Benchmarks

Repeated Probing of
Western Blots Obtained
from Coomassie Brilliant
Blue-Stained or Unstained
Polyacrylamide Gels

BioTechniques 21:418-422 (September 1996)

For several reasons, it can be desir-
able to probe a filter obtained after
Western blotting of polyacrylamide
gels with different antibodies. On the
one hand, protein amounts may be lim-
iting and re-probing of a protein filter
may be the only way to identify differ-
ent antigens. On the other hand, in the
case of two-dimensional (2-D) gel elec-
trophoresis, exact reproducibility of the
protein pattern is difficult, and reusing
the same blot ensures reliable compari-
son among different polypeptides using
the appropiate antibodies.

We have developed a method to re-
probe polyvinylidene fluoride (PVDF)
membrane blots obtained by electro-
phoretic transter of proteins separated
by either one-dimensional (1-D) sodi-
um dodecyl sulfate polyacrylamide gel
electrophoresis (SDS-PAGE) or by 2-D
gel electrophoresis (isoelectric focus-
ing [IEF], SDS-PAGE) up to 5 times.
For detection of the antibody complex-
es, horseradish peroxidase-coupled sec-
ondary antibody and the enhanced
chemiluminescence (ECL™) detection
system from Amersham International
(Braunschweig, Germany) were used.

Four of the five antibodies used for
this study were raised in rabbits, and
one was raised in mouse. The first anti-
body was raised against maize 7poA
plastid gene product over-expressed in
E. coli. This protein is a 38-kDa subunit
of the soluble RNA polymerase encod-
ed on the plastid DNA of higher plants.
Two more antibodies raised in rabbit
are specific for the o- and the B-subunit
of plastid ATPase purified from spinach
plastids (3). Their molecular weights
are 55 and 57 kDa, respectively. The
fourth antibody was raised against a
synthetic polypeptide homologous to a
158-kDa protein purified from barley
plastids. It reacts with both a 158- and a
154-kDa protein. Depending on the age
of the plastids, one or two bands can be
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detected. An anti-a-tubulin antibody
was purchased from Sigma Chemical
(Munich, Germany). This antibody,
which was raised in mouse, reacts with
a 50-kDa protein.

Protein samples analyzed were de-
rived from two types of barley plastids:
mature chloroplasts or young chloro-
plasts enriched in proplastids (*“pro-
plastids™). Isolated intact plastids were
disrupted in 50 mM Tris-HCI, pH 7.9,
10 mM MgCl,, 25% (wt/vol) sucrose,
50% (vol/vol) glycerol, 0.2 M ammon-

~furp sulfate and 2 mM dithiothreitol

(DTT) using a glass homogenizer. Cen-
trifugation at 180000x g for 3 h at 4°C
yielded two fractions: a soluble fraction
and a membrane fraction. The mem-
brane fraction was used to prepare a
transcriptionally active lysate accord-
ing to Rushlow et al. (7).
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The soluble protein fraction was pu-
rified by diethylaminoethyl (DEAE)
anion-exchange chromatography (2).
Protein-containing fractions were col-
lected, combined and further purified
by heparin-sepharose affinity chro-
matography (5). Fractions containing
soluble RNA polymerase activity were
collected and used for gel electro-
phoretic analysis. )
Fractions of membrane or soluble
proteins were boiled in SDS sample
buffer and separated on a 7.5% SDS-
PAGE (4). Two identical gels were run
in a twin gel chamber (Biotec-Fischer,
Reiskirchen, Germany) overnight at 16
mA. Proteins on one of the gels were
silver stained (1). The second gel was
equilibrated in 20 mM Tris, 150 mM
glycine and 0.1% (wt/vol) SDS (cath-
ode buffer) for 15 min and then trans-

