytoplasm in cell division

General vocabulary

lethal causing the end of life
functions, death
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Subject vocabulary

condense process of shortening
and thickening

chromatid the identical parts
of a doubled chromosomes held
together by a centromere

centromere region where sister
chromatids attach

sister chromatids the two
identical structures of a doubled
chromosome

mitotic spindle microtubules
which form in the cell division
process

General vocabulary

equator middle region of an
object

sister
chromatids

centromere

chromosome
A

Figure 1.10 Comparison of a non-
doubled and doubled chromosome

20 | 1.6 cell division

Understanding: Chromosomes condense by supercoiling
during mitosis.

Model sentence: Chromosome condensation by supercoiling is necessary for
mitosis to occur efficiently.

e Supercoiling is the wrapping process DNA goes through to become condensed
enough for mitosis to proceed. DNA s first coiled around spherical proteins called
histones. Then it continues to be folded, coiled, and condensed enough to form a
chromosome. It is the movement of chromosomes that is described in mitosis.

® DNA that is not supercoiled into chromosomes represents active DNA. Active
DNA is DNA carrying out the life activities of the cell. If chromosomes are not
present in the nucleus of a cell, that cell is not going through mitosis.

® Before mitosis may occur, two things must happen to the DNA:
DNA must be replicated or doubled.

DNA must supercoil to form chromosomes.

® In the diagram both A and B represent chromosomes.
Example A is a chromosome in which the DNA has not been
replicated. Example B is a chromosome in which the DNA has
been replicated. Example B is often referred to as a doubled
chromosome. Each identical part of a doubled chromosome
is called a chromatid. The chromatids are attached to one
another by the centromere. These attached chromatids are
often called sister chromatids. Example B is the doubled
chromosome which enters the process of mitosis.
chromosome Example A represents a chromosome at
B the conclusion of mitosis.

® The stages of mitosis with their major events are:

prophase Chromosomes condense and become visible with the
microscope, nuclear membrane disappears, mitotic
spindle forms.

metaphase Mitotic spindle fibres line the centromere of the
chromosomes along the equator of the cell.

anaphase Doubled chromosomes which are composed of two
sister chromatids split at the centromere, the separated
chromatids are now called chromosomes, these separated
chromatids move toward opposite poles of the cell.

telophase Mitotic spindle disappears, nuclear membrane reforms,
chromosomes go through a process of uncoiling to
produce the active form of DNA called chromatin, and two
identical nuclei are produced.



Skill: Identification of phases of mitosis in cells viewed with a microscope or
in a micrograph

Identify the stages of mitosis while viewing squashes made of living plant root
cells. These stages can be viewed by using a light microscope. Roots of plants
grow relatively rapidly. Squashes of plant root cells may be performed to view the
location of chromosomes in the various stages of mitosis.

You may also use micrographs to practise identifying the various stages.

Understanding: Cytokinesis occurs after mitosis and is
different in plant and animal cells.

Model sentence: In cell division, mitosis occurs first and is followed
by cytokinesis.

Cytokinesis involves division of the cytoplasm in the cell division process.
Cytokinesis occurs immediately after mitosis. Cytokinesis occurs differently in plant
and animal cells.

® In plant cells, the cell wall is involved in the process of cytokinesis. A cell plate
forms about midway between the two groups of chromosomes. These two
identical groups of chromosomes are the result of mitosis. The cell plate begins
to form in the central area of the cell. It then continues to form towards both
sides of the cell. This proceeds until the cell with two nuclei is separated into two
halves. Each half is now a cell with one nucleus and is called a daughter cell.

® |nanimal cells, there is no cell wall and a cell plate is not involved in cytokinesis.
Cytokinesis in animal cells occurs when the plasma membrane pinches inward
from the outside. The pinching inward continues until the cytoplasm of the one
cell with two nuclei is separated into two halves. Each half is now a cell with one
nucleus and is called a daughter cell.

vesicles

forming
cleavage cell plate cell plate  new cell wall
furrow daughter cells \

{

) \
@Ff% .

contractile ring
of microfilaments

o

wall of daughter
parent cell cells
Cleavage of an animal cell Cell plate formation in a plant cell

Figure 1.11 Cytokinesis in animal and plant cells

Subject vocabulary

cell plate structure which forms
in plant cells to allow cytokinesis
to occur

daughter cells cells produced as
a result of cell division

General vocabulary

midway halfway through
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Subject vocabulary

interphase stage in the life of
a cell in which it is carrying out
activities other than cell division

cell cycle the stages in the life
of a cell

parent cell cell which gives rise
to daughter cells in cell division

cyclin group of proteins which
control the cell's progression
through the cell cycle

kinase enzymes which may
activate or deactivate other
proteins by catalyzing a chemical
reaction in which phosphate is
added to these proteins

Gy cell cycle stage, some cells are
said to be in when they do not
progress beyond the G; phase

cytokinesis

cell divisiop

Figure 1.12 The eukaryotic cell cycle
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Understanding: Interphase is a very active phase of the cell
cycle with many processes occurring in the nucleus and
cytoplasm.

Model sentence: The cell goes through a series of phases called the cell cycle
in its life with the most active phase called interphase.

® The cell cycle includes three major parts. They are:
interphase mitosis cytokinesis.

® Mitosis and cytokinesis together are referred to as cell division. They involve the

production of two daughter cells by division of the nucleus and the cytoplasm of

a parent cell.

@ |Interphase is usually the longest lasting phase of the cell cycle. Interphase is the
phase when the cell carries out all the cell functions other than cell division.
Interphase is a very active phase in which the following occurs:

Organelles increase in number.
The cell increases in overall size.
In multicellular organisms, the cell carries out functions necessary for the
well-being of the organism.
Study the figure closely noting that interphase makes up most of the cell’s life.

Interphase of the cell cycle is divided into three shorter phases as shown in the
figure. Each phase has specific actions occurring. The following table relates
interphase phases to main actions.

G, Overall growth of cell occurs in this phase.
S DNA of the cell is replicated.
G, Cell continues to grow with organelles increasing in

number. Preparations are occurring for mitosis to
begin. DNA begins to condense into chromosomes.

Understanding: Cyclins are involved in the control of the
cell cycle.

Model sentence: Cyclins are proteins which control the progress of the cell
through the cell cycle.

Cyclins bind to other proteins called kinases at specific points of the cell cycle.
When the binding of a cyclin with kinase occurs, the cell moves into the next
phase of the cell cycle.

@ Some cells never progress past G, of interphase. Human nerve and muscle cells
remain in G; throughout their life. These cells grow very little in their lifetime.
These cells are said to be in a phase referred to as G,.



Understanding: Mutagens, oncogenes, and metastasis are
involved in the development of primary and secondary
tumours.

Model sentence: Many factors may be involved in causing a cell to begin going
through uncontrolled cell division; this may result in a cancerous tumour.

® Atumour is a mass of abnormal cells in an organism. The ce.IIs in a tumour do Subject vocabulary
not carry out tasks necessary for the well-being of the organism.
. . . tumour mass of cancerous cells
® A primary tumour occurs at the original site of the cancer. A secondary tumour
is produced when cells from a primary tumour move to a different site resulting

in an additional tumour or tumours.

primary tumour first site of a
cancer

. . X secondary tumour sites of
The spreading of cancer cells is called metastasis. cancer in an organism which

- . . . originated at a primary site
Oncogenes are sections of DNA in a normal cell which may become active and & primary

contribute to the development of a cancer cell. These oncogenes may become metastasis spreading process of
. . . . the cells of a tumour
active through a change or mutation caused by an outside agent. The outside
agent which activates the oncogene is called a mutagen. oncogenes segments of DNA
; . . ) ) which when active may contribute

e Cigarette smoke shows a positive correlation with the occurrence of certain to the development of a cancer

types of cancers. mutagens chemicals capable of
@ Components of cigarette smoke appear to have a high positive correlation in the causing changes in DNA

occurrence of cancers of the trachea, bronchi, and lungs. These components of positive correlation two factors

cigarette smoke are considered mutagens. that both increase together or

decrease together

Skill: Determination of a mitotic index from a micrograph trachea section of the respiratory

T . . . .. t hich ies air to th
The mitotic index is an important tool in predicting the success of chemotherapy Zﬁ)sg‘r’ ch camnies airfothe
in the treatment of a cancer. The mitotic index is determined as follows: . )

] ) ) ) ] bronchi respiratory structure
@ Obtain a micrograph or microscope slide of a tumour section. which carries air from the trachea

. . S into the |
@ Count the number of cells showing chromosomes in the four stages of mitosis. DI

. . .. lungs major respiratory organs i

® Count the number of cells in which chromosomes are not visible. These cells are r:afy Orgimsmsp' fy organs in

not going through mitosis.
8 'g 8 ) ) o mitotic index ratio of the

® Determine the ratio of the number of cells undergoing mitosis compared to the number of cells undergoing
number of cells not going through mitosis. This is the mitotic index. mitosis to cells not undergoing

mitosis in a tumour section

® A high mitotic index (ratio) indicates a low success in the chemotherapy

chemotherapy treatment of
treatment of the cancer. e

cancer involving chemicals

General vocabulary

activates makes active
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2 Molecular biology

2.1 Molecules to metabolism

Understanding: The chemistry of living organisms is called
molecular biology.

Model sentence: Molecular biology can be thought of as all of the chemical
reactions within a living cell.

Living organisms must do many activities to stay alive. Cells of living organisms must
do the following chemical processes:

i ® Replicate their DNA.
“ ® Use sugars and other substances as fuels for energy (cell respiration).

Synonyms
replicate......... copy/repeat

I ® Synthesize their own proteins.

Subject vocabulary | ® Produce sugars using the energy of sunlight (photosynthesis).

DNA the molecule that
determines which polypeptides
are produced within cells

cell respiration chemical process
used by cells to gain energy from
sugars and other substances

photosynthesis process which
converts light energy into
chemical energy

covalent bond chemical bond in
which electrons are shared

compound a molecule that
contains at least two different
kinds of elements

element a substance that is
impossible to break down further
by chemical means

organic substances a collection
of carbon-based compounds
found in living organisms

General vocabulary

synthesize produce from smaller
building block units

diversity existing in many
different types or forms
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All of the molecules and reactions involved in the above processes are part of the
metabolism of the organism. Think of metabolism as being the sum total of all
chemical reactions in an organism.

Understanding: Carbon atoms form four covalent bonds
leading to organic compounds of great diversity.

Model sentence: Many different types of organic compounds can form
because the element carbon forms four covalent bonds.

The element carbon exists in all organic substances. Each time an atom of carbon
bonds with another atom, the two atoms share electrons. This type of bond is
known as a covalent bond:

e Carbon always forms four covalent bonds.

e Carbon frequently forms covalent bonds with other carbon atoms, oxygen
atoms, nitrogen atoms, and hydrogen atoms.

H T i ® C=carbon
N
N—C—C—0—H e H = hydrogen
H/ | e O =oxygen
H ® N = nitrogen

Figure 2.1 A diagram of a relatively small molecule important to cells.
Notice that the two carbon atoms are surrounded by four covalent bonds
each. Notice also that carbon is bonded to another carbon. In addition,
carbon is bonded to nitrogen, oxygen, and hydrogen



Understanding: Living things are made up of carbon subject vocabulary
glucose asimple sugar produced

compounds, including carbohydrates, lipids, proteins, and by photosynthesis and used for
nucleic acids cell respiration

triglycerides fats or oils formed
. . . . . from three fatty acids and a
Model sentence: Carbohydrates, lipids, proteins, and nucleic acids are the glycerol molegﬂe

four organic compound types found within living things. genetics transfer of traits from

parents to children

fatty acid one of the
components of a lipid molecule

carbohydrates molecules often referred to as sugars ~ glucose metabolism sum total of all
reactions in a cell or organism
lipids fat when a solid, oil when a liquid triglyceride enzyme a protein that acts as a
. . . . . catalyst
proteins diverse functions proteins making up

catalyst molecule that increases
the rate of a reaction without
being consumed by the reaction

muscles

nucleicacids  molecules most often used in genetics DNA
reactant one or more molecules
) . A A . . that are used in a reaction to
Skill: 1dentification and drawings of common biochemically important molecules create one or more products
Practise drawing and recognizing the following molecules. You will learn more product those molecules that are
. . . . . . formed as a result of a reaction
about their functions and terminology in later units of study:

® alpha-D-glucose General vocabulary
° i

beta-D-glucose terminology related technical

® D-ribose words
® asaturated fatty acid reusable can be used many
® ageneralized amino acid | mesfor the same purpose
— ‘ PR —_— — H CsH 100
HO c‘: H HO—C—H 5105 o [H | H H R O
Hc—o H Hc——o OH HO—C—H ” | | ‘ ‘ ”
o) OH HWOo—C—F/C—C—H H—N—C—C—OH
LN /N o~/ ] |
NoH H NoH HA rd S C\
H [ H H
|\I I/ ‘ ‘ | I/ | H \I |/ H n
Ho C—C OH Ho C—C H C—=cC Where n = any number Where R =1 of 20
‘ ‘ | ‘ ‘ between 3 and 29 (11-23 variable groups
H OH H OH OH OH are the most common)
Alpha-D-glucose Beta-D-glucose D-ribose A generalized fatty acid A generalized amino acid

Figure 2.2 Common molecular
structures to practice

Understanding: Metabolism is the term used for all of the
enzyme-catalysed reactions in a cell or entire organism.

Model sentence: A cell’'s metabolism is very complex, as metabolism includes
all of the reactions in the cell, with each reaction catalysed by an enzyme.

A catalyst is a substance that increases the rate of a reaction, but the catalyst is not
considered a reactant or a product. A catalyst was there before the reaction began
and it will still be there after the reaction is over. Thus, catalysts are reusable for
many reactions.

When a catalyst is a protein molecule, the catalyst is called an enzyme. Each enzyme
only catalyses one reaction. Many times the product of one reaction is catalysed
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Subject vocabulary

anabolism type of metabolism
in which smaller compounds are
used to build larger compounds in
organisms

synthesis constructing complex
molecules from smaller, simpler
ones

macromolecules large, complex
organic molecules

monomer a 'building block’ unit
of a macromolecule

condensation reaction a
chemical reaction in which two
monomers are bonded together
to form a larger molecule

synthesized chemically created

catabolism type of metabolism
in which larger compounds are
broken down with the release of
energy

hydrolysis a chemical reaction
in which a larger molecule is split
into two smaller molecules
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by another enzyme to create a second product. The second product may then be
catalysed by a third enzyme and so on. This is called a ‘chain of reactions’.

There can be many chains of reactions going on within a cell all at the same time.
The sum total of all of these reactions is that cell's metabolism. The sum total of the
metabolism of all of the cells is the metabolism of the organism.

Understanding: Anabolism is the synthesis of complex
molecules from simpler molecules, including the formation
of macromolecules from monomers by condensation
reactions.

Model sentence: Anabolism is the part of metabolism where larger
molecules (macromolecules) are formed from smaller molecules
(monomers) by reactions called condensation.

Living organisms must be able to form their own large complex organic molecules
known as macromolecules. They often form these from smaller, simpler molecules
known as monomers. The reaction that bonds one monomer to another monomer
is known as a condensation reaction. The part of an organism’s metabolism where
monomers are bonded together to create macromolecules is known as anabolism.

Application: Organic molecules are frequently formed within living organisms,
but many can be produced artificially as well

The first organic molecule to be produced in a laboratory setting was urea. Urea is
produced in the liver tissue of many animals and becomes a component of urine. In
1828, a German physician by the name of Friedrich Wohler synthesized urea from
inorganic compounds in his laboratory. This showed that organic substances can be
artificially synthesized.

Understanding: Catabolism is the breakdown of complex
molecules into simpler molecules including the hydrolysis
of macromolecules into monomers.

Model sentence: Catabolism is the part of metabolism where smaller
molecules (monomers) are formed from larger molecules (macromolecules).
These reactions are called hydrolysis.

Organisms often ingest foods that contain macromolecules. As part of digestion, the
organism must be able to breakdown the large molecules into smaller molecules.
This chemical reaction is an example of catabolism. Notice that catabolism is

the opposite of anabolism. In catabolism, macromolecules are turned back into
monomers by a reaction type known as hydrolysis.



2.2 Water is the medium of life

Understanding: Water molecules are polar and hydrogen
bonds form between them.

Model sentence: Each water molecule has a positive and a negative end
permitting hydrogen bonding between water molecules.

Covalent bonds are bonds between atoms formed by the sharing of electrons
between those two atoms. Sometimes that sharing is equal and sometimes it is not
equal. Here are two examples:

o
H—H / \
H+ H+
Figure 2.3A Notice that when two hydrogen atoms Figure 2.3B Notice that when hydrogen atoms share

share a pair of electrons between them, neither takes electrons with an oxygen atom, the oxygen atom takes

on a charge. This is because the sharing is equal. This is on a negative charge and each hydrogen atom takes

called a non-polar covalent bond on a positive charge. This is because the sharing of the
negative electron is not equal. This is called a polar
covalent bond

Notice that:

® Both hydrogen and oxygen take on a slight and opposite charge because they
are not sharing their pair of electrons equally.

