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Abstract

In this work a method is presented for the enzymatic determination of glucose using fluorescence anisotropy. During the enzymatic reactiol
a change in the fluorescence anisotropy of the glucose oxidase (GOXx) is produced; the reaction time at which this changg) ajgpeardy
on the glucose concentration. A theoretical study has been developed which enables: (a) the correlation of this change in anisotropy witl
changes in the intensity and the lifetime of the enzyme fluorescence; from this a model which could be generalized to other flavo-enzymes i
proposed; (b) the linking af, with glucose concentration.

After optimisation, the proposed method allows the determination of glucose over the range 100-1000Ting ldetection limit is
90 mg tand the reproducibility is better than 4% 6, [glucose] = 250 mgt'). Anisotropy is more selective than conventional fluorescence
intensity, and this method has therefore been applied to direct glucose determination in fruit juices without the interference caused by the
inner filter effect.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction Of the various new alternatives being proposed to avoid
the detection reactiofi,4], our research group is developing
Methods based on the combination of an enzymatic reac- new enzymatic—fluorometric methods for analyte determina-
tion (because of its inherent selectivity) and molecular fluo- tions based on changes in the UV intrinsic fluorescence of the
rescence (because of its intrinsic sensitivity) are among theenzyme (mainly due to tryptophan) during the enzymatic re-
most interesting and promising of current analytical alter- action. Firstly, glucose (3-G) was determined using the UV
natives. Recently, we have updaté@di the exhaustive com- intrinsic fluorescence of glucose oxidase (GI%) Fig. 1
pilations of these methods carried out by Guilbdg]tand shows how the UV fluorescence intensity of GOx changes
SchenHl3]. In most cases, the application of these methods in during the enzymatic reaction when different glucose con-
the analysis of substrates involves the combination of one orcentrations were used. After glucose addition, the initial flu-
several enzymatic reactions of the analyte with another detec-orescence intensity decreased tdecause of the dilution
tion reaction (involving a fluorescent reagent), consequently effect and remains constant; after a certain timg t(he flu-
the methods are complicated and not reversible (because th@rescence intensity increases up to a final valpleafid later
detection step is generally irreversible). decreases to thi initial value (not shown irFig. 1). The
I1 andl, values do not depend on the glucose concentration
but do depend on the enzyme concentration. However, the
* Corresponding author. Tel.: +34 976 76 12 91; fax: +34 976 76 12 92, analyte concentration is related to heand a mathematic
E-mail addressjgalban@unizar.es (J. Gdib). model was developed which allowed this correlation to be
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380 tion is therefore necessary for accurate FAD fluorescence
measurement (according to our experiments about 8 times
more than for tryptophan). This increase in the GOx con-

¢ centration to be used presents two problems: (a) obviously

5 407 Gome the cost of the determination increases; (b) the rate of the
] enzymatic reaction sharply increases and, according to the
E 3207 l model (1), the linear response range shortens.

2. Achemical modification of the enzyme with a fluorophore
whose fluorescence changes during the enzymatic reac-
tion. Different fluorophores (such as a coumai®ierho-
damine and fluorescein derivatijd9]) have been tested,
and the best results were obtained with fluorescein, which
has also been used for total cholestgidl] or bilirubin
[12] determination. Recently, pyrene has also been pro-
posed as a modifigd.3].
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Fig. 1. Variation of fluorescence intensity during enzymatic reactions at
different glucose concentrations ([GE 0, [G]s < [G]c < [Glp < [Glg)-
Conditions: pH 6.5}exc= 278 NMAem= 340 nm, [GOx) =10 U m-. Note:

These signals have been measured using a Perkin-Elmer LS 50 luminometer.

