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I.  INTRODUCTION
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A. Background:  The Ribonuclease Protection Assay

The Ribonuclease Protection Assay (RPA) is an extremely sensitive procedure
for the detection and quantitation of RNA species (usually mRNA) in a complex
sample mixture of total cellular RNA.  For the RPA, a labeled RNA probe is
synthesized that is complementary to part of the target RNA to be analyzed.  This
is easily done by inserting the probe fragment into one of the common transcription
vectors under the control of a bacteriophage promoter (either the T3, T7, or SP6
promoter) and using the corresponding T3, T7, or SP6 RNA polymerase to generate
a labeled RNA transcript of high specific activity.  (See Section V.F., for a simple
PCR alternative to subcloning into a transcription vector.)  The labeled probe is then
mixed with the sample RNA and incubated under conditions that favor hybridization
of complementary transcripts.  After hybridization, the mixture is treated with
ribonuclease to degrade single-stranded, unhybridized probe.  Labeled probe that
hybridized to complementary RNA in the sample mixture will be protected from
ribonuclease digestion, and can be separated on a polyacrylamide gel and visualized
by autoradiography.  When the probe is present in molar excess over the target
fragment in the hybridization reaction, the intensity of the protected fragment will be
directly proportional to the amount of complementary RNA in the sample mixture.
Ribonuclease protection assays are thus analogous to S1 nuclease protection
assays, but ribonuclease is generally acknowledged to be easier to fine-tune and
less prone to degrade double-stranded nucleic acid than S1 nuclease (Molecular
Cloning, 1989; and Friedberg et al., 1990).

Compared to hybridization protocols that rely on RNA bound to a solid support
(i.e. Northern blots), low abundance mRNAs are detected more readily and
quantified more accurately by using a solution hybridization procedure such as the
RPA (Lee and Costlow, 1987).  All of the sample RNA is available for hybridization;
there are no losses associated with incomplete transfer from gel to membrane or
inaccessibility due to binding to the membrane, as in Northern analysis.  Since the
probes used in the RPA are generally significantly shorter than the mRNA species
being detected, the target RNA preparation need not be completely intact (breaks in
mRNA that occur outside the region that hybridizes to the probe will have no effect
on the RPA, but will result in loss of signal on Northern blots).  Due to the high
resolution of the acrylamide gel system used to analyze the protected fragments, the
RPA is well-suited for mapping positions of internal and external junctions in mRNA,
for example transcription initiation and termination sites and intron/exon boundaries
(Kekule et al., 1990, Melton et al., 1984, and Calzone et al., 1987).  By adjusting the
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ribonuclease concentration in the digestion reaction, the assay can be used to detect
small differences between the probe and target mRNA.  Ribonuclease protection
can therefore be used to distinguish between different mRNAs from multigene
families which cross-hybridize on Northern blots. 
 
Ribonuclease protection assays have acquired a reputation for being difficult to set
up and optimize.  Ambion's RPA kits are designed to avoid many of the problems
associated with ribonuclease protection assays, and to give the user maximum
convenience while still allowing sufficient flexibility for optimizing experimental
conditions for specific templates.  The RPA II™ and now the HybSpeed RPA kits
differ from published procedures in several respects and are faster, easier to use,
and require less hands-on time.  The proteinase K and phenol-chloroform steps of
the published procedure have been eliminated and have been replaced with a single
RNase inactivation and precipitation step (patent protected).  This means that the
entire procedure can be performed in a single tube.  

HIGH-SPEED HYBRIDIZATION

A major limitation in hybridization-based assays is that the hybridization step
typically requires overnight or longer incubations; this is particularly true when the
target molecule is present at very low levels (sub-picogram).  Several approaches
have been found to speed up nucleic acid hybridization reactions.  One approach is
to increase the probe concentration.  However, this can result in unacceptably high
levels of background signal (noise).  The addition of neutral dextran polymers are
known to increase rates about 10-fold (Wetmur, 1968), and dextran sulfate can
increase apparent hybridization rates as much as 100-fold for Southern blots (Wahle
et al., 1979).  This increase can be attributed to the "volume exclusion principle", in
which the concentration of the nucleic acid molecules is increased by reduction in
the effective solvent volume as a consequence of hydration of the polymers.
However, this approach also often leads to increased levels of background signal.
Research at Ambion has lead to the development of the HybSpeed RPA kit which
allows the hybridization step, normally requiring 12-24 hours, to go to completion in
10 minutes or less without the use of volume excluding polymers (patent pending).
Figure 1 demonstrates the kinetics of the HybSpeed hybridization reaction.  An
additional benefit is that the HybSpeed RPA is 1.5 to 3 times more sensitive than the
RPA II, and frequently yields sharper bands.  This is presumably due to the
increased stability of RNA duplexes in the hybridization buffer and the resulting
reduction in nonspecific cleavage at RNase hypersensitive sites.  The hybridization
using the HybSpeed buffer is carried out at 68°C.  This elevated temperature aids
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in reducing secondary structure of the mRNA and probe, resulting in less
background due to undigested self-protected probe. AmbionÕs HybSpeed RPA kit
combines the convenience of a single-tube assay (developed with the RPA II Kit)
with the HybSpeed Technology to reduce the overnight hybridization time to ten
minutes.  The reduction in hybridization time will often allow the complete
protection assay to often be performed in one day.  The protected probe fragments
are then analyzed using PAGE and autoradiography, phosphor imaging, direct
imaging, or may be transferred to nitrocellulose or nylon membranes and detected
using protocols recommended for the particular type of non-isotopically labeled
probe used (Turnbow and Garner, 1993). An overview of the HybSpeed RPA steps
are outlined in Figure 2.

The HybSpeed RPA also allows multiprobe analysis within a single RNA sample,
so that samples can be simultaneously hybridized with experimental probes and
internal standards.  Finally, the HybSpeed RPA includes a control vector for mouse
§-actin and total RNA from mouse liver.  These reagents allow researchers to self-
test the quality of the kit and its protocol at any time.

Figure 1.  Kinetics of Hybridization for Ambion's HybSpeedª Technology.
Ten µgs of total mouse liver RNA probed with a 360 base antisense in vitro transcript for mouse 
§-actin.  The coprecipitated RNA and probe were heat denatured in HybSpeedª  hybridization
buffer and allowed to hybridize at 68ûC for the indicated times.  Digestion buffer was added to
degrade unhybridized probe.  The 250 bp RNA duplex was recovered and run on a 5%
polyacrylamide/8M Urea/1XTBE denaturing gel and analyzed by autoradiography.  The standard
RPA IIª sample was hybridized at 42ûC overnight in RPA IIª hybridization buffer.



IntroductionHybSpeedª RPA 5

Denature and Hybridize
(10 minutes)

Digest with RNase
(30 minutes)

PAGE (Denaturing or Native)
Analysis

Combine and
Coprecipitate

Protected Fragment

Full Length Probe

Simultaneously Precipitate RNA
and Inactivate RNase (Patent Pending)
(20 minutes)

Use Ambion's
HybSpeed™ RPA Kit

• Everything is done in
a single microfuge tube
in only 1 hour

• No Proteinase K/
Phenol:Chloroform
Extraction Required

HybSpeed™
Technology
No Overnight
Hybridization

Required

Total
RNA

Antisense
Probe
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B. Storage and Stability

This kit should be stored at -20°C in a non frost-free freezer.  The Mouse Liver
RNA can be stored at -70°C.  Properly stored reagents are guaranteed for six
months from the date they are received.

C. Reagents Provided With the Kit

Volume Solution
1.0 ml HybSpeed Hybridization Buffer 

HybSpeed Hybridization Buffer (patent pending)

10 ml HybSpeed RNase Digestion Buffer
RNase digestion Buffer (patent pending)

1.0 ml Yeast RNA
Torulla yeast RNA (5 mg/ml)

15 ml HybSpeed Inactivation/Precipitation Mix
RNase Inactivation/Precipitation Mixture

1.4 ml Gel Loading Buffer II
Gel Loading Buffer for denaturing PAGE:  95% formamide/0.025% xylene
cyanol/0.025% bromophenol blue, 18 mM EDTA, 0.025% SDS

 8 ml Probe Elution Buffer
Probe Elution Buffer: 0.5 M ammonium acetate/1 mM EDTA/0.2% SDS

10 µl p-TRI-ββ-Actin-Mouse 
 ControlTemplate: 5 µg (0.5 mg/ml) pTRI-β-actin-mouse plasmid DNA in TE

buffer (10 mM Tris pH 8, 1 mM EDTA). The control template is a linearized
TRIPLEscript plasmid containing a 250 bp mouse β-actin gene fragment
in the antisense orientation, under the transcriptional control of tandem
SP6, T7, and T3 promoters. Any one of the three polymerases can be
used to synthesize the control RNA probe.  The sizes of the transcripts are
about 334 nt, 304 nt, and 276 nt when transcribed with SP6, T7, and T3
polymerases, respectively.
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100 µl Mouse Liver RNA
Positive control sample RNA: 50 µg of mouse liver total RNA, at a
concentration of 0.5 mg/ml in 0.1 mM EDTA.

125 µl RNase A/T1 Soln
RNase A (approximately 1.0 mg/ml RNase A, 500 units/ml) and RNase T1
(cloned; 20,000 units/ml).  Note: RNase A is usually measured in Kunitz
units.  One Kunitz unit is equal to approximately 7.5 of Ambion's cCMP
hydrolysis units.

125 µl RNase T1 Soln
RNase T1 (cloned; 20,000 units/ml )

1 ml NH4OAc 
5 M Ammonium acetate

Stability: All reagents are stable for at least one year from date of receipt when stored at
-20°C in a non frost-free freezer, except for Mouse Liver RNA, the positive control
RNA.  Mouse Liver RNA is stable for 6 months at -20°C.   Shelf life can be
extended by storing Mouse Liver RNA at -70°C.

D. Materials Not Provided With the Kit

DNA template and reagents for preparing radiolabeled RNA probe (See Section V.A.
for details of probe preparation).

Constant temperature incubator or heat block (68°C and 95°C-100°C)

0.5 ml polypropylene microcentrifuge tubes

Microcentrifuge capable of achieving at least 10,000 x g

Adjustable pipettors and tips

Apparatus and reagents for preparing and running denaturing acrylamide gels (high
quality urea, acrylamide and bis-acrylamide, Tris-borate-EDTA buffer, ammonium
persulfate, TEMED).  (See Section V. and Section VII. for advice on gel preparation
and electrophoresis.) 
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High grade ethanol

-20°C Freezer

Pasteur pipets and bulbs

Disposable gloves

E.  Related Products Available From Ambion

MAXIscript™ SP6, T7, T3, SP6/T7 and T7/T3  
in vitro Transcription Kits  (Cat. #1310-1326), for the transcription of high specific
activity RNA probes.

BrightStar™  BioDetect™ Kits, (Cat. #1930) for the detection of Biotin labeled
nucleic acids.

BrightStar-Plus™ Positively Charged Nylon Membrane (Cat. #10100-10104)
membrane thoroughly optimized for use with Ambion's BrightStar™ non-isotopic
nucleic acid detection system.

RNA Marker Template Set  (Cat. #7780), for the transcription of 100, 200, 300, 400
and 500 nt RNA molecular weight markers.

pT7 RNA 18S antisense control template  (Cat. #7338), and a variety of other
templates for synthesizing anti-sense probes for use as internal controls such as
28S rRNA, GAPDH (human, rat, and mouse); β-actin (human, rat, and mouse),
cyclophilin (human, rat, and mouse ), and oncogene probes.  Please see catalog for
a  complete listing.

RNase Cocktail (Cat. #2286, 2288), RNase A (Cat. #2272), and RNase T1 (Cat.
#2280, 2282), as additional sources of ribonuclease A and T1.

