Eukaryotic cells

Animal and plant cells are eukaryotic. They have genetic material (DNA) that forms
chromosomes and is contained in a nucleus.

cell membrane: Plant cell
controls the movement
of substances in and

out of a cell

Animal cell

permanent vacuole:
contains cell sap

chloroplasts:

contain chlorophyll
to absorb light energy
for photosynthesis

nucleus: contains DNA

mitochondria: where
energy is released
through respiration

cell wall:

made of cellulose,
which strengthens
the cell

ribosomes: site of
protein synthesis

cytoplasm: jelly-like
substance, where
chemical reactions
happen

Prokaryotic cells

Bacteria have the following characteristics:
e single-celled
e no nucleus - have a single loop of DNA

® have small rings of DNA called plasmids

e smaller than eukaryotic cells.

cell
membrane

flagellum

cell wall

cytoplasm

bacterial DNA
loop (no nucleus)

plasmid DNA
rings — bacteria
may have more
than one of these
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Microscopes

Light microscope Electron microscope

uses light to form images uses a beam of electrons to form images

living samples can be viewed samples cannot be living

relatively cheap expensive

low magnification high magnification

low resolution high resolution

Electron microscopes allow you to see sub-cellular structures, such as
ribosomes, that are too small to be seen with a light microscope.

@ To calculate the magnification of an image:

. image size
magnification = ———
actual size
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Specialised cells

Cells in animals and plants differentiate to form different types of cells. Most animal cells

differentiate at an early stage of development, whereas a plant’s cells differentiate throughout

its lifetime.
Specialised cell Function Adaptations
m oA fertilise an o tail to swim to the ovum and fertilise it
6@6\” ce

. - ovurm (egg) e lots of mitochondria to release energy from

L _,/’/ respiration, enabling the sperm to swim to the ovum
transport e 1o nucleus so more room to carry oxygen
oxygenaround | o contains a red pigment called haemoglobin that binds
the body to oxygen molecules

e flat bi-concave disc shape to increase surface area-
to- volume ratio

contract and e contains protein fibres, which can contract to make
relax to allow the cells shorter

movement e contains lots of mitochondria to release energy from

respiration, allowing the muscles to contract

carry electrical | e branched endings, called dendrites, to make

rve cell . , .
ne impulses connections with other neurones or effectors
around the o myelin sheath insulates the axon to increase the

body transmission speed of the electrical impulses

absorb mineral | e long projection speeds up the absorption of water and
ions and water mineral ions by increasing the surface area of the cell

from the eoil e lots of mitochondria to release energy for the active
transport of mineral ions from the soil

enable e lots of chloroplasts containing chlorophyll to absorb

photosynthesis light energy

in the leaf e located at the top surface of the leaf where it can

absorb the most light energy
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Comparing diffusion, osmosis, and active transport

The spreading out of particles, resulting in a net
movement from an area of higher concentration to an

area of lower concentration.

The diffusion of water from a
dilute solution to a concentrated
solution through a partially

The movement of particles from a more
dilute solution to a more concentrated
solution using energy from respiration.

Definition Factors which affect the rate of diffusion: differencein ~ Permeable membrane.
concentration, temperature, and surface area of the
membrane.
Particles move down the concentration gradient - Water moves from an area of lower  particles move against the concentration
Moverr_nent from an area of high concentration to an area of low solute concentration to anareaof  gradijent - from an area of low concentration
of particles ., cntration. higher solute concentration. to an area of high concentration.
Energy no - passive process no - passive process yes — energy released by respiration
required?
Humans Plants Humans
e Nutrients in the small intestine diffuse into the e Water moves by osmosis from e Active transport allows sugar molecules
capillaries through the villi. a dilute solution in the soil to to be absorbed from the small intestine
o Oxygen diffuses from the air in the alveoli into the a concentrated solution in the when the sugar concentration is higher in
blood in the capillaries. Carbon dioxide diffuses from root hair cell. the blood than in the small intestine.
the bloF)d in the caplllarl.es into the airin the alvz?oll. Plants
* Urea diffuses from cells into the blood for excretion « Active transport is used to absorb mineral
in the kidney. ions into the root hair cells from more
Fish dilute solutions in the soil.
Examples

* Oxygen from water passing over the gills diffuses

into the blood in the gill filaments.

» Carbon dioxide diffuses from the blood in the gill

filaments into the water.

Plants

e Carbon dioxide used for photosynthesis diffuses into

leaves through the stomata.

e Oxygen produced during photosynthesis diffuses out
of the leaves through the stomata.

)

cellmembrane cellwall  chloroplast  chromosome
concentration  cytoplasm dilute DNA  eukaryotic
gill filaments  gradient  magnification  mitochondria

nucleus  partially permeable membrane  passive process
permanentvacuole  plasmid  prokaryotic  resolution
\_ ribosome  root haircell stomata )




Chapter 1: Cell biology and transport

Retrieval questions

Learn the answers to the questions below then cover the answers column
with a piece of paper and write as many as you can. Check and repeat.

B1 questions Answers o
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What are two types of eukaryotic cell?

What type of cell are bacteria?

Where is DNA found in animal and plant cells?
What is the function of the cell membrane?
What is the function of mitochondria?

What is the function of chloroplasts?

What is the function of ribosomes?

What is the function of the cell wall?

What is the structure of the main genetic material in
a prokaryotic cell?

How are electron microscopes different to light
microscopes?

What is the function of a red blood cell?
Give three adaptations of a red blood cell.
What is the function of a nerve cell?

Give two adaptations of a nerve cell.
What is the function of a sperm cell?

Give two adaptations of a sperm cell.
What is the function of a palisade cell?
Give two adaptations of a palisade cell.
What is the function of a root hair cell?

Give two adaptations of a root hair cell.
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animal and plant
prokaryotic

in the nucleus

controls movement of substances in and out of
the cell

site of respiration to transfer energy for the cell

contain chlorophyll to absorb light energy for
photosynthesis

enable production of proteins (protein synthesis)
strengthens and supports the cell

single loop of DNA

electron microscopes use beams of electrons instead
of light, cannot be used to view living samples, are
much more expensive, and have a much higher
magnification and resolution

carries oxygen around the body

no nucleus, contains a red pigment called
haemoglobin, and has a bi-concave disc shape

carries electrical impulses around the body
branched endings, myelin sheath insulates the axon
fertilises an ovum (egg)

tail, contains lots of mitochondria

carries out photosynthesis in a leaf

lots of chloroplasts, located at the top surface of
the leaf

absorbs minerals and water from the soil

long projection, lots of mitochondria

22
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What is diffusion?

Name three factors that affect the rate of diffusion.

How are villi adapted for exchanging substances?

How are the lungs adapted for efficient
gas exchange?

How are fish gills adapted for efficient
gas exchange?

What is osmosis?

Give one example of osmosis in a plant.

What is active transport?

Why is active transport needed in plant roots?

What is the purpose of active transport in the small
intestine?

‘oY adedng  aseyiadeding  eimysededing  eieyiadedind  elyJededand  eseytadeding
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net movement of particles from an area of high
concentration to an area of low concentration along a
concentration gradient - this is a passive process (does
not require energy from respiration)

concentration gradient, temperature, membrane
surface area

¢ long and thin - increases surface area
e one-cell-thick membrane - short diffusion pathway

e good blood supply - maintains a steep concentration
gradient

e alveoli - large surface area
* moist membranes - increases rate of diffusion
e one-cell-thick membranes - short diffusion pathway

e good blood supply - maintains a steep concentration
gradient

¢ large surface area for gases to diffuse across

e thin layer of cells - short diffusion pathway

e good blood supply - maintains a steep concentration
gradient

diffusion of water from a dilute solution to a
concentrated solution through a partially permeable
membrane

water moves from the soil into the root hair cell

movement of particles against a concentration
gradient - from a dilute solution to a more
concentrated solution - using energy from respiration

concentration of mineral ions in the soil is lower than
inside the root hair cells - the mineral ions must move
against the concentration gradient to enter the root
hair cells

sugars can be absorbed when the concentration of sugar
in the small intestine is lower than the concentration of
sugar in the blood



The nucleus of a cell contains
chromosomes.

Each chromosome carries a
large number of genes made
of DNA molecules.

chromosome

genex each chromosome
carries a large

number of genes

in normal body cells
the chromosomes are
normally found in
pairs

chromosomes are made
of DNA molecules
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The cell cycle

Body cells divide to form two identical daughter cells by going through a series of
stages known as the cell cycle.

Cell division by mitosis is important for the growth and repair of cells, for example, the
replacement of skin cells. Mitosis is also used for asexual reproduction.

There are three main stages in the cell cycle:

stage 1

ecell grows bigger eincrease in number of

*DNA replicates sub-cellular structures, P
(chromosomes are such as ribosomes 4 }"’
duplicated) and mitochondria "’4

stage 2 (mitosis)
ea complete set of chromosomes
is pulled to each end of the cell
ethe nucleus divides to form
two nuclei

stage 3
cytoplasm and cell membrane
divide to form two identical
daughter cells

~ stemcellsinmedicine
L[]
.
. Astem cell is an undifferentiated cell that can develop into one or more types of specialised cell.
L]
. There are two types of stem cell in mammals: adult stem cells and embryonic stem cells.
s Stem cells can be cloned to produce large numbers of identical cells.
L]
. Type of Where are What can the
N P . ., Y Advantages Disadvantages
the nucleus of a cell N stemcell | theyfound? | differentiateinto?
contains chromosomes : canonly o fewer ethical issues — adults can
. specific differentiate consent to have their stem cells requires a donor, potentially
\ . parts of to form certain removed and used meaning a long wait time to find
: adult stem | TNEPOdyin | typesofcells—for | e analready established technique | someone suitable
\ S cells adults and example, stem cells for treating diseases such as can only differentiate into
) . children —for | in bone marrow can leukaemia certain types of 5P60i3|i56d
Hucleus . example, only differentiate o relatively safe to use as a cells, so can be used to treat
. bone marrow | into types of blood treatment and donors recover fewer diseases
: cell quickly
: hical i h i
. « cantreat a wide range of ethical issues as the 6mbryq is
. early human , destroyed and each embryois a
N can differentiate diseases as can form any A A
. embryos ' Slised cell potential human life
. into any type of specialised ce . S
N , (often taken S . risk of transferring viral
N embryonic specialised cell e may be possible to grow whole . , )
N fromspare | infections to the patient
o stem cells embryos in the body - for replacement organs I [
o hewer treatment so relative
: from fertility example, anerve cell | o ysually no donor needed as Y
N o or a muscle cell h btained £ under-researched - not yet
: clinics) they are obtained from spare lear if th
. embryos from fertility clinics ciear It they can cure as many
N diseases as thought
. e rare species of plants can be
o cloned to prevent extinction
meristem ndi ntiat
er.ﬂl e’ .ca differentiate e plants with desirable traits, cloned plants are genetically
regions in into all cell types . ) ) . ;
plant such as disease resistance, identical, so a whole crop is at
\ the roots - they can be used . .
meristem can be cloned to produce large risk of being destroyed by a
and shoots | to create clones of , , , : ,
numbers of identical plants single disease or genetic defect
of plants whole plants
e fast and low-cost production of
large numbers of plants

Cell division in bacteria is called binary fission. In optimum
temperature and nutrients, bacteria can multiply as often
as every 20 minutes. In a lab, bacteria can be grown in
sterile conditions on an agar gel plate or in a nutrient broth.

The lid of the petri dish must be sealed but not all the
way so that oxygen can still get in. This is so that harmful
bacteria that do not need oxygen aren’t able to grow.
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Therapeutic cloning

In therapeutic cloning

cells from a patient’s own body are used to create a cloned early embryo of themselves
stem cells from this embryo can be used for medical treatments and growing
new organs

these stem cells have the same genes as the patient, so are less likely to be rejected
when transplanted.

