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AMPEROMETRIC IMMUNOSENSORS FOR BIOPROCESS CONTROL

R.Renneberg, A.Warsinke, G.Kaiser

Central Institute of Molecular Biology,
1115 Berlin-Buch, Robert-R&ssle-Str. 10
Germany

SUMMARY

Amperometric enzyme immunosensors have been developed for
monoclonal antibodies (IgG), alpha-interferon and the pesticide
2,4 dichlorophenoxyacetic acid (2,4 D). Both in sensitivity and
measuring frequency the immunosensors are sufficient for practical
bio-reactor control. For pesticide monitoring, however , the
sensitivity should be increased dramatically.

1.Introduction

Immunosensors could well be the "ultimate biosensors " of the
future. They are expected to extend the range of measurable
analytes to high-molecular substances, xenobiotics etc. and the
sensitivity for orders of magnitude compared to enzyme and
microbial sensors *.

However, no cheap reliable immunosensor is available on the market
today. Some reasons for this are the competition by perfect
designed ELISAs, the 1lack of immunochemical knowledge among
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biosensor specialists and the poor availability of reliable cheap
new Sensors.

The aim of our work is the development of amperometric enzyme-
immunosensors. They should be cheap, reliable, reusable,compatible
to enzyme sensor technology, and ready for automatization (e.qg.
coupling with FIA). The targets are high-molecular produts of
animal cells (monoclonal antibodies, interferon alpha.,
interleukin-2) and low-molecular haptens (pesticides and military
"old burdens").

2.Immunosensors for monoclonal antibodies and interferon

Two approaches are used: Membrane Iimmunosensors use a measuring
flow-through cell with the catching antibody covalently bound to a
membrane (cellulose acetate, activated nylon) (Fig.1). In case of
a multiepitope antigen (e.g. protein) after binding of the antigen
and washing steps a second enzyme-labeled antibody is used forming
a sandwich structure. In case of haptens (e.g. pesticides) the
hapten-molecule is conjugated with enzymes and the labeled and
free antigens are competing for the catching antibodies. Glucose
oxidase (GOD) and alkaline phosphatase (AP) as marker enzymes
yield with glucose or 4-aminophenylphosphate, respectively,
signals at 0.6 or 0.1 V corresponding to the bound enzyme

activity.
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Fig.l1 Principle of membrane immunoreactor
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Immunoreactor sensors (Fig.2) use minireactors, i.e. cartridges
filled with carrier-bound catching antibodies, connected with pure
or enzyme H.0. -sensors. In all cases the catching antibodies
could be regenerated by a dramatic shift in pH. After this the

sensors could be used again.
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Fig.2 Immuno- reactor approach
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For measurement of antibody (IgG) production by hybridoma cell
lines both approaches were tested (Fig.3). Both immunosensors are
sensitive enough to follow the mg/ml antibody concentrations in
the bioreactor . The measuring time of the sandwich sensor is
longer compared to the sensor using the competition principle
because the latter needs no time-consuming incubation with a
second antibody. However, the sensitivity and linearity of the
sandwich sensor are higher.

For alpha interferon the same principles were tested in
cooperation with K.LSster and F.Noll (Central Inst. Molec.Biology,
Berlin) . Here the sandwich principle 2 was applied in both cases,
so the sensors can be compared directly . As is shown in Fig.4 the
membrane sensor has a lower sensitivity and linearity but a longer
measuring time.
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Fig.4 Immunosensors for alpha-interferon
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The much higher loading of catching antibodies in the reactor
compared to the antibodies bound to the small membrane surface is
the main reason for this finding. Both immunosensors have a
sufficient sensitivity for measuring interferon in real samples
from recombinant Escherichia coli fermentation *. As the product
(in contrast to monoclonal antibodies secreted by hybridoma cells)
must be extracted from the E. coli cells an on-line measurement is
not possible.

The measurement frequency is in all cases of immunosensors slow
compared to enzyme sensors due to the long binding and
regeneration times. There is no doubt that th2ese times can be
reduced in future. For practical application in bioprocess
monitoring in general one sample per hour is sufficient, for
environmental and medical application, however, this should be
speeded up.

3. Immunosensors for 2,4 D

First attempts have been made to develope a sensor for the
pesticide 2,4 dichlorophenoxyacetic acid (2,4 D) in cooperation
with Dr.Knopp (Institute of Microbiology, Bad Elster). Polyclonal
anti-2,4 D antibodies were covalently bound to a nylon membrane.
The antigen was conjugated with GOD or AP . There was a first
success to displace the bound antigen-enzyme conjugate from the
catching antibody by adding free antigen. The displacement
principle has now attained wide attention for haptens. It could be
used for a future "dip-in" immunosensor.

For environmental monitoring the sensitivity of the present
amperometric immunosensors should be increased dramatically. The
questions to be solved are mainly immunochemical problems. Ultra-
sensitive amperometric immunosensors should use

- a well-defined antibody geometry at the sensor surface

- engineered antibodies (chimeric ab-enzyme molecules, abzymes,
bispecific antibodies)

- signal channelling for amplification by coupled enzyme reactions
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In addition to improvements in enzyme immunochemistry new sensors
should be tested. The chip-technology can be used for mass-
produced cheap immunosensors (R.Hintsche, see this volume). 1In
this case no regeneration procedure would be necessary.
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