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Technical Note

Biotinylation of protein complexes may lead to aggregation as
well as to loss of subunits as revealed by Blue Native PAGE
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Abstract

Blue Native polyacrylamide gel electrophoresis (BN-PAGE) is a high-resolution method for studying native protein
complexes. Here, the migration behaviour of the B cell antigen receptor (BCR) in BN-PAGE with and without prior
biotinylation of the cell surface, from which the complexes were purified, are compared. Non-biotinylated complexes appear
as a single band, whereas biotinylated complexes display several bands, indicating that biotinylation leads to aggregation of
complexes as well as to loss of subunits. Thus, BN-PAGE has limitations in studying multiprotein complexes. These results
are used to gain insight into the stoichiometry of the complex. © 2001 Elsevier Science B.V. All rights reserved.
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Separation of proteins by gel electrophoresis can
be performed under native or denaturing conditions.
Blue Native polyacrylamide gel electrophoresis
(BN-PAGE) is a charge shift method, in which the
electrophoretic mobility of a protein is determined
by the negative charge of the bound Coomassie dye
and the size of the protein. Coomassie does not act
as a detergent and was reported to preserve the
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Native polyacrylamide gel electrophoresis; HC, heavy chain; Ig,
immunoglobulin; LC, light chain; SDS-PAGE, sodium dodecyl-
sulfate polyacrylamide gel electrophoresis
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native structure of oligomeric protein complexes
(Schagger et al., 1994). The resolution of BN-PAGE
is much higher than that of gel filtration or sucrose
density gradient centrifugation (Schagger et al.,
1995). Thus, in combination with a second dimen-
sion denaturing sodium dodecylsulfate (SDS)-PAGE
analysis, the BN-electrophoresis method has been
used for the analysis of the molecular mass and
composition of protein complexes (Dekker et a.,
1997; Schagger et a., 1994; Schamel and Reth,
2000). It has been noted, however, that the molecular
weight of certain proteins cannot be deduced from
their electrophoretic mobility in BN-PAGE (Moro et
a., 1999; Schagger et al., 1994; Schamel and Reth,
2000). This was probably due to either a very basic
pl (higher than 9.0), or the failure of the pro-
tein /glycoprotein to bind Coomassie.
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After their separation by PAGE, proteins can be
visualized by immunoblotting, using specific anti-
bodies or by general stains as Coomassie or silver
procedures. Alternatively, proteins can be biotinyl-
ated before their separation and detected by Western
blotting using streptavidin. Commonly used proto-
cols include biotinylation of proteins on the surface
of living cells prior to cell lysis (Kim et al., 1994) or
biotinylation of proteins after their purification (Kim
et al., 1994; Schamel, 1999).

Here, the B cell antigen receptor (BCR) complex
was used as a model system to investigate its elec-
trophoretic mobility in BN-PAGE, with and without
prior biotinylation. The BCR consists of the disul-
fide-linked Ig-a/1g-B heterodimer and the disul-
fide-linked membrane-bound immunoglobulin (mlg)
molecule, which is composed of two heavy chains
and two light chains (HC,LC,) (Reth, 1992). Previ-
ously, adua affinity method to purify the BCR from
digitonin lyzed cells was developed and it was shown
that in BN-PAGE, it runs as a single band of 500
kDa (Fig. 1A and Schame! and Reth, 2000), which is
larger than the expected molecular weight of 300
kDa. If SDS was added to the sample prior to its
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separation, in order to disrupt the BCR complex, the
migM molecule can be seen at 280 kDa (Fig. 1A).
Next, the BN-PAGE-separated BCR complex (with-
out SDS) was applied to second dimension SDS-
PAGE and Western blot analysis. Development of
the Western blot with anti-HC, anti-1g-g antibodies,
anti-lg-a and anti-LC antibodies (Fig. 1B) showed
that al the components are present in the BN-
PAGE-separated BCR. These data clearly demon-
strate that the digitonin-solubilized BCR is a com-
plex of defined size.

