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IDENTIFICATION OR SORT TABLE - TYPES OF MICRO-ORGANISM


IMPROVING SCIENCE EDUCATION 5 – 14 PROJECT

PRACTICAL ACTIVITIES - MICROBIOLOGY

TEACHERS’ GUIDE
The activities described are relevant to the attainment targets:

· Give the main distinguishing features of micro-organisms (LT-E1.1)
· Describe the harmful and beneficial role of micro-organisms  (LT-F1.1)
The aim is that pupils will carry out a variety of activities during which they will improve their understanding of the variety and characteristics of micro-organisms and their relevance to every-day life.  This, in turn, may allow them to consider ways in which micro-organisms can be exploited or controlled. On completion of this work, pupils should have improved awareness of the significance of micro-organisms in pertinent applications such as food hygiene, disease control, food manufacture and sewage treatment.  Core skills such as critical thinking, problem solving and investigating will be practised.

The initial practical activities highlight the relatively small size and great variety (biodiversity) of micro-organisms.  Pupils then go on to look at how both the harmful and the beneficial effects of micro-organisms depend upon the characteristics of rapid reproduction given appropriate conditions, their ubiquitous nature and their transferability between surfaces.
The learning activities are split into the following groupings:

Looking at micro-organisms

Food poisoning and other diseases

Beneficial and harmful effects, depending upon

· where and how they grow

A variety of tactics is suggested whereby insights may be gained into:

Pupils' existing, possibly alternative, conceptions of the scientific ideas which currently underpin microbiology.

The means by which alternative conceptions might be challenged.

Ways to shift pupils' ideas as a result of learning activities.

LOOKING AT MICRO-ORGANISMS
On completion of these activities, pupils should be aware of the:

· relative sizes of micro-organisms

· use of microscopes to look at micro-organisms

· wide variety of micro-organisms and of differences in their

· preferred, or usual, physical habitats

· motility

· use of energy sources

· rapid reproduction of micro-organisms, given appropriate conditions

The microbiology topic is introduced with a simple formative assessment exercise. This is a Card Sort activity intended to determine pupils' prior understanding of some of the main characteristics of micro-organisms.  Pupils should work in groups to complete a card sort which asks for simple True/False/Unsure responses. Evidence for, or challenges to, some of their responses will be provided first hand by the practical activities grouped under the section ‘Looking at micro-organisms’. Secondary evidence can be provided through visual aids such as the Society for General Microbiology (SGM) posters and from reference sources in print and on the internet or web*. 

A card sort, especially as a group activity, tends to generate more interest than the conventional, written, pre-tests which may have many 'closed' questions. It is also less threatening than conventional assessment techniques. Activities of this type are more likely to result in pupils revealing what they actually think rather than second guessing the conventional view and so simply telling teacher what they think teacher wants to hear. (What the late Rosalind Driver called "The Name of the Game").

*Care is needed when directing pupils and students to microbiology resources on the web. Many potentially relevant sites, especially those dealing with medical microbiology, are not for the faint-hearted or squeamish.

An alternative tactic would be to have each of the statements on a Post-it' note and physically stick the note to the chosen True/False/Not Sure sheet. As any mis-conceptions are conceded, the relevant Post-it can be moved across to the relevant sheet. When statements receive confirmation, then they simply retain their place. This tactic provides a simple way of maintaining what, we trust, will be a shifting record of changing ideas. As with all such techniques, it pays to mix and match them. Death by a thousand anything, whether of workcards or no, is still death. In any case teaching in this way all of the time can be exhausting. Ironically, even the occasional use of more conventional approaches can then provide the necessary variety.

Organisation of activity
Pupils need to work in groups of ~5

each group is to have a set of cards

each card has a statement(s) about micro-organisms. Some of these statements are intentionally questionable in terms of the currently accepted science. The idea at this stage is to allow pupils to exhibit any pre-conceptions they may hold (aka "alternative" conceptions or models).










each group to have 3 sheets, labelled one of – True/ Not sure/ False.

one member of group to read out the statement(s) on each card

the group needs quickly to discuss the statement on the card deciding if its "True" or "False" then placing the card on the appropriate sheet.