3

adult stem cell binary fission cell cycle
chromosome clone daughter cells embryonic stem cell
gene meristem mitosis nucleus therapeutic cloning




Learn the answers to the questions below, then cover the answers column with
a piece of paper and write as many as you can. Check and repeat.

Bz queStlonS : Answe IS @ What happens during the first stage of the cell cycle?

undifferentiated cell that can differentiate into one or
more specialised cell types
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What is a stem cell?

What are adult stem cells?
Where can adult stem cells be found?

What are embryonic stem cells?

Where are embryonic stem cells found?

What is therapeutic cloning?

Give one advantage of using therapeutic cloning.

Give one advantage of using adult stem cells.

Give two disadvantages of using adult stem cells.

Give two advantages of using embryonic stem cells.

Give two disadvantages of using embryonic stem cells.

What are plant meristems?

Give two advantages of using plant meristems to clone
plants. :

Give one disadvantage of using plant meristems to
clone plants.

What is cell division by mitosis?

What is the purpose of mitosis?

aJay Jaded Ind aJiay Jaded Ind aJ1ay Jaded Ind aJay Jaded nd aJay Jaded nd aJiay Jaded Ind
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stem cells from adults that can only differentiate into
certain specialised cells

bone marrow

stem cells from embryos that can differentiate into any
specialised cell

early human embryos (usually from spare embryos from
fertility clinics)

patient’s cells are used to create an early embryo clone
of themselves - stem cells from the embryo can then be
used to treat the patient’s medical conditions

stem cells from the embryo are not rejected when
transplanted because they have the same genes as the
patient

fewer ethical issues as obtained from adults who can
consent to their use

can take a long time for a suitable donor to be found

« can only differentiate into some specialised cell types,
so treat fewer diseases

« can differentiate into any specialised cell, so can be
used to treat many diseases

« easier to obtain as they are found in spare embryos
from fertility clinics

« ethicalissues surrounding their use, as every embryo
is a potential life

« potential risks involved with treatments, such as
transfer of viral infections

area where rapid cell division occurs in the tips of roots
and shoots

+ rare species can be cloned to protect them from
extinction

+ plants with special features (e.g., disease resistance)
can be cloned to produce many copies

no genetic variation, so, for example, an entire cloned
crop could be destroyed by a disease

body cells divide to form two identical daughter cells

growth and repair of cells, asexual reproduction

@ What happens during mitosis?

@ What happens during the third stage of the cell cycle?

@ What is the term for cell division in bacteria?

‘ol adeding

Vol ededing

cell grows bigger, chromosomes duplicate, number
of subcellular structures (e.g., ribosomes and
mitochondria) increases

one set of chromosomes is pulled to each end of the cell
and the nucleus divides

the cytoplasm and cell membrane divide, forming two
identical daughter cells

Binary fission



There are five levels of organisation in living

organisms:

organs

organ systems

organisms

basic building blocks

groups of cells that
have similar structures
and functions

groups of tissues working
together to perform a
specific function

Digestive system

pancreas
makes enzymes:
amylase, lipase,
and protease

mouth
where food is chewed

salivary glands

liver _ make saliva containing
makes bile the enzyme amylase
gall bladder

stores bile — bile is
alkaline to neutralise
hydrochloric acid
from the stomach,
and emulsifies fat to
form small droplets
with a large surface

oesophagus
carries food to
the stomach

stomach

-

groups of organs
working together

organ systems work
together, forming an
organism

area

small intestine
where digested
food is absorbed
into the blood

large intestine
where water and
minerals are absorbed
into the blood

e churns food

e releases protease —
digests proteins

e releases hydrochloric

acid — kills pathogens

rectum
stores faeces

anus
expels faeces

N
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Digestive enzymes

Digestive enzymes convert food into small, soluble molecules that can then be absorbed into the
bloodstream. For example, carbohydrases break down carbohydrates into simple sugars.

amylase

salivary glands
pancreas

small intestine

starch — glucose

proteases

stomach
pancreas

small intestine

proteins — amino acids

lipases

pancreas

small intestine

lipids = fatty acids and glycerol
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Theeffectof pH onenaymes. Th efectof temperatureonenzymes |11

Enzymes are large
proteins that catalyse
(speed up) reactions.
Enzymes are not changed
in the reactions they
catalyse.

Lock and key
theory

This is a simple model of
how enzymes work:

1 The enzyme’s active
site (where the
reaction occurs) is a
specific shape.

enzyme <—<:| substrate
< substrate fits
into enzyme
enzvme > products
y ‘ released

2 The enzyme (the lock) will only catalyse a specific reaction
because the substrate (the key) fits into its active site.

3 Atthe active site, enzymes can break molecules down into
smaller ones or bind small molecules together to form
larger ones.

4 When the products have been released, the enzyme’s active

site can accept another substrate molecule.
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Different enzymes have different optimum
pH values.

This allows enzymes to be adapted to work
well in environments with different pH
values. For example, parts of the digestive
system greatly differ in pH.

4 protease amylase
in stomach acid in neutral saliva
c
K=l
8 5 5
- g g
o
@ £ E
® a a
= o o
T + T T T + —r—T1— PH
012 3 456 7 8 910

active site

as the temperature increases,
the rate of reaction increases
because enzyme and

substrate molecules move
around faster and collide
more frequently

rate of reaction

optimum temperature —
this is when the reaction
works as fast as possible

the enzyme is
denatured and
stops working

0 10 20 30 40 50 60
temperature (°C)

amylase

catalyse denatured

pH protease

substrate

enzyme

lipase
temper'ature

optimum
tissue

At extremes of pH or at very high temperatures,
the shape of an enzyme’s active site can change.

enzyme

the shape of the enzyme’s
‘ active site is changed by
heat or extreme pH

Nl

substrate no longer
fits into active site

The substrate can no longer bind to the active
site, so the enzyme cannot catalyse the reaction
- the enzyme has been denatured.

organ organ system




Chapter 3: Organisation and

digestive system
Retrieval questions

Learn the answers to the questions below then cover the answers column
with a piece of paper and write as many as you can. Check and repeat.
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B3 questions

Name the five levels of organisation.

What is a tissue?

What is an organ?

What is the function of the liver in digestion?

What is the function of saliva in digestion?

Name three enzymes produced in the pancreas.

What are enzymes?

Why are enzymes described as specific?

Describe the function of amylase.
Where is amylase produced?
Describe the function of proteases.
Where are proteases produced?
Describe the function of lipases.

Where are lipases produced?

What are two factors that affect the rate of activity

of an enzyme?

What does denatured mean?

Describe the effect of temperature on enzyme
activity.

Describe the effect of pH on enzyme activity.

Why do different digestive enzymes have different

optimum pHs?

What is an organ system?

‘aieyadedng  emytededing  smyladedang  eisyededind  elmylededing | ewsylededing sy iadeding |
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Answers

cells — tissues = organs — organ systems — organisms

group of cells with similar structures and functions
group of tissues working together to perform a specific
function

produces bile, which neutralises hydrochloric acid from
the stomach and emulsifies fat to form small droplets
with a large surface area

lubrication to help swallowing - contains amylase to
break down starch

amylase, protease, lipase
protein molecules that catalyse specific reactions in
organisms

each enzyme only catalyses a specific reaction, because
the active site only fits together with certain substrates
(like a lock and key)

to break down starch into glucose

salivary glands, pancreas, and small intestine

to break down proteins into amino acids
stomach, pancreas, and small intestine

to break down lipids into fatty acids and glycerol

pancreas and small intestine

temperature and pH

shape of an enzyme’s active site is changed by high
temperatures or an extreme pH, so it can no longer bind
with the substrate

as temperature increases, rate of reaction increases
until it reaches the optimum for enzyme activity -
above this temperature enzyme activity decreases and
eventually stops

different enzymes have a different optimum pH at which
their activity is greatest — a pH much lower or higher
than this enzyme activity decreases and stops

different parts of the digestive system have very
different pHs - the stomach is strongly acidic, and the
pH in the small intestine is close to neutral

a group of organs working together to perform a
specific function



The heart Double circulatory system

The heart is the organ that pumps blood around your body. It is The human circulatory system is described as Coronary heart disease is caused by a build up of fatty material in the coronary
made from cardiac muscle tissue, which is supplied with oxygen a double circulatory system because blood arteries, making them narrow, and reducing blood flow. Stents can be used to Stent and balloon in place
by the coronary artery. passes through the heart twice for every circuit help keep the coronary arteries open.
around the body: . . . e
pulmonary artery aorta . y. Patients with heart failure often have to use artificial hearts before a donor Fatty deposits
takes deoxygenated carries oxygenated * theright ventricle pumps blood to the lungs heart becomes available for a heart transplant. narrow artery
blood to the lungs blood around the body where gas exchange takes place _
. . People with faulty heart valves may feel symptoms of breathlessness as valves
pulmonary vein e the left ventricle pumps blood around the q full Kino the h l fici h b laced with
vena cava brings oxygenated rest of the body. ° not‘ ully open, ma mg.t e heart less e |<E|ent. ese can be replace .Wlt
brings blood from the + biological valves (from animals), or mechanical valves (made from titanium and
deoxygenated lungs Balloon inflated
bIoogginto the . pulmonary polymers). || to open stent
heart left atrium vein and artery
pulmonary
) / arter
right atrium left ventricle y
. . pumps blood
right ventricle
pumps blood to around the body
the lungs SA
SSK
Heart rate is controlled by a group of cells in the right atrium that Stent holds 5
generate electrical impulses, acting as a pacemaker. artery open 25 K
Artificial pacemakers can be used to control irregular heartbeats. ©

e red blood cells - bind to oxygen and transport it around the body

e plasma - transports substances and blood cells around the body

» platelets - form blood clots to create barriers to infections

* white blood cells - part of the immune system to defend the body against pathogens

When breathing in, air moves deoxygenated blood in
1 intothe body th h th %
into the body through the oxygenated X
mouth and nose blood out bronchiole
2 down the trachea branch of
® thick, muscular, and elastic walls Thick small lumen 3 into the bronchi trachea I pulmonary
. ranch o artery
I ;
artery carries blood away fromthe heart | e the walls can stretch and wa Shick layer of rusdle 4 through the bronchioles bronchi pulmonary
(high pressure) withstand high pressure and elastic fibres ) o
o omalllumen 5 into the alveoli (air sacs).
® havevalves to 5-top blood ﬁOWmQ el large lumen OXygen then d|ﬁ:use$ into the alveoli
relativel 1
. carries blood tothe heart the wrong way et S blood in the network of
vein (low pressure) o thinwalls o capillaries over the surface
o large lumen of the alveoli.
network of
* orne cell thick — short diffusion capillaries over
. ) distance for substances to move wallone tiny vessel the surface of
[ ) .
carries blood to tissues between the blood and Lissues cell thick with narrow the alveoli
capillary and cells } lumen
(e.g., oxygen into cells and carbon
® connects arteries and veins dioxide out)
® very narrow lumen
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alveoli  aorta  artery  atrium  bronchi  bronchiole  capillary  cardiac

coronary  doublecirculatory system  plasma  platelet  pulmonary  valve
vein  venacava ventricle




Leaves are organs because they contain many tissues that work together to perform photosynthesis.

waxy cuticle
makes the leaf waterproof

L upper epidermis
e single layer of cells
e protects against water loss
e transparent to allow light to
pass through

I palisade mesophyll
e tightly packed cells
e |ots of chloroplasts to absorb
light for photosynthesis

mesophyll -

- spongy mesophyll
e spherical cells
e |ots of air spaces to allow
gases to diffuse quickly

e |arge surface area-to-volume
_1 ratio to increase gas exchange

—lower epidermis

air space
stomata
tiny openings on the lower surface of the leaf
that allow gases to move into and out of the leaf

3

Stomata are tiny openings in the undersides of leaves - this placement reduces water loss through evaporation.

guard cells
control the opening and
closing of the stomata

They control gas exchange and water loss from leaves by:
¢ allowing diffusion of carbon dioxide into the plant for photosynthesis
¢ allowing diffusion of oxygen out of the plant.

