Ronna Hertzano

RNA extraction protocol for total RNA
This protocol uses Trizol (also known as TRI REAGENT) for the isolation of total RNA. Trizol is a mixture of guanidine thioacyanate and phenol, which effectively dissolves DNA, RNA and protein on homogenization or lysis of tissue sample. After adding chloroform and centrifuging, the mixture separates into 3 phases with the upper clear aqueous phase containing the RNA. The next steps in the extraction are washes and precipitation of the RNA. The first part of the protocol – from the homogenized tissue in Trizol to the point of an RNA pellet in 75% ethanol, takes less than 1 hour. The RNA can then be stored for long periods of time, at -200c. The same protocol can be used for RNA extraction from cell cultures. For further use of the RNA for expression analysis, it is highly recommended to treat the sample with DNase, an enzyme that digests DNA. This procedure is very effective for isolating RNA molecules of all types from 0.1 to 15kb in length. However, there are commercial kits that enable simple RNA extractions, usually using a column that binds the RNA, and also include the DNase treatment in them. Moreover, inherent to methods that use phenol-chloroform for RNA isolation and cleanups is a certain loss of total RNA. This varies in percentage depending on the sample size (the larger the amount of total RNA, the smaller the relative loss). I therefore recommend using this protocol for RNA isolations from large number of cells. However, once laser microbeam dissected RNA extraction from cells will be considered, I strongly recommend using a different method, preferably a suitable kit for such extractions. This modification could be considered also in the case of RNA extraction from sensory epithelia.  
Reagents required:

It is highly recommended to keep separate stocks as well as pipettes and tubes that will be used for RNA. Always work in an RNase free environment, after cleaning pipettes and table with RNase away or a similar compound. 
Trizol
Gibco
15596026
900nis

PCI Gibco
15593031
900nis
Supplier: Rhenium, Phone 02-5335599, Fax 02-5335590.

Chloroform – 0014272. 
Ethanol absolute – 0022257.  

Isopropanol
1.5 and 2ml eppendorf tubes – autoclaved and oven dried. 

5ml tubes for homogenization
Supplier – get from the 'machsan'. 

DEPC treated water - 018521A 500ml 45nis. 

DNA free - a DNAse treatment - Ambion #1906, $98 - good for 50 reactions

GlycoBlue - Ambion - #9515 0.3ml
 $71 (for better precipitation yield + paints the pellet in blue). 

Supplier: Kibbutz Beit Haemek, Phone 04-9960595, Fax 04-9968896.

*** aliquot the glycoblue to 3-4 1.5ml tubes and keep at -200c. 

Sodium Acetate 3M - S-7899 100ml.
Supplier: Sigma, phone 08-9484-222, fax 08-9484-200, 86nis.

*** aliquot to 1ml tubes and keep at 40c. 
Phase lock gel tubes – 2 ml - 'heavy', # 0032005.152 by eppendorf.

Supplier: Lumitron, phone - 02-6529898, fax - 02-6519190, price - 400nis.

Sample preparation:
· For tissue: weigh tissue and homogenize tissue in a Polytron or other appropriate homogenizer. Use 1ml of Trizol per 50-100mg tissue. 


· For monlayer cells: put cell culture dish on ice. Wash cells twice with cold PBS. Use 1ml of Trizol per 10cm2 of culture plate surface area (= 3.9ml per 10cm round plate or 7.5ml per T75 flask). 


· For suspension cells: isolate cells by centrifugation and then lyse in Trizol using 1ml per 5-10X106 animal, plant or yeast cells or 107 bacterial cells.

1. Homogenization: 
Homogenize tissue samples in a Polytron homogenizer. To clean the probe before using, run the homogenizer for 30sec with DEPC treated water, then with ethanol-absolute and last with 2ml of trizol in a 5ml tube. If homogenizing multiple samples, wash probe well with DEPC treated water and ethanol-absolute between samples. It might be necessary to remove probe and inspect it for residual tissue. After use, dissociate the probe according to the manufacturers manual, and clean probe thoroughly with DEPC treated water and ethanol-absolute.
After homogenization, sample can be stored in -700 for up to 1 month. However, we usually prefer to continue with the extraction using a 'fresh' sample.