® Molecules that contain these types of covalent bonds where the electrons are
not shared equally are called polar molecules.

A single drop of water contains millions of moving polar water molecules. As each
water molecule comes near another water molecule, the positive end of any one is
attracted to the negative end of another. This attraction is called a hydrogen bond. Each
hydrogen bond is very weak and short-lived. The many millions of hydrogen bonds
that occur within water at the same time lead to many of the important properties of
water. Some of those properties will be discussed in the upcoming section.

Remember that oxygen atoms do not share electrons equally when they form a
covalent bond with some other atoms. One of those atoms is hydrogen. Because
electrons are negatively charged, an oxygen atom will take on a slight negative
charge and the hydrogen will take on a positive charge when the two atoms are
bonded together.

Understanding: Hydrogen bonds and dipolarity explain
the cohesive, adhesive, thermal, and solvent properties
of water.

Model sentence: Each water molecule has both a positive and negative end
(dipolarity) giving rise to many of the important properties of water.

Hydrogen bonding between nearby water molecules explains the following properties:
® Cohesion - term used when water molecules attract other water molecules.

® Adhesion - term used when water molecules attract another polar
substance besides water.

Subject vocabulary

hydrogen bond a weak bond
that forms between positive and
negatively charged areas of two
molecules

covalent bond chemical bond in
which electrons are shared

polar molecules molecules that
contain one or more unequally
shared electrons

dipolarity having two oppositely
charged ends

solvent the liquid portion of
a solution (solution = solvent +
solute(s))

cohesion attraction of one water

molecule for another

General vocabulary

adhesion process where two
different substances stick together
or attach to one another
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General vocabulary

thermal related to/caused by
heat

Subject vocabulary

hydrophilic ‘water loving’,
substances that dissolve in water

hydrophobic ‘water fearing’,
substances that do not dissolve
in water

soluble a substance that will
dissolve

non-polar region of no electrical
charge

insoluble a substance that will
not dissolve

immiscible two substances that
when mixed together will tend to
separate from each other in layers

cytoplasm region of the cell
within the plasma membrane in
which the cell organelles exist

haemoglobin a protein found
in red blood cells used to carry
oxygen in the blood

Somonms |

transport....... movement
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® Thermal properties:
High specific heat - water can absorb and give off a great deal of heat
without changing its temperature much.

High heat of vaporization - water requires a great deal of heat in order to
convert it from the liquid phase to the gas phase.

Water is an excellent solvent for other polar (charged) substances. The following are
a few examples of substances that are polar and thus dissolve well in water:

® jons
® glucose
® amino acids.

Understanding: Substances can be hydrophilic or
hydrophobic.

Model sentence: The polarity of a substance determines whether that
substance is hydrophilic ‘water loving’ or hydrophobic ‘water fearing'.

Polar substances like glucose are ‘water loving’. This is because of their numerous
alcohol (-OH groups). They easily dissolve in a water solution. We say that these
molecules are water soluble.

Non-polar substances, like lipids, are ‘water fearing’. This is because of their lack
of polar covalent bonds. They do not mix with water very well. We say that these
molecules are water insoluble or the two substances are immiscible.

The following tables show common molecules and their solubility in water
solutions. These solutions could represent the cytoplasm of a cell or perhaps blood.

transport
glucose easily dissolves in plasma
amino acids easily dissolve in plasma

sodium chloride (salt) easily dissolves in plasma

cholesterol attaches to polar proteins
lipids attaches to polar proteins
oxygen carried by haemoglobin



2.3 Carbohydrates and lipids

Understanding: Monosaccharide monomers are linked
together by condensation reactions to form larger
carbohydrate molecules.

Model sentence: Single carbohydrate units are covalently bonded together
to make disaccharides and polysaccharides.

Fundamentals of carbohydrates:

® The smallest carbohydrates are monosaccharides.

® Two monosaccharides bonded together form a disaccharide.

® Many monosaccharides bonded together form a polysaccharide.

Examples of carbohydrates:

® monosaccharides - glucose and fructose

® disaccharides - sucrose and maltose and lactose
® polysaccharides - starch and cellulose.

‘CH,OH CH,OH

H OH
glucose + fructose sucrose

Figure 2.4 The condensation reaction between glucose and fructose to form the disaccharide sucrose and a
water molecule. Each corner of the sugar rings has an ‘unshown’ carbon atom. Each carbon atom is numbered in
the reactants. Glucose and fructose are isomers of each other because they have the same chemical formula,
CsH1206

Application: Common uses and structure of polysaccharides

Name of Structural
polysaccharide | form (shape)

used by plant cells within plant cell walls

cellulose linear

starch highly branched used by plants to store glucose for later use

highly branched used by humans to store glucose for later
use

glycogen

Note: starch is composed of two types of polysaccharide, amylose
and amylopectin.

Subject vocabulary

monosaccharide smallest
(monomer) unit of carbohydrates

carbohydrates any of a group
of molecules often referred to as
‘sugars’

disaccharide two
monosaccharides bonded
together by a condensation
reaction

polysaccharide many
monosaccharides bonded
together by many condensation
reactions organized into a linear
or branched shape

amylose type of starch that is the
most common storage form of
carbohydrates in plants

amylopectin type of starch
produced by plants that has
adhesive and paper uses

H  HOHC
H,0
5 CH,OH CH,OH

water
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Understanding: Fatty acids can be saturated,
monounsaturated, or polyunsaturated.

Model sentence: Fatty acids are classified into one of three categories
depending on the presence of double bonds within the molecule.

Fatty acids

H H OH
| I |
Saturated Unsaturated
(no double bonds)
LT T 7
H—C — C— C—C — c—c<
| 1
|L |L |L ,L |L OH " Monounsaturated Polyunsaturated
(one double bond) (multiple double bonds)
H H H H H o H H H H H o
L 7 L 7
H—C—C—C=—=C—C—C H—C—C=—=C—C=—=C—C
Figure 2.5 Comparison of three | ‘ ‘ \OH | \OH
categories of fatty acids N H H H H
Subject vocabulary Understanding: Unsaturated fatty acids can be cis or trans
cis term used to describe a isomers.
natural form of an unsaturated
fatty acid Model sentence: Food-processing companies often modify unsaturated
trans a chemically modified fatty fatty acids converting them from a cis form to a trans form.
acid sometimes used by food-
processing companies
isomers two molecules that have When polyunsaturated (generally healthy) fatty acids are used in packaged foods,
the same chemical formula but the food product has a relatively short shelf life. Many food-producing companies
differ in structure modify the fatty acids they use to a form with fewer double bonds. This extends the
shelf life of the product.
H H H H H H H H
O\ ‘ ‘ ‘ ‘ ‘ | | | ‘Cis’ bonded unsaturated fat,
C—C—C—C—C—(C—C—(C—_C—p notice both hydrogens of the
/ ‘ ‘ ‘ | | | double bond are on the same
1) side of the molecule. B
H H H H H H oth molecules have
| the same chemical
H formula and thus are
H H H H H H H isomers of each other.
O\ ‘ ‘ ‘ ‘ ‘ | | ‘Trans’ bonded unsaturated fat,
PR DUV VR N NV SV notice both hydrogens of the
/C . G i * CE=C ¢ 5 ' double bond are on different
‘ ‘ ‘ | | | | sides of the molecule.
H H H H H H H

O
|
v

General vocabulary

shelf life how long a food
product can remain without
becoming spoiled
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Figure 2.6 When food companies attempt to modify unsaturated fatty acids the remaining double
bonds are often converted from a cis form to a trans form. The cis form is considered relatively
healthy and the trans form is unhealthy as part of your diet



® The relatively healthy, original form of the fatty acid is called the cis form.
® The unhealthy, modified form of the fatty acid is called the trans form.

Foods that are made with the modified trans fatty acids are said to
contain trans fats.

® Most polyunsaturated fatty acids found in nature are in the cis form.

Understanding: Triglycerides are formed from one glycerol
and three fatty acids by condensation reactions.

Model sentence: The ‘building block’ molecules of triglycerides are one
glycerol molecule and three fatty acid molecules.

Subject vocabulary

glycerol athree-carbon
molecule found within lipids

General vocabulary

online calculator a website

® Several types of molecules can be classified as lipids. designed to do mathematics
® Triglycerides are one type.
® Triglycerides are most often used for energy storage within cells.
e The subcomponent (building block) units are bonded together by
condensation reactions.
Application: Lipids are better OH OIH OIH
for long-term energy storage glycerol {—c—Cc—C—H H
in humans as compared kll kli FII ‘ 0
to carbohydrates He ¢ O—E — (CH,), CH,
Imagine a kilogram of lipid in Il 0
one container and a kilogram HO—C—(CH,),,CH, H—C—O—g— (CH,),,CH, + 3H,0

of carbohydrate in another

container. Next imagine that each three Ho—g— CH.).CH H—C—0—C—(CH,),CH,
) fatty ( 2)21 3

is burned and the energy release acids

from each was measured. There ﬁ H

would be approximately twice as HO—C—(CH,),,CH, triglyceride lipid

much energy released from the

container with lipid as compared

to the container with carbohydrate.

® This shows that lipids are much more efficient at storing energy as compared
to carbohydrates.

® This also demonstrates why long-term energy storage is done by way of lipids.
Skill: Determination of body mass index by calculation or use of a nomogram

A determination of one’s weight compared to one’s height can be done by
calculation of a value known as the Body Mass Index (BMI).

A BMI can be determined by a formula with one’s known mass and height. The BMI
can also be determined by consulting a graph or using an online calculator. The
BMI value is then compared to a published chart to show relative health.

below 18.5 underweight
18.5-24.9 normal weight
25.0-29.9 overweight
30.0 and above obese

Figure 2.7 Condensation reaction
showing the four reactants necessary
to form a triglyceride lipid. Notice
that there are four products: the three
water molecules as well as the
triglyceride
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Subject vocabulary

polypeptide polymer of many
amino acids joined by peptide
bonds

ribosome organelle within cells
where polypeptides are formed

R-group the portion of each of
the 20 amino acids that is different
from one another
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2.4 Proteins

Understanding: Amino acids are bonded together by
condensation reactions to form polypeptides.

Model sentence: A polypeptide forms when amino acids become linked
together by condensation reactions.

Building block molecules often bond together to form the larger molecules
important to living organisms. This is true for molecules called polypeptides.

A polypeptide is formed when many amino acids bond together in a chain. A
condensation reaction has occurred each time one amino acid bonds to another in
the chain. Each new covalent bond that forms is called a peptide bond.

H,0  CHj CHs

new covalent
alanine (peptide bond)  valine

Figure 2.8 Condensation reaction between the amino acids alanine and valine. Note that for simplicity the
amine and carboxyl groups are being shown in a non-ionized form. This reaction looks the same for any two
amino acids, as the only change would be to the R (variable) groups

Understanding: There are 20 different amino acids in
polypeptides synthesized on ribosomes.

Model sentence: When a polypeptide is created, as many as 20 different
types of amino acids may be used at the ribosome where this occurs.

Each of the 20 amino acids is very similar in overall structure. The exception is the
one part of each amino acid that is called its R-group. The chart on the following
page shows the structure of all 20 amino acids with a box around the R-group of

each. You do not need to memorize all of these structures.



Non-polar s T CHs
™ |
CH, CH, Cl"' C‘Hz
CH; CH CH, H;C——CH
o} f O } (6] f (0]
7 4 7 | 7 | 7
HsN*—C——C?  HN*—C—C H;N*——C——C H3N*——C —C HyN*——C——C
[ S R S N S
O O O (6] (6]
H H H H H
glycine (Gly) alanine (Ala) valine (Val) leucine (Leu) isoleucine (lle)
I
S —_—
‘ NH
CH, — CH,
| e
CH, o CH, o CH, o H,C CH, o
Y% — 7 Y% |/
HyN* —C—C N*—C—C HyN* —C ——C H,N*—C —C
N N N\ %,
O (¢} O 6]
H H H H
methionine (Met) phenylalanine (Phe) tryptophan (Trp) proline (Pro)
Pol
olar  on OH CH, SH on - 5
| N o | N4
C,HZ o CH o C,HZ o -~ 5 ¢
| 7 7 | 7 X |
H3N* —C—C S H;N*——C—C S H3N* —C ——C S x CH,
| o | o | o | |
i H(s ) th " (Thr) t i (Cys) e 0 s 0 CHs 0
serine (Ser reonine (Thr cysteine (Cys
H3N* (|: C/ H3N* | / * | /
N —C— SN —C—C H3N*—C—C
N S -
(6] (0] (6]
H H H
tyrosine (Tyr) asparagine (Asn) glutamine (GIn)
Polar due to
ionized R-group THZ
2N 0 NH;" C=NH,"
N | |
0 0 ‘ CH, NH
\C// CH, ‘ ‘
| ‘ CH, CH, NH*
CH, o CH, o ‘ ‘ ‘ \>
CH CH
| Vi | Y ‘ 2 ‘ 2 NH
HsN* —C —C HsN*—C——C
N\ N\ ¢y | CH | |
- © H © | 7 Y% | 7
H3N*—C —C S H3N*—C——C S H3N*——C —C S
S I
H H H
aspartic acid (Asp) glutamic acid (Glu) lysine (Lys) arginine (Arg) histidine (His)

Figure 2.9 A chart showing the structures of the 20 amino acids. The boxed areas shown are the R-groups of the
amino acids. Note how each amino acid is identical except for the variable R-group

2 Molecular biology | 33



Subject vocabulary

gene section of DNA molecule
that codes for a particular trait/
protein in an organism

protein one or more
polypeptides that has a defined
function

34 | 2.4 Proteins

Understanding: Amino acids can be linked together in any
sequence, giving a huge range of possible polypeptides.

Model sentence: The many kinds of polypeptides are explained by the 20 types
of amino acids being bonded together in any possible order and number.

Consider a very short polypeptide that has only four amino acids of four different
types. Imagine those four types of amino acids to be glycine, alanine, serine, and
threonine. Here are eight possible sequences in which they could be arranged:

1 glycine - alanine - serine - threonine
alanine - glycine - serine - threonine

serine - alanine - glycine - threonine

2

3

4 alanine - glycine - threonine - serine
5 serine - alanine - threonine - glycine
6 glycine - serine - alanine - threonine
7 glycine - threonine - serine - alanine
8 alanine - serine - glycine - threonine

Now imagine a polypeptide that has 50 or more total amino acids. Some of the
20 types of amino acids would have to be used more than once. The number of
possible sequences is incredibly large.

Understanding: The amino acid sequence of polypeptides is
coded for within our genes.

Model sentence: The DNA of living organisms contains sections called genes
each coding for a different polypeptide.

Each DNA is a very long molecule containing a great deal of genetic information.
A single DNA molecule may contain a thousand or more sections called genes.
Each gene is enough genetic information to code for a polypeptide.

The coding information is for the sequence of amino acids that make up
the polypeptide.

Understanding: A protein may consist of a single
polypeptide or two or more polypeptides linked together.

Model sentence: Some proteins are made up of a single polypeptide, whereas
other proteins are made up of two or more polypeptides bonded together.

A protein is a molecule that has a function within a living organism. A single
polypeptide that begins its function soon after being synthesized can also be called
a protein. In some instances, a single polypeptide is not functional until it combines
with one or more other polypeptides. Only then is the molecule called a protein. In
short, a single polypeptide is a protein only when it does not require one or more
other polypeptides to begin its function.



Examples of proteins are:

® Myoglobin is a single polypeptide that is found within muscle cells. Myoglobin’s
single polypeptide is capable of binding to an oxygen molecule that is only
released when you exercise very hard. It functions as a single polypeptide
and is a protein.

® Haemoglobin is composed of four polypeptides and is found within red blood
cells. Haemoglobin can bind to and release as many as four oxygen molecules.
Its function does not begin until all four polypeptides are bonded to each other.
Haemoglobin is a protein only when all four polypeptides are present and
working together.

Understanding: The amino acid sequence determines the
three-dimensional shape of a protein.

Model sentence: Each type of protein has a unique three-dimensional shape
that is a result of its amino acid sequence.

When a polypeptide is first formed, the amino acids that it is made up from begin
to interact with each other. Through a series of positive and negative charges,
amino acids either attract or repel one another. The polypeptide settles into an
overall three-dimensional shape that is repeated every time that same polypeptide
is synthesized. Remember that some proteins do not function until two or more
polypeptides join together. The joining that they do is also due to forces between
charges they contain. Every time a protein forms it will automatically take on the
exact same shape.

Understanding: Living organisms synthesize many different
proteins with a wide range of functions.

Model sentence: The proteins found within any one living organism are
numerous and serve a number of different functions.

Application: This table shows just a few examples of the incredible variety of
proteins in nature:

rubisco enzyme used in photosynthesis
insulin hormone involved in regulating blood sugar

immunoglobins helps fight viruses and bacteria

collagen component of skin and tendons
spider silk used for making webs
rhodopsin pigment found in retina cells of the eye

Subject vocabulary

myoglobin a protein found
within muscles that bonds to an
oxygen molecule

hormone a chemical messenger
produced by an endocrine gland

tendons tissue used to connect
muscles to bones

Synonyms

regulating...... controlling
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Subject vocabulary

proteome the unique collection
of proteins within a cell, tissue
type, organ, or organism

genetic determined by DNA
and passed on from parents to
offspring

active site the area of an enzyme
to which the substrate(s) attach(es)

substrate substance which
begins a chemical reaction or
process

reaction a change due to the
interaction of chemical substances
or response due to a stimulus

catalysed the action of a catalyst,
such as an enzyme, whereby

the enzyme increases the rate of
reaction

catalysis the action of a catalyst
such as an enzyme

General vocabulary '

collision two things moving
toward and eventually impacting
each other
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Understanding: Every individual has a unique proteome.

