Swanshurst School
Science Department
Preparation Work for 
BTEC Applied Science: National Extended Diploma 
(TRIPLE) 

Welcome to BTEC Applied Science!

This subject is a vocational qualification which will provide a route for Higher Education study and develop your key skills for those looking to go into the work place. You will gain practical experience from real world assignments, work effectively as a team as well as developing your interpersonal skills and taking responsibility for your own learning. This course also as a strong core base of knowledge. Swanshurst students typically leave at the end of the qualification to study Science based degrees or apprenticeships.

You will build on what you have learned in GCSE Science and study units of Biology, Chemistry and Physics. Some of this will be examined in the form of coursework and some as an examination or CAT style assessment.

Presentation of work in BTEC
Follow these guidelines to ensure that your work meets Level 3 standards in coursework

· Headings and sub-headings in BOLD
· Formal use of language – no ‘I decided or Mrs ?? said’.
· Remember paragraphs.
· SPAG – check for spelling, punctuation and grammatical errors
· Spell check
· No plagiarism – write everything in your own words or reference whatever you have copied
· Include a bibliography 

Bibliography - Make sure you provide a list of books; articles (newspapers or magazines) that you have used to help you write the report.  If you directly quote from one of these sources of information within your report, then YOU MUST give the author’s name within your writing.



Year plan of BTEC Applied Science: National Extended Diploma (Triple) 

Year 12 & 13

	Unit Number
	Unit Name
	Internal / External Assessment

	1
	Principles and applications of science I
	Exam 

	2
	Practical scientific procedures and techniques
	Coursework 

	3
	Science investigation skills
	Exam

	4
	Laboratory techniques and their application
	Coursework

	5
	Principles and applications of science II
	Exam

	6
	Investigative project
	Coursework

	7
	Contemporary issues in science
	Exam

	8
	Physiology of human body systems
	Coursework

	9
	Human regulation and reproduction
	Coursework

	11
	Genetics and genetic engineering
	Coursework

	14
	Applications of organic chemistry
	Coursework

	15
	Electrical circuits and their application
	Coursework

	21
	Medical physics applications
	Coursework




Link to the BTEC National Extended Certificate (Single) specification:
http://qualifications.pearson.com/en/qualifications/btec-nationals/applied-science-2016.html#tab-1

Link to the BTEC National Diploma (Double) specification:
https://qualifications.pearson.com/content/dam/pdf/BTEC-Nationals/Applied-Science/2016/specification-and-sample-assessments/BTEC-L3-Nat-Dip-in-Applied-Science-Spec.pdf 

Link to the BTEC National Extended Diploma (Triple) specification:
https://qualifications.pearson.com/content/dam/pdf/BTEC-Nationals/Applied-Science/2016/specification-and-sample-assessments/BTEC-L3-Nat-ExtDip-in-Applied-Science-Spec.pdf 

Induction Tasks 
(Deadline: first lesson back in September)

[bookmark: _Hlk104363237]UNIT 1: PRINCIPLES AND APPLICATIONS OF SCIENCE

Chemistry
What are atoms made of?

In Chemistry you need to know that atoms are made of 3 sub atomic particles called protons, neutrons and electrons.

These particles have mass and charge values that are relative to each other as shown in the table

	Particle Name
	Relative Charge
	Relative mass

	Proton
	+1
	1

	Neutron
	0
	1

	Electron
	-1
	0



Atomic number, Mass Number and Isotopes
· The atomic number is the number of protons in the nucleus. For atoms the number of protons is equal to the number of electrons because atoms have no overall charge.
· Elements are arranged in the periodic table in the order of their 
atomic number.
· The mass number is the number of protons and neutrons in the nucleus 

1. Using a copy of the Periodic Table, complete the table below:

	Element
	Symbol
	Atomic Number
	Atomic mass
	Number of protons
	Number of neutrons
	Number of electrons

	Sodium
	
	
	23
	
	
	

	
	
	
	12
	
	
	

	
	
	12
	
	
	12
	

	
	
	84
	210
	
	
	

	Chlorine
	
	17
	35
	
	
	

	Chlorine
	
	17
	37
	
	
	



2. The last 2 elements are isotopes of Chlorine. What are isotopes?


Arrangement of Electrons
What you know from GCSE
· Electrons orbit the nucleus in energy levels (called shells)
· You always fill innermost levels first
· The first level can hold a maximum of 2 electrons, the second can hold a maximum of 8 and the third can hold a maximum of 8.

Elements and the Periodic table
Elements are arranged in groups in the Periodic Table according to how many electrons they have in their highest energy level (outer shell). You will probably be familiar groups 1 and 7.