If they can't quickly reach agreement, they should put the card on the "Not sure" sheet.

There must be no stigma attached to putting cards either on the 'wrong' sheet or to there being lots of cards on the "Not sure" sheet (in many cases the latter is the preferred outcome).   

One member of each pupil group should record the whole group's agreed responses in the relevant table (see overleaf). 

Either the students can retain the answers from their own group or the teacher can collate answers for the whole class.  Pupils should be encouraged to re-try the card quiz after carrying out the practical activities and other related exercises. If the alternative, Post-it note, tactic is used the class have a record which can be changed over time. Teachers with access to appropriate ICT facilities may wish to consider how they might be applied to this task. The use of a spreadsheet with a simple graphical output (table and histogram) suggests itself.

Not all of the statements on cards can be supported or challenged directly by school scale practical work. Teachers might consider the use of other techniques (e.g. DART, active homework tasks etc) to allow pupils to sift secondary sources of evidence such as posters, books and web pages. As such evidence gathers weight, then statements may be re-assigned or confirmed in their status as "true" or "false". No shame must be attached to a continuing status of "not sure". This merely reinforces the proper place of science as a whole - that of a provisional body of knowledge open continually to challenge. 

The answers (the currently accepted views) to questions posed to the pupils are appended to this Teacher's Guide. 

Example summary table for each group:
STATEMENT
True (number)
False (number)
Not sure (number)


Before
After
Before
After
After
Before

Micro-organisms are alive







All micro-organisms are the same size







You have micro-organisms on your skin







There are micro-organisms in the air they can really get up your nose 







Micro-organisms are all the same shape







This (lichen) is not a micro-organism. It's a plant.







Micro-organisms cannot move by themselves







This micro-organism can make cheese go blue







All around you are micro-organisms too small to see even with a microscope 







Some whales can get big eating micro-organisms







Some micro-organisms can make their own food. Other micro-organisms then eat them.







This virus is a kind of bacteria







Teachers may wish to modify this table to cater for a whole-class 'before and after' summary.

Practical Activity: Looking at Algae and Protozoa

This practical activity addresses those statements on the sort cards which are to do with the size and shape of micro-organisms, as well as their ability to actively move themselves (motility).

Mixed algal and protozoal cultures provided by Sciento provide a magnificent variety of shapes and sizes of organisms which can be viewed easily using standard school microscopes. Use of these bought-in cultures avoids many of the traditional difficulties associated with the longer term maintenance of algae and protozoa in schools.

First of all, however, pupils should be posed all the obvious questions which arise from the card statements.  Use these as questions prefaced with "Some of you seem to think that. . . How can we find out? Should we just look at them? How can we look at them". Don't let the pupils jump straight to the use of a microscope. Pass round specimen containers with samples of culture and invite pupils to observe first with the naked eye and then with a x8 or x 10 hand lens. What, if anything, can they see by such means? How might they see more detail? Let them suggest the use of a microscope.

The 'hinging drap' – live in the World’s littlest loch

Background
The aim of this activity is to let pupils experience, first hand, the magnificence of the microworld which can be observed even in a tiny drop of water (fresh, in this case but marine samples can be every bit as rich). In viewing a correctly focussed preparation of the mixed algal cultures recommended here, at x 100, x 200 or x 400,  pupils will see a wide variety of, mostly unicellular, algae of different shapes and sizes. Some are motile and will swim across the field of view with amazing rapidity. Others, such as the desmids, posses three planes of symmetry arranged in interesting and remarkable shapes. Diatoms, too, with their silicaceous ‘skeletons’ display an amazingly intricate cellular architecture.

Algae photsynthesise. This is true even of these microscopic forms and this leads us on to discussion on the critical importance of such algae in carbon fixation in river, loch and sea. Planktonic plant life forms are hugely important as the primary producers in aquatic food chains. Carbon fixed long ago by such life forms now fuels the world economy as oil and oil-derived petroleum products and ‘natural’ gas. 