Guard cells are used to open and close the stomata.

When a plant has plenty of water, the guard cells become turgid. The cell wall on
the inner surface is very thick, so it cannot stretch as much as the outer surface. So
as the guard cells swell up, they curve away from each other, opening the stoma.

closed

L’\/

open

flaccid O Q turgid thick
uard cell guard cell Ic

g O Q cell wall

stoma @ @ stoma

closed O open thin

cell wall

(6)

e

ye
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Transpiration [l Translocation
Water is lost through the stomata by ¢ The movement of dissolved sugars from the
o evaporation. This pulls water up from the roots . leaves to the rest of the plant through the
C\Q“o through the xylem and is called transpiration. . phloem.
0¢° The constant movement of water up the plantis -
called the transpiration stream. :
e provides water to cells to keep them turgid . * movesdissolved sugars made in the leaves
‘,@(\Ce e provides water to cells for photosynthesis s during photosynthesis to other parts of the
\((\Qo * transports mineral ions to leaves . plant
¢ e thisallows for respiration, growth, and
. glucose storage
one-way 5 ® 4 : ‘ c
t t onl ° °
ransport only .{ O : . ° water and
water and . ° dissolved sugars
L] ° ®
minerals \[{\ S : t .
N cells have end
made of dead ° ° . ° N walls with small
cells, joined t M 't holes to allow
A together with . . . ® substances to
‘a\‘\ﬁe no end walls . . ‘ . flow through
Qe(;\ g \)er, between them . N
S S :
“ L] : -.
thick walls . o ° substances
stiffened o : o transported in
with lignin t N = both directions
xylem vessel E phloem vessel

temperature higher temperatures increase the rate of water evaporates faster in higher temperatures
transpiration
humidity lower humidity increases the rate of the drier the air, the steeper the concentration

transpiration gradient of water molecules between the air and leaf

wind speed more wind increases the rate of transpiration | wind removes the water vapour quickly, maintaining

a steeper concentration gradient

light intensity | higher light intensity increases the rate of

transpiration

stomata open wider to let more carbon dioxide into
the leaf for photosynthesis

stomata translocation

photosynthesis

guardcells  transpiration

light intensity = temperature  humidity = wind speed  phloem  xylem




Chapter 4: Organising animals and plants

Retrieval questions

Learn the answers to the questions below then cover the answers column
with a piece of paper and write as many as you can. Check and repeat.

B4 questions Answers

[ 1
(2]

©
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Name the four main components of blood.

What is the function of platelets?

Why is the human circulatory system a double
circulatory system?

How does the structure of an artery relate to its
function?

How does the structure of a vein relate to
its function?

How does the structure of a capillary relate to its
function?

List the structures air passes through when
breathing in.

What is the function of the red blood cells?
What is the function of the white blood cells?
What is the function of the plasma?

Why is a leaf an organ?

How is the upper epidermis adapted for its
function?

How is the palisade mesophyll adapted for its
function?

How is the spongy mesophyll adapted for
its function?

What is the function of the guard cells?

What is the function of the xylem?

Give three adaptations of the xylem.

aiyiededing  eisyiadeding  ameylededind  eisysededind  sieyisdeding  eisysadedind  aseytsdeding
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red blood cells, white blood cells, plasma, platelets

form blood clots - prevent the loss of blood and stop
wounds becoming infected

blood passes through the heart twice for every circuit
around the body - deoxygenated blood is pumped
from the right side of the heart to the lungs, and the
oxygenated blood that returns is pumped from the left
side of the heart to the body

carries blood away from the heart under high pressure -
has a small lumen and thick, elasticated walls that can
stretch

carries blood back to the heart at low pressure ~doesn’t
need thick, elasticated walls, but has valves to prevent
blood flowing the wrong way

carries blood to cells and tissues - has a one-cell-thick
wall to provide a short diffusion distance

mouth/nose = trachea — bronchi = bronchioles =
alveoli

Bind to oxygen and transport it around the body
Defend the body against pathogens

Transports blood cells and substances around the body

there are many tissues inside the leaf that work together

to perform photosynthesis

e single layer of transparent cells allow light to pass
through

¢ cells secrete a waxy substance that makes leaves
waterproof

tightly packed cells with lots of chloroplasts to absorb as
much light as possible for photosynthesis

air spaces increase the surface area and allow gases to
diffuse quickly

control the opening and closing of the stomata

transport water and mineral ions from the roots to the
rest of the plant

¢ made of dead cells

¢ no end wall between cells

e walls strengthened by a chemical called lignin to
withstand the pressure of the water
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What is the function of the phloem?

What is the purpose of translocation?

Define the term transpiration.

What is the purpose of transpiration?

Name four factors that affect the rate
of transpiration.

What effect does temperature have on the rate of
transpiration?

What effect does humidity have on the rate of
transpiration?

Why does increased light intensity increase the
rate of transpiration?

What is the function of the stomata?

Where are most stomata found?

What is the advantage to the plant of having a
high number of stomata at this location?

sisyiadeding  sieyiadeding  eiysededng
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transport dissolved sugars from the leaves to the rest of
the plant

transport dissolved sugars from the leaves to other parts
of the plant for respiration, growth, and storage

movement of water from the roots to the leaves through
the xylem

e provide water to keep cells turgid
e provide water to cells for photosynthesis
e transport mineral ions to leaves

temperature, light intensity, humidity, and wind speed

higher temperatures increase the rate of transpiration

higher levels of humidity decrease the rate of
transpiration

stomata open wider to let more carbon dioxide into the
leaf for photosynthesis

allow diffusion of gases into and out of the plant

underside of leaves

reduces the amount of water loss through evaporation



Detection and identification of plant diseases

Communicable diseases can be spread from one organism to another. Signs that a plant is diseased Ways of identifying plant diseases
e stunted growth e gardening manuals and websites
Viruses live and reproduce rapidly inside an organism’s cells. This can damage or destroy the cells. « spotson leaves « laboratory testing of infected plants
. es Spread by Symptoms e areas of rot or decay e testing kits containing mopoclqnal antibodies
\ \(usS . « growths (Chapter 9 Monoclonal antibodies)

inhalation of droplets produced by
measles infected people when sneezing and

e red skinrash * malformed stems or leaves

* complications can be fatal - young children are vaccinated e discolouration

coughing X i )
to immunise them against measles

e pestinfestation

HIV (human e sexual contact * fiulike symptoms at first

Ll IGE A o cxchange of body fluids (e.g., blood
virus) when drug users share needles)

® virus attacks the body’'s immune cells, which can lead to
AIDS - where the immune system is so damaged that it
cannot fight off infections or cancers
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There are a number of ways to help prevent the spread of communicable diseases from one organism to another.

e direct contact of plants with
TMYV (tobacco infected plant material ® mosaic pattern of discolouration on the leaves — where

mosaic virus - e animal and plant vectors chlorophyllis destroyed Hygiene . Isolation . Controlling vectors : Vaccination
plants) * soil: the pathogen can remain insoil | ® reduces plant’s ability to photosynthesise, affecting growth Hand washing, disinfecting ¢ Isolation of infected : Ifavectorspreadsa ¢  Vaccination can protect
for decades surfaces and machinery, ¢ individuals - people, ¢ disease destroyingor ¢ large numbers of
keeping raw meat separate, ¢ animals, and plants can be ¢ controlling the population ¢ individuals against
‘ coveringmouth when ¢ isolated to stop the spread : of the vector can limitthe diseases.
Bacteria reproduce rapidly inside organisms and may produce toxins that damage tissues and cause illness. coughing/sneezing, etc. ¢ of disease. . spread of disease. .
a Spread by Symptoms Prevention and treatment
Bac’('e\" p P
Salmonella bacteria and the
toxins they produce cause
Salmonella bacteria in or on food that | ¢ fever poultry are vaccinated against
is being ingested ® abdominal cramps Salmonella bacteria to control spread
° éomi';ing bacterium communicable disease fungicide fungus
o
armoe p— isolation mimic pathogen protist
. * treat t witl tibioti . . . . . .
direct sexual contact - ® thick yellow or green reatment with antibiotics (many sexually transmitted disease (STD) toxin vaccination vector virus

antibiotic-resistant strains have
appeared)

® barrier methods of contraception,
such as condoms

gonorrhoea is a sexually discharge from the vagina
transmitted disease or penis
(5TD) ® pain when urinating

A 4

Fu\f\g‘\ g Spreadby Symptoms
purple or black spots on leaves,
which turn yellow and drop early

gonorrhoea

Prevention and treatment

fungicides

rose black spot water and wind o affected leaves removed and

® reduces plant’s ability to destroved
estroye

photosynthesise, affecting growth

) 4

Symptoms Prevention and treatment

P \,0{\5’(,5 » Spread by

mosquitos feed on the blood of infected people

® recurrent ® prevent mosquito vectors
and spread the protist pathogen when they feed ,
. P 4 patnog Y episodes of breeding
malaria on another person - organisms that spread , ,
fever ® mosquito nets to prevent bites

disease by carrying pathogens between people
yearyngp J peop ® canbefatal |e anti-malarial medicine

are called vectors
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Chapter 5: Communicable diseases

Retrieval questions

Learn the answers to the questions below then cover the answers column
with a piece of paper and write as many as you can. Check and repeat.
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BS questions

What is a communicable disease?

What is a pathogen?
Name four types of pathogen.
How can pathogens spread?

How do bacteria make youill?
How do viruses make youill?

Name three examples of viral diseases.

Name two examples of bacterial diseases.

Name four methods of controlling the spread of
communicable disease.

Describe an example of a protist disease.
Describe an example of a fungal disease in plants.
How can the cause of a plant disease be identified?

How can plant diseases be detected?

‘ol adeding  awyiadeding  sseyededing

sy sededind

ooy pdeding

Answers

a disease that can be transmitted from one organism to
another

a microorganism that causes disease
bacteria, fungi, protists, viruses
air, water, direct contact

produce toxins that damage tissues

reproduce rapidly inside cells, damaging or
destroying them

measles, HIV, tobacco mosaic virus

Salmonella, gonorrhoea

good hygiene, isolating infected individuals, controlling
vectors, vaccination

malaria - caused by a protist pathogen that is spread
from person to person by mosquito bites, and causes
recurrent fevers

rose black spot - spread by water and wind, and
affects plant growth by reducing a plant’s ability to
photosynthesise

gardening manuals and websites, laboratory testing,
monoclonal antibody kits

areas of decay, discolouration, growths, malformed
stems or leaves, presence of pests, spots on leaves, and
stunted growth



Non-specific defences of the human body against all pathogens include:

Skin

* physical barrier to infection
° produces antimicrobial secretions

° microorganisms that normally live
on the skin prevent pathogens

growing

00000000 OCGOIOOOSS

Nose
Cilia and mucus trap particles in the air,

is moved away from the lungs to the back of
the throat by cilia, where it is expelled.

Stomach
Produces strong acid

preventing them from entering the lungs. (pH2) that destroys
Trachea and bronchi produce mucus, which pathogens in mucus, food,
and drinks.

00000000 OCGOIOOOSS
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White blood cells

If a pathogen enters the body, the immune system tries to destroy the pathogen.

The function of white blood cells is to fight pathogens. Blood Plasma
There are two main types of white blood cell - lymphocytes and phagocytes. celisand

Lymphocytes fight pathogens in two ways:

platelets

Red blood
cells

Phagocytes

1 Phagocytes are attracted to areas of infection.

Antitoxins 2 The phagocyte surrounds the pathogen and
Lymphocytes produce antitoxins that bind to the toxins produced Sl s i )
by some pathogens (usually bacteria). This neutralises the toxins. 3 Enzymes that digest and destroy the pathogen
Antibodi are released.

ncioodies
Lymphocytes produce antibodies that target and help to
the pathogens’ surfaces.

lymphocyte

antibody antigen

destroy specific pathogens by binding to antigens (proteins) on
pathogen
8.

antibody attached

to antigen

phagocyte

antibiotic

antibody antigen
mucus peer review

antitoxin dose double-blind trial efficacy Herd immunity

placebo toxicity vaccination white blood cell

* Painkillers treat the symptoms of viral diseases but
e Antibiotics have greatly reduced deaths from do not kill pathogens.
infectious bacterial diseases, but antibiotic-resistant

strains of bacteria are emerging.

