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4.1 Cell biology

Cells are the basic unit of all forms of life. In this section we explore how structural differences
between types of cells enables them to perform specific functions within the organism. These
differences in cells are controlled by genes in the nucleus. For an organism to grow, cells must
divide by mitosis producing two new identical cells. If cells are isolated at an early stage of growth
before they have become too specialised, they can retain their ability to grow into a range of
different types of cells. This phenomenon has led to the development of stem cell technology. This
is a new branch of medicine that allows doctors to repair damaged organs by growing new tissue
from stem cells.

4.1.1 Cell structure

4.1.1.1 Eukaryotes and prokaryotes

Plant and animal cells (eukaryaotic cells) have a cell membrane,
cytoplasm and genetic material enclosed in a nucleus.

Bacterial cells (prokaryotic cells) are much smaller in comparison.
They have cytoplasm and a cell membrane surrounded by a cell
wall. The genetic material is not enclosed in a nucleus. It is a single
DNA loop and there may be one or more small rings of DNA called

plasmids.

Students should be able to demonstrate an understanding of the MS 1b, 2a, 2h
scale and size of cells and be able to make order of magnitude

calculations, including the use of standard form. WS 4.4

Use prefixes centi, milli,
micro and nano.




4.1.1.2 Animal and plant cells

Students should be able to explain how the main sub-cellular
structures, including the nucleus, cell membranes, mitochondria,
chloroplasts in plant cells and plasmids in bacterial cells are related
to their functions.

Most animal cells have the following parts:
e anucleus
* cytoplasm
e acell membrane

* mitochondria
* ribosomes.

In addition to the parts found in animal cells, plant cells often have:

» chloroplasts
* a permanent vacuole filled with cell sap.

Plant and algal cells also have a cell wall made of cellulose, which
strengthens the cell.

WS 1.2

Recognise, draw and
interpret images of cells.

Students should be able to use estimations and explain when they
should be used to judge the relative size or area of sub-cellular
structures.

MS 1d, 3a
AT 7

Images of cells in videos,
bioviewers, photographs
and micrographs can be
used as comparison for
students own drawings.



4.1.1.3 Cell specialisation

Students should be able to, when provided with appropriate
information, explain how the structure of different types of cell relate
to their function in a tissue, an organ or organ system, or the whole
organism.

Cells may be specialised to carry out a particular function:

» sperm cells, nerve cells and muscle cells in animals
» root hair cells, xylem and phloem cells in plants.

4.1.1.4 Cell differentiation

Students should be able to explain the importance of cell
differentiation.

As an organism develops, cells differentiate to form different types
of cells.

* Most types of animal cell differentiate at an early stage.

* Many types of plant cells retain the ability to differentiate
throughout life.

In mature animals, cell division is mainly restricted to repair and
replacement. As a cell differentiates it acquires different sub-cellular
structures to enable it to carry out a certain function. It has become
a specialised cell.

WS 1.1
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MS 1a, 1b, 2h, 3b
WS 4.4

Use prefixes centi, milli,
micro and nano.

Key opportunities for

skills development

Content

WS 1.2

Use models and analogies
to develop explanations of
how cells divide.

Key opportunities for

skills development




Content Key opportunities for
skills development

WS 1.3

Evaluate the practical risks
and benefits, as well as
social and ethical issues, of
the use of stem cells in
medical research and
treatments.




WS 1.2

Recognise, draw and
interpret diagrams that
model diffusion.

WS 1.5

Use of isotonic drinks and
high energy drinks in sport.

MS 1c, 5¢



WS 1.2

Recognise, draw and
interpret diagrams that
model osmosis.

MS 1a, 1c

MS 4a, 4b, 4c, 4d

There are links with this
content to Cell

specialisation (page 22).
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In this section we will learn about the human digestive system which provides the body with
nutrients and the respiratory system that provides it with oxygen and removes carbon dioxide. In



each case they provide dissolved materials that need to be moved quickly around the body in the
blood by the circulatory system. Damage to any of these systems can be debilitating if not fatal.
Although there has been huge progress in surgical techniques, especially with regard to coronary
heart disease, many interventions would not be necessary if individuals reduced their risks through
improved diet and lifestyle. We will also learn how the plant’s transport system is dependent on
environmental conditions to ensure that leaf cells are provided with the water and carbon dioxide

that they need for photosynthesis.

4.2.1 Principles of organisation

Content

Key opportunities for

skills development

Cells are the basic building blocks of all living organisms.
A tissue is a group of cells with a similar structure and function.
Organs are aggregations of tissues performing specific functions.

