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Northern Blotting
With general notes on working with RNA

NOTE 1: General comments on working with RNA -
• For useful notes on working with RNA (and why you have to be so careful) see:

http://www.ambion.com/techlib/tb/tb_159.html and bulletins referenced therein.
• Always wear gloves while handling reagents to prevent RNase contamination.

Change these gloves frequently.
• Work quickly and keep everything on ice when possible to reduce the activity of

endogenous or residual RNases.
• ddH2O (referring to autoclaved MilliQ grade H2O) is used for all solutions. It is

also recommended to DEPC-treat (see NOTE 2), after which it is generally
termed nuclease-free. In general any buffer than comes into direct contact with
RNA is of the nuclease-free variety.

• All buffer bottles and equipment should also be nuclease-free. These are
generally dedicated for RNA work and segregated in a defined location. At a
minimum rinse with DEPC-ddH2O before use. For the electrophoresis
apparatus in Section II it is also recommended to soak in 3% H2O2 (30 min
covered by foil) and rinse with DEPC-ddH2O just before use.

NOTE 2: For DEPC-treatment add 1ml DEPC to 1L ddH2O (or 0.1% final to
buffer of choice) (T1/2 DEPC in H2O ≈ 30min). Incubate with gentle shaking 37oC
overnight and autoclave 30 min to inactivate. A faint EtOH smell may linger after
autoclaving, but more commonly a sweet, fruity smell is observed. This is caused by
the EtOH by-product combining with trace carboxylic acid contaminates and
forming volatile esters. It does not mean that trace DEPC remains in the solution. It
is NOT possible to DEPC-treat Tris-containing reagents (the amino group reacts
with the DEPC): Tris-containing solutions are thus made with nuclease-free ddH2O.
See: http://www.ambion.com/techlib/tb/tb_178.html.

I. RNA purification

1. Grow 50ml yeast culture in SC media (supplemented as required) to log phase OD600 ≈ 0.7.
Collect cells by centrifugation (1 min, 2800rpm, 4oC). Discard supernatant.

2.  Resuspend the pellet in 2ml sterile ddH2O and transfer to 2 x 1.5 ml eppendorf tubes. Flash
spin (up to 13K and release) in a microfuge to pellet. Discard supernatant.

3. Resuspend each pellet in 400µl ice-cold AE buffer. Add 25 µl 20% SDS and 500µl of fresh
phenol:CHCl3 mixture (1:1) (ddH2O saturated; acid PhOH/CHCl3). Vortex tubes 20 min max
speed and transfer to 65ºC bath for 5 min.

CARE: PhOH burns are not pretty and take ages to heal. Ensure tubes are tightly
capped during all steps. PhOH will penetrate latex gloves and acts as a local
anaesthetic so you won’t feel the damage until later.

4. Chill tubes on ice for 10 min and microfuge (15min, 14K, 4ºC). Transfer aqueous phase to a
new tube, add phenol:CHCl3, vortex tubes 20 min max speed and transfer to 65ºC bath for 5
min. Chill tubes on ice for 10 min and microfuge (15min, 14K, 4ºC).

5. Transfer aqueous to a new tube and add 2.5 Vol 100% EtOH (-20oC) and 1/10 Vol 3M NaAc
(pH 5.3-6.5). Invert 5 times to mix and precipitate -20ºC, 1 hour.
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6. Microfuge (14K, 30min, 4ºC). Discard supernatant and wash pellet with 75% EtOH. Microfuge
(14K, 1 min, RTo), discard supernatant and air-dry pellets (10 min, RTo). Dissolve each in
~400µl ddH2O (heating to 56°C for 5-10 min may help) (see NOTE 3). Determine
concentration (dilute 1/40) by spectrophotometry (see NOTE 4): total RNA yield usually 5 -
10mg. Aliquot 30µl per tube and store -80ºC.

