QUANTIFYING mRNA TRANSCRIPT ABUNDANCE:  REAL-TIME PCR
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INTRODUCTION TO RNA PURIFICATION FROM EUKARYOTIC CELLS

Excerpted from the RNeasy Mini Purification Kit handbook

Qiagen
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Extracting Total RNA

IMPORTANT NOTES:  
RNA is highly susceptible to degradation.  Therefore it is critical that you:
· Make sure the pipet tips do not touch anything besides the solutions that they are pipeting. If a pipet tip touches a glove or bench, discard it. 
· Avoid depositing RNases into the samples and reagents by ensuring that you only touch the sides of tubes. Do not touch the rim or cap.

CAUTION: the lysis buffer contains beta-mercaptoethanol (BME) which is a potent denaturant and is toxic upon exposure to skin, or excessive inhalation.  

Wear lab coat! 
Wear goggles!
Wear gloves!


PROTOCOL
RNA Extraction
COMMON PROBLEMS TO CHECK:

· Double-check the centrifuge speed! There is a difference between “g” (relative centrifuge force) and “rpm” (revolutions per minute).  You can toggle the display to show either the “rpm” or “g”.  Pay attention to whether the instructions tell you to set it to a particular “g” or “rpm”.
· Homogenize tissue: To the tube containing the frozen anemone, add 350 μl of RLT Lysis Buffer immediately. Homogenize the anemone with a blue pestle, as quickly as humanly possible (RNases start working as soon as the tissues start to thaw, so you need to lyse all of the cells quickly so that the cell contents are exposed to the denaturing agents). 
· Pellet the cell debris: Centrifuge the homogenate for 3 min at full speed to pellet the cell debris (all the insoluble material). The RNA is in the supernatant.

· Transfer supernatant: Using a 200 (l pipet, carefully pipette off the cleared homogenate, making sure not to suck up the pellet. Pipette multiple smaller volumes (e.g.. set your pipet to 100 (l) to transfer all of the homogenate. Dispense the cleared homogenate into a new microcentrifuge tube. Label the tube! Discard the tube containing the pellet cell debris.

· Precipitate RNA: Using a new pipet tip for each tube, add 350 (l of 70% ethanol to all your samples, and mix immediately by gently pipetting up and down 3 times. Proceed immediately to the next step.

· Transfer sample to RNeasy spin column: With a new pipet tip, transfer 700 μl of the sample, including any precipitate that may have formed, to a RNeasy spin column placed in a 2 ml collection tube (Label the cap of the spin column!).  Close the lid gently, and centrifuge for 15 s at 10,000 rpm (8000 x g). 

· Check the spin column to make sure all of the liquid has gone through. If not, respin.
· Remove the spin column from the collection tube, and set the collection tube aside. Place the spin column into a new collection tube.

· Wash 1: With a new pipet tip, add 700 μl Buffer RW1 to the RNeasy spin column. Close the lid gently, and centrifuge for 15 s at 10,000 rpm (8000 x g) to wash the spin column membrane.  
· Check the spin column to make sure all of the liquid has gone through. If not, respin.
· Carefully remove the RNeasy spin column from the collection tube so that the column does not contact the flow-through. Set the collection tube aside. Place the spin column into a new collection tube, and set the column/tube in a tube rack.

· Discard all liquid waste by dumping out the contents of the collection tubes into the “Liquid waste” bottle. Dump the empty tubes into the “Solid waste” container.

· Wash 2: With a new pipet tip, add 500 μl Buffer RPE to the spin column. Close the lid gently, and centrifuge for 15 s at 10,000 rpm (8000 x g) to wash the spin column membrane.  Check the spin column to make sure all of the liquid has gone through. If not, respin.

· Discard the flow-through into the “Liquid waste” bottle. Reuse collection tube for next step.
· Wash 3: Add 500 μl Buffer RPE to the spin column. Close the lid gently, and centrifuge for 2 min at 10,000 rpm (8000 x g) to wash the spin column membrane. The long centrifugation dries the spin column membrane, ensuring that no ethanol is carried over during RNA elution. Residual ethanol may interfere with downstream reactions.
· Note: After centrifugation, carefully remove the spin column from the collection tube so that the column does not contact the flow-through. Otherwise, carryover of ethanol will occur.

· Before eluting the RNA from the column, practice pipeting 30µl of water onto a “test” spin column: the goal is to pipet the water onto the white membrane so that it dampens the membrane thoroughly. No water droplets should be deposited onto the side of the column.

· Elute RNA: To elute the RNA, place the RNeasy spin column in a new 1.5 ml collection tube (Label the tube!). Add 30 μl RNase-free water directly to the spin column membrane. Allow to sit for 30 seconds.  Place tube in centrifuge  and centrifuge for 1 min at 10,000 rpm (8000 x g) to elute the RNA.

· NOTE: the final volume of the RNA will be about 25ul, because not all of the 30µl volume will be eluted – some stays on the filter.