3. Draw a diagram to show the electron arrangement in shells of each of the following elements: Carbon, Flourine, magnesium and sulphur.


	  Carbon






	Flourine

	Magnesium







	Sulphur






Formation of Ions
· An ion is a charged particle. Ions of opposite charge can bond together.
· Ions are formed when an atom gains or loses electrons to get a complete outer shell.
· Group 1 elements have 1 electron in their outer shell. They lose this electron, which means they a negative charge, hence with a charge of +1. A sodium ion is written as Na+
· Group 7 elements (fluorine, chlorine etc) have 7 electrons; they gain 1 electron from their surroundings to complete their outer shell. They now have an extra negative charge: they carry a -1 charge. A fluoride ion is written F-.
· Group 6 elements have 6 electrons in their outer shell; they pick up 2 electrons from their surroundings to complete their outer shell. They now have 2 extra negative charges: they carry a -2 charge. An oxide ion is written as O2-

4. Draw Diagrams to show the electron arrangement in shells of the atoms and ions of the following elements:

	Sodium atom






	Sodium ion Na+

	Chlorine atom






	Chloride ion Cl-

	Magnesium atom






	Magnesium ion Mg2+

	Oxygen atom






	Oxygen ion O2-



Physics 

Wave Types
You need to be able to describe the difference between longitudinal and transverse waves and give examples of both

1. Research the similarities and differences between the two wave types and reduce the information into 5 sentences.

	














The displacement of the wave is the oscillation.
2.  Draw diagrams to show the oscillation of a longitudinal and transverse wave.
	Longitudinal Wave









	Transverse wave











Waves in Communication
Fibre Optics
Fibre optics have become a vital backbone for modern communication systems. From GCSE you should know what happens when light is reflected and when light is refracted.

3. Draw diagrams to show reflection and refraction of light.

	Reflection












	Refraction




Optical fibres are long cylinders of glass or sometimes plastic. Light is fed into the cut end of the fibre, so when it hits the sides of the fibre, it always does so at greater than the critical angle. This means all the rays of light get totally internally reflected and keep bouncing down the length of the fibre.

4. Draw a diagram to show this and give a definition of the critical angle.

	Optical Fibres







The critical angle is…………






Uses of Electromagnetic Waves in communication

[image: Image result for electromagnetic spectrum]


Electromagnetic waves are used in communication. From GCSE you will be familiar with some of their applications.

5. Complete the table to show the applications of electromagnetic waves.

	Application
	Power and mode of transmission
	Frequency band
	How it is used 

	
Satellite 

	
	
	

	Mobile phones

	
	
	

	Bluetooth


	
	
	

	Wi-Fi


	
	
	

	Infra red



	
	
	





Biology  

Cells 
In GCSE you will have learnt about cell structure and function. You should be familiar with animal, plant and bacterial cells. You should also be able to describe some specialised cells. You will also have learnt about different types of microscopes and have used a microscope to analyse an onion or cheek cell.

1. Draw and annotate (describing function) the following 3 types of cell: Animal, plant and bacterial.

	Animal cell










	Plant Cell










	Bacterial Cell













Specialised Cells

Specialised cell are adapted to do a particular function. 

2. Complete the table on specialised cells.

	Cell Type
	Function
	Adaptations

	
Red blood cell
	


	

	
Sperm cell
	


	

	
Egg cell
	


	

	
Palisade cell

	


	

	
Root hair cell

	
	





Tissues
A collection of cells of the same type is called a tissue. For example many neurones make nervous tissue. 
Epithelial cells are cells that line a surface that is in contact with the external environment. They may also line the surface of internal organs such as the lungs. There are two types of epithelial tissue: squamous epithelium and columnar epithelium.


Columnar Epithelium Tissue

[image: ]

Squamous Epithelium Tissue

[image: ]


3. Find out where we find these types of tissue in the body and how their structure helps their function

















UNIT 2: PRACTICAL SCIENTIFIC PROCESSES
Titration

[image: http://www.ausetute.com.au/images/aptitrgenral.gif]

Introduction

Your coursework unit is to do with working in a laboratory and being able to understand what equipment to select for various procedures and then using that equipment to work accurately. The information that you gather for this assignment will help you with your first coursework assessment and cover some of the knowledge and skills you need for unit 1. The deadline for this induction assignment is the first week you start sixth form.

Task 1

Produce a table that includes all of the equipment that is needed for completing a titration. Include a diagram of each piece of equipment and describe what it is used for.


Task 2 

Find examples of 3 different indicators that are used in titrations. For each indicator describe how the colour changes and in what type of reactions you would select them


Task 3
Produce a student guide on how to complete a titration. 