Antibiotics : Treating viral diseases
e Antibiotics are medicines that can kill bacteriain ~ ; ¢ Antibiotics do not affect viruses.

the body. * « Drugs that kill viruses often damage the body’s
* Specific bacteria need to be treated by specific . tissues.

antibiotics. E
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Discovering and developing new drugs

Drugs were traditionally extracted from plants and microorganisms, for New drugs are extensively tested

example and trialled for

e the heart drug digitalis comes from foxglove plants ' e toxicity - is it harmful?

e the painkiller aspirin originates from willow trees e efficacy - does it work?

e penicillin was discovered by Alexander Fleming from e dose - what amount is safe
Penicillium mould. and effective to give?

Most modern drugs are now synthesised by chemists in laboratories. ¢

Stages of clinical trials

Pre-clinical trials
Drug is tested in cells, tissues, and live animals.

\ 4

Clinical trials
1 Healthy volunteers receive very low doses to test whether the drug is safe and effective.
2 |If safe, larger numbers of healthy volunteers and patients receive the drug to find the optimum dose.

\ 4

Peer review

Before being published, the results of clinical trials will be tested and checked by independent
researchers. This is called peer review.

Double-blind trials
Some clinical trials give some of their patients a placebo drug - one that is known to have no effect.

Double-blind trials are when neither the patients nor the doctors know who has been given the real drug
and who has been given the placebo. This reduces biases in the trial.

Vaccinations

Vaccinations involve injecting small quantities of dead or inactive forms of a pathogen into the body. This
stimulates lymphocytes to produce the correct antibodies for that pathogen. If the same pathogen re-enters
the body, the correct antibodies can be produced quickly to prevent infection. If a large proportion of the
population is vaccinated against a disease, it is less likely to spread. This is called herd immunity.



Chapter 6: Preventing and

treating disease
Retrieval questions

Learn the answers to the questions below then cover the answers column
with a piece of paper and write as many as you can. Check and repeat.
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B6 questions

What non-specific systems does the body use to
prevent pathogens getting into it?

What three functions do white blood cells have?
What happens during phagocytosis?

What are antigens?

Why are antibodies a specific defence?

What is the function of an antitoxin?

What does a vaccine contain?

How does vaccination protect against a specific
pathogen?

What is herd immunity?

What is an antibiotic?

What do painkillers do?

What properties of new drugs are clinical trials

designed to test?

What happens in the pre-clinical stage of a drug trial?

What is a placebo?

What is a double-blind trial?

. .a.J.a:L.l Jadedmd ...... aJanadEdmd ..... a_ja[,l_jadedlnd ...... a_jaq_jadgdlnd ..... a_jau_]ad’ed md .....
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Answers

« skin
 ciliaand mucusin the nose, trachea, and bronchi
« stomach acid

phagocytosis, producing antibodies, producing
antitoxins

phagocyte is attracted to the area of infection, engulfs a
pathogen, and releases enzymes to digest the pathogen

proteins on the surface of a pathogen

antibodies have to be the right shape for a pathogen’s
unique antigens, so they target a specific pathogen

neutralise toxins produced by pathogens by binding
to them

small quantities of a dead or inactive form of a pathogen

vaccination stimulates the body to produce antibodies
against a specific pathogen - if the same pathogen
reenters the body, white blood cells rapidly produce the
correct antibodies

when most of a population is vaccinated against a
disease, meaning it is less likely to spread

a drug that kills bacteria but not viruses

treat some symptoms of diseases and relieve pain
toxicity, efficacy, and optimum dose

drug is tested on cells, tissues, and live animals

medicine with no effect that is given to patients instead
of the real drug in a trial

a trial where neither patients nor doctors know who
receives the real drug and who receives the placebo



Coronary heart disease (CHD)
occurs when the coronary arteries
become narrowed by the build-up
of layers of fatty material within
them.

This reduces the flow of blood,
resulting in less oxygen for the
heart muscle, which can lead to
heart attacks.

fatty deposit
blocklng the artery

Goe @,
bloodflo

Health issues

Health is the state of physical and mental well-being.

The following factors can affect health:

e communicable and
non-communicable diseases

o diet

e stress
e exercise
o life situations.

Different types of disease may interact, for example:

e defects in the immune system
make an individual more
likely to suffer from infectious
diseases

e viralinfection can trigger
cancers

blood flow stops
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e immune reactions initially caused
by a pathogen can trigger allergies,
for example skin rashes and asthma

e severe physicalill health can lead

to depression and other mental
illnesses.

+ widens the artery - allows can involve major surgery - risk of
inserted into blocked y- mfectlon, blood loss, blood clots,
i k more blood to flow, so more and damage to blood vessels
stent coronary arteries to keep oxygen is supplied to the heart g
them open . risks from anaesthetic used
less serious surgery .
during surgery
possible side effects such as
drugs that reduce blood effective muscle pain, headaches, and
statins cholesterol levels, slowing | « no need for surgery sickness
down the deposit of fatty can prevent CHD from cannot cure CHD, so patient will
material in the arteries developing have to take tablets for many
years
heart valves that leak or do . . .
not open fully, preventing allows control of blood flow can involve major surgery - risk of
replace ’ infection, blood loss, blood clots,
control of blood flow through the heart
faulty heart th h the heart b ort and damage to blood vessels
ro e heart, can be - . .
valves ugh the heart, ca long-term cure for faulty risks from anaesthetic used
replaced with biological or heart valves -
) during surgery
mechanical valves
if the heart fails a donor transplant may be rejected if
heart, or heart and lungs, there is not a match between
can be transplanted donor and patient
. long-term cure for the most
artificial hearts can be serious heart conditions lengthy process
transplants i i i -1 i i
P o PTISO® s prtlematratcamor | DOREE TR ten
whiist waiting fora hea be treated in other ways ’ ’
transp[ant, or to allow damage to blood vessels
the heart to rest during risks from anaesthetic used
recovery during surgery

Arisk factor is any aspect of your lifestyle or substance in your body that can increase the risk of a disease developing.

Some risk factors cause specific diseases. Other diseases are caused by factors interacting.

-~ Rekfacwor  Deease  Efectsofriskfactor

body does not respond properly to the production of

affected development of unborn

i i Type 2 diabetes
diet (obesity) and amount of P insulin, so blood glucose levels cannot be controlled
exercise
cardiovascular diseases increased blood cholesterol can lead to CHD
long-term alcohol use causes liver cirrhosis
impaired liver function (scarring), meaning the liver cannot remove toxins
from the body or produce sufficient bile
alcohol ) ) ) ) damages the brain and can cause anxiety and
impaired brain function )
depression
affected development of unborn alcohol can pass through the placenta, risking
babies miscarriages, premature births, and birth defects
) cigarettes contain carcinogens, which can
lung disease and cancers
cause cancers
smoking

chemicals can pass through the placenta, risking

factors

babies premature births and birth defects
for example, tar in cigarettes and ultraviolet rays
carcinogens, such as ionising from the Sun can cause cancers
radiation, and genetic risk cancers

some genetic factors make an individual more likely
to develop certain cancers

Cancer is the result of changes in cells that lead to uncontrolled

growth and division by mitosis.

Rapid division of abnormal cells can form a tumour.

Malignant tumours are cancerous tumours that invade
neighbouring tissues and spread to other parts of the body in the

blood, forming secondary tumours.

Benign tumours are non-cancerous tumours that do not spread

in the body.

artificial heart
health

malignant

benign
risk factor

carcinogen

statin
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cholesterol

Treatment of non-communicable diseases
linked to lifestyle risk factors - such as poor
diet, drinking alcohol, and smoking - can
be very costly, both to individuals and to
the Government.

A high incidence of these lifestyle risk
factors can cause high rates of non-
communicable diseases in a population.

coronary heart disease

stent transplant tumour




Chapter 7: Non-communicable

diseases
Retrieval questions

Learn the answers to the questions below then cover the answers column
with a piece of paper and write as many as you can. Check and repeat.
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B7 questions

What is coronary heart disease?

What is a stent?

What are statins?

What is a faulty heart valve?
How can a faulty heart valve be treated?

When do heart transplants take place?
What are artificial hearts used for?

Define health.

What factors can affect health?

What is a risk factor?

Give five risk factors.

What is cancer?

What are malignant tumours?

What are benign tumours?

What two types of risk factor affect the development
of cancers?

What is a carcinogen?

aiyiadeding  ssaysededing elaysededing sisyiadeding sleyisdeding sisysadeding sieyiadedind ssoyssdeding |

Answers

layers of fatty material that build up inside the coronary
arteries, narrowing them - resulting in a lack of oxygen for
the heart

a device inserted into a blocked artery to keep it open,
allowing more blood and oxygen to the heart

drugs that reduce blood cholesterol levels, slowing the
rate of fatty material deposit

heart valve that doesn’t open properly or leaks
replace with a biological or mechanical valve

in cases of heart failure

keep patients alive whilst waiting for a transplant, or
allow the heart to rest for recovery

state of physical and mental well-being

disease, diet, stress, exercise, life situations

aspect of lifestyle or substance in the body that can
increase the risk of a disease developing

poor diet, smoking, lack of exercise, alcohol,
carcinogens

aresult of changes in cells that lead to uncontrolled
growth and cell division by mitosis

cancerous tumours that can spread to neighbouring
tissues and other parts of the body in the blood, forming
secondary tumours

non-cancerous tumours that do not spread in the body
lifestyle and genetic risk factors

a substance that can cause cancers to develop



Photosynthesis is a chemical reaction in which
energy is transferred from the environment as light
from the Sun to the leaves of a plant. This is an
endothermic reaction.

Chlorophyll, the green pigment in chloroplasts
in the leaves, absorbs the light energy. Leaves

are well-adapted to increase the rate of
photosynthesis when needed.

1

@ carbon dioxide +

6CO +

2

water

6H,0
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A limiting factor is anyth
when itis in short supply.

e temperature

photosynthesis. More ch
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ﬂ» glucose + oxygen
LT CH,O, + 60,

Limiting factors and photosynthesis rate (HT only)

e carbon dioxide concentration

Rate of photosynthesis

ing that limits the rate of a reaction

The limiting factors for photosynthesis are

e lightintensity
e amount of chlorophyll.

Less chlorophyllin the leaves reduces the rate of

lorophyll may be produced by

plants in well-lit areas to increase the photosynthesis rate.

00 0000000000000 000000°
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rate of photosynthesis

0 10

20 30 40 50
temperature in °C

rate of photosynthesis

0 0.1 0.2
carbon dioxide concentration in %

rate of photosynthesis

light intensity

e At low temperatures the rate of
photosynthesis is low because
the reactant molecules have less
kinetic energy.

e Photosynthesisis an
enzyme-controlled reaction, so at
high temperatures the enzymes
are denatured and the rate
quickly decreases.

carbon dioxide

chlorophyll
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chloroplast

Carbon dioxide is used up in
photosynthesis, so increasing
carbon dioxide concentration
increases the rate of
photosynthesis.

At a certain point, another factor
becomes limiting.

Carbon dioxide is often the
limiting factor for photosynthesis.
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concentration

endothermic

e Light energy is needed for
photosynthesis, so increasing
light intensity increases the
rate of photosynthesis.

e At a certain point, another
factor becomes limiting.

e Photosynthesis will stop if
there is little or no light.

glucose
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greenhouse gases

Interaction of limiting factors (HT only)

Limiting factors often interact, and any one may be limiting

photosynthesis.

For example, on the graph the lowest curve has both carbon

dioxide and temperature limiting photosynthesis. Temperature
is limiting for the middle curve, and the highest curve shows

-5

photosynthesis rate increases when both temperature
and carbon dioxide are increased until another factor

becomes limiting.