Model sentence: The genetic makeup of each individual is slightly
different and thus the collection of proteins in every individual is also
slightly different.

Researchers have known for years that each individual organism has unique DNA.
This explains why humans are all a little different from each other. The same is true
for all other species as well. Each member of a species is genetically different from all
other members of that species.

DNA is the genetic code for proteins. It makes sense that if every organism has unique
DNA, then every organism also has a unique set of proteins as well. The unique
collection of proteins within any one organism is called the proteome of that organism.

2.5 Enzymes

Understanding: Enzymes have an active site to which
specific substrates bind.

Model sentence: Each enzyme molecule has a specific area called its active
site where the substrate(s) of that enzyme attach.

® FEach enzyme is a protein with a very specific three-dimensional shape.
® Part of that three-dimensional shape is an area called an active site.

® The molecule or molecules that enter the active site are called the substrate(s)
of that enzyme.

® When the substrate(s) are within the active site a reaction is catalysed.

products

o g
enzyme

Figure 2.10 An enzyme and substrate are specific for each other

Understanding: Enzyme catalysis involves molecular
motion and the collision of substrates with the active site.

Model sentence: The ability of an enzyme to act as a catalyst depends on the
substrate(s) colliding with the active site.

Reactions require energy. This energy is called the activation energy of a reaction.
Activation energy is most often in the form of heat. An increase in heat results

in molecules moving faster. When molecules move faster they collide with other
molecules with greater energy. The function of an enzyme is to provide an active site
where the collision that occurs has a better chance of the reaction being successful.



Understanding: Enzymes can be denatured.

Model sentence: The three-dimensional shape of an enzyme can be altered
in a process called denaturing.

Each specific enzyme has its own ideal conditions in which it best catalyses
reactions. Altering those ideal conditions leads to a change in the shape of the
enzyme. This is called denaturing the enzyme. The same denaturing happens to all
proteins. The most important part of an enzyme that must be perfectly shaped is
the active site of the enzyme.

Understanding: Temperature, pH, and substrate
concentration affect the rate of activity of enzymes

Model sentence: Each enzyme has an optimum temperature, pH, and
concentration of substrate that ensures the maximum reaction rate.

Factors affecting an enzyme reaction that are not optimum will lower the rate of
reaction as compared to the ideal.

temperature  molecules in a reaction Even when an active site helps,

below ideal move relatively slowly a minimum activation energy is
required.

temperature molecules in a reaction Enzyme begins moving fast as well.

above ideal move relatively fast Enzyme becomes denatured.

pH below reaction becomes more Acidic environment modifies the

ideal acidic than ideal structure of the enzyme leading to
denaturing.

pH above reaction becomes more Basic environment modifies the

ideal basic than ideal structure of the enzyme leading to
denaturing.

substrate reaction does not have Enzyme can provide more available

concentration  enough reactant(s) active sites but there is not enough

below ideal substrate to fill those ‘openings'.

Note: if substrate
concentration is above

Each active site of each enzyme is

saturated and is thus working as fast

ideal, the reaction rate is not  as is possible.
increased nor is it decreased.

Subject vocabulary

denature to cause a molecule to
lose its natural three-dimensional
shape

pH a measure of the acidity or
alkalinity of a solution

concentration a measurement
of the density of a substance in a
solution

reaction rate number of
successful reactions per unit of
time

acidic a fluid that has a pH
measured at less than 7.0

basic a fluid that has a pH
measured at more than 7.0

saturated all four iron atoms
within a single haemoglobin are
bonded to an oxygen molecule

[Smonms

optimum ....... best/ideal
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increase in
molecular
collisions

enzyme starts to lose its
shape, so reaction rate
begins to slow down

further increase in
temperature leads to a
rapid decline in reaction

some specialized
enzymes have

rate as enzyme continues
to denature

rate of enzyme-
catalysed reaction

increasing temperature

Figure 2.11 The effect of increasing temperature on the rate of an enzyme-catalysed reaction

imum pH :
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acidic neutral basic increasing substrate concentration
pH (assumes enzyme concentration unchanged)

Figure 2.12 The effect of pH on the rate of an enzyme-catalysed
reaction. This illustrates that there is no single pH that is best for

all enzymes

Subject vocabulary

immobilized to contain
something so that it remains
trapped

)

alginates chemicals derived from
a seaweed (algae)

lactose a disaccharide sugar
composed of glucose and
galactose

General vocabulary

embedded positioned firmly and
deeply

purifying ....... cleansing/
cleaning
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Figure 2.13 The effect of increasing the substrate concentration on the
rate of an enzyme-catalysed reaction

Understanding: Immobilized enzymes are widely used in
industry.

Model sentence: Commercially used enzymes are often embedded into a
permanent substance in order to avoid losing the enzymes.

Using enzymes in industry is an expensive process. One of the most expensive parts
is acquiring and purifying the enzyme needed. The solution is to make sure that the
enzyme used does not get wasted and is recycled. One way this is done is to trap the
enzyme molecules in small beads called alginates. The enzyme molecules are said
to be immobilized in the small beads. When the factory uses the enzyme the small
beads are recovered from any product formed and can be reused many times.

Application: Methods of production of lactose-free milk and its advantages

Lactose-free milk can be produced by adding the enzyme lactase to milk. The lactase is
trapped within small alginate beads that are then mixed with milk. The lactase converts
the lactose to two monosaccharide sugars. Those people that cannot digest their own
lactose (lactose intolerance) have milk products ‘pre-digested’ by this method.



2.6 Structure of DNA and RNA

Main idea
DNA has a structure which allows genetic information to be stored
efficiently.

Understanding: The nucleic acids DNA and RNA are
polymers of nucleotides.

Model sentence: DNA and RNA are nucleic acids made up of large numbers
of nucleotides.

Nucleic acids are one of the major organic groups. DNA and RNA are classified
as nucleic acids.

DNA and RNA are made of polymers or large
chains of nucleotides. These nucleotides are phorzpuhate HO—\P
connected by chemical bonds. A generalized group

N

nucleotide is shown to the right. N

Parts of a DNA nucleotide:

® one phosphate group.

® one deoxyribose - a 5-carbon sugar.

@ one nitrogenous base - adenine (A), thymine
(T), cytosine (C), or guanine (G).

Parts of a RNA nucleotide

@ one phosphate group

® oneribose - a 5-carbon sugar

® one nitrogenous base - adenine (A), uracil (U), cytosine (C), or guanine (G).

Covalent bonds attach the parts within a nucleotide. Covalent bonds also attach

individual nucleotides together to form a polymer (chain).

It is the sequence of bases in a DNA or RNA molecule which provides
the genetic code.

Skill: Drawing simple diagrams of the structure of single nucleotides of DNA
and RNA, using circles, pentagons and rectangles to represent phosphates,
pentoses, and bases

ribose sugar or
deoxyribose sugar

1of4

Figure 2.14 The first diagram
represents the structure of a
nucleotide showing bond locations.
The second diagram represents the
structure of a general nucleotide
using the symbols suggested by
the IB

Subject vocabulary

nucleic acids one of the major
organic groups which includes
DNA and RNA

polymer large molecules
composed of smaller units
(monomers) connected by
covalent bonds

nucleotides smaller units
chemically bound to form nucleic
acids

phosphate group chemical
group composed of phosphorus
and oxygen

covalent bond chemical bond in
which electrons are shared

General vocabulary

generalized not specific, relates
to a group
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Understanding: DNA differs from RNA in the number
of strands present, the base composition, and the type
of pentose.

Model sentence: DNA is double-stranded while RNA is single-stranded. DNA
has a difference from RNA in bases present. DNA has a different 5-carbon
sugar than RNA.

The sugar of DNA is deoxyribose. The sugar of RNA is ribose. Both these sugars are
made up of five carbons. DNA is composed of two strands of nucleotides. These two

Subject vocabulary gtrands are connected to one another by hydrogen bonds between the bases. RNA
is composed of only one strand of nucleotides.

hydrogen bond a weak bond

that forms between positively RNA contains the nitrogenous bases A, U, C, and G. DNA contains the nitrogenous

and negatively charged areas of bases A T.C.and G

two molecules or within a single
molecule to help shape the
molecule

complementary base
pairs nitrogenous bases which
pair together in nucleic acids, A-T,

A-U, C-G
double helix three-dimensiona Understanding: DNA is a double helix made of two
S CTENATIELTEAC LG antiparallel strands of nucleotides linked by hydrogen

bonding between complementary base pairs.

Model sentence: The structure of DNA is a double helix made up of two
strands connected by hydrogen bonds.

® DNA has a double helix shape. This is because there are two strands and each is
in a spiral form.

® Relatively weak hydrogen bonds connect the two DNA strands. These hydrogen
bonds occur between complementary bases. A and T are complementary bases
and are connected by two hydrogen bonds. C and G are complementary bases
and are connected by three hydrogen bonds

® The two strands of DNA are antiparallel because they occur in opposite
directions. On one strand the number 5 carbon is on top. On the other strand
the number 3 carbon is on top.

2 hydrogen bonds Nature of science: Watson and Crick worked with

models to discover the actual structure of DNA. They
used information from many sources to construct their
final actual model.

Figure 2.15 The ladder structure of DNA is represented in this figure. Note
the two strands have carbons numbered in the opposite direction. Also note
the hydrogen bonds between complementary bases. All other bonds in this
molecule are covalent bonds
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2.7 DNA replication, transcription, and translation

Main idea
DNA transcription and translation allow the production of the
proteins necessary to the cell.

Understanding: The replication of DNA is semi-conservative
and depends on complementary base pairing.

Model sentence: DNA replicates based on complementary base pairing.
The replication process is said to be semi-conservative.

DNA in the nucleus of the cell must replicate before cell division occurs.
DNA replication is referred to as semi-conservative.

Semi-conservative means that each of the two molecules of DNA formed in
replication has one strand of the original DNA molecule. The other strand of
the new DNA molecule is new. This new strand is formed from free nucleotides
in the nucleus.

® The two strands of DNA are chemically bound by hydrogen bonds between
adenine (A) and thymine (T), and between cytosine (C) and guanine (G).

Understanding: Helicase unwinds the double helix and
separates the two strands by breaking hydrogen bonds.

Model sentence: Helicase is an enzyme which causes the DNA double helix
to unwind and breaks the hydrogen bonds between
complementary base pairs.

Initial steps in the replication of DNA:

® First, the double helix of the DNA
molecule must unwind.

® Next, the hydrogen bonds which
connect the two strands of the DNA
must be broken. This is often referred to
as an unzipping process.

® Helicase, an enzyme, allows these two
steps to occur very rapidly.

Figure 2.16 The first steps of DNA replication is
helicase catalysing the unwinding and unzipping
of the double-stranded DNA molecule, forming a

section with two single strands

helicase moving

Subject vocabulary

transcription the process of
creating RNA from DNA

translation process of protein
production which occurs at the
ribosome in cells, DNA language
is changed into the language of
proteins

semi-conservative type of
replication in DNA in which
each new DNA molecule has
one original strand of the parent
molecule

helicase enzyme which opens
the DNA double helix in the
replication process

General vocabulary

| unwind to loosen from the
original shape

unzipping to open a zipper-
like structure, to open a closed
structure

Synonyms

| replicate......... copy

unzipped section
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Subject vocabulary

DNA polymerase group of
enzymes which are involved in
DNA replication

Taq DNA polymerase enzyme
stable at high temperatures which
is used to produce large numbers
of copies of DNA in the laboratory

Figure 2.17 DNA replication

Understanding: DNA polymerase links nucleotides together to
form a new strand, using the pre-existing strand as a template.

Model sentence: DNA polymerase is an enzyme which catalyses the linking
of nucleotides in the new DNA strand.

@ When DNA unzips, free nucleotides in the nucleus pair with the exposed bases
of the existing strands.

® Each strand of the unzipped DNA acts as a template for the formation of a new
complementary strand.

® Nucleotides with the nitrogenous base A always pair with nucleotides with the
nitrogenous base T. The same is true for C and G.

® Atype of DNA polymerase catalyses the formation of a covalent bond between
adjacent nucleotides as complementary bases line up.

® The result of this is two molecules of DNA which are exact copies of one
another. Study the figure below:

o

DNA pol — C G

G_é/@) poymerase T rC S aet
helicase G S

Hints for success: Study the figure carefully. Note the two molecules of DNA
being formed from the original one molecule. Notice the locations where both

helicase and DNA polymerase carry out their functions. A is always paired with T,
and C is always paired with G in both new molecules.

Skill: Analysis of Meselson and Stahl’s results to obtain support for the theory of
semi-conservative replication of DNA

Meselson and Stahl carried out a beautifully designed experiment to provide evidence
for the semi-conservative method of DNA replication. They used bacterial cultures

of Escherichia coli and an isotope of heavy nitrogen to tag DNA. Percentages of DNA
strands composed of heavy nitrogen to DNA strands composed of ‘lighter’ nitrogen
were then analysed. Their findings provided support for semi-conservative replication.

Application: There is a special type of DNA polymerase called Taqg DNA
polymerase. Taq DNA polymerase is relatively stable at high temperatures. It
can be used in laboratory settings to artificially create large numbers of small
segments of DNA by the DNA replication process. These replicated copies of
DNA are exact copies and may be used for analysis and study. This technique
is often used to increase small amounts of DNA found at some crime scenes so
that a potential source may be found. Tag DNA polymerase has also allowed
great advances in the field of gene technology.
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Understanding: Transcription is the synthesis of mRNA
copied from the DNA base sequences by RNA polymerase.

Model sentence: RNA polymerase is an enzyme which catalyses the copying
of the DNA base sequence onto mRNA by the process called transcription.

DNA controls almost all the cellular activities through the process of protein
synthesis. Many of the proteins produced in the cell are enzymes. It is the sequences
of bases on the DNA molecule which determine the specific proteins to be made.
Specific regions of the DNA molecule code for specific proteins. Each of these
regions is called a gene. The first steps in the formation of proteins in the cell are:

® A region of the DNA molecule, the gene, becomes unzipped. The unzipping
process is similar to that which occurred in DNA replication.

® Only one strand of the unzipped DNA molecule is used as a template to form
mMRNA. mRNA is single stranded.

® RNA polymerase is the enzyme involved in unzipping of the DNA region. RNA
polymerase is also needed to bring about the complementary base pairing
of RNA nucleotides with the exposed DNA bases in the unzipped region of
the DNA molecule.

This table summarizes the differences between DNA and RNA.

composed of two strands of covalently
bonded nucleotides in a double helix

composed of one strand of covalently
bonded nucleotides

each nucleotide contains the 5-carbon
sugar called ribose

each nucleotide contains the 5-carbon
sugar called deoxyribose

each nucleotide may contains one of
four nitrogenous bases: adenine (A),
thymine (T), cytosine (C), and
guanine (G)

each nucleotide may contain one of
four nitrogenous bases: adenine (A),
uracil (U), cytosine (C), and guanine (G)

¢ ONAS is the gene RNA polymerase

aof
o TAc
«\\5" rx” GUCCGAAUGEﬁU

4 e 5 =
TAACCGT Q 6\%

ATTGGCA*Y

helicase-like
activity

free RNA nucleotides

Subject vocabulary

RNA polymerase enzyme
involved in the transcription
process

gene section of DNA molecule
that codes for a particular trait/
protein in an organism

Figure 2.18 Transcription (synthesis
of an RNA molecule). RNA
polymerase has helicase-like activity
as it plays a role in opening the DNA
double helix. It also catalyses the
addition of free RNA nucleotides to
the growing mRNA strand
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Subject vocabulary

polypeptide polymer of many
amino acids combined by peptide
bonds

mRNA-ribosomal complex
structure formed when a mRNA is
combined with a ribosome in the
cytoplasm

peptide bonds covalent bond
which occurs between the amino
group of one amino acid and the
carboxyl group of another

Understanding: Translation is the synthesis of polypeptides
on ribosomes.

Model sentence: The production of the polypeptides necessary for cell
activities occurs at the ribosomes and is called translation.

A polypeptide is a polymer of many amino acids. A protein may include more than
one polypeptide and has a complex three-dimensional shape. Polypeptides are
produced at the ribosomes which then form proteins needed for the cell’s activities.
Translation requires an mRNA, a ribosome, many tRNAs, amino acids and enzymes.
There are three types of RNA and all play a role in translation. Study this table
comparing the three RNA types.

MRNA or messenger RNA carries the DNA code from the nucleus to the
ribosomes in the cytoplasm

rRNA or ribosomal RNA provides a large percentage of the ribosome
composition
tRNA or transfer RNA carries one of 20 possible amino acids to the

mRNA-ribosomal complex

The sequence of actions in translation are:

T mRNA moves out of the cell nucleus and forms a complex with a ribosome. This
complex is called the mRNA-ribosomal complex.

