




running buffer. After adding ice-cold
glycerol to 20%, the protease was di-
vided into aliquots containing 0.2 mg
protease and was stored at -20°C. Total
fusion protein yield is typically 30 mg
from a 500-mL culture.

The H-MBP-3C Par-4 fusion protein
was purified using the following proce-
dure. Cells were resuspended in 15 mL
PBS buffer (140 mM NaCl and 12 mM
NaP, pH 7.5), to which we added one
EDTA-free, protease-inhibitor cocktail
tablet (Roche Molecular Biochemicals,
Indianapolis, IN, USA) and 1 mg/mL
lysozyme. This mixture was incubated
at 37°C for 15 min, sonicated, and cen-
trifuged at 20 200× g for 40 min to re-
move debris. The supernatant was
passed through a 0.45-µm filter and ro-
tated for 2 h with 4 mL Talon cobalt-
affinity resin, which had been pre-equi-
librated with PBS. The resin was then
washed twice with PBS, three times
with PBS plus 1 M NaCl, and twice
again with the original PBS. The yield
is typically 30–50 mg purified H-MBP-
3C Par-4 fusion protein/L culture.

Separation of the H-MBP tag and
the Par-4 fragment (5 kDa) was
achieved through the use of H-3Cpro.
A total of 50 µg H-3Cpro (1/4 of an
aliquot as prepared above) was added
to 5 mg H-MBP-3C Par-4 bound to 0.5
mL Talon resin in PBS. This mixture
was incubated and gently rotated for 12
h at 4°C. The resin and supernatant
were then transferred to a 5-mL dispos-
able column, and the Par-4 was eluted
with PBS and then passed through a
0.22-µm filter. Residual MBP eluting
with the Par-4 was removed by nutation
with 0.8 mL amylose resin for 1 h at
4°C or by passing through a 3-kDa cut-
off spin concentrator.

The problem of insolubility of the
Par-4 fragment when expressed as a
GST-fusion or with a six-His tag was
largely overcome through the use of the
pMAL-c2X vector to create an MBP
fusion. The expression of the Par-4
fragment from the H-MBP-3C vector
(Figure 1) offers the same solubility ad-
vantages, with the added benefit of re-
placing the Xa digest with a 3C digest.
As shown in Figure 2, the fusion pro-
tein is more than 98% pure after a sin-
gle binding step with cobalt resin (lane
a). Incubation for 12 h with a 1:100
weight ratio of H-3Cpro to Par-4 fusion

results in cleavage of more than 99% of
the fusion protein. Note that a 1:400
weight ratio of 3C is sufficient to cleave
more than 95% of the fusion protein in
12 h (data not shown). Approximately
95% of the MBP remains bound to the
beads (lane b), while the Par-4 frag-
ment elutes with the additional 5% of
the MBP (lane c). Due to the presence
of both a six-His tag and an MBP tag
on the fusion protein, 1 h incubation
with amylose resin (lane d) can be used
to reduce residual MBP to approxi-
mately 1%. Alternative approaches,
such as passage through a 30-kDa cut-
off spin concentrator (lane e) can re-
move MBP to within detectable limits.