Organs are organised into organ systems, which work together to
form organisms.

MS 1c

Students should be able to
develop an understanding
of size and scale in relation
to cells, tissues, organs and
systems.

Key opportunities for
skills development

MS 1a, 1c




Content Key opportunities for

skills development

WS 1.2

Students should be able to
use other models to explain
enzyme action.




Content

Key opportunities for
skills development

Content

MS 1a, 1c

Key opportunities for
skills development

AT7

Observing and drawing
blood cells seen under a
microscope.

WS 1.5

Evaluate risks related to
use of blood products.




Content Key opportunities for

skills development

WS 3.5

Content Key opportunities for

skills development

WS 1.4
WS 1.3

Evaluate methods of
treatment bearing in mind
the benefits and risks
associated with the
treatment.




Content

Key opportunities for
skills development

MS 2c, 2g, 4a

Content

MS 2d

Key opportunities for

skills development

WS 1.4
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Key opportunities for

skills development

WS 1.5

Interpret data about risk
factors for specified
diseases.

MS 2d

MS 2c, 4a

Content

MS 2g

Key opportunities for
skills development




AT7

Observation and drawing of
a transverse section of leaf.

AT 3,4,5

Measure the rate of
transpiration by the uptake
of water.

AT6,7

Investigate the distribution
of stomata and guard cells.

MS 2a, 2d, 5c

Process data from
investigations involving
stomata and transpiration
rates to find arithmetic
means, understand the
principles of sampling and
calculate surface areas and
volumes.

MS 1a, 1c




MS 2c, 4a, 4c

4.3 Infection and response

Pathogens are microorganisms such as viruses and bacteria that cause infectious diseases in
animals and plants. They depend on their host to provide the conditions and nutrients that they
need to grow and reproduce. They frequently produce toxins that damage tissues and make us
feel ill. This section will explore how we can avoid diseases by reducing contact with them, as well
as how the body uses barriers against pathogens. Once inside the body our immune system is
triggered which is usually strong enough to destroy the pathogen and prevent disease. When at
risk from unusual or dangerous diseases our body's natural system can be enhanced by the use of
vaccination. Since the 1940s a range of antibiotics have been developed which have proved
successful against a number of lethal diseases caused by bacteria. Unfortunately many groups of
bacteria have now become resistant to these antibiotics. The race is now on to develop a new set
of antibiotics.



4.3.1 Communicable diseases

4.3.1.1 Communicable (infectious) diseases

Students should be able to explain how diseases caused by
viruses, bacteria, protists and fungi are spread in animals and
plants.

Students should be able to explain how the spread of diseases can
be reduced or prevented.

Pathogens are microorganisms that cause infectious disease.
Pathogens may be viruses, bacteria, protists or fungi. They may
infect plants or animals and can be spread by direct contact, by
water or by air.

Bacteria and viruses may reproduce rapidly inside the body.

Bacteria may produce poisons (toxins) that damage tissues and
make us feel ill.

Viruses live and reproduce inside cells, causing cell damage.

WS 14




4.3.1.3 Bacterial diseases

Salmonella food poisoning is spread by bacteria ingested in food, or
on food prepared in unhygienic conditions. In the UK, poultry are
vaccinated against salmonella to control the spread. Fever,
abdominal cramps, vomiting and diarrhoea are caused by the
bacteria and the toxins they secrete.

Gonorrhoea is a sexually transmitted disease (STD) with symptoms
of a thick yellow or green discharge from the vagina or penis and
pain on urinating. It is caused by a bacterium and was easily treated
with the antibiotic penicillin until many resistant strains appeared.
Gonorrhoea is spread by sexual contact. The spread can be
controlled by treatment with antibiotics or the use of a barrier
method of contraception such as a condom.




4.3.1.7 Vaccination

Students should be able to explain how vaccination will prevent
illness in an individual, and how the spread of pathogens can be
reduced by immunising a large proportion of the population.

Vaccination involves introducing small quantities of dead or inactive
forms of a pathogen into the body to stimulate the white blood cells
to produce antibodies. If the same pathogen re-enters the body the
white blood cells respond quickly to produce the correct antibodies,
preventing infection.

Students do not need to know details of vaccination schedules and
side effects associated with specific vaccines.

4.3.1.8 Antibiotics and painkillers

WS 1.4

Evaluate the global use of
vaccination in the
prevention of disease.

Students should be able to explain the use of antibiotics and other
medicines in treating disease.

Antibiotics, such as penicillin, are medicines that help to cure
bacterial disease by killing infective bacteria inside the body. It is
important that specific bacteria should be treated by specific
antibiotics.

