Hands on DNA: Bacterial Evolution – Demonstrator Notes

0 minutes
Introduction
Organise students into working groups (pairs or groups of three depending on class size).
Go over lab rules, lab coats on etc.

Overview of the workshop – what students will be doing today.
5 minutes

Background information on Streptococcus pyogenes
Introduce S. pyogenes using images (Gram stain under light microscope and scanning electron microscope – extreme close-up).

Its name tells us quite a lot:
coccus = spherical shape
pyogenic = pus-forming
S. pyogenes grows in short chains and is Gram positive (Gram staining is a method of classifying bacteria).

S. pyogenes is a significant human pathogen and causes a range of diseases from fairly mild skin infections including impetigo and strep throat; to serious invasive conditions including necrotising fasciitis and streptococcal toxic shock syndrome (STSS).

Bacteriologists identify S. pyogenes by growing it on agar plates containing blood (usually from sheep):

· S. pyogenes releases an enzyme (haemolysin) that breaks down red blood cells (beta-haemoloysis), giving a clear area on the agar [other bacteria can also do this, so a more specific test for S. pyogenes is to stab an inoculating loop into the agar and look for haemolysis under the surface as S. pyogenes makes a enzyme that only works in the absence of oxygen].
· S. pyogenes is sensitive to the antibiotic Bacitracin, giving a zone of inhibition (no bacterial growth) around the antibiotic disc

Now scientists can also look at the DNA of bacteria to identify them.
For your information, the images show:

1. A fluorescent DNA sequencing gel: These superseded the previous Sanger sequencing gels and removed the need to use radioactive chemicals.
2. A DNA sequence trace, where each base is represented by a separate peak: In recent years DNA sequencing has become even faster and uses a capillary system that produces these traces, rather than gels.
15 minutes
Micropipetting practice
Introduce idea of the precision needed to work with tiny volumes – ask students if they know what a micro-litre is.
Explain how to use the micropipettes – things to highlight:

· They are extremely accurate if used correctly

· They are delicate and expensive!

· How to hold them correctly – always use your thumb

· There are two stopping points that have different uses (sampling and expelling liquid)
· How to alter volume
· How to put on and remove a tip

· How to avoid contamination

Ppt slide should help with this explanation – remember to highlight the importance of not having any air bubbles in your pipette tip.
Students practice pipetting using food colouring and empty 1.5ml tubes:
· Supervise pipette practice closely.
· Since students have a P20 and a P200 in their trays, ask all students to set their pipettes to ‘1,0,0’ – this will be 10µl for the P20 pipettes and 100µl for the P200s. Once they have had a go with one pipette, get them to swap and see the difference in volume.

N.B. When the P20 pipettes are used to measure 20µl, the liquid is very close to the end of the pipette barrel and there is a risk that liquid may be aspirated into the pipette. To reduce this risk we recommend that students do not use the P20 pipettes for volumes greater than 10µl. 
· Encourage students to measure a variety of volumes – they need to pipette 20µl and 4µl for today’s workshop so ask them to try these with the P200 and P20 respectively (see note above on recommended P20 volumes).
· Make sure students don’t go outside the ranges of their pipettes – explain why this is important.
25 minutes

DNA samples
and digest setup
· Hand out 0.2ml pink enzyme tubes – three per group

· Hand out DNA samples on ice – three per group (A, B and either 1, 2, 3 or 4)

Explain that the blue solid at bottom of the pink tubes is dried restriction enzyme, an enzyme that cuts DNA (more later).
The three tubes in their ice pot are reference samples A & B and a sample (either 1, 2, 3 or 4) from a recent outbreak of S. pyogenes disease (see ppt).
Students label their pink enzyme tubes to match the larger tubes in the ice pot and add their initials.
· Make sure that students with the same initials add some other distinguishing feature such as their partner’s initials too.
Students transfer 20µl DNA into each 0.2ml tube and resuspend by pipetting up and down and vortexing.
· Ensure student samples are thoroughly resuspended