NOTE 3: As a recommended alternative dissolve the RNA in formamide
(Chomczynski, Nucl Adids Res) rather than nuclease-free ddH2O. This has several
benefits over storage in ddH2O or EtOH. First, formamide will protect the RNA
from nucleases, allowing it to be stored at 4oC (or even RTo), although –20oC is
generally used. Second. the samples can be concentrated up to 4ml/ml. Finally, the
samples can be used immediately for northerns, RNase protection, or even RT-PCR.
For details see: http://mckeogh.googlepages.com/protocols.

NOTE 4: Re. Quantitation of RNA
A260 1.0 = 40 µg RNA / ml (remember to account for dilution factor)
Ratio A260/A280  should be 1.8 - 2.0 for clean RNA solutions

II. Denaturing agarose gel electrophoresis (see also alternative protocol (p8): PAGE
separation of shorter RNAs and electrophoretic transfer)

7. Make 1.2% gel: In a nuclease-free (see NOTE 1) conical flask suspend 1.2g agarose in 72ml
ddH2O. Bring to boil by microwave and confirm completely in solution. In a fume hood add
10ml 10x MOPS buffer and 18 ml 37% formaldehyde. Swirl to mix (avoiding air bubbles) and
pour into a presealed nuclease-free casting tray (this should be perfectly horizontal - check with
spirit level). Insert an appropriate sample comb. Allow gel to polymerize >30min and transfer to
the nuclease-free electrophoresis apparatus (filled with 1 x MOPS buffer). Ensure the gel is
completely immersed in buffer and carefully remove the comb. Note that these gels are
structurally weaker than comparable DNA gels,  so careful handling.

8. Prepare RNA samples: Precipitate 80µg RNA and redissolve to 20µl total with nuclease-free
ddH2O (see NOTES 3 & 5). Add:     

Formamide 10µl
10XMOPS buffer 2µl
Formaldehyde 4µl
EtBr (200µg/ml) 1µl

Incubate solutions for 20 min at 75ºC. Chill on ice 10 min, flash-spin to collect all of the fluid
in the bottom. Add 2µl Formaldehyde Gel-loading buffer and place on ice.

NOTE 5: If RNA is stored in formamide rather than nuclease-free ddH2O alter
reagents added in Step 8 accordingly.

9. Pre-run the gel (4-5 V/cm, 5 min) and then load the RNA samples into the wells, leaving the
outermost lanes empty. Run the gel at 4-5 V/cm ≈ 4 h (until 1st dye-front approx 3/4 way to
bottom). Carefully remove the gel and place on Saran Wrap on a UV transilluminator and
photograph. Two distinct bands corresponding to 26 and 18S rRNAs should be clearly visible:
if these are smeared you have an RNase problem. Mark the gel on the right lower edge, and
submerge in 10mM NaOH for 20 min with shaking (important for transfer of RNA > 2.5kb).
Rinse the gel with ddH2O. Incubate successively with 20xSSC and 10xSSC for 5 and 40 min
respectively.

10. Transfer: Fill a tray with 10xSSC and place a (longer yet narrower) glass plate over the tray.
Prewet two Whatman 3MM filters (21 cm x 36 cm) with 10xSSC and lay over the pate so that
both ends are in the buffer. Remove air bubbles between the plate and the filters by gently
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rolling a sterile pipette over the filter. Carefully place the gel (wells down) onto the wet filters
and again remove air bubbles with the pipette (Be careful when placing the gel: if you drop it
don’t freak out; you can do a successful transfer from a re-assembled jigsaw). Cut a piece of
nylon membrane (Hybond-N+ or NytranR, Nylon transfer membrane) about 1 mm larger than
the gel in both dimensions. Prewet the membrane with ddH2O, then soak in 10xSSC for ≥ 5
minutes and place it over the gel (as always avoiding / removing air bubbles). Prewet 3
Whatman 3MM filters (same size as the gel and membrane) in 10xSSC and lay over the
membrane. Again remove air bubbles and surround the gel with Parafilm (serves as a barrier to
prevent liquid from flowing directly from the reservoir to the dry paper towels above). Add 3
dry Whatman 3MM filters, then a stack (8-10cm) of paper towels, followed by a glass plate and
a 0.5KG weight (bottle or book). Capillary transfer from the gel to the membrane should be
carried out for 18-24 h.