DNase I, RNase-free, 2 U/µl (Cat. #2222), to destroy  template DNA after probe
transcription and to remove contaminating genomic DNA from total RNA samples.
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A WORD OF CAUTION ABOUT WORKING WITH RNA

Most researchers are acutely aware of the risk of RNase
contamination, and we do not want to belabor this point or cause undue
worry.  We do not routinely find it necessary to autoclave the
microcentrifuge tubes used in the RPA reactions if they are from
unopened bags or from bags in which care was taken to avoid
contaminating the tubes. We do recommend that gloves be worn when
handling any reagents or reaction vessels.  If RNase contamination of
reagents or equipment is suspected to be a problem, extra precautions
may be necessary, for instance autoclaving tubes and tips and aliquoting
reagents to minimize chances of introducing RNase from exogenous
sources.  Care should be taken not to accidentally contaminate the kit
components with ribonuclease.  To avoid contamination of kit
components, we recommend that pipetting traffic from stock solutions be
kept to a minimum, i.e. remove the required amount of a reagent for a set
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II.  BRIEF PROTOCOL FOR
EXPERIENCED USERS
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A. Hybridization of Probe and Sample RNA

1. For each experimental tube, mix labeled probe (approximately 100-800 pg of
250 nt or 1-10 fmol or 2 - 8 x 104 cpm high specific activity) with sample RNA
(<1-20 µg)* in a 0.5 ml microfuge tube for a rare to moderately abundant
message.

*Note: When probing less than 50 µg of sample RNA; normalize sample to 50 µg with the
yeast RNA provided. 

Note: We generally recommend using gel purified probe or probe that has been
determined to consist mainly of full-length transcript as assessed by gel
electrophoresis, see Section V.A.

2. Set up 2 control tubes for every probe to be used, by mixing 10 µl Yeast RNA
(50 µg yeast total RNA) with the same amount of labeled probe used for the
experimental tubes in step 1.

3. Co-ethanol precipitate the probe and sample RNAs by adjusting the final
NH4OAc concentration to 0.5 M and adding 2.5 volumes of EtOH and mixing
thoroughly.  5 M NH4OAc is supplied with the kit for this purpose.

4. Place tubes in -20°C freezer for 15 minutes.

5. Pellet probe and sample RNA for 15 minutes at maximum speed of
microcentrifuge, preferably at 4°C.

6. Carefully remove EtOH supernatant from each tube; allow samples to air dry for
5 minutes at room temperature.

7. To each pellet add 10 µl of HybSpeed Hybridization Buffer (pre-heated to 95°C)
and immediately put the tube in a 95°C heating block or water bath.  After all
samples have HybSpeed Hybridization Buffer, thoroughly vortex each sample
for 15 sec. and return them to the 95°-100°C bath.  Repeat this vortexing Step
2-4 times, until all the pellets are completely dissolved.  Do not be concerned
about the foaming that may occur.  Take care to keep the samples as close to
95° C as is possible while resuspending the pellets, because RNA is not soluble
in the HybSpeed Hybridization Buffer at temperatures below about 65°C.



HybSpeed ™ RPA II. Brief Protocol for Experienced Users 12

Resolubilization of the co-precipitated probe + RNA is essential for maximizing
the sensitivity of the HybSpeed System.

8. Heat all tubes at 95°C+5°C for 2-3 minutes after the last sample is
resuspended.

9. Incubate tubes in a 68°C incubator (in a preheated tube rack) or submerge in
68°C water bath or heat block for 10 min. to permit hybridization of the probe and
complementary mRNA in the sample RNA.  Do not allow the samples to drop
below 68°C.  Transfer from the 95°C bath to the 68°C incubation should take no
more than 30 seconds.

Note: The 10 minute incubation may be extended to overnight for convenience.  For very
rare mRNAs, this may result in a slight increase of signal.  However, there is a
noticeable decrease in signal for hybridization times between approximately
15 minutes and 10 hours.

Note: For processing large numbers of samples it is best to split them into batches so that
the suggested 10 minutes incubation period is not exceeded.  See previous note.

B. RNase Digestion of Hybridized Probe and Sample RNA

1. Prepare working dilutions of RNase A/T1 Mix in HybSpeed RNase Digestion
Buffer.  Standard dilution of RNase A/T1 Mix is 1:100.  RNase A/T1 Mix should
be vortexed and microfuged briefly before use.  Keep at room temperature until
used.   Do not put on ice.

Note: RNase T1 (alone) may be substituted for the RNase A/T1 Mix when using a probe from
a different species than the sample RNA, or when the target sequence is very AU rich
(See Section IV.B. and C. for more information on the use of RNase T1).

2. Add 100 µl of diluted RNase solution (RNase digestion buffer and RNases) to all
experimental tubes (one at a time as they are removed from the 68°C bath
vortex and place at 37°C) and to one tube of each pair of yeast RNA of control
tubes.  Do not microfuge the samples.
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3. Add 100 µl HybSpeed RNase Digestion Buffer (without RNase) to the remaining
yeast RNA control tube(s), one for each different probe used.  Vortex tubes
briefly.

4. Incubate tubes for 30 minutes at 37°C, RE-VORTEXING samples after
15 minutes.

5. Add 150 µl HybSpeed Inactivation/Precipitation Mix to each tube.  Vortex tubes
briefly.

Note: Precipitation of very small fragments  (less than 150 bases)  can be improved by
adding  50 µl of ethanol (for fragments of at least 100 bases) or 100 µl of ethanol (for
fragments of at least 50 bases), in addition to 150 µl of HybSpeed
Inactivation/Precipitation Mix.

 6. Transfer tubes to -20°C freezer for at least 15 minutes.  It is not necessary to
add additional carrier during this precipitation.

C. Separation and Detection of Protected Fragments

1. Prepare a denaturing polyacrylamide gel suitable for separation of protected
fragments of the expected size (typically a 5% polyacrylamide/+ 8M urea/
1 X TBE).  See Section VII.  for gel preparation).  

2. Remove tubes from freezer and microfuge for 15 minutes at maximum speed
(at least 10,000 x g), preferably at 4°C.  Carefully remove all supernatant from
each tube.  Residual supernatant will cause aberrant migration of bands in gel
(See Section V.B.3. and V.B.4. for suggestions on centrifuging and removing the
supernatant.)

3. Dissolve each pellet in Gel Loading Buffer II by vigorous vortexing and brief
microfuging.  The volume of gel loading buffer is not critical; resolution of bands
is optimal when the gel loading buffer forms a 2-3 mm layer in the well (usually
4-10 µl).

4. Heat all tubes for 3-4 minutes at 90°+ 5°C. 
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5. Re-vortex and re-microfuge tubes briefly.

6. Load samples on polyacrylamide gel and run at approximately 250 volts for
about 1 hour in 1X TBE buffer.  (See Section VII. for buffer preparation.)

7. If radiolabeled probes were used: 
Transfer gel to filter paper, cover with plastic wrap, and expose to X-ray film
room temperature or ~ -80°C with an intensifying screen.

*Note: The gel can be fixed and dried on a gel dryer.  Dried gels preclude diffusion of bands
and give sharper resolution on autoradiographs.

If a nonisotopically labeled probe was used:
The gel must be transferred to a positively charged nylon membrane
(electroblotting, See Section V.G.).  The nonisotopic probe is then detected
using an appropriate secondary detection procedure (e.g. Ambion's BioDetect
Kit, Cat. #1925).
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III.  DETAILED INSTRUCTIONS
FOR NEW USERS
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A. Hybridization of Probe and Sample RNA

In the first step, separate solutions of sample RNA and probe are mixed together
and concentrated by ethanol precipitation.  (Note: We generally recommend using
gel purified probe.  See Section V.A.)  The amount of sample RNA required will
depend on the abundance of the mRNA being detected and the specific activity of
the probe.  For quantitative detection of mRNA, it is important that the labeled probe
be present in molar excess over the target mRNA.  Ideally, you should have about
a 3 to 10 fold molar excess of probe over target mRNA.  If you have prior information
about the abundance of the target mRNA, a calculation can be made to determine
how much probe is required to be in molar excess.  For example, if the target mRNA
is abundant  (i.e. > 0.1% of all mRNA), then 10 µg of total cellular RNA would contain
about 0.6 fmol of the target mRNA, assuming that the target mRNA is 1.5 kb long
and that mRNA comprises 3% of total cellular RNA (1 fmol = 10-15 moles).  Thus, a
four-fold molar excess of a 300 nucleotide probe with a specific activity of
3 x 108 cpm/µg would require 2.4 fmol or about 7 x 104 cpm, corresponding to about
240 pg.  If the message is less abundant, or less sample RNA is used in the
hybridization reaction, then fewer cpm of probe would be needed.  If the probe is
longer than 300 nucleotides, or has a specific activity greater than 3 x 108 cpm/µg,
then more cpm of probe will be needed to achieve 4-fold molar excess.  Further
guidelines for optimizing amounts of probe and sample RNA are given in Section
IV.A.  (See Section V.C. for a sample calculation of probe specific activity.)

The appropriate amounts of probe and sample RNA are most accurately transferred
by pipetting predetermined volumes of each RNA in aqueous solution.  The sample
RNA is usually stored at a concentration of 0.1-2.0 mg/ml in DEPC
(diethylpyrocarbonate)-treated dH2O/0.1 mM EDTA or in 0.5 M NH4OAc (ammonium
acetate)/0.1 mM EDTA at -80°C. The probe may be conveniently stored in elution
buffer at -20°C or -80°C.  (See Sections V.A. and V.B. for further advice on
preparation and purification of probe and suggestions for ethanol precipitation and
storage of probe and sample RNA.) 

After the appropriate volumes of probe (4 fold excess)* and sample RNA
(<1-80 µg)** have been mixed together, the salt concentration is adjusted if
necessary with NH4OAc (supplied with the kits) and ethanol is added to co-
precipitate the sample and probe RNAs.
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*Note: For detecting a rare mRNA target in 0-20 µg of total RNA sample using a high specific
activity probe (1 x 109 cpm/µg), add 20,000 - 80,000 cpm/rxn.  For larger amounts of
total RNA sample, increase the cpm of probe proportionally.  Adding probe above
these guidelines will only increase background due to digestion of excess
unhybridized probe.

**Note: When probing less than 50 µg of sample RNA, normalize to 50 µg with the RNA yeast
provided.

1. Mix  predetermined volumes of sample  RNA and labeled probe  (see above)  in
a  0.5 ml microcentrifuge tube.  A typical experiment might include 20 tubes with
different amounts or sources of sample RNA. 

2. For each different probe used, include two control tubes of probe with 10 µl of
Yeast RNA (50 µg yeast total RNA).  (See Section IV.A. for further guidelines for
setting up the initial experiment.)

3. Adjust the concentration of NH4OAc to 0.5 M with the 5 M NH4OAc supplied with
the kit, add 2 1/2 volumes of EtOH, and mix thoroughly.

4. Place tubes in -20°C freezer for 15 minutes.

5. Pellet the RNAs by centrifuging at maximum speed in a microcentrifuge (at least
10,000 rpm) for 15 minutes, preferably at 4°C.

6. Remove the EtOH supernatant, taking care to avoid dislodging the pellets.
Caution: The pellets may not adhere tightly to the sides of the microfuge tubes.
(See Section V.B. for further advice on removing the ethanol supernatant fluid.)

7. To each pellet add 10 µl of HybSpeed Hybridization Buffer (pre-heated to 95°C)
and immediately put the tube in a 95°C heating block or water bath.  After all
samples have HybSpeed Hybridization Buffer, thoroughly vortex each sample
for 15 sec. and return them to the 95°-100°C bath.  Repeat this vortexing Step
2-4 times, until all the pellets are completely dissolved.  Do not be concerned
about the foaming that may occur.  Take care to keep the samples as close to
95° C as is possible while resuspending the pellets, because RNA is not soluble
in the HybSpeed Hybridization Buffer at temperatures below about 65°C. 
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8. Incubate tubes at 95°C for 2-3 minutes to denature the RNA and aid in its
solubilization, after the last sample is mixed.