2.  Allow sample to stand for 5 minutes at room temperature. 
Goal: to ensure complete dissociation of nucleoprotein complexes. 

3. Phase separation:
Add 0.2ml of chloroform per 1ml of Trizol used
Cover the sample tightly (the samples can splash - if using multiple tubes then cover the rack with an aluminum foil) and shake vigorously for 15 seconds. Then allow to stand for 5 minutes at room temperature. 
Centrifuge the resulting mixture at 10,000rpm for 15min at 40c. 
Centrifugation separates the mixture into 3 phases: a red organic phase containing the protein, an interphase, usually white, containing the DNA, and a colorless upper aqueous phase (containing RNA). 
Transfer the colorless upper aqeous phase to a new clean tube, using a 200µl pipette and avoiding the interphase (containing the DNA). Usually, up to 700µl of a colorless phase can be transferred to the clear tube.
*** the interphase and organic phase can be stored at 40c for subsequent isolation of the DNA and proteins. 

4. Total RNA percitation:
Add 0.5ml of isopropanol per 1ml of Trizol used, mix gently by inverting the sample 5X and incubate at room temperature for 5min
Do not vortex!!!
Centrifuge at 10,000rpm for 10min at 40c.

5. RNA wash:
Remove the supernatant and wash the RNA pellet by adding 1ml (minimum) of 75% ethanol per 1ml of Trizol used in sample preparation. Mix gently by inverting the sample a few times. 

***The water in the ethanol is crucial in order to wash the salts out of the RNA. If you'll forget to use 75% ethanol and use 100% ethanol instead – the RNA will not be washed and the final ratio will be lower. 

*** samples can be stored in ethanol at 40c for at least 1 week and up to 1 year at -200c. We store the samples only at -200c.

6. RNA drying and resuspension
a. Centrifuge sample for 5min at 14,000rpm at 40c. 

b. Remove the supernatant and invert the tube on a clean kimwipe. There should be an RNA pellet at the bottom of the eppendorf tube. 
c. Dry pellet by incubating in a dry bath for 5min at 550c.
d. Resuspend pellet in DEPC treated water. 
if you do not intend to treat the sample with DNasI, then plan a resuspension volume to result in a 1-2µg/ul RNA concentration. If RNA is going to be DNaseI treated, best resuspend the sample in about 50µl of DEPC-treated water. 

7. DNaseI treatment of total RNA
Ambions DNA-freeTM kit (#1906) is used to remove DNA contamination. The kit contains a DNaseI enzyme (2U/µl), a buffer suitable for the enzyme activity (100mM Tris-Cl pH7.5, 25mM MgCl2, 1mM CaCl2) and an inactivation reagent for inactivation of the enzyme at the end of the reaction. 

This protocol is adjusted for removal of genomic DNA from RNA suspensions of 25-100µl, providing there is less than 10µg/ml of DNA in the sample. The  amount of RNA that can be treated in one DNA-free reaction is dependent on the extent of DNA contamination of the sample. 


a. Add 10% of total volume of 10X DNasI buffer (5µl for 50µl of RNA). 
b. Add 1µl of DNasI (2 units). 2µl can also be added. 
c. Mix gently using pipette and incubate at 370c for 20-30min. 
in some cases the treatment can be improved by adopting the following modifications:

i. For viscous samples the sample can be diluted 2-3X with 1X DNasI buffer. 

