Available online at www.sciencedirect.com
scmncs(dblnsc'n G

e nSlies
ELSEVIER Journal of Molecular Catalysis B: Enzymatic 31 (2004) 151-158

JOURNAL OF
MOLECULAR
CATALYSIS
B: ENZYMATIC

CAAURER(IT]

www.elsevier.com/locate/molcatb

Glucose concentration determination by means of fluorescence emission
spectra of soluble and insoluble glucose oxidase: some useful
indications for optical fibre-based sensors

M. Leporé, M. Portacci@, E. De Tommasj P. De Lucg, U. Benciveng$,
P. Maiur®, D.G. MitaP*

a Department of Experimental Medicine, Faculty of Medicine and Surgery, Second University of Naples, Via S.M. di Costantinopoli 16, 80136 IMaples, Ita
b |nstitute of Genetics and Biophysics “Buzzati Traverso” of CNR, Via Guglielmo Marconi 12, 80125 Naples, Italy

Received 2 February 2004; received in revised form 6 May 2004; accepted 5 July 2004

Abstract

By using soluble and insoluble glucose oxidase, the changes in intrinsic emission fluorescence in the visible spectral region were studied
as a function of glucose concentration. Insoluble glucose oxidase (GOD) was obtained by entrapment in a gelatine membrane or by covalent
attachment on an agarose membrane grafted with hexamethylendiamine. The intensity of the fluorescence emission peak at 520 nm or the
value of the integral fluorescence area from 480 to 580 nm were taken as physical parameters representative of the glucose concentratior
during the enzyme reaction. By using these parameters, linear calibration curves for glucose concentration were obtained. The extension of
the calibration curve and the sensitivity of the adopted systems were found to be dependent on the enzyme state (free or immobilized) and on
the immobilization method. In particular, it was found that the extent of the linear range of the calibration curves is increased of one order
of magnitude when the glucose oxidase is immobilized, while the sensitivity of the measure is decreased of one order of magnitude by the
immobilization process. Measures carried out by using the integral fluorescence area resulted more sensitive than those obtained with the
peak size. Useful indications for the construction of optical fibre-based sensors were drawn from the reported results.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction chemolumetric, spectrophotometric or fluorometric methods
are used for the enzymatic measurements of glucose concen-
Determination of glucose concentration takes a relevant tration. Amperometric systems are used for the determination
place in controlling various food and biotechnological pro- of H2O, or O, [5-9], while potentiometric method40,11]
cesse$l,2] as well as in diagnosing many metabolic disor- are employed for the determination of the production of glu-
ders, mainly in diagnosis and therapy of diabggsAmong conic acid following the pH change. Tretthak and Wolfbeis
the various methods employed to this aim, those utilising the [12] developed a sensor based on the changes in the emis-
enzyme glucose oxidase (GOD) are the most widespread.sion fluorescence properties of GOD in the visible region
GOD is an oxidoreductase, which catalyses the oxidation of during the enzyme reaction. Enzymes, indeed, exhibit intrin-
glucose to gluconic acid. sic fluorescenc§l2—-14] An intense emission fluorescence
Raba and Mottol§4] published an interesting review on is observed in the UV spectral region, due to the presence
the analytical use of GOD. Amperometric, potentiometric, of tyrosine and thryptophan residues; while a weak fluores-
cence due to flavine residues occurs in the visible zone. For
* Corresponding author. Tel.: +39 081 2395887; fax: +39 081 2395887. this reason, glucose oxidase has been used as glucose sensing
E-mail addressmita@iigb.na.cnr.it (D.G. Mita). mainly in the UV spectral region, while the effectiveness of
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the fluorescence of the GOD-FAD complex was the subject  The presence of the radical ABTgjives a green color

of a serious debate. Some authfir4—16]affirmed thatthe  to the reaction mixture. The intensity of the solution colour,

flavinic coenzyme embedded in the protein does not generateproportional to ABTS concentration, was spectrophotomet-

any detectable emission, while other authidig 18]argued  rically measured at 405 nm. The absorbance is also propor-

the contrary. Indeed oxidised free flavines exhibit a relatively tional to O, concentration. POD was used to characterise,

strong fluorescence with a quantum yield of i8] and an  from the biochemical point of view, the catalytic activity of

emission maximum around 530 nm. It was also found that our soluble and insoluble GOD.