2 tRNAs bring specific amino acids to the mRNA-ribosomal complex. The amino
acids brought to the complex are coded for by mRNA.

3 The amino acids are lined up in a sequence indicated by the mRNA.

4 Bonds called peptide bonds occur between adjacent amino acids. These bonds
result in the formation of the specific polypeptide molecule.

Hints for success: The DNA in the cell nucleus carries the code for almost all
the activities of the cell. This code is transcribed onto mRNA. mRNA carries
the code for the specific polypeptide needed for a ribosome in the cytoplasm.
Translation then occurs at the ribosome to produce the needed polypeptide.

Once the polypeptide is produced the mRNA-ribosomal complex breaks apart.
The ribosome is then able to combine with a different mRNA to produce a totally
different polypeptide. The tRNA moves to a different cytoplasm location to pick
up the same type of free amino acid. It then can become active in the translation
process of another polypeptide.
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Understanding: The amino acid sequence of amino acids
of polypeptides is determined by mRNA according to the
genetic code.

Model sentence: It is the sequence of bases on the DNA molecule which is

the genetic code. This code is transcribed onto an mRNA so that translation
of the proper polypeptide may occur at the ribosome.

mitosis cytokinesis

Understanding: Codons of three bases on mRNA
correspond to one amino acid in a polypeptide.

Model sentence: Each three-base sequence of nucleotides along an mRNA
molecule is called a codon and codes for a specific amino acid.

The mRNA molecule produced by transcription represents a complementary

copy of one gene of DNA. The genetic code is written in triplets. The region of
DNA called a gene is made up of many, many bases. These bases of the DNA

are organized into ‘genetic words' called DNA triplets. Transcription allows the
formation of the mRNA codons from DNA triplets. Each mRNA codon corresponds
to one amino acid in a polypeptide. Some mRNA codons act as ‘punctuation marks
starting or stopping the production of a polypeptide.

’

DNA triplet = transcription = mRNA codon

gene (many DNA triplets) = transcription = mRNA molecule (many mRNA
codons)

The mRNA molecule formed by transcription is quite large. The fact that mRNA is
single-stranded allows it to carry the DNA code from the nucleus to the ribosomes
in the cytoplasm. Translation then occurs at the ribosome to produce the

needed polypeptide.

Skill: Use a table of mRNA codons and their corresponding amino acids
to deduce the sequence of amino acids coded by a short mRNA strand of
known base sequence

Use these bases in mRNA to determine the sequence of amino acids which would
be produced by translation at the ribosome.

A-U-G-A-A-A-G-C-U-C-C-U-U-A-U-U-A-G
Skill: Use a table of the genetic code to deduce which codon(s) corresponds to

which amino acid

Use the table on the next page to determine the codons corresponding to the
following amino acids:

methionine (start) - asparagine - alanine - proline - tyrosine - stop

Subject vocabulary

transcribed the production of
an mRNA molecule from a DNA
template

mitosis cell division where one
diploid cell becomes two diploid
cells

cytokinesis division of the
cytoplasm in cell division

codon a group of three bases
that together code for a single
amino acid

DNA triplets three bases of DNA
making up a ‘word'’ in the genetic
code

General vocabulary

triplets groups of three
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Subject vocabulary I

anti-codon group of three
nucleotides on tRNA which base-
pair with the complementary
codon of mRNA

insulin hormone produced and
released by exocytosis from the
pancreas which controls glucose
absorption by cells

diabetes disease which creates
problems in the metabolism of
sugars

General vocabulary

universal common, the same

The genetic code. The first, second, and third positions represent the base location in the codon. Twenty
amino acids are coded for. Note AUG is the start codon. Also, note the three stop or termination codons.
These start and stop codons are the punctuation marks referred to above

u C A G
. . ) U
phenylalanine tyrosine cysteine =
u serine
. stop stop A
leucine
stop tryptophan G
o U
histidine c
C leucine proline arginine ~
lutamine
3 G
: : U
) . asparagine serine
isoleucine ) C
A threonine ~
— lysine arginine
*methionine G
o U
aspartic acid c
G valine alanine glycine A
glutamic acid
G

*and start

Understanding: Translation depends on complementary base
pairing between codons on mRNA and anticodons on tRNA.

Model sentence: Codons of mRNA go through complementary base pairing
with anticodons of tRNA in the process of translation.

The genetic code of DNA is carried by the codons of mRNA to the ribosomes of
the cell cytoplasm. tRNA molecules are present within the cell cytoplasm. Each
tRNA has a region called the anti-codon which pairs with the complementary
mMRNA codon. There are 20 different amino acids which make up polypeptides

and 61 different tRNA molecules. The difference in tRNA molecules is based on

the anticodon present. Each of the different tRNA molecules attaches to a specific
amino acid. Both the codon and the anticodon have three bases. These three bases
of codons and anticodons complementary base pair, A with U, and C with G. By the
complementary pairing of bases between codons and anticodons, amino acids are
lined up in the exact sequence called for in the genetic code. This allows the proper
polypeptide to be produced.

Application: Production of human insulin in bacteria as an example of the
universality of the genetic code allowing gene transfer between species

The process of producing polypeptides/proteins uses a DNA code that is universal

in most organisms on Earth. This universal nature of the genetic code has allowed
scientists to insert the gene from humans that produces insulin into bacteria. This
gene transfer between species allows the bacteria to actually produce human insulin.
This insulin may then be successfully used to treat many humans who have diabetes.
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2.8 Cell respiration

Main idea
The energy necessary to maintain the functions of life is provided by
cell respiration.

Understanding: Cell respiration is the controlled release of
energy from organic compounds to produce ATP.

Model sentence: ATP is produced from the breakdown of organic
compounds by cell respiration.

Cell respiration is a cellular process which occurs in a controlled series of
oxidation reactions. Each step in the oxidation reaction of cell respiration is
controlled by enzymes.

It is the breakdown or oxidation of covalent bonds in organic compounds
which provides the energy to produce ATP.

The breakdown of covalent bonds occurs one bond at a time so small amounts
of energy are released. The small amounts of energy released are used to
produce the ATP molecules.

The small amounts of energy released at a time allow the efficient production
of ATP. Large amounts of energy release would result in increased heat within
the cell. The increased heat is because not all the energy released would be
converted to ATP. The increased heat produced could very well damage the cell.

ATP is the molecule which provides the energy for all the life processes of the
cell to occur.

Glucose

metabolic pathway

Understanding: ATP from cell respiration is immediately

available as a source of energy in the cell.

Model sentence: The ATP produced in cell respiration is the form
of energy used by the cell to carry out the life functions.

ATP contains three phosphate molecules. The last two phosphates are

Subject vocabulary

cell respiration chemical process
used by cells to gain energy from
sugars and other substances

oxidation reaction a chemical
reaction in which electrons are
lost

covalent bond chemical bond in
which electrons are shared

ATP a molecule used for a source
of chemical energy

glucose a simple sugar produced
by photosynthesis and used for
cell respiration

metabolic pathway a chemical
pathway in which a series of
enzymes produces intermediate
compounds on the way to
producing a final product needed
by the organism

phosphate group chemical
group composed of phosphorus
and oxygen

high energy bonds the chemical
bonds which allow bonding of
the last two phosphate molecules
in ATP

ADP cellular energy compound
which contains two phosphate
molecules and one high energy

bond

cell respiration

I o ™

ADP +
phosphate

ATP

bonded to the ATP molecule by high energy bonds. These high energy

bonds are easily broken by the cell. The released energy is then used by
the cell to carry out the necessary functions of the cell.

energy released for all functions

Figure 2.19 The diagram shows
ADP has a phosphate added to it by
the process of cell respiration to
produce ATP. The energy contained in
the high energy bonds of ATP may
then be used by the cell to carry out
the cell functions
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Understanding: Anaerobic cell respiration gives a small yield
of ATP from glucose.
Model sentence: Anaerobic cell respiration brings about partial

breakdown of glucose. Anaerobic cell respiration results in a small number
of ATP molecules.

Subject vocabulary

anaerobic cell respiration
cellular breakdown process of
organic molecules which does not
require oxygen, produces a net

Anaerobic cell respiration does not require oxygen to occur.
gain of two ATP molecules

Anaerobic cell respiration occurs in the cell cytoplasm.
pyruvate 3-carbon compound

formed by the breakdown of
glucose in glycolysis, the first stage
of cell respiration

Anaerobic cell respiration is the first stage in the breakdown of glucose. If
glucose is not present, another organic molecule will be substituted for it.

® Anaerobic respiration breaks glucose down into two 3-carbon compounds

glycolysis first stage of cell called pyruvate.

respiration in which oxygen is not
required and glucose is broken ® When the covalent bonds of glucose are broken in anaerobic respiration, energy is
down into 2 pyruvate molecules released. The released energy is used to produce a small number of ATP molecules.
fermentation process where
sugar is changed to alcohol

General vocabulary

partial part of, not the whole

Two ATP molecules are needed to begin the process of anaerobic cell respiration.
A total of four ATP molecules are produced from glucose anaerobic cell respiration.

The results of the first portion of anaerobic cell respiration from the breakdown
of glucose are:

net gain increase after two molecules of 3-carbon pyruvate

consideration of the amount used

- a net gain of two ATP molecules.
to obtain increase

Figure 2.20 A simplified version of
the events of glycolysis
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e This first part of anaerobic cell respiration is also called glycolysis.

energy to
get reactions

g|ucose started

2 ADP

6C \ (net gain of 2 ATP)

RO

2 ADP
pyruvate
3C
4 ATP produced
pyruvate
3C

2 ADP

e)

If no oxygen is present after the first part of anaerobic cell respiration called
glycolysis, a process called fermentation will occur. Fermentation is often described

using yeast cells and human cells.

occurs in the cell cytoplasm
occurs in the absence of oxygen
begins with pyruvate

end products are ethanol and carbon
dioxide

no gain in ATP number after glycolysis

occurs in the cell cytoplasm
occurs in the absence of oxygen
begins with pyruvate

end products are lactic acid (lactate)

no gain in ATP number after glycolysis



Yeast fermentation 2CO,

2 pyruvate /‘ » 2 ethanol
30 (NOT reversibleif ~ (2C)
oxygen is present)

Human fermentation

2 pyruvate = 2 lactate
(reversible if (30)
oxygen is present)

Figure 2.21 A compatrison of fermentation in yeast and human cells

reversible reaction Subject vocabulary

reversible reaction reaction

which produces products from

raw materials and also raw
Application: Use of anaerobic cell respiration in yeasts to produce ethanol and materials from products

carbon dioxide in baking

The carbon dioxide produced by yeast in the fermentation process is valuable in
baking. This gas causes bread to rise.

Application: Lactate production in humans when anaerobic respiration is used
to maximize the power of muscle contractions

Lactate production in humans occurs during intense muscle activity. Due to the
intensity of the activity not enough oxygen can be delivered to the muscles. The
result of this lack of oxygen delivery is maximum muscle contraction. However, the
lactate produced will seriously limit the number of maximum muscle contractions.

Understanding: Aerobic cell respiration requires oxygen and
gives a large yield of ATP from glucose.

Model sentence: Aerobic respiration produces a much larger number of ATP
molecules than anaerobic respiration when glucose is broken down.

® When oxygen is present, the two pyruvate molecules produced by glycolysis
from one glucose molecule move into the mitochondrion.

® Once inside the mitochondrion, the two pyruvates enter the Krebs cycle one at a
time and are completely broken down.

Aerobic respiration:

Pyruvate — enters the mitochondrion — becomes part of the Krebs cycle
—> completely oxidized — final products are water, carbon dioxide, and a
large number of ATP molecules
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Subject vocabulary

respirometers devices used
to measure the rate of cellular
respiration by analysing oxygen
usage

invertebrate living creature with
no backbone

photosynthesis process which
converts light energy into
chemical energy

visible light spectrum that
portion of the light spectrum
which is visible to the human eye,
includes wavelengths of 400 nm
to 700 nm
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Skill: Analysis of results from experiments involving measurement of respiration
rates in germinating seeds or invertebrates using a respirometer

It is possible to use devices called respirometers to measure cell respiration rates.
The respirometer measures the oxygen rate of exchange. By analysing the oxygen
usage when seeds germinate or as invertebrates carry out the life functions,

one can determine the rate of cell respiration. Analysis of oxygen usage data

will show changes in cell respiration rate when factors such as temperature and
pH are changed.

2.9 Photosynthesis

Main idea
Photosynthesis is a cell process which converts the energy in sunlight
to chemical energy.

Understanding: Photosynthesis is the production of carbon
compounds in cells using light energy.

Model sentence: Photosynthesis allows the production of carbon
compounds using the energy present in light.

® Photosynthesis uses the energy of light to produce carbohydrates.
® The most common carbohydrate produced by photosynthesis is glucose.
® Glucose is then broken down by cell respiration to produce ATP.

Understanding: Visible light has a range of wavelengths with
violet the shortest wavelength and red the longest.

Model sentence: Photosynthesis uses energy from the visible light spectrum
which has increasing wavelengths from violet to red.

@ Sunlight includes all the colours of the visible light spectrum. Sunlight is said to
be white light.

violet (400nm) — blue —> green — yellow — orange — red (700nm)
The wavelength of each colour increases from violet to red (400 nm to

700 nm). The energy of each colour decreases from violet to red.

® Violet of the visible light spectrum has the shortest wavelength
(400 nanometres). Red of the visible light spectrum has the longest
wavelength (700 nanometres).

® The colours with the shortest wavelengths possess the highest energy.



Understanding: Chlorophyll absorbs red and blue light most
effectively and reflects green light more than other colours.

Model sentence: Chlorophyll is the main pigment of photosynthesis and it
absorbs red and blue light most efficiently.

Subject vocabulary

chlorophyll main pigment
involved in the process of

Photosynthesis depends largely on the pigment called chlorophyll to absorb light photosynthesis, absorbs light

energy. This absorbed light energy in then used to convert carbon dioxide and energy

water into carbohydrates such as glucose. pigment a substance with colour,
able to absorb light energy in the

Red and blue are the colours of the visible light spectrum that are most efficiently process of photosynthesis

absorbed by chlorophyll. The energy of the red and blue colours is then used in the chromatograph instrument used

production of glucose. to carry out chromatography

Green light from the visible spectrum is not absorbed by chlorophyll. It is reflected chromatography process used
to separate the components of a

and is the reason plant parts with chlorophyll appear green in colour. et i
chromatogram pattern, usually

of colours, formed as a result of
chromatography

R¢ distance moved of separate
pigments compared to distance
moved of the solvent, expressed

Skill: Separation of photosynthetic pigments by chromatograph g

. . .. - photolysis process in
Chlorophyll is not the only pigment active in photosynthesis in most plants. photosynthezis S R

Pigments in different types of plants may be isolated and studied by using a molecules are split using the
chromatograph. Key concepts of this required practical include: energy from light

® Producing a chromatograph so that paper chromatography or thin layer
chromatography may be carried out.

Different pigments have different solubilities in the solvent used.
Different pigments have different molecular masses.

Different solubilities and different pigments will cause the pigments to separate
on the chromatogram.

® \Varying colours in different areas of the chromatogram with different R; values
indicate separate pigments.

The more pigments a plant has, the more light wavelengths may be absorbed. More
light wavelengths absorbed may increase the rate of photosynthesis.

Understanding: Oxygen is produced in photosynthesis from
the photolysis of water.

Model sentence: An early stage of photosynthesis is the splitting of water to
produce oxygen.

Photolysis is the process in which energy from light is used to split water.

® When photolysis occurs oxygen gas is produced. Most of the oxygen is released
into the atmosphere. Hydrogen is also produced. The hydrogen is used in later
stages of photosynthesis.

Application: Changes to the Earth’s atmosphere, oceans, and rock deposition
due to photosynthesis

Much of the oxygen produced when photolysis occurs is released into the
atmosphere. This allows a continual supply of oxygen for those organisms
dependent on aerobic cell respiration for their ATP.
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General vocabulary

abundant existing in large
numbers

Subject vocabulary |

action spectrum a graph
showing photosynthetic rate in
relation to light wavelength

absorption spectrum a graph
showing absorption of light at
various wavelengths in the process
of photosynthesis

Figure 2.22 This action spectrum of
photosynthesis indicates that most
photosynthesis occurs in the blue and
the red wavelength areas. Note the
lower rate of photosynthesis with the
green wavelength
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Understanding: Energy is needed to produce carbohydrates
and other carbon compounds from carbon dioxide.

Model sentence: The energy from the absorbed colours of the visible light
spectrum is used to build carbon compounds which include carbohydrates.

® In photosynthesis plants combine carbon dioxide from the atmosphere with
water to produce carbon compounds such as carbohydrates.

® Glucose is commonly referred to as the carbohydrate produced by
photosynthesis.

® When red and blue wavelengths are abundant, photosynthetic activity is
at its highest.

1001

P (o)) o]
o o o
L L L

N
o
1

rate of photosynthesis
(as percentage of rate at 670 nm)

0 T T T T T T T
400 violet  blue 500 green 600 red 700

wavelength/nm

® The above figure represents an action spectrum for photosynthesis.
Chlorophyll is the key pigment in photosynthesis. Where photosynthetic
activity is highest on the graph is also the areas where the most visible light
wavelengths are absorbed.