9. Incubate tubes, preferably in a 68°C cabinet-type incubator (using a pre-heated
tube rack), or submerged in a 68°C water bath or heat block, for 10 minutes to
allow hybridization of probe and complementary mRNA in the sample RNA.  Do
not allow the samples to drop below 68°C.  Transfer of the samples from 95°C
bath to the 68°C incubation should take no more than 30 seconds.

Note: The 10 minute incubation may be extended up to overnight for convenience.  For
very rare mRNAs, this may result in a slight increase of signal.  However, there is a
noticeable decrease in signal for hybridization times between approximately
15 minutes and 10 hours. 

Note: For processing large numbers of samples it is best to split them into batches so that
the suggested 10 minutes incubation period is not exceeded.  See previous note.

B. RNase Digestion of Hybridized Probe and Sample RNA

1. Thaw a bottle of HybSpeed RNase Digestion Buffer and remove an appropriate
volume (100 µl x number of assay tubes), and add the appropriate amount of
RNase A/T1 Mix.  Typically this is a 1:100 dilution; however, the optimal
concentration can vary with template and may need to be determined
empirically.  Vortex and spin the RNase A/T1 Mix briefly before removing the
aliquot for dilution.  Vortex and spin the diluted RNase mixture briefly to assure
even dispersion of RNase A/T1 Mix in HybSpeed RNase Digestion Buffer.  (See
Section IV. for further advice on optimizing RNase concentrations.)  Let stand
at room temperature.  Do not put on ice.

Note: RNase T1 (alone) may be substituted for the RNase A/T1 Mix when using a probe from
a different species than the sample RNA, or when the target sequence is very AU rich
(See Section IV.B. and C. for more information on the use of RNase T1).

2. After hybridization, add 100 µl of HybSpeed RNase Digestion Buffer+RNase
A/T1 to each sample and to one of the yeast RNA control tubes (one at a time)
vortex and put samples back at 37°C for digestion. 

3. Add 100 µl HybSpeed RNase Digestion Buffer without RNase to the other yeast
RNA control tubes, vortex and place at 37°C with the other tubes.
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4. Incubate at 37°C for 30 minutes to digest unprotected single-stranded RNA.
RE-VORTEX  samples after 15 minutes. 

5. Add 150 µl HybSpeed Inactivation/Precipitation Mix  to each tube.  Vortex tubes
briefly.

Note: Precipitation of very small fragments  (less than 150 bases)  can be improved by
adding  50 µl of ethanol (for fragments of at least 100 bases) or 100 µl of ethanol (for
fragments of at least 50 bases), in addition to 150 µl of HybSpeed
Inactivation/Precipitation Mix.

6. Transfer tubes to -20°C freezer for at least 15 minutes.  It is not necessary to
add additional carrier during this precipitation.

C. Separation and Detection of Protected Fragments

Choose appropriate size standards; Ambion's RNA Century Markers and
Century Marker Plus size standards are ideal because, like the labeled probes, they
are single-stranded RNA.  End-labeled DNA fragments (e.g. pUC19/Sau3A) can also
be used, but they will migrate slightly differently than RNA of equal length. 

1. Prepare a denaturing polyacrylamide gel.  A 5% polyacrylamide gel will
effectively resolve fragments of about 50-1,000 nucleotides.  We typically run
0.75 mm thick gels, 15 cm wide x 12 cm long, with 20 wells that are about 4 mm
in width.  (See Section VII. for recipes for Tris-borate-EDTA running buffer and
denaturing polyacrylamide gels.)

2. Pellet the precipitated products of the RNase digest for 15 minutes at maximum
speed (at least 10,000 x g) in a microcentrifuge, preferably at 4°C.

3. Remove all supernatant from each tube, again taking care not to dislodge the
pellet.  This step is a frequent source of problems.  To remove the last traces
of supernatant, it is usually necessary to re-centrifuge the tubes for about
5 seconds (room temperature is O.K.) and then withdraw the residual fluid with
a drawn-out Pasteur pipette.  Do not remove the residual fluid by vacuum-drying,
as this will concentrate the salts present in HybSpeed Inactivation/Precipitation
Mix and may cause aberrant migration of the protected fragment during
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electrophoresis.  (See Section V.B. for a more detailed description of the best
way to remove supernatant from RNA pellets.)

4. Resuspend the pellets in Gel Loading Buffer II.  The volume of loading buffer
used is not critical; resolution of bands is optimal when the gel loading buffer
forms a 2-3 mm layer in the well (usually 4-10 µl).  Tubes should be vortexed for
about 60 seconds and briefly centrifuged after adding the appropriate gel loading
buffer.

5. Heat the tubes for 3-4 minutes at 90°+5°C to completely solubilize and denature
the RNA.  Vortex and microfuge again briefly. 

6. Load each sample on the gel and run at about 250 volts for approximately 1 hour
to resolve the protected fragment(s).  The optimum time will vary depending on
the size of the protected fragment, but we typically run the gels until the leading
dye band (bromophenol blue) is near the bottom of the gel.  We recommend that
only a small portion (for example 1 µl) of the yeast RNA control reaction to which
only HybSpeed RNase Digestion Buffer was added, should be run on the gel.
This tube should contain undigested probe and will have a much stronger signal
which can obscure data in adjacent lanes.

7. If radiolabeled probes were used:
Transfer the gel to filter paper, mark the origins and orientation of lanes, cover
with plastic wrap, and expose to X-ray film for an appropriate length of time.
We usually expose overnight-several days using single-side coated X-ray film
(e.g. Kodak XRP) without an intensifying screen, or for several hours to
overnight with a screen.  Expose at -80° or -20°C.  The gel can be re-
exposed several times if necessary after allowing it to warm up to room
temperature and wiping off condensation moisture. The gel should be stored
at -80° or -20°C if not re-exposed immediately.  Users may prefer to dry down
thicker gels onto chromatography paper; we do not find it necessary to dry
standard 0.75 mm thick gels. Gel drying will sharpen the resolution of the
bands. If probes were labeled with 35S instead of 32P, gels should be dried
and exposed directly to X-ray film (without plastic wrap).

Note: Gels with 35S-labeled probes will require fluorography for maximum sensitivity,
and will be about 10-fold less sensitive than gels with 32P-labeled probes if
exposed directly without using fluorographic techniques.  Intensifying screens will
not increase the sensitivity of 35S-labeled probes.
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If a nonisotopically labeled probe was used:
The gel must be transferred to a positively charged nylon membrane
(electroblotting see Section V.G.).  The nonisotopic probe is then detected using
an appropriate secondary detection procedure (e.g. Ambion's BioDetect Kit,
Cat. #1925).

D. Running the Positive Control Reaction

The positive control reaction that comes with the Ambion HybSpeed RPA kit
permits the detection of β-actin mRNA in total RNA isolated from mouse liver.
The positive control has two components: p-TRI-β-actin-mouse, which is the
DNA template used to make the mouse β-actin antisense probe, and Mouse Liver
RNA, which consists of 0.5 mg/ml mouse liver RNA.  To make the positive control
probe, use 1.5 µl of p-TRI-β-actin-mouse in a 10 µl or 20 µl in vitro transcription
reaction containing 30-50 µCi of 32P-UTP or 32P-CTP (400-800 Ci/mmol) and
unlabeled nucleotide corresponding to the 32P-NTP used at a concentration not to
exceed 5 µM.  (The lower the concentration of unlabeled nucleotide, the higher the
specific activity of the transcript will be, and thus the greater the sensitivity of the
assay.)  In practice, we usually omit all unlabeled nucleotide when using the
β-actin template, which results in a probe having a specific activity of about
5-10 x 108 cpm/µg, depending on whether the 32P-NTP used had a specific
activity of 400 Ci/mmol or 800 Ci/mmol.  The concentration of the other three
nucleotides (not the 32P-NTP) should be 500 µM.  Any of the phage polymerases
can be used since p-TRI-β-actin-mouse contains a linearized TRIPLEscript
plasmid containing the β-actin gene fragment under the transcriptional control of
tandem SP6, T7, and T3 promoters.  The β-actin gene fragment is a 250 bp
KpnI-XbaI fragment of the mouse β-actin gene subcloned from pAL41 (Alonso
et al., 1986).  After the transcription reaction, treat the transcripts with 1-2U
RNase-free DNase I to remove the template; typically the DNase can be added
directly to the transcription reaction.  It is also recommended that you gel purify
full length RNA probe.

The full-length transcripts from the p-TRI-β-actin-Mouse (pTRI-β-actin-Mouse)
control template will be longer than the protected fragment due to transcription of
vector sequences in the polylinker region.  The sizes of the transcripts are about
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360 bases, 330 bases, and 300 bases when p-TRI-β-actin-mouse is transcribed
with SP6 polymerase, T7 polymerase, and T3 polymerase, respectively.  These
transcripts migrate above the xylene cyanol dye band (the lighter blue, upper dye
band) on a 5% polyacrylamide/8 M urea gel.  For setting up the hybridization
reactions, use about 6 X 104 cpm of β-actin probe with several different amounts
of Mouse Liver RNA, for example 2.5 µl, 5 µl, 10 µl, and 20 µl (corresponding to
1.25 µg, 2.5 µg, 5 µg, and 10 µg of total mouse liver RNA).  Include two yeast RNA
control hybridizations with 10 µl Yeast RNA (50 µg yeast RNA) and probe.
Precipitate and hybridize the probe and sample RNAs for 10 minutes 10 µl Soln.
HybSpeed Hybridization Buffer as described in the protocol.  Treat the reactions
with 100 µl of RNase A/T1 Mix, diluted 1:100 in Soln. HybSpeed RNase Digestion
Buffer, to remove unhybridized probe; be sure to treat one of the yeast RNA tubes
with 100 µl of  HybSpeed RNase Digestion Buffer lacking RNase.  After the
RNase digestions, the RNase is inactivated with HybSpeed
Inactivation/Precipitation Mix and the protected fragments are precipitated and run
on a 5% polyacrylamide/8 M urea gel as described.  Protected fragments of
250 bases should be seen in the reactions containing Mouse Liver RNA, and the
intensity of the protected fragments should correlate with the amount of Mouse
Liver RNA used.  (See Section VI. for an indication of how your results should
look.)  The β-actin mRNA is a moderately abundant message and is sometimes
used as an internal standard to normalize amounts of RNA used in a series of
parallel reactions.  The mouse β-actin probe contains eleven single-base
mismatches with the same region of the rat β-actin gene; in spite of these
differences, the mouse probe will be protected by rat β-actin mRNA to give
mostly full-length 250 base protected fragment, but with a slightly higher
"background" of smaller fragments due to RNase cleavage at some of the
mismatches.  Cleavage at mismatches can be minimized by digesting the
hybridized RNAs with RNase A/T1 Mix diluted 1:250 or 1:500 instead of 1:100; the
yeast RNA control tube should be digested with the same reduced amount of
RNase in this case.
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IV.  OPTIMIZING REACTION
 CONDITIONS
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A. Suggested Optimization Experiments

The following experiments are suggested to help the new user determine the
appropriate amount of sample RNA and probe to use to achieve optimal results in
the absence of prior knowledge about the abundance of the target mRNA being
detected.  It is critical for purposes of quantitation that nuclease protection assays
are done in conditions of probe excess.  We recommend that the RPA be tried
with a range of input sample RNA, using a constant amount of medium-high to
high specific activity probe (i.e., 3 x 108 cpm/µg-1x109 cpm/µg).  The intensity of
the band representing the protected fragment will increase with increasing
amounts of input RNA when there is excess probe present.  If the signal remains
the same with more input RNA, then there is not a molar excess of probe and the
RPA will not be quantitative.  Also, to optimize conditions for the RNase digestion,
we suggest varying the concentration of the RNase mixture and determining
whether RNase T1 alone offers any advantages.  If the sample RNA is in short
supply, users may want to modify and scale back these experiments to conserve
sample RNA.  The details of the pilot experiment, including synthesis and use of
the positive control probe and expected results, are shown in Table I. The results
of a typical HybSpeed RPA using the mouse β-actin control probe and mouse
liver total RNA are shown in Section VI.