Examining algae provides only a partial picture of the protoctista  and the can be given a better view if pupils prepare and examine hanging drops of protozoal cultures. Pupils looking protozoa will see that most of these are not green, that most can move (with a variety of mechanisms) and that many continually change shape. Pupils may be able to apply prior knowledge of plant and animal cell structure and relate ability to change shape readily, to the presence or absence of a cell wall. Paramoecium, with its pellicle provides that exception which aye proves a rule. Given the right microscope, it may even prove possible to view organisms feeding and to see that some have cilia which create currents drawing in tiny particles as foodstuffs. This we can use to trigger discussion on the role of protozoans in the breakdown and recycling of waste such as, to give but one major example, in sewage treatment works.

Finally in this section of the work, we attempt comparative measurement of the micro-organisms. This may either be set as an investigation task or more detailed instructions may be provided.

1Note : Protoctista - from the Greek “protos”, very first; “ktistos”, to establish. Kingdom Protoctista is defined by exclusion: its members are neither animals, plants, fungi nor prokaryotes (organisms lacking a nuclear membrane, such as bacteria). They comprise the eukaryote microorganisms and their immediate descendants: all nucleated algae including the seaweeds, flagellated water moulds, the slime molds and slime nets, and the protozoa.

Practical procedure

If you have that small sadistic streak, a precious asset of many good teachers, you might let the pupils try to observe specimens on a conventional wet slide preparation. This is cruel to the specimens, however, as well as to the pupils. The preparation may well quickly dry out and die. Pupils will go cross-eyed (no pun intended) trying to keep any individual specimen in the field of view. The answer to these difficulties is a technique known as the 'hanging drop'. This is a well established method for looking at unstained, living, organisms. The conven-tional procedure uses a glass slide with a concave, central well – a ‘cavity’ slide with a drop of fluid suspended from a cover slip hanging down into the well. Cavity slides, however, are more expensive than plain glass types and cover slips are fragile so some younger pupils may find them fiddly to work with. Here we use an alternative method which should be easier to use in the school lab. The use of a translucent film can lid, blu-tak and two thin microscope slides provides a cheap and practical option which allows pupils to look at living cultures easily and effectively. Examination of such ‘hinging draps’ can lead to useful discussions on the size, shapes, characteristics and importance of micro-organisms and lead into a consideration of the similarity and differences between ‘plant’ and ‘animal’ cells.

Before starting this practical, pupils should practise using a pipette in order to be able to produce a single droplet for the preparation of the hanging drop proper. Pupils observe a hanging drop preparation under the microscope.  They should be able to visualise well the size, colours and shapes of the cells and observe any motility and feeding.  They then can can either themselves investigate ways of establishing comparative sizes of cells or be given a set procedure. This latter involves placing a human hair on the slide, and making a standard preparation using the drop on the coverslip or a second slide (see Technical Guide). They can then relate the size of the cells to the breadth of the hair. For the more open-ended, investigative approach the pupils are simply given introductory hints and tips.

Aids to the identification of types of organism are appended to this set of materials as part of a Resource Pack. A CD ROM version of the materials is planned. This will carry electronic masters of the resources, together with a range of cached web pages and copyright free images. Follow up this practical by asking pupils to revisit their sort cards and review their earlier responses as to the shape, size and motility of micro-organisms.
Practical Activity: Looking at Fungi
In this practical, pupils examine a yeast, Saccharomyces cerevisiae, under the microscope.  They should be able to observe that the yeast cells are fairly uniform in shape and size.  They may also be able to observe some yeast budding.

Demonstrations
Growth and Division in Yeast
This could be set up with a Flexicam, or an equivalent video-microscope system, with yeast suspended in a glucose solution and projected throughout the lesson (for details see the Technical Guide).  Pupils should then be able to observe an increase in the numbers of yeast cells since, given the right conditions, they will reproduce by budding throughout the time of the lesson.  The pupils should then be able to draw conclusions about the rapid rate of reproduction compared to human beings, animals and plants.

Other fungal materials

Additionally, pupils should have opportunities to observe a wider range of specimens such as other types of yeast (not all of which produce buds) and filamentous (mycelial) growths of fungi. Again this presents opportunities for setting challenges. "We've looked at yeast which are a type of fungus. Yeast has cells and when they divide we call this "budding". Do you reckon all yeasts bud? Are all fungi made up of collections (colonies) of separate cells? Are fungi always microscopic? When can you see them directly just with your own eyes? (Relevant to these kinds of questions is an extension/enrichment activity suggested later. This protocol, from the National Centre for Biotechnology Education [NCBE], involves the cultivation of Oyster Mushrooms on toilet paper rolls).