3

rate of photosynthesis

high CO, 30°C

high CO, 20°C

low CO, 20°C

light intensity

Inverse square law (HT only)

As the distance of a light source from a plant
increases, the light intensity decreases - this is
called an inverse relationship. This relationship
is not linear, as light intensity varies in inverse
proportion to the square of the distance:

O

For example, if you double the distance between
a light source and a plant, light intensity falls by
three-quarters.

light intensity o« ————
distance?

Commercial greenhouses control limiting
factors to get the highest possible rates of
photosynthesis so they can grow plants as
quickly as possible or produce the highest yields,
whilst still making a profit.

Uses of glucose

storage (in leaves, tubers, and bulbs)

[convert into insoluble starch for ]

|

for respiration to
produce energy

|

light intensity

Uses of glucose produced in

photosynthesis

produce fat or oil
(lipids) for storage

produce cellulose to
strengthen cell walls

inverse square law

produce amino acids for
protein synthesis - plants
also need nitrate ions

from the soil for this

limiting factor

photosynthesis protein synthesis




Learn the answers to the questions below, then cover the answers column with
a piece of paper and write as many as you can. Check and repeat.
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Chapter 8: Photosynthesis

Retrieval questions

B8 questions

Where does photosynthesis occur?

What is the name of the green pigment in the leaves?
What type of reaction is photosynthesis?

What type of energy is used in photosynthesis?

Give the word equation for photosynthesis.

Give the balanced symbol equation for
photosynthesis.

Define the term limiting factor.

Give the limiting factors of photosynthesis.

Describe how light intensity affects the rate of
photosynthesis.

Describe how carbon dioxide concentration affects the

rate of photosynthesis.

Describe how temperature affects the rate of
photosynthesis.

Give the equation for the inverse square law for light
intensity.

Why are limiting factors important in the economics
of growing plants in greenhouses?

How do plants use the glucose produced in
photosynthesis?

aJay Jaded 1nd a8y Jaded 1ng aJay Jaded 1ng aJay Jaded 1ng aJay Jaded 1nd aJiay Jaded 1ng

aJay Jaded 1nd

Answers

chloroplasts in the leaves of a plant

chlorophyll

endothermic

light energy
carbon dioxide + water = glucose + oxygen

6CO, +6H,0— C.H O

6 1276

+60,

anything that limits the rate of a reaction when it is in
short supply

« temperature

« carbon dioxide concentration
+ lightintensity

« amount of chlorophyll

increasing light intensity increases the rate of
photosynthesis until another factor becomes limiting

increasing carbon dioxide concentration increases the
rate of photosynthesis until another factor becomes
limiting

increasing temperature increases the rate of
photosynthesis as the reaction rate increases - at high
temperatures enzymes are denatured so the rate of
photosynthesis quickly decreases

1
light intensity o« ———
distance?

greenhouses need to produce the maximum rate of
photosynthesis whilst making profit

« respiration

« convertitinto insoluble starch for storage
+ produce fat or oil for storage

« produce cellulose to strengthen cell walls
» produce amino acids for protein synthesis



Cellular respiration is an exothermic reaction that
occurs continuously in the mitochondria of living cells
to supply the cells with energy.

The energy released during respiration is needed for all
living processes, including

* chemical reactions to build larger molecules, for
example, making proteins from amino acids

* muscle contraction for movement

° keeping warm.

Respiration in cells can take place aerobically (using
oxygen) or anaerobically (without oxygen).

]

Aerobic respiration

glucose + oxygen — carbondioxide +  water

CH,O, + 60, = 6CO, +  6H,0

Anaerobic respiration in muscles

glucose  — lactic acid

CH. O

671276

- 2CH,0,

Fermentation

cell wall

Anaerobic respiration in plant and
yeast cells is represented by
the equation

glucose — ethanol + carbon dioxide

) 4

Anaerobic respiration in yeast cells is
called fermentation.

chloroplast —

The products of fermentation are
important in the manufacturing of bread
and alcoholic drinks.
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anaerobic

glycogen
oxygen debt

aerobic amino acids
fatty acid glycerol

oxidation

—

Typical plant cell

carbohydrates
lactic acid

proteins

complete oxidation
of glucose - large

aerobic v )
amount of energy is
released
incomplete oxidation
of glucose - much less
anaerobic X energy is released per

glucose molecule than
in aerobic respiration

cytoplasm
Where enzymes are made.
Location of reactions in

anaerobic respiration.

nucleus
Holds genetic code for
enzymes involved in
respiration.

mitochondrion
Contains the enzymes
for aerobic respiration.

cell membrane
Allows gases and water to
pass freely into and out of
the cell. Controls the

assage of other molecules.
P g Typical animal cell

fermentation
mitochondria

cellulose exothermic
lipids

respiration

metabolism
starch

After exercise, the lactic acid
+ accumulated during anaerobic
respiration needs to be removed.
Oxygen debt is the amount of oxygen
needed to react with the lactic acid to
remove it from cells.

During exercise the human body reacts to the increased demand for
energy.

To supply the muscles with more oxygenated blood, heart rate, breathing
rate, and breath volume all increase.

If insufficient oxygen is supplied, anaerobic respiration takes place
instead, leading to the build-up of lactic acid.

During long periods of vigorous exercise, muscles become fatigued and
stop contracting efficiently.

Removal of lactic acid

rest exercise recovery

This is the ‘extra’

oxygen required to
pay off the oxygen
debt.

No lactic acid builds
up since there is
enough oxygen for

lactic acid in the muscles

4

transported to the liver in the blood

4

aerobic respiration.

lactic acid is converted back to glucose

This is the shortfall

blood levels of oxygen and lactic acid

oxygen in oxygen — making
lactic acid builds up
lactic acid an oxygen debt.

time in minutes
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Metabolism

Metabolism is the sum of all the reactions in a cell or the body.

The energy released by respiration in cells is used for the continual enzyme-controlled processes of metabolism that
produce new molecules.

Metabolic processes include the synthesis and breakdown of:

Carbohydrates

e synthesis of larger carbohydrates from sugars
(starch, glycogen, and cellulose)

Lipids

e synthesis of lipids from one molecule of glycerol and
three molecules of fatty acid

e breakdown of glucose in respiration to release energy

Proteins

e synthesis of amino acids from glucose and nitrate ions
e amino acids used to form proteins

e excess proteins broken down to form urea for excretion



Learn the answers to the questions below, then cover the answers column with
a piece of paper and write as many as you can. Check and repeat.
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Chapter 9: Respiration

Retrieval questions

B9 questions

Define the term cellular respiration.

What do organisms need energy for?

What is the difference between aerobic and anaerobic :

respiration?

Write the word equation for aerobic respiration.
Write the word equation for anaerobic respiration in
muscles.

Write the balanced symbol equation for aerobic
respiration.

Why does aerobic respiration release more energy per :

glucose molecule than anaerobic respiration?
What is anaerobic respiration in yeast cells called?
Write the word equation for anaerobic respiration in

plant and yeast cells.

How does the body supply the muscles with more
oxygenated blood during exercise?

What substance builds up in the muscles during
anaerobic respiration?

What happens to muscles during long periods
of activity?

What is oxygen debt?

How is lactic acid removed from the body?

What is metabolism?

aJay Jaded I1nd aJay Jaded 1nd aJay Jaded 1ng alay Jaded 1nd

a1y Jaded 1ng

aJay Jaded 1nd

a8y Jaded 1ng

Answers

an exothermic reaction that occurs continuously in
the mitochondria of living cells to release energy
from glucose

« chemical reactions to build larger molecules
« muscle contraction for movement
+ keeping warm

aerobic respiration uses oxygen, anaerobic respiration

does not

glucose + oxygen — carbon dioxide + water
glucose — lactic acid

CH_O

6 1276

+60,—6CO, +6H,0

oxidation of glucose is complete in aerobic respiration
and incomplete in anaerobic respiration

fermentation
glucose — ethanol + carbon dioxide
heart rate, breathing rate, and breath volume increase

lactic acid
muscles become fatigued and stop contracting
efficiently

amount of oxygen the body needs after exercise to
react with the accumulated lactic acid and remove it
from cells

lactic acid in muscles — blood transports to the liver

— lactic acid converted back to glucose

sum of all the reactions in a cell or the body



The nervous system Reflex arcs

Function The nervous system is made up of the sensory receplor in
The nervous system enables humans to react to their surroundings and to coordinate their behaviour - this includes both central nervous system (CNS) and a skin of finger
i i . stimulus — sensory neurone
voluntary and involuntary actions. network of nerves. The CNS comprises for example, _, —
the brain and spinal cord. touching a
Structure hot plate .
The nervous system is made up of the central nervous system (CNS) and a network of nerves. The CNS comprises the brain Reflex actions of the nervous system
and spinal cord. are automatic and rapid - they do not
involve the conscious part of the brain. | effector - - -
00 0000000000000 0000000000000 000000000000 00000000000000000000000000000000000000000000000000000000 |CepSmUSC|e «
) ) ) Reflex actions are important for oonracts and motor neurone
Factors affecting reaction time survival because they help prevent spinal cord
. damage to the body.
° tiredness
e distractions
« caffeine Reflex arc structures
¢ alcohol

Neurones

Neurones carry electrical impulses around the body - relay neurones
connect sensory neurones to motor neurones

Synapses
Synapses are gaps between neurones,

which allow electrical impulses in the
nervous system to cross between neurones
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Nervous system responses

: ; , , -
Stimulus Receptor Coordinator Effector Response branched endings (dendrites) Impulse armives — emicals -
. . . . . make connections with other
achangein the information the CNS coordinates effectors bring the body GRS 6 CREsErE ax0n axon synapse
environment from receptors the body’s response about a response, responds to the terminals receptor site
(stimulus) is passes along cells to the stimulus * such as glands * stimulus \Z?fectors
detected by (neurones) to the secreting hormones N /such as ’ /
receptors CNS as electrical or muscles P S muscles _ NG
[l . or glands chemicals are
Pl contracting : : released into the
nucleus cell body myelin shgath |n§ulates gap between diemiteals stadh o i
the axon, increasing speed neurones surface of the next

of electrical impulses neurone and set up a

new electrical imniilse

Homeostasis

Homeostasis is the regulation of internal conditions (of a cell or whole organism) in response to internal and external
changes, to maintain optimum conditions for functioning.

This maintains optimum conditions for all cell functions and enzyme action.
In the human body, this includes control of

e blood glucose concentration
* body temperature
e water levels

000000000 000000000000 000000000000000000000000000000000000000000000000000000000000000000000

The automatic control systems of homeostasis may involve nervous responses or chemical responses.
All control systems involve
* receptor cells, which detect stimuli (changes in the environment)

e coordination centres (such as the brain, spinal cord, or pancreas), which receive and process information
from receptors

o effectors (muscles or glands), which produce responses to restore optimum conditions.

central nervous system effectors involuntary neurones receptors reflex action

0 000 0000000000000 000000000000000000000000000000000000000000000000000000000000000000000CCCCD

spinalcord  stimulus  synapse




Learn the answers to the questions below then cover the answers column
with a piece of paper and write as many as you can. Check and repeat.
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B10 questions

What is the function of the nervous system?

What are the two parts of the central nervous
system?

Why are reflex actions described as rapid and
automatic?

Why are reflex actions important?

Give the pathway of a nervous response.

a1ay Jaded g
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Answers

it enables organisms to react to their surroundings and
coordinates behaviour

brain and spinal cord
they do not involve the conscious part of the brain

for survival and to prevent damage to the body

stimulus — receptor = coordinator — effector
— response



The endocrine system is composed of glands that secrete chemicals

called hormones into the bloodstream.

The blood carries hormones to a target organ, where an effect
is produced.

Compared to the nervous system, the effects caused by the endocrine

system are slower but act for longer.

The pituitary gland, located in the brain, is known as a ‘master gland’,

because it secretes several hormones into the blood.

