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EXTRINSIC FIBER OPTIC BIOSENSORS WITH
LIGHT EMITTING ENZYME SYSTEMS

P.R. Coulet, L. J. Blum and S. M. Gautier

Laboratoire de Génie Enzymatique
CNRS - Université Claude Bernard Lyon 1
43 Boulevard du 11 Novembre 1918 - 69622 Villeurbanne Cedex - France

SUMMARY

A multipurpose fiber-optic sensor was designed in our group, with chemi- or bioluminescent
enzyme systems bound onto a preactivated nylon membrane attached to the end of 8-mm diameter
glass fiber bundle. This waveguide was connected to the PMT of a luminometer enabling remote
detection of specific target analytes. The fiber-optic sensor could be used for HyO measurements with
immobilized peroxidase. The maximum light intensity was obtained within 1 min and measurements
could be performed in the range 2 x10-8 M - 2 x10-5 M. With immobilized firefly luciferase, ATP
measurements could be performed over a wide linear range from 2 x 10-11 M to 1 x 10-6 M. With the
bacterial oxidoreductase-luciferase system, the linear dynamic range was comprised between 1 x 10-2
M and 3 x 10-6 M. The use of the biosensor has been extended to other analytes like sorbitol, ethanol
and oxaloacetate using specific dehydrogenases co-immobilized with the bacterial enzyme system. The
alternate determination of ATP and NADH with the same sensor using the two co-immobilised
bioluminescent systems on the same membrane was also developed using reaction mediums compatible
with both the activity and stability of each enzyme. The combination of FIA with these biosensors has
also been explored and a reagentless biosensor with co-reactants embedded and released in the
immediate vicinity of the sensing tip is now under development.

1. INTRODUCTION
Optically-based chemical and biochemical sensors now appear as a promising alternative to

electrochemically-based devices. Most of the systems described up to now, are based on colorimetry
and fluorimetry and have been mostly developed for biomedical applications. Reviews on the subject
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are regularly published (1-2). Obviously, if several analytical systems are based on chemi- or
bioluminescence phenomena (3, 4) , despite the high potent of such reactions in terms of sensitivity
and detection limit, only a few of them can be considered as real sensors. Starting from our know-how
acquired in developing enzyme electrodes (5), a multipurpose fiber-optic sensor was designed in our
group, based on bioactive membranes involving luminescence enzyme systems primarily used for
Hp07, ATP, NAD(P)H and for the subsequent detection of other analytes by adding auxiliary

enzymes to the system.
2. DETECTION PRINCIPLES

Under specific conditions, energy issued either from a chemical source or from biocatalysis by
selected enzymes can be transferred to some typical molecules which thus reach an excited state ;
release of this energy then occurs leading to a light emission characterizing chemiluminescence or
bioluminescence.

Luminol is one of the most commonly used chemiluminescent compounds and the detection at a
very low level of H)O) can be achieved with peroxidase (EC 1.11.1.7) catalyzing the reaction :

peroxidase
2 HpO2 + luminol ---------=---—-- > 3-aminophthalate + N2 + 3 HpO + hv (A max =430 nm)

Intensity of the light emitted can be directly related to the concentration of H)O7 under specific
conditions.

ATP and NAD(P)H which take part in a large number of biological reactions are also involved in
light emitting enzyme systems of various origins. For instance, luciferase from the firefly Photinus
pyralis (EC 1.13.12.7) in the presence of its substrate luciferin (LHp ) provides a light emission
related to ATP concentration, according to the reaction :

firefly luciferase
ATP +LHp + O --------—---- > AMP + PPi + Oxyluciferin + CO3 + hv (Amax = 560 nm)

A light emission related to the concentration of NAD(P)H can also be monitored in the presence of
the suitable co-reactants, using the bienzyme luminescent marine bacteria systems (EC 1.6.8.1 and
EC 1.14.14.3) from Vibrio fischeri or Vibrio harveyi according to the reactions :

oxidoreductase
NAD(P)H + FMN e > NAD(P)* + FMNH,

bacterial luciferase

FMNHo + R-CHO 4 0 e felliogi > FMN + R-COOH + H0 + hv (A max = 490 nm )
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3. BIOSENSOR DESIGN

Covalent binding of enzymes on preactivated polyamide membranes supplied by Pall Co., USA,
already used in our group for enzyme electrodes (6) was adapted to the immobilization of luminescence
enzymes for the design of this novel type of optical biosensor (7-9).