Include: definition of titration, end point and indicator
Step by step guide
How to use the equipment accurately
Common mistakes

https://www.youtube.com/watch?v=sFpFCPTDv2w
Task 4 

Find out the formulas for these common acids, alkalis and salts:

1. Hydrochloric acid 
2. Nitric acid 
3. Sulphuric acid
4. Sodium hydroxide n
c
v
number of moles
concentration (in mol dm-3)
volume (in dm3)

5. Sodium sulphate 
6. Sodium nitrate 
7. Phosphoric acid 
8. Sodium phosphate 
9. Potassium sulphate

Task 5
Neutralisation reactions

Write out the word and balanced symbol equations for the reactions between:
1. Hydrochloric acid and sodium hydroxide
2. Hydrochloric acid and potassium hydroxide
3. Nitric acid and sodium hydroxide
4. Sulphuric acid and potassium hydroxide

What is the general equation for when an acid and a base react?

Task 6 
How to calculate concentration.

· Concentration is a measure of how crowded things are.
· The concentration can be measured in moles per dm3 (ie. moles per litre).
· So 1 mole of ‘stuff’ in 1dm3 of solution has a concentration of 1 mole per dm3 (1mol/dm3).
· The more solute you dissolve in a given volume, the more crowded the solute molecules are and the more concentrated the solution.

[image: ]1 litre
= 1000 cm3
= 1 dm3
(To convert from cm3 to dm3, you divide by 1000)

Concentration = number of moles
                                  Volume

Example: 

What is the concentration of a solution with 2 moles of salt in 500cm3?

The question already tells us the number of moles and the volume, so use the formula:
	c = n 
	      v    
             = 2
               0.5
             = 4 mol/dm3


Calculate the concentration of each of the following solutions of hydrochloric acid. (Remember, you will need to convert the volume into dm3 first) Show all of your working.
(i) 1 mol of HCl dissolved to make 100cm3 of solution
(ii) 2 mol of HCl dissolved to make 1 litre of solution
(iii) 0.1 mol of HCl dissolved to make 500cm3 of solution
(iv) 0.5 mol of HCl dissolved to make 250cm3 of solution
(v) 0.4 mol of HCl dissolved to make 200cm3 of solution







UNIT 5: PRINCIPLES AND APPLICATIONS OF SCIENCE II

Chemistry
[image: ]
Electrolysis
When an ionic compound is melted or dissolved in water, its ions are free to move about in the liquid or solution.
Passing an electric current through the liquid or solution breaks down the ionic compound into simpler substances. This is electrolysis
The solution of the substance broken down is called the electrolyte.

At the negative electrode the ions gain electrons this is called reduction
We can use half equations to represent this
Pb2+ +2e- →	Pb
Na+ +e- →	Na

1. Write the half equation for a Cu2+ ion and Ag+





2. Answer the question below

[image: ]


[image: ]



3. Transform this information into a paragraph to explain how aluminium is extracted.


	Extraction of Aluminium





















Physics

[image: ]


[image: ]


[image: ]

1. Fill in your answers below

[image: ]












2. Complete the questions below


[image: ]
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Efficiency
Devices are designed to waste as little energy as possible. This means that as much of the input energy as possible should be transferred into useful energy stores.  How good a device is at transferring energy input to useful energy output is called efficiency.
A very efficient device will waste very little of its input energy.
A very inefficient device will waste most of its input energy.
The efficiency of a device is the proportion of the energy supplied that is transferred in useful ways. The efficiency can be calculated as a decimal or a percentage, using the equations:
[image: efficiency = \frac{useful~energy~transferred}{total~energy~supplied}]

[image: percentage~efficiency = efficiency \times 100]

[image: (percentage~efficiency = \frac{useful~energy~transferred}{total~energy~supplied} \times 100)]

This is when both useful energy transferred and total energy supplied are measured in joules (J).
Example
The energy supplied to a light bulb is 200 J. A total of 28 J of this is usefully transferred. How efficient is the light bulb?
[image: efficiency = \frac{useful~energy~transferred}{total~energy~supplied}]
[image: efficiency = \frac{28}{200}]
[image: efficiency = 0.14]
[image: percentage~efficiency=efficiency \times 100]
[image: percentage~efficiency=0.14 \times 100]
[image: percentage~efficiency=14\%]
The light bulb is not very efficient since most of the energy supplied is not transferred usefully. Most of the energy is dissipated as infrared radiation and only 14% is transferred usefully as light radiation.
Efficiency and power
As power is equal to useful energy transferred per second, another way to calculate efficiency is to use the formula:
[image: efficiency = \frac{useful~power~transferred}{total~power~supplied}]
[image: percentage~efficiency = efficiency \times 100]
This is when both useful power transferred and total power supplied are measured in watts (W).