WS 1.4




The use of antibiotics has greatly reduced deaths from infectious
bacterial diseases. However, the emergence of strains resistant to
antibiotics is of great concern.

There are links with this
content to Resistant
bacteria (page 58).

Antibiotics cannot kill viral pathogens.

Painkillers and other medicines are used to treat the symptoms of
disease but do not kill pathogens.

It is difficult to develop drugs that Kill viruses without also damaging
the body’s tissues.

4.3.1.9 Discovery and development of drugs

Students should be able to describe the process of discovery and
development of potential new medicines, including preclinical and
clinical testing.

Traditionally drugs were extracted from plants and microorganisms.

* The heart drug digitalis originates from foxgloves.
* The painkiller aspirin originates from willow.

+ Penicillin was discovered by Alexander Fleming from the
Penicillium mould.

Most new drugs are synthesised by chemists in the pharmaceutical
industry. However, the starting point may still be a chemical
extracted from a plant.

New medical drugs have to be tested and trialled before being used
to check that they are safe and effective.

New drugs are extensively tested for toxicity, efficacy and dose.

Preclinical testing is done in a laboratory using cells, tissues and
live animals.

Clinical trials use healthy volunteers and patients.

* Very low doses of the drug are given at the start of the clinical
trial.

+ If the drug is found to be safe, further clinical trials are carried
out to find the optimum dose for the drug.

* In double blind trials, some patients are given a placebo.

WS 1.6

Understand that the results
of testing and trials are
published only after scrutiny
by peer review.



4.4 Bioenergetics

In this section we will explore how plants harness the Sun’s energy in photosynthesis in order to
make food. This process liberates oxygen which has built up over millions of years in the Earth’s
atmosphere. Both animals and plants use this oxygen to oxidise food in a process called aerobic
respiration which transfers the energy that the organism needs to perform its functions.
Conversely, anaerobic respiration does not require oxygen to transfer energy. During vigorous
exercise the human body is unable to supply the cells with sufficient oxygen and it switches to
anaerobic respiration. This process will supply energy but also causes the build-up of lactic acid in

muscles which causes fatigue.

Key opportunities for
skills development

I\

Content

There are links with this
content to Plant tissues
(page 33), the leaf.

Key opportunities for
skills development

MS 3d

Solve simple algebraic
equations.

MS 1a, 1c, 2c, 3d, 4a, 4c




Key opportunities for

skills development

MS 3a, 3d
(HT only) WS 1.4

Use data to relate limiting
factors to the cost
effectiveness of adding
heat, light or carbon dioxide
to greenhouses.

Content Key opportunities for

skills development




4.4.2 Respiration

4.4.2.1 Aerobic and anaerobic respiration

Students should be able to describe cellular respiration as an
exothermic reaction which is continuously occurring in living cells.

The energy transferred supplies all the energy needed for living
processes.

Respiration in cells can take place aerobically (using oxygen) or
anaerobically (without oxygen), to transfer energy.

Students should be able to compare the processes of aerobic and
anaerobic respiration with regard to the need for oxygen, the
differing products and the relative amounts of energy transferred.

Organisms need energy for:

» chemical reactions to build larger molecules
* movement
* keeping warm.

Aeraobic respiration is represented by the equation:
glucose + oxygen carbon dioxide + water

Students should recognise the chemical symbols: CsH1206, O,
CO; and H0.

Anaerobic respiration in muscles is represented by the equation:
glucose lactic acid

As the oxidation of glucose is incomplete in anaerobic respiration
much less energy is transferred than in aerobic respiration.

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

glucose ethanol + carbon dioxide

Anaerobic respiration in yeast cells is called fermentation and has
economic importance in the manufacture of bread and alcoholic
drinks.




AT 1,34

Investigations into the effect
of exercise on the body.

4.4.2.3 Metabolism

Students should be able to explain the importance of sugars, amino
acids, fatty acids and glycerol in the synthesis and breakdown of
carbohydrates, proteins and lipids.

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

The energy transferred by respiration in cells is used by the
organism for the continual enzyme controlled processes of
metabolism that synthesise new molecules.

Metabolism includes:

conversion of glucose to starch, glycogen and cellulose

the formation of lipid molecules from a molecule of glycerol
and three molecules of fatty acids

the use of glucose and nitrate ions to form amino acids which
in turn are used to synthesise proteins

respiration
breakdown of excess proteins to form urea for excretion.

All of these aspects are covered in more detail in the relevant
specification section but are linked together here.