The waveguide consisted of a 1-m long and 8-mm diameter glass fiber bundle with one end bearing
the bioactive membrane maintained by a screw-cap, the other end being positioned in front of the
photomultiplier tube of a luminometer. Connections were secured in order to be light-tight on both
extremities. Samples were injected through a septum into the light-proof thermostated reaction vessel
(Fig. 1 and 2 ). The same transducing system could be used with a bioactive membrane bearing either
bound peroxidase or the bioluminescent systems, leading to a multipurpose device.

4. RESULTS

4.1. Determination of HyOp, ATP and NAD(P)H using different bioactive membranes.

With peroxidase immobilized in the bioactive membrane, H7O7 could be determined in the range
2 x10-8 M - 2 x10-5 M with the maximum light intensity reached within 1 min.
With firefly luciferase, a linear dynamic range from 2 x 10-11 M to 1 x 10-6 M for ATP was

obtained. The steady-state response time was dependent on ATP concentration and was about 1 min
for the lowest values.

For NADH, measurements with the bacterial oxidoreductase-luciferase system, could be performed
in the range 1 x 109 M - 3 x 10-6 M with a time for reaching the plateau varying from 1 to 3 minutes.

4. 2. Alternate determination of ATP and NADH using the same sensor with the two bioluminescent
systems co-immobilised on the same membrane.

The two different enzymatic systems (luciferase from Photinus pyralis and bacterial
luciferase/oxidoreductase from Vibrio harveyi ) have been co-immobilised on the same membrane
(10, 11). The appropriate conditions (buffer, pH, concentration of co-reactants) suitable for both the
optimum activity and stability of each enzyme were selected. Depending on the composition of the
reaction medium, only one of the immobilized systems was active and ATP or NADH could be

separately measured in the linear range 0.1 nM-1mM and 5.5 nM-1mM respectively with an RSD of
7%.

4.3. Extension to other analytes using specific dehydrogenases.

Hp07, ATP or NAD(P)H are products or co-substrates associated to the functioning of various

enzymes. Adding such enzymes to luminescent systems, confered to our biosensor new potentialities
which have been tested with some selected dehydrogenases (12). Either the appearance or the
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Fig. 2. Overall setup of the fiber optic biosensor [Ref.12].
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consumption of NADH can been followed with the bacterial bienzyme system. Tests were performed
with sorbitol dehydrogenase and alcohol dehydrogenase, both leading to the appearance of NADH.
The substrates D-sorbitol and ethanol could be measured in the range 2 x 108 M-2x10-5Mand 4 x
107M-7x10°5M respectively. With malate dehydrogenase competing with the bacterial system for
NADH consumption, oxaloacetate could be measured in the range 1x 109 M - 3x 106 M.

4. 4, Biosensor integration in a continuous-flow system.

In view of further developments using the flow injection analysis (FIA) approach, a special
flow-through cell (250 pul with stirring) was designed and adapted to the bioactive tip of the sensor

(13). Sample volumes from 5 to 50 pl were injected up-stream into the flowing reaction medium.
Linear ranges of 0.25 pmol -3 nmol for ATP and 5 pmol -1 nmol for NADH with RSD values of 4
and 4.5 % respectively were obtained with the multienzyme membrane and alternate measurements as
previously described.

4. 5. biosensor with co-substrate loading in the boactive tip.

A new approach for designing a reagentless biosensor was explored involving the continuous
release of a co-reactant during measurements. For this purpose, FMN was entrapped in a second
membrane stacked in the bioactive tip with the bacterial enzyme membrane. Collagen and
polyvinylalcohol membranes were tested for FMN loading (14). Using the PVA membrane, a
relatively constant signal over 30 to 35 assays (RSD value of 5 % ) could be obtained whereas only 10

to 15 assays could be performed using the FMN-loaded collagen membrane.

5. CONCLUSION

A new type of optical biosensor has been designed, based on the use of immobilized luminescence
enzyme systems. Several points can be emphasized : designed in a first step for hydrogen peroxide,
ATP and NAD(P)H detection, analytical potentialities could be extended to other analytes using
co-immobilized auxiliary enzymes. Whatever the target analyte, a very low detection limit as well as a
wide linear dynamic range characterize such biosensors which, contrary to other conventional optical
sensors do not need a light source and complex signal processing units. First results obtained after
their integration into flow injection analysis systems make such biosensors even more attrractive.

We focused on the operational stability of the bioactive membrane (15) which still remains a
parameter to be improved for routine analysis in industrial conditions. It must be stressed however that
the membranes can be considered as disposable due to the extremely simple procedure of enzyme
immobilization on preactivated membranes which makes it very easy to renew the sensing tip.
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