PCR practical
Date

16th February 2007, 10am

Location

Room 1.26, NHH
Staff

Lawrence Moon, Tom Hutson, Richard Davies, Paul Wilsoncroft (Tel: 6116)
Schedule

One week before:  Send in advance the wikipedia link, a paper and the animation.

15th February (day before)
Make up XX ml 50X TAE

LM

16th February (day of practical)

9am
Setup 







LM, RD, PW

Projector and PC with sound



Microwaves with thermal protective gloves
- as many as possible!

Balances for measuring 1.2 g agarose

- as many as possible

Powerpacks for minigels


- enough for 16 minigels


Apparatus for photographing gel



RD / PW


Ethidium bromide (10 mg/ml)



RD / PW

Nitrile gloves, lab coats, goggles



RD / PW

16 kits for pairs of students comprising



Conical flask (100 ml)



RD / PW


Beaker (100 ml or more)



RD / PW



Measuring cylinder (250 ml)



RD / PW


Weighing boats




RD / PW


Mini gel apparatus inc. combs


RD / PW


Bucket for wet ice




RD / PW


Pipetters (2 or 10 plus a 20 ul)


RD / PW



Tips pipetters





RD / PW



PCR reagents (see overleaf)



LM



Gel reagents (see overleaf)



LM



Paper for blotting TAE.



10am 
Students arrive


10 minute presentation on PCR 



LM

Get feedback on their lab experience. Can they use pipetters? Cylinders? 


Allocate pairs of students to groups: letters starting C.....
PCR practical

Schedule

1.
Powerpoint presentation, including animations

2.
Refresher - how to use pipetters!  Find out who wasn't at the core skills session.
3.
Assemble PCR reactions (in groups of three)

4.
Run PCR reactions in thermocycler (as a class)

5.
Make gels (in groups of three)

6.
Run out PCR products on your gel

7.
Photograph gel

8.
Final presentation and discussion.
Introduction to principles
A simple view of protein synthesis is that DNA is transcribed into messenger RNA (mRNA) which is then translated into protein.

Each cell only has a small amount of DNA, protein and mRNA, so sensitive methods are required to detect each of these types of molecule.

To determine whether a particular sequence of DNA is present within a cell, one can use polymerase chain reaction (PCR). Kary Mullis, who won a Nobel Prize for this invention, wrote "Beginning with a single molecule of the genetic material DNA, the PCR can generate 100 billion similar molecules in an afternoon. The reaction is easy to execute. It requires no more than a test tube, a few simple reagents, and a source of heat."
PCR can be used for a variety of tasks, such as the detection of hereditary diseases, the identification of genetic fingerprints, the diagnosis of infectious diseases, the cloning of genes, paternity testing, and DNA computing.
Briefly, to selectively PCR-amplify a region of DNA, suitable "primers" need to be designed and synthesized. Primers are short oligonucleotides, i.e., chemically synthesized, single-stranded DNA fragments —usually only 18 to 25 base pairs long — containing nucleotides that are complementary to the nucleotides at both ends of the DNA fragment to be amplified. These primers will "anneal" (hybridise / base pair / stick) to complementary single stranded DNA at around 59 degrees C. To convert the double stranded cDNA into single strands, we first heat to 94 degrees C to separate the strands ("denaturing"). DNA polymerase (from T. aq) then synthesises a second strand best at 72 degrees. Within a few rounds of starting, there is a theoretical doubling of the amount of PCR product with each round.

One final twist allows researchers to determine whether a particular mRNA (rather than DNA) is present within a cell. We combine PCR with a technique called reverse transcription (RT). As one might guess, this converts mRNA into cDNA, the reverse of the process of transcription described above.

Reference

Molecular Cloning
Eds. Sambrook & Russell / Maniatis et al

http://www.maxanim.com/genetics

Aim

To use RT PCR to determine whether the mRNA for a particular neuronal gene, activating transcription factor 3 (atf3), is expressed in normal cerebral cortex or in a penumbral region surrounding a cerebral cortical ischemic injury.
Method
Adult rats were anaesthetised and cerebral ischemia was induced by middle cerebral artery occlusion. Six hours after stroke, rats were terminally anaesthetised and a small region of penumbral cortex (adjacent to the ischemic injury) was dissected out. A similar region of cortex was also dissected out from sham injured rats (anaesthetised but received no stroke). 

Using standard methods, RNA was extracted from each sample and reverse transcribed to produce cDNA. 
You have been provided with cDNA from normal cortex (XX) and stroke-injured cortex (YY). Your job is to determine whether atf3 mRNA is expressed in either, neither or both of these samples.

How to set up PCR reaction

Check to see that you have all the necessary materials (listed in the Appendix)

Label your each PCR tube with your group letter. 
Additionally mark the first tube "X" and the second "Y".

In the following order, add all the following to tubes X and Y.
2.5 µl 

"B"
10X Taq polymerase reaction buffer

0.5 µl 

"N"
Deoxynucleotide triphosphates

1.5 µl 

"M"
50 mM magnesium chloride
0.5 µl 

"P"
Forward and reverse primers, 10µM each

0.25 µl 
"T"
Taq DNA polymerase
18.75 µl 
"W"
PCR grade water
Additionally, add 1 µl "XX" to tube X and 1 µl "YY" to tube "Y".

