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THE USE OF FLUORESCENCE SENSORSAS OPTICAL BIOSENSORS

C. Schelp, T. Scheper
Institut fiir Technische Chemie, Universitat Hannover,Callinstr. 3,

3000 Hannover, F. R. G.

A.F. Bückmann
GBF,Gesellschaft fiir Biotechnologische Forschung mbH,

Dept. of Enzyme Technology, Mascheroder Weg 1, 3300 Braunschweig, F. R. G.

The use of miniaturized fluorescence probes for on-line monitoring analytes in con-
tinuous-flow systems (automated clinical analysis, process control, e.g. in biotechnologi-
cal processes, environmental control, etc.) has becomeincreasingly important. Wereport
the application of a fiber-optic based fluorescence probe used as optrode for a novel
optical biosensor system to monitor NAD(H) dependent enzymatic reactions based on the
flow-injection analysis (FIA) principle. A miniaturized fiber-optic fluorimeter is com-
bined with a small size membrane reactor (1 ml) (Fig. 1). In here, enzymes (dehydro-
genases) for analyte conversion and coenzymeregeneration as well as the macromolecu-
lar coenzyme derivative polyethyleneglycol (PEG, M, = 20,000)-N°-(2-aminoethyl)-NAD(H)
[1] are retained in the direct vicinity of the sensor tip of a concentric fiber-optic probe
(fluorescence excitation 360 nm / emission 460 nm) by an ultrafiltration membrane (cut-
off: 5000 Dalton) (Fig. 2). Only low molecular-weight compounds (analytes, products,
etc.) can freely pass through thisultrafiltration membrane.
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Fig. 1: Construction ofthe ultrafiltration membranereactorofthefiber-optic biosensor
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Fig. 2: Principle of the fiber-optic biosensor. W-NADH: PEG(M, 20,000) - N°-(2AE)-NADH

E,; Dehydrogenase for analyte transformation; E, Dehydrogenase for PEG-NAD(H) regenera-

tion

The courseof onedetection cycle consists of the followingsteps:

1. _Injection of the substrate compoundto be analysed

2. Fluorometric detection of consumed or generated PEG-NADH reflecting the quan-

titatively converted substrate

3. |Enzymatic regeneration of the coenzyme.

Using L-phenylalanine dehydrogenase (Phe DH, Sporosarcina

ureae

[2]) and com-

mercially available L-lactate dehydrogenase (LDH,rabbit muscle), alcohol dehydrogenase

(ADH,yeast) and formate dehydrogenase (FDH, Candidaboidinii) calibration curves[re-

lative fluorescence expressed in mV versus analyte concentration (g/l)] for respectively
phenylpyruvate, lactate and pyruvate, ethanol and formiate dissolved in aqueous solu-

tion were obtained.

Table 1: Summary of the experimental conditions and results for determining analyte calibration
curves

Analyte Experimental conditions
Calibration ) a ; )
curves, concen- PEG- E e for U/ml nzyme for U/ml
tration range NADH Sale coenzyme re-

(g/l) (mM) conversion generation

Pyruvate 0 - 0.06 0.75 LDH 55 ADH 264
Lactate 0-03 0.75 LDH/GPT 55/16 LDH 55
Phenyl- 0-0.12 0.75 PheDH 32 LDH 55
yruvate
ormate 0-0.10 0.75 FDH 16 LDH 55

Ethanol 0-0.05 0.75 ADH 264 LDH 110

 



 

 

The useoffluorescence sensors as optical biosensors

Samples of 300 ul were injected into the bufferstream (0.15 ey before entering the
membrane reactor (volume 1 ml). Pumping was carried out at

3

- 3.5 Bar. The tempera-
ture was 25° C for the first two analytes, 0.05M sodium phosphate , pH 8.5 , was used.
Otherwise 0.08 M TRIS/HCI, pH 8.0, was used. For the reaction catalysed by PheDH
40 mM NH,Cl was added to the sample. To drive the reaction catalysed by ADH towards
formation of PEG-NADH20 mMsemicarbazide waspresentin the sample.
Intermediate regeneration of PEG-NADH or PEG-NAD was carried out by eluting with
the appropriate buffer with respectively 1 mM ethanol and 20 mM semicarbazide or
0.7 mM pyruvate. The time of one detection cycle was 10 - 15 minutes. The enzyme
activity added to the reactor was expressed in international units (U, uMol NADH con-
sumed/min), determined as described in ref. [2] for PheDH and ref. [3] for the other
enzymes.

The usefulness of the biosensor concept reportedis illustrated in Fig. 3. Here the
course of ethanol formation in a bioreactor with baker’s yeast is represented. The cur-
ves for the increasing ethanol concentration in the range 0 - 1.8 g/l obtained by gas-
chromatography and the FIA-biosensor proposed correspond satisfactorily.
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Fig. 3: Course of ethanol formation in a bioreactor with baker’s yeast as determined by
gaschromatography (@) and FIA using the fiber-optic biosensor (w) N.B. cell free sam-
ples of20 ul were injected.

The reduction of time for one detection cycle and the long-term stability are cur-
rently under investigation
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