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PCR, which amplifies short sections of DNA, is used in many areas of the biological sciences. Final year Biological Sciences student William Fraser chose to produce a video about PCR and its use to detect bacteria without the need to grow them in the laboratory.  Working with staff at Sir John Deane’s Sixth Form College, Northwich, Cheshire and research staff from the Institute of integrative Biology at the University of Liverpool, he planned, filmed and edited the short video.  It starts with an animation of the steps in PCR (targeted at A-level requirements) and then shows Dr David Rooks using PCR in research about the microorganisms that breakdown cellulose.

Timings:

Introduction to content of video and animation explaining PCR: 0 - 4.21 min

Introduction to research on biofuels that uses PCR: 4.21 min - 5:48 min

Video in laboratory of PCR to identify bacteria as part of research on biofuels: 5:48 min – 11:55 end

[0 min] Introduction to content of video and animation explaining PCR

Welcome to the University of Liverpool.

[Pictures of Victoria Building, Guild of Students building; Cohen Science Library; Bioscience Building]

This is the building where most of our scientific research takes place and where we are going to learn about the polymerase chain reaction.

[Picture of William Fraser in Bioscience Building]

The polymerase chain reaction is a technique used to make several million copies of a single piece of DNA. This technique was discovered by Kary Mullis and is now widely regarded as one of the most important and influential techniques in modern biology. 

[Photograph of Kary Mullis]

We are going to first understand how this technique works and then we are going to see how it is applied here at the University of Liverpool.

[Start of animation showing the polymerase chain reaction]

The polymerase chain reaction.  To get started we need our DNA sample and three other main ingredients: DNA polymerase, primers and nucleotides.

[Symbols for DNA sample and ingredients appear on screen. Nucleotides are labelled with letters A, T, G and C]

Nucleotides are the structural units of DNA and there are 4 types: T, A, C and G.

[Nucleotides labelled with letters T, A, C and G appear on screen]

Each nucleotide is made up of a sugar-phosphate backbone and one of the four nitrogenous bases 

[Diagram on screen of sugar-phosphate-base structure]

Nucleotides are complementary to each other. A with T and C with G. 

[Diagram shown complementary bases pairing] for individual bases]

This complementary base pairing is the basis of double stranded DNA.

[Diagram shows pairing along a short strand of DNA]

Within our DNA sample we have a target sequence of DNA which we are amplifying using PCR.

[Diagram of target sequence within DNA sample]

Primers are strands of single stranded nucleic acid with roughly 20 bases which flank the target DNA sequence. Two different primers are required, one for the start of the sequence being amplified and one for the end. 

[Diagram shows target DNA sequence and primers complementary to flanking regions]

One end of a DNA polynucleotide is called 3' (three-prime) and the other end is called 5' (five prime) but DNA polymerase can only attach to the 3' ends.  Once attached to the 3' end of the primer the DNA polymerase can initiate DNA synthesis.

[Diagram shows primers at 3' and 5' ends and binding of DNA polymerase to 3' ends]

This is our final PCR mixture ready to begin amplification.

[Diagram of all ingredients of PCR reaction] 

Firstly the mixture is heated to 93o (degrees) Celsius

[Diagram of DNA being heated]

This breaks the hydrogen bonds between the nucleotides in the DNA sequence.

[Diagram of heating separating DNA strands of double helix]

This results in single stranded DNA.

[Diagram of single stranded DNA]

The PCR mixture is then cooled to 55o (degrees) Celsius.

[Diagram of cooling]

This allows the primers to anneal to the ends of the target DNA sequence.

[Diagram shows primers annealing at ends of target DNA sequence]

The PCR mixture is then heated to 72o (degrees) Celsius 

[Diagram shows heating]

This is the optimum temperature for the DNA polymerase to synthesise new DNA with the nucleotides in the PCR mixture. DNA synthase can begin synthesising new complementary DNA strands beginning at the primers. This continues along the single stranded DNA.

[Diagram of DNA synthesis]

Following this first cycle of PCR there are now two copies of the target DNA sequence. This is our new PCR mixture and the process is repeated 

[Diagram shows two DNA strands with all ingredients for further synthesis]

The mixture is heated again, cooled again to allow primers to anneal and then heated again for DNA synthase to synthesise complementary strands. 