the energy intensity of this emission depends on solvent po-  Bovine gelatine (average molecular weight 100,000 Da)

larity and temperaturfl9-21] as well as on the formation  or agarose were used to prepare the membranes on which

of complexes with a variety of molecul§22,23] GOD was immobilized by entrapment or by covalent attach-
In this paper, we will discuss the changes in the emis- ment, respectively. In the latter case, hexamethylenediamine

sion fluorescence spectra in the visible region when GOD, (HMDA) and glutaraldehyde (GA) were used as spacer and

free orimmobilized, interacts with different glucose concen- coupling agent, respectively.

trations. In the case of insoluble GOD, the enzyme was en- Al chemicals, including the enzymes, were purchased

trapped in a gelatine membrane or covalently attached to anform Sigma (Sigma—Aldrich, Milano, Italy) and used without

agarose membrane, grafted with hexamethylendiamine. Thefurther purification. Gelatine was a gift of Deutsche Gelatine

study of the intrinsic fluorescence of the immobilized GOD Fabric Stoess, Eberbach, Germany.

was undertaken in view of the employment of these catalytic

membranes as biological element constituting the interface2.2. Methods

with an optical fibre-based sensor. Within this frame of ref-

erence the extension of the linear calibration curves as well 2.2.1. Preparation of the catalytic membranes

as the sensitivity of the soluble and insoluble GOD will be Two catalytic membranes were prepared. The first one was

discussed, together with the dependence of the kinetic andobtained by immobilizing the glucose oxidase by entrapment

optokinetic parameters from the state, free or immobilized, in agelatine membrane; the second one was obtained by cova-

of GOD. This comparison allows us to know how the immo- lently attaching the enzyme to an agarose membrane grafted

bilization proces$24—-30]affects the kinetic of the enzyme  with HMDA.

reaction.
2.2.1.1. Enzyme immobilization by entrapmeht.10%
gelatine (w/v) aqueous solution was heated in a water-
2. Materials and methods bath at 90C for 15min, then the solution was cooled
at 40°C before adding a 50% (v/v) ethanol/formaldehyde
2.1. Materials solution to give a 1% final HCOH concentration. After

20 min of treatment at this temperature, GOD (final con-

Glucose oxidase (GOD, EC 1.1.3.4) froAspergillus  centration 1mgmt?) was added under vigorous stirring
niger (154 Umg ) was used in this study. GOD catalyses and then the mixture was poured on a Plexiglas _flat sur-
the oxidation of glucose to gluconic acid through the reac- face into a Plexiglas square frame (0.5mm in thickness,

tion: and 12cm in size). The preparation was quickly put into
a freezer at-24°C and after 16 h brought back to room
p-glucose+ Op 222 p-gluconolactone- H,0, temperature, thus obtaining a flexible gelatine membrane,

which was extensively washed with distilled water. At this
point rectangular pieces of the same size (6 mfrb mm)
p-gluconolactoner H,O — p-gluconic acid were cut and used for the experimentation. In this way,
catalytic membrane comparable for dimension and amount
The reaction mechanismis the following: glucose reduces of entrapped GOD were obtained. The crosslinked gela-

FAD of glucose oxidase to FADHwith formation of Glu-  tine membranes had a lattice structure, which efficiently
conolactone, which is rapidly hydrolysed to gluconic acid. held the biocatalyst and allowed diffusion of substrate and
At this point the dissolved oxygen reoxidises FAPIb reaction products across the membrane. When not used,

GOD and produces #D,. Horseradish peroxidase (POD, the membranes were stored &atGin buffer solution pH
EC 1.11.1.7) (1,119Umd}) was used to measure,8, 5.0.

concentration produced by GOD. POD catalyzes the oxida-
tion of organic substrates with hydrogen peroxide as the ulti- 5 1 o Enzyme immobilization by covalent attachm@at.
mate electron acceptor. In particular, in the presence 6f 2,2 opiain this membrane type a 5% (w/v) agarose aqueous so-
azino-bis(3-ethyl-benzothyazoline-6-sulfonic acid) (ABTS) |ytion was prepared by dissolving, under vigorous stirring,
the following reaction occurs: agarose in distilled water kept at 100 for 10 min. At the

