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*TECHNICAL COMMENTS

Immuno-PCR with a Commercially Available
Avidin System

Antibody-based detection (1) and in vitro
DNA amplification (2) together constitute
a system that unifies two revolutionary
methods of modern biology. Amplification
of an antibody-born DNA label greatly
enhances the signal. A method of immuno—
polymerase chain reaction (immuno-PCR)
was recently described by T. Sano et al. (3).
We have developed an antigen detection
system, similar to an enzyme-linked immu-
nosorbent assay (ELISA), that uses a bio-
tinylated antibody and an avidin-biotinyl-
ated DNA complex. We use commercially
available avidin instead of the streptavidin—
protein A—chimera, as proposed by Sano
and Cantor (4). Each system has its advan-
tages and drawbacks.

In our system, we prepare tenfold serial
dilutions of the antigen to be detected
(mouse antibody to apolipoprotein E, Bio-
genesis, Bournemouth, United Kingdom)
in 0.1 M of bicarbonate coating buffer, pH
9.6. Then we immobilize the antigen on
microtiter plates (Maxisorp, Nunc, Ros-
kilde, Denmark) in a volume of 50 wl at
concentrations of 1 wg/ml to as little as 10
femtograms per milliliter (fg/ml) by incu-
bation overnight at 4°C. Wells are then

SCIENCE *

VOL. 260 = 30 APRIL 1993

washed three times with 200 wl of phos-
phate-buffered saline (PBS), pH 7.4, and
blocked with bovine serum albumin
(BSA) (10 g/liter in PBS) for 2 hours.
After three additional washings with PBS,
biotinylated goat antibody to mouse im-
munoglobulin G (IgG) is added at 250
pg/ml in PBS that contains 0.01% (v/v)
Tween 20 (PBS-Tween) and 1 g/liter BSA
for 1 hour.

Avidin-biotinylated DNA complex is
prepared by adding 30 pl of avidin prepa-
ration (component B of the ABC system
from Vector Laboratories, Burlingame,
California) and 5 pl of a biotinylated
479-bp PCR product, which encompasses
apolipoprotein B complementary DNA
(cDNA) nucleotides 10354 to 10832 (5),
to 10 ml of PBS and then incubating the
mixture for 30 min.

Unbound biotinylated goat antibody to
mouse IgG is removed from the microtiter
wells by five washings with PBS-Tween.
Then 100 wl of avidin-biotinylated DNA
complex is loaded and incubated for 30
min. Finally, wells are washed five times
with 200 pl of PBS-Tween and three times
with distilled water. A 50-pl PCR mixture
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Fig. 1. Detection of antigens with immuno-PCR
using avidin. Microwells were coated with pro-
gressively decreasing antigen concentrations.
The antigen was overlayered with a sandwich
of biotinylated antibody, avidin, and biotinyl-
ated DNA. Immobilized DNA was amplified with
the use of PCR. Reaction products were visu-
alized in an agarose gel. Lanes 1to 9, products
derived from wells coated with 0.05 pg to 0.5 fg
of antigen (stepwise tenfold dilutions). Lane 10,
1 ng/ml BSA. Lane 11, no antigen present. m,
molecular size marker.

[see (6)] is added to each well and cycled
30 times in a water thermal cycler on a
float-boat (Bio-Med, Theres, Federal Re-
public of Germany) (95°C for 10 s, 60°C
for 10 s, and 72°C for 20 s). 8 ul of
the reaction products (133 bp) are run in
a 2% (w/v) agarose gel that contains
ethidium bromide (0.5 mg/l) and TBE,
and the gel is photographed with a Po-
laroid camera.

We could detect as little as 10 fg of
anti-apolipoprotein E per milliliter of
coating solution (that is, 0.5 fg total) (Fig.
1, lane 9). False positive signals are diffi-
cult to see even after a photographic
exposure time of 10 s.

