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Short Communication

A novel method that improves sensitivity of
protein detection in PAGE and Western blot

We have developed a simple and inexpensive method that improves sensitivity of pro-
tein and antigen detection in standard PAGE procedures. Our technique uses a sample
microloader device with a funnel-like structure, filled with a 4% stacking gel. When at-
tach to the top of a polyacrylamide slab gel, the proteins in a sample are concentrated
by electrophoresis into a small volume as they emerge from the device’s narrow outlet.
Our microloader has several advantages over previous devices, including simple assembly,
high versatility, and absence of cross-contamination between lanes. Addition of this device
to a slab gel results in a fivefold increase in the sensitivity of antigen detection in a Western
blot. As a result, less protein is required for loading and signal detection. Our protocol
is a straightforward modification of a standard experimental technique, and is especially
useful when only limited sample quantities are available.
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PAGE is a broadly used laboratory technique that is most
commonly used to resolve proteins or nucleic acids by size
[1, 2]. PAGE may be followed by Western blot to immun-
odetect proteins, especially those that are of low abundance
[3]. Western blotting is a powerful procedure developed in the
late 1970s [4,5] that makes it possible to analyze the presence,
abundance, mass, modification, and interactions of individ-
ual proteins within an extract [3, 6]. However, it has several
drawbacks that include the amount of sample that must be
loaded onto a gel in order to detect less abundant proteins.
Such a limitation is a problem for rare, minute, and difficult
to obtain samples.

To overcome this challenge, many protocol modifications
and technologies have emerged to increase protein concen-
tration or Western blot sensitivity [6], but they are often in-
sufficient or require special equipment. In particular, a new
method has been published in which a porous loader was
used to concentrate protein samples in PAGE [7]. In this sys-
tem, samples are first loaded onto filter paper strips mounted
on a plastic backing sheet, and afterwards an empty loader is
apposed to the sample loader, creating a sandwich that pre-
vents lateral diffusion of samples. Finally, the loaded sand-
wich is placed on top of the stacking gel and electrophoresis
is performed as usual. By using this loading method, the
authors found a significant increase in sensitivity. However,
hand construction of this device is complicated and time-
consuming. In our hands, at least, the use of this sandwich
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resulted in significant cross-contamination between adjacent
samples. Here, we present a protocol that minimizes cross-
contamination and maintains high sensitivity through use of
a novel, easy-to-use microloader device.

Our motivation for increasing Western blot sensitivity
was our need to quantify protein expression and phosphory-
lation using the minute quantities of tissue present in differ-
ent regions of the heart in single embryonic day 12 mice [8].
Because the mutant mice that we were examining showed
a variable phenotype, pooling of samples from multiple ani-
mals was undesirable. As a result, we had less than 10 �g of
total protein in each sample that we needed to use to quan-
tify phosphorylation status and total level of several different
proteins by Western blot. Using conventional 15-well blots,
we were not able to detect most of these proteins and phos-
phoproteins in 2 �g of protein extracts even with the most
sensitive ECL reagents (SuperSignal West Dura Chemilumi-
nescent Substrate and Femto Trial Kit, Pierce). To increase
sensitivity, we first tried the Swank protocol, but failed to
obtain reproducible and high-quality Western blots by using
a sample loader based on their design. In our hands, pro-
tein loading was variable, mainly due to leakage and cross-
contamination among adjacent wells. Next, we made several
efforts to design our own sample loaders using different ma-
terials, such as pipette tips and capillary tubes. Our best re-
sults were obtained with transfer pipette tips (extended fine
tip, #233, #235 Samco Scientific, USA) cut to fit the gel di-
mensions (Fig. 1). These tips have a wide inlet that allows for
easy loading of up to 15 �L and a 1 mm diameter outlet that
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Figure 1. Microloader device preparation. Fine tip transfer
pipettes (#233, #235, Samco Scientific) were used for the assem-
bly of sample microloaders. Pipette tips were cut to obtain an
outlet passage length of 1 cm and a reservoir length less than
1 cm and a 4% polyacrylamide stacking gel was introduced
through the outlet passage by capillary action. After stacking gel
polymerization, sample microloaders were firmly inserted into
a 1 mm-thick acrylamide gel and the reservoir was loaded with
running buffer. Special care was taken to avoid bubbles and to
ensure close contact between microloaders and gel. A total of
1–15 �L of sample was loaded into each microloader, and elec-
trophoresis was performed at a maximum of 100 V until samples
entered into the gel, after which voltage could be increased up to
200 V.

allows them to fit into any polyacrylamide gel with at least
1 mm thickness. A 4% stacking gel was added to the outlet
of the tips by using capillary action. Although not essential
for sensitivity increase, we found that this gel addition im-
proved band resolution and vertical protein separation, likely
due to the different buffer composition between the stacking
gel in the microloaders (125 mM Tris-HCl, pH 6.8) and the
minigels (375 mM Tris-HCl, pH 8.8).

