Specification – 

Learning Objective: Structural differences between bacteria and viruses and their role in health and disease
	
	

	Presentation:
Screen 1

In 1994 there was widespread reporting by the media of a ‘flesh eating bug’ in the UK.. This ‘superbug’ was ‘destroying human flesh at the rate of one inch per hour’. The media hype led to widespread public anxiety. The condition necrotising fasciitis is caused by Streptococcus pyogenes, and is a very rare complication of surgery or other debilitating conditions. In many instances during the reporting of this case, the microbe responsible was wrongly reported to be a virus. Bacteriophages – a particular type of virus were also implicated. It was suggested that bacteriophages were altering the genetic makeup of the bacteria making it more virulent and resistant to antibiotics therefore leading to an epidemic of the condition.  A basic understanding of the differences between bacteria and viruses would have alleviated the concerns of the public since much of what was reported was at best misleading and at worst blatantly wrong. 
Screen 2

In order to understand the influence of bacteria and viruses on health and disease we need to compare their different structures. You may already know some of the structural characteristics of bacteria and viruses – if you don’t don’t worry you are going to learn about their structures by a process of trial and test. You will be presented with a list of structural components with descriptions of their characteristics and function. First of all familiarise yourself with these by clicking on each and reading through their descriptions.

1. Size/scale

2. Capsid

3. Spike proteins

4. Helical/Icosahedral Shape

5. DNA strand

6. RNA strand

7. Chromosomes

8. Outer membrane
9. Plasmids
10. Ribosomes

11. Flagellum

12. Pili

13. Endospores
14. Cell wall

15. capsule

16. prokaryote

1. Size scale (student should drag the correct size into the box)
Bacteria are microorganisms that are between 0.5 and 5  m (micrometer) in diameter. If you took a metre rule and divided it into a million sections (106) each section would represent 1 micrometer or  m a large bacterium of 5  m  would sit across 5 of these micrometer sections – that gives you an indication of how small they are. Viruses are even smaller than that – they are about 20-200 nm (nanometres) in diameter. In this case you would have to divide your metre rule into a thousand million (109)sections and each section would represent a nanometre. The largest virus would cover about 200 of these nanometre sections. 
2. Capsid (Developer note: this should be dragged into the virus box – it sticks if it is in the right box but it bounces back if put into the bacteria box with the feedback “No this structure does not belong to bacteria try again”)

A protective shell made from protein molecules. The capsid protects the components within it from being broken down by enzymes produced by the target cells. Sometimes the capsid plays a part in the attachment of the microorganism to the target cell.

3. Spike proteins (Developer note: this should be dragged into the virus box – it sticks if it is in the right box but it bounces back if put into the bacteria box with the feedback “No this structure does not belong to bacteria try again”)

These aren’t always present but do play a very important role. They recognise and bind to specific structures on the surface of target cells ensuring it is attaching to the right host. It can also work the other way – the host cell might produce antibodies against the spike proteins to prevent attachment – an immune response from the immune system.
4. Helical/Icosahedral shape (Developer note: the helical or isohedral shape should be dragged into the virus box – it sticks if it is in the right box but it bounces back if put into the bacteria box with the feedback “No this structure does not belong to bacteria try again”)

. Capsid coats can be helical or icosahedral in shape.  

An isohedron is a 3 dimensional object that has 20 (usually regular) triangular faces in these microorganisms at low magnification this shape looks almost spherical but at higher magnification the faces of the shape become clearer. 

Helical capsids are composed of a single type of protein stacked to form an enclosed tube resembling a spiral staircase.

The genes are inside these protein capsules.