Question
A transformer usefully transfers 190,000 W of the 200,000 W of energy supplied to it. How efficient is the transformer?

It is not possible to have an efficiency of greater than 1 or efficiency percentage of 100%. This would mean that more energy is being transferred than is being supplied, which would mean that energy is being created. This would break the law of conservation of energy.

Wasted energy
Devices waste energy for various reasons including friction between their moving parts, electrical resistance, and unwanted sound energy.
Devices can be made more efficient by reducing the energy that they waste or dissipate to the surroundings. One example is lubrication being used to reduce the friction between moving parts of a machine.



[image: ]Energy efficiency questions 
1. A kettle transfers 1,500 J of energy, 1,200 J to a thermal energy store and 300 J to a vibrational energy store (sound).  How efficient is the kettle?			[1 mark] 	[grade 3]


[image: ]
2. Playing on an Xbox 360 uses 102 J of electric and magnetic energy each second.  9 J of this energy is transferred to a thermal energy store.  How efficient is the Xbox? 		[2] 	[grade 4]





3. A pendulum with a store of 100 J of gravitational potential energy transfers 99.5J to a kinetic energy store on its first swing (see Sankey diagram below).
[image: ]
a. How much energy is being wasted due to friction by transfer to a thermal energy store? 	[1] 
b. How efficient is the pendulum? 		[1] 	[grade 4]
[image: ]100 J
99.5 J


4. What is the energy efficiency of a car that transfers 15 kJ of the chemical energy stored in its petrol into 3,000 J of kinetic energy stored in its movement? 		[2] 	[grade 4]

[image: ]
5. An iPod transfers 4 J of chemical energy each second.  3.5 J is transferred to an electric and magnetic energy store (the memory).  From the memory 3.25 J of energy is usefully transferred as sound and light radiation. The rest of the energy is wasted as thermal energy.

a) How efficient is each transfer of energy? 			[2]
b) what is the overall energy efficiency of the iPod? 	[1]	[grade 5]


6. Rachel uses 24 kJ of energy drying her hair with a hairdryer.  The hairdryer is 45% efficient. How much energy is wasted as vibrational energy transferred as sound? 	[2] [grade 6]







Pressure
Pressure is force per unit area. Pressure determines the effect of a force on a surface.
Pressure exerted by different shoes
Different styles of shoe can cause different pressures due to their area.
· Flat shoes spread the force over a large area, reducing the pressure. Snow shoes have a much larger area than feet to spread the force over a larger area and reduce the pressure on the snow - this stops people sinking into the snow.
· High heeled shoes transfer the force through a much smaller area, causing a much greater pressure. It will hurt more if a person steps on someone’s foot in high heels than if they were wearing flat shoes. This is also why it hurts so much to accidentally step on a plug or stones barefoot - the force acts on a small area and the pressure is increased.

Calculating pressure in fluids
Liquids and gases are fluids. An object in a fluid experiences a pressure caused by both the fluid itself and the atmospheric pressure.
The pressure in fluids causes a force normal to a surface. A force that is normal to a surface acts at right angles (90°) to it. To calculate the pressure at the surface of a fluid use the equation:
[image: pressure = \frac{force \: normal \: to \: a \: surface}{area \: of \: that \: surface}]
[image: P = \frac{F}{A}]
This is when:
· pressure (P) is measured in pascals (Pa)
· force (F) is measured in newtons (N)
· area (A) is measured in metres squared (m2)

Example
A fluid exerts a force of 50 N over an area of 2 m2. Calculate the pressure on the surface.
[image: P = \frac{F}{A}]
[image: P = 50 \div 2]
[image: P = 25~Pa]

	Draw and describe an object that is designed to decrease pressure.
	
	Draw and describe an object that is designed to increase pressure.
	

	Description:
	Description:




Question
1. A fluid exerts a force of 150 N over an area of 1.2 m2. Calculate the pressure on the surface.

2. A hammer hits a nail with a force of 50 N into some wood. The area of the point of the nail is 0.02 cm². What is the pressure the nail puts on the wood?



3. A girl has a weight of 450 N and her feet have a total area of 300 cm². Calculate the pressure her feet put on the ground.



4. A woman weighs 650 N and wears high heels with a total area of 52 cm². What is the pressure on the floor?



5. An elephant puts a force of 36 000 N on its four feet, which each have an area of 1800 cm². What is the pressure it exerts on the ground?