These hormones then act on other glands to stimulate the release of

other hormones, and bring about effects.

Negative feedback (HT only)

Negative feedback systems work to maintain a steady state.
For example, blood glucose, water, and thyroxine levels are all
controlled in the body by negative feedback.

\ 4

increase
detected

-

lower
levels

responses

ideal

conditions negative feedback

responses
raise
levels

decrease
detected

thyroid
gland

=>

pancreas

testis
(male)

Adrenaline

produced by adrenal glands in
times of fear or stress

increases heart rate

boosts delivery of oxygen and
glucose to brain and muscles

prepares the body for ‘fight or flight’
response

does not involve negative feedback,
as adrenal glands stop producing
adrenaline

Thyroxine

produced by the thyroid gland

regulates how quickly your body
uses energy and makes proteins
(metabolic rate)

important for growth and
development

levels controlled by negative
feedback

gli:i]i(tjary * controls growth in children
—_— * stimulates the thyroid gland to make thyroxine to control the rate of metabolism
ituitar
Y ¢ infemales - stimulates the ovaries to produce and release eggs, and make oestrogen
¢ inmales - stimulates the testes to make sperm and testosterone
Thyroid e controls the rate of metabolism in the body
Fancreas * controls blood glucose levels
adrenal * prepares the body for stress
gland Adrenal , ‘ ‘ o
* involved in the fight or flight’ response
, * controls the development of female secondary sexual characteristics
ovary Ovaries * controls the menstrual cycle
(female) Y
Test: * controls the development of male secondary sexual characteristics
estes

* involved in the production of sperm

Control of blood glucose levels

Blood glucose (sugar) concentration is monitored and
controlled by the pancreas.

This is an example of negative feedback control, as the
pancreas switches production between the hormones
insulin and glucagon to control blood glucose levels.

Diabetes

Diabetes is a non-communicable disease where the
body either cannot produce or cannot respond to
insulin, leading to uncontrolled

blood glucose concentrations.

insulin
released

® glucose
moves from
the blood
into cells

® eXCcess
glucose
converted to
glycogen in
the liver and
muscle cells
for storage
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glucagon
pancreas released
A A
blood blood
glucose glucose
too high too low
e glycogen
» normal |-= .converted
blood level blood into glucose
glucose of blood glucose gnd released
falls glucose rises into the
blood
® amino
acids/fats
are broken
down

Type 1 diabetes

early onset

usually later onset, obesity is a risk factor

Type 2 diabetes

pancreas stops producing sufficient insulin

body doesn’t respond to the insulin produced

commonly treated through insulin injections, also diet control
and exercise

commonly treated through a carbohydrate-controlled diet

and exercise

adrenal gland adrenaline diabetes

endocrine system

glucagon

hormone

insulin metabolic rate

negative feedback

pancreas

pituitary gland

thyroid gland

thyroxine




Hormones in human reproduction Treating infertility with hormones (HT only)

During puberty, reproductive hormones cause the secondary sex characteristics to develop: Hormones are used in modern reproductive technologies to treat infertility. Fertility treatment has
some disadvantages:

Oestrogen Testosterone FSH and LH can be given as a drug to treat infertility, or in vitro fertilisation o '
. . . . (IVF) treatment may be used * itis emotionally and
e main female reproductive hormone * main male reproductive hormone y : physically stressful
* produced in the ovary  produced by the testes IVF treatment o it has a low success rate
e at puberty, eggs begin to mature and one is released e stimulates sperm production 1 mother given FSH and LH to stimulate the maturation of several eggs * it can lead to multiple
every ~28 days 2 eggs collected from the mother and fertilised by sperm from the fatherin a births, which are a risk to
laboratory both the babies and the

0000000000 0000000000000000000000000000000000000000000000000000000000000000000000000000000000

3 fertilised eggs develop into embryos mother.

4 one or two embryos are inserted into the mother’s uterus (womb) when the
embryos are still tiny balls of cells

0000 000000000000 0000000000000000000000000000000000000000000000000000000000000000000000000

follicle stimulating pituitary gland ® causes eggs to mature in the ovaries i

hormone (FSH) * stimulates ovaries to produce oestrogen Contraception

luteinising hormone o Fertility can be controlled by a variety of hormonal and non-hormonal methods of contraception.
(LH) pituitary gland * stimulates the release of mature eggs from the ovaries (ovulation)

Hormonal contraception

* causes lining of uterus wall to thicken e oral contraceptives - contain hormones to inhibit FSH production so no eggs mature

oestrogen ovaries * inhibits release of FSH * injection, implant, skin patch, or intrauterine devices (IUD) - slowly release progesterone to inhibit
° stimulates release of LH maturation and release of eggs; can last months or years
progesterone ovaries ® maintains thick uterus lining Non-hormonal contraception

° inhibits release of FSH and LH * barrier methods, for example, condoms and diaphragms - prevent sperm reaching the egg

+ e copper IUD - prevents the implantation of an embryo
Blood from the e surgical methods of male and female sterilisation
yellow yellow body If the egg is not fertilised, ~ 98y 28 day 1 uterus lining leaves * spermicidal agents - kill or disable sperm
changein | 88 maturing wovmat'on hbo/ﬁdy forms _— breaks down fjhoewf]t‘erus lining breaks ¢ body as a period. * abstaining from intercourse when an egg may be in the oviduct

theovaryooo(D@@ © O © o o o o

Day 5: Bleeding
stops and the

hormones
levels of FSH oestrogen and
pituitary / progesterone
hormones in ——— % cause the
the blood LH uterus lining to
build up.

blood
oestrogen
| egvel oviduct
Follicle
blood stimulating
progesterone uterus hormone (FSH)
level causes an egg to

mature in the ovary.

period (menstruation) period periods
changes |~ ——— stop
to the emsing
Al uteinising hormone
uterus fining | (LH) causes an egg to be
released. The egg travels
days into cycle down the oviduct towards

the uterus.

contraception follicle stimulating hormone infertility invitro fertilisation oestrogen ovary luteinising hormone menstrualcycle ovulation progesterone testes uterus




Chapter 11: Hormonal coordination

Retrieval questions

Learn the answers to the questions below, then cover the answers column with
a piece of paper and write as many as you can. Check and repeat.
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B11 questions

What is the endocrine system?

How do the effects of the endocrine system compare
to those of the nervous system?

Where is the pituitary gland located?

Which organ monitors and controls blood glucose
concentration?

Which hormones interact to regulate blood
glucose levels?

What is the cause of Type 1 diabetes?

What is the cause of Type 2 diabetes?
What is the function of FSH?

What is the function of LH?
What is the function of oestrogen?

What are the methods of hormonal contraception?

What are the methods of non-hormonal
contraception?

State the disadvantages of IVF treatment.

What is the function of adrenaline in the body?

What is the function of thyroxine in the body?

Name one hormone controlled by negative feedback.

Which endocrine glands control secondary sexual
characteristics?

aJay Jaded 1ng aJay Jaded 1nd aJay Jaded 1nd aJay Jaded 1nd alay Jaded 1nd

aJay Jaded 1nd

Answers

system of glands that secrete hormones into the
bloodstream

endocrine system effects are slower but act for longer
brain

pancreas

insulin and glucagon

pancreas produces insufficient insulin

body cells no longer respond to insulin

causes eggs to mature in the ovaries, and stimulates
ovaries to produce oestrogen

stimulates the release of an egg
causes lining of uterus wall to thicken

oral contraceptives, injection, implant, skin patch, IUD

barrier methods, copper IUD, spermicidal agents,
sterilisation, abstinence

« emotionally and physically stressful
» low success rate
« can lead to risky multiple births

increases heart rate and boosts delivery of oxygen and
glucose to brain and muscles to prepare the body for
‘fight or flight’

stimulates basal metabolic rate, so is important for
growth and development

thyroxine

ovaries in females, testes in males



two parents
cell division through meiosis

joining (fusion) of male and female sex cells (gametes) -
sperm and egg in animals, pollen and ovule in plants

produces non-identical offspring that are genetically
different to parents

results in wide variation within offspring and species

Meiosis is a type of cell division that makes gametes in the
reproductive organs.

Meiosis halves the number of chromosomes in gametes, and
fertilisation (joining of two gametes) restores the full number of
chromosomes.

The fertilised cell divides by mitosis, producing more cells. As the
embryo develops, the cells differentiate.

4

parent cell

DNA replicates

two daughter cells,
each with a paired
chromosome set

four daughter cells
(gametes), each with
a single chromosome
set and all genetically
different

allele chromosome

genome genotype

one parent

cell division through mitosis
no fusion of gametes

produces offspring that are genetically identical to
parent (clones)

no mixing of genetic information

specialised sex cell formed by meiosis

long molecule made from DNA found in the nucleus of cells

sequence of DNA that codes for a protein — some characteristics are controlled by a single
gene (e.g., fur colour in mice and red-green colour-blindness in humans), but most are controlled
by multiple genes interacting

different forms of the same gene

allele that only needs one copy present to be expressed (it is always expressed)

allele that needs two copies present to be expressed

Genetic material in the nucleus of a cell is composed
of DNA.

when an individual carries two copies of the same allele for a trait

when an individual carries two different alleles for a trait

DNA is made up of two strands forming a double helix. combination of alleles an individual has

DNA is contained in structures called chromosomes. physical expression of the genotype - the characteristic shown

A gene is a small section of DNA on a chromosome
that codes for a specific sequence of amino acids, to
produce a specific protein.
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Genetic crosses Sex determination

A genetic cross is when you consider the offspring that
might result from two known parents. Punnett squares
can be used to predict the outcome of a genetic cross,
for both the genotypes the offspring might have and
their phenotypes.

The genome of an organism is the entire genetic

il e, Normal human body cells contain 23 pairs of

chromosomes - one of these pairs determines the sex
of the offspring.

The whole human genome has been studied, and this
has allowed scientists to

e search for genes linked to different diseases
e understand and treat inherited disorders

In human females the sex chromosomes are the same
(XX, homozygous), and in males they are different (XY,

e trace human migration patterns from the past. heterozygous).

For example, the cross bb (brown fur) x BB (black fur)

in mice: .
ce A Punnett square can be used to determine the

probability of offspring being male or female. The
probability is always 50 % in humans as there are

Some disorders are due to the inheritance of certain B B two XX outcomes and two XY outcomes.
alleles:
e Polydactyly (extra fingers or toes) is caused by a b Bb Bb m
dominant allele. b Bb Bb X X
e Cystic fibrosis (a disorder of cell membranes) is
caused by a recessive allele. offspring genotype: 100 % Bb X XX XX
Embryo screening and gene therapy may alleviate offspring phenotype: all black fur (B is dominant) Y XY XY

suffering from these disorders, but there are ethical
issues surrounding their use.

DNA double helix

meiosis

clone dominant fertilisation gamete gene genetic cross

heterozygous homozygous mitosis recessive

phenotype

Punnett square




Learn the answers to the questions below, then cover the answers column with
a piece of paper and write as many as you can. Check and repeat.
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B12 questions

What is sexual reproduction?

What type of cell division is involved in sexual
reproduction?

What type of cell division is involved in asexual
reproduction?

What is meiosis?

What are the male and female sex chromosomes in
humans?

What are the male and female gametes in flowering
plants?

What is the genetic material in cells called?
What is the structure of DNA?
What is a gene?

What are alleles?

What is a recessive allele?
What is a dominant allele?
What is a genome?

Define the term homozygous.

Define the term heterozygous.
What type of allele causes polydactyly?

What type of allele causes cystic fibrosis?

How many chromosomes do normal human body
cells have?

Why is studying the human genome important?