POD end of this treatment the agarose solution was poured into
H20, + 2ABTS— 2H,0 + 2ABTS* the same Plexiglas device used to prepare the gelatine mem-
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brane and stored overnight at@. The subsequent step con- 2.2.3. Intrinsic fluorescence emission measurements

sisted in grafting the agarose membrane with HMDA. To GOD is a typical flavoprotein. GOD frorA. nigeris a

this aim, the membrane was allowed to interact 90 min at dimer having two very tightly bound FAD molecules per
room temperature with a 3% (v/v) HMDA aqueous solution. dimer. Each subunit of holo GOD (that is the enzyme associ-
After repeated washings with distilled water to remove the ated to its flavinic coenzyme) has two distinct domains: one
unbound amines, the graft agarose membrane was treated fobinding the flavin moiety and the other having the catalytic
120 min at room temperature with a 2.5% (v/v) glutaralde- site binding the substrate. As all flavoproteins, GOD shows
hyde aqueous solution. After further washing with distilled absorption maxima atabout 380 and 450 nm and intrinsic flu-
water, the activated membrane was treated overnight@t 4 orescence with an emission maximum at about 530 nm, at pH
with a 0.1 M acetate buffer solution pH 5.0, containing GOD 7.0. Changes in the fluorescence of soluble GOD have been
at the concentration of 1 mgmiL. At the end of this treat-  found during its interaction with glucose, since the oxidized
ment the catalytic membrane was cut in rectangular piecesand reduced flavines have been found to exhibit different flu-
as for the gelatine membrane. Also in this case, catalytic orescencefl2—-14]

membranes comparable for dimension and amount of im-  The emission fluorescence spectra have been collected by
mobilized enzyme were obtained. When not used, the cat-means of a spectrofluorimeter, model LS 55, purchased from
alytic membranes were stored &t@in 0.1 M buffer acetate  Perkin-Elmer (Perkin-Elmer Italia, Milano, Italy), by using as

pH 5.0. light source a Xenon discharge lamp with an emission spec-
. _ o trum ranging from 200 to 800 nm. Sample excitation was per-
2.2.2. Biochemical measurements of GOD activity formed at 450 nm, while the emission spectrum was recorded

GOD activity was measured by enzymatically determin- jn the range 480-580 nm. Just to give one examplBign1
ing the concentration of the produced hydrogen peroxide the fluorescence emission spectra of soluble GOD in the pres-
by means of POD, according to the following procedure: ence (5mM) or in the absence of glucose are reported. From
0.1mL of the sample to be analyzed andpd0of POD Fig. 1itis evident a fluorescence increase (about 7% for both
(5.55UmL™?) were added to 2mL of 0.1 M acetate buffer, peak and integral area values) when glucose is presentinto the
pH 5.0, containing ABTS at a concentration of 10mM. The aqueous solution. For analytical purposes the emission fluo-
concentration of ABTS was in excess in respect to that rescence spectrum can be treated as size of the peak value or
of H20; so that the reaction was limited by the concen- as size of the integral area under the spectrum. The spectra
tration of the latter product. The reaction was allowed for have been acquired with entrance and exit slit fixed at 5nm
10min at 25C, till the amount of HO, was consumed.  and with a scan speed of 100 niitsAttention must be done
A calibration curve of the KO, concentration as a func-  in subtracting the fluorescence background. Our apparatus
tion of the absorbance gave an angular coefficient equal togutomatically carries out this operation.
2mML, In the following, the experimental data will be discussed

as peak size at 530 nm or as integral area in the 480-580 nm
2.2.2.1. Activity measurements of soluble enzyS8wuble region.