6. A student uses a glue stick with an area of 4 cm², putting a pressure of 0.5 N/cm² on her book. Calculate the force she puts on the glue stick.


7. Calculate the area of a dart which hits the dartboard with a force of 10 N and pressure of 2000 N/cm².


Biology
[image: ]

1. The diagram above is a simplified diagram of the heart which shows how blood circulates through it. Make a flow chart to show describing the direction of blood starting with ‘from body’.

	

















[image: ]


2. Transform the diagram above into a description of what the heart looks like (imagine you were trying to explain to somebody who couldn’t see the image). Think about the main differences first and then the detail. You can use the previous image to help you.

	




















3. Practise labelling the heart:




[image: ]









UNIT 11: GENETICS AND GENETIC ENGINEERING

Mitosis and Meiosis

Watch the following you tube clips on mitosis and meiosis.

https://www.youtube.com/watch?v=f-ldPgEfAHI

https://www.youtube.com/watch?v=VzDMG7ke69g

1. Make flow charts to show the main stages in mitosis and meiosis
2. Make a table to compare and contrast mitosis and meiosis.
3. Make a model to show what happens to the chromosomes in the different stages of mitosis using wool, string or plasticine or similar.








UNIT 7: CONTEMPORARY ISSUES IN SCIENCE

Read the article provided: ‘Bacterial Resistance Wars’ from 2012. It explains one of the greatest challenged facing the medical world – the issue of Antibiotic Resistance.  Once you have finished, you need to research antibiotic resistance further for yourselves.

TASK:
Write a 400-500 word discussion regarding the problems of Antibiotic Resistance and how we can overcome them.  

You should include;
· How antibiotic resistance occurs
· evidence from ‘superbugs’
· how we can reduce antibiotic resistance
· what the future would look like if we run out of antibiotics. 
· ALSO include relevant referencing to the sources you have used – you should try and find another 2 sources for yourselves from online books/ journals/ articles. Use the Library on Firefly or ask if unsure

This work can be typed or hand written. Please bring it in for the first BTEC lesson in September.

Other interesting links;
https://www.youtube.com/watch?v=plVk4NVIUh8 Harvard University Medical School ‘Megaplate’ experiment
https://www.nature.com/articles/509S2a Nature Article with useful infographics for antibiotic resistance
https://www.youtube.com/watch?v=znnp-Ivj2ek ‘What Causes Antibiotic Resistance?’ TED Talk
https://www.youtube.com/watch?v=uVUf_pt7Sh0 Amoeba Sisters talk antibiotics 
https://www.youtube.com/watch?v=o3oDpCb7VqI ‘What do we do when antibiotics don’t work anymore?’ TED Talk




[image: ]
[image: ]



[image: ]

[image: ]



[image: ]
[image: ]29
image1.png
The [F@ﬁﬁug@@ﬁ’ Spectiilim

SENOMNincludes visible light Xeray e IR EUICRVVESS
eSS Well o lhozardous:

Types of Waves

Radio Microwave Infrared Visible Ultraviole ~ X-ray ~ Gamma Ray

Wavelength (in metres

Shorter —>

102 12 1 107 102 10° 10* 10° 10¢ 107 10® 107 107° 10" 10'2 10"
Frequency (waves per second)
<— Lower Higher —>
10 107 10% 10° 10 10" 102 10" 10 10 10'® 10" 10' 10" 10 10%
These Waves Are About the Size of:

Mountains Football Humans ~ Honey Bee Pinpoint Bacteria Molecules Atoms Atomic Nuclei

m_«n. & ?. "g',o W Z% ‘





image2.png
mucys layer to help trap any
unwanted particles that are

[ howsiilet enilunedacbchoniod cia are tiny hairs on the ovter

surface of epithelial cells — waft
back and forth to move surface
mucus out of lungs.

qoblet cells release sticky mucus.
onto the outer surtace of the
epitheliom





image3.png
it side top
el

basal side (base)




image4.gif




image5.png
number
of moles

concentration

(in mol/dm3)

volume

(in dm3)





image6.png
negative

positive




image7.png
[ Mail - LeeBeasmor x\<$lmgmkadmu <ux\<)( Exampro Gatekeep: X ) X GCSE Chemistry (¢ X \ X GCSECombinedSc x \\ \ &/ (=l@1] % |

C 0 | @ Secure | https//app.doublestruck.eu/index php?s=AG_ CHM8k=89d0cclc2bd274351d73148224a48557&itheme=EP&L.. ¥ | H

Apps @ Chemistry S -Rates « @8 "New” AQAS-LCher X' Exempro-The essen & Internet Radio UK o % Science teaching res

€ content window

Question | Mark Scheme  Examiner's Report

(U]
(i) An acid is then added to the magnesium hydroxide to make magnesium chioride.