5. DNA (Developer note: the strands of DNA should be dragged into the virus box – it sticks if it is in the right box but it bounces back if put into the bacteria box with the feedback “No this structure does not belong to bacteria try again”)
DNA or RNA maybe present but not both in the same organism an be single stranded or double stranded. DNA and RNA direct the replication of the organism by producing proteins that are needed for the formation of the capsid and spike (if present). Single stranded DNA or RNA are not found in bacteria.
6. RNA (Developer note: the strands  of RNA should be dragged into the virus box – it sticks if it is in the right box but it bounces back if put into the bacteria box with the feedback “No this structure does not belong to bacteria try again”)
DNA or RNA strand maybe present but not both in the same organism and may be single stranded or double stranded. DNA and RNA direct the replication of the organism by producing proteins that are needed for the formation of the capsid and spike (if present). Single stranded DNA or RNA are not found in bacteria.
7. Chromosomes Developer note: the chromosome should be dragged into the bacteria box – it sticks if it is in the right box but it bounces back if put into the virus box with the feedback “No this structure does not belong to virus try again”)
DNA is found in structures called chromosomes. All the genetic information needed for the bacteria to replicate itself is found in the DNA. Bacterial chromosomes are closed circular DNA rather than single or double strands of DNA seen in viruses.
8. Outer membrane (Developer note: the outer membrane should be dragged into the bacteria box – it sticks if it is in the right box but it bounces back if put into the virus box with the feedback “No this structure does not belong to virus try again”)
Some of these microrganisms have an outer membrane that surrounds the cell wall – these are called gram negative bacteria
9. Plasmids Developer note: the plasmids should be dragged into the bacteria box – it sticks if it is in the right box but it bounces back if put into the virus box with the feedback “No this structure does not belong to virus try again”)
Plasmids are found in the cytoplasm and are bits of DNA. A plasmid is a DNA molecule which is separate from the chromosomal DNA in the bacterium. Plasmids are capable of replicating independently from the chromosomal DNA. They frequently carry genes for microbial resistanceand because they are able to replicate independently are contributing to antibiotic resistance as a medical problem. However because they are small and replicate into many copies they are useful tools in molecular biology and DNA technology.
10. Ribosomes Developer note: the ribosome should be dragged into the bacteria box – it sticks if it is in the right box but it bounces back if put into the virus box with the feedback “No this structure does not belong to virus try again”)
DNA is replicated and proteins are produced in ribosomes which are found in the cytoplasm. 

11. Flagellum (Developer note: the flagellum should be dragged into the bacteria box – it sticks if it is in the right box but it bounces back if put into the virus box with the feedback “No this structure does not belong to virus try again”)
This structure allows the microorganism to move in its environment ie it has motility

12. Pili Developer note: the pili should be dragged into the bacteria box – it sticks if it is in the right box but it bounces back if put into the virus box with the feedback “No this structure does not belong to virus try again”)
These are short hair like structures that help the microorganisms to attach to specific cells and surfaces. They may also facilitate the passage of materials eg DNA from microorganism to another

13. Endospores (Developer note: the endospores should be dragged into the bacteria box – it sticks if it is in the right box but it bounces back if put into the virus box with the feedback “No this structure does not belong to virus try again”)
These structures are produced in some types when conditions aren’t favourable. The microorganism therefore remains dormant until favourable conditions return. Endospores allow certain types of bacteria to lie dormant until conditions are right for them to flourish tetanus a condition where the muscles stay contracted is caused by the bacterium clostridium tetani which lies dormant in the soil. Another bacterium Bacillus anthrax which is often cited in the media as a potential terrorist weapon by causing the condition anthrax also produces endospores.

14. Cell wall (Developer note: the cell wall should be dragged into the bacteria box – it sticks if it is in the right box but it bounces back if put into the virus box with the feedback “No this structure does not belong to virus try again”)
The cell wall is composed of a substance called peptidoglycan (see diagram). The cell wall is a rigid protective barrier preventing the bacteria from being destroyed by entry of water by osmosis. Typically bacteria also have a cell membrane
15. Capsule (Developer note: the capsule should be dragged into the bacteria box – it sticks if it is in the right box but it bounces back if put into the virus box with the feedback “No this structure does not belong to virus try again”)
A polysaccharide/glycoprotein (glossary terms)  capsule surrounds many of these microorganisms – their sticky surface allows the bacteria to attach itself to target cells or microorganisms. The capsule also protects the bacteria by preventing the host cell from destroying it in an immune process called phagocytosis
16. Prokaryote (Developer note: the prokaryote should be dragged into the bacteria box – it sticks if it is in the right box since this describes the bacterias whole structure rather than a component add a text box saying ‘Bacteria are prokaryotes’ but it bounces back if put into the virus box with the feedback “No a virus is not a prokaryote try again’.
Living organisms can be classified into two groups - prokaryotes are organisms whose genetic material (DNA) is not enclosed within a nucleus, eukaryotes are have their genetic material (DNA) enclosed within a special compartment called a nucleus
Screen 3
You see 2 boxes labelled virus and bacteria