B. Interpretation of Results and Troubleshooting

Expose the gel from the pilot RPA experiment overnight with an intensifying
screen at -80°C.  (The gel may be re-exposed several times if necessary, after
allowing it to warm up to room temperature and wiping off moisture due to
condensation).  The autoradiograph should show a band of the appropriate size,
representing the major protected fragment, from the samples in Tubes 1 to 7.
The band should not be present in the yeast RNA control sample that was
digested with RNase (Tube 8).  (See Section VI. for a picture of how your data
should look.)  If the intensity of the major protected fragment in the RPA
autoradiograph increases with increasing input RNA, then the probe was present
in a molar excess over the mRNA in all the reactions, and the amount of probe
could confidently be decreased (with all but the highest amount of sample RNA)
by a factor of two while still remaining in probe excess in subsequent reactions.
Decreasing the probe amount may improve the signal-to-noise ratio and help to
eliminate unwanted background.  While quantitative results require that the probe
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be present in molar excess over the target mRNA, a large excess of probe can
result in high background.  If the intensity of the major protected fragment reaches
a maximum at some point in the series of 4 initial reactions, then the probe was
no longer in molar excess in those reactions having a signal of the same intensity
as in reactions with less input RNA.  Such a result indicates that the mRNA is
abundant, and that an acceptable signal can be obtained with less input target
RNA or with a probe of lower specific activity. 

If the signal is very weak or absent, even in the reaction with the highest amount
of input RNA, the message may be very rare.  In this case, the sensitivity of the
assay can be increased by increasing the specific activity of the probe.   Using
5 µl of 32P-UTP  (at  800 Ci/mmol, 10 mCi/ml) in a 20 µl transcription reaction, and
omitting the unlabeled UTP, will result in the synthesis of a probe with a specific
activity of approximately 1.3 x 109 cpm/µg.  However, since the UTP
concentration in such a reaction will only be 3.13 µM, it may be difficult to
synthesize full-length transcripts under these conditions, especially for longer
transcripts.  Even if a low concentration of limiting nucleotide results in a
substantial amount of prematurely terminated transcripts, as long as there is
some full-length transcript, it can be isolated by gel purification (See Section
V.A.5.).  Even if the desired full-length product is only a minor fraction of the in
vitro transcription products, it will probably be more than enough for your
experiment (the lower the abundance of the mRNA target, the less probe is
needed to be in molar excess).

Other ways to increase the sensitivity of the assay (besides increasing the
specific activity of the probe) are to use more sample RNA, up to about 80 µg of
total RNA per hybridization reaction, to use poly (A)+  selected mRNA, or to use a
longer probe.

Other potential reasons for failure to see a signal are severe degradation of the
sample RNA (which can be checked by using another probe for a reasonably
abundant mRNA as an internal standard, or by running the sample RNA on an
agarose gel and looking for degradation of the ribosomal RNA bands), or
accidental transcription of the "wrong strand" of the template DNA in the probe
synthesis reaction. (In order to make an mRNA-complementary "anti-sense"
probe, the template should be linearized on the side of the insert that encodes the
amino-terminal side of the protein, i.e. on the 5' side of the gene.)  We have one
report that autoclaving of siliconized tubes resulted in a high pH residue which
degraded RNA.  Another potential source of probe-related problems is aberrations
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generated during subcloning.  In one case a probe showed the expected result
when used  for a Northern blot, but protected a fragment in the RPA that was not
of the predicted size; subsequent sequencing of the template revealed that it had
undergone rearrangement during subcloning.  In another case, sequencing of an
intractable probe revealed that the template had undergone a rearrangement that
resulted in the wrong strand being transcribed.  Of course, it is possible that
absence of signal is a legitimate result due to the gene of interest not being
expressed or being rapidly degraded in the tissue or organism being examined.
To confirm this possibility, the RPA should be repeated along with an assay of a
separate sample RNA prep known to contain detectable levels of the mRNA, or
with in vitro synthesized sense-strand mRNA added to the RNA samples, to
serve as a positive control.  Technical difficulties in performing the assay can be
ruled out by successfully completing the positive control reaction provided in the
kit.  The positive control reactions (Tubes 1-7 in the suggested pilot experiment)
should show a protected band of 250 nucleotides, which should be absent from
the control yeast RNA lane from Tube 8.  The intensity of the protected band
should correlate with the amount of Mouse Liver RNA used.  There should be no
signal in the lane from the samples in Tube 8; if this lane is not completely clean,
please see Section V.C.  The integrity of the probes used in the pilot experiment
is assessed by examining the samples from Tube 9.  Poor results seen in the
context of a degraded probe indicate problems with probe synthesis, purification,
or stability.  For more detailed information on probe synthesis and purification,
see Section V.A.

A fairly common result in an RPA autoradiograph is to see an intense, discrete
band representing the major protected fragment, plus an array of less intense,
more diffuse, usually smaller "background" bands of unknown origin.  Potential
causes of background are discussed in detail in Additional Procedures Sections
C and D.  Usually the presence of some background bands does not detract from
the validity of the assay or interfere with its interpretation, but it may still be
desirable to eliminate as much background as possible.  One approach to reduce
background is to vary the concentration of ribonuclease in the second part of the
assay. Although most probe/target mRNA combinations will give acceptable,
even identical, results when digested with RNase concentrations that vary over at
least a 10-fold range, some templates may require fine-tuning of RNase digestion
conditions to adjust the signal to noise ratio.  (When the RNase concentration is
decreased, the yeast RNA control reaction should be digested with the lowest
concentration of RNase used, to assure validity of the experimental results. Some
investigators will want to use higher concentrations of RNase to maximize
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recognition of small differences between the probe and sample RNA, while others
will want to minimize RNase cleavage at mismatched positions.  Another variable
relating to RNase digestion is the specificity of the ribonuclease.  RNase A
cleaves 3' to cytosine and uridine residues, while RNase T1 cleaves 3' to
guanosine in RNA.  If the probe/mRNA hybrid is extremely A + U rich, as is
frequently encountered in 3' untranslated regions of mRNA, "breathing", i.e.
transient strand separation, may occur, which results in cleavage in double
stranded regions.  The RNA probe duplex is stabilized using the HybSpeed
Hybridization buffer reducing the "breathing" and protecting the duplex against
non-specific cleavage.

It is possible that changing the ribonuclease digestion conditions will have no
effect on the background.  RNase-independent background may be due to
properties of the probe, for example contamination with labeled transcripts from
the opposite strand or with integrated template DNA.  Reducing the amount
and/or the specific activity of the probe to the minimum levels required for
detection of the protected fragment may improve the background in some cases.

TABLE 1
Suggested Pilot Experiment

TUBE AMOUNT OF AMOUNT OF AMOUNT OF RNase Dilution
SAMPLE RNA YEAST RNA PROBE (RNase A/T1 Mix)2

   1 .1  µg 49.9  µg 2.0  x 104 cpm = 20 pg 1:100
   2 .25 µg 49.75 µg 2.0  x 104 cpm = 20 pg 1:100
   3 .5 µg 49.5 µg 2.0  x 104 cpm = 20 pg 1:100
   4 1.0 µg 49.0 µg 2.0  x 104 cpm = 20 pg 1:100
   5 2.5 µg 47.5 µg 2.0  x 104 cpm = 20 pg 1:100
   6 5.0 µg 45.0 µg 2.0  x 104 cpm = 20 pg 1:100
   7 10.0 µg 40.0 µg 2.0  x 104 cpm = 20 pg 1:100
   8 10 µl Yeast RNA 2.0  x 104 cpm = 20 pg 1:100

(50µg yeast RNA) 2.0  x 104 cpm = 20 pg 1:100
   9 10 µl Yeast RNA 2.0  x 104 cpm = 20 pg

Note: When probing less than 50 µg of sample RNA normalize the samples to 50 µg total
concentration with the yeast RNA provided.

1) The probe for the control reaction is made by transcribing 2.0 µl of
p-TRI-β-actin-mouse in a 10-20 µl transcription reaction containing 5 µl of
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[α-32P]UTP or [α-32P]CTP (800 Ci/mmol, 10 mCi/ml) and no unlabeled UTP
or CTP, using 10 units of SP6, T3, or T7 RNA polymerase.  This will generate
a runoff transcript of about 300-360 nucleotides (depending on which
polymerase is used), of which 250 nucleotides will be protected by the
β-actin mRNA in Mouse Liver RNA.  (See Section III.D.)  The probe for the
pilot experiment was 340 nucleotides long and labeled to a specific activity of
1 x 109 cpm/µg.

2) 100 µl of RNase Digestion Buffer with RNase A + T1 Mix is added to tubes
1-8. Tube 9 is mock-digested with 100 µl of HybSpeed RNase Digestion
Buffer lacking RNase. 

3) Run only a small portion of the total sample, (i.e. 1 µl), from tube 9, to prevent
overexposure of the autoradiograph.  

4) Molecular size markers are conveniently made by end-labeling Sau3A
restriction fragments of plasmid pUC19 with [γ-32P]ATP, using polynucleotide
kinase, or by transcribing the Ambion RNA Marker Template set (Cat. #7780)
to give runoff transcripts of 100-500 bases.

Troubleshooting Summary

In the event that the RPA autoradiograph does not show the expected
results (i.e. no band of the predicted size is present representing the major
protected fragment), but the probe is intact (as assessed by the yeast RNA
control without RNase), the following suggestions are offered for troubleshooting
the procedure.

1. Increase the sensitivity of the assay by increasing the length and/or the
specific activity of the probe, or by using more sample total RNA or by
using poly(A)+ selected RNA.

2. Substitute RNase T1 only for RNase A/T1 Mix in the RNase digestion,
using various concentrations ranging from about a 1:50 dilution to a
1:250 dilution.
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3. Vary the concentration of RNase A/T1 Mix in the RNase digestion step
over a range of about 50 - 100 fold, for example by using RNase A/T1 Mix
diluted 1:50, 1:250, 1:500, 1:1000, 1:2000.

4. Make an unlabeled or very low specific activity sense-strand probe by
linearizing the template on the other side of the insert and transcribing the
other strand.  Spike the sample RNA with increasing amounts of sense-
strand transcript to serve as a positive control and to determine the limit of
sensitivity of the assay for a particular probe. (See Section V.D.  for more
information on synthesis of sense-strand probes.)

5. Linearize the template on the other side of the insert, and synthesize the
probe by transcribing the other strand (in case the wrong strand was
chosen as the template for the synthesis of mRNA-complementary
transcript).

6. Make sure that the template used to make the probe has not undergone
deletions or rearrangements during subcloning.  (This can be checked by
restriction analysis or direct sequencing).

If the autoradiograph shows severe degradation of probe in the yeast RNA control
lane without RNase, then ribonuclease contamination of your tubes, pipette tips,
or a component of the kit should be suspected.