Figure 1. Silver-stained gel and Western analysis of a similar gel. (A) Transcriptionally active frac-
tions derived from soluble barley chloroplast proteins (lane 1), from membrane-bound “proplastid” pro-
teins (lane 2) and from membrane-bound chloroplast proteins (lane 3) were subjected to SDS-PAGE and
silver stained. (B) Proteins separated on a similar gel as in A were transferred onto a PVDF membrane
and treated with an antiserum raised against the rpoA gene product diluted 1:750 in TBST followed by
incubation with horseradish peroxidase conjugated anti-rabbit IgG (1:1000 dilution). Proteins reacting
with antibodies specific for the rpoA gene product were detected by the ECL detection system. (C) After
erasing antibodies with NaOH, as described, the same blot was incubated with antiserum specific for
plastid a-ATPase (1:2000 dilution in TBST) and detected as in B. (D) The same blot was subjected again
to the erasing procedure and incubated with an antibody directed against a synthetic polypeptide homol-
ogous to a 158-kDa protein (1:600 dilution) purified from barley plastids. (E) The same blot was erased a
third time, incubated with o-tubulin (1:500 dilution) antiserum and developed using peroxidase conju-
gated anti-mouse IgG. (F) After erasing antibodies a fourth time, the blot was incubated again with the
antiserum specific for the rpoA gene as in B.
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ferred onto two layers of Whatman
3MM paper (Whatman, Maidstone,
England, UK), which had been soaked
in the same buffer. A PVDF membrane
(Immobilon™; ~ Millipore, = Bedford, -
MA, USA) was cut to the size of the
gel, soaked in methanol for 1 s, rinsed
in water for 2 min.and equilibrated with
20 mM Tris, 150 mM glycine and 30%
(vol/vol) methanol (anode buffer). The
gel was covered with the pretreated
membrane and with two layers of
Whatman 3MM paper soaked in anode
buffer. Blotting was carried out at 0.7
mA/em? for 1.5 hat room temperature
using a semi-dry blotting apparatus
(Biotec-Fischer).

For 2-D gel electrophoresis, mem-
Figure 2. Immunodetection of proteins separated by 2-D gel electrophoresis, stained with brane-bound proteins from chloroplasts
iCoomgss?e B;;illiai:} Blue t};::‘;:; ?t?;lnt;'ansfeged 0;\((; a PVDFt')men:ibra;)Feg:(A)bA memgrane-boulng were dissolved in TAROT buffer {50
ranscriptionatly active pri i o SES was § LB SUDS n B - s 5
by SDS}:’PAGE ;::1: Smift)eg with Coomas;si? gril?i‘:ii gslue l{avESL;).jfg)eTI:: same gel t:';;eblgtefipiig a mM Tris-HCI, pH 7.6, }?.‘5% (vol/vol)
PVDF membrane as described and incubated with an antiserum raised against the rpoA gene product. (C) g]ycefel* 10 mM AImmonium sulfate, 4
After erasing the antibodies with NaOH, the same blot was incubated with B-ATPase antiserum diluted mM EDTA, 2 mM DTT] before sample
1:2000 in TBST. buffer (8.0 M wurea, 0.4% (volivol)
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ampholyte solution, pH 3.5-10.0, 1.6%
(vol/vol} ampholyte solution. pH 4-6,
2% (volfvol) Triton® X-100, 1% (volf
vol) 2-mercaptoethanol, 0.04% (wi/vol)
bromphenol blue] was added. For JEF
{(6), a pH gradient from pH 4.0 to 8.0
was established with ampholytes ac-
cording to manufacturer’s instructions
(Pharmacia Biotech, Freiburg, Ger-
many). The gel was run for 30 min at
200V, for 15 h at 500V, for 90 min at
800 V and for 30 min at 1 kV. For the
second dimension, a 7.5%—13% poly-