GOD activity was measured according to the following pro-
cedure: 0.1 mL of GOD solution (154 U mtt) were added to
1.9 mL of theB-p-glucose solution at the appropriate concen-
tration, temperature and pH, so thatthe enzyme concentratioq o
was 7.7 UmL L. Every 2 min, 0.1 mL of the reaction solution
was taken out and added to 0.4 mL of a 0.1 M HCI aqueous
solution to stop the enzyme reaction. TheQd4 concentra-

tion was then measured according to the procedure described S ggok

2.2.4. Treatment of experimental data
Each experimental point in the figures reported in the fol-
wing is the average of six different experiments, performed

700

T

above. In this way, the $O, production as a function of time S

was obtained. The angular coefficient of the straight line fit- 2 500F

ting the initial HO, production gives the enzyme activity & 4 05_

measured agmoles mirr?. £ 400
£ 300f

2.2.2.2. Activity measurements of insoluble enzyhee. 2 E

measure the activity of the catalytic membranes, they were S 200F
2 E

put in a reaction vessel filled with 20 mL of glucose solution 100
at the required concentration, temperature and pH. Samples .
of 0.1 mL were extracted at regular time intervals and pro- 0 —— 1
cessed in the same way than for the free enzyme. The angular 480 500 520 540 560 580
coefficient of the straight line fitting $0> production as a % (nm)

function oftime gives the activity of the catalytic membranes, Fig. 1. GOD fluorescence emission spectrum in the presence (5 mM—upper

expressed ggmoles mirr-. spectrum) and in the absence of glucose.

S—
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Table 1

Catalytic membrane properties

Membrane type Amount of immobilized Coupling Absolute activityx 10? Specific activityx 10?7 Activity retention (%)
enzyme (mg cm?3) yield (%) (wmoles mirt cm—3) (Umg™t)

GOD into gelatine membrane 1.00 100 1.17 1.17 23.4

GOD on agarose membrane 1.75 .80 1.14 0.65 13.0

The specific activity of free GOD was6102Umg 1.

under the same conditions. In the measurements of GOD ac-value of the apparerity,. Interesting enough, the affinity
tivity the experimental error never exceeded 3%, while in the value of covalently immobilized GOD is smaller than that of
experiments relative to the emission spectra the error neverentrapped GOD, indicating in this way that the diffusion lim-
exceeded 3.2%. itations across the gelatine membrane are greater than in the

3. Results and discussion

Before discussing the catalytic behaviour of soluble and
insoluble GOD, as well as the sensing power of free and
immobilized glucose oxidase, we reporfiable 1la summary
of some biochemical properties of the two enzyme derivatives
employed in this research. Absolute activity is referred to
the activity of 1 cni of catalytic membrane, while specific
activity is referred to 1 mg of immobilized GOD. Activities
reported inTable 1were measured under the experimental
conditions: T=25°C and 20 mM glucose in 0.1 M acetate
buffer, pH 5.0.

Reaction rate x 102 (pmoles min)

0 5 10 15 20 25 30 35 40 45

. . L [Glu] (mM)
3.1. Biochemical characterization of free and

immobilized GOD

To biochemically characterise the biocatalytic membranes
used for the determination of glucose concentration by means
of intrinsic fluorescence emission spectra, the kinetic pa-
rameters of the immobilized GOD were determined. Being
known that the immobilization process affects these param-
eters, the dependence of the soluble GOD activity on the
glucose concentration was also studied under the same ex-
perimental conditions. Ii¥ig. 2, the results of these studies
are reported.:!g. 2ar9fgrs tofree en.zyme,whiFeg. Zandc » PR T= 2'0 2& 3'0 3§ 4'0 4'5
refer to GOD immobilized on gelatine or agarose membrane, [GIU] (M)
respectively. The experimental conditions were: 0.1 M ac-
etate buffer, pH 5.0, anti=25°C. Results irFig. 2exhibit a
Michaelis—Menten behaviour either for the soluble GOD or
for both forms of immobilized enzyme. When dataFag. 2
are reported in form of Hanes plots, the appakenandVimax
values relative to the soluble and insoluble form of GOD are
obtained. These values, reportedrable 2 clearly indicate
that the immobilization procedures affect the enzyme affin-
ity towards the substrate, the affinity being expressed by the

Reaction rate x 103 (umoles min™)

Reaction rate x 103 (umoles min™)

Table 2
Kinetic parameters

0 asal s oo 2laasolaaaalasaal al L Fors | P |
GOD form Km (MM)  Viaxx 107 (Umg™1) 0 5 10 15 20 25 30 35 40 45

[Glu] (mM)