Chapter 12: Reproduction

Retrieval questions

aJay Jaded 1nd aJay Jaded 1nd aJay Jaded 1nd a8y Jaded 1ng

aJay Jaded 1nd a8y Jaded I1ng

a8y Jaded 1ng

Answers

joining (fusion) of male and female gametes
meiosis

mitosis

cell division that produces four daughter cells (gametes),
each with a single set of chromosomes

o XX -female
o XY-male

+ pollen - male gamete
» ovule - female gamete

DNA
two complementary strands forming a double helix

small section of DNA that codes for a particular amino
acid sequence, to make a specific protein

different forms of the same gene

allele that needs to be present twice to be expressed

allele that is always expressed, even if only one copy
is present

the entire genetic material of an organism
two of the same alleles present in an organism

two different alleles present in an organism
dominant allele

recessive allele
23 pairs (46)
« search for genes linked to certain diseases

+ understanding and treatment of inherited disorders
« tracing past human migration



Differences in the characteristics of individuals in a population are called variation.

Variation may be due to differences in

© the genes they have inherited, for example, eye colour.
* the environment in which they have developed, for example, language.
° acombination of genes and the environment.

Selective breeding

Selective breeding (artificial selection) is the process by which humans breed plants and animals for particular

genetic characteristics.

Process of selective breeding:

1 choose parents with the desired characteristic from a mixed population

2 breed them together

3 choose offspring with the desired characteristic and breed them

4 continue over many generations until all offspring show the desired characteristic

The characteristic targeted in selective breeding can be chosen for usefulness or appearance, for example:

e disease resistance in food crops

e animals that produce more meat or milk

e domestic dogs with a gentle nature
e larger or unusual flowers.

Disadvantages of selective breeding:

e can lead to inbreeding, where some breeds are particularly prone to inherited defects or diseases

e reduces variation, meaning all of a species could be susceptible to certain diseases

embryo transplant

inbreeding

There is usually a lot of genetic variation within a population of a species - this variation arises
from mutations.

A mutation is a change in a DNA sequence:

_}.
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* potential to overcome some inherited
human diseases

mutations occur continuously

very rarely a mutation will lead to a new phenotype, but some may change an existing phenotype and

most have no effect

if a new phenotype is suited to an environmental change, it can lead to a relatively rapid change in

the species.

Genetic engineering .

(HT only)

Genetic engineeringis a
process that involves changing
the genome of an organism

by introducing a gene from
another organism, to produce a
desired characteristic.

enzymes used
to cut out the

cell from desired gene
organism
with desired = 0
gene /)

cell with vector

(usually bacterial
plasmid or virus) g @
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Bacterial cells have been genetically engineered to produce useful
substances, such as human insulin to treat diabetes.

Plant crops have been genetically engineered to be resistant to diseases,
insects, or herbicides, or to produce bigger and better fruits and higher
yields. Crops that have undergone genetic engineering are called
genetically modified (GM).

gene is mserted
into the vector

vector taken
out of cell and

split open

can lead to higher value of crops as GM
crops have bigger yields than normal

crops can be engineered to be
resistant to herbicides, make their
own pesticides, or be more resistant
to environmental conditions

genes from GM plants and animals may spread to other wildlife, which could
have devastating effects on ecosystems

potential negative impacts on populations of wild flowers and insects

ethical concerns, for example, in the future people could manipulate the genes
of children to ensure certain characteristics

some believe the long-term effects on health of eating GM crops have not
been fully explored

2 vector used to insert gene into

required cell at an early stage in
development (may be bacteria,
animal, fungi, or plant)

%0

as the organism
grows, it develops
with the desired
characteristics
from the other
organism

genetically modified

genetic engineering

mutation selective breeding variation




Learn the answers to the questions below then cover the answers column
with a piece of paper and write as many as you can. Check and repeat.
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B13 questions
What is variation?

What can cause variation?

How do new phenotype variants occur?

What is selective breeding?

Describe the process of selective breeding.

What are the consequences of inbreeding?

What is genetic engineering?

How have plant crops been genetically engineered?

How have bacteria been genetically engineered?

What are enzymes used for in genetic engineering?

What is used to transfer the required gene into the
new cell in genetic engineering?

aJay Jaded ind aJay Jaded ind a8y Jaded ind aJ1ay Jaded ind

a8y Jaded 3nd

Answers

differences in the characteristics of individuals in a
population

genetic causes, environmental causes, and a
combination of genes and the environment

mutations
breeding plants and animals for particular characteristics

1 choose parents with the desired characteristic
2 breed them together

3 choose offspring with the desired characteristic
and breed again

4 continue over many generations until all offspring
show the desired characteristic

inherited defects and disease

modifying the genome of an organism by introducing
a gene from another organism to give a desired
characteristic

to be resistant to diseases/herbicides/pesticides, to
produce bigger fruits, to give higher yields

to produce useful substances, such as human insulin to
treat diabetes

cut out the required gene

vector (e.g., bacterial plasmid or virus)



Theory of evolution

Evolution is the gradual change in the

Process of natural selection

The theory of evolution by natural selection states that

Emergence of antibiotic

resistance

Key
@B bacteria not resistant
to antibiotic

/O @ bacteria with

inherited characteristics of a population * organisms within species show a wide range of variation in phenotype The development of new antibiotics @ e | Muationgving
over time. o X L. . . . . . ik e @ antibiotic resistance
) e individuals with characteristics most suited to the environment are is expensive and slow, so is unlikely to -
Evolution occurs through the process of more likely to survive and breed successfully keep up with the emergence of new antibiotic used to treat
natura_l selection and‘may result in the « these characteristics are then passed on to their offspring. antibiotic-resistant bacteria strains. disease for the first time
formation of new species . . . D' D . .
To reduce the rise of antibiotic-resistant Q == -@D resistant bacteria grow
00 000000000000 000000000 00000000000 000000000 000000000000000000000000000000000000000000000 Strains Q:ggc)%andreprOduce
. . e doctors should only prescribe o ‘QQ.% non-resistant bacteria stop
Evidence for evolution antibiotics for serious bacterial Q@CD.~C> growing and reproducing
. . % (o= Q or are killed
The theory of evolution by natural selection is now widely accepted because there are lots of data to support it, such as infections
. . o ; ; tibiotic continues to be used
e it has been shown that characteristics are passed on to offspring in in genes e patients should complete their antibiotic continues to be use
. . courses of antibiotics so all bacteria

* evidence from the fossil record . . NN

. . . . . are killed and none survive to form Q QS  all bacteria now resistant
e the evolution of antibiotic resistance in bacteria. TS B 0 D@g o {0 the antibiotic

0 000000000000000000000000000000000000000000000000000000000000000000000000000000000000000 o theUSGOfantlblOthS|nfarm|ngand DQOQ%% selection has occurred for
agriculture should be restricted. O%@ S % antibiotic resistance

Benefits of the

fossil record fossil record

Problems with the

3 Protected, over millions of years,
the skeleton becomes mineralised
and turns to rock. The rocks shift
in the earth with the fossil trapped

1 The reptile dies and falls to the
ground
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Classification of living organisms

Evolutionary trees

e can tell scientists ® many early organisms inside
how individual were soft-bodied, so _ Carl Linnaeus developed a system to Evolutionary trees use current classification data for living
species have most decayed before 04 classify living things into groups, kingdom organisms and fossil data for extinct organisms to show how
changed over time producing fossils based on their structure and scientists believe organisms are related.
e fossils allow us to there are gapsin the 2 The flesh decays, leaving the characteristics. *
understand how fossil record as not all Sk_elle'focz1 tlo b%Cfverg%td_indsand OL crrnnTrrmmmnmmmnees phylum millions of years ago PRESENT DAY
life developed over fossils have been found = New models of classification were 40 20 5
Earth’s history and others have been PfOPOSGq as understanding of * extinct —Q : o giant
e fossilscanbeusedto| destroyed by geological biochemical processes developed extinct . panda
track the movement or human activity - and improvements in microscopes class L extinct 5
of a species or its this means scientists led to discoveries of internal — . other bears .
ancestors across cannot be certain about — structures. B <tor o—  red ]
how life began on Earth m 4 Eventually, the fossil . . S : extinct . panta
the world & agiﬂeufocyks n?o&lenc?rgfc:sgii? There is now a three-domain system order gdingt extinct |
takes place developed by Carl Woese, dividing extinct T ;
Extinction * Archaea (primitive bacteria usually evolved :

Extinction is when there are no remaining individuals of a species still alive.
Factors that may contribute to a species’ extinction include

° new predators

* new diseases or pathogens

living in extreme environments)
e Bacteria (true bacteria)

* Eukaryota (including
protists, fungi, plants,

family

-

genus

organisms are named by

D

natural selection

. .\ and animals).
* increased competition for resources or mates

e catastrophic events (e.g., asteroid impacts, volcanic eruptions, earthquakes)
e changes to the environment (climate change, destruction of habitats).

the binomial system of
genus and species

-

species
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antibiotic-resistance evolution

fossil record

extinction




Learn the answers to the questions below then cover the answers column
with a piece of paper and write as many as you can. Check and repeat.

B14 questions Answers
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What are fossils?

How might fossils be formed?

What are the benefits of the fossil record?

What are the problems with the fossil record?

What is extinction?

What is the binomial system?
What classification system did Carl Woese introduce?

Why can bacteria evolve rapidly?

How do antibiotic-resistant strains of bacteria
develop?

a1y Jaded 1nd aJay Jaded 1nd aJay Jaded 1nd
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remains of organisms from millions of years ago, found
in rocks

e parts of an organism do not decay because the
conditions needed for decay are absent

e traces of organisms are preserved
e parts of an organism are replaced by minerals
can learn how species changed and life developed on

Earth, and can track the movement of species across
the world

e many early organisms were soft-bodied so left
few fossils

e gapsin the fossil record as not all fossils have been
found and some have been destroyed

no individuals of a species are still alive
naming of organisms by their genus and species

three-domain system of Archaea, Bacteria, and
Eukaryota

they reproduce at a fast rate

mutations that allow the strain to survive and
reproduce
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A stable community is one where all the
species and environmental factors are in
balance so that population sizes remain

Individual organisms

\ 4

Population
the total number of organisms of the
same species that live in one specific
geographical area

v

Community
group of two or more populations
of different species living in one
specific geographical area

4

Ecosystem
the interaction of a community of
living organisms with the non-living
parts of their environment

fairly constant.

An example of this is the interaction

between predator and prey species, which
rise and fall in a constant cycle so that each

remains within a stable range.
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To survive and reproduce, organisms require a supply of resources from
their surroundings and from the other living organisms there.

This can create competition, where organisms within a community compete

for

resources.

There are two types of competition - interspecific competition is between
organisms of different species and intraspecific competition is between
organisms of the same species.

Animals often compete for:

* food

° mates

© territory.

Plants often compete for:
o light
° space

L]
L]
L]
L]
L]
L]
°
L]
L]

» water and mineral ions from the soil.

A 4

Within a community each species interacts with many others and may
depend on other species for things like food, shelter, pollination, and seed
dispersal.

If one species is removed it can affect the whole community - this is called

interdependence.
100 — hare
n - == lynx
2 80+
3
>
£ 60-
£
8 40-
£
>
o
204

1 If the population of hares
increases there is a larger food
supply for the lynx.

2 This can therefore support more
lynx, so more offspring survive.

3 The growing numbers of lynx
eventually reduce the food supply.
The number of predators starts to
decrease.

4 The prey population starts to

1915

Abiotic factors are non-living factors in the ecosystem that can
affect a community.

Too much or too little of the following abiotic factors can
negatively affect the community in an ecosystem:

carbon dioxide levels for plants
light intensity
moisture levels

oxygen levels for animals that live in water

soil pH and mineral content
temperature
wind intensity and direction.

increase once more — the cycle

1925 1935  then begins again.

year

Biotic factors are living factors in the ecosystem that
can affect a community.

For example, the following biotic factors would all
negatively affect populations in a community:

* decreased availability of food
* new predators arriving
* new pathogens

e competition between species, for example, one
species outcompeting another for food or shelter,
causing a decline in the other species’ population.
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Adaptations of organisms

Organisms have features - adaptations - that enable them to survive in the conditions in which they live. The
adaptations of an organism may allow it to outcompete others, and provide it with an evolutionary advantage.