a¢rylamide gradient gel (4) containing

0.1% SDS (wt/vol) was run overnight
at 10 mA. The gel was stained at room
temperature with a solution consisting
of 0.2% (wt/vol) Coomassie Brilliant
Blue R®-250, 40% (vol/vol) methanol
and 10% (volfvol) acetic acid. Excess
stain was removed by incubating the
gel in: 10% (vol/voly methanol/10%
(vol/vol) acetic acid. The same gel was
then soaked in 20 mM Tris-HCl, 150
mM glycine, 0.5% (wt/vol) SDS and
blotted onto a PYDF membrane as de-
scribed before, except that the higher
SDS concentration was used in the
cathode buffer. After blotting, the
membrane was washed in TBST [10
mM Tris-HCL, pH 8.0, 100 mM NaCl,
0.05% (vol/vol) Tween®-20], and non-
specific - protein  interactions | were
blocked by incubating ‘the membrane
with 4% (wt/vol) dry non-fat milk in
TBST for 1 h at room temperature. Ex-
cess blocking solution was washed off
with TBST. The filters were incubated
for 1 h with the primary antibody dilut-
ed in TBST and washed three times
with TBST for 15 min, respectively.
The blots were then incubated for 30
min at room temperature in either anti-
rabbit 1¢G or anti-mouse IgG conjugat-
ed to horse radish peroxidase (Amer-
sham International), both diluted
1:1000 in TBST. Final washes were
done four times in TBST for 10 min,
respectively. For chemiluminescence |
detection, equal volumes of detection

- reagent A (2.5 uM Luminol [Fluka,

Neu Ulm, Germany}, 400 uM p-cou-
maric acid [Sigma Chemical], 100 uM
Tris-HCI, pH 8.5) and reagent B (5.4
mM H,0,, 100 M Tris-HCI, pH 8.5)
were mixed. The membrane was incn-
bated in this solution for 1 min. Excess
hiquid was drained off, the blots were

wrapped in plastic foil and exposed to

X-ray film (Hyperfilm™ MP; Amer-
sham International). After chemilumi-
nescence detection, the blots were
stored dry at 4°C for up to 3 months.
For re-probing, antibodies were
erased from the PVDF membrane by
wetting the membrane in tap water and
incubating it further for 5 min in 0.2 M
NaOH. Blots were then rinsed in water,
incubated in TBST, blocked and ex-
posed to antibodies as described before.
Two examples shown here demon-
strate the advantages of the method.
The blot obtained by transfer of pro-
teins from an SDS-containing poly-
acrylamide gel was first immuno-deco-
rated with the anti-rpoA . antibody
(Figure 1B). A 38-kDa band correspon-
ding to the known size of the rpoA gene
product was detected in the soluble as
well as in the membrane protein frac-
tion of chloroplasts (Figure B, lanes }
and 3). In addition, a cross-reactive
band of 68 kDa was detected in the
membrane fraction of propiastids (Fig-
ure: 1B, lane 2). The blot was erased
with NaOH as described and incubated
with the antibody specific for the «-
ATPase subunit. None of the previous-
ly visible bands was detectable. in:
stead, a 57-kDa band corresponding to
the known size of the o-subunit of plas-
tid ATPase was visible in both the solu-
ble and membrane fractions from
chloroplasts (Figure 1C, lanes | and 3).
No signal was obtained in the mem-
brane fraction from the “proplastids”
(Figure 1C, lane 2). The blot was
erased again and incubated with an
antibody raised against a synthetic pep-
tide homologous to a 158-kDa protein
isolated from the membrane protein
fraction of chloroplasts. This antibody
detected two proteins of 158- and 154-
kDa molecular weight, respectively, in
the membrane protein fraction of
chloroplasts and a single band of 158
kDa in the membrane protein fraction
of “proplastids” (Figure 1D, lanes 2
and 3). No signal was detectable in the
soluble fraction of chloroplasts (Figure
1D, lane 1). Again, the immunoreactive
bands detected by the previous anti-
body were not visible. The blot was
erased a third time and incubated with
the fourth antibody, which is specific
for_o-tubulin. This antibody reacted
with a 50-kDa protein in the membrane
fraction of proplastids (Figure 1E, lane
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2). As in the case of the other im-
munoreactions, no  cross-reactivity
from the previous antibody bindings
was carried over. To test whether the
rpoA protein could be detected again
after erasing the blot several times, the
crased blot was incubated with the
same antibody as used in the first round
of immuno-decoration. The 38-kDa
protein could be detected in the soluble
and membrane fraction of chloroplasts
as before (Figure 1B, lanes 1 and 3;
Figure 1F, lanes 1 and 3). This indicates
that repeated immuno-decoration of the
same blot neither impairs the specifici-
ty of the antibody binding nor leads to
the full loss of proteins from the PVDF
membrane. However, the signals are
weaker, which may be due either to a
partial loss of protein from the PYDF
membrane or to destruction or reduced
accessibility of the epitope. In addition,
the nonspecific background increased
during repeated re-probing of the same
membrane filter.