Alternative Step 12: Instead of a buffer reservoir use a simpler pressure blot. This
is assembled as in the figure.

Assembled in order (top --> bottom):

Heavy weight
Stack of paper towels
3 sheets wet 3MM

Appropriate Membrane
Gel (careful, well side down)

6 lge sheets wet 3MM
Tray (with exposed 3MM covered by Saran)

11. Disassemble the apparatus carefully. Mark the location of the wells with a pen. Confirm
efficient transfer by UV: there should be no bands visible on the gel. Rinse the membranes
briefly in 2xSSC, 0.1% SDS and allow to dry at RTo. Immobilize the RNA on the membrane
by UV-crosslinking (eg. Rando lab Stratagene Auto-Crosslinker set to 1200 units ≈ 120 mJ;
see NOTE 6). Can store dried membrane between sheets of 3MM until ready to use (week or
two).

NOTE 6: Different cross-linking protocols are available and may depend on the
membrane you’re using (read the manufacturers data sheet). It may be necessary to
calibrate the output of the UV crosslinker: too little is inefficient, too much can kill
the RNA.

12. Methylene blue staining (optional): Wash membrane for 10 min in 3% nuclease-free Acetic
acid (dilute glacial into DEPC ddH2O). Add Methylene Blue stain (see NOTE 7) for 30sec - 1
min. Destain with DEPC ddH2O until the background is nearly white and photograph for
records.

NOTE 7: NOT methyl blue. See: http://en.wikipedia.org/wiki/Methylene_blue.

   III. Radiolabeled probe hybridisation

13. Prewarm Pre-Hybridization Solution 42°C. Boil 200µl salmon sperm DNA stock (10mg/ml:
see NOTE 8) 10 min, 100°C. Place on ice 2 min.
Mix: 20 ml pre-hybridization solution

400µl 20% SDS
200µl salmon sperm DNA from above (10 mg/ml stock = 100µg/ml final)
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Place membranes into hybridization tubes (≤ 2 blots per tube; RNA side  facing in) and add 20
ml pre-warmed complete pre-hybridisation solution. Incubate ≥2 h with continuous rolling.
Prepare the probe (Step 13) and pre-warm the Hybridization Solution at 42°C (Step 14).

NOTE 8: Protocol for making denatured salmon sperm DNA stocks available at
Keogh Protocols page.

14. Probe generally 400bp – 1kb, although short primers or fragments >1kb occasionally used.

Option 1: (PCR amplification). Easy option: PCR with radiolabelled nucleotide. You can
get rid of the unincorporated radiolabel by passing the PCR product through a hand-packed
1ml G50-size exclusion column (see NOTE 9), although it’s not really necessary.

Following conditions are for Denville TaqPro and a 50µl reaction (for smaller
volumes scale down accordingly). When using genomic DNA as a template (not the best
idea, unless you always get >99% specific product) a hot start is essential. If using a prior
purified PCR product as a template it should not be necessary. For a hot start add 1µl
genomic DNA and 10µl ddH2O to a PCR tube and 94oC for 5 mins. Then pause the
machine, put tube on ice, and add the following:

x10 Rbo 5µl
2mM dNTP 5µl
[α3 2P-ATP] 5µl
MgCl2 2µl
2.5mM primer mix 5µl
Denville TaqPro 0.5µl
ddH2O to 39µl (50µl final)

Flash spin to collect. Place back on the machine, and PCR (25 – 30 cycles)
T1 94oC 45s
T2 55oC 45s
T3 72oC 90s (allow 1min/kb)
T4 16oC ∞

Option 2: (Random priming, eg. Amersham Megaprime kit). The probe DNA is usually
either a purified PCR product or fragment excised from a vector. Estimate concentration and
use 50-100ng/reaction.
On ice mix 100ng DNA to 22µl ddH2O in a microfuge tube. Boil 5 min, then ice 2 min.