) 4

Structural adaptations

The physical features that allow an
organism to successfully compete:

) 4

Behavioural adaptations

The behaviour of an organism that
gives it an advantage:

e sharp teeth to hunt prey e making nests to attract a mate
e colouring that may provide e courtship dances to attract
camouflage to hide from a mate
predators or hunt prey e use of tools to obtain food
* alarge or small body-surface- e working together in packs.

area-to-volume ratio.

You can work out how an organism is adapted to where it lives when given
information on its environment and what it looks like.

For example, without the following adaptations the organisms below would
be at a disadvantage in their environment.

Organism Example adaptations

e white fur for camouflage when hunting prey

e feet with large surface area to distribute weight
on snow

e small ears to reduce heat loss

e thick fur for insulation

feet with large surface area to distribute weight
on sand

hump stores fat to provide energy when food is scarce
tough mouth and tongue to allow camel to eat cacti
long eyelashes to keep sand out of eyes

spines instead of leaves to reduce surface area and
therefore water loss, and to deter predators

long roots to reach water underground
large, fleshy stem to store water

biotic factor

abiotic factor

adaptation
interdependence

community

interaction interspeciﬁc competition

ecosystem
intraspeciﬁc competition

) 4

Functional adaptations

Adaptations related to processes
that allow an organism to survive:

e photosynthesis in plants
e production of poisons or

venom to deter predators and

kill prey
e changes in reproduction
timings.

Some organisms are
extremophiles, which means

they live in environments that are

very extreme where most other

organisms could not survive. For

example, areas with:

e very high or low temperatures

® extreme pressures
e high salt concentrations

e highly acidic or alkaline
conditions

* |ow levels of oxygen or water.

4

Bacteria that live in deep sea
vents are extremophiles.

Deep sea vents are formed when

seawater circulates through
hot volcanic rocks on the
seafloor. These environments
have very high pressures and
temperatures, no sunlight, and
are strongly acidic.

extremophile

population



Chapter 15: Adaptations,
interdependence, and competition

Retrieval questions

Learn the answers to the questions below then cover the answers column
with a piece of paper and write as many as you can. Check and repeat.
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B15 questions

What is a population?

What is a community?

What is an ecosystem?

What is competition?

What is interdependence?

What do animals often compete for?
What do plants often compete for?

What is an abiotic factor?

List the abiotic factors that can affect a community.

What is a biotic factor?

List the biotic factors that can affect a community.

What is a stable community?

How do adaptations help an organism?

What are the three types of adaptations?

What is an extremophile?

What makes an environment extreme?
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Answers

total number of organisms of the same species that live
in a specific geographical area

group of two or more populations of different species
living in a specific geographical area

the interaction of a community of living organisms with
the non-living parts of their environment

contest between organisms within a community for
resources

when species in a community depend on others for
resources and shelter

food, mates, and territory
light, space, water, and mineral ions
non-living factor that can affect a community

e carbon dioxide levels for plants

e lightintensity

* moisture levels

e oxygen levels for animals that live in water
¢ soil pH and mineral content

e temperature

e wind intensity and direction

living factor that can affect a community

e availability of food

* new predators

* new pathogens

e competition between species

when all species and environmental factors are in
balance, so population sizes remain fairly constant

they enable the organism to survive in the conditions in
which it lives

structural, behavioural, and functional
an organism that lives in a very extreme environment

e very high or low temperatures

e extreme pressures

high salt concentrations

highly acidic or alkaline conditions
lack of oxygen or water



Feeding relationships within a
community can be represented by
food chains.

Photosynthetic organisms that
synthesise molecules are the
producers of all biomass for life
on Earth, and so are the first step
in all food chains.

A range of experimental methods
using transects and quadrats are
used by ecologists to determine the
distributions and abundances of
different species in an ecosystem.
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The trophic level of an organism is the
number of steps it is from the start of its
food chain.

Pyramids of biomass represent the
relative amount of biomass at each
trophic level of a food chain.

Biomass is the amount of living or
recently dead biological matter in an
area. Biomass is transferred from each
trophic level to the level above it in the
food chain.

trophic level 4

biomass of secondary

trophic level 3 )
consumer (carnivore)

biomass of primary consumer

trophic level 2 (herbivore)

biomass of producer

trophic level 1 (plant or alga)

Producers transfer about 1% of
the incident light energy used for
photosynthesis to produce biomass.

Approximately 10% of the biomass from
each trophic level is transferred to the
level above it.

all food chains begin

with a producer, for
example, a green plant
or alga producing glucose
through photosynthesis

L]
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Consumers that kill and eat other
animals are predators, and those that
are eaten are prey.

Apex predators are carnivores with no
predators.

The water cycle

v

condensation — as moist air rises it
cools. Water vapour condenses back
into liquid water droplets producing

clouds
water vapour 1

* transpiration and respiration — loss

of water vapour from plants and
evaporation — the Sun heats the Farth’s surface | | animals directly to the atmosphere
and water is turned from a liquid into water |
vapour, forming warm, moist air

I surface run-off

V-»‘-»ﬁ-»

hawks are tertiary
consumers — they are

carnivores that eat
secondary consumers

slugs are primary
consumers — they are
herbivores that eat
producers

sparrows are secondary
consumers — they are
carnivores that eat
primary consumers

precipitation — as water droplets in clouds
get heavier they fall as rain, snow, or hail

«

Organisms usually have more
complex feeding relationships, with
more than one predator or more than
one food source. These can be shown
in a food web.

percolation — water trickles
through gaps in soils and rocks

How materials are cycled

All materials in the living world are recycled, which provides the
building materials for future organisms.
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C'\ organic compounds
‘00(\ death in dead organisms ) carbon dioxide __y, plant material
oé Decqmposers, such as bacteria and into plants via _>e eaten by consumers

& - fungi, break down dead plant and photosynthesis
NI feeding animal matter by secreting enzymes carbon dioxide

/ into the environment. The small into air mineral '0”3 eg, Producers ...

nitrates into plant or anlsms
soluble food molecules produced through roots g
carbon compounds then diffuse into the decomposer.
organic compounds in fossil fuels P ' mineral ions, death excretion
< respiration 1 consumers decay and These materials are cycled through &g., nitrates into soll
> returns COy to decomposition — t sl
oo CO, released as an ecosystem by decomposers decomposers break ey .
P microorganisms returning carbon to the atmosphere down dead bodies and | *—" a7 faeces + urine

Y~

waste materials

respire as carbon dioxide and mineral ions

to the soil.

CO2 in the air and
dissolved in water,
particularly oceans

L
th

photosynthesis
removes CO2 from the
environment

burning
(combustion)

This loss of biomass moving
up the food chain is due to
several factors:

use in life processes, such
as respiration

not all of the matter

eaten is digested, some is
egested as waste products
some absorbed material is
lost as waste

energy is used in movement
and to keep animals warm.

biomass carboncycle carnivore consumer decomposer evaporation fertiliser food chain

foodweb herbivore precipitation

predator prey producer trophiclevel water cycle




Learn the answers to the questions below then cover the answers column
with a piece of paper and write as many as you can. Check and repeat.
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B16 questions

What is a producer?

What is a food chain?

What is a consumer?
What is a herbivore?
What is a predator?

What is a prey organism?
What is an apex predator?

What proportion of biomass is transferred from each
trophic level to the one above?

Why is biomass lost between trophic levels?

What is the carbon cycle?

What is the water cycle?
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Answers

organism that makes its own food, usually by
photosynthesis

representation of the feeding relationships within
a community

organism that eats other organisms for food

organism that only eats producers (plants/algae)
organism that kills and eats other organisms
organism that is killed and eaten by another organism

carnivore with no predators
approximately 10%

* some ingested material is egested

e some material is lost as waste (carbon dioxide and
water in respiration, water and urea in urine)

e used in life processes, such as respiration

e energy is used in movement and to keep
animals warm

process that returns carbon from organisms to the
atmosphere as carbon dioxide, which can then be used
by plants

process that provides fresh water for plants and animals
on land before draining into seas and rivers



Biodiversity is the variety of all the different
species of organisms (plant, animal, and
microorganism) on Earth, or within a specific
ecosystem.

High biodiversity ensures the stability

of an ecosystem, because it reduces the »
dependence of one species on another in the
ecosystem for food or habitat maintenance.

The future of the human species depends on us
maintaining a good level of biodiversity. Many
human activities, such as deforestation, are
reducing biodiversity, but only recently have
measures been taken to try to prevent this.
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Levels of carbon dioxide and methane in the atmosphere are increasing
due to human activity, contributing to global warming and climate
change. Global warming is the gradual increase in the average
temperature of the Earth.

This scientific consensus is based on systematic reviews of thousands of
peer-reviewed publications.
Global warming has resulted in

¢ large-scale habitat change and reduction, causing decreases in
biodiversity

* extreme weather and sea level changes

* migration of species to different parts of the world, affecting
ecosystems

¢ threats to the security and availability of food.

Waste management Deforestation

Rapid growth of the human population and increases
in the standard of living mean humans are using more
resources and producing more waste.

Waste and chemical materials need to be properly
handled in order to reduce the amount of pollution
they cause. Pollution kills plants and animals, and can
accumulate in food chains, reducing biodiversity.
Pollution can occur

¢ in water, from sewage, fertiliser run-off, or toxic
chemicals (e.g., from factories)

¢ inair, from smoke and acidic gases
¢ on land, from landfill and toxic chemicals.

Rapid population growth has led to humans using
much more land for building, quarrying, farming, and

dumping waste. This reduces the area in which animals

can live and can further destroy habitats through

pollution.

For example, the destruction of peat bogs (areas

of partially decayed vegetation) to produce garden
compost has decreased the amount of this important
habitat, and the biodiversity it supports. The decay or

burning of peat for energy also releases carbon dioxide
into the atmosphere, contributing to global warming.

Large-scale deforestation in tropical areas has been carried out
to provide land for cattle and rice fields, and to grow crops for
biofuels.

This has resulted in

e large amounts of carbon dioxide being released into the
atmosphere due to burning of trees

e extinctions and reductions in biodiversity as habitats are
destroyed

e climate changes, as trees absorb carbon dioxide and release
water vapour.

Maintaining biodiversity

Many habitats are currently under threat due to human activities such as deforestation, climate change, and
habitat destruction.

There are a number of ways in which scientists and concerned citizens are trying to maintain biodiversity and
reduce the negative impact of humans on ecosystems, including

* breeding programmes in zoos for endangered species

e protection and regeneration of rare habitats (e.g., national parks)

¢ reintroduction of hedgerows in agricultural areas where single crop species are grown, as hedges provide
habitat for many organisms

¢ government policies to reduce deforestation and carbon dioxide emissions
* recycling resources rather than dumping waste in landfill.
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Evolutionary trees

Evolutionary trees use current classification data for living organisms and fossil data for extinct organisms to
show how scientists believe organisms are related.
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biodiversity deforestation global warming

peat bog pollution




Learn the answers to the questions below then cover the answers column
with a piece of paper and write as many as you can. Check and repeat.

B17 questions Answers
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What is biodiversity?

What is the advantage of high biodiversity?

How are humans trying to maintain biodiversity?

Why are more resources being used, and more
waste produced, by humans?

Where does pollution occur?

How are humans reducing the land available for other :

organisms?

What are the negative impacts of the destruction
of peat bogs?

Why have humans carried out large-scale
deforestation in tropical areas?
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the variety of all the different species of organisms on
Earth, or within an ecosystem

ensures stability of ecosystems by reducing the
dependence of one species on another

breeding programmes
protection of rare habitats
reintroduction of hedgerows

reduction of deforestation and carbon dioxide
emissions

recycling resources

rapid growth in human population, and increase
in the standard of living

water, air, and land

building, quarrying, farming, and dumping waste

reduces amount of available habitat, causing
decreases in biodiversity

burning or decay of peat releases carbon dioxide into
the atmosphere

provide land for cattle and rice fields

grow crops for biofuels
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