Skill: Drawing an absorption spectrum for chlorophyll and an action spectrum
for photosynthesis

A visible light absorption spectrum drawn for chlorophyll would have similar peaks
and valleys as the action spectrum for photosynthesis. An absorption spectrum for
chlorophyll would show very little light absorbed at the green wavelength. Action
spectrums show lesser rates of photosynthesis at the green wavelength.

Application: Changes to the Earth’s atmosphere, oceans, and rock deposition
due to photosynthesis

Carbon dioxide is removed from the atmosphere by photosynthesis. This causes

a decrease in the overall carbon dioxide levels of the atmosphere. Also, when
photosynthesis occurs there are increased carbon compounds produced from
plants. The increase in plant matter may result in rock-like deposits of coal over long
periods of time. When photosynthesis rates are relatively low, carbon dioxide levels
rise. High levels of carbon dioxide in our atmosphere may add to an increase in
overall temperatures of our planet. High carbon dioxide levels may also increase the
acidity of our rain and our oceans. Higher rain and ocean acidity levels may harm
existing organismes.



Hints for success: Practise drawing absorption and action spectrums for
photosynthesis. Both graphs should show highest light wavelength absorption

and highest rates of photosynthesis at the same blue and red wavelengths.
Both graphs should show little absorption and low photosynthetic rates at the
green wavelengths.

Understanding: Temperature, light intensity, and carbon
dioxide concentration are possible limiting factors on the
rate of photosynthesis.

Model sentence: Varying the temperature, light intensity, and carbon
dioxide concentration all affects the rate of photosynthesis.

e A limiting factor is a factor that most directly affects the rate of a process such as
photosynthesis.

e A limiting factor is often the factor which is in shortest supply. When low light
intensity is present, the rate of photosynthesis is decreased even if all other
factors are present in adequate supply. If light intensity is adequate, low levels of
carbon dioxide will decrease the rate of photosynthesis.

® A limiting factor may also be an environmental factor such as temperature. If
temperatures are lower than normal, photosynthetic rates will be decreased.
Lower rates of photosynthesis due to low temperatures are due to decreased
enzyme activity.

Skill: Design of experiments to investigate the effect of limiting factors
on photosynthesis

Be certain to vary only one potential limiting factor at a time. All other
photosynthetic factors should be in adequate amounts. The rate of photosynthesis
may then be determined by measuring oxygen production, carbon dioxide
absorption or usage, or plant biomass increase. This method allows you to say for
certain whether a factor is a limiting factor or not.

Subject vocabulary

limiting factors environmental
factors that determine the
maximum rate of a process

General vocabulary

adequate satisfactory or
sufficient for a particular
requirement
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3 Genetics

Subject vocabulary

genetic determined by DNA
and passed on from parents to
offspring

heritable a genetic trait which
can be passed on to offspring

trait a characteristic that
distinguishes one individual from
another, such as blood type

locus (plural: loci) the specific
place where a gene is found on a
chromosome

base the basic unit of the DNA
code, represented by A, T, C, or G

sequence a series of bases in the
genetic code in a particular order
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3.1 Genes

Main idea
Every living thing inherits genetic material from its parents.

Understanding: A gene is a heritable factor that consists of
a length of DNA and influences a specific characteristic.

Model sentence: A gene is a sequence of DNA that controls a genetic trait
such as blood type.

The genes which you possess are organized into chromosomes.

Examples of genetic traits include: eye colour, the ability to digest lactose, wet or dry
earwax, and blood type.

Hints for success: Whenever a definition is given for a major concept in biology
- in this instance, the term ‘gene’ is defined in the heading - be sure to memorize

its definition word for word. Such definitions have been phrased carefully in such
a way that all important details are included.

Understanding: A gene occupies a specific position on

a chromosome.

A gene for a specific trait occupies a corresponding place, called a locus (plural,
loci), on a chromosome.

For example, the gene controlling a protein called transducin that allows for
colour vision is found on chromosome 1. A difference of one base (T instead of C
at position 235) in the gene’s sequence causes an error in the production of the
transducin protein and the person cannot perceive any colours.

Application: Comparison of the number of genes in humans with other species

virus T2 bacteriophage 160000

bacterium Escherichia coli (type K-12) 4639000 4377
human Homo sapiens 3000000000 21000
fruit fly Drosophila melanogaster 122654000 13918
Jalpanese canopy  Paris japonica 150000000000 unknown
plant



Understanding: The various specific forms of a gene are
alleles.

Model sentence: Variations or versions of a gene are called alleles.

In the example of transducin above, a single base pair difference between the most
common allele and the rare mutated allele affects the ability to distinguish colours.

Example: cystic fibrosis

A gene called CFTR, found on chromosome 7, plays a key role in the
production of mucus.

The standard allele allows a person’s mucus-producing cells to function properly, but
there is an allele generated by a mutation of the CFTR gene that causes cystic fibrosis.

People with this genetic condition produce abnormally thick and sticky mucus in
various organs. They have difficulties with their respiratory and digestive systems,
among other complications.

Understanding: Alleles differ from each other by one or
only a few bases and new alleles are formed by mutation.

Model sentence: A mutation is a random, rare change in genetic material.

Mutations can be beneficial, detrimental, or neutral. A beneficial mutation is one
that improves chances for survival.

Beneficial mutations contribute to an organism’s success. For example, LRP5 is a rare
mutation that can block infection by certain types of HIV. People with this mutation
are more resistant to AIDS.

Detrimental (or harmful) mutations make survival more difficult. For example, the
inability to distinguish colours could make it more challenging for an animal to find
food or to see predators in time to escape.

Neutral mutations do not have an effect on survival. A mutation from GAG to GAA
would not make any difference in the production of the protein concerned because
both codons code for the same amino acid: glutamic acid.

The type of mutation which results in a single letter being changed is called a base
substitution mutation; for example, sickle cell disease.

Application: The causes of sickle cell disease

Sickle cell disease gives a different shape to the haemoglobin molecule responsible for
giving red blood cells their shape. The mutation GAG to GTG causes the haemoglobin
to clump together to make the cells elongated and curved instead of disc shaped. This
is due to the fact that valine replaces glutamic acid at a key point in the sequence.

The disease causes weakness, fatigue, and shortness of breath. Oxygen cannot be carried
as efficiently by the irregularly shaped red blood cells. In addition, the haemoglobin
tends to crystallize within the red blood cells, causing them to be less flexible. The
affected red blood cells can get stuck in capillaries so blood flow can be slowed or
blocked, a condition that is painful for the person. When the malformed cells are
removed from the blood, the person’s red blood cell count gets low and causes anaemia.

However, having the disease can be beneficial in regions where malaria is a problem
because the mutation gives a person resistance to Plasmodium, the parasite in the
blood that causes malaria.

Subject vocabulary

allele version of a gene, differing
by one or more bases

mucus a slimy, protective
secretion

mutation an accidental change
in a genetic sequence

cystic fibrosis a genetic disease
causing the overproduction of
mucus in the body

HIV human immunodeficiency
virus, the virus that causes AIDS

AIDS aviral infection caused by
HIV and resulting in weakening of
the immune system

predator an organism that hunts
and eats other organisms

base substitution mutation an
accidental change in one base of a
genetic sequence

anaemia alow number of red
blood cells in the blood

parasite a plant/animal that lives
on/in another plant/animal and
feeds from it

Synonyms

beneficial....... helpful

detrimental.... harmful

neutral .......... neither good nor
bad
fatigue........... tiredness

General vocabulary

elongated longer than normal

crystallize form a hard solid
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Subject vocabulary

sequence the order of bases in a
fragment of DNA

sequencer machine that
determines the order of bases in a
fragment of DNA

codon a group of three bases
that together code for a single
amino acid

base pair a matching pair of
nucleotides (A-T or C-G)

General vocabulary

linear organized along the shape
of aline
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Understanding: The genome is the whole of the genetic
information of an organism.

To sequence a genome (meaning to locate each A, T, C, and G in all the genes of
the organism), researchers use highly specialized laboratory equipment including
sequencers to locate and identify the sequence of bases.

Here is an example of a fragment of a genome sequence:
GTGGACCTGACTCCTGAGGAG. This short fragment contains 7 codons with a total of
21 bases represented by letters. The human genome possesses 3 billion base pairs.

Only a very limited number of organisms have had their genomes fully sequenced:
baker’s yeast, the fruit fly, and humans are among them.

Understanding: The entire base sequence of human genes
was sequenced in the Human Genome Project.

Started in 1990, an international cooperative venture called the Human Genome
Project set out to sequence the complete human genome. In 2003, the Project
announced that it had succeeded in achieving its goal. Now, scientists are working
on which sequences represent genes and which genes do what.

Skill: Use of a database to determine differences in the base sequence of a
gene in two species

You are expected to be able to analyse a sequence and compare the same sequence
between species in order to be able to recognize mutations and changes that have
lead to evolution.

Retrieve the PDF file from the following web link: www.indiana.edu/~ensiweb/
lessons/molb.ws.pdf

Or do a search for ‘Cytochrome c Comparison Lab on www.indiana.edu’ and you
should find it. Follow the instructions to compare the genetic sequences for various
organisms for the gene that makes cytochrome c, a protein all living things need.
The uses of genetic comparisons

The number of mutations a species has in that gene compared to another species
gives insight into how closely they are related to each other.

Example: biologist Carl Woese proposed the domain Archaea to distinguish certain
single-celled organisms from bacteria (prokaryotes) and eukaryotes

It took decades for Woese's proposal to be accepted but the overwhelming
evidence in Archaea’s favour made it very difficult for opponents of the
idea to resist it.

3.2 Chromosomes

Main idea
Chromosomes carry genes in a linear sequence that is shared by
members of a species.



Understanding: Prokaryotes have one chromosome
consisting of a circular DNA molecule.

Instead of a membrane-bound nucleus, prokaryotes have a nucleoid region
containing one molecule of DNA in a loop.

These single-celled organisms (bacteria and archaeans) reproduce asexually
by binary fission - the chromosomes are not in pairs the way eukaryote
chromosomes are.

Application: Cairns’ technique for measuring the length of DNA molecules by
autoradiography

How do we measure the length of a DNA molecule? In 1962, John Cairns used

a technique called autoradiography to capture an image of a DNA molecule in
order to measure its length. Autoradiography consists of first getting a bacterium

to absorb a radioactive marker called *H-thymidine so that it can build its DNA
with it. When placed on a photographic film in a dark room, the radioactive marker
exposes the film, tracing an outline of the DNA. The outline of the DNA on the film
can be used to measure the length of the loop, making it possible to know how long
the DNA molecule is.

Understanding: Some prokaryotes also have plasmids but
eukaryotes do not.

Plasmids are small circles of DNA consisting of segments of a prokaryote’s genome.

Plasmids are not found in eukaryotes so plants, animals, fungi, and protists do not
have them in their cells.

Plasmids can be used by prokaryotes to transfer some of their genetic information
from one individual to another. Plasmids can also be used in laboratories to
genetically modify a prokaryote. More about this in section 3.5.

Understanding: Eukaryote chromosomes are linear DNA
molecules associated with histone proteins.

Model sentence: Bacteria and Archaea have a single circular chromosome in
their cells, whereas eukaryotes have multiple linear chromosomes.

Eukaryotes have a membrane-bound nucleus containing chromosomes made
of DNA that is not in the form of loops. Instead of circular DNA, eukaryotes
have linear DNA.

The DNA is wrapped around protein molecules called histones. Histones stacked
together form structures called nucleosomes that act as a packaging system to
keep the DNA organized. As in eukaryotes, archaeans also have histones associated
with their DNA.

The process of wrapping DNA around these proteins again and again is called
supercoiling. Supercoiled DNA cannot be transcribed or worked on by enzymes -
it must be unwound before such things can happen.

Subject vocabulary

prokaryote single-celled
organism whose organelles are
not bound by membranes

nucleoid region of a prokaryotic
cell where the DNA exists

binary fission a method of
reproduction whereby a single-
celled organism makes a copy of
itself and splits in two

eukaryote single-celled
organism that contain organelles
bound by membranes

autoradiography technique of
capturing images of radioactive
substances on photographic film

radioactive marker a
radioactive isotope of an element
introduced into an organism and
used to follow how the organism
uses that element

plasmid small ring of DNA
separate from the bacterial

chromosome often used in

genetic modification

histones proteins associated with
DNA in eukaryotic chromosomes

nucleosome structure found
in eukaryotic chromosomes
consisting of a strand of DNA
wrapped around eight histone
molecules

supercoiling a process in which
intense folding and coiling of a
structure occurs

transcribed the production of
an mRNA molecule from a DNA
template

| General vocabulary

asexually without sexual
association

unwound loosened from the
original shape
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Figure 3.1 Homologous
chromosomes. Although these are the
same size and shape, and carry the
same genes, the different coloured
bands on the short arms of each
chromosome reveal that they do not
carry the same allele of the gene at
the locus shown

Subject vocabulary

polypeptide polymer of many
amino acids combined by peptide
bonds

homologous chromosome pairs
that occur at fertilization, one
from the female parent and one
from the male parent

centromere region where sister
chromatids attach

diploid a cell which has
chromosomes in homologous
pairs

haploid a cell that has only one
chromosome of each homologous
pair
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Understanding: In a eukaryote species there are different
chromosomes that carry different genes.

Typically, eukaryotes have many different chromosomes (see the table opposite)
and each chromosome will have different genetic information controlling the
various traits of the organism.

Example: wild wheat plants

A wild wheat plant (Triticum baeoticum) that can be used to produce flour for bread
has 14 chromosomes arranged in 7 pairs. In each pair, one chromosome is from the
plant’s father and the other from the plant's mother. Some chromosomes will carry
information about the plant’s height or its colour, other chromosomes will have
DNA that codes for its root system or for producing sex cells.

Skill: Use of databases to identify the locus of a human gene and its
polypeptide product

Students are expected to be able to use a database to identify the locus of a human
gene and its polypeptide product. One example of such a database is the National
Center for Biotechnology Information (NCBI). Search for it online and see if you
can find the gene sequence that codes for human insulin; the gene is found on
chromosome 11, its name is INS and its ID number is 3630.

Understanding: Homologous chromosomes carry the same
sequence of genes but not necessarily the same alleles of
those genes.

When referring to similar chromosomes, the term homologous means having
similar size and shape and it means that the two chromosomes carry the same
genes. For a chromosome, shape usually refers to the position of the centromere.

Since genes can come in different forms (alleles), the information on two
homologous chromosomes will not necessarily be identical.

Example: homologous chromosomes and alleles

For a given gene with the alleles B or b, a child could receive the allele B from her
mother and the allele b from her father, the maternal chromosome in the child’s
homologous pair will have a B and the paternal chromosome will have a b.

Understanding: Diploid nuclei have pairs of homologous
chromosomes. Haploid nuclei have one chromosome of
each pair.

The term diploid is used to describe a nucleus in which the chromosomes are
organized into pairs.

Most cells in the human body, for example, are diploid with 46 chromosomes
organized into 23 pairs. Some cells have no nucleus, such as red blood cells.

The letter n indicates the number of sets of chromosomes a nucleus can have. In
humans, n = 23 because humans have 23 different chromosomes. Diploid human
cells are 2n = 46.

Haploid cells contain only one of each chromosome, instead of containing pairs
of chromosomes.



Sex cells (sperm cells and egg cells) are haploid. For example, in humans, sex cells
contain n = 23 chromosomes. When a sperm cell encounters an egg, the newly
formed cell becomes diploid.

It is rare for adult eukaryotes to contain only haploid cells, but adult male bees,
wasps, and ants are haploid.

Understanding: The number of chromosomes is a
characteristic feature of members of a species.

One aspect that makes a species different from others is the number of
chromosomes it possesses.

Example: number of chromosomes in different species

The fruit fly (Drosophila melanogaster) used in genetics experiments has four pairs
of chromosomes (n = 4) and the first organism whose genome was sequenced,
Caenorhabditis elegans, has six pairs of chromosomes (n = 6).

The table below shows more examples.

Types of cells and chromosome numbers

Speces | vapiai oo |

human, Homo sapiens 23 46
chimpanzee, Pan troglodytes 24 48
domestic dog, Canis familiaris 39 78
rice, Oryza sativa 12 24
roundworm, Parascaris equorum 2 4

Skill: Comparison of diploid chromosome numbers

Compare the chromosome numbers of the organisms in the table above. Also,
have a look at the table in Section 3.1 comparing the number of bases and genes in
various organisms.

Understanding: A karyogram shows the chromosomes of an
organism in homologous pairs of decreasing length.

Model sentence: It is possible to find out the gender of an unborn
child or determine if there are any chromosomal anomalies by
preparing a karyogram.

A karyogram is a diagram used to arrange the chromosomes of a cell into pairs in
order of their size, shape (position of their centromere), and banding patterns (lines
across the chromatids).

It is usually made from the cells of an unborn baby and uses images of the
chromosomes taken during mitotic metaphase.