For safety reasons and from other considerations, fresh preparations of mycelia are probably best avoided. There is no reason why pupils shouldn't examine stained slides of Mucor or other fungi. Where appropriate ICT facilities are available, then photomicrographic images may also be examined or living specimens demonstrated using a video-microscopy system.  

Activities: 
Looking at bacteria


Looking at viruses

Observation of bacteria is often difficult when using standard school microscopes intended for this relatively junior level. This is because magnification and resolution are so often inadequate. Many bacteria can only be readily observed when magnified, with good resolution, at 900 to 1,000 times. This requires the use of an oil immersion objective (although x 60 objectives are available, either 'dry' or water immersion, if you know where to find them. These objectives will give x 900 if combined with a x 15 eyepiece). 

If pupils are to be given bacterial specimens to examine, then these should be prepared, stained, smears of some of the larger species such as the Lactobacilli used in the production of yoghurt. Yoghurt bacteria have relatively large cells and are fairly easily stained using negative staining, such as with nigrosine, and examined at about x 400. 

Where the necessary equipment and expertise are available, video projection of bacterial smears (either freshly made or commercially available preparations) is an attractive option.

Viruses are in any case too small to be resolved with a light microscope. Alternative methods of finding out about the physical characteristics of both bacteria and viruses can be used such as:

Web-site images

SGM posters

SSERC Microbiology Resources CD (in preparation)

Some photomicrographic images are already available on the SSERC/SAPS Microbiological Safety and Techniques CD.

Details on the supply of all of the above additional resources are appended to the Technical Guide for this pack.

MICRO-ORGANISMS AND FOOD HYGIENE

On completion of these activities, pupils should better understand the reasoning behind food hygiene rules relating to.

· cross-contamination 

· cleaning and hand-washing

· storage – refrigeration and freezing
· cooking – heating to an appropriate temperature
This section is introduced by interpretation of data for reported cases of food poisoning in Scotland from 1985 – 2000.  The data are simplified from those published on the Scottish Health on the Web (SHOW) website.  These indicate an increase from 1980 – 1995, with a levelling out between 1995 – 2000.  The Parliamentary Office for Science and Technology (POST) has also published figures, in POST Note 193, January 2003. This is a useful source of statistics on food poisoning and provides an excellent source of up to date background information for teachers. Copies of this "POST Note" are available on request from SSERC or from the POST website at:

http://www.parliament.uk./post/nfr/index.htm
The task set in the Pupil Materials is that of making a bar chart manually. There are obvious opportunities for alternatives using applications of ICT. For example pupils could transfer the data to a spreadsheet application or a simple data handling package such as that sold by djb. This would allow some targets in the ICT section of Environmental Studies also to be dealt with.  In addition this whole topic can be cross-linked to parts of the Health Education guidelines for Environmental Studies as well as making historical cross references relevant to the Social Subjects.

Homework
Pupils are asked to find out about and report back to their peers on the causes, symptoms and prevention of food poisoning. The feedback from this exercise is used to lead into the practical activities. Pupils should be encouraged to discuss the topic with family, friends and others who may have knowledge or first hand experience of the causes and effects of food poisoning.
The pupils, collectively, should come up with the following:

· Bacteria are the most common cause of food poisoning.

· Possible names of bacteria which all or any of which may be mentioned: Salmonella, Campylobacter, E. coli, Clostridium, Bacillus, Staphylococcus

· Symptoms of food poisoning include: abdominal pain, nausea, vomiting, diarrhoea (the last probably in variety of spellings)

· Food poisoning is not usually life-threatening to healthy adults, but it can prove fatal for the old, young and infirm (this last includes the immuno-suppressed such as patients undergoing treatment for cancers).

· Preventive measures include

- cleaning  (surfaces and hands)

 - storing uncooked meats below food which will not be cooked

 - refrigeration or freezing of food

- heating food to an appropriate temperature

 - preservation methods (sugar, salt, acidic conditions)
Before carrying out the practical activities, pupils should be given some information on growing micro-organisms on agar plates or in nutrient broth.  