The same re-probing procedure was
used for a membrane carrying proteins
separated by 2-D gel electrophoresis
(Figure 2). In this case, the gel was first
stained with Coomassie Brilliant Blue
R-250 (Figure 2A) and was then blot-
ted onto a PVDF membrane. Immuno-
decoration with the antibody specific
for the rpoA gene product revealed sev-
eral spots representing proteins of 38-
kDa molecular weight (Figure 2B),
which have different isoelectric points.
This blot was erased and re-probed as
described with an antiserum specific
for the B-subunit of plastid ATPase. Af-
ter this treatment, the previously detect-
ed 38-kDa protein was no longer visi-
ble. Instead, a protein  spot
corresponding to the known size of the
55-kDa B-subunit of ATPase was de-
tected (Figure 2C).

Staining and repeated immuno-dec-
oration of the same blot after 2-D gel
electrophoresis ensures reliable com-
parison among protein patterns and
cross-reactivities. 2-D PAGE is a long
and laborious procedure with limited
reproducibility. Moreover, we have
shown that the same 2-D gel can be
stained with Coomassie Brilliant Blue
R-250 to reveal the overall protein pat-
tern and, subsequently, can be blotted
and repeatedly probed using different
antibodies to reveal the presence and
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location of specific antigens.
Compared to an SDS-based method
described for re-probing Western blots
(8), our method requires only five min-
utes for stripping and only one chemi-
cal. It can be performed at room tem-
perature and has been shown to work
also for 2-D gels. In addition, our
method can be used on Coomassie Bril-

liant Blue-stained as well as unstained
gels.
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Use of 33P for Ribozyme
Assays: The Safe Way

BioTechniques 21:422-424 (September 1996)

Ribozymes or RNA enzymes are
promising tools for the specific inhibi-
tion of gene expression and virus re-
pllcatlon in animal or plant cells. Stud-
ies of the in vitro cleavage of synthetic
radiolabeled RNA target by labeled or
unlabeled ribozymes is a necessary step
before in vivo applications. These clea-
vage assays are usually performed us-
ing 32P-labeled transcripts, which im-
poses the handling of unnecessary large
quantities of high-energy radioactivity.
The transcripts are not used in excess as
probes that have to hybridize to nonra-
dioactive nucleic acids fixed to a mem-
brane, but they are all part of the reac-
tion and detected directly in the dried
gel.

To reduce the exposure to high lev-
els of radioactivity. different methods
have been tested. Recently, ribozyme
self-cleavage assays using nonradioac-
tive labeled RNA was demonstrated
(5). Depending on the constructs tested,
steric hindrance due to the haptene-la-
beled nucleotides may prevent or re-
duce the interaction with the target and

Tg Tg+
Rzala

464 nt

266 nt

® 198nt

Figure 1. Cleavage of the 33P-labeled 464-nt
RNA target by the nonradioactive 243-nt ri-
bozyme. The two transcription products were in-
cubated 90 min at 60°C in 50 mM Tris-HCl, pH
7.5, 10 mM MgCl,. Half of the reaction was de-
natured for 1 min at 95°C and loaded on a 6%
acrylamide gel.
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