Name this acid.
(U]

(c)  Electrolysis is used to extract magnesium metal from magnesium chioride

» Power supply
Negative electrode Posttive electrode
cr—— >
-« Mng
CI—
+«—— Mg2+

Molten magnesium
chloride

() Why must the magnesium chioride be molten?





image8.png
graphite anodes Aluminium is manufactured by the electrolysis
of a molten mixture of aluminium oxide and
cryolite.

Aluminium forms at the negative electrode
graphite
cathode

(celllining)

Al3* +3e0 Al (reduction)

And oxygen at the positive electrode.

molten aluminium 5'“"“'('“"" 20—~ 0, +4e (oxidation)
ou

Cryolite is used in this

process because it lowers

the temp at which

aluminium oxide melts





image9.png
Work done

*Work done is the
mechanical (movement)
energy transferred

* Work done depends on
the FORCE and the

DISTANCE MOVED ,
* Work can be done by a The force & distance

inst moved must be in the
e oresamsT e rpoITE

directions





image10.png
work done = force x distance moved in the

(Joules) (Newtons) direction of the force
(Metres)

Work done (J)

Force (N) Distance (m)

Using an equation triangle:
1. Cover the thing you are finding.
2. What is left is the rearranged equation





image11.png
Easy - 1 point

Medium - 2 points

Hard - 3 points

Werite the equation fo
calculate work done.

What is the work done if we apply
a 7N force and we move 8 m in
the direction of the force?

What distance is moved if we
have a 8N force and the work
done is 90 J?

What is the unit of force?

What is the work done to a person
if a force of 1.3N is applied and
the person moves 6m?

What is the distance moved if
we have a 70N force and work
done is 8 J?

What is the unit of work
done?

What is the work done when a
force of 5 N is applied to a ball
and it moves 83 m?

What force is required to
move 7 m if the work done is 9
J?

What is the unit of distance?

Rearrange this equation for force
applied.

What force is required to
move 19 m if the work done is
972

What work is done when we
apply a force of 5N and move
in the direction of the force

2 m?

Rearrange this equation for
distance moved in the direction of
force.

What force is required to
move 7 m if the work done is
2172





image12.png
Easy - 1 point

Medium - 2 points

Hard - 3 points





image13.png
1. Draw a diagram of the situation.

2.Label the direction of the force and the
direction of movement.

3.Is work being done? =





image14.png
1. Draw a diagram of the situation.

2.Label the direction of the force and the
direction of movement.

3.Is work being done?





image15.png
1. Draw a diagram of the situation.

2.Label the direction of the force and the
direction of movement.

3.Is work being done?





image16.png
ul energy tran:
total energy su;

ef ficiency




image17.png
[ ficiency x 100

percentage e f ficiency




image18.png
trans ferred
pplie

(percentage ef ficiency X 100)




image19.png
ieney = 28
ficiency = 28





image20.png
ficiency = 0.14




image21.png
[ ficiency x 100

percentage e f ficiency




image22.png
percentage e f ficiency

.14 % 100




image23.png
percentage e f ficiency





image24.png
useful power trans,
total power su;

ef ficiency




image25.jpeg




image26.png




image27.jpg




image28.jpg
1003

Heat
energy
bt




image29.jpeg




image30.png
pressure

orce normal to a sur fa
area of that sur face




image31.png




image32.png




image33.png




image34.png
from lungs
atrioventricular
to body

valve.

;n\_\ semilunar valve

\

§3

ventricle

5

right.
s \-:mm
atrioventricular
valve
semilunar valve ﬁ
ventricle

|





image35.png
right pulmonary artery

(carton docwpgereted. _sors . s
§ blood s The heart muscles are myoae: |
4 o the body erve ool
complcated |, peing stimulated by renve cele |
Structure | sing ": — —

carries deoxygenated

han the four- | biood from the (carries deorygenated blood

chambered | upper body
box at the
to it | right pulmonary vein left puimonary vein
€ | (carries oxygenated (carries orygenated blood
page. | blood from right ng) from left lung)

sinoatrial node (SAN), heart's pacemaker;
responsible for the requiar contraction

of the heart muscle (vaives prevent
Somiivier Vaive. backward flow
right atrivm of blood)