· Spin down any tubes that need it

· Students put their tubes in a float rack

· Place all tubes in 37˚C water bath – count to make sure you have them all and check for initials!
45 minutes
While samples are digesting…

DNA and bacterial structure
Ask students to brainstorm information about DNA in their groups/ on their tables. Try to get some of the following from them (they might need some prompting):

· DNA is a double-helix

· DNA = deoxyribonucleic acid

· DNA has a sugar-phosphate backbone and bases in the centre

· The four DNA bases are A, T, C & G (‘letters’ of the DNA ‘alphabet’)

· Three bases make a codon (the equivalent of a DNA ‘word’)

· DNA contains the instructions for life

· Those instructions are found in genes

· Genes code for other chemicals that do things in our bodies, usually proteins

· Every living thing contains DNA [or RNA]
· Everyone’s DNA is different (apart from identical twins)
Use ppt slide to check knowledge of bacterial structure – ask students to identify what each line is pointing to, then reveal answers.
· Most important for this workshop is the bacterial chromosome, a closed circle of double-stranded DNA. Bacteria only have one chromosome, whereas humans have 23 pairs.
· The complete genome of S. pyogenes has been sequenced and contains around 1.9 million base pairs and over 1,700 genes. This is pretty small compared with the 3.1 billion base pairs in the human genome and its ~23,000 genes.

· Note: The small circles are plasmids, which are extra, small loops of DNA carried by many bacteria. Don’t spend too much time on them, but students might have come across them in the context of genetic engineering (inserting foreign genes into another organism, often a bacterium). Plasmids often carry genes that increase bacterial survival in extreme conditions, such as genes for antibiotic resistance. Plasmids can be shared between bacteria, meaning that these genes can spread very quickly through a population and can even pass between species.

Background on immunity, S. pyogenes M protein/ emm gene

Ask students to brainstorm some of the body’s defences against bacterial infections:
· Immune system (innate and adaptive or non-specific and specific)

· Physical barriers e.g. skin

· Antibodies

· Phagocytosis

Phagocytosis (literally ‘cell eating’) is one of the body’s first defences against infection and is part of the innate or non-specific immune system. Phagocytes are usually white blood cells, such as macrophages and recognise foreign cells, engulf and destroy them (see cartoon on ppt).

S. pyogenes has a way of escaping this process using its M protein, which protrudes from the bacterial cell surface. The M protein stops the signals that tell phagocytes to engulf the bacteria and they are able to continue to grow and divide without being destroyed by the immune system.
The next line of immune defence, antibodies, can recognise the M protein (at the end as shown on ppt), which causes the M protein to constantly change (via natural selection and evolution – more later).
This is a good example of an ‘arms race’ between a pathogen and the human immune system.

Because of this arms race (also called immune pressure) there are many different types of M protein (and many different antibodies against them!). These different M proteins are encoded by different versions of the emm gene and the dendrogram (tree diagram) on the ppt shows some of the types and how they are related.
Different M types lead to different diseases so it’s important to know what type of S. pyogenes you are dealing with in order to give the correct treatment. How can we find out the M type? Look at the DNA. But we don’t have a DNA sequencer…

1 hour

Background on restriction enzymes

Ask students if they can tell you what an enzyme is:

· Protein that acts as a biological catalyst
· Highly specific to its substrate (students might mention ‘lock and key’ mechanism)
The following facts about restriction enzymes are important to get across – the restriction enzyme exercise helps to show many of them:

· They are enzymes that cut DNA
· They do this only at specific sequences
· They cut both strands of the DNA giving double-stranded fragments
· Restriction sites are often palindromic i.e. they read the same forwards on one strand as they do backwards on the other strand
· There are many restriction enzymes, all with different recognition sites

· Many restriction enzymes cut the DNA to leave overhangs, or ‘sticky ends’