[Diagrams shows heating, cooling with primers annealing, then heating to 72 oC and DNA synthesis]

After each cycle the amount of product is doubled.  This results in exponential amplification. 

[Diagram shows exponential increase in number of new DNA molecules]

The process is usually repeated around 35 times which can result in 68 billion copies.

[Statement 238 = 68 billion (6.8 x 1010 )]

So now we understand PCR we can go and speak to one of the researchers at the University of Liverpool to see how he uses the technique on a daily basis to carry out his research.

[William speaking to camera]

[4.21 min] Introduction to research on biofuels that uses PCR

[Change to Dr David Rooks speaking in the Biosciences Building]

As we progress through the 21st century, there is a requirement to find fuels and energy sources that will ultimately replace fossil fuels. Previously first generation biofuels were thought to be the option.  However, it turned out that these actually contributed even more to the production of green house gases than they reduced. There is now a real emphasis on research involving the production of second generation biofuels.  The main theme of second generation biofuels is taking a by-product of food crops, crops that we already grow and breaking them down to produce ethanol.  

In order to do this it is essential that we can identify novel microorganisms which produce cellulases, the enzymes which degrade these by-products of the crops that we use for food.

[Electron microscope picture of cellulose degrading microorganisms]

As part of my research we take land-fill leachate (liquid draining from municipal refuse disposal tips), place cotton into it and leave it to incubate for 3 months. The bacteria present in the landfill leachate begin to degrade and break-down the cellulose 

[Picture of sealed container of leachate and bag containing cotton before being placed in the container]

These organisms do this by producing cellulases so in our research by taking this cotton string, our source of cellulose, and extracting DNA from it, we use PCR to identify the bacteria by the amplification of specific genes and through the identification of these bacteria we may then be able to exploit them for the production of second generation biofuels and eventually fuels of the future. 

[Picture of cotton string after incubation in leachate; Electron microscope picture of microorganisms growing on this cotton]

[5:48 min] Video in laboratory of PCR to identify bacteria as part of research on biofuels

[Change to Dr Rooks in his laboratory, holding small plastic tube]

Ah, so to begin with, this is an extract of DNA that has been extracted from a piece of string, and the string was incubated in landfill leachate and because the string is pure cellulose, on the surface is where it is broken down it will only be cellulose degrading organisms present, so when we extract the DNA this DNA sample will be from cellulose degrading organisms.

[Picture of string that has been incubated in landfill leachate for many months with cellulose degrading organisms growing on it followed by electron microscope picture of bacteria on surface of the string, returning to video of Dr Rooks in the laboratory]

So what we are going to do is do a universal PCR using universal 16S rRNA primers and we'll use this DNA as a template. So in the PCR reaction we have DNA, we have a forward and a reverse primer which are required for the amplification of the 16S rRNA gene.

(16S rRNA is a RNA molecule that is part of the structure of ribosomes, the protein synthesis machinery of the cell.  It was among the first nucleic acids to have the sequence routinely identified from 1970s onwards.  As a result, the DNA sequence for 16S rRNA is known for a very large number of bacteria, animals and plants.  It turns out that some regions are identical across taxonomic groups while others differ between genera or species.  This is used to identify unknown bacteria.  Dr Rooks will use universal 16S rRNA primers, that match regions identical across all Bacteria, to amplify the intervening variable region.  The sequence of this variable region allows him to identify the bacteria.  Determining the sequence requires a different technique from PCR, but relies on PCR to supply sufficient identical DNA molecules for sequencing.)

[Places small tube in tube supporting block, then removes tubes containing forward and reverse primers from ice bucket (white insulated box containing crushed ice) and places them in the block as well]

We also have a BioMixTM Red reaction mix and within the reaction mix is everything which is required for the PCR to be carried out efficiently.  This contains buffers, dNTPs, otherwise known as nucleotides, so you've got your A, T, G and C all in here, and you've also got the polymerase and the polymerase is required for the extension of the DNA template.  

