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AN OPTICAL BIOSENSOR FOR THE DETECTION OF A BACTERIAL TOXIN

J. Frevert, K. Werner & H.E. Knoell

Battelle-Institut e.V., Am Romerhof 35, 6000 Frankfurt 90

Summary

The EVIA-biosensor (evanescent wave immunoassay) was evaluated for the determination of
botulinum toxin. Three different assay systems were used: an inhibition type assay using
fluorescent labelled antibody, a fluorescent excitation transfer immunoassay with rhodamine
labelled antibodies as quenchers and a sandwich type immunoassay. The inhibition type assay
system proved to be highly suitable for this sensor technique. 200 ng of the toxin could be
detected.

Introduction

When a light beam is totally reflected at the surface within an optically denser medium, a so
called evanescent wave is generated in the rarer medium close to the surface. This wave is
perpendicular to the surface and penetrates a fraction of a light wave length into the lower
refractive index medium. This wave can interact with molecules near the surface of the
waveguide. In "Total Internal Reflection Fluorescence” evanescent photons excitate labelled
molecules at the surface. The generated fluorescence light is then "tunneled" back into the
waveguide and finally measured with a photomultiplier. This principle can be combined with
antigen-antibody reactions as the biological component, An antigen is immobilized at
the surface of a waveguide and reacts with a fluorescent labelled antibody. Free antigen in a
sample inhibits the binding of the antibody so that the decrease of the fluorescence can be
used for quantification.

In the sandwich-type immunoassay an antibody is immobilized and free toxin is detected with a
second fluorescent labelled antibody.

We have applied both assay formats in a special EVIA-Instrument using disposable plastic
cuvettes.
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Materials and methods

The instrument consists essentially of a flash lamp, a prism, and a photomultiplier /1,2/.

The cuvettes are made of polymethylacrylate in an injection mould.

Proteins (antibodies, antigens) were immobilized by physical ausorbtion or by precoating the
surface with polyethylenimine followed by glutaraldehyde and finally the protein /3/.

Homogeneous botulinum toxin A (Mr = 150000) was used as the antigen. Polyclonal and
monoclonal antibodies were raised against the corresponding toxoid, purified and labelled with
fluorescein isothiocyanate or tetramethylrhodamine isothiocyanate according to standard
procedures /4/. The F/P ratio was about 4. For the measurement the fluorescent labelled
antibody was pipetted into the cuvette and the generated fluorescence monitored for 12 min.

Results and Discussion

The first step to establish the detection system was to immobilize the antigen (botulinum toxin)

to the surface of the polymethylacrylate cuvette. Different procedures were evaluated

(glutaraldehyde treatment, adsorbtion). A satisfactory fluorescence signal was generated when the

cuvette was incubated overnight with a solution of the toxin in the range of 2-5 pg/ml. The
coated cuvettes were tested with different concentrations of fluorescent labelled antibody

(guinea pig) previously purified by DEAE-cellulose-chromatography. To attain a high signal an

antibody concentration > 150 pg/ml was necessary which was considerably higher than the
usual concentration in immunoassays. Fig.1 shows an example of an experiment.
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Fig. 1 Development of Fluorescence after Addition of Labelled Antibody to Toxin
Coated Cuvettes

More than 90 % of the fluorescence was generated by the antigen-antibody-reaction and not
with labelled antibodies in solution, because there was only a small decrease of the signal after
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washing the cuvette with buffer. The immune complex could be cleaved by a short pulse with
0,1 N HCL. This treatment partly modified the epitopes of the toxin because a second addition of
the labelled antibody led to a fluorescence which was only about 50 % of the first phase.
Cleavage of the complex with 6 M urea or 0,2 M glycine pH 2,8 did not result in a higher
signal. So the cuvettes can only be used once.

For the quantitation of toxin in a sample an inhibition type assay was established. Fig. 2 shows
that the fluorescence was decreased dependent on the concentration of the antigen. In this case
an incubation of the toxin with the antibody for 20 min was necessary prior to the addition into
the cuvette. It was possible to detect 200 ng of the toxin. A lower detection limit should be
possible with longer incubation times or antibodies with a higher affinity.
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Fig.2 Inhibi of the FI after Incub of the Labelled Antibody
with Toxin

As a second system a fluorescent excitation transfer immunoassay was applied. The fluorescein
labelled antibody was immobilised in the cuvette and after incubation with the toxin the
tetramethyl rhodamine labelled antibody (rabbit) was added. Only a low signal was generated
after coating the cuvette indicating that the binding of the antibody to the polymehtylacrylate
was very weak. Therefore, in another approach a fluorescent labelled toxin was immobilized
which exhibited a high initial signal. The fluorescence was reduced after addition of the
quencher-antibody (Fig. 5). But even at a high concentration of this antibody the reduction was
only about 40 % so that the development of a sensitive immunoassay was not possible. In a
third approach a sandwich type system could be established. In order to immobilize the antibody,
a precoating of the cuvette was necessary. The cuvettes were incubated with polyethylenimine (2
%) followed by an incubation with 0,1 % glutaraldehyde. Then the antibody (rabbit) could be
immobilized. After incubation with the toxin (90 min) a signal could be measured after addition
of the FITC-antibody. The sensitivity of this system was considerably lower than the inhibition
type: the detection limit was 1 pg of the toxin. The sensitivity could be enhanced by
optimisation of the immobilisation.
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