Think about the different structural components – now start to build a virus and a bacterium by dragging the structural elements into the correct box. If you get it wrong the component will bounce back to the list and you will get some feedback.
Screen 4 

Bacteria and viruses and disease

 (Developer: I suggest just some of these can be displayed on the screen as the word is read out – the student can click on a button to see a full list if they want to)
Only about 1% of bacteria are pathogens, most bacteria are beneficial to health and the environment. Viruses on the other hand are parasitic and are always looking for cells to infect. The case of the ‘flesh eating bacteria epidemic’ highlighted how easy it is for confusion to arise when determining whether an infection or disease is caused by bacteria or a virus. 
Some common conditions caused by bacteria are
Activity

Here are 10 common conditions – which do you think are caused by viruses and which by bacteria?

Mumps (v)

A common infection resulting in fever, headache and vomiting followed by swelling of the parotid salivary glands. Medical name: Infectious parotitis

Tuberculosis (B)

Infectious disease caused by the bacteria mycobacterium tuberculosis. Characterised by nodular lesions (tubercles) in the tissues

Diptheria (B)

Acute highly contagious infectious disease caused by the bacterium Corynebacterium diptheriae. Symptoms start with a sore throat but if the disease is allowed to progress the toxins released by the bacteria can damage the heart and nerves

Tetanus (B)

Acute infectious disease affecting the nervous system caused by clostridium tetani endospores that contaminate wounds. Symptoms include muscle stiffness and spasm firstly in the jaw.

Necrotising fasciitis (B)

· a rare complication of surgery or other debilitating conditions caused by streptococcus pyogenes 

AIDS (v)

HIV is the virus responsible for AIDS – the virus destroys particular lymphocytes resultingin suppression of the body’s immune response. AIDS is a sexually transmitted disease but it can be spread by infected blood or blood products or from infected mother to child in utero or in breast milk.

Polio (Poliomyelitis) (v)

An infectious disease affecting the CNS. There are various forms of the disease affecting different body systems.

Measles (v) highly infectious virus disease mainly affecting children. Early symptoms are cold and fever with an elevated pink rash on the skin after 3-5 days.

Pneumonia (b) inflammation of the lung caused by bacteria. The alveoli fill up with pus so air is excluded and the lung becomes solid.

Hepatitis(v)

Inflammation of the liver caused by viruses, toxic substances or immunological abnormalities characterised by fever, sickness and jaundice (yellow discoloration of the skin).

Screen 5
 Fighting infection and action of antibiotics

If the immune system is unable to deal with the invasion into the body of  pathogenic bacteria antibiotic drugs might be prescribed. There are many types of antibiotics that act on bacteria in different ways.  

Aminoglycosides eg gentamycin and streptomycin

Chloramphenicol

Cephalosporins

Penicillins eg amoxicillin

Tetracyclines

Antibiotic drugs are ineffective against viruses although in the past they have often been inappropriately prescribed for viral conditions such as the common cold and viral sore throats. This has been one of the factors contributing to antimicrobial resistance. There are some anti-viral drugs but often viral infections have to be removed by the body’s immune system or communities have to undergo immunisation to eradicate the virus. Prolonged or overuse of antiviral drugs particularly those used to treat HIV can also lead to antiviral resistance.

Antibiotic resistance

Antibiotic resistance can occur in a number of ways – bacteria replicate rapidly and like the cells of any organism mutations can arise in the DNA. If a mutation gives rise to bacteria that are less susceptible (and therefore more resistant) to the actions of the antibiotic then this form of the bacteria will survive and continue to replicate. This is why it is so important to complete a course of antibiotic treatment – if a resistant form of the bacteria is allowed to proliferate in the body, further antibiotic treatment to treat another infection will have no effect.