The aim of this paper is to present another alternative
based on enzyme fluorescence, which minimizes or avoids
1 the inner filter effect and probably other spectral interfer-
tm = In < (1) ences. As has been commented before, the fluorescence in-
k1[GOXJo [6-Glo — [0zlo tensity variation during the enzymatic reaction depends on
ki being a velocity constant of the enzymatic reactigithe which of the species is predominant in solution, GOx—FAD
time from sample addition until the fluorescence intensity or GOX—FADH, Thatisto say, itis due to a structural change
increases by 10% of the total increase produced (here calledn the GOx molecule, which could also affect the fluores-
Im): cence polarisation and a change in anisotropy (or polarisa-
tion) could be observed &,. Based on this, a method for
glucose determination in drinks is now presented. The glu-
cose determination should be considered as a model, and the
rr\wethodology could be further applied to other enzymatic re-
actions involving flavo-enzymes.

established as follows:

[8-Glo >

Im=11+01(>— 1) (2)

This time was selected because it is easier to measure tha
the time at which the intensity begins to grow)(in order to
explain the change of intensity fromtol,, it should be taken
into account that GOx is a FAD-containing enzyme; during
the enzymatic reaction FAD is reduced to FARPIbY glucose
and is later regenerated by the oxygen. It has been sfgwn
thatl, andl, correspond to the moments when GOx—FAD
and GOx—FADH are the predominant species in solution, re-
spectively. The mechanism responsible for the fluorescence
intensity change was thought to be the differential energy
transfer between tryptophan and FAD or FARHryptophan
groups transfer more energy to FAD than to FADHus the
GOx—FAD UV fluorescence) is lower than GOx—FADH

(I2). This mechanism was later confirmed by the results ob-
tained by Alpert and co-workef8§].

This method is very simple because the only reagent re-
quired is GOx. However, as the fluorescence is measured in
the UV, itis prone to inner filter interferences from samples,
this being the main disadvantage of the method. One way to
avoid this problem could be to translate the detection of the
enzymatic reaction to the visible region, for which two main
alternatives have hitherto been proposed:

2. Experimental
2.1. Apparatus

(1) All fluorescence measurements were carried out in a
Photon Technology International (PTI) Time Master
fluorescence lifetime spectrometer working in an L-
configuration (model TM-2/2003-PT]I). This instrument
has two radiation sources and two detectors; depending
on the configuration selected, two kinds of measurement
can be made:

Configuration A: Lifetime or time-decay measurements.
A nanosecond flash lamp (filled withoHor He/N) is
selected as the radiation source and a patented strobo-
scopic detection systefh4] is used as the detector. Data
are handled with PTI TimeMastef software.
Configuration B: Anisotropy steady-state measurements.
An arc-Xe lamp illumination system (lamp power sup-

1. Usingthe flavin fluorescence of the G{F% As is known, ply LPS-220B, arc lamp housing A-1010B and igniter

FAD shows intrinsic fluorescencedyd = 367 and 445 nm,
and Aem = 520 nm) but FADH does not. However, the

FAD fluorescence becomes highly quenched by the pro-

teinic environment of the GOx (the FAD quantum yield
falls to 0.03 or lower]8] and a higher enzyme concentra-

LPS-221B) is selected as the radiation source and a pho-
tomultiplier analog/digital (PTI 814) as the detector. The
instrument is equipped with quartz polarizers for both
excitation and emission sides. Data are handled with PTI
FeliX™ software.
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Both configurations use monochromators for excitation =~ The same procedure was used in the experiments with
and fluorescence wavelength selection (a slit width of GOx—FS; in this case the excitation and emission monochro-
20 nm was used for both) and a sample compartment mators were set at 490 and 520 nm, respectively.
permitting continuous stirring; a 4 ml Hellma QS 101 For the determination of glucose in drinks, the sample only
quartz cuvette of 1 cm pathlength was used. needs dilution before being submitted to this procedure.

(2) UV-visible molecular absorption measurements were
performed with a diode array spectrophotometer 2.3.2. Lifetime measurements
(Hewlett Packard 8452). A 4 ml Hellma quartz cuvette In order to obtain the lifetime of the GOx and GOx—FS

of 1 cm pathlength was used. (with flavin in FAD or FADH, form), the instrument was set
at configuration A.
2.2. Reagents After selection of the excitation and emission wavelengths

(the same as those given in the previous paragraph), the

A phosphate buffer of pH 8 was made fresh daily from cuvette was filled with a colloidal solution in order to per-
H,KPO,4 0.1 Mand HNaPQ, 0.1 M. Glucose oxidase (GOx)  form the instrumental response function (IRF). To obtain the
was taken fromspargillus nigeEC 1.1.3.4 (Sigma G-7141) GOx—FAD lifetime, the cuvette was then filled with the en-
of 157500U