C. Causes of Artifactual Background on Autoradiographs

Due to the extreme sensitivity of ribonuclease protection assays, probe-
related sequences in the sample RNA that might go undetected by other methods
may be seen. Often, these extra bands are smaller and less intense than the
primary protected fragment, and they may permit additional valid conclusions to
be made concerning the nature of the expression or the processing of the
gene(s) being studied. Extra bands, however, can also be artifactual, thus
interpretation of the data requires caution and knowledge of the various factors
that can contribute to the pattern of fragments seen in RPAs.
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The following sections describe potential sources of background (i.e. extra
bands) and offer guidelines for their interpretation.

1. Full length probe is seen in all lanes.
There are a few possible causes for this result. In each case, full
length probe is seen in each experimental sample lane and also in
the no target/+RNase control lane. The relative intensity of the full
length probe band compared to the protected fragment band, as
well as the presence or absence of smearing between the two will
provide clues to which of the following four problems is present. 

a. RNase(s) were completely inactive or weren’t added.
The full length probe band would be very strong in this
case, and there would be no band at the expected position
of the protected fragment. The RNase(s) can be checked
for activity by comparing RNA treated with RNase, and
incubated in digestion buffer without nuclease. The RNase
dilution, and the amount of RNA used should mimic the
experimental conditions. If all of the sample RNA is not
degraded to very low molecular weight pieces, there could
be a problem with the nucleases. 

b. Too much probe was added to the reaction.
If too much probe is used, there may be a faint band of
undigested probe left. The protected fragment band should
be more intense than the full-length probe band, and both
bands should be distinct, with no smearing in between the
two. It is strongly recommended that no more than
2-8 x 104 cpm of high specific activity probe be used for up
to 10 µg of RNA; this is enough probe to provide 4 fold
molar excess for a moderately abundant message like
β-actin. A pilot experiment using different amounts of input
RNA can be performed to determine the amount of probe
necessary for probe excess. Since most messages under
study are much less abundant than β-actin, the preceding
guidelines are usually adequate.
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c. Residual DNA template from the transcription reaction
may have been copurified with the labeled probe -
protecting it from RNase digestion. 
The experimental data in this case will look much like that
described in the preceding section, a faint full-length probe
band in all lanes (including the no target/+RNase control
lane), and a stronger protected fragment band in the
experimental sample lanes, with little if any smearing
between the bands. Below are listed three strategies that
can be used to avoid the problem of probe protection by
DNA template.

If T7 RNA polymerase was used to transcribe the
probe, use less template. 
The yield of full length transcripts from transcription
reactions with T7 RNA polymerase will not be affected
when the template amount is dropped to ~100 ng of
linearized plasmid or ~10 ng of PCR product (or other DNA
template that does not contain non-transcribed sequence).

Treat RNA probe prep with DNase I.
It has been reported that gel purification of transcription
reactions without DNase pretreatment is not always
sufficient to remove all of the DNA template (Krieg, 1991). If
the transcription reaction was not treated with DNase I, this
simple step may eliminate the problem. In our experience,
gel purification without DNase I pretreatment often
effectively removes all DNA template from transcription
reactions when the template is considerably larger than the
transcript.

Heat denature gel purified RNA transcripts before
DNase I treatment.
Sometimes, active DNase I added directly to transcription
reactions can fail to degrade all of the DNA template. It is
believed that, in some cases, a small amount of template
DNA is protected from the DNase by the newly transcribed
RNA. One way to avoid this phenomenon, is to denature
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1.  Gel Purify full length transcripts.
2.  Ethanol precipitate.
3.  Resuspend in 10-20µl H 2O.
4.  Incubate 95 C 3 min, quench in   

 ice or ice water.
5.  Add DNase I digestion buffer       
     to 1X (Ambion MAXIscript         
     transcription buffer works well)
6.  DNase treat.

Transcription Reaction

1.  DNase I treat transcription
reaction directly.

2.  Gel purify.

the nucleic acids to give the DNase better access to the
DNA template. It is important to heat denature after gel
purification because heat treatment in the presence of
divalent cations (present in most transcription buffers) can
cause strand scission of RNA; in addition, any RNase that
was bound to ribonuclease inhibitor may be released
during the heat treatment. 

The following flow chart outlines the two options for heat
denaturation and DNase I treatment.

DNase I Digestion:  1. Use 2 U DNase I per µg DNA template in the transcription
reaction.

2. Reaction buffer as per manufacturer’s recommendation,
or use Ambion’s MAXIscript transcription buffer.

3. Incubate 37° C, 15 min.
4. Inactivate the DNase I by adding EDTA to 20 mM.

d. The RNase did not completely degrade unprotected
probe.
Incomplete RNase digestion is indicated if there is a full
length template band, followed by a smear of material that
ends where the protected fragment is expected to migrate.
This rarely occurs when the RNase A/ RNase T1 mix is
used at 1:100, but if it does, the dilution of the enzyme mix
can be adjusted (e.g. 1:50).
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e. Transcription of antisense and sense strand in probe
synthesis reaction
If the DNA template used to prepare the probe is linearized
with a restriction enzyme that leaves a 3' protruding end
(e.g. Kpn I or Pst I), low levels of promoter-independent
transcription may originate from the ends of the template
(Schenborn and Mierendorf, 1985). These transcription
products could be co-purified with the probe during gel
purification and protect full length probe from RNase
digestion. To avoid this problem, linearize the template with
enzymes that leave blunt or 5' protruding ends, or if this is
not possible, make the ends blunt by filling in with Klenow
DNA Polymerase (Cat. #2012). A small amount of closed
circular plasmid that was not linearized may also result in
synthesis of sense-strand transcript if the vector contains
opposable promoters. Linearizing the template with two
different restriction enzymes that cleave on the 5' side of
the insert may result in complete linearization of a
refractory template.

2. A ladder of bands is seen below the protected fragment -
minus target control lane is empty.

Heterogeneity in probe length
This is usually due to premature termination of transcription during
the probe synthesis reaction, or to radiolytic, enzymatic, or
nonspecific degradation of the probe. Since these probe fragments
can still hybridize to their complements in the sample RNA,
protection of fragments that are shorter than expected will be seen
(Zinn et al., 1983). To prevent this type of background we strongly
recommend that the probe be gel-purified and stored at -80°C or
-20°C, and used within a few days of synthesis for best results.
The lower the specific activity of the probe, the less prone it will be
to radiolytic decay, and the longer it can be used with satisfactory
results. Probes with specific activities of 1-3 x 108 cpm/µg can
generally be used for about one week with good results. As an
assessment of probe quality, the no target control lane without



HybSpeed ™ RPA IV. Optimizing Reaction Conditions 34

RNase should show a band representing mainly full-length probe.
(See Section V.A. for the procedure for gel purifying the probe.)

Mismatches between probe and target RNA
See Section IV.D.

3. A ladder of bands is seen below the protected fragment -
Bands are also seen in the minus target control lane

Self protection of probe
In this case, the probe is able to “protect itself” by intramolecular
hybridization, resulting in smaller than expected, fairly intense
bands in all lanes of the autoradiograph. Inspection or computer
analysis of the nucleotide sequence of the probe for regions
capable of forming secondary structure (i.e. hairpin loops) can
sometimes confirm or rule out this explanation. A different probe
sequence can be substituted to overcome this problem.

4. A smear is seen below the protected fragment - no target/no
RNase control lane is not smeared.

Degradation of target RNA
As discussed earlier, the HybSpeed RPA assay is relatively
insensitive to mRNA degradation, especially if the probe spans a
short (~300 nucleotides) subregion of the mRNA. However, a
badly degraded sample RNA preparation will contain species
capable of protecting only part of the probe. The longer the probe,
the less degradation of the target mRNA can be tolerated. If
degradation of mRNA is suspected to be a problem, the integrity of
the sample RNA can be assessed by electrophoresis on a
1% native agarose gel (smearing of the ribosomal RNA bands
indicates degradation). Another way to check the integrity of the
sample RNA is to use the mouse β-actin probe made from
pTRI-Actin-Mouse to detect β-actin mRNA in your RNA sample.
The mouse probe will cross-hybridize with rat and most rodent
β-actin mRNAs to show a protected fragment of 250 bases,
although the background of smaller fragments will be somewhat
higher due to partial mismatch cleavage (you may want to use
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less RNase or use RNase T1 alone, when using the mouse
β-actin probe to assess RNA from species other than mouse).

5. A smear is seen below the protected fragment - minus RNase
yeast control lane is also smeared.

Degradation of probe
Smeared signal that starts at the expected position of protected
fragment and continues down can also be caused by degradation
of the probe. This is most often caused by radiolysis, but it can
also be due to RNase contamination of the probe solution. The
probe can be gel purified a second time to isolate full length
molecules or it must be resynthesized. In nuclease protection
assays, the data are only be as good as the probe.

6. Diffuse bands, or a cluster of discrete bands

If the double-stranded RNA hybrid formed by the probe and sample
RNA is very A-U rich, “breathing” (i.e. local denaturation) of the
hybrid may render the A-U rich regions susceptible to ribonuclease
digestion. (The 3' untranslated regions of cDNAs are frequently
very A-U rich.) If this problem is suspected, the RNase digestion
can be carried out at lower temperatures (e.g. room temp., 15°C,
or 4°C); evidence for hybrid breathing would be a shift from lower
to higher molecular weight protected fragments with decreasing
temperature of digestion. If this is the case, use of RNase T1 alone
may alleviate the background problem, because it cleaves 3' to
G residues.

7. Aberrant, pointed or smeared bands

If the supernatant from the final precipitation step is not completely
removed, salts from the precipitation mixture will be concentrated
and may lead to aberrant migration (“tunneling”) of the protected
fragment. It is recommended that the final pellet be briefly respun
after the supernatant is removed, and that the residual supernatant
that collects be thoroughly aspirated using a very fine-tipped pipet.
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8. Radioactive material that fails to migrate into the gel matrix

It is unclear what causes this problem; it may be the result of
several different factors. Probes that have not been gel purified
experience this “hang up in the well” phenomenon more frequently
than gel purified probes. Phenol/chloroform extraction of non-gel
purified probes tends to diminish the amount of material left in the
wells. Another contributor seems to be residues left in microfuge
tubes from the manufacturing process. Autoclaving of siliconized
tubes appears to exacerbate this problem.

D. Reasons for Legitimate but Unexpected Bands on Autoradiographs

1. Probe hybridizes to transcripts with differing, but related
sequences.
If the probe is complementary to a gene that is a member of a
family of related genes (multigene family), and more than one
member of the family is present in the sample RNA, then the probe
may cross-hybridize to the mRNA from the related gene(s).
Usually the related mRNA will have multiple mismatches with the
probe, resulting in protected fragments that are shorter than those
seen with the completely homologous RNA. This can be
advantageous for distinguishing between messages from
multigene families which run as a single band on Northern blots.

2. Probe detects heterogeneity in initiation, termination, or
processing of mRNA transcripts.
Probes that include the site of initiation or termination of
transcription, or intron splicing sites, may be capable of protecting
fragments of different sizes that result from heterogeneity in the
mRNA. Such heterogeneity could result from differential use of
transcription initiation sites (e.g., multiple promoters) (Kekule et al.,
1990), or from differential transcription termination or even from
differences in the amount of polyadenylation at the 3' end of the
mRNA (Whittemore and Maniatis, 1989). Differentially spliced
messages and splicing intermediates are also sometimes
detected in nuclease protection assays.
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3. There are mismatches between probe and mRNA transcript.
If the probe is not completely homologous to the mRNA in the
sample RNA mixture, total or partial cleavage of the probe-mRNA
hybrid may occur at the position of the mismatch. Such a situation
might occur if there are allelic differences between the genes used
for the probe and those expressed in the sample RNA. An even
greater potential for mismatch occurs when the probe and sample
RNA are derived from different species. 

