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SUMMARY

Three enzyme sensors «{for glucose, lactate and glutamine) have been
coupled simultaneously with a flow-injection analysis device on-line
with bioreactors harboring monoclonal antibody and interleukin-2
producing cell lines. Two approaches for FIA-coupled immunosensors

were demonstrated for detection of alpha-interferon.

i. On-line measurements of D-glucose, lactate and L-glutamine

Three different enzyme sensors have been coupled with a

multi-channel flow injection analysis device developed at the GBF

Braunschweig.

The glucose and lactate flow—-through sensors were sequentially
connected sharing the same buffer (phosphate buffer, pH 7.0). As the

pH-optimum for determination of glutamine was found to be at pH 5.5
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the glutamine sensor was separately supplied by extra FIA channels
(Fig.1).

In contrast to the commercially available glucose oxidase and
lactate oxidase monoenzyme membranes the glutamine sensor used a
bignzyme membrane (1). For all 3 enzyme sensors the formed hydrogen
peroxide was followed amperometrically at 0.6 V. No interferences
could be observed from media constituents at this potential. The
optimal flow rate was 1.2 ml/min, the dispersion rate 3.7 and the
sample volume 44 ul. To extend the linear range of the sensors an
additional diluting stirred mixing chamber has been used leading to
an overall dilution of 13. Under these conditions calibration curves
were linear for glucose up to 60 mmol/l, for lactate up to 20 mmol/1
and for glutamine up to 15 mmol/l.

Two different fermentations were controlled by the
3I-electrode-system: a batch system for production of monoclonal
antibodies by rat—mouse hybridoma cells (see (2)) and a system with
continuous medium exchange for production of interleukin 2 (IL-2) by
baby hamster kidney (BHK) cell line (see (3)) (Fig.2). Due to the
used protein—free media a simple on-line coupling of the FIA-system
via an exchangeable steril filter with the harvest stream from the
bioreactor was sufficient. After passing the FIA-sensor system the
samples were not returned to the bioreactor. Sterility of the

sensors was therefore not required.
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Figures 1 and 2 FProcess control by the I-sensor—-FIA system of a 1.4
1 homogenous stirred bubble free aerated system with continuous
medium exchange producing IL-2 by the cell line BHE 21 pSVILZ.

medium: DMEM and Ham s F 12 1:1 supplemented with 2.3 g/1 NaHCO; ,
1.3 7921 Glucose—-monohydrate, 0.4 g/l glutamine, Bl Y wig/ 1

Na-pyruvate, 2.0 g/1 dextran T70 (see also (3)

It could be shown that the FIA-coupled sensor system gives direct
access to very valuable data for process control. These data were
all in accordance with HFLC-data and off-line enzyme sensor data

obtained for the two processes later.
2. Immunosensors for interferon

In parallel to the development of enzyme sensors for low-molecular
substances immunosensors now offer the possibility to determine also
high-molecular products.

Monoclonal antibodies specific for human interferon—alpha-1 (ZIM
VD11 and ZIM 11611 produced by the group of F.Noll, Central
Institute of Molecular Biology, Berlin—Buch) (4) were covalently
coupled on an activated nylon membrane (ImmunoDyne, Fall Inc., USA)
and by BrCN-method on Sepharose beads. The membrane covered with

capture antibody and saturated with inert protein was placed on a
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hydrogen peroxide sensor in a flow-through cell identical to the
measuring cells of the enzyme sensors for glucose, lactate and
glutamine. Interferon-containing samples were injected into the cell
forming a antibody—antigen complex (15min). After washing with
buffer a second anti-interferon antibody was injected labeled with
glucose oxidase (GOD). After another 15 min non-reacting labeled
antibody was washed off and glucose was injected yielding with GOD
hydrogen peroxide. The hydrogen peroxide formation followed by the
sensor was directly proportional to the bound interferon. By
injection of glycine-HCl buffer (pH 2.2, 5 min) the complex between
capture antibody and interferon dissociated regenerating the free
capture antibody.After washing steps (1o min) the immunosensor was

ready for the next measurement of interferon. The sensor was

sensitive in the range from S to SO pmoles IFN/ml BNt fng — 1
Fg/ml).
A far broader measuring range (1o to 150 pmoles/ml or 1loo ng- 3

Fg/ml) was obtained with a cartridge (S0 ul) filled with the same
anti-interferon capture antibody covalently bound to Sepharose. The
reactor—-immuno approach has due to a higher antibody loading the
advantage of shorter assay time (30 min) and improved reusability
(So assays without loosing binding ability compared te 10 with the
membrane immunosensor).

Both approaches have still to be optimized and will offer reusable
immunosensors giving poduct concentration signals within a few

minutes.
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