ii. RNA samples that are heavily contaminated with DNA can be diluted to 0.5µg/µl before treating with DNaseI, and 2-3µl of DNaseI can be used and/or incubation time can be extended to 1 hour. If more than 2µl of DNaseI are used, the inactivation reagent volume from the next step should be increased from 10 to 20% of the sample volume. 
d. Inactivate the DNasI enzyme:
The inactivation buffer is viscous and needs to be vortexed immediately before each use. Resuspend the inactivation buffer by vortexing. 
Add 10% volume of 5µl – whatever is larger, from the inactivation buffer to your RNA sample. If more than 2µl of enzyme were used then the inactivation buffer volume should be increased to 20%. 
Mix well with a pipette and incubate at room temperature for 2min.  During the incubation, tap tube at least once after 1min, to resuspend the inactivating reagent. 
Spin for 1min at 14,000rpm at 40c, to precipitate the inactivation reagent. Transfer the aqueous supernatant to a clean tube. 
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Cleaning the samples using phase-lock gel tubes
Phase Lock Gel (PLG) is a unique product that eliminates interphase-protein contamination during phenol extraction and ensures faster results with improved recoveries. PLG migrates to form a tight seal between the phases of an aqueous/organic extraction during centrifugation. The organic phase and the interphase materials are effectively trapped in or below the barrier, thus enabling complete and easy decanting or pipetting of the entire aqueous phase.


a. Add an equal volume of phenol:chloroform:isoamyl alcohol 25:24:1 (PCI, GIBCO) to the RNA sample and shake vigorously for 15 seconds. The PCI is saturated with 10mM Tris-HCl pH 8.0/ 1mM EDTA. 
**** some material can be lost in the following reaction. It is advisory to increase the initial RNA sample volume to 200-400µl before starting this procedure. 
b. Transfer the total RNA-PCI mix to a PLG tube that was pre-spinned to precipitate the PLG.
c. Spin for 2min at 14,000rpm at 40c. 
Transfer the aqueous phase to a new clean tube. 

d. Repeat a-c (mainly if the sample is about to be used for microarrays. If not, one PLG cleanup is enough). 


9. RNA precipitation
Add to the sample:
a. 10% volume of 3M sodium acetate pH 5.2 (Sigma, RNase free). 
e.g. – if the clear phase volume, now in a new tube is 190µl – add 19µl of sodium acetate. 

b. 50mg/ml glycogen (usually 1µl is enough). 
c. 80% volume (from the RNA + sodium acetate) of isopropanol. Invert a few times and put at -200c for 30min to 20 hours. 


d. Spin the sample for 5 min, 14,000rpm at 40c. 
e. Wash the pellet by adding 1ml of 75% ethanol, invert a few times and spin sample for 5min, 14,000rpm at 40c. 
f. Dry the pellet at the bottom of the tube by first inverting the tube on a clean kimwipe, and then putting the tube for 5min in a 550c dry bath. 
g. Resuspend the pellet in 10-100µl of DEPC treated water, depending on the expected total RNA amount. Try to aim for 1-2µg/µl. 


10. RNA quantification
Dilute 1µl of RNA sample in 3µl of DEPC treated water. Read ratios and concentration in our GeneQuantII. Put aside 1µl for running on gel. Do not procede to the Reverse Transcriptase reaction without first running the RNA on a gel. It's best to run samples on a MOPS gel. However, samples can be ran on a regular 1.2% agarose gel, preferentially using RNase free reagents. It is also OK to run them on a regular 1.2% agarose gel.
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Other RNA products worth considering:

http://www.zymoresearch.com/r1015_rnaclean-frame.html - 120$ for 50 reactions – RNA cleanup kit. Can be used instead of the phase lock gel tubes and phenol chloroform cleanups. Should have a considerable effect on the RNA yield per sample. 

http://www.zymoresearch.com/r1005_minirna-frame.html - 120$ for RNA isolation for 50 reactions. Is good for up to 105 cells. Should be strongly considered as our kit of choice is we decide to go forward and proceed to laser microbeam microdissected tissue RNA extractions. 