A karyogram is used to determine a person’s karyotype, which can reveal various
kinds of genetic information such as the number of chromosomes they have and
the kinds of sex chromosomes they have.

| Synonyms

" anomalies...... differences

| su bject vocabulary

| karyogram a diagram showing
the chromosomes of an organism

chromatid the identical parts
of a doubled chromosomes held
together by a centromere

mitotic metaphase a stage of
meiosis during which homologous
chromosomes line up and the
nuclear membrane disintegrates

karyotype the number and
appearance of chromosomes
within the cell of an organism
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Figure 3.2 This is a karyogram
showing all 23 pairs of chromosomes.
What can we learn about the
individual’s karyotype from this
figure? This karyogram was prepared
using false colour imagery

Subject vocabulary

Down syndrome a
chromosomal anomaly
characterized by 3 chromosomes
in the 21st pair

trisomy presence of three copies
of a chromosome in a cell rather
than the usual pair

autosomes chromosomes that
do not determine sex
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When interpreted correctly, a karyogram can indicate whether or not the unborn
baby is a boy or a girl and whether or not the child has any chromosomal disorders
such as extra or missing chromosomes.

Source: Science Photo Library / CNRI

Application: Use of karyograms to deduce sex and diagnose Down
syndrome in humans

By looking at the 23rd set of chromosomes in the karyogram above, doctors are
able to determine the sex of this child: XX means it is a girl (see next section).

Also, by looking at the 27st pair, a specialist is able to see if the child has Down
syndrome. The image above shows that this girl has three chromosomes in the 21st
pair (trisomy) and therefore has Down syndrome.

Understanding: Sex is determined by sex chromosomes and
autosomes are chromosomes that do not determine sex.

The gender of humans is determined by the last set of chromosomes, the 23rd pair.
There are two types of sex chromosomes: X and Y.

X chromosomes are big, with long chromatids, whereas Y chromosomes are easy to
recognize by their very small size and short chromatids.

Typically, one of two configurations can happen: XX for a girl and XY for a boy.
Mothers donate one of their two X chromosomes and fathers can donate either
an X (found in half the sperm cells he produces) or a Y chromosome (found in the
other half of the sperm cells he produces).

The other chromosomes, numbers 1 to 22, are called autosomes. Any traits whose
genes are found on these 22 chromosomes are called autosomal traits.



3.3 Meiosis

Main idea
Alleles segregate during meiosis allowing new combinations to be
formed by the fusion of gametes.

Understanding: One diploid nucleus divides by meiosis to
produce four haploid nuclei.

Gametes, otherwise known as sex cells, are haploid. In humans, this means there are
23 chromosomes present in sperm cells or in egg cells.

A special type of cell division called meiosis is needed for the production of
gametes. Whereas most cells in the body divide using mitosis, sex cells are the only
ones to use meiosis.

Meiosis is known as a reduction division because the number of chromosomes
in the cell is reduced from 2n to n. The number of nuclei that can be produced by
meiosis is four.

For example, inside the testes, a cell that uses meiosis to divide will produce four
sperm cells, each containing half the information from the parent cell.

Understanding: The halving of the chromosome number
allows a sexual life cycle with fusion of gametes.

Model sentence: In order to ensure that the chromosome number is
maintained from generation to generation, meiosis produces sex cells with
half the total number of chromosomes per cell that the individual possesses.

Genetic information is precious to a species so it might seem contradictory to
eliminate half of it when producing gametes.

The reason for putting only half of the genetic information into a sperm cell or egg
cell is to maintain the same chromosome number generation after generation.

If a woman donated all of her 46 chromosomes and a man donated all of his

46 chromosomes to their future baby, the child would receive a total of 92
chromosomes. This would generate too much conflicting genetic information and
the baby’s cells would not form correctly.

Instead, the mother donates 23 chromosomes and the father donates 23, producing
a baby with a number of chromosomes that is characteristic to humans: 46.

The fertilized egg, called a zygote, is now diploid. The sexual life cycle is complete.

Understanding: DNA is replicated before meiosis so that all
chromosomes consist of two sister chromatids.

As with mitosis, meiosis requires two copies of all the DNA in a cell before it can
begin. This copying happens during the S phase of a cell’s life cycle.

Synonyms
segregate....... separate
contradictory . inconsistent

replicate......... copy/repeat

Subject vocabulary

meiosis cell division where one
diploid cell becomes four haploid
cells

fusion two cells that join
together as one

gamete a sex cell, either a sperm
cell or an egg cell

reduction division meiosis, so
called because the number of
chromosomes in the daughter
cells is half the original number in
the parent cell

zygote diploid fertilized egg

S phase the stage in the cell cycle
when DNA is replicated before
division begins

life cycle the repeating pattern

of cell growth, reproduction, and
death that allows a species’ DNA
to be passed on generation after
generation
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Subject vocabulary

sister chromatids the two
identical structures of a doubled
chromosome

condensation in DNA, the
coiling of chromatin to form
chromosomes; in chemical
reactions, the joining of two
organic molecules during which a
water molecule is produced

meiosis | first part of meiosis
during which homologous
chromosomes separate to
produce two diploid cells

meiosis Il second part of meiosis
during which sister chromatids
separate to produce four haploid
cells (gametes)

prophase | a stage of meiosis
during which homologous
chromosomes line up and can
perform crossing over

crossing over a process during
meiosis | involving the exchange
of genetic material between non-
sister chromatids

offspring........ young/children

Figure 3.3 Crossing over occurring
in a pair of homologous
chromosomes

prophase Il
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pair of
homologous
chromosomes

When DNA replication is complete, each chromosome has two identical sister
chromatids. They are joined together at the centromere, giving the chromosome
the X’ shape we are familiar with.

Later, these two sister chromatids will separate so that each one will become a
distinct chromosome. For now, however, they must be considered sister chromatids
of the same chromosome.

Understanding: The early stages of meiosis involve pairing
of homologous chromosomes and crossing over followed
by condensation.

Meiosis consists of two parts: meiosis | and meiosis II. There are four stages in each
part: prophase, metaphase, anaphase, and telophase.

Prophase I: homologous chromosomes pair up and crossing over happens

Crossing over involves sections of two non-sister homologous chromatids breaking
at the same point, twisting around each other, and then connecting to the other’s
initial position.

Crossing over is one way to increase genetic variety in the gametes by creating some
chromosomes that are a mix of the person’s maternal and paternal chromosomes.
We will see later why variety in offspring is so important to evolution.

cell’s

metaphase |  equator anaphase | telophase |

Figure 3.4 The stages of meiosis |

AN 1N

A | AN

N

telophase Il

metaphase II

anaphase Il

Figure 3.5 The stages of meiosis Il



Skill: Drawing diagrams to show the stages of meiosis resulting in the formation
of four haploid cells

You are expected to be able to draw the eight stages of meiosis shown in the
diagram above starting with a parent diploid cell and resulting in four haploid
daughter cells.

Understanding: Orientation of pairs of homologous
chromosomes prior to separation is random. Crossing over
and random orientation promotes genetic variation.

Model sentence: Two effective ways of increasing variety in offspring are
random orientation and crossing over.

Metaphase I: the way in which the homologous pairs line up along the cell’s
equator is random.

In humans, there are 2% ways in which chromosomes can be randomly aligned.
That's over 8 million different possible orientations.

Like crossing over, random orientation also helps to increase the genetic variety in
the gametes, making it very unlikely for any two of a woman'’s eggs to be identical or
any two of a man’s sperm cells to carry the same combination of alleles.

Understanding: Separation of pairs of homologous
chromosomes in the first division of meiosis halves the
chromosome number.

Anaphase I: one of each of the homologous chromosomes in a pair is pulled to
one side of the cell and the other is pulled to the other side. At this point, the
chromosomes still are composed of two chromatids connected at the centromere.

Telophase I: usually, the chromosomes uncoil and a new nuclear membrane forms
around each of the two nuclei.

By the end of meiosis |, the chromosome number has been halved. It has
gone from 2n to n.

In humans, that means 23 chromosomes (one per pair) are present in each of the
two cells instead of 46. In the figure, it means four chromosomes (two pairs) from
the parent cell have become two chromosomes in the daughter cells.

Application: Non-disjunction can cause Down syndrome and other
chromosome abnormalities.

If two homologous chromosomes got pulled over to the left side instead of being
separated to opposite parts of the cell, the resulting nucleus on the left would have
an extra chromosome and the one on the right would be missing one. This kind

of event is called a non-disjunction and it produces chromosome abnormalities

orientation..... location/position

uncoil............ unwind/untwist

Subject vocabulary

metaphase | the stage of meiosis
when homologous chromosomes
pair up along the equator of the
cell

random orientation a process
during meiosis involving the lining
up of chromosomes in an order
determined by chance

anaphase | the stage in meiosis
where homologous chromosomes
separate

telophase | the stage in the cell
cycle where chromosomes uncoil
and a new nuclear membrane
forms

chromosome abnormalities
condition where cells contain too
many or too few chromosomes,
usually caused by non-disjunction
during cell division
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Figure 3.6 Correlation of age of
mother and occurrence of Down
syndrome in children

Subject vocabulary

amniocentesis a test used to
determine the genetic make-up of
a foetus using cells collected from
amniotic liquid

amniotic liquid the fluid
surrounding the developing foetus

ultrasound a method used to
produce an image of a baby in the
uterus

chorionic villus sampling a test
used to determine the genetic
make-up of a foetus using cells
collected from the placenta

placenta a structure found in
the uterus that allows exchanges
of gases, nutrients, and waste
products between mother and
foetus

telophase Il the second
telophase stage in meiosis where
chromosomes uncoil and a
nuclear membrane forms around
the haploid nucleus to produce a
gamete

fuse join together

complementary  balancing/
matching
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in which children can be born with 45 chromosomes or 47 instead of 46. As seen
in the previous section, in the case of trisomy of the 21st chromosome, non-
disjunction leads to Down syndrome.

Application: Studies showing age of parents influences chances of
non-disjunction

Scientists wanted to know what factors influenced the occurrence of Down
syndrome. Below is a graph of the results of frequency of the syndrome compared
to the mother’s age at the time of birth of the child. Not surprisingly, it was
concluded that after the age of 35, as the age of the mother increases, the chances
of having a baby with Down syndrome increase dramatically.
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Source: reproduced with permission of Dr. Stephanie Sherman
Application: Description of methods used to obtain cells for karyotype analysis

One way to find out if an unborn child has a chromosome abnormality is to prepare
a karyogram. One way of doing this is by amniocentesis. This involves removing
some amniotic liquid that surrounds the baby. A long needle is used to collect the
liquid through the mother's abdomen. Ultrasound technology is used to see where
the baby is to ensure its safety. Chorionic villus sampling is another technique and
is preferred earlier in the pregnancy. Here, tissue from the placenta is collected and
cells are analysed.

Understanding: Fusion of gametes from different parents
promotes genetic variation.

Meiosis |I: the next four steps are to pull the chromatids apart and make a total of
four nuclei, each with n number of chromosomes.

At the end of telophase II, each chromosome now consists of a single copy and the
cells produced by meiosis are ready to become gametes.

The next step for gametes is to find their complementary partner: a sperm cell must
meet an egg cell.

In determining which sperm cell will fuse with which egg, there is a certain amount
of randomness (which egg or which sperm cells happen to have been produced at
the time of fertilization) as well as a certain amount of chance (which man meets
which woman and at what time fertilization happens).

The zygote, which is the first cell of what may become a new child, is unique.

The three main factors influencing variation in offspring are: (1) crossing over
during prophase |, (2) random orientation during metaphase |, and (3) some of the
randomness and chance involved in the process of fertilization.



3.4 Inheritance

Main idea
The inheritance of genes follows patterns.

Nature of science: Making quantitative measurements with replicates to ensure
reliability. Mendel'’s genetic crosses with pea plants generated numerical data.

Understanding: Mendel discovered the principles of
inheritance with experiments in which large numbers of pea
plants were crossed.

In 1865, an Austrian monk named Gregor Mendel published the results of
his experiments on how garden pea plants (Pisum sativum) passed on their
characteristics.

Gregor Mendel used artificial pollination in a series of experiments in which
he carefully chose the pollen of various plants to fertilize other individuals of
the same species.

He used a small brush to place the pollen on the reproductive parts of the
flowers, thus replacing the insects that do it naturally. This technique allows the
experimenter to decide exactly which plants are fertilized by which pollen, instead
of leaving it up to chance encounters with insects.

Some of the characteristics, or traits, he examined were whether the peas were
yellow or green, round or wrinkled, or if the plants were tall or short.

For the genetic trait of height, one allele is dominant (T) for tall, and the other is
recessive (t) for short. The table shows Mendel’s results. (See last row of table for
Mendel’s results for height.)

round x wrinkled ~ 100% round 5474 round 2.96:1
seeds 1850 wrinkled

yellow x green 100% yellow 6022 yellow 3.01:1
B 2001 green

green x yellow 100% green 428 green 2.82:1
ok 152 yellow

tall x short plants ~ 100% tall 787 tall 2.84:1

277 short

Understanding: Gametes are haploid so contain only one
allele of each gene.

When the male parts of a flower produce pollen, the sex cells inside the pollen
contain only one copy of each pair of genes; gametes are haploid.

Subject vocabulary

inheritance passing on a trait
from one generation to the next

artificial pollination process
where humans control plant
fertilization by transferring pollen
from one specific flower to
another

gene section of DNA molecule
that codes for a particular trait/
protein in an organism

General vocabulary

quantitative a numerical
measurement

1 Synonyms

replicate......... copy
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Subject vocabulary

heterozygous possessing two
different alleles of a gene at a
particular locus

homozygous dominant having
the same two dominant alleles for
a particular gene

homozygous recessive having
the same two recessive alleles for
a particular gene

monohybrid cross a cross
between two heterozygous
parents to show how a single trait
is passed on to the offspring

T t
T |TT | Tt
t Tt | tt

Figure 3.9 A monohybrid cross
showing the possible offspring of two
heterozygous parents
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As a result, if the parent plant had a genotype of Tt, half the gametes would contain
only T and the other half would contain only t. Each sex cell contains only one allele
in the pair that the parent had.

— —

— —

Figure 3.7 This drawing shows you a pair of
chromosomes showing a homozygous state, TT

Figure 3.8 This drawing shows you a pair of
chromosomes showing a heterozygous state, Tt

Understanding: The two alleles of each gene separate into
different haploid daughter nuclei during meiosis.

The reason why there is only one allele in each gamete is because of meiosis.

During anaphase |, the two chromosomes in each homologous pair are separated
so that the daughter cells only contain one of each chromosome in the pair.
Remember that meiosis is considered a reduction division for this reason.

The result: the two alleles for any given trait are separated between gametes.

For example, some children from the same mother and father can be born with
different hair colour or blood type. It depends on which alleles were present in the
sperm cell that fertilized the egg.

Understanding: Fusion of gametes results in diploid zygotes
with two alleles of each gene that may be the same allele or
different alleles.

When a sperm and an egg cell meet during fertilization, the two nuclei fuse.

For example, if the egg contained a T and the sperm contained a t, the resulting
zygote's genotype would be Tt. (Remember to read it 'big T little t'.)

The zygote is diploid. Its genotype may be the same as one or both parents but it
could also be different from both parents. This is demonstrated below.

® Both parents are Tt. This genotype has one dominant allele and one recessive
allele. It is said to be heterozygous. To see what kind of offspring these parents
have, we can draw a table called a Punnett grid in which the alleles in one
parent’s set of gametes are shown on the side and those of the other parent are
shown on top.

® Notice how some of the offspring (the four genotypes in the centre) are
also heterozygous, like their parents. However, there is a 1 out of 4 chance
that the genotype turns out TT. This is called homozygous dominant. The
third possibility (which also represents one chance in four) is tt. This is called
homozygous recessive.

® This type of cross is called a monohybrid cross. It shows how one trait
can be passed on.



Understanding: Dominant alleles mask the effects of
recessive alleles but co-dominant alleles have joint effects.

The rules of dominance: in garden peas, TT (homozygous dominant) results in a tall
plant. Only the allele for being tall is present.

tt (homozygous recessive) results in a short plant. Only the allele for being
short is present.

Tt results in a tall plant because the dominant allele T, masks the recessive allele t.
The result is that the recessive allele t is neither transcribed nor translated.

The steps to setting up a Punnett grid to determine the offspring of a given set of
parents are as follows:

e Step 1: Choose a letter. Use capital and small case versions of the same letter to
show alleles. An example is: T = allele for tall plants, t = allele for short plants.

® Step 2: Determine the parents’ genotypes. It is best to write all possibilities (TT,
Tt, or tt) and proceed by elimination. A short plant cannot be TT or Tt so it must
be tt. A tall plant cannot be tt, but could be TT or Tt.

® Step 3: Determine gametes.
® Step 4: Draw the Punnett grid.
® Step 5: Work out the chances of each genotype and phenotype occurring.

Here are some further examples: first cross: TT x tt, second cross: tt x Tt.

t |t T | ¢t
T |Tt|Tt t | Tt| tt
T|Tt|Tt t | Tt |t
Analysis and interpretation:
Genotypes of offspring: Genotypes of offspring:

TT: 0% chance
Tt: 100% chance

TT: 0% chance

Tt: 50% chance
tt: 0% chance tt: 50% chance
Phenotypes: Phenotypes:
100% chance of being tall 50% chance of being tall
0% chance of being short 50% chance of being short

Figure 3.10 Analysis of the two Punnet grids above

A test cross can be done if a plant is tall and we need to know if it is TT or Tt. It is
impossible to determine the genotype just by looking at the plant.