Restriction enzyme exercise
· Split class up into groups of four (smaller groups are possible)
· Hand out a set of four sequences to each group

Students should identify the EcoRI restriction sites (GAATTC) in their sequences and cut the DNA in the appropriate place using scissors. There is a ppt slide to help you explain.
· Make sure students make a cut between the G and A on both strands and then cut along between the bases

· The four sequences have different numbers of restriction sites so different students will get different numbers of fragments

Once students have their sets of double-stranded DNA fragments they should count the number of bases in each fragment and record the results on their worksheet. Since EcoRI leaves overhanging bases, only count the bases on the top strand.
Prompt the students to compare the four sequences in their group – do they have the same number of restriction sites? Are the same numbers of fragments generated? Are the fragments the same size? Why?

When might this technique be useful? DNA fingerprinting, paternity testing etc.

· While students are completing exercise, remove tubes from water bath and spin down briefly
· Return samples to students in ice pots
1 hour 15 minutes

Information about emm gene typing using restriction enzymes

While scientists usually determine the M type of a bacterial isolate by sequencing the variable part of the emm gene, in certain situations they can use a simpler method using restriction enzymes.

Just as in the paper exercise, differences in DNA sequence lead to differences in the number and location of restriction sites, leading to different numbers and sizes of fragments after digestion.

The ppt shows the results of such an analysis of S. pyogenes emm DNA from Australia’s Northern Territory. The undigested DNA in the top panel is all the same size (same region of the emm gene) but when cut with a restriction enzyme, differences between the samples are revealed.
Today’s workshop will replicate this process and allow the outbreak samples to be compared to the two reference samples.
1 hour 20 minutes

Prepare samples for loading
Students add 4µl loading dye to each of their samples and pipette up and down to mix.
· Make sure students use a fresh pipette tip each time

· Briefly spin down any samples that need it in the microcentrifuge
Set up gel tanks

· Hand out gel tanks with pre-poured agarose gels (alternatively these could be on benches from the start of the workshop).

Students add 1x TBE buffer to gel tanks (ppt slide to help explain).
· Remind students not to touch the gels or pour buffer directly onto them (they are very fragile)
You may choose to leave the combs in the gels until after the buffer has been added by the students. The buffer provides lubrication and prevents damage to the wells when removing the comb – this is more likely with 0.8% gels as they are quite delicate. 

You can remove the combs as you go around demonstrating gel loading, or you can get the students (wearing gloves) to remove them carefully and slowly.
1 hour 30 minutes

Loading samples

Explain how to load a gel, using the ppt slide – what can go wrong and how to avoid it.

Explain that everyone will have a chance to practice gel loading before loading their samples and that you will come around and demonstrate before they get started.
While they are waiting for their demonstration they should use their worksheet to plan where they are going to load their three samples.

· Demonstrate gel loading to each group by loading 20µl DNA ruler on their gel.
If you have another demonstrator on hand, each start at opposite ends of the room and cover the groups between you. If not, you can demonstrate one gel per two groups of students then go back and load the marker on the other gels while the students are practising.
· Hand out a tube of diluted (1x) loading dye and tell students to practise loading 20µl in the spare, outside lanes of their gel before loading their samples.

Students load their practice and real samples:
· Students should load 20µl diluted loading dye for their practice attempts

· Students should also load 20µl each of their three samples (they should have 24µl in each tube, 20µl DNA/ enzyme + 4µl loading dye)
When everyone has loaded their samples, get all students to stop and listen.

Get everyone to put the lids on their tanks, plug in the leads and turn on their power packs at the same time.
The power packs should be set for 130V, 30 minutes.

1 hour 45 minutes
While gels are running…

Background to electrophoresis

Using the ppt, explain how electrophoresis works:

· DNA is a charged molecule – ask them what charge and why

· The electric field in the gel tank causes the DNA to migrate towards one of the electrodes – which one?