If the purified IgM—BCR was biotinylated before
its separation by BN-PAGE, it appearsin five differ-
ent size forms (Fig. 2A). A second dimension SDS-
analysis (Fig. 2B) showed that the fastest migrating
form (300 kDa) was the migM molecule detached
from the Ig-a/1g-B heterodimer, whereas all the
other forms contained the migM and Ig-a/1g-B
molecules. From comparison with Fig. 1A, it is
concluded that the second fast migrating form (500
kDa) corresponds to one IgM—-BCR complex, and
the higher forms (900, 1700 and 3000 kDa) corre-
spond to aggregated migM /BCR complexes. Dis-
rupting these forms by SDS prior to their separation
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Fig. 1. Size separation of a BCR complex by Blue Native PAGE. (A) The IgM—BCR was purified from J558L um/Ig-a cells by atwo-step
affinity chromatography (Schamel and Reth, 2000) and analyzed by BN PAGE (Schagger et al., 1994) in the absence (—) or presence (+)
of 1% SDS. Immunoblotting was done with a horseradish peroxidase (HRPO)-coupled anti-HC (anti-p.) antiserum (Southern Biotechnology)
and the ECL system (Amersham). (B) The purified IgM—BCR was size-separated by BN-PAGE (first dimension), and after reduction,
further analyzed by SDS-PAGE (second dimension). Probing of the membrane with the indicated antibodies allowed identification of the
individual components: anti-HC antiserum (see above), monoclonal anti-Ig-g antibodies, anti-Ig-a antiserum (kind gift of Dr. J. Jongstra)
and HRPO-coupled anti-LC (anti-\) antiserum (Southern Biotechnology).
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Fig. 2. Size separation of a biotinylated BCR complex by Blue Native PAGE. (A) The purified IgM—BCR was biotinylated with 1 mg,/ml
sulfo-NHS-biotin (PIERCE) for 30 min at 4°C before its elution from the column and size-separation by BN-PAGE in the absence (—) or
presence (+) of 1% SDS. Immunoblotting was done with an anti-HC antiserum (see above). A similar result was obtained with
HRPO-coupled streptavidin (not shown). (B) The biotinylated IgM—BCR was separated by BN-PAGE (first dimension), and after reduction,
further analyzed by SDS PAGE (second dimension). Probing of the membrane was done with HRPO-coupled streptavidin (Amersham).

by BN-PAGE showed that biotinylated migM has an
electrophoretic mobility similar to the non-biotinyl-
ated migM molecules (Figs. 1A and 2A), indicating
the the individual subunits of the complex did not
alter their mobility if biotinylated.

The biotinylated IgM—BCR complex appeared in
severa size forms, of which, one had lost the Ig-
a/lg-B subunit (Fig. 2). Since the non-biotinylated
receptor complex was only found in one size form
(Fig. 1 and Schamel and Reth, 2000), the biotinyla-
tion procedure generated artefacts that were detected
by BN-PAGE. The loss of a subunit may be due to
the biotinylation of amino acids implicated in the
binding of this subunit to the rest of the complex. On
the other hand, biotinylation may lead to new inter-
actions generating non-covalent oligomers of the re-
ceptor. Although Coomassie binds to hydrophobic
protein surfaces and reduces aggregation, the bio-
tinylated BCRs may have aggregated during their
separation by BN gels. Alternatively, aggregation
may have happened before running of the gel. The
same results were obtained with the 1gD—BCR,
whereas biotinylation of bovine serum albumin did
not lead to aggregation (data not shown). Similarly,

the monoclonal antibodies M2 (anti-flag tag, Kodak)
or 12CA5 (anti-HA tag, Boehringer) did not aggre-
gate upon biotin or fluorescein conjugation. To pre-
vent these artefacts, already size-separated protein
complexes can be biotinylated within the gel, using
the biotinylation in gel (BIG) method (Schamel,
1999), or after their transfer to a membrane
(LaRochelle and Froehner, 1986; Schamel, 1999).
The BIG method is considered by the author as the
best choice, since it is the most sensitive general
protein stain available to date.

Importantly, biotinylation of the BCR also yielded
useful information. Only one complex smaller than
the IgM—BCR was found, namely free migM. The
same observation was made with biotinylated 1gD—
BCRs (data not shown). This indicates that the BCR
(mlg:lg-a/1g-B) complexes might only posses one
lg-a/1g-B heterodimer, since otherwise, two smaller
bands would have been found that corresponded to
the loss of one or two Ig-a/1g-B dimers. Indeed, it
is recently shown that the IgM, as well as the
IgD—BCR, have a 1:1 stoichiometry (mlg:lg-a /1g-8,
Schamel and Reth, 2000) and not a 1:2 stoichiom-
etry.
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Here, it is shown that covalent modification of
protein complexes (e.g. by biotin) may lead to an
artefact in subunit composition and oligomeric state,
which might give clues to the stoichiometry of a
multiprotein complex.
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