To perform a test cross, a known homozygous recessive individual is crossed with
the individual that has the unknown genotype.

Subject vocabulary

test cross crossing with a
homozygous recessive individual
to determine the alleles of the test
individual
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Figure 3.11 Two possible outcomes
of a test cross

Subject vocabulary

co-dominance alleles that
have joint effects, both alleles
are expressed in the organism’s
phenotype

recessive an allele that is only
expressed when no dominant
allele is present to mask it, notably
when an individual is homozygous
recessive

dominant an allele that is
expressed in preference to
another (recessive) allele

recessive autosomal genetic
diseases a condition which only
occurs when two recessive alleles
on non-sex chromosomes are
present

dominant autosomal genetic
diseases diseases caused by the
presence of a particular dominant
allele on non-sex chromosomes

genotypes genes of an organism
for a particular trait

pigmentation . colour
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The two possible results are shown below - if the unknown parent was TT, all
offspring will be tall, whereas if the unknown parent was Tt, only half should be tall.

t t t t
T | Tt | Tt T |Tt | Tt
T | Tt | Tt t tt | tt

Sometimes one allele does not mask another but rather both alleles are expressed.
This is called co-dominance and will be explored below.

Understanding: Many genetic diseases in humans are due to
recessive alleles of autosomal genes although some genetic
diseases are due to dominant or co-dominant alleles.

Model sentence: Some traits are caused by alleles that have a dominant/
recessive relationship, whereas other traits can show co-dominance.

The vast majority of genetic diseases are caused by genes found on chromosomes
numbered 1 to 22 (the autosomes).

It is more common for genetic diseases to be caused by recessive alleles.

Examples of recessive autosomal genetic diseases or conditions are:
® Albinism - a lack of pigmentation in skin, eyes, and hair.

e Cystic fibrosis - production of excessively thick, sticky mucus, resulting in
respiratory and digestive difficulties.

® Tay-Sachs disease - causes damage to nerve cells and early death in children.
It is less common for genetic diseases to be caused by dominant alleles.

Examples of dominant autosomal genetic diseases are:

® Huntington’s disease - causes the degeneration of neurones, often not
showing up until the age of 40 years old and causing difficulty walking and
uncontrollable movements.

® Polydactyly - causes the growth of more than five fingers or toes on
a hand or foot.

A small number of genetic diseases result from co-dominance. Sickle cell disease is
one example (see the third example below).

Example: cystic fibrosis

If a couple wants to know what the chances are that their next child will inherit
cystic fibrosis, it is important to determine the genotypes of the parents. Consider
a couple in which the woman does not have cystic fibrosis but her father did. The
man in the couple has cystic fibrosis. Use the five steps:

e Step 1: Use A to represent the allele for healthy mucus production, and a for the
allele for cystic fibrosis. The allele that causes the disease is recessive so the only
way to get it is to have the genotype aa.

® Step 2: There are three possible genotypes: AA, Aa, and aa. The mother must
have at least one A since she does not have cystic fibrosis. She must have at
least one a since her father was aa (he had cystic fibrosis). We can eliminate the
possibility that she is AA so she must be Aa. In order to have cystic fibrosis, the
man in the couple cannot possess an A allele. He can only be aa.



® Steps 3 and 4: Gametes (A and a for the woman, a and a for the man) are placed
in the side and top boxes of the Punnett grid, which is then filled in:

® Step 5: There is a 50% chance that their child will be aa and have cystic fibrosis.

Example: Huntington's disease - use of a pedigree chart

The diagram to the right is called a pedigree chart and it allows genetic experts to
follow a trait from one generation to the next.

Symbols used: filled shapes show the trait is present in the phenotype (in this case,
Huntington'’s disease), whereas empty shapes show individuals who do not have the
trait. Circles show females and squares show males. The children (the second row

in this example) are presented in order from oldest on the left to youngest on the
right. Each new row is a new generation.

This family has six individuals. The mother, the second son, and the first daughter have
Huntington'’s disease. The father, the second daughter, and the eldest son do not.

Pedigrees are useful for establishing the genotypes of members of a family. In the
case of Huntington’s, H = the allele for the disease and h = the allele for healthy
nerve functions.

It can be concluded that the mother must be heterozygous (Hh) because she had
some children without Huntington's. A parent who is HH could produce only
children with the disease so this is definitely not her situation.

Only the first daughter or youngest son, who are both Hh, could pass on to the next
generation the allele that causes Huntington’s (with a 50% chance).

Example: sickle cell disease - co-dominance

Sickle cell disease is caused by a mutation of a gene that helps to make
haemoglobin. The result is a misshaped haemoglobin molecule, which also causes
a change in shape of the red blood cells. Instead of disc-shaped cells, elongated,
curved cells with a boomerang shape are formed.

People who inherit two mutated alleles (one from the father, one from the mother)
have high numbers of sickle-shaped cells and suffer severe symptoms such as
fatigue and pain because the blood vessels get blocked.

People who inherit only one mutated allele but receive a healthy allele from the other
parent do not have the symptoms of the disease but they are resistant to malaria.

Someone who is heterozygous is said to have sickle cell trait. This condition
shows co-dominance or incomplete dominance. Some of the characteristics of the
mutated allele are masked by the dominant allele but others are not.

Example: the ABO blood type system - multiple alleles and co-dominance
Until now, the examples have all been with only two alleles. The ABO blood type
system is different - it has three alleles. They are written as follows:

® |* =the allele that produces proteins for type A antigens, giving type A blood.
This allele is dominant to i and co-dominant with I-.

® [® =the allele that produces proteins for type B antigens, giving type B blood.
This allele is dominant to i and co-dominant with I,

® i =the allele that produces neither A nor B antigens, giving type O blood. This
allele is recessive to both I* and I®.

a a

A | Aa | Aa

a aa | aa

Figure 3.12 A Punnett grid showing
a heterozygous woman and a man
with cystic fibrosis

il Yol

Figure 3.13 A pedigree chart
showing an affected woman, a non-
affected man, and their four children

Subject vocabulary

pedigree chart a diagram
showing how a genetic trait is
passed on from generation to
generation

phenotype visible result of an
organism’s genotype

sickle cell trait the heterozygous
condition where an individual

has one healthy allele and one
mutated allele coding for sickle
cell disease

masked.......... covered/hidden
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Subject vocabulary

sex linked a trait that is
controlled by alleles located on
the sex chromosomes

haemophilia a condition where
certain blood clotting factors are
not produced, so the blood does
not clot

red-green colour blindness a
sex-linked trait that affects the
ability to distinguish between red
and green

photoreceptors receptors in
the eye that respond to light by
beginning a nerve impulse
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These three alleles can produce four possible phenotypes: type A blood, type B,
type AB, and type O.

There are six unique combinations of these three alleles to produce the

four phenotypes:

e |41 or I*i = type A blood

® [°I® or I®i = type B blood

® JAI® = type AB blood (this is where co-dominance comes in)

® i =type O blood.

Notice with the fifth combination that both alleles for A and B are present.
The person will produce both A and B antigens. One allele does not mask the

other - there is no such thing as recessive between A and B. The two alleles are
co-dominant. Both alleles are transcribed and translated.

Understanding: Some genetic diseases are sex linked. The
pattern of inheritance is different with sex-linked genes due
to their location on sex chromosomes.

Model sentence: Not all genetic traits are passed on equally to
males and females - sex-linked traits are distributed unequally
between men and women.

When the gene responsible for a genetic disease is found on the 23rd set of
chromosomes, the X or Y sex chromosomes, the disease is said to be sex linked.

Sex-linked traits affect one gender more frequently than another.

Examples: haemophilia and colour blindness (both found on the X chromosome)
affect more males than females.

e Haemophilia prevents the production of certain blood-clotting proteins (factor
VIl or factor IX, depending on the type of haemophilia). As a result, the person
is at risk of excessive bleeding and haemorrhaging.

® Red-green colour blindness (affecting about 1% of males) causes deficiencies
in certain types of photoreceptors of the retina. People with this condition
have difficulty distinguishing red from green. There are several other types of
colour blindness.

The allele is represented by the letter h but is written as a superscript X" to show
that it is on the X chromosome. The Y chromosome cannot carry an allele for this
gene so the notation is Y. A man with haemophilia has a genotype X"Y. Note the
absence of a dominant allele to mask the trait.

If a woman was X"X", she would not have haemophilia. However, she
would be a carrier.

Only females can be carriers for sex-linked traits whose genes are found on
the X chromosome.



Understanding: Many genetic diseases have been identified
in humans but most are very rare.

Thanks to natural selection, genetic disorders and diseases are rare, most affecting
far less than 1% of the population.

There are thousands of genetic diseases and disorders.

One of the most common genetic diseases is cystic fibrosis, which affects about
1birth in 3000 in the United States and Europe. The most rare genetic diseases only
affect a limited number of people worldwide.

Do not confuse genetic diseases with chromosomal anomalies caused by
non-disjunction. The first is caused when a mutated allele is passed on from one
generation to the next but does not change the number of chromosomes. The
second is caused by a new event (the non-disjunction) changing the number

of chromosomes.

Understanding: Radiation and mutagenic chemicals
increase the mutation rate and can cause genetic diseases
and cancer.

DNA can be damaged by certain chemicals and by certain types of radiation.
These are said to be mutagenic, meaning they can cause mutations in DNA.

Some mutations might become new alleles that could produce a genetic variation
or disease, other mutations are capable of causing cancer. Chemicals that can cause
cancer are called carcinogens.

Two factors that determine how likely it is that radiation or chemicals will cause
a mutation are:

® their concentrations or strength
® the length of exposure.

Mutations are more likely to be produced by high concentrations and long
exposure to a mutagenic radiation or carcinogens. However, small concentrations
over long time periods or very high concentrations over a short period of time can
sometimes cause a mutation.

Example: results of exposure to radiation

The nuclear bombs dropped on Hiroshima and Nagasaki in Japan in 1945 killed
over 100 000 people on impact but killed thousands more people in the decades
to follow. Radiation sickness affected Japanese citizens in the weeks following the
bombings. Symptoms show cellular damage such as gastrointestinal problems, a
drop in the number of blood cells, and neurological damage.

The Chernobyl nuclear power plant accident in Ukraine in 1986 killed about 30
people immediately but exposed about 200 employees to dangerous doses of
radiation. The spread of radioactive material around the explosion was extensive
and hundreds of thousands of people were exposed, including citizens of the
nearby city of Pripyat. It is difficult to estimate the number of radiation-related
deaths in the decades since the accident, but a UN agency specializing in such
exposure puts the number at approximately 4000. As for the number of people who
will develop cancer from the exposure in the coming decades, estimates are in the
tens of thousands.

Subject vocabulary

non-disjunction the process
where two homologous
chromosomes do not separate
during anaphase | of meiosis,
resulting in a daughter cell with
one too many chromosomes and
a daughter cell with one too few

mutagenic causing a mutation

cancer disease involving
uncontrolled abnormal cell
growth

carcinogen(s) a chemical that
causes cancer
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Subject vocabulary

gel electrophoresis process of
passing electricity through a gel
matrix to separate fragments or
molecules of proteins or nucleic
acids

3.5 Genetic modification and biotechnology

Main idea
Biologists have developed techniques for artificial manipulation of
DNA, cells, and organisms.

Nature of science: Assessing risks associated with scientific research -
scientists attempt to assess the risks associated with genetically modified
crops or livestock.

Understanding: Gel electrophoresis is used to separate
proteins or fragments of DNA according to size.

One technique used for identifying DNA is called gel electrophoresis. Here
is how it works:

® A DNA sample is cut into fragments using specialized enzymes.

® Some of the fragments are small, some are bigger, some are highly charged, and
others do not carry much of an electrical charge.

e All the fragments are put into wells at one end of a block of gel.
® An electric current is run through the gel.

® The particles are separated between the two ends of the gel by their size and
electrical charge.

® This separation process leaves a pattern of bands that is different for each
unique sample of DNA.
Gel electrophoresis can be used on protein molecules in the same way.

The banding patterns of a person’s DNA or protein (from their hair, for example) can
be used to identify that person.

DNA, isolated, “
replicated and split | |
into single strands. I" *1

q |
L N

The strands are separated out using [~ |§] 11
a type of chromatography called I
gel electrophoresis. 1 11 |

|

I e 1

1

Figure 3.14 Gel electrophoresis is used to separate DNA fragments so that they can be analysed
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Understanding: PCR can be used to amplify small amounts
of DNA.

Model sentence: Before a DNA sample can be identified, a sample needs to
be collected and amplified using PCR, and then gel electrophoresis is used to
separate DNA fragments.

Gel electrophoresis is only possible if there is a certain quantity of DNA to analyse.
However, sometimes at a crime scene or other situation where DNA needs to be
analysed, there is only a limited quantity available.

It is possible to make millions of copies of DNA using a technique called PCR:
polymerase chain reaction. Here's how it works:
® Asample of DNA is collected and isolated.

@ The DNA s placed in a thermocycler which contains free nucleotide phosphates
(containing A, T, C, and G nucleotide phosphates).

® Through a series of modifications of the temperature of the DNA fragments in
the presence of enzymes, new strands of DNA are made.

® From one copy, two are made. From those two, four copies can be made. Then
8, then 16, 32, 64, and so on. Very quickly, millions of copies are being made and
they are all identical to each other.

Now there is enough to analyse using other techniques such as gel
electrophoresis above.

Understanding: DNA profiling involves comparison of DNA.

At a crime scene, a forensics investigator collects blood or other human tissue.

The DNA in the nuclei of the collected cells can be used to identify the victim or the
attacker. Here's how:

® DNA is collected and isolated then put through PCR to make enough copies for
analysis to be possible.

® The samples are put through gel electrophoresis to obtain the banded patterns
characteristic of each individual’s DNA.

® Comparisons are made between the banding patterns of DNA found at the
scene with those on record in the police files or those prepared from suspects’
DNA (see below).

If the bands from a suspect’s DNA match those from DNA found at the crime scene,
it suggests that the police are dealing with the same person. If no match is found,
this indicates that it is unlikely to be the same person.

In addition to crime scenes, DNA profiling (sometimes called DNA
fingerprinting) can be used for paternity cases (finding out who the real father
of a child is) or ecological studies (constructing family connections within a
population under study).

How can DNA profiling be used in paternity and forensic investigations?

® Perform gel electrophoresis on the DNA samples from the father and the child.
In a criminal case, DNA found at the crime scene is compared to samples of
DNA taken from various suspects.

® Line up the banded patterns to see which ones connect.

Subject vocabulary

thermocycler a machine used
to produce many copies of DNA
from a sample

General vocabulary

amplify make louder/stronger or
increase in number
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Figure 3.15 This gel electrophoresis
shows six samples - the seventh
column on the right is made of
known DNA fragments and is used to
estimate the lengths of the unknown
fragments. Samples 3 and 6 match

Subject vocabulary

universal common to all living
organisms

genetically modified organism
(GMO) an organism that has
had a gene from another species
inserted into its genome allowing
it to express a new trait

transgenic having one or more
genes from a different plant/
animal

strain a type or variety of
organism

General vocabulary

pest small animal/insect that
destroys crops

infested covered in pests

pesticide poison used to treat
pest infestations

resistant not affected by

yield.............. crop/harvest
negligible....... small

emergence..... appearance

® Examination of the lines in the diagram above clearly shows that rows 3 and 6
have the same banding patterns. This would suggest a match. If track 1 was the
father and 6 was the child, it is unlikely they are related. However, if 3 was the
DNA sample found at a crime scene and 6 was the sample of a suspect, that
person has a lot of explaining to do.

Understanding: Genetic modification is carried out by gene
transfer between species.

Model sentence: Because the DNA code is universal, it is possible to place a
gene from one species into another and have it expressed in the host organism.

In the 1970s, scientists first developed techniques that allowed a gene from one
species to be placed in another species’ genome to allow the host species to express
a trait that is new to it.

This is possible because DNA is universal - the code works for all living organisms.
One example of a genetically modified organism (GMO) is Bt corn. Here

is how it works:

e Corn is often attacked by pests such as the corn earworm, Helicoverpa zea.

® Farmers do not like pests because they cannot sell corn that is infested
and half-eaten.

® A certain soil bacterium called Bacillus thuringiensis has a gene that allows it to
make a protein that poisons and kills pests when they eat the protein.

® The gene from the bacterium was isolated and inserted into a corn kernel. The
plant that grew was in every way exactly like a regular corn plant except that it
could now produce the pesticide protein that the bacterium makes.

e This transgenic species is the product of human laboratory work and is called
Bt corn, named after the bacterium that helped it.

® Farmers can increase their yield because the corn is not attacked by the pests
that used to eat it.