The extent of RNase cleavage at mismatch positions depends on
the nature of the differences and on the reaction conditions of the
RNase digestion. While ribonuclease protection assays are
capable of detecting some single-base mismatches, other
mismatches are refractory to  RNase digestion (Myers et. al.,
1985). If the mismatches consist of more than single-nucleotide
differences, they will be cleaved much more efficiently. Cleavage
at mismatch positions can often be minimized by decreasing the
RNase concentration and/or the incubation temperature during
RNase digestion, or by using RNase T1 instead of the RNase A/
RNase T1 Mix.
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V.  ADDITIONAL PROCEDURES
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A. Preparation and Purification of Radiolabeled RNA Probe

A preliminary requirement for a ribonuclease protection experiment is
synthesis of the labeled antisense RNA transcript which is used as a
hybridization probe for detection of the mRNA of interest.  Since the success of
the experiment is critically dependent on the quality of the probe, we offer the
following advice on its preparation and purification.

1. One consideration is probe size.  Although probe lengths ranging from
50 nucleotides to over 1000 nucleotides have been used successfully, we
suggest 200-500 nucleotides as optimum probe size.  (In many cases, an
insert can be linearized internally to generate a shorter probe without
subcloning.)  Minimizing probe size helps to maximize synthesis of full
length transcripts.  Also, the shorter the probe, the more tolerant the
assay is of partially degraded sample RNA. However, the shorter the
probe, the less sensitive the assay will be.  For example, a probe for a
150 nt fragment will only be one-third as sensitive as a probe for a 450 nt
fragment, since fewer 32P-residues will be protected by the shorter probe.
Difficulty may be encountered in efficient precipitation of very short probes
i.e. shorter than 100 nucleotides.  (The efficiency of precipitation of very
small fragments can be improved by adding 50-100 µl of ethanol after the
addition of HybSpeed Inactivation/Precipitation Mix.)  It is helpful for the
probe to be somewhat longer (in the range of 15 - 25%) than the protected
fragment so that an obvious difference in size is seen between the full-
length, undigested probe and the protected fragment after RNase
digestion.

2. Standard protocols for in vitro transcription from bacteriophage promoters
may be found in most manuals of molecular biology methods (Current
Protocols in Molecular Biology, 1987; Molecular Cloning, A Laboratory
Manual, 1989; and Melton et al., 1984).  These protocols are basically
similar, but vary in the recommended concentrations of nucleotide
triphosphates, time and temperature of reaction, reaction volume, and
method of purification of the labeled transcript.  In vitro transcription kits
(MAXIscript kits, Cat. #1310-1326) for probe synthesis are available from
Ambion (Cat. #1310-1326).  Our standard reaction includes three
unlabeled ribonucleotides, each at a concentration of  500 µM, and a
fourth added to a concentration of approximately 3 µM as radioactive
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ribonucleotide. The radioisotope is typically added as 2-5 µl of aqueous,
buffered [α-32P] UTP or [α-32P]CTP (800 Ci/mmol, 10 mCi/ml).  The
concentration of the limiting nucleotide should be > 3 µM for most
transcripts.  For longer transcripts (>300 nucleotides) higher
concentrations of limiting nucleotide (5-25 µM) may sometimes be
required, which means supplementing the reaction with an appropriate
amount of unlabeled UTP or CTP.  The increased sensitivity with
increased length of hybridizing sequence will tend to offset the decrease
in the specific activity of longer probes synthesized in the presence of
higher concentrations of unlabeled limiting nucleotide.  However,
increased probe length will not compensate for probes with dramatically
lower specific activity.  Adding unlabeled limiting nucleotide to a
concentration of 12 µM, as recommended in some protocols, will drop the
specific activity of the probe to about 1.5 - 2.5 x 108 cpm/µg (depending on
the amount and specific activity of 32P-NTP used), which will result in a
much less sensitive assay compared to leaving out all unlabeled limiting
nucleotide.  We recommend keeping the limiting nucleotide concentration
low and gel purifying the full-length transcript, even if it is only a fraction of
the total in vitro transcripts.  The specific activity of the probe will then be
high enough to provide maximum sensitivity and even a 10-20% yield of
full-length gel-purified transcript will probably be more than enough for
your experiment.  (We typically end up throwing away about 90% of a high
yield probe preparation, because the shelf life of high specific activity
radiolabeled probe is only a few days).  In some cases the proportion of
transcripts that are full-length may be maximized by carrying out the
transcription reaction at room temperature or 4°C, instead of the
commonly recommended 37°C (Krieg, 1990).  At 4°C, incubation time
should be increased to at least two hours.  The reaction volume should be
kept as small as possible (10-20 µl) in order to maximize the molar
concentration of radiolabeled ribonucleotide and to facilitate probe
purification by gel electrophoresis.

3. It is important that the DNA template be destroyed after the RNA
transcription reaction by the addition of RNase-free DNase I (Cat. #2222).
Use 1-2 units per reaction; incubate for 15 minutes at 37°C.  The gel
purification step by itself is not sufficient to remove DNA template that can
cause spurious background bands (Krieg, 1991).
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4. At the end of the DNase I incubation, an equal volume of gel loading buffer
(95% formamide/0.025% xylene cyanol/0.025% bromophenol blue/18 mM
EDTA/0.025% SDS) is added to the reaction, and the tube is heated for
3-5 minutes at 90°+ 5°C.  An aliquot of this final reaction (approximately
2 µl) may be removed and diluted for TCA precipitation to determine the
specific activity of the radiolabeled product (See Section V.C.).

5. We generally recommend that probe be gel purified.  The presence of
transcripts that are shorter than full-length will result in the appearance of
"background" smears and bands.  Gel purification has the advantage over
other purification methods of resolving full length from shorter transcription
products, so that the probe is recovered free from prematurely terminated
transcripts as well as unincorporated label.  However, if most of the
transcript (on the order of 90%) is present as a single band of the
expected size, as assessed on a gel, it is probably not necessary to gel
purify the probe.  The amount of full-length probe can often be maximized
by using higher concentrations of limiting nucleotide (but see #2 above).
When using non-gel purified probe, the proportion of radiolabel
incorporated into transcript should be determined by trichloroacetic acid
(TCA) precipitation in order to determine how many cpm of the
transcription reaction is needed to achieve probe excess.  We
recommend that you gel purify probe the first time you use the kit and with
new probes or probes which are giving high background.  If you decide to
use non-gel-purified probe, you may just add the appropriate amount of
transcription reaction (after DNase treatment) directly to your sample RNA
and co-precipitate these at the first step of the procedure.  Unincorporated
nucleotides will generally not cause problems, since they will not hybridize
to the target mRNA and will run off the end of the gel when the protected
fragments are separated.

To gel purify probe, add an equal volume of gel loading buffer to the DNase-
treated transcription reaction, heat 3 minutes at 95°C, and then load all or part of
the transcription reaction on a 0.75 mm thick 8 M urea 5% acrylamide gel and run
for about 20 minutes-1 hour at 100-300 volts.  For this application, it is useful to
have a "preparative scale" comb with wider (about 1 cm) teeth that will form wells
capable of holding larger volumes.  Such combs can easily be made by cutting
0.75 mm thick sheets of teflon with a scalpel blade.  After electrophoresis the gel
is covered with plastic wrap and exposed to X-ray film for about 5-10 minutes.
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During exposure, a designated corner (e.g. bottom right) of the film is bent up for
orientation, and the film is taped to the plastic-wrapped gel to prevent slipping.
Also, lines are drawn with a felt-tip pen across the corners and sides of the film,
extending from the film to the plastic wrap.  After exposure, the film is developed
and used to precisely localize the area of the gel that contains the full-length
labeled transcript, which is usually seen as the most slowly migrating, most
intense band on the autoradiograph. The film is aligned with the gel via the bent
corner and felt-tip pen marks and lightly taped in place.  The gel and film are then
inverted so that the position of the probe band on the film can be circled with a
felt-tip pen on the back of the glass plate.  When the gel is turned back over and
the film removed, the area of the gel indicated by the circled region on the glass
plate is excised with a razor blade or scalpel, transferred with clean forceps to a
microfuge tube, and submerged in about 350 µl of elution buffer (provided in the
kit, Probe Elution Buffer.).  Incubate the tube at 37°C.  A sufficient amount of
labeled probe will usually have eluted after about two hours to set up many
hybridization reactions; however, for the sake of convenience or to maximize
recovery of probe from the gel, the incubation can be continued overnight.  After
overnight incubation, about 95% of the label typically will have diffused out of the
gel into the surrounding elution buffer.  Elution of probes longer than about
600 bases may be less efficient, but can be improved by chopping the gel slice
into smaller pieces.  The amount of radioactive label in an aliquot of the eluted
probe is determined in a scintillation counter.  The probe is typically stored at
-20°C in elution buffer (it is not necessary to remove the gel slice).

B. Precipitation and Storage of RNA

The ribonuclease protection protocol includes two steps which
necessitate precipitation of RNA:  the initial step, when probe and sample RNAs
are co-precipitated; and the last step, when the protected fragments are
recovered.  We offer the following suggestions for precipitation and storage of
RNA.

1. To precipitate efficiently from EtOH, the RNA solution requires a minimum
concentration of monovalent cations (Wallace, 1987).  This requirement is
met for the RNA probe when it is stored in elution buffer.  If the
concentration of salt in the sample RNA solution is low (i.e. less than
0.2 M NaCl or 0.5 M NH4OAc), we suggest adding NH4OAc to a final
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concentration of 0.5 M before addition of 2.5 volumes of ethanol
(5 M NH4OAc is provided in the kit for this purpose).  The salt and carrier
requirement for the second precipitation is met by the reagents provided in
the kit.

2. After adjusting the salt concentration, the RNA is precipitated by addition
of 2.5 volumes of EtOH and thorough mixing.  The RNA-EtOH solutions
are then chilled for at least 15 minutes at -20°C.

3. To recover the RNA, centrifuge the samples for 15 minutes at maximum
speed (at least 10,000 rpm) in a microcentrifuge.  Ideally, the centrifuge
should be refrigerated or located in a 4°C cold room.  All tubes should be
positioned the same way during the spin, with the hinges on the attached
lids facing away from the center of rotation.  The pellets will then form at
the back of the tubes, directly below the hinges.

4. RNA pellets do not adhere tightly to the walls of standard polypropylene
microcentrifuge tubes, and great care must be taken to avoid losing them
when removing the supernatant after centrifugation.  The best way to
remove the supernatant is by gentle aspiration with a small bulb and a
drawn-out Pasteur pipet.  Heat the pipet over a bunsen burner flame near
the tip until the glass becomes soft enough to pull out with a metal forceps
to about the diameter of a thin wire.  Snap off the pipet at the constriction,
attach the bulb, and gently aspirate off the fluid, keeping the pipet opening
just below the liquid surface and sliding it down the wall of the tube on the
opposite side from where the pellet has formed.  (For the sake of
convenience, the same drawn-out Pasteur pipet can be used indefinitely.
Rinse the pipet with 1% SDS to denature any contaminating RNase just
prior to use.)  When most of the supernatant has been removed, the tube
may be re-spun for a few seconds at room temperature, and all residual
fluid withdrawn.  This "two-stage spin" is usually necessary to remove all
traces of liquid when the starting volume of the solution is more than about
200 µl, because about 10-20 µl will adhere to the walls of the tube during
aspiration.  The RNA pellets recovered in this manner do not require
further drying.  We caution against using a vacuum aspirator to remove
supernatant from RNA pellets, as the more vigorous suction applied often
results in aspiration of the pellets along with the supernatant.  An
alternative method for removing the supernatant is to carefully pour it off,
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in one smooth motion, from the opposite side of the tube from where the
pellet was formed.  The rim of the inverted tube should be blotted onto
absorbent paper, drained for a few minutes and re-blotted.  This method
runs a greater risk of losing the RNA pellets and is not as efficient for
removing all traces of liquid.  (The "two-stage spin" described above may
also be used to remove the last traces of supernatant.)  Removing the last
traces of supernatant fluid by vacuum-drying is not recommended, as this
procedure will concentrate any salts present in the supernatant, and can
lead to aberrant migration of the sample during electrophoresis.