The practical activities, Where are micro-organisms found’ and The effect of cleaning on the numbers of micro-organisms present’, are intended to demonstrate that:

· micro-organisms are present on nearly all surfaces, including hands, and can be transferred from one surface to another; and

· cleaning a surface or hands by wiping, washing or using an antibacterial reduces the number of organisms that are transferred from surface to surface (minimises cross-contamination)

If pupils work in pairs, one can test the effect of cleaning on a surface and the other test the effect of cleaning on hands.  Class results can be collated. Pupils should be able to conclude that cleaning reduces the risk of micro-organisms transferring from a surface, or the hands, to clean food where they might grow and divide if conditions are right.

The practical activities Investigating the effect of temperature on the growth and survival of yeast cells should demonstrate to pupils that micro-organisms need an appropriate temperature to grow.  Those kept in the refrigerator or freezer and those heated above 55(C will not grow. (There are exceptions - 'thermophilic' organisms - but it's best not to over-complicate the issue at this stage).

Pupils should be questioned as to what has happened in these cases – have the cells been killed by low and high temperatures?  Further investigation shows that those kept in refrigerator or freezer will grow if transferred to room temperature. Those incubated at the high temperature do not grow.

Note that agar plates do not freeze successfully.  Should pupils wish to investigate the effect of freezing, they should be supplied with broth cultures of yeast. Note, however, that pupils would not normally work with broth cultures at this level and this use of liquid yeast cultures would thus be an exception to the general rule.  

Pupils should therefore conclude that: 

· refrigeration and freezing does not kill the cells, they simply ‘suspend animation’ not allowing the cells to grow and divide except very slowly (if at all),

· heating to 55 - 60 (C will kill most of the cells. This explains why washing up in hand-hot water, with or without detergent, and heating food up thoroughly are both fairly effective in preventing infection. (Hence the term "disinfection" which means reducing a microbial population to below infective levels. This is by no means the same thing as "sterilisation" where all, or nearly all, the cells and any spores are killed).

It may be useful, however, to discuss appropriate temperatures for heating and to explain that bacterial spores (endospores) can survive extreme conditions including temperatures well above boiling. When food containing such endospores isn't cooled sufficiently rapidly, the spores germinate and bacterial cells again grow. Even though subsequent cooking will kill the 'new' bacterial cells, it won't necessarily destroy the toxins they produced and food poisoning can still ensue. This explains a lot of 'common sense' culinary practice. Even boiling may not kill endospores and this explains the traditional caution about not re-heating foodstuffs too many times, especially those which already rely on previously cooked ingredients (e.g. the potato in fishcakes).  

CAUSES, PREVENTION AND TREATMENT OF OTHER MICROBIAL DISEASES

On completion of these activities, pupils should know that:

· viruses, bacteria, fungi and protozoa can each cause disease

· disease-causing micro-organisms can be transferred from person to person in different ways

· some disease can be prevented, or at least controlled, by vaccination/immunization

· antibiotics are used to try to cure some, but not all, disease

· not all disease can be cured
The topic is introduced by giving homework in the form of a table which requires research and questioning others at home in order to complete it.  This highlights the above points.

The practical activity, Investigating the effect of anti-fungals on the growth of yeast uses a disc diffusion test to demonstrate the anti-fungal effect on yeast of ‘over-the-counter’ medicines.  Plates are seeded with yeast (Saccharomyces cerevisiae or Phaffia rhodozyma), and a small filter paper disc spread with anti-fungal is placed in the centre.  On incubation, an area of inhibition of growth can be seen when the yeast grows up.  The effectiveness of different preparations can be compared.  Different inhibitory effects may also be observed on Saccharomyces and Phaffia.
There is opportunity here to discuss overuse of antibiotics with a resulting upsurge in antibiotic resistance and problems such as MRSA (Methicillin-resistant Staphylococcus aureus). For further detail, for teachers, on hospital acquired infections in general and MRSA in particular see:

The medical gateway site for the UK  - OMNI  particularly

(http://omni.ac.uk/browse/mesh/detail/C0079830L0079830.html)

