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The enzyme-linked immunosorbent assay (ELISA) is an extremely common and powerful
laboratory technique for detecting proteins by antibodies. Researchers frequently use bovine
serum albumin (BSA) as a blocking agent to prevent non-specific binding of antigens and
antibodies to the microtiter well. While studying the interactions of the vaccinia virus
complement control protein (VCP) with complement, we found non-specific binding of VCP to
BSA and identify a BSA preparation that did not result in non-specific binding. This work draws
attention to the fact that not all BSA preparations are alike. It also highlights the need to
perform critical controls to ensure that ELISA reactants do not inappropriately bind to the

Published by Elsevier B.V.

1. Introduction

Solid phase enzyme-linked immunosorbent assay (ELISA) is
a conventional method for detecting proteins or protein-protein
interactions by using appropriate antibodies (Hornbeck et al.,
2001). When optimized, the indirect ELISA has high sensitivity
and specificity. To ensure specificity, non-specific binding of
reactants (i.e., the test proteins and detecting antibodies) should
be confirmed. Researchers mainly worry about non-specific
binding of reactants to wells in ELISA microtiter plates that have
been poorly blocked. To eliminate the residual binding capacity
of the wells, blocking agents such as bovine serum albumin
(BSA), non-fat dry milk, and whole serum are commonly used.
Blocking agents can also stabilize the biomolecules bound to the
well surface and reduce non-specific interactions (Gibbs, 2001).
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Researchers should also consider the potential of non-specific
binding of ELISA reactants to the blocking agent. Since BSA is a
widely used blocking agent, here we describe a non-specific
binding interaction that occurred between an ELISA reactant
and some preparations of BSA. The work highlights the fact that
not all BSA preparations are alike.

ELISAs have been used to show the interaction between
complement control proteins (CCPs) and complement
(Liszewski and Atkinson, 1996; Liszewski et al., 2009). Our
lab has had a longstanding interest in CCPs encoded by
orthopoxviruses. During an investigation of the interaction of
the vaccinia virus complement control protein (VCP) to
human C3b and C4b using an ELISA format, we discovered
significant non-specific binding of VCP to some preparations
of BSA that we were using as a blocking agent.

2. Materials and methods
ELISA 96-well Maxisorp Immuno plates (Nunc) were

coated with 5ug/ml human C3b or C4b protein (Complement
Technology) in PBS overnight at 4 °C as previously described by
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others (Liszewski et al., 2009). As a negative control, wells were
also coated with 5pg/ml BSA. After washing the plate with low
salt washing buffer (10mM Tris (pH 7.2), 25mM sodium
chloride, 0.05% Tween 20, and 0.25% Nonidet-P40), the plate
was blocked in blocking buffer (PBS with 5% BSA, 0.1% Tween
20) at 37°C for 2hours followed by additional washes with
washing buffer. Concentrated media containing VCP from
vaccinia virus-infected cells was then serially diluted in low
salt washing buffer containing 4% BSA and the plate was
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incubated at 37°C for 1hour. After extensive washes, rabbit
anti-VCP antibody (1:5000 in washing buffer containing 4%
BSA) was added and incubated at 37 °C for 1 hour. After washes,
horseradish peroxidase-conjugated donkey anti-rabbit IgG
(1:8000) (ECL) was added and incubated at 37°C for 1hour.
After extensive washes, the plate was incubated with TMS
substrate (KPL) at room temperature for ~20min after which
stop solution (2N H,SO4) was added and the absorbance was
measured at 450nm using ELISA plate reader.
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Fig. 1. Specific vs. non-specific binding of VCP to C3b or various BSA preparations. ELISA results using concentrated media containing VCP from vaccinia virus-
infected cells (A-D) or purified recombinant VCP (E-H). To determine specific vs. non-specific binding of VCP, microtiter wells were coated with C3b (open
triangles and solid lines) or BSA and blocked with the following BSA preparations (solid triangles and dashed lines): BSA-7906 (A and E), BSA-2934 (B and F),
BSA-3059 (C and G), or BSA-9430 (D and H). Data for BSA-7638 are not shown, but it gives identical results as BSA-3059, -A7906, and -A9430.
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Table 1
Sigma-Aldrich BSA preparations used in this report.