The procedures described here have
been applied to a small, relatively insol-
uble, and partially folded polypeptide,
which presented difficulties when ex-
pressed from several commercially
available plasmids. The same proce-
dures should also prove efficient and
applicable to proteins with varying or
unknown properties and sizes, such as
is becoming common in proteomics ap-
plications. A 500-mL culture H-3Cpro
produces an amount of protease suffi-
cient to cleave approximately 3 g fusion
protein to 99% completion or 12 g to
95%. If desired, higher concentrations
of H-3Cpro can be used to perform the
cleavage step in a shorter time since no
secondary cleavages were observed
with H-3Cpro/fusion protein ratios up
to 1:1 (data not shown). After storing
the protease as glycerol stock at -20°C
for several months, we were unable to
detect appreciable loss in proteolytic
activity as determined by the ability to
cleave fusion protein (data not shown).
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The ribonuclease protection assay
(RPA) is a sensitive method for the de-
tection and quantitation of specific mes-
senger RNAs in total RNA or mRNA
samples (7). Both of these parameters
are enhanced using RPAs compared to
other RNA detection procedures that
use solid support, such as northern blot
hybridization. However, RPAs are time
consuming, and the protocol is difficult
to perform consistently, in part because
of the number of manipulations re-
quired to process the samples. We de-
scribe a modification of the traditional
RPA that simplifies the assay by com-
bining the ribonuclease inactivation and
RNA precipitation steps into a single
step using one solution. In addition, the
sensitivity of the method was enhanced
by including glycogen in either the
RNase digestion buffer or the hybridi-
zation buffer, which resulted in in-
creased quantitative recovery of ds-
RNAs. Commercial RPA kits are
available that utilize these modifica-
tions, but this protocol allows reagent
solutions to be assembled at a fraction
of the cost, using common, less-expen-
sive chemicals generally available in
most molecular biology laboratories.

Essentially, the RPA is a solution hy-
bridization protocol in which an excess
of labeled antisense RNA probe is incu-
bated with an RNA sample. Comple-
mentary probe and target mRNA
sequences anneal, forming dsRNA hy-
brids. Ribonucleases, enzymes that di-
gest only unpaired ssRNAs, are added to
the mixture. dsRNA molecules are resis-
tant to ribonuclease digestion; thus, the
target sequence is “protected.” Ribonu-
cleases are inactivated, RNA fragments
are precipitated, and the protected frag-
ments are separated by denaturing poly-
acrylamide gel electrophoresis. Detec-
tion is either by autoradiography or
nonisotopic procedures, depending on
the type of labeled probe utilized (3,6,7).

Typically, the RNA regions protect-
ed are designed to be small, usually in
the range of 100–300 bp, so that they
may be readily resolved during elec-
trophoresis. These fragments can be dif-
ficult to recover quantitatively, so carri-
ers such as tRNA are often added to aid
the in their precipitation. Normally,
tRNA is included in the ribonuclease in-
activation solution, but because tRNA
precipitates in the presence of iso-
propanol or ethanol, it was necessary to
perform separate ribonuclease inactiva-
tion and nucleic acid precipitation steps.
We rationalized that if the carrier could
be included in the hybridization buffer
or ribonuclease digestion buffer, the ri-
bonuclease inactivation and RNA pre-
cipitation steps could be integrated into
a single step, further streamlining this
multistep protocol. Purified glycogen
was chosen as the co-precipitate to test.
Glycogen is a relatively inert molecule
that can be used for precipitation of
DNA or RNA, has demonstrated effi-
ciency in the quantitative recovery small
nucleic acid fragments, and is less ex-
pensive than tRNA (2,5).

The protocol summarized in Table 1
is a modification of one previously pub-
lished (4). Basically, the method we be-
gan with is as follows. Total RNA was
prepared from human β-globin locus
yeast artificial chromosome (β-YAC)
transgenic mouse 12-day fetal blood
samples by the method of Chomczynski
and Sacchi (1). Three radiolabeled, an-
tisense RNA probes were synthesized
using T7 RNA polymerase (Ambion,
Austin, TX, USA) in the presence of
32P-UTP (Amersham Pharmacia
Biotech, Pisscataway, NJ, USA), mouse
α-globin (128-bp protected fragment),
human Aγ-globin exon II (170-bp pro-
tected fragment), and human β-globin
exon II (205-bp protected fragment).
Unincorporated nucleotides were re-
moved by centrifugal gel filtration
through mini Quick Spin RNA
columns (Roche Molecular Biochemi-
cals, Indianapolis, IN, USA). Fifty
nanograms of RNA were mixed with
106 cpm of each probe (specific activi-
ty was approximately 4 × 108 cpm/µg);
the mixture was vacuum-dried and re-
suspended in 20 µL RNA hybridization
buffer (80% formamide, 400 mM NaCl,
40 mM PIPES, pH 6.4, 1 mM EDTA).
The RNA was denatured by heating the
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