Denatured DNA 22µl
10xBuffer 5µl
Each dNTP (no ATP) 3x4 µl =12µl
[α3 2P-ATP] 5µl
Random HexaPrimers 5µl
Klenow fragment 2µl
ddH2O  to 50µl final

Incubate 37ºC, 1h. Stop by addition of 2µl 500mM EDTA pH 8.0. Separate probe from the
unincorporated P3 2 nucleotide with a G50-size exclusion column.

NOTE 9: Size exclusion column (see Supporting information for the background to this
technique). Place 3g G-50 Sephadex in a 100ml  bottle with 50ml TE pH 8. Swell overnight at
RTo and sterilize by autoclaving. Remove the plunger from a 1ml syringe and plug the base of
the barrel with glass-wool. Pack a 1ml deep G50 resin bed (add resin to barrel, pack by
centrifugation (1200rpm benchtop: if not enough add some more) and equilibrate with TEN
buffer (3 x benchtop spins with 400µl TEN). Place ependorff tube (with lid removed) in a 15ml
Falcon, then put in the 1ml syringe/column. Apply 50µl random prime reaction + 50µl TEN to
top of column. Spin 1200rpm 5’ in a benchtop centrifuge. About 50% of the counts should be
in the eluate (in the ependorff tube): this is the probe. The counts in the column are smaller
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unincorporated nucleotide. If desired (although I never bother) you can check the specific
activity of the probe: see Supporting information (p7).

15. Prewarm Hybridization Solution 42°C. Boil 100µl salmon sperm DNA stock (10mg/ml: see
NOTE 8) 10 min, 100°C. Place on ice 2 min. Denature probe (from Step 13) 100oC 5 min,
then on ice 5 min. Add both to the hybridization solution.
Mix: 10 ml pre-hybridization solution

400µl 20% SDS
100µl salmon sperm DNA from above (10 mg/ml stock = 100µg/ml final)
Denatured radiolabeled probe

Decant the prehyb solution and discard. Replace with complete prewarmed Hybridization
Solution. Incubate overnight at 42oC (see NOTE 10) with gentle rolling.

NOTE 10: The hybridization temperature can vary from 42 - 65ºC and washes
(below) from RT°C to 42°C (usually use 42oC). Lower temperatures are usually
used for shorter probes or targets (eg. snRNAs).

16. Decant hybridization solution to a 50ml falcon tube and store behind Perspex shielding. This
can be reused for a few weeks (pierce the lid and boil 5 min in water beaker over a Bunsen
burner. Add to a prehybridized membrane). Rinse membrane (2xSSC, 0.1%SDS), then wash
10min 42°C (2xSSC, 0.1%SDS) and measure the radioactivity of the membrane and the wash.
Successively wash membrane (42oC, 15 min each) with (2xSSC, 0.1%SDS) and determine
membrane radioactivity after each step. Stop washing when radioactivity appears localized to a
specific area – if this seems to be taking forever try a wash with (1xSSC, 0.1%SDS). Wrap the
membrane in saran wrap and expose to a phosphorimager plate (15 min – overnight).

17. Stripping membrane for reprobing: Pour boiling 0.1% SDS / 2mM EDTA (latter essential to
prevent RNA cleavage) onto the membrane and agitate for a few minutes. Discard and repeat
wash. Allow to cool to RTo. Autoradiograph the membrane ensure the probe has been removed.

NOTE 11: Membrane should never be allowed to dry or reprobing will not be
possible. After stripping wrapped the membrane in Saran and store at 4oC until
reuse.
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Supporting information

1. Size exclusion chromatography: A form of partition chromatography where separation is
based on molecular size. A column is prepared of tiny particles of an inert substance that contains
small pores. If a solution containing molecules of various dimensions is passed through the column
(Figure 1), molecules larger than the pores can only move in the space between the particles and so
are not retarded by the column material. However, molecules smaller than the pores diffuse in and
out of particles with a probability that increases with decreasing molecular size. Thus their
movement through the column is slower. Table 1 lists the materials commonly used in size
exclusion gel chromatography and the fractionation range.