The equivalent site in the US is - CDC 

(http://www.cdc.gov/ncidod/hip/ARESIST/mrsafaq.htm)

MICROORGANISMS – BENEFICIAL AND HARMFUL EFFECTS WHEN THEY GROW

At the end of this set of activities, pupils should know that microorganisms can:

· break down waste materials 

· cause food spoilage

· be reduced in number by using appropriate materials

· be used to make bread

The aim in this topic is to encourage students to appreciate that micro-organisms can be seen as beneficial or harmful for doing essentially the same thing – exploiting a substrate as an energy source by using it for respiration and breaking it down or otherwise changing its nature and properties.  The perception of nuisance or benefit depends on how humans view the substrate, whether as a food source or useful structure for themselves (e.g. food spoilage, dry rot) or as something to be got rid of, rendered harmless or usefully recycled, Structured reading/research activities (e.g. DART) on the SGM posters are potentially useful here.

The practical activities, Making a compost column and Investigating the growth of moulds on different types of bread’ demonstrate:

· decomposition of a variety of materials in a compost column, which can be set up and left in the classroom over a long period of time, with different kinds of materials continually being added to it and the liquid collected to fertilise plants; and

· food spoilage – the growth of mould on bread.

The latter once again focusses on how humans try to deal with the unwanted effects of micro-organisms, in this case by adding preservatives to their food.  Other methods of food preservation are then briefly considered.

The practical activity Finding the best conditions to make dough rise demonstrates how the products of respiration by micro-organisms can be exploited to make foodstuffs and briefly asks the pupils to name other foods in whose manufacture micro-organisms are involved.
SUMMARY
Assessment

Masters for sets of cards (or a PowerPoint show) are provided. The card sorting exercise merely requires the pupils to either place cards with mixed-up 'mystery' microbes on to their appropriate labelled sheet. Alternatively the images are shown in a PowerPoint presentation and the pupils (preferably in groups) complete a table placing the relevant slide number in its appropriate column in a table (a completed sample is appended). The PowerPoint show can be led and controlled by the teacher, or pupils can run it or watch it scroll through on a screen (in a so-called 'kiosk' set up). Hints are provided by the card (slide) legends and appropriate clues are given by indications of magnification, cell types and shapes, kind of photographic image etc.

Finally, pupils should return to the initial True/False/Not sure card sort exercise and review their responses in the light of the results of their investigations. 

The idea behind these exercises is to encourage pupils to think further about, as well as to demonstrate, what they have learned about micro-organisms and their effects. 

Suggestions for homework

The card (PowerPoint) games are intended also to provide a stimulus for the final homework in this section which is the task of creating a board game.  The game should describe beneficial and harmful effects of micro-organisms, allowing progression when meeting a beneficial effect and hindering progression when 'landing' on a harmful effect (missing a turn, going backwards etc). Pupils should be asked to design (and hopefully make) such a board game and then bring it in for a 'show and tell' session. A reasonable time period should be allowed for this activity and, ideally, it should be carried out by small teams of pupils. Formats other than conventional board games should be allowed - for example games using ICT based techniques (e.g. Quandry – a software tool for designing mazes). 

APPENDIX

A completed table for the first card sort/PowerPoint exercise is given below. The PowerPoint file also contains this table together with a template for an incomplete version with only the headings and slide numbers. 

Slide or Card
Alga(e)
Bacteria
Fungi
Protozoa
Viruses

2



( (Amoeba proteus)


3
( (Netrium digitum)





4
( (Micraterias rotata)





5


( (Mucor heimalis)



6



((Paramoecium sp.)


7


( (Sporangiophores of Phycomyces)



8

( (Bacillus subtilis left and M.luteus on the right) 




9


( (Yeasts - Candida sp. and Saccharomyces cerevisae top right)



10
(
(Micrasterias truncata - desmid)





11




( Bacteriophages

12

( Rods and cocci. Species unknown.




13




( HSV type virus

14



((Euplotes and Stylonychia)


15

( Spirochaete
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Volvox aureus Photmicrograph  ( Wim van Egmond





Blank Template for table.
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food hygiene


food poisoning
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storage


cleaning
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