Sano et al. (3) used a recombinant
streptavidin—protein A chimeric protein
that binds to the detecting antibody and
to the biotinylated DNA to be amplified.
The streptavidin—protein A chimera cre-
ated by Sano et al. (4) allows for exploi-
tation of any unlabeled detecting IgG.
However, the protein A portion of the
chimera would probably bind to free Fc
fragments of capturing antibodies that
would be coated to microtiter wells in a
common sandwich ELISA setting. This
would increase background and lower
specificity. In addition, the proprietary
chimeric protein is not readily available,
whereas most antibodies can be purchased
in a biotinylated form or be rapidly bio-
tinylated in the laboratory. We conclude
that replacing biotinylated horseradish
peroxidase or biotinylated alkaline phos-
phatase in the Vector ABC system or in a
comparable system with a biotinylated
DNA label that is amplifiable would facil-

itate the use of this highly sensitive meth-

od and would contribute to its refinement
and standardization.
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Response: We appreciate the opportunity to
discuss several issues about immuno-PCR
raised by Ruzicka et al. A primary advantage
of their system is the commercial availabil-
ity of all of the reagents. The streptavidin—
protein A chimera (1) we used is not yet
commercially available, but the expression
vector pTSAPA-2 is available from our
laboratory upon request. This vector allows
the production of the streptavidin—protein
A chimera by the use of simple expression
and purification procedures (1).

Ruzicka et al. add conjugates of avidin
and biotinylated marker DNA to wells con-
taining antigen-biotinylated antibody com-
plexes. The potential drawback of this meth-
od is the lack of homogeneity of the avidin-
DNA conjugates, which would reduce the
accuracy and reproducibility of the system.
Because avidin is tetrameric (2), mixing
avidin with marker DNA containing one
biotin per molecule at ratios below satura-
tion generates five different species of conju-
gates, which include avidin without DNA,
avidin saturated partially with DNA, and
avidin saturated with DNA. Only the par-
tially saturated avidin functions in the assay.
Binding of avidin without marker DNA to
antigen-biotinylated antibody complexes re-
duces the overall sensitivity of the system.

As Ruzicka et al. point out, our system
(3) would generate high background signals
in common sandwich assay formats, be-
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cause the protein A moiety of the chimera
binds to immobilized primary antibody.
Similar problems would be encountered in
samples containing endogenous immuno-
globulins. We have been attempting to
solve these problems by modifying our orig-
inal immuno-PCR system. One method
involves performing sandwich assays using
F(ab'), or Fab fragments of primary anti-
body, neither of which binds to protein A.
Endogenous immunoglobulins can also be
removed by capturing antigen by immobi-
lized antibody fragments. However, a more
attractive approach is to preconjugate the
antibody and the biotinylated marker DNA
with the chimera. Preconjugation can be
performed by mixing the three components
at appropriate ratios, because the chimera
binds both biotin and immunoglobin G
stoichiometrically (I1). Such conjugates
should not bind to immunoglobulins pre-
sent in samples, because the IgG-binding
sites of the protein A moiety are saturated
with antibody, and few exchange reactions
should occur during the short periods of
time used in these types of assays. Alterna-
tively, chemical conjugates of antibody and
streptavidin  that contain biotinylated
marker DNA could be used without the
possibility of exchange reactions. Neither
avidin nor streptavidin can make homoge-
neous antibody-marker DNA conjugates.
Mixing biotinylated antibody and biotiny-
lated DNA with (strept)avidin produces
aggregates, because multiple biotins are
generally incorporated into each antibody
molecule. An additional advantage of the
preconjugation format is the reduction in
the number of steps in the protocol. Proce-
dures with fewer numbers of steps have
obvious advantages for the applications in
clinical diagnostics.
Takeshi Sano
Cassandra L. Smith
Charles R. Cantor
Center for Advanced Biotechnology and
Departments of Biomedical Engineering and
Biochemistry,
Boston University,
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