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a b s t r a c t

We designed a protein ladder (hereafter referred to as ‘‘Mega-tag’’) that contains 14 of the most com-
monly used epitope tags fused to molecular weight markers. The Mega-tag ladder can be simultaneously
visualized when anti-tag antibodies are used to detect epitope-tagged recombinant proteins in Western
blots. The logarithm of molecular weights and relative mobility of the Mega-tag protein ladder are highly
correlated (R2 = 0.997 ± 0.00232), indicating that the dye-free Mega-tag protein ladder is accurate. It can
also serve as a positive control for anti-epitope tag immunoblots. The Mega-tag protein ladder should
provide a convenient and precise tool for Western blot analysis.

� 2012 Elsevier Inc. All rights reserved.
Accurate determination of protein molecular weights is impor-
tant for Western blot analysis [1], in which investigators often rely
on prestained protein ladders [2,3]. However, covalent linkage of
dyes to proteins alters their electrophoretic mobility [4]. In addi-
tion, prestained protein ladders generally cannot be detected on
X-ray films, and manual alignment is required to mark the position
of molecular weight ladders on the film. Bennett and coworkers
developed a biotinylated protein ladder that could be visualized
in Western blots using streptavidin-conjugated horseradish perox-
idase [5]. However, covalent attachment of biotin groups alters the
electrophoretic mobility of the standard proteins in the ladder [6].
Other solutions to directly visualize the protein ladder on Western
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blots include development of a dye-free GFP protein ladder [7],
protein A fusion calibration proteins [8], and the EasySee Western
marker (Spark Biologicals Technology) that consists of fusion pro-
teins incorporating the immunoglobulin G (IgG)2-binding domains
of both protein A and protein G [9]. These protein ladders can be di-
rectly visualized on immmunoblots, but the native protein confor-
mation must be maintained for these ladders to function properly.
Thus, these protein ladders cannot be completely denatured, which
may affect their electromobility in sodium dodecyl sulfate–poly-
acrylamide gel electrophoresis (SDS–PAGE). Hexahistidine-tagged
[10] and S-tagged [11] protein ladders (Perfect Protein Western
Markers, Novagen, Cat. No. 69149-3) are useful for Western blot
analysis of His-tagged or S-tagged fusion proteins with anti-hexahis-
tidine tag or S tag antibodies. However, only hexahistidine-tagged
2 Abbreviations used: IgG, immunoglobulin G; SDS–PAGE, sodium dodecyl sulfate–
polyacrylamide gel electrophoresis; PCR, polymerase chain reaction; TRX, thiore-
doxin; MBP, maltose-binding protein; GST, glutathione S-transferase.
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Fig.1. Western blot analysis of the Mega-tag protein ladder by anti-epitope tag antibodies. (A) The Mega-tag fusion protein, consisting of hexahistidine, HA, T7, E, VSV-G, V5,
AU5, S, HSV, FLAG, Lumio, Glu-Glu, cMYC, and AU1 epitope tags, was generated by assembly PCR and then fused with a 5-kDa spacer (gray box), TRX, MBP, or GST. Bacteria
expressing the Mega-tag marker proteins were separated by SDS–PAGE and then were transferred to nitrocellulose membranes. The Mega-tag protein ladder was directly
visualized on Western blots using anti-epitope tag antibodies. (B–E) Individual (B) or mixed (C–E) bacteria expressing the Mega-tag protein ladder were stained with anti-S
tag antibody (B), anti-HA antibody (C), anti-cMYC antibody (D), or anti-FLAG antibody (E), followed by horseradish peroxidase (HRP)-conjugated anti-goat IgG (B) or HRP-
conjugated anti-mouse IgG (C–E). The molecular weights of a commercial prestained marker (kDa) are indicated on the left.
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and S-tagged recombinant proteins, respectively, can be detected in
conjunction with these protein ladders. Multi-Tag Marker (Roche,
Cat. No. 1828649) contains GST-, HA-, cMYC-, and His-tags but is still
limited to fusion proteins incorporating these tags. In addition, the
size increment of the component markers is not regular, rendering
it less convenient to interpret.