Skill: Analysis of data on risks to monarch butterflies of Bt crops

Monarch butterflies, Danaus plexippus, eat milkweed plants, Asclepias syriaca,
on their long migration between Mexico, the United States, and Canada. Along
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their route, many fields are planted with genetically engineered Bt corn. a

Scientists are worried about the decline in the number of butterflies in
recent decades. They wanted to find out if the pollen from the Bt corn,
which can be blown by wind from the corn to the milkweed, was harmful

to the butterflies.

These data suggest that nearly half the butterflies die after 4 days of
eating milkweed leaves dusted with Bt corn pollen and that those that

survive eat less.

However, it is difficult to reproduce natural environments in a laboratory.
This study has been challenged for several reasons, including the fact that
sprinkling pollen on a leaf will put many more grains of pollen on it than
wind in a field could and the fact that the butterflies were not given any

Survival of monarch larvae (%)

h
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other choice of food. Also, one variety of Bt corn that showed negative b

results has been removed from the market. In the end, the US Department A
of Agriculture determined that in the field, the impact of Bt corn on 21
monarch butterflies is negligible. So what is causing the decline in their
population? Probably a combination of factors including deforestation,
parasites, and the reduction of habitats where milkweed can grow.

Application: How genetic engineering is being used today

The most commonly found genetically engineered food crops in the
world today are corn, soybeans, and canola (all three of whose seeds are

used for oil and animal feed).

Some animals and bacteria have alsoee been genetically engineered.
® Transgenic goats are able to produce medication in their milk for

people with haemophilia.

® One strain of E. coli bacteria has had the human insulin gene inserted into it so
that it can make insulin to help treat people with type | diabetes, thus saving

millions of lives.

Cumulative leaf consumption

Time (days)

Figure 3.16 Table of results from
1999 study.

Legend for both graphs a and b:
Light blue = no pollen on milkweed
leaves

Green = traditional corn pollen on
leaves

Blue = Bt corn pollen on leaves

Understanding: transgenic crops have potential benefits and

potential risks.

Model sentence: Like many technologies, genetic engineering has generated
much debate about whether or not it is safe and worthwhile to use.

Transgenic crops - good or bad?

increased yields - farmers can get more food from the
same land

improve nutritional quality, such as inserting genes for
beta carotene (for vitamin A) in GM golden rice

pesticides grown in plants directly so fewer pesticides
need to be sprayed on the crops

some foods could be saved from viral infections by being
genetically engineered, such as the GM papaya

herbicide-resistant crops reduce the need for
mechanized weed removal and therefore reduce fossil
fuel consumption on farms

higher yields increase the problems of overproduction
of crops and excess crop waste, and can drive crop
prices down

unknown health risks to consumers such as possible
allergies

unknown ecological risks of the introduced genes on
other organisms in the environment

pesticide made by Bt corn is consumed not only by pests
but by humans and animals who eat the corn

emergence of resistant strains of pests that adapt to the
new crops
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Subject vocabulary

clone an organism that has
exactly the same genetic make-up
as its parent cell

reproductive cloning the
production of new organisms that
are genetically identical to the
parent organism

therapeutic cloning the process
of making copies of cells

stolons runners from a plant that
produce cloned daughter plants

budding a type of asexual
reproduction where new
individuals develop from
outgrowths of the original
individual

wounding damaging

girdling removal of a strip of
bark from around a branch or
trunk

Understanding: Clones are groups of genetically identical
organisms derived from a single original parent cell.

The definition of a clone is an organism or a group of cells that are genetically
identical to the parent cell they came from.

Cloning occurs when there is no mixing of genes and DNA. In other words, the form
of reproduction must be asexual (no meiosis, no gametes, no fertilization).

A clone’s DNA must come directly from one parent.

This chapter deals with reproductive cloning, which should not be confused
with therapeutic cloning, discussed earlier. Using stem cells to grow new tissue
is considered therapeutic cloning because the objective is not to produce a new
organism, only to make new copies of cells.

Understanding: Many plant species and some animal
species have natural methods of cloning.

Clones are all around us.
® Bacteria clone themselves during binary fission.
® |dentical twins are formed by natural cloning.

® Plants grown from the same plant material such as potato plants grown from
their tubers cut into pieces are a clone. Strawberry plants send out stolons, also
known as runners, which are horizontal projections that have new plants on the
end that can grow into cloned daughter plants.

® Ginger and bamboo spread underground and grow new copies of themselves as
they spread out over an area. The new plants are a clone of the old plant.

® Under certain conditions, hydra (Hydra vulgaris) use budding to make a clone.

Skill: Design of an experiment to assess one factor affecting the rooting
of stem-cuttings

You are expected to be able to design an experiment to assess one factor affecting
the rooting of stem cuttings.

Stem cuttings from plants can become new plants in the right conditions. In the
lab, using a plant that responds well to propagation by stem cutting, set up an
experiment to find out how one of the following can influence how well roots form:

e abiotic factors (light, water, temperature)
type of medium (soil, agar, water)
horticultural techniques such as wounding or girdling

the presence of plant hormones such as auxins.
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Understanding: Animals can be cloned at the embryo stage

by breaking up the embryo into more than one group of
cells.

Model sentence: Cloning has existed in nature since the beginning of life,

whereas human-generated cloning of animals has been done for a century,
most notably with the invention of the laboratory technique called somatic

cell nuclear transfer used to make Dolly the sheep in 1996.

Scientists have been cloning embryos for decades.

It is possible to cut an embryo into smaller parts and grow them into new embryos.

The new embryos, which are all identical to one another, can be placed into the
uterus of the animal that the original embryo came from.

If more than one of the animal embryos survive, they will form identical twins,
triplets or quadruplets, depending on how many embryos were used and how
many are successful.

Understanding: Methods have been developed for cloning

adult animals using differentiated cells.

Here's how Dolly the sheep was made in 1996 using somatic cell nuclear transfer:

® A somatic cell (non-gamete cell) from the udder of the original donor sheep
to be cloned was collected and cultured. The nucleus was removed from
the cultured cell.

® An unfertilized oocyte was collected from another sheep and its
nucleus was removed.

® Using an electrical current, the egg cell and the nucleus from the cultured

somatic cell were fused together. This sets the cell cycle back to Gy (see page 22).

® The new cell developed in vitro in a similar way to a zygote, and started to
form an embryo.

® The embryo was placed in the womb of a surrogate mother sheep.
® The embryo developed normally.
Dolly was born, and was presented to the world as a clone of the original

donor sheep. One thing set her apart from her genetic mother: only the nuclear

genome was copied, not the mitochondrial DNA. The mitochondrial DNA in
Dolly’s cells came from the surrogate mother.

Subject vocabulary

somatic cell nuclear transfer a
process used in cloning where
the nucleus from a non-sex cell
is put into a sex cell that has had
its nucleus removed and is then
cultured to produce a zygote

uterus muscular organ of females
where the embryo develops

oocyte the large cell that is the
female’s gamete

surrogate a substitute

General vocabulary

udder milk-producing structures
of many mammals
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4 Ecology

discrepancies . differences/
inconsistencies

Subject vocabulary _

autotrophic organisms capable
of producing their own food

fertile capable of reproducing

species a group of organisms
which are structurally similar and
able to pass their genetic traits on
to their offspring

interbreed mate to produce
fertile offspring

morphology the structure and
shape of an organism

phylogeny family tree showing
evolutionary relationships of
species

asexually reproduction without
fertilization and the fusion of
gametes

hybrid something that has the
properties of two things

infertile not capable of
reproducing

populations a group of
interbreeding members of a
species living at the same time in
the same place

synthesize a chemical reaction
(or series of reactions) leading
to the formation of a molecular
substance

inorganic substances that do
not contain carbon and are not
produced by a living organism

General vocabulary

mosses small plants with no
roots or water conducting vessels,
often seen growing on rocks and
tree trunks

4.1 Species, communities, and ecosystems

Main idea
The continued survival of living organisms including humans depends
on sustainable communities.

Nature of science: Looking for patterns, trends, and discrepancies - plants and
algae are mostly autotrophic but some are not.

Understanding: Species are groups of organisms that can
potentially interbreed to produce fertile offspring.

Definition of species: a group of organisms that can interbreed and produce
fertile offspring.

Species is the basic unit used to classify organisms. Members of a species are
distinct from all other species, they have similar morphology and they share a
common phylogeny (family tree).

As an example, there is only one species of humans currently living on
Earth: Homo sapiens.

Challenges to the definition: what about bacteria or other organisms that reproduce
asexually? In this case, morphology and phylogeny are used. What about hybrids
such as mules (when a horse and a donkey mate) or a liger (when a lion and a tiger
mate)? Since these organisms are infertile, no new species has been produced.

Understanding: Members of a species may be
reproductively isolated in separate populations.

Through natural circumstances or through the intervention of humans, populations
can sometimes be separated and therefore cannot interbreed anymore.

For example, a volcanic eruption might produce a lava flow or mud flow that could
cut through a forest, separating a population of snails that once interbred. The
construction of a major railway or a canal through the countryside could cut in two
a population of mosses that can no longer interbreed.

Understanding: Species have either an autotrophic or
heterotrophic method of nutrition (a few species have both
methods).

Model sentence: Heterotrophs are organisms that cannot make their own
food, whereas autotrophs are capable of synthesizing their food from
sources of energy such as sunlight.

Autotrophs are capable of making their own food from inorganic substances. For
example, photosynthetic organisms such as cyanobacteria, algae, or plants are capable
of making sugar from carbon dioxide and water by using the energy from sunlight.
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Heterotrophs are organisms that need to get their food from the environment; they
cannot make their own food. They need to consume organic molecules that have
been made by other organisms. For example, a dolphin needs to eat fish, alpaca
need to eat grass, and bees need to eat nectar.

A very small number of organisms can be considered both autotrophs and
heterotrophs. For example, Euglena feed on microscopic aquatic organisms but they
also contain chlorophyll and can photosynthesize as well.

Understanding: Consumers are heterotrophs that feed on
living organisms by ingestion.
@ Organisms that eat other organisms are called consumers.

@ Consumers that eat plant material are considered herbivores.
® Consumers that eat plant and animal material are considered omnivores.

Understanding: Detritivores are heterotrophs that obtain
organic nutrients from detritus by internal digestion.

An organism that feeds on dead organic material is called a detritivore. For
example, the organisms that transform dead leaves into soil, such as earthworms
and soil mites, are detritivores.

These organisms play a vital role in the recycling of nutrients within an ecosystem.
Without them, the return of valuable molecules to the soil would stop and the
growth of plants and trees would be impossible.

Understanding: Saprotrophs are heterotrophs that obtain
organic nutrients from dead organisms by external digestion.

Instead of eating food and digesting it internally, some organisms use external digestion.

How do they do this? They secrete digestive enzymes onto the dead organic
material they consume and then absorb the digested nutrients.

Organisms that do this are called saprotrophs. For example, mushrooms on the
forest floor can secrete enzymes onto dead wood and then absorb the nutrients
that are released from the wood.

Organisms such as detritivores and saprotrophs are considered decomposers, since
they play a vital role in the decomposition of dead organisms.

Skill: Classifying species by their mode of nutrition
You should be able to classify species using knowledge of their mode of nutrition.

What am I? Indicate ‘autotroph’, ‘consumer’, ‘detritivore’, or ‘saprotroph’ for each of
the descriptions of species.

1 I move around the ocean floor looking for dead organisms to eat.
2 |sitin the sun and make food using my chlorophyll.
3 |swim in rivers hunting for small fish to catch and eat.

4 | secrete digestive juices onto dead organisms, then | absorb the nutrients that
are released. '

ydoyoides 4 Jawnsuod ¢ ‘ydosioine g ‘9I0AIIIISP | SIOMSUY

Subject vocabulary

heterotroph an organism not
capable of producing its own
food, requiring preformed organic
compounds from other sources

photosynthesize convert light
energy into chemical energy

ingestion the taking of food/
substances into the body

consumer an animal that eats
plants or other animals

herbivore an animal that only
eats plants

omnivore an organism that eats
plants and animals

detritivore an organism that eats
non-living organic waste matter

saprotroph an organism which
uses detritus as its energy and
nutrient source

decomposer an organism that
feeds on and breaks down waste
organic material

chlorophyll main pigment
involved in the process of
photosynthesis, absorbs light

energy

secrete .......... produce/release
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Subject vocabulary

community all of the living
organisms in an ecosystem

intertidal zone between the low
and high tide water mark

quadrat an area of land marked
off in order to count or study the
organisms within

random sampling selecting
study areas chosen by chance
rather than a particular pattern |

chi-squared test a statistical
test to determine if two factors
show independence or to show
if expected values differ from
observed values by chance or not

frequency how often an event
happens in a fixed time

null hypothesis a default
statement in statistics saying that
two things are independent of
each other or that there are no
differences between them; the
null hypothesis is challenged then
rejected or not rejected

degrees of freedom the number
of values in the chi-squared
calculation that can vary

contingency table a reference
table used to check whether a
chi-squared value is significantly
different from the expected value

critical value in statistical tests,
a number used to determine if
the null hypothesis is rejected
given a certain level of statistical
significance

General vocabulary

incubate keep eggs warm until I""[
the young hatch

Understanding: A community is formed by populations
of different species living together and interacting with
each other.

Sometimes biologists are interested in studying a group of populations. Such a study
would be at the community level rather than the individual or population level.
Examples include a soil community, an intertidal community, or the community of
microorganisms living in your large intestine.

Within a community, organisms depend on each other. For example, many
insects depend on trees for their habitat, vampire bats depend on warm-blooded
mammals for food, and cowbirds never raise their own chicks - they depend on
other species of birds to incubate their eggs and to feed and raise their young

Skill: Testing for association between two species using the chi-squared test
with data obtained by quadrat sampling

You should be familiar with the idea of sampling an ecosystem using a quadrat and
random sampling. One question that might come up when studying an ecosystem
is ‘Is the presence of these two species together determined solely by chance? In
other words, is the fact that two species, such as a species of fern and another of
moss, are often found together just a coincidence or is there something other than
chance bringing them together?

A statistical test called the chi-squared test (?) can be used to determine
connections between frequencies. Chi is a Greek letter and it is pronounced like
‘sky’ without the s.

You are expected to be able to do the following:

e State the null hypothesis (Hy) in the given situation. The general null hypothesis
is ‘there is no statistically significant difference between the frequencies - they
are determined by chance’ and should be modified to the specific situation.

® Determine the number of degrees of freedom in this calculation. This is done
by setting up a contingency table of expected and observed values as shown:

Observed values Expected values

first category of data

second category of data

Then take the number of categories minus 1. In this case, with two categories, the
number of degrees of freedom is 1.

® Determine the critical value in order to obtain a 95% certainty that there is a
statistically significant difference between these two sets of numbers. This is
done by looking up the value in a table (critical value tables for the chi-squared
test can be found online or in textbooks).

® Calculate the chi-squared value for these data. The general formula is below
where O represents the observed values and E is for the expected values.
O-Ep
= 2( _ )
® |Interpret the value calculated. Does it mean we can reject the null hypothesis or
not? (See Skill below.)

Skill: Recognizing and interpreting statistical significance

If the chi-squared value is larger than the critical value, the null hypothesis is
rejected. This means that the distributions in the frequencies are not due to chance.
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It means that there is a statistically significant difference in the distribution of the
populations. The calculation does not say what the reason is for this. It simply lets P ————

. . . . B B statistically significant said O
the investigator know with some certainty that something other than chance is statistical tests, it means that the

influencing the data. null hypothesis can be rejected
(or not) with a certain degree of
confidence, usually 95%

Subject vocabulary

Understanding: A community forms an ecosystem by its abiotic pertains to non-living
interactions with the abiotic environment. Autotrophs s s e e
obtain inorganic nutrients from the abiotic environment. non-living components of the

. . . . . - phytoplankton aquatic
Model sentence: A group of populations interacting with each other is Sl e G e

a community but once their non-living environment is considered, it usually microscopic
Is an ecosystem. nutrient cycling the movement
of nutrients through the

The term ecosystem refers to a community plus its abiotic (non-living) environment. ecosystem

In a marine ecosystem such as a coral reef, the temperature, salinity, and pH I General vocabulary

of the water are going to have an impact on the communities living there. It is =
. . . . salinity amount of salta
important that phytoplankton have access to dissolved minerals in the water so SISSATER CoREiE

that they can grow. shrubs bushes

On land, rainfall, air temperature, and soil chemistry will also impact the

communities present. The water and inorganic substances present in an ecosystem '

influence the types of organisms that live there. " decomposed .. decayed

In the savannah, shrubs absorb inorganic materials such as nitrogen from the soil.
If the quantity of nitrogen available in the soil becomes too low, plants will not
be able to grow.

When plants stop growing, the organisms that rely on the plants suffer as well. It
is vital for there to be organisms in the soil capable of transforming nitrogen gas
from the air into usable nitrogen-rich compounds. One example of this is some
types of bacteria that live in the soil or in compartments of the roots of certain
plants and that transform N, into nitrates that plants can absorb (see Figure
14.11 on page 321).

Understanding: The supply of inorganic nutrients is
maintained by nutrient cycling.

If plants, phytoplankton, and consumers are constantly taking in the inorganic
substances from their environment, why is it that these materials never run out?

The answer is nutrient cycling, something ecosystems have been doing
for a long time.

Nutrient cycling means that any inorga