atrioventricular (tricuspid) valve
Key

bundies of His - transmits impulses. — fowol

from the AV node to the ventricles sy

interior vena cava carrics deoxygensted T —+ blood 1

blood from the lower and middle body 3¢ flow of
Sncl L \ deonygensted
of right  to the ventricles  septum divides left and Sood
ventricle of the heart) right side of the heart |27




image36.png




image37.png
Emily Furlong and
Jennifer Martin

Coloured scanning electron
microscope image of a colony of
bacteria. #0000

Key words

Pathogen
Disease
Antibiotic
Virulence factor





image38.png
Ithough best known for causing disease, not all bacteria
are our enemies. Indeed, many bacteria play important
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Review, Vol. 24, No. 4, pp. 10-12). Moreover, the

approximately 500 species of bacteria estimated to live in the

human gastrointestinal tract, the so-called ‘intestinal flora’,
produce vitamins, protect against harmful bacteria and help
process and digest foods

However, we all know that pathogenic bacteria can cause
deadly human illnesses, such as tuberculosis, cholera, tetanus,
pneumonia, typhoid fever, meningitis, haemolytic uraemia and
septicaemia. Overall, bacteria are responsible for about half of all
human disease.

Fortunately for us, we have an arsenal of antibiotics to treat
these lethal bacterial infections. Or do we?

Antiobiotics and resistance to them

At Oxford University in the late 1930s, Howard Florey and
co-workers developed the drug penicillin obtained from a mould
extract. The impact of this pharmaceutical advance was, quite
simply, revolutionary. As a direct consequence of antibiotic
availability, the average human life span increased by around
8 years. For example, antibiotics have been developed to treat
all the deadly human illnesses listed above, and more. The
availability of antibiotics also underpins the success of advanced
medical procedures including ‘surgery, cancer treatment, organ
transplantation and treatment of premature babies” according to
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the Infectious Diseases Society of America. However, just 4 years
after penicillin was first prescribed, cases of bacterial infections
resistant to the antibiotic were being reported

The story is the same for every other antibiotic. Resistance to
antibiotic drugs may be accelerated by
* unnecessary use of antibiotics in people (over-prescription)

1 availability of antibiotics without prescription in many countries
1 failure to use a prescribed antibiotic for the full course of
treatment

1 the use of antibiotics in animal feeds

For example, in 1999 the Australian Broadcasting Company
reported that ‘Australia imports about 700 tonnes of antibiotics
annually. More than half of that goes into stock-feed, about 8% is
for veterinary use, leaving only one-third for human use.’

Early on, development of antibiotic resistance was not
considered to be too significant a problem because so many
new antibiotics were being developed. However, the problem of
resistance is now compounded by the fact that the development
of new antibiotics has slowed to a trickle. Over the past decade
only a few new classes of antibiotic have been registered. Most
new antibiotics are chemically similar to previous ones and suffer
from the same resistance problems relatively quickly after they
become available in the clinic. The Infectious Diseases Society of
America has de:

ribed the current state of affairs as a ‘looming
public health crisis’ because more and more infections are resistant
to common antibiotics, and fewer drugs are available to treat them
(see Figure 1 on p. 28)
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Vet administering antibiotic to a cow to prevent mastitis.

Alexander Fleming first identified the antibacterial
activity of penicillin in the 1920s. He discovered by
chance thata penicillium mould inhibited the growth
of bacteria on a culture plate. Essentially, we are still
using the same approach o discover new antibiotics
today. The minimal inhibitory concentration, or
MIC, of a candidate drug is measured to determine
how much of the compound is needed to kill
bacteria o stop them growing. Drugs that kill
bacteria are termed bactericidal, and drugs that stop
them growing are called bacteriostatic. The lower the
MIC, the more potent the drug. However, a focus on

finding drugs that affect bacterial
viability is one of the major
reasons that antibiotic resistance
develops so quickly. Imagine a
population comprising millions
of bacteria, with only a very small
percentage harbouring resistance
{0 an antibiotic. Treating a patient
with the antibiotic will kill the
bacteria sensitive (o the drug, but
at the same time leave untouched

those bacteria that are naturally

resistant. The resistant bacteria
quickly increase in number and
the drug is no longer effective in
treating infections caused by this
bacterium

During their long evolutionary
history, bacteria have developed
a wide range of mechan
to defend themselves
chemicals. Indeed
bacteria dug up recently from
the permafrost were found to be
tesistant to modern antibiotics
This shows that ‘superbugs’ were around long before
we developed antibiotic drugs. Mechanisms by
which bacteria can overcome the cell-killing effects

ms

against

ancient

of antibiotics include
+ degradation of the drug by bacterial enz
s pumping the drug out of the bacteria by the
action of molecular
* mutation of the protein that
drug

+ blocking the drug from reaching its target site
acterial populations already have the genetic
arsenal o defend themselves against drugs that
kill them, how can we develop new drugs fo treat

achines
targeted by the
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Figure 1 New antibacterial agents approved in the USA, 1983-2004.
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Dbacterial infections without resistance developing:

K new way forward?