Free 2.14 25
Immob!l!zed into gelatine membrane  1.73 14 Fig. 2. GOD reaction rate as a function of glucose concentration, (a) soluble
Immobilized on agarose membrane 0.84 10

GOD, (b) GOD—gelatine membrane, and (c) GOD—agarose membrane.
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case of agarose membrane. Both insoluble forms, anyway,where now the subscript “sat” indicates the peak value at sat-
have aK, value smaller than that of soluble enzyme. Simi- uration anKp is a pseudo Michaelis—Menten constant from
lar results were obtained by us with lacc$3@], where we which it is possible to derive thKp free and Pst freeValues
also have found an affinity decrease as a consequence of theeported inTable 3 In analogy with the free biochemical
immobilization process. It is interesting to note that laccase kinetics parameters we have callégd and P optokinetic

and glucose oxidase are enzymes involving electric chargeparameters.

transfer during the reaction. Fig. 3 shows the range where itis possible to appreciate a
linear relationship between the size of the emission peak and
3.2. Calibration curves of glucose concentration the glucose concentration, the correlation being of the type:
through emission spectra P iree = SpireeC )
3.2.1. Soluble GOD The S ee coefficient measures the sensitivity of the

In Fig. 3athe peakintensitieBg free, Of the emissionspec-  method. TheSp free Value calculated from the data big. 3o
tra of soluble glucose oxidase are reported as a function ofis reported irTable 3
glucose concentration. Subscrip@ and “free” indicate the In Fig. 3c the integral area valueBg¢ free, Of the intrinsic
substrate concentration and the enzyme form, respectively.fluorescence emission spectra in the range 480-580 nm are
Pc free Values inFig. 3a have been decreased®ysree= 586 reported as a function of the glucose concentration. Also in
arbitrary units, i.e. the peak value of soluble glucose oxidasethis case data dfig. 3c have been corrected for the value
in the absence of glucos€ €0). The experimental condi- of the integral area of the GOD emission spectrum in the
tions were: temperature 2& and glucose solutionin 0.1M  absence of glucose, i.63¢ free= 35195 arbitrary units. The
acetate buffer, pH 5.0, and GOD concentration. Data in fig- experimental conditions were the same thafig. 3a. In
ure exhibit a Michaelis—Menten behaviour, i.e. a range in Fig. 3d the linear range between the integral area values and
which the size of the fluorescence peak is linear with the glu- the glucose concentration is reported.
cose concentration, and a range where the emission is quite Also in the case of the integral area the considerations
constant with the glucose concentration. Moreover, data in done for the peak intensity are good. This means that data in

Fig. 3a are well fitted by an equation of the type: Fig. 3 can be treated with an equation similar to®}
P C Asat fredC
P free = - satfreet &8 Ac free = Koot C 3)
’ KP’free—i_ C A,free+ C
50p -
(a) 30F (b)

5 40 3
s &
g w0 g
° g
< 20 x
©
& £

10

0 1 1 1 L 1 1 1 1 1 1 J 0(_, 1 J

012 34 56 7 8 9 1011 0 01 02 03 04 05 06
[Glu] (mM)
— 2000

= 31800
>
s < 1600
@ 2 1400
=] ®©
g = 1200
3 ® 1000
@ S 800
- ©
@ > 600
5 e
g £ 400
= 200

I L

0 0.1 02 0.3 04 05 0.6

[Glu] (mM)

Fig. 3. Soluble GOD. (a) Fluorescence emission peak as a function of glucose concentration. (b) Glucose calibration curve with reference ¢ the value
size of the emission peak. (c) Fluorescence emission integral area as a function of glucose concentration. (d) Glucose calibration curveaogito tatere
value of the size of the emission integral area.
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Table 3

Optokinetic parameters

GOD form Ke(mMM) Ka(mM) P(au) A(au) Linearrange(mM) S (au.mM?)  Sy(au.mm?)
Free 0.47 0.47 46.8 2962 Upto 0.5 54 3530
Immobilized into gelatine membrane 8.68 8.68 90.9 5406 Upto 8.0 6 5 355
Immobilized on agarose membrane 5.34 5.34 54.6 3277 Upto 5.0 0 6 350

Similarly datainFig. 3d can be represented by the equation to Eqs.(1) and(2), by substituting the subscript free with the
subscript gel.