Now place your tubes "X" and "Y" on ice next to the thermocycler. 
Do not touch the buttons!  
Thermocycling conditions have been programmed by the staff. These are:


94 degrees C

3 minutes

Denaturing

35 cycles of
94 degrees C

45 seconds

Denaturing



59 degrees C

30 seconds

Anneal primers



72 degrees C

1 minute

Extend



72 degrees C

10 minutes

Final extension

It will take the thermocycler two hours to amplify the DNA by PCR. 

NOW WAIT FOR THE CLASS TO CATCH UP!

How to make a 1% agarose gel to resolve small (50 - 1000 bp) PCR products
Safety information:
Ethidium bromide is a carcinogen. You must wear gloves, goggles and laboratory coats throughout the practical. If ethidium bromide touches your body, wash it away with plenty of water.

Wear thermal gloves when removing flasks from the microwave. Liquids will be hot!

Principle
DNA is negatively charged. When it is placed within an agarose gel, an electric field can be applied, and the DNA migrates through the gel towards the positive electrode. Smaller fragments of DNA tend to migrate more quickly than larger fragments. Double stranded nucleic acid including DNA can be visualised by staining with a dye called ethidium bromide. "Agarose gel electrophoresis" can therefore be used to identify the size of a fragment of DNA amplified by PCR. Here we will use a reference "ladder / marker" to determine the size of the product amplified during PCR in this practical.

Method

Insert the tray into the minigel apparatus so that the rubber seals are nearest the long sides of the apparatus.

so that the combs are near one long side of the apparatus and

To make "running buffer", use a 5 ml pipetter to add 5 ml 50X TAE stock into a cylinder. Add 245 ml water.

Next, using a weigh boat and scales, measure out a very small amount of agarose (0.3 g). Place in a conical flask. Add 30 ml "running buffer". 

Swirl to mix. Microwave for one minute. Handle with thermal protective gloves. Undissolved agarose can appear as small translucent threads or blobs. Repeat swirl / microwave until there is no trace of undissolved agarose.

Using a 10 µl pipetter and pipette tip, add 2 µl ethidium bromide (10 mg/ml stock).

Swirl to mix. Dispose of pipette tip into clinical waste.

Pour gel into minigel apparatus.

Leave gel to set (about 30 minutes).
WHEN YOU ARE DONE, TELL LAWRENCE.

How to run your PCR products out on a gel

Put safety gear including gloves back on!

Remove your two tubes from the PCR machine.

Add 5 µl orange sample buffer to each tube. Flick, mix and spin down.

Pipette 11 µl ethidium bromide into a clean flask. Add the remaining 220 ml "running buffer".

Orient the minigel apparatus so that the electrodes are on the right hand side. Carefully lift the tray (containing the gel) out of the minigel apparatus, rotate it 90 degrees so that the comb is furthest away from you, and replace the tray and gel. Carefully remove the combs so that wells are created. 

Pour the "running buffer" into the gel apparatus up until the black "Max Fill" line. Make sure all the wells are filled up.

Using a 20 µl pipetter, a

add 10 µl "marker / ladder" to lane 1.

add 20 µl sample XX to lane 2.

add 20 µl sample YY to lane 3.

Secure the lid by pressing down firmly. The red lead should be nearest you.

Connect the red lead to the red input on the powerpack. Connect the black lead to the black input on the powerpack.

Turn on the powerpack and when both groups are ready, switch the powerpack on. Press "Start" and ensure that the device is set to provide 120 V.

Confirm that many small bubbles are rising from the electrodes.

Run the gel for 20 minutes. Make sure it doesn't overrun!
When the orange dye front has run 2/3 of the distance towards the positive electrode, stop the powerpack.  Get a couple of sheets of absorbent paper.

Wearing gloves, remove the lid and carefully lift out the gel/tray. Remember it is submerged in "running buffer" containing toxic ethidium bromide!  Pour all the excess "running buffer" back into the tank. Place the tray/gel on the absorbent paper and transfer the gel to the plate of the imager / photographic device.

The ethidium bromide is visualised using UV irradiation. 

Obtain a photograph EACH for your write up.

Interpret your results! Consider what positive and negative controls should have been used. What is atf3? Does your results make sense from a neurological point of view? How do you know the primers recognise aft3?

APPENDIX

Reagents for PCR
Many of these tubes contain only small volumes of solution.

Place these on ice to limit evaporation. Pipette accurately !

2 x empty 200 ul thin walled PCR tubes

1 tube labelled "T":


Taq DNA polymerase, recombinant

5 U/ul


Invitrogen


Cat # 10342-012
1 tube labelled "B":
PCR buffer, lacking Mg2+

10X

1 tube labelled "M":

Magnesium chloride (MgCl2)


50 mM
1 tube labelled "N":


dNTPs 

'-deoxynucleoside 5'-triphosphate


10mM each of nucleotides dATP, dCTP, dGTP, dTTP 


Cat# 18427-013



Invitrogen
1 tube labelled "6X":

1 x 1.5 ml eppendorf tube containing clean water (milliQ)

1 tube labelled "XX"

1 tube labelled "YY"

1 tube labelled "F"


DNA oligonucleotide primers


5' GGAGCTCCTCAACGTCAAGA 3'

10 uM

1 tube labelled "R"


DNA oligonucleotide primers


5' GAATGAACGGGCACTGAGAT 3'

10 uM

Ladder; 
100 bp DNA ladder; 
Invitrogen; 
Cat#15628-019
Loading buffer; 
6X 

Invitrogen; 
Cat# 10482-028
Anonymous feedback sheet

What one thing would you do to improve this practical?