Using this device, by loading 1.5 �g of protein sample
per lane, we were able to analyze the relative abundance
of a battery of proteins and phosphoproteins in each sam-
ple, including focal adhesion kinase (FAK) and phospho-
FAK, Erk1/2 and phospho-Erk1/2, CrkL and phospho-CrkL,
phospho-Smad2/3 and GAPDH [8]. In comparison, conven-
tional SDS-PAGE followed by Western blotting required more
than 5 �g of total protein per 15-well lane for detecting many
of these proteins and phosphoproteins. Without this device,
we could not have carried out these studies without pooling
of tissues from multiple embryos.

Since the linear range of the ratio of chemilumines-
cence signal intensity to protein concentration is quite limited
[9, 10], it is important to generate a calibration curve for each
protein of interest in order to accurately compare relative sig-
nal intensities across numerous samples. We have found that
our method yields increased sensitivity but similar dynamic
range compared to conventional Western blotting (Fig. 2). For
this analysis, electrophoresis in a Tris-glycine discontinuous
buffer system was performed using the radioimmunoprecip-
itation assay buffer buffer extract of embryonic day 12 mouse
embryos outflow tract, as previously described [8]. Two-fold
protein dilutions (4 �g to 125 ng) were loaded onto 15-well

4–15% SDS-PAGE gradient gels (Bio-Rad). In order to com-
pare sensitivity on the same gel, microloaders were attached
on top of the last 6 wells. As in Fig. 1, the microloader de-
vice was filled partially with 4% polyacrylamide stacking gel.
FAK primary antibody (A17, Santa Cruz Biotechnology) was
detected with antirabbit horseradish peroxidase-conjugated
secondary antibodies (10 ng/mL, Pierce), and signal was vi-
sualized using SuperSignal West Dura Chemiluminescent
Substrate (Pierce). Quantification of protein bands densito-
metry was carried out using ImageJ 1.34s software (Wayne
Rasband, NIH). Figure 2 shows a representative experiment
where we obtained a fivefold increase in FAK detection sensi-
tivity using our microloader device when 1 �g of total protein
was loaded. In our samples, FAK signal was difficult to detect
of reproducibly quantify when less than 2 �g of protein was
loaded into a regular well. However, signal in the submicro-
gram range was consistently detected and could be quantified
when the same sample was loaded into a microloader attached
on top of the wells. Also, linearity was maintained from 0.5
�g to 4 �g of protein loads when using microloader devices
(r2 = 0.98). Interestingly, the increase in sensitivity is re-
lated with the total protein loaded, and is highest when mini-
mum amounts of protein are loaded onto the microloader. We
found that FAK signal sensitivity was increased up to fivefold
when 0.5 or 1 �g of protein extract was loaded (Fig. 2D, n = 3).
This result could vary depending on the relative amount of
the protein of interest in the protein extract.

Our results appear to be very similar to the ones described
in a previous study that used porous loaders [7]. Indeed, the fi-
nal gel volume occupied by the concentrated protein is similar
in both procedures. However, our modified protocol shows
several advantages over previous methods. First, construction
of microloaders is simple and may be done in any laboratory
without special equipment. Also, attaching a microloader to
the PAGE setup is straightforward, it is even easier to load
a sample than into a regular well, since a special pipette tip
is not needed. As additional advantages, these microloaders
are compatible with all formats of custom-made and pre-
cast polyacrylamide gels and can be used for other applica-
tions, such as nucleic acid polyacrylamide electrophoresis or
elution-concentration of proteins cut from 2D polyacrylamide
gels [11].

In summary, we have developed a simple new method for
loading samples on SDS-PAGE gels that results in a signifi-
cant increase in sensitivity for Western blotting and therefore,
requires far less total sample. The benefits to the end user are
substantial compared with other techniques that require espe-
cial equipment. This procedure is rapid, inexpensive, and only
requires knowledge of a standard experimental technique. It
is also compatible with in-gel digestion, microsequencing,
and other methods used for protein characterization. These
features make this an appealing new tool for investigators
who use SDS-PAGE and Western blotting in their laborato-
ries. Further improvements may be possible by modification
of the loading device, changes in buffer to increase the ef-
ficiency of protein concentration during stacking phase of
electrophoresis, and reductions in temperature to minimize
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Figure 2. Sensitivity and linear range
of Western blot with microloaders. (A)
Representative Western blot showing
FAK protein detection in a single 15-
well 4–15% minigel with and without
use of a microloader. This figure illus-
trates comparison within the same
gel between samples loaded directly
onto wells versus samples loaded
onto microloaders prefilled with a
4% stacking gel that were attached
to adjacent wells. Sequential twofold
dilutions of protein extracts from an
embryonic day 12 embryonic mouse
were loaded and FAK signal was
visualized using SuperSignal West
Dura Chemiluminescent Substrate.
(B) The films were scanned, and
ImageJ software was used to obtain
densitometry plots and to quantify
signal intensity. (C) Densitometry
results are plotted into a graph to
better show sensitivity and linear
range comparison. (D) Comparison
of FAK signal detection sensitivity in
15-wells and microloader systems
in the same gels. Data are obtained
from three independent experiments
and expressed as mean ± SEM.

diffusion during the fractionation phase of electrophoresis
and transfer of proteins onto filters [12, 13].
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