Ac free = Sa freeC (4) When reference is done to the integral area of the fluores-
cence emission spectrum of GOD—gelatine membrane one
obtains the results reportedhig. 4c. Also in the case of the
results ofFig. 4c the reported experimental data have been
obtained taking in account for the integral area of the emis-
sion spectrum of the GOD-gelatine membrane in the absence
of glucose, i.eAg ge1= 1785 arbitrary units. Ifrig. 4d the lin-
. . ._ear range between the integral area of the emission spectrum
sic fluorescence emission spectrum of GOD entrapped N and the glucose concentration is reported. Also in the case of

the gelatine membrane are reported as a function of glucoseFig. 4c and d the considerations done for the soluble enzyme

concentration, having taken in account for the fluorescence ; ; o
i - . _ are still good, so that through equations similag3pand(4
peak intensity of the GOD-gelatine membrane in the absence 9 ghed pand(4)

of glucose, i.ePg gei= 30 arbitrary units. The experimental %n$a%?;aéns the values &l gel, Asat ge1aNd Sage, reported
conditions were the same thathig. 3. Also in this case a

Michaelis—Menten behaviour is observed. It follows that all 3.2.3. GOD-agarose membrane

the considerations done for the soluble GOD are valid for  In Fig. 5a the values of the peak intensity of the fluo-
GOD-gelatine membrane, together with Ef). In Fig. 4b rescence emission spectrum of GOD covalently attached to
the linear range between the peak intensity of the emissionthe agarose membrane are reported as a function of glucose
spectrum and the glucose concentration is reported. The val-concentration, having taken in account for the fluorescence
ues ofKp gel, Psat,gei@andSp ger are reported ifable 3 These peak intensity of GOD—agarose membrane in the absence
values have been calculated by means of equations identicabf glucose, i.ePg aga=47 arbitrary units. The experimen-

where nowAc freeis the integral area of the intrinsic emission
spectrum, andx free the sensitivity of the method. The values
of Ka free, Asat free@NdSa free @re reported iMable 3

3.2.2. GOD-gelatine membrane
In Fig. 4a the values of the peak intensity of the intrin-

70 50p
5 (b)
3 3 40
8 50 S
3 40 o 30f
g g
< 3 < 20}
g 20 &
10 10F
0 1 1 1 1 A 1 '] 0 " " 1 1 L 1 1
0 5 10 15 20 25 30 35 0 2 4 6 8 10
[Glu] (mM) [Glu] (mM)
5000 __ 3000¢ (g
5 5
S 4000 & 2500F
S S 2000
'S 3000 E
s © 1500F
& 2000 @
= =< 1000F
g 1000 8 s00f
E £
O 1 L i L 1 1 J O a 1 1 1 PR N ra—— |
0 5 10 15 20 25 30 35 0 2 4 6 8 10
[Glu] (mM) [Glu] (mM)

Fig. 4. GOD-gelatine membrane. (a) Fluorescence emission peak as a function of glucose concentration. (b) Glucose calibration curve with tteéerence
value of the size of the emission peak. (c) Fluorescence emission integral area as a function of glucose concentration. (d) Glucose calibvétion curve
reference to the value of the size of the emission integral area.
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50¢ 30
E (a) (b)
g 40F 3 25
- S 20
g 30 g
g 2 15k
~ 20F ;
8 < 10F
“ 1jof o«
5-
0 1 1 L L I} 1 1 0 1 L 1 1 1 '}
0 5 10 15 20 25 30 35 0 1 2 3 4 5 6
[Glu] (mM) [Glu] (mM)
- _. 2000¢ (4
s 3
° 8
S o 1500F
= >
> S
(4] >
o s 1000f A
[ =
I w
oy S so00f
IS 2
= IS
O i A 1 L s L J O L L 1 'l Il '
0 5 10 15 20 25 30 35 0 1 2 3 4 5 6
[Glu] (mM) [Glu] (mM)

Fig. 5. GOD-agarose membrane. (a) Fluorescence emission peak as a function of glucose concentration. (b) Glucose calibration curve withtheference t
value of the size of the emission peak. (c) Fluorescence emission integral area as a function of glucose concentration. (d) Glucose calibvéition curve
reference to the value of the size of the emission integral.