· Place tube of RNA on ice.

KEEP ALL TUBES ON ICE!

WEAR GLOVES!

USE NEW TIPS!
NANODROP SPECTROPHOTOMETER

MEASUREMENT OF RNA CONCENTRATION AND PURITY

A common method for measuring concentration of RNA or DNA in solution is through a simple spectrophotometric procedure. A spectrophotometer shines light through a solution and measures the amount of light absorbed by molecules in the solution. 

Nucleic acids absorb strongly at a wavelength of 260nm. For a solution of pure RNA, an absorbance reading of 1.0 is equivalent to ~40 µg/ml single-stranded RNA, when measured at 260 nm.  

It is also possible to spectrophotometrically estimate the purity of the sample because contaminants, such as leftover cellular protein or leftover extraction reagents, absorb strongly at different wavelengths than nucleic acids. Proteins absorb strongly at 260 nm and thiocyanate (a common RNA extraction reagent) absorbs strongly at 230 nm. By determining the ratio of absorbance at 280 vs. 260 or 280 vs. 230, it is possible to assess the level of contamination.

Pure RNA has a 260/280 ratio of ~ 1.8­2.1 and a 260/230 ratio of ~ 2.0.
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PROCEDURE FOR USING THE NANODROP
IMPORTANT: Be VERY gentle handling the silver metal arm of the Nanodrop. 

Lift arm gently

Lower arm gently

Never push down on arm

1) Blank the spectrophotometer with 1.5 µl water on the pedestal

a. Place 1.5 µl water on the pedestal and gently lower arm

b. Click on “blank” button
c. When the instrument has blanked, gently raise arm 
d.  Gently DAB (not wipe) the pedestal and arm with kimwipe to dry them

2) Analyze water to confirm blanking process

a. Place another 1.5 µl water on pedestal

b. click on the “measure” button – confirm that the absorbance is zero

c. Gently blot with kimwipe to dry the pedestal and arm
PLACE NEW PIPET TIP ONTO PIPET BEFORE EACH RNA SAMPLE

3) Analyze each RNA sample

a. On computer, enter the name of the sample 

b. Place 1.5 µl of sample on the pedestal

c. Gently lower arm

d. Click “measure”

e. Record the concentration AND the 260/280 ratio for each sample 

f. Gently dab the pedestal and arm with kimwipe to remove the sample
4) Print Report

Once you have determined the RNA concentrations for all your samples, you will need to dilute each sample to a concentration of 40ng/µl.

· Calculate the dilution: what the volume the RNA sample must be to achieve a final concentration of 40ng/µl?

Use equation C1V1 = C2V2
Where C1 = measured concentration in ng/µl
Where V1 = 25µl (this is the volume of your RNA sample)

Where C2 = 40ng/µl
Solve for V2
· To the 25µl RNA, add the required volume to achieve 40ng/µl
V2 – 25µl = Vadd
PROTOCOL

Reverse transcription of mRNA to produce cDNA
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We will give you a Master Mix of the Reverse Transcription reaction components.  It contains:  


Reverse Transcriptase enzyme


dNTPs


primers

water

1) Pipet 14.2 µl of RNA into a clean microfuge tube.

2) Add 5.8 µl of RT Master Mix.

3) Initiate the reverse transcription reaction by incubating the tubes in the thermal cycler using program RT.  

· 25ºC for 10 minutes

· 37ºC for 2 hours


The reverse transcriptase enzyme works optimally at body temperature (37ºC). 

PROTOCOL

Real Time Polymerase Chain Reaction:

To measure gene expression levels of target genes

We will give you a Master Mix for PCR. It contains:

· Taqman DNA Polymerase

· Taqman buffer

· dNTPs

· gene-specific primers

· gene-specific fluorescent probe

We will be running 3 reactions for each of the original RNA samples 

A housekeeping gene such as polyA binding protein, or actin


A stress-response gene, such as HSP70 or catalase
1) Set up tubes in a rack. Label with the sample ID numbers and gene name. For example:
 

	
	PolyABP
	CATALASE

	Labels for replicate 1
	Con 1 

PolyABP
	Con 1

CAT

	Labels for replicate 2
	Con 2 

PolyABP
	Con 2

CAT


2) Pipet 2.5 µl of cDNA samples into the tubes.

3) NOTE: there are 3 Master Mixes – one for each of the 3 genes. Pipet 22.5 µl of the appropriate Master Mix the appropriate tubes.

4) Bring tubes to instructor for transfer into the 96-well reaction plate.

Control and treated anemone tissue





extract total RNA


(RNEasy)





synthesize cDNA


(reverse transcription)





Quantitative PCR


(Taqman probe PCR)





Data analysis
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High purity RNA


280:280 ~ 2.0      260:230 ~ 2.0





Contamination with thiocyanate





This figure shows a reverse transcription using a polyT primer.
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