5. We have found that substantial errors in quantitation of RNA are
introduced when the calculated volumes of RNA are removed by pipetting
from EtOH suspensions of precipitated RNA.  This is probably due to the
formation of RNA aggregates in EtOH.  Accuracy is greatly improved by
measuring the desired volumes of RNA in aqueous solution.  The
solutions can be aliquoted in small volumes to minimize freeze/thaw
cycles, and stored for reasonably long periods, on the order of a year or
more, at -80°C, with little or no degradation.  For the sake of convenience,
we store sample RNA for short-term use in 0.5 M NH4OAc/0.1 mM EDTA,
so that it can be precipitated in the first step of the RPA by just adding
EtOH.  For longer term storage, RNA should be stored in 2.5 volumes of
EtOH.

C. Calculation of Probe Specific Activity

Consider the following example:

A 20 µl transcription reaction contains 5 µl of 32P-UTP (800 Ci/mmol,
10 mCi/ml) and 2 µl of 50 µM unlabeled ("cold") UTP.  At the end of the synthesis
reaction, 1 µl of DNase I is added; after incubation, 21 µl of loading buffer is
added.  A 2 µl aliquot of the final reaction is removed and diluted into  198 µl of TE
containing  100 µg  of carrier  RNA;  100 µl of this dilution is counted directly in a
scintillation  counter and found to contain  2.6 x 106 cpm.  The amount of 32P
incorporated into RNA is determined by TCA precipitation and filtration of the
remaining 100 µl of the diluted reaction as follows:  add 2 ml of cold 10% TCA to
the remaining 100 µl sample, vortex and incubate on ice 5 minutes.  Collect the
precipitate by filtering under vacuum on GF/C glass fiber filters.  Wash the tube
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once with 2 ml 10% TCA and twice with 2 ml of 95% ethanol, passing the washes
through the filter.  The filter is counted and found to  have 1.3 x 106 cpm.  The
counting  efficiency of the 32P isotope  in liquid scintillation cocktail is assumed to
be 100%.  The specific activity of the RNA probe is calculated as follows:

1. What proportion of the UTP was incorporated into RNA (i.e. TCA
precipitable material)?

1.3 x 106 cpm TCA 
=  50%2.6 x 106 cpm total

(The proportion of 32P-UTP incorporated is assumed to reflect the proportion of
total [labeled and unlabeled] UTP incorporated).

2. How many moles of 32P-UTP were in the reaction?

This is calculated by converting the volume of 32P-UTP added (5 µl) to the
number of mCi of 32P added, and then converting the amount of 32P-UTP in mCi
to a molar amount using the known specific activity and concentration of the
32P-UTP (800 Ci/mmol, 10 mCi/ml).

#mCi 32P in reaction = 5 µl X 10 mCi X  1 ml = 0.05 mCi
   ml 1000 µl

#mmol 32P-UTP = 0.05 mCi X 1 mmol X    1 Ci    0.05   mmol  =
800 Ci 1000 mCi 8 x 105mmol

0.00625 x 10-5 mmol = 0.0625 nmol in reaction

3. How many moles of cold UTP were in the reaction?

50 µmol                1 ml   
  x 2 µl    x    =  100 x 10-6 µmol = 0.1 nmol1000 ml                 1000 µl

4. How much total UTP was in the reaction?

0.0625 nmol  32P-UTP + 0.1 nmol cold UTP = 0.1625 nmol total UTP
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5. How much total UTP was incorporated into RNA?

0.1625 nmol in reaction x 50% incorporation = 0.0813 nmol incorporated 

6. How much RNA was synthesized, in nanograms?

Assume that the RNA synthesized contained equal molar amounts of all four
ribonucleotides (ATP, CTP, GTP, and UTP).  Therefore 0.0813 nmoles of each
ribonucleotide was incorporated.  The sum of the molecular weights of the four
ribonucleotides is about 1320 daltons.

#ng synthesized = 1320 x 109 ng
    x  0.0813 nmol = 107.3 ng                  109 nmol

(If the composition of the RNA product is known to differ significantly from that
of the idealized product containing equimolar amounts of all 4 ribonucleotides, a
correction factor can be applied to more accurately reflect the amount of product
synthesized.)

7. How many cpm were incorporated into the RNA product?

The final reaction volume from which the 2 µl sample was removed to
determine label incorporation was 42 µl (20 µl transcription reaction + 1 µl DNase
+ 21 µl loading buffer).  The amount of sample TCA precipitated and found to
contain 1.3 x 106 cpm was 1 µl (half of the 2 µl sample diluted 1:100 in 198 µl TE
and carrier).  So the whole reaction contained 42 µl x 1.3 x 106 cpm/µl = 54.6 x
106 cpm of TCA-precipitable material (i.e., RNA).

8. Specific activity of the product =

54.6 x 106 cpm   1000 ng       54.6 x 109 cpm     5.1 x 108 cpm     x  `   x = .509 x 109 cpm/µg = 
  107.3 ng            1 µg            107.3 µg  µg

D. Quantitation of mRNA

Several different procedures exist for determining the abundance of a
particular mRNA in a heterogeneous sample RNA mixture.  The preferred
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approach is based on construction of a standard curve, using known amounts of
in vitro synthesized sense-strand RNA hybridized with an excess of 32P-labeled
antisense probe.  Hybridization reactions containing various amounts of the
sample RNA mixture are analyzed in conjunction with the reactions used to
generate the standard curve.  The intensity of probe fragments protected by the
different amounts of sample RNA is compared to the standard curve and used to
define the absolute amount of the protecting RNA species in the sample RNA.

The sense-strand transcripts used for calibration of the assay can be made by
linearizing the DNA template used for antisense probe synthesis on the other side
of the probe insert, and synthesizing transcript from the opposite strand, provided
the insert is flanked by opposable promoters.  Quantitation of the sense-strand
transcript is most easily accomplished by including a 3H-ribonucleotide as a
tracer.  Alternatively, a low specific activity sense-strand can be synthesized and
quantitated by including a tracer amount of 32P-ribonucleotide, for example
32P-UTP, in the presence of a high concentration (500 µM) of unlabeled UTP.  The
position of a full-length 3H-labeled transcript on the probe purification gel is
deduced by comparison to the position of the same-sized 32P-labeled antisense
transcript run in an adjacent lane of the gel.  (The lower energy 3H isotope will not
make a visible signal on the X-ray film unless fluorographic techniques are used,
but these would render the 3H-transcript unsuitable for use in the hybridization
reactions.)  Following synthesis, the specific activity and yield of 3H-transcript are
determined by counting an aliquot of the reaction in an appropriate fluor-
containing scintillation cocktail.  Using 4 µl of 3H-CTP (30 Ci/mmol, 1 mCi/ml
concentration) in a 20 µl transcription reaction will result in synthesis of a
transcript with a specific activity of about 5 x 107 cpm/µg.  (Addition of cold CTP
may not be needed since the 3H-CTP will be present at 6.7 µM.)  Since the
specific activity is known, the mass amount and molar amount of sense strand
synthesized can be calculated based on the size of the in vitro transcript.  If the
protected fragment in the sample RNA is the same size as the sense strand
transcript used to generate the standard curve, equivalent intensities between the
probe fragment protected by synthetic sense-strand and the probe fragment
protected by the complementary mRNA in the experimental lane indicate
equimolar amounts of protecting RNA (mRNA or sense strand transcript).  If the
sizes of the protected fragments differ, the molar amounts will differ in proportion
to the sizes of the protected fragments.  Also, the intensities of the different-sized
protected bands will differ proportionally.  The assay can be quantitated by
densitometric scanning of the autoradiograph, or by excising and counting the
regions of the gel that contain the protected fragments  (Roller et al., 1989 and
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Hershey and Krause, 1989).  Alternatively, the standard  curve can be
constructed by TCA precipitating and counting the protected species (Lee and
Costlow, 1987).  For some purposes, precise quantitation may not be necessary,
especially when the amount of 3H-sense strand in the calibration reactions is
varied in small increments.  Conversion of molar or mass amounts of protecting
mRNA in the total RNA sample into number of transcripts per cell requires
knowledge of the number of cells used to prepare the sample RNA.  Detailed
description for the quantitation of cell number can be found in Lee and Costlow
(1987), and in Rymaszewski et al., (1990).

E. Mapping mRNA

Because of its high sensitivity and resolution, the RPA procedure is well
suited for mapping internal and external boundaries in mRNA.  The basic
requirement for mapping using the RPA is that the probe span the region to be
mapped.  This usually means that the probe is derived from a genomic clone, as
opposed to a cDNA clone.  For example, in order to map the transcription
initiation site for a given mRNA, a probe is prepared by subcloning and
transcribing a genomic fragment that extends from upstream of the gene of
interest to some point in the first exon.  Probe synthesis, purification,
hybridization, and RNase digestion are carried out using the standard HybSpeed
RPA protocol.  The transcription start site is mapped by comparing the size of the
protected fragment to the size of the undigested probe; for example, if the
protected fragment is 75 nucleotides shorter than the genomic DNA-
complementary part of the probe, the transcription start site would lie
75 nucleotides upstream from the 3' end of the target DNA-complementary
portion of the probe.  For exact determination of the size of the protected
fragment (necessary to map the transcription start site to the single nucleotide
level), the protected fragment may be resolved on a denaturing polyacrylamide
sequencing gel in conjunction with a DNA "sequencing ladder" reaction.  (The
relative mobilities of RNA and DNA fragments in 8 M urea polyacrylamide gels
differ by approximately 5-10%, depending on the particular electrophoresis
parameters chosen (Molecular Cloning, a Laboratory Manual, 1989), with RNA
fragments running somewhat slower than their DNA counterparts.)  If such a high
degree of resolution is not required, adequate molecular size markers may be
prepared by end-labeling DNA fragments generated by digestion of a plasmid with
a frequent-cutting restriction enzyme or by using the Ambion RNA Marker
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Template Set (Cat. #7780) to generate RNA markers of 100, 200, 300, 400, and
500 bases.  More detailed information on using the RPA procedure for mapping
may be found in the following references: Melton et al., 1984; Calzone et al., 1987;
Takahashi et al., 1989; and Zinn et al., 1983.

F. A PCR Strategy to Add a Phage Promotor to Template DNA

An inserted DNA fragment can be amplified and used directly as the template
in an in vitro transcription reaction.  Alternatively, the phage promoter sequence
can be appended to one of the PCR primers and incorporated into the PCR
product (Mullis and Faloona, 1987; Stoflet et al., 1988).  An example of this
strategy is shown below.  One of the PCR primers has the 23 base T7 promoter
sequence appended at the 5' end.  Amplification of the target DNA yields PCR
product which contains the T7 promoter upstream of the sequence of interest.

