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of optical sensors.
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1. Introduction

Biotechnological processes require affordable apiiron-line sensing techniques. Current sensors
use amperometry with an oxygen electrode or hydrgmzoxide electrode, and their usefulness is

limited by sensitivity to electromagnetic stirriagd oxygen consumption. In addition, electroactive

species present in the complex measurement mediayncause interference. Enzyme based fiber
optic sensors suitable for in-situ, continuous rtarmg of reactants under harsh reaction conditions
were developed during European Commission funde@g@rMATINOES .

The Sensor is based on the measurement of oxygesumgtion due to oxidation of glucose
catalyzed by enzyme glucose oxidase. Ruthenium lsongerves as an optical transducer.
Its fluorescence is quenched proportionally witkgen concentration

The encapsulation into UV curable polymer ORMOEERas used for fabrication of a sensitive
layer of an optical sensor of oxygen and glucodee €nzyme glucose oxidase was protected
against harsh immobilization conditions by pre-infitization on porous carrier.

The sensors, developed within the project MATINOR®re tested in a laboratory bioreactor
during yeast fermentation and biodegradation of hyidtbutylether. The tests proved

ORMOCER’s durability and stability of the sensor in onechatA course of bioreactor test can be
seen orwww.icpf.cas.cz/bio/matinoes.

This paper describes the results of tests with 8RR multichannel instrument and stability of

sensitive layers during cultivation in a bioreactor

Material and methods

Preparation of sensitive films on lenses:

The sensitive films consisted of a mixture of ORMERE with Ru-tris(4,7-diphenyl-1,10-
phenanthroliné) complex and glucose oxidase pre-immobilized ommys support. The mixture
was dropped on acrylate or quartz lens and curddrddV lamp. A coated lens — sensitive element
— was mounted on the tip of a probe. The probe umsBH bioreactor Applicon is on Fig. 1.

Multichannel SAFIBRA SD-5:



Optical fibers were used to monitor 6 detectioressitEach sensor consisted of ORMOCER®
fluorescent layer interrogated by an optical fib&r coupler carrying the excitation and fluorescent
light. Pulsed light from a blue LED was coupledoirthe fiber bundle. Fluorescent light was
directed to a photomultiplier and photons were tedmusing a discrete preamplifier feeding pulses
into a gated counter synchronized to the excitabipran embedded microcontroller. The system
was multiplexed by interrogating separate sensenmsguan array of LEDs, excited sequentially.
Light from all the sensors was detected by the sama¢omultiplier.

The fluorescence lifetime was determined by thesmesment of light intensities at four points

after the cessation of the excitation.

The tests of sensitive layers:

The basic test for evaluation of coating perforneam@s a response to aerobic-anaerobic (AA)
transition and a response to increasing concenir&tom O to 1 mmol glucose/L (GL). The values
compared were relative changes of fluorescenctentiés during aerobic-anaerobic transition and
the change of concentration of glucose from O mondol/L. An example of the test in a bioreactor is
on Fig. 2. The basic test was used for evaluatfoimftuences of changes in coating composition
fabrication and environments of the measuremergemsitivity and stability of layers. We tracked
the influences of temperature, pH, film fabricatiparameters, composition of ORMOCER
storage of sensitive elements, sterilization iroelalve and conditions in the bioreactor.

Off-line control of glucose concentration was devith enzymatic kit Sigma P7119.

Air
\ Test of oxygen and glucose sensors

086 Acryl lens 1, ORMOCER1349 - Il, cultivation: 1.day, yeast, 30T

100

0,841 T 80

o

®

R
N

T 60

Glucose 1 mmol,

Air 80%

Nitrogen

Lifetime (us)
d02 (%)

+ 40

o
™
L

0,78 1 T2

0,76 T T T T T T
0 5 10 15 20 25 30

Time (min)

Fig. 1. MATINOES sensor probe. Fig 2. Test of cay@nd glucose sensors.

Results and Discussion

MATINOES glucose sensors in a bioreactor.

The range of applications and stability of sengsrdependent on electrical and optical part on
mechanical construction and materials. In caseppfi@tion in harsh conditions the most critical

component is a sensitive film. The parameters of TMNOES sensors tested in a laboratory
bioreactor are in Table 1. The concentration raofj@ sensor was enlarged to 20 mmol/L by
changing of a complex and components ratio in aigea film.

After sterilization by isopropanol, the glucose sanis were tested during 6 days’ yeast cultivations.
Each day, a response to AA transition and GL tesmteweonducted, and the samples for off-line




determination of glucose concentrations were takée. parameters of MATINOES sensor did not
change during one cultivation batch. SEM photog.(B) show that the sensitive layer looks like a
sandwich, with Sepabeads with GOX being caught éetwtwo ORMOCER sheets. The
ORMOCER’ parts were not contaminated. Yeast cells startegrow in the ORMOCERs
ruptures and proliferate inside the layer on theaBeads’ surface.

Table 1: Parameters of MATINOES sensors.

Oxygen sensor Glucose sensor
concentration range 0-100 % DO 0-3 mmol/L
sensitivity 2% 0.2 mmol/L (at 80 -100%D®)
stability in the bioreactor > 2 weeks, pH independen6é days
storage stability > month > 2 weeks
sterilization autoclavable ethanol, isopropanol, UV
response time ~20s ~20s
(one channel SOMS)
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Fig. 3. SEM of a glucose sensor (Acrylate lens 113481 complex+GOX seedin§epabeads) after
6 days in the bioreactor (yeast cultivation).
a) surface of a sensitive layer in the bioreaateHl @rowth in the ORMOCERrupture)
b) a sensitive layer on the side of acrylate lens
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Off-line determination of glucose concentrationhwitultichannel SAFIBRA SD-5

The tests confirmed that individual channels of 88%FA SD-5 are identical. The calibration was
simultaneously done with four channels (Fig 4) sholfferences within experimental error.
Multichannel device was used for determination licgse concentrations in ciders, mashes and
beers. In samples with glucose content 0.5-2 mmgllicose concentrations determined with SD-5
differed < 1% from values found with enzymatic kit Sigma P31In presence of compounds
lowering oxygen solubility, sensor responses tocgbe concentrations were decreased. Fig 5




presents shift in calibration, due to fructose (@/B) in a solution. The same lifetime drop was
observed with raffinose, maltose and sucrose.
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Conclusions

Encapsulation of pre-immobilized enzyme in UV cu@BMOCER’ with an oxygen sensitive
complex is a novel technique of a formation of #eres elements of optical sensors. The
advantages of the films are operational, mechanit@mical stability and resistance to biofouling.
The technique is not restricted to glucose oxidase. ruggedness of a sensor is limited only by
stability of pre-immobilized enzyme.
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