Figure 1: Separation of two molecules by
passage through a column containing particles
of a porous gel. The molecules larger than the
pores move more quickly than the smaller
ones because the latter are able to move in and
out of the pores.

Table 1: Freifelder D (1982) Physical Biochemistry: Applications to Biochemistry and Molecular
Biology (2n d Ed) pp. 241.
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2. Determination of radiolabelled probe specific activity: TCA Method

1. Sample calculation (NOTE: usual NEN radiolabel concentration is 10µCi/µl).
If 50µCi used, expected dpm is: 50 x 2.2 x 106 dpm / µCi = 110 x 106 dpm.
If in a total of 20µl, then 5.5 x 106 dpm / µl.

2. Dilute 1µl of the labelled probe to 10µl with ddH2O. Spot 1µl of this 1:10 dilution onto
duplicate glass-fibre filters (Whatman GF/A) and allow air dry. Count these directly to
determine the total cpms.

3. Determine the % incorporation by TCA precipitation. In duplicate tubes, add 1µl of the 1:10
dilution to 100µg salmon DNA (acts as a carrier) in a total volume of 100µl. Vortex mix, add
500µl ice cold 5% TCA and mix again. Leave on ice for 5 minutes.

4. Apply the samples to wet (with 5% TCA) glass-fibre filters (Whatman GF/A) under vacuum
and wash twice with 5ml ice cold 5% TCA. Rinse the filters with 2ml acetone and air dry.

5. Place the dry filters into scintillation vials, add 4ml scintillation fluid and count.
TCA precipitated cpm / total cpm x 100 = percent incorporation. If 1µl of a 1:10 dilution was
precipitated, 10 x cpm precipitated = cpm / µl incorporated. For a 50µl reaction, the total cpm
incorporated is 50 times this number.

Eg. Thus if 50µCi of labeled CTP at 800µCi/nmol were used, you added 0.0625nmol of CTP.
If 2.4µl of cold 100mM CTP were also present, this represents an additional 0.24nmol, giving a
total of 0.3025nmol CTP.

If 100% incorporation, and CTP represents 25% of the nucleotides in the probe, then 4 x
0.3025 = 1.21nmol nucleotides incorporated and 1.21 x 330 ng / nmol = 399.3ng of RNA
synthesized (if RNA used as a probe). Then % incorporation x 399.3ng = total ng RNA made.
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Alternative Protocol:

Electrophoretic transfer of RNA onto positively charged membranes

1. Separate RNA using either agarose/formaldehyde/MOPS (as described above; Section II,
Steps 7-9) or 5-15% acrylamide/8M Urea/1xTBE.

The latter approach is usually used for shorter RNAs as it gives significantly
increased resolution.

Loading buffer: 98% formaldehyde, 10mM EDTA, 0.1% bromophenol blue + xylenecyanol
Gel: 8M urea, 1xTBE, 5-15% Acrylamide (dependent on desired resolution)
Transfer buffer 0.5xTBE

NOTE 12: Dye migration in denaturing UREA/ PAGE
5% gel Bromophenol blue 35nt, xylenecyanol 140nt
6% gel Bromophenol blue 26nt , xylenecyanol 106nt
8% gel Bromophenol blue 19nt, xylenecyanol 75nt
10% gel Bromophenol blue 12nt, xylenecyanol 55nt
20% gel Bromophenol blue 8nt, xylenecyanol 28nt

2. If the gel contains formaldehyde, remove by soaking the gel in 0.1xTBE buffer for 1h at RTo.
This will also lower the ionic strength of the buffer in the PAGE/Urea gel from 1 X to 0.1 X.
Gel can be washed briefly with ddH2O without equilibration. Urea should not interfere with the
transfer. The charged nylon membrane (eg. Hybond N+, see NOTE 13) should be soaked in
water for 5 min and then in 0.5 X TBE for 20 min.

NOTE 13: A nylon membrane must be used in this procedure because unlike
nitrocellulose, nylon membranes will retain RNA in low ionic strength buffers.