There is a new school of thought in the infectious
diseases world. This is that we may be able to
overcome bacterial defence, or resistance, to
antibiotics by finding drugs that disarm bacteria
instead of killing them. Bacteria cause disease by
producing virulence factors, o ‘molecular weapons.
Virulence factors may be toxins such as cholera toxin,
enzymes that dissolve tissue, adhesion proteins that
stick to cells enabling bacteria to colonise a host,
and so on. This new school of thought proposes that
drugs that deactivate these molecular weapons could

Terms explained

Permafrost Ground that is permanently frozen,
often to great depths (>1000m).

Biological Scences Review
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Further reading

Infectious Diseases Society of America website:
www.idsociety.orgi10x20/

be used to treat bacterial infections without giving
rise to antibiotic resistance. This is because disabling
bacteria by removing their weapons is unlikely
to produce the same sort of selective pressure to
develop resistance as killing bacteria. That is, the
treatment does not affect the overall population of
bacteria, but the bacteria are no longer a threat fo
our health, and our immune system can more easily
deal with the infection.

However, every pathogen has its own
personalised set of virulence factors, which can
vary tremendously in size, shape and mechanism.
The question is, how can we design or develop drugs
that target these diverse virulence factors produced
by different pathogens? Some researchers are taking
adivide and conquer approach, by targeting specific,
high priority targets from individual bacteria. One
target of new research is the bacterial secretion
systems that inject a host with bacterial poisons and
toxins. Scientists are currently aiming to develop
chemicals that block the activity of this injector. If
they are successful, this should result in a new class
of antibiotic

Another approach, and the one that we are
using, is 1o target the bacterial ‘weapons assembly
factory’. Instead of targeting individual virulence
factors, the new drugs would be aimed at the
machinery that manufactures them

to bacterial fitness and virulence in infection.
By inference, chemicals that interfere with or
inhibit the activity of these two proteins in
pathogenic bacteria would also be predicted to
give rise to reduced virulence, but not to kill the
bacteria.

Itis 100 early to tell whether these approaches
will work, or whether they will indeed overcome
bacterial resistance. What is more, there are many
hurdles to overcome in developing any drug — it
must be effective, it must be safe, and it must be
able 1o get o the site of infection and not interact
negatively with other medications. Overall, the
process of developing a drug from concept to clinic
can take decades and cost hundreds of millions of
pounds. The chances of success are slim and there is
no guarantee that anti-virulence drugs will be any
more effective, or any less susceptible (o resistance,
than current antibiotics

Nevertheless, this offers a new approach to
combat bacteria, one that has not been tried before
and one that has the theoretical potential to bypass
resistance. Only time will tell if this new approach
will have an impact on the ongoing bacterial
resistance wars, but one thing is for sure — we're
not surrendering anylime soon.

Points for discussion

# Compare and contrast members of the normal
bacterial lora with bacterial pathogens.

® What can we do to minimise antibiotic resistance?
= How many times have you been prescribed an
antibiotic?

= What would happen if we ran out of antibiotics?
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Most virulence factors are proteins, and most
of these proteins form cross-links within their
polypeptide chain called disulphide bonds. This
allows them to withstand extreme environments
— such as high temperatures and high acidity —
in which the virulence factors operate. Without this
structural bracing, virulence factors are ineffective
and are rapidly degraded

We know
catalyses disulphide bond formation works in
the bacterium Escherichia coli (E. coli). The two
key proteins are DsbA and DsbB, and both are
essential for the correct folding and function
of protein virulence factors in Gram-negative
strains of bacteria. Bacieria are commonly
classified as Gram-positive (these take up a specific

how the bacterial machinery that

stain) and Gram-negative (which do not fake up
he stain). Gram-negative bacteria have much
more complex cell walls, making them more
resistant to antibiotics than other bacteria. Gram.
negative bacteria in which he genes for DsbA
and DsbB have been deleted have reduced fitness
and weakened virulence in infection models
This suggests that DsbA and DsbB contribute
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Key points

Antibi

. are used to treat infecti
 Antibiotic resistance is increasing.

 New antibiotic development s decreasing.
* Aconcern is that in the future we may not have
drugs to treat infections.

 Scientists aim to develop new drugs that avoid

resistance.
= One approach s to develop drugs that target
bacterial virulence.