[Takes a further tube from the ice bucket with a dark purple solution in it and places it in the block.  (BioMixTM Red is a complete ready-to-use commercial product for PCR reactions, optimised for many DNA templates.)  The colour comes from an inert dye present in the solution to assist loading onto an electrophoresis gel – see later]

So PCR reactions are set up and carried out in PCR tubes and these are specifically designed so that they can fit into the PCR machine and seal properly. We set PCR reactions up in either 25 microlitre or 50 microlitre volumes. (1 microlitre (l) = 10-6 l)

[Shows strip of PCR tubes, moving them so that the transparent tubes are visible against the dark background of his blue gloves, finally placing them in a second, blue, support block]

So into each tube we'll put the DNA template,

[Picks up automatic pipette, already adjusted to the correct volume from rack, pushes sterile white plastic tip onto it from box of racked tips behind the ice bucket, and then pipettes a small volume of the DNA solution into a PCR tube.  Close-up of pipetting DNA solution into PCR tube. Replaces tube of DNA solution in ice bucket]

forward and reverse primer. It is essential that you work quickly and try and keep all of the volumes the same that are going into the tubes.  Now the reverse primer, 

[He discards the tip, pushes a second one onto the automatic pipette and pipettes a small volume of each primer into each tube, changing tips between primers, and again replacing the primer solutions in the ice bucket]

And finally the PCR reaction mix that contains all the components which are required to carry out the PCR reaction.

[Changes tip again and pipettes a volume of BioMixTM Red into each tube, returning the solution to the ice bucket]

Once the tubes contain all the components required, you can seal the lids.  I'll just mix the components so that everything is equally distributed.

[pushes lids down on each tube and then touches the strip of PCR tubes to a whirl mixer so that the solution inside each tube will swirl round and become efficiently mixed]

It is then essential that these reactions are placed on ice until you are ready to put it into the PCR machine.

[Places strip of tubes into ice bucket]

[9.01 minutes]

[Scene moves to room with equipment including PCR machines in it]

This is the sample that's been made in the lab and it contains everything that is required for the PCR reaction.  We're going to put it into the PCR machine now.

[Shows strip of tubes containing PCR reactions, turns to PCR machine on bench next to him and places strip in heating blocks of PCR machine]

PCR machines automatically heat up and cool down the samples based on what you have instructed it to do, so it will initially heat the samples to 95 degrees that will cause the DNA, the double-stranded DNA, to denature.  It will then cool down to an optimal temperature which is different for each primer is used, although is normally around 55 degrees, and at this temperature it will allow the primer to anneal to the single-stranded DNA template. The machine will then heat back up again  which will allow the polymerase, which is the enzyme included in the mix to then bind to the primer, and this will then allow the polymerase enzyme to move along the single-stranded DNA template and elongate so synthesising more DNA molecules, more DNA template, in the sample.  

[talks to camera next to PCR machine]

[close up of PCR machine showing touch screen where instructions for temperature cycling can be programmed and also heating block behind where PCR tubes are placed. Places strip into heating block, closes lid and presses 'Start' command]

[10.04 minutes]

[Scene returns to laboratory, several hours later, where the equipment for gel electrophoresis have now been set up on the bench]

As the PCR reaction has finished, you remove the tubes from the machine and we use gel separation equipment known as gel electrophoresis to run the sample on an agarose gel and this will allow us to find out what organisms are actually present in the sample, in the original DNA sample.

[Strip of PCR reaction tubes and automatic pipette in his hands]

Once the samples have been loaded onto the gel in the tank, we can put the lid back on the tank. We then run a current of electricity through the tank that allows the DNA to move through the gel.

[close up of pipetting PCR reaction products into a well in the transparent agarose gel, then placing lid onto tank and finally pressing 'on' button of power-pack attached to gel apparatus]

[11.03 minutes]

[Scene moves to apparatus for visualising DNA in the gel after electrophoresis has finished]

Once the DNA has been separated on an agarose gel we then use ultraviolet light so that we can visualise the DNA.  The DNA from the different bacteria that are present in the original sample which we extracted from the cotton.

As you can see from this gel, we have been able to detect 5 different bacterial species present in the original sample which we used to carry out the PCR.

[close up of screen showing stained gel with white bands indicating presence of DNA. The series of bands on the LHS of the screen is a control containing a mixture of DNA strands of known length. This also acts as a ruler to estimate the size of the amplified DNA]

[11.29 minutes]

[Scene change to William Fraser]

So now we understand the PCR reaction and have also seen it in action trying to find the fuels of tomorrow.  So I hope you'll also agree that PCR is one of the most important techniques in modern biology.

[end credits] 
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