3. Cut 10 sheets of Whatman 3mm paper and one piece of positively charged nylon membrane to
the size of the gel. Do not cut the paper or membrane larger than the gel: if the papers from
either side of the stack touch each other during the transfer, the current will travel via the paper,
not the gel. Saturate blotting paper in 0.5 X TBE.

4. Stack as follows. NB: between each layer roll a pipette over the stack to remove any trapped air
bubbles

Sponge on the bottom of the unit (cathode)
2 sheets of wet blotter paper
Gel on top of papers (if gel is too thin, place dry Whatman paper on the gel to transfer it).
Presoaked nylon membrane
2 sheets of wet blotter paper
Put the lid (anode) over the whole stack

5. Transfer conditions (2h, RTo): sufficient to transfer 50-1000nt molecules from 5% PAGE
Current: constant 2.5 mA/cm2 (eg. ≈ 290mA for a 14x19cm gel)
Voltage: 100V (usually reads 6-15V)
Power: 30W

Remove the membrane and wash with 6 X SSC for 10 minutes

6. Cross-linking conditions are as described above: Step 11. If filter is baked, it can be stored at
RTo wrapped in aluminium foil for weeks. Methylene-Blue staining and hybridization
procedures are as before.
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Buffers / Reagents -
AE Buffer

50mM NaAc pH 5.0
10mM EDTA pH 8.0

10 X MOPS Running Buffer (to 1L)
200 mM MOPS (3-(N-morpholino)-propanesulfonic acid)  41.8 g

To 700ml with ddH2O, adjust to pH 7.0 with NaOH
80 mM NaAc 6.6 g
20 mM EDTA 25 ml (500mM stock)

0.2µ filter sterilize. Store RTo protected from light.
Will yellow as it ages: cannot be stored indefinitely.

Formaldehyde Gel-loading buffer
50% (v/v) glycerol
10 mM EDTA (pH8.0)
0.1% Bromophenol Blue, 0.1% Xylene cyanol FF

20 X SSC (to 1L)
175.3 g NaCl
88.2 g sodium citrate
To 800 ml of water, adjust the pH 7.0 with a NaOH.
To 1L final. Sterilize by autoclaving.

Methylene Blue stain
0.04% Methylene Blue
0.5 M Na-acetate pH5.2 - 6.5

100x Denhardts
20 g Ficoll (Sigma F-9378)
20 g Polyvinylpyrolidone (Sigma PVP-10)
20 g BSA (Sigma A-7906)
Adjust to 1L with nuclease-free ddH2O

Dissolve with mild heat and stirring. 0.45µ filter sterilize. Store aliquots at -20ºC.

20XSSPE (to 1L)
NaCl 175.3 g
NaH2PO4 27.6 g
EDTA 7.4 g
NaOH ~20.5 ml to pH 7.4
ddH2O ~800 ml to 1L

Autoclave or 0.45µ filter-sterilize. SSPE can replace 5xSSC + NaPO4 (50 mM pH 6.7)

TEN
10mM Tric.Cl pH 8.0
1mM EDTA pH 8.0
100mM NaCl
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Pre-hybridization solution (to 1L) (to 400ml)
Formamide 500 ml 200 ml
20x SSPE 250 ml 100 ml
100x Denhardts 50 ml 20 ml (5xfinal)
ddH2O 180 ml 72 ml

Hybridization solution (to 980ml) (to 392ml)
Formamide 500 ml 200 ml
20x SSPE 250 ml 100 ml
100x Denhardts 10 ml 4 ml (5xfinal)
Dextran Sulfate 90 g 36 g
ddH2O 180 ml 72 ml

Store 25ml aliquots at -20°C

Alternative Protocol 3:

5 X TBE Stock
54 g Tris base
27.5 g boric acid
20 ml 0.5M EDTA (pH 8.0). Adjust with ddH2O to 1L.

Loading buffer (see Alternative protocol 3)
98% formaldehyde
10mM EDTA
0.1% Bromophenol Blue, 0.1% Xylene cyanol FF


