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Summary

A new method for the determination of glucose and total amino acids using a fibre optic biosensor
in combination with a flow injection system (FIA) is presented. The biosensors are based on fibre
optic oxygen optrodes which measure the oxygen consumption via dynamic quenching of the fluores-
cence of an indicator by molecular oxygen. Enzyme cartridges with immobilized glucose oxidase (EC
1.1.3.4) fromA. niger and amino acid oxidase (EC 1.4.3.2) from Crotalus adamanteus were integrated
into flow through chambers covering oxygen optrodes. The FlA-system was used to dilute and buffer
the on-line sterile filtered samples taken automatically from the fermenter by-pass loop. This detection
set-up was successfully used to improve the cell density of E. coli fermentations by controlled medium
supply. The fermentations were carried out for the production of recombinant protein.

The cell-line E. coli K12 HB 101 is a very popular expression system for recombinant proteins /1/. But,
as an amino acid auxotroph cell-line (auxotroph for proline and leucine), it grows only in a medium
which includes both amino acids. Inadequate medium supply leads to limitation of both, cell growth
and recombinant protein production, on the other hand surplus of glucose and amino acids results
in inhibition of cell growth. Hence, in order to achieve an optimal control, the auxotroph cell-line
requires continuous monitoring of glucose and amino acid concentrations, which can automatically
be achieved using a new integrated fibre optic detection system in combination with flow injection
analysis (FIA).
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Experimental g

The flow through chamber covering the oxygen optrode and the integrated enzyme reactor with
immobilized glucose or amino acid oxidase is shown in Fig. 1. The immobilization of enzymes, the
construction of the oxygen optrode and the set-up of the FIA-system is published elsewhere /2, 3/.
The FIA system was connected via a BIO-PEM sterile filtration module to a 15 fermenter. Sterile
filtered samples were injected into carrier streams of 0.1 M KPi. In the presence of substrate oxygen
was consumed within the sample zones and monitored via dynamic quenching of the fluorescence
of an indicator by molecular oxygen. Glucose and total amino acid concentrations were monitored
throughout an E. coli cultivation at 37°C. Off-line glucose samples were determined with a YSI-glucose
analyser (Yellow Springs Company, USA) according to the manufacturer's manual and were taken as
reference. An M9 medium with glucose as the main carbon source and caseine hydrolysate as the
source for proline and leucine was used.

Besults

The glucose and total amino acid concentrations for the culture broth were obtained by comparison
of sample peak height to the calibration peak heights. The calibration graphs for the determination
of glucose and L-leucine are shown in Fig. 2 and the substrate specificity of amino acid oxidase from
C. adamanteus is shown in Fig. 3. A pH of 7 was selected for the determination of total amino acids.
The linear range is limited by the dissolved oxygen concentration in the buffer solution.

In contrast to arrangements using enzymes directly immobilized on a transducer surface /3,4/, the
use of enzyme cartridges provided an excess of immobilized enzymes. This resulted in enhanced
sensitivity due to higher conversion rates and better long term stabilities /4/, (inactivation and loss of
small amounts of immobilized enzyme have no significant effect on substrate conversion due to the
excess of immobilized enzyme). On-line monitoring of glucose and total amino acid throughout an
E. coli fermentation of 33 h duration is shown in Figs. 4 a and b. Fig. 5 shows the oxygen consumption
and increase of optical density.
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Fig. 1

Schematic cross section of the flow through chamber covering the axygen optrode (E) and the integrated enzyme reactor
(H) with immobilized amino acid oxidase or glucose oxidase. The bifurcated fibre bundle of a fluorimeter (Oriel 3090) is
inserted into the fitting (C). (F) is the ‘meander shaped’ flow channel and (H), (D) and (G) are screws to tighten the flow
through cell.
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Fig.4aand b

On-iine monitoring of glucose and total amino acid concentrations throughout an E. coli fermentation of 33 h duration.
Subsequent addition of glucose as the main carbon source and caseine (as the source for the limiting amino acids leucine
and proline) were made after 12 h, when the cell mass reached a plateau as shown in Fig. 5.
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Fig.5

Oxygen consumption and optical density (ODsoo nm). At the end of the fermentation an OD of 125 was obtained,
comesponding to a cell dry mass of 60 g/l (with off-line glucose analysis a cell mass of only 40 g/l was achieved)

Conclusions

On-line monitoring of glucose and total amino acid concentrations allowed a better regulation of
medium supply. Therefore, undesirable surplus or limitation of glucose and of amino acids were
avoided. A drawback of the detection of total amino acid concentration is that the system is unspecific
for L-leucine and insensitive towards L-proline, the second limiting amino acid in the cultivation of E.
coli K12 HB 101. Therefore, enhanced selectivity of the system towards both amino acids should
result in an improvement in medium feed strategies which may lead to even higher yields.
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