· The agarose gel is porous and DNA can move through it

· Small DNA fragments move faster and therefore further than large fragments

· Different DNA samples will produce different banding patterns

Evolution and Natural Selection
Ask students to brainstorm ideas about evolution and natural selection:
· Evolution = change in organisms over time

· All living organisms and all of those now extinct are related and descended from a universal common ancestor
· Natural selection or ‘survival of the fittest’ is the mechanism for evolution

· Individuals vary and that variation can be genetic (as a result of mutations in DNA)

· Individuals with mutations that make them better suited (adapted) to their environment will be more likely to survive to reproduce and pass on their genes – beneficial genes will therefore increase in frequency
· Evolution is ongoing and can be seen in real time in organisms such as bacteria and viruses

· Over time, evolution leads to the emergence of new species
Explain that mutations (changes) in DNA can either be positive, negative or neutral and will depend on where the mutation occurs.
Ask students to think of some selective pressures that might act on bacteria:

· Availability of food/ type of food

· Temperature

· Presence or absence of oxygen

· Pathogens (bacteria get viruses too!)

Bacterial Evolution game
· Get students back into their groups of four
· Hand out resources for Bacterial Evolution game
Go over the basic rules of the game using ppt slide to help:

· Everyone starts with a single bacterium and the aim is to have the most bacteria by the end of the game.
· Each round the bacteria have a chance to mutate (phase 1) and reproduce (phase 2) and there is a chance that environmental factors might affect the growing populations (phase 3).
· Phase 1 involves using the spinner to see if you acquire a positive, negative or neutral mutation. Take a card as appropriate – this will tell you how your bacteria will grow.

· In phase 2 your bacteria reproduce – look at your mutation card to see by what factor you will multiply.

· In phase 3, one person rolls the dice to see if a chance card will be drawn. If a 4 or above, take a card and follow the instructions on it. These will apply to all players.

Students play the bacterial evolution game.
· Make sure everyone has a copy of the rules for more in-depth ‘what if?’ questions

2 hours 10 minutes
As gels are coming to the end of their run…

DNA staining
Ask students whether we will be able to see the DNA in our gels.

Explain that we are using a DNA stain called SYBR Safe that binds to DNA and glows under blue light.
If we didn’t use a stain the DNA would be invisible (the coloured bands on the gels are from the loading dye which contains at least one dye, often two or three).

· Hand out gloves to one student from each group
Students turn off and unplug power packs and remove the gel trays from their tanks.

Remind students that they are looking to see whether their outbreak sample matches either of the two reference samples or whether it’s something different.

Wearing orange viewing glasses, students look at their gels on the blue-light transilluminators:
· Make sure each group knows what they are looking at (see Appendix for expected results)
· Encourage students to sketch their results on their worksheet
While some students are looking at their gels, others can start to tidy up their benches, return equipment to their trays and pour TBE running buffer back into the bottles for reuse (it can be used five times).
2 hours 20 minutes

Plenary

Go through the possible results the students should have seen and ask them what they tell us about the outbreak samples.
Samples 1 and 2 should be the same as A and B whereas both 3 and 4 have an additional band.
Explain that new M types can potentially emerge at any time and that they can be linked with new characteristics such as antibiotic resistance (although these may not be directly linked to a change in the emm gene sequence).
Scientists and clinicians across the world report the number of cases of S. pyogenes that they diagnose and add any new M types that they discover to a large database, managed by the CDC (Centers for Disease Control and Prevention) in the US.

2 hours 30 minutes
End of workshop
· Students/ teachers fill in evaluation forms.

· Make sure students wash their hands before leaving.
Appendix: Expected results

The samples should give the following bands on the gel:

Outbreak samples 1 and 2 match reference samples A and B respectively.
Outbreak samples 3 and 4 both have a new band, as well as bands in common with A and B.
[image: image1.png]6.6 kb

3.9kb
2.7kb

1.0kb




Hands on DNA: Bacterial Evolution – Demonstrator Notes
1