The 23 base T7 promoter region includes 6 bases which will form the first
6 bases of the transcribed RNA. The first base will be a G and is labeled +1 in the
figure. The sequence shown represents the T7 promoter consensus sequence.
Yields of transcription product are greatly reduced if the +1 or +2 G are changed.
Yields are less affected by changes in the +3 to +6 bases. Thus it is possible to
tailor the 5' sequences of a desired RNA transcript by changing these bases.
Milligan et al., (1987) has an excellent analysis of the sequence requirements for
efficient transcription of T7 promoters.
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5'-TAATACGACTCACTATAGGGAGGAGGATTACCCCTCGAATT...GTGATCAGATGCTAGGTAC-3'

3'-ATTATGCTGAGTGATATCCCTCCTCCTAATGGGGAGCTTAA...CACTAGTCTACGATCCATG-5'

RNA Transcript   5'-pppGGGAGGAGGAUUACCCCUCGAAUU...GUGAUCAGAUGCUAGGUAC-3'

3'-TCCTAATGGGGAGCTTAA...CACTAGTCTACGATCCATG-5'
5'-AGGATTACCCCTCGAATT...GTGATCAGATGCTAGGTAC-3'

T7 PCR Primer    5'-TAATACGACTCACTATAGGGAGGAGGATTACCCCTCGA-3'

Core T7 Promoter
Sequence

+1

3'-AGTCTACGATCCATG-5'  PCR Primer

Trxn
Rxn

PCR

+1

+1

Target DNA

STRATEGY FOR ADDING A T7 PROMOTER BY PCR

We generally add amplified DNA directly to the transcription reaction with no
further purification after the PCR.  Typically, 5 µl of a 100 µl PCR, corresponding
to about 0.05-0.1 µg of double-stranded DNA, is used as a template in the
standard MAXIscript reaction.  However, with shorter templates the amount of
template in a PCR reaction may be suboptimal.  Thus, it may be desirable to
ethanol precipitate the PCR product in order to concentrate it.  If the DNA from the
PCR reaction is not sufficiently concentrated to be added directly to the
MAXIscript reaction, it can be concentrated (from one or more pooled PCR) by
precipitation with 2 volumes of ethanol in the presence of 0.5 M ammonium
acetate; we do not generally find it necessary to phenol/CHCl3 extract the PCR
reaction before precipitation, although in some cases it may be advisable to do
so.  The yield of template DNA from a PCR reaction is most easily estimated by
running an aliquot of the PCR reaction on an agarose gel in conjunction with
known amounts of a similar-sized DNA fragment.
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G. Transfer of Gel to Membrane for Detection of Nonisotopic Probes

For detection of nonisotopic probes, the probe fragments in the RPA gel must
be transferred to a positively charged nylon membrane.  We recommend
Ambion's BrightStar-Plus membranes (cat. 10100-10104) for this purpose.

Electroblotting From Polyacrylamide Gels

Electroblotting from polyacrylamide gels is best accomplished using a semi-dry
electroblotter.  A relatively inexpensive and efficient electroblotter, which is
routinely used at Ambion, is the OWL Scientific Panther™ Semi-Dry
Electroblotter (Model # HEP-1).  The procedure is as follows:

1. Cut six pieces of Whatman filter paper and one BrightStar-Plus™ membrane
to size of gel. 

2. Wet two pieces of the paper in 0.5X TBE and lay them over the bottom
(negative) electrode.  Separate the glass plates of the gel-plate sandwich
and use a third piece of Whatman paper (dry)  to lift the gel off the bottom
plate.

3. Lay a wet membrane on the gel and wet the entire "sandwich" in 0.5X TBE,
removing any bubbles that might have formed (a long plastic pipet can be
rolled over the surface for this purpose).

4. Lay the "sandwich" carefully on the wet pieces of Whatman paper.

5. Wet the remaining three pieces of Whatman paper and lay carefully on the
membrane surface.  Again, it is important that air bubble formation is
avoided.

6. Close the apparatus and apply current of 200 milliamperes for a period of
1 hour or 400 mA for 30 minutes.

7. After transfer is complete, immobilize the nucleic acid on the membrane by
UV crosslinking, baking or microwaving, and then proceed to the secondary
detection protocol.
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Figure 3.  Sensitivity of the HybSpeed RPA Assay
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Ribonuclease Protection Assays were performed using the control §-actin
probe supplied with the kit labeled to a specific activity of 1 x 109 cpm/µg. 
2.0 x 104 cpm of gel-purified 360 bases probe (containing 250 bases of sequence
complementary to the mouse §-actin gene) was hybridized 10 minutes at 68ûC in
10 µl of HybSpeed Hybridization Buffer to the indicated amounts of mouse liver
RNA or yeast RNA. Unhybridized probe was removed by treating the reactions
wtih 100 µl of HybSpeed RNase Digestion Buffer containing the indicated
amounts of RNase A/T1 Mix for 30 minutes at 37ûC. Following RNase 
inactivation and precipitation of the protected RNA with 150 µl of HybSpeed
Inactivation/Precipitation Mix, the pellets were resuspended in 8 µl of Gel Loading
Buffer II, heated for 3-5 minutes at 95ûC, and electrophoresed at 250 volts on a
5% polyacrylamide/8 M urea gel (0.75 mm thick) in Tris-borate-EDTA buffer. The
gel was exposed to X-ray film for 5 hours with an intensifying screen at -80ûC.
(See results, next page).
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Total RNA Decreasing amounts of total mouse liver RNA digested in
HybSpeed RNase Digestion Buffer with Soln.R diluted 1:100.   All
samples were normalized to 10 µg final concentration with the
yeast RNA provided.  Note the linear decrease in intensity of the
250 base protected fragment seen with decreasing amounts of
total mouse liver RNA.  Also note the size difference between the
full-length 360 base probe in the lane marked "Probe", and the
250 base protected fragment.

Control: Probe hybridized with 50 µg yeast RNA; digested in HybSpeed
RNase Digestion Buffer with RNase A/T1 Mix diluted 1:100.  No
signal can be seen in this lane, although after prolonged exposure,
a faint band at the full-length probe position can sometimes be
observed.  We attribute this phenomenon to probe being protected
by a small amount of residual DNA template that wasn't
completely destroyed by DNase I, or to a low level of transcription
from the other strand of the template.

Probe: Probe hybridized with 50 µg yeast RNA, incubated in HybSpeed
RNase Digestion Buffer (without RNAse)  (Note, only 25% of
sample was loaded).  This lane shows the expected result for the
yeast RNA control reaction which is not digested with RNase.
Most of the signal is in the full-length transcript, although some
smaller, smeared, heterogeneous radioactive material may
sometimes be seen.  This amount of apparent degradation, which
is presumably due to radiolytic decay of the probe, seems to be
unavoidable.  On shorter exposures it is barely detectable.  Note,
only 25% of the total sample was loaded to prevent overexposure
of the lane.

Century T7 Polymerase in vitro transcription of Ambion's Century Marker
Markers: Template Set (transcripts of  100-500 nucleotides).
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A. 10X TBE Gel Running Buffer:

Composition of 10X Buffer (Do not treat with diethylpyrocarbonate):

0.9 M Tris 1. 109 g Tris base
0.9 M boric acid 2. 55 g boric acid
20 mM EDTA 3. 40 ml 0.5M EDTA pH 8 

distilled/deionized H2O to 1 liter

B. Denaturing Gel 

 5% Acrylamide /8M Urea Gel
(for 15 ml, enough for a 13 cm x 15 cm x 0.75 mm thick gel)

1. 7.2 gm high-quality urea
2.  1.5 ml 10X TBE
3.  1.9 ml 40% acrylamide (acrylamide: bis acrylamide = 19:1)
4.  dH2O to 15 ml - stir at room temperature until urea has dissolved; add:
5.  120 µl of 10% ammonium persulfate in dH2O
6.  16 µl TEMED - mix briefly after adding the last two ingredients, which will

catalyze polymerization, then pour gel immediately.  (It is not necessary to
treat with diethylpyrocarbonate)

C. RNase-Free Water:

Add diethylpyrocarbonate to double-distilled, deionized H2O to a concentration
of 0.1% (i.e. add 1 ml per liter of H2O); shake well, incubate several hours-
overnight at 37°C or 42°C; autoclave at least 45 minutes, or until DEPC scent is
gone.

D. 5 M NH4OAc:  (mw=77.08)

For 100 ml, dissolve 38.5 g ammonium acetate in RNase-free dH2O to final
volume of 100 ml.
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HYBSPEED RPA SPECIFICATION SHEET

Kit Contents: Description Amount

HybSpeed Hybridization Buffer 1.0 ml
HybSpeed RNase Digestion Buffer 10 ml
Yeast RNA 1.0 ml
HybSpeed RNase Inact./Ppt. Mix 15 ml
Gel Loading Buffer II 1.4 ml
Probe Elution Buffer 8 ml
pTRI-β-Actin-Mouse(5.0 µg, 0.5 mg/ml) 10 µl
Mouse Liver RNA (50 µg, 0.5 mg/ml) 100 µl
RNase T1 Sol'n 0.125 ml
RNase A/T1 Sol'n 0.125 ml
5 M NH4OAc (Ammonium Acetate) 1 ml

Storage Conditions: Store at -20°C.  Store in a non-frost-free freezer.

Quality Control:All components are tested in a functional RPA as described in the
manual using 2.5, 5.0, and 10.0 µg of mouse liver RNA.  A single protected fragment
250 bp in length is obtained when analyzed on a 5% PAGE gel.

Two controls are also run:
1.The probe + yeast RNA is digested to completion with RNase leaving little or no
background signal.
2.The probe + yeast RNA without any RNase added shows a single band at 360 bp.

All pertinent components are also tested individually for the presence of nucleases by
incubating each component with the probe alone for 24 hours and analyzing by 5% PAGE.
The components tested include the HybSpeed Hybridization Buffer, RNase Digestion Buffer
and RNase Inac./ppt. mix, the yeast RNA, the Gel Loading Buffer II, the Probe Elution

Buffer, the pTRI-β-Actin-Mouse template, the Mouse Liver RNA, and NH4OAc.  
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HYBSPEED MATERIAL SAFETY DATA SHEET

This MSDS is applicable to Ambion protection assay kits which include:  RPA™, RPA
II™, HybSpeed™ RPA, S1-Assay™, Direct-Protect™,  Mismatch Detect™ and CAT-
Direct™ Kits.

These kits include dilute aqueous solutions containing buffers and proteins, none of which
are thought to present any health hazard with the exception of Guanidine Thiocyanate. The
kits also contain enzymes which use 50% glycerol as a stabilizer.   Therefore, this MSDS
has been written to apply to the glycerol containing components (CAS#56-81-5).

PHYSICAL DATA
Appearance and Odor Viscous colorless liquid
Boiling Point 182°C
Specific Gravity 1.26
Vapor Density 3.1
Vapor Pressure (mm Hg) 3 mm @ 20°C
Solubility in H2O Soluble

FIRE AND EXPLOSION HAZARD DATA
Extinguishing Media Water, CO2, Foam, Dry Chemical.
Special Fire Fighting Wear self contained breathing apparatus and

protective clothing.
Unusual Fire/Explosion Hazards Contact with strong oxidizers may cause fire or

explosion.

HEALTH HAZARD DATA
Effects of Overexposure Nausea, headache and vomiting.
Emergency First Aid Procedures Wash affected area with water.  Notify

physician immediately.

REACTIVITY DATA
Stability Stable
Incompatibility Strong oxidizing agents
Hazardous Decomposition Products Carbon monoxide, carbon dioxide
Hazardous Polymerization Does not occur.
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SPILL OR LEAK PROCEDURES
If released or spilled Absorb on sand and place in a closed container for

disposal.
Waste Disposal Method Dispose according to all federal, state, and local

laws.

SPECIAL PROTECTION AND HANDLING INFORMATION
Respiratory Protection Use NIOSH approved respirator 
Ventilation Lab Hood
Protective Gloves Neoprene or PVC
Eye Protection Use full eye protection-goggles
Handling and Storage Wear appropriate protective clothing and gloves.

This bulletin is for your guidance and is based upon information and tests believed to be
reliable.  Ambion makes no guarantee of the accuracy or completeness of the data and shall not
be liable for any damages thereto.  The data are offered solely for your consideration,
investigation, and verification.  These suggestions should not be confused with either state,
municipal, or insurance requirements, or with national safety codes and constitute no warranty.
Any use of these data and information must be determined by the user to be in accordance with
applicable federal, state, and local regulations.9511
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