tal conditions were the same that kig. 3. Also in this membrane in the absence of glucose Agaga—= 2848 arbi-
case a Michaelis—Menten behaviour is observed. It follows trary units from the measured values of the integral area of
that all the considerations done for soluble GOD and for the emission spectra in the presence of gluco$ednsd the
GOD-gelatine membrane are still valid for GOD-agarose linear range between the integral area of the emission spec-
membraneFig. 5b reports the linear range between the fluo- trum and the glucose concentration, is reported. Also in the
rescence peak intensity of GOD—agarose membrane and thease ofig. 5the considerations done for the soluble enzyme
glucose concentration, as deduced frbig. 5a. The values  are still good, so that through equations similag3pand (4)
of Kp agar Psat,aga@ndSp agarare reported iMable 3 These one obtains the values Bf agas Asat,aga@NdSa agarlisted in
values have been calculated by means of equations identi-Table 3
cal to(1) and(2) by substituting the subscript free with the
subscript agar.

When reference is done to the integral area of the emis- .
sion fluorescence spectrum of the GOD-agarose membrané Conclusions
one obtains the results reportedrig. 5c. Also in this case, o _ _ )
data in the figure have been obtained by subtracting the inte-  Before concluding, itis advisable to evidenziate some re-

gral area value of the emission spectrum of the GOD—agaroseMarks coming out from the results reportediable 3 The
use of immobilized GOD increases one order of magnitude,

the extent of the range in which the measures of the emission

18 L fluorescence spectra are linearly proportional to glucose con-

8t centration. More interesting is the linear relationship between

L7t the Koptokinetic Values of the emission spectra and the corre-
26l sponding extents of the linear range, as one can Jeigitd.

g 5 Fig. 6 has been obtained by combining the data reported in

X 4r Table 3 Being the extension of the linear range proportional

gr to the Koptokinetic Values, and because the latter parameter is

ik related to the immobilization procedure it is easy to conclude

) T e T that one can obtain linear ranges of different extent by using

t.23 4 5 6 7 8 9 10 differentimmobilization methods or different graft monomer.
Upper limit of the linear range (mM) . L
From our results iffables 2 and 80 correlation is observed
Fig. 6. Optokinetic parametés as a function of the extent of the linear ~ P€tween the biochemic#ly and the optokineti&. Further

range. investigations are necessary to this aim.
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Looking at the sensitivity of the measure method it is evi- [6] W.K. Ward, L.B. Jansen, E. Anderson, G. Reach, J.C. Klein, G.S.
dent that the sensitivity decreases of one order of magnitude _ Wilson, Biosens. Bioelectron. 17 (2002) 181.
when GOD is immobilized. This is an unexpected result [7] M. Santucci, M. Portaccio, S. Rossi, U. Bencivenga, F.S. Gaeta, D.G.

in I n X ts to hav nsitivity or rtional Mita, Biosens. Bioelectron. 14 (1999) 737.

since USl_'Ia_‘ y One expects to a € asens . Yy proportona [8] M. Santucci, M. Portaccio, M.S. Mohy Eldyn, N. Pagliuca, S. Rossi,
to the affinity of the enzyme for its substrate, i.e to the value U. Bencivenga, F.S. Gaeta, D.G. Mita, Enzyme Microb. Technol. 26
of the biochemicaK,. A further indication can be drawn (2000) 593.
from the percentage changes in the fluorescence due to[9 M. Portaccio, M. El-Mansry, S. Rossi, N. Diano, A. De Maio, V.
the gmcose presence. Looking to the percentage changes Grano, M. Lepore, P. Travascio, U. Bencivenga, N. Pagliuca, D.G.

in fl due to th fal It Mita, J. Mol. Catal. B: Enzym. (2002).
In Tluorescence due to the presence ol glucose, our resu %10] S.B. Adeloju, A.N. Alexander, Biosens. Bioelectron. 16 (2001) 133.

are greater than those reported by White and Harf8ah [11] L. Rotariu, C. Bala, V. Magearu, Anal. Chim. Acta 458 (2002) 215.
These authors immobilized reversibly GOD on CPPhe [12] W. Trettnak, O.S. Wolfbeis, Anal. Chim. Acta 211 (1989) 195.
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