Sigma  Purity® Essentially Low Essentially BSA
BSA (based on globulin  endotoxin® protease  used
catalog  agarose gel free? (<1ng/mg) free® in Fig. 1
number electrophoresis)

A2934 98% * * B&F
A3059 98% * * C&G
A7638 99% * -b
A7906 98% A&E
A9430 98% * D&H

¢ Description of BSA products based on Sigma-Aldrich catalog.
b Data not shown, but results identical to that of A3059, A7906, and
A9430.

3. Results

In an initial experiment, we used buffers containing BSA
purchased from Sigma (A7906). To our surprise, the control
wells coated and blocked with BSA-7906 showed the same
0.D. value as those coated with complement protein C3b
(Fig. 1A) and C4b (data not shown). However, this non-
specific binding of VCP to BSA did not occur when we used
another BSA preparation we had in the lab (A2934, Fig. 1B).
As shown in Table 1, BSA-2934 is “globulin free and
endotoxin low (<1ng/mg).” Given the low non-specific
binding we found with BSA-2934, we wondered if VCP was
binding to either the globulin or endotoxin that might be
present in BSA-7906. Thus, we obtained and tested additional
BSA preparations from Sigma: A3059 (globulin free and
protease free), A9430 (low endotoxin), and A7638 (globulin
free) (Table 1). As shown in Fig. 1C and D, these BSA
preparations also gave very high non-specific binding.
Because we were working with concentrated media from
vaccinia virus-infected cells, we wondered if there was
something in the media that was causing this non-specific
binding of VCP to BSA. We thus used a bacteria-expressed
recombinant VCP (rVCP) and found the same results (Fig. 1E
to H). Thus, only BSA-2934, which had been depleted both
globulin and endotoxin, was capable of eliminating the non-
specific binding of VCP to a contaminant in BSA.

4. Discussion

BSA is one of the most commonly used blocking agents for
ELISA. However, since BSA is a serum protein, in certain
circumstances it could cause non-specific ELISA signals. For
example, in a study that was examining for the presence of
human antibodies to Japanese encephalitis virus, antibodies
that cross-reacted with BSA were found (Konishi et al., 2010).
Another study found that human antibodies non-specifically
bound to BSA (A2153 (>96% pure preparation from Sigma))
(Chart et al., 1998). To prevent false-positive results from
either cross reactive antibodies or from non-specific binding
of ELISA reagents to BSA, alternative blocking agents can be
used. Examples include rabbit serum (Chart et al., 1998),
casein (Konishi et al., 2010), heat-denaturing the blocking
protein (Mauracher et al, 1991), non-protein blocking
solutions like Synblock (Afrough et al., 2007) or Ficoll or
polyvinylalcohol (Huber et al., 2009). Alternatively, no
protein can be included in the blocking buffer (Jorgensen

et al, 2005), although this too can potentially cause
artifactual results (Bird et al., 1988).

In this report we show that different BSA preparations
used as a blocking agent in an ELISA can give different
amounts of non-specific binding of ELISA reactants. A vast
majority of published articles that include BSA as a reagent
do not provide specific information about the BSA. While the
company from which a reagent is purchased is often
identified, this still can create difficulties if the vendor sells
multiple types of a reagent (e.g., the Sigma-Aldrich catalog
lists forty-four BSA products). To investigate if bovine C3 was
the contaminant in BSA that caused VCP binding, we directly
probed the various BSA preparations with rabbit anti-bovine
C3 (Cappel), as well as with goat anti-human C3b antibody
(Calbiochem). We found no signal and thus do not think
bovine C3 is present in BSA preparations. Given the high
homology of human and bovine C3, we were not surprised to
find that in control wells coated with human C3b, the anti-
bovine C3 antibody recognized human C3b. It is also likely
that anti-human C3b would recognize bovine C3 (Boulard,
1989). We were thus unable to easily identify the contam-
inating substance in the BSA preparations that VCP bound to.
Since BSAs that were either globulin free or low endotoxin
still bound VCP, we speculate that the process to generate a
globulin free, low endotoxin BSA (i.e., BSA-2934) depletes
the BSA of this substance.

In conclusion, this report serves as a reminder that not all
BSA preparations are alike. While journals tend to discourage
the inclusion of catalog numbers for reagents, when a specific
reagent is ideally the one to use, a catalog number should be
included.
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