	Screen 1

Can we use some images of countryside to pretend we are in Gloucestershire

Mock up od newspaper headlines (don’t suppose we can use real ones).

Flash up images of bacteria and viruses and a bacteriophage as these words appear in the text.

Screen 2

Images etc:

http://en.wikipedia.org/wiki/Virus 
Some illustrations also at – will need to redraw these breaking them down into the different structural components

http://w3.dwm.ks.edu.tw/bio/activelearner/23/ch23summary.html
http://www.hillstrath.on.ca/moffatt/bio3a/microbio/bactvir.html
List of structural components of bacteria and viruses randomly arranged. When student clicks they get a picture of the component and a brief description of what it is and its role in the bacteria and virus (without giving away which it is found within)

1. Bacteria 0.5 - 5  m in diameter

Virus 20 - 200 nm 

Add an analogy to show the relative sizes – ie size of the moon vs tennis ball??

Or use the metre rule and zoom in down through the cm, mm etc levels on route flashing objects of that size (could use this image for Leannes LO too?

4. Show picture of a isohedron

http://en.wikipedia.org/wiki/Icosahedral 
Show spiral staircase turning into helical capsid



	Assessment

A ----------------------is aparticular type of virus

The protective protein shell surrounding a virus is called a ______________

_____________DNA is only found in viruses

Bacterial chromosomes are _____________DNA

_____________are fragments of DNA that confer selective advantage to the bacterium harbouring them

Tetanus caused by clostridium tetanus can result from infiltration of ____________into a wound

Living organisms that have their genetic material enclosed within a nucleus are called___________

______________is a condition caused by a virus

_______________is a condition caused by bacteria

The appropriate scale of measurement for a virus is a ___________

Bacteria are microorganisms between 0.5 and 5 ______________in diameter

______________are short hair like structures that can attach a bacteria to cells or surfaces.

Bacteriophage

Capsid

Single-stranded

Closed circular

Plasmids

Bacterial endospores

Eukaryotes

Polio

Diphtheria

Nanometre

Micrometer

Pilli

Give total out of 12

Glossary

Gram-negative bacteria are those that do not retain crystal violet dye in the Gram staining protocol.. Many species of Gram-negative bacteria are pathogenic, meaning they can cause disease in a host organism.
antibiotic— a drug used to treat some bacterial diseases. 

bacteria — microscopic organisms composed of a single cell and lacking a defined nucleus and membrane-enclosed internal compartment.

disease — a state in which a function or part of the body is no longer in a healthy condition.

DNA (deoxyribonucleic acid)— a complex molecule found in the cell nucleus which contains an organism's genetic information.

epidemic — a disease outbreak that affects many people in a region at the same time.

genes — units of genetic material (DNA) that carry the directions a cell uses to perform a specific function.

human immunodeficiency virus (HIV)— the virus that causes AIDS.

immune system — a complex network of specialized cells, tissues, and organs that defends the body against attacks by disease-causing microbes.

immunization — vaccination or other process that induces protection (immunity) against infection or disease caused by a microbe.

infection — a state in which disease-causing microbes have invaded or multiplied in body tissues.

infectious diseases — diseases caused by microbes that can be passed to or among humans by several methods.

microorganisms — microscopic organisms, including bacteria, viruses, fungi, plants, and animals.

pathogens — disease-causing organisms.

RNA (ribonucleic acid)— a complex molecule that is found in the cell cytoplasm and nucleus. One function of RNA is to direct the building of proteins.
Virus – minute particle capable of replication but only within living cells. Many viral diseases are controlled by vaccination.

Virulent – microorganism capable of causing and spreading disease

	

	Resources
Dixon, B (1994) A rampant non-epidemic BMJ 308:1576-1577

National institute of allergy and infectious diseases – Microbes in sickness and in health http://www.niaid.nih.gov/publications/microbes.htm#a
	