In this article, we describe a regularly spaced and self-revealing
protein ladder for accurate determination of the molecular weights
of epitope-tagged proteins in both SDS–PAGE and Western blots.
We selected the 14 most widely used epitope tags to create the
Mega-tags protein ladder. The epitope tags (hexahistidine, HA,
T7, E, VSV-G, V5, AU5, S, HSV, FLAG, Lumio, Glu-Glu, cMYC, and
AU1) [12] were joined together using assembly polymerase chain
reaction (PCR) [13,14] and then subcloned into pRSET-B to form
the pRSET-14 plasmid. The 14-tag gene was then fused with de-
fined numbers of thioredoxin (TRX), maltose-binding protein
(MBP), or glutathione S-transferase (GST) [12] genes to construct
plasmids encoding the epitope-tagged protein ladder (Fig. 1A). Ide-
ally, each of the protein markers should be recognized by all of the
corresponding anti-epitope tag antibodies. Therefore we analyzed
the recombinant protein markers produced in bacteria by Western
blot analysis using anti-tag antibodies. All of the component pro-
tein markers were detected by anti-S tag antibody (Fig. 1B). A clear
molecular weight ladder was visible in Western blots when bacte-
ria expressing the individual markers were pooled and analyzed by
Western blot using anti-HA tag antibody (Fig. 1C), anti-cMYC tag
antibody (Fig. 1D), and anti-FLAG tag antibody (Fig. 1E). Similar re-
sults were obtained using other anti-tag antibodies in Western
blots (see Table S1 in supplementary material). These results dem-
onstrate that the Mega-tag protein ladder can be visualized for
concurrent detection of epitope-tagged recombinant proteins in
Western blots using the same anti-tag antibodies. No additional
protocols or reagents are required for simultaneous detection of
the epitope-tagged proteins and the protein ladder.

Relative mobility of a protein in SDS–PAGE, defined as the ratio
of distance a protein migrated to the distance of the running front,
is inversely proportional to the logarithm of the molecular weight
(kDa) of that protein. Linear regression analysis demonstrated the
relative mobilities and the logarithmic molecular weights Mr of the
component protein markers. Then we calculated the R2 values from
the immunoblotting results of 6 anti-epitope tag antibodies. The
anti-S tag Ab (Fig. 1B), anti-HA Ab (Fig. 1C), anti-cMYC Ab
(Fig. 1D), anti-FLAG Ab (Fig. 1E), anti-V5 Ab (Fig. S1a in supplemen-
tary material), and anti-His Ab (Fig. S1b) showed R2 values of
0.9993 (Fig. 2), 0.9970, 0.9945, 0.9930, 0.9977, and 0.9976, respec-
tively. The average R2 value is 0.997 ± 0.00232, indicating that the
Mega-tag protein ladder is accurate. The correlation coefficient of
the corresponding linear regression analysis for a commercial pre-
stained marker (Fermentas, Cat. No. SM0671) was appreciably low-
er (R2 = 0.966 ± 0.0119), possibly owing to altered electrophoretic
mobilities caused by dye molecules on the marker proteins. Collec-
tively, our data show that the Mega-tag protein ladder is highly
accurate.

In addition to accurate determination of protein molecular
weights, the Mega-tag protein ladder can also act as a positive con-
trol, providing a convenient tool for Western blot analysis. Inclusion
of positive controls in Western blots is important to verify antibody
activity and allow correct interpretation of results. Thus, a 52-kDa
multiple tag fusion protein (GeneScript, Cat. No. M0101) and
12-Epitope Tag Protein Marker Lysate (Rockland Immunochemicals,



Fig.2. Relationship between protein molecular weight and electrophoretic mobility. The relative mobilities of the Mega-tag protein ladder (d) or prestained markers (s)
(Fermentas, Cat. No. SM0671) were plotted against the logarithm of the molecular weight of each protein (y axis). Simple linear regression was used to determine the best-fit
lines.
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Cat. No. MB-301-100) were previously developed as positive con-
trols for Western blots. However, the multiple tag fusion protein
is a single protein and does not allow determination of the molecu-
lar weights of target proteins. By contrast, our Mega-tag protein lad-
der can act as a positive control for 14 different types of anti-tag
antibodies in Western blot studies.

The power of the Mega-tag protein ladder is based on several
factors. First, the 14 most commonly used epitope tags are in-
cluded in the Mega-tag protein ladder, allowing direct visualiza-
tion of both markers and tagged recombinant proteins in
Western blots. Second, only the standard procedure of the Western
blot technique is required to visualize the ladder. Third, the ladder
can also act as a positive control for anti-epitope tag antibodies in
Western blots. Fourth, the protein ladder can be boiled and pro-
cessed using standard sample preparation procedures for accurate
migration in SDS–PAGE. Fifth, the Mega-tag protein ladder can also
be used as SDS–PAGE markers after Coomassie blue or silver stain-
ing. A possible improvement of the Mega-tag protein ladder is to
add dye-modified low-, medium-, or high-molecular-weight pro-
teins, allowing direct visualization during SDS–PAGE and after pro-
tein transfer to nitrocellulose membranes. Based on these
advantages, the Mega-tag protein ladder appears to possess great
potential for direct molecular weight estimation on SDS–PAGE
and Western blots.
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Supplementary data associated with this article can be found, in
the online version, at http://dx.doi.org/10.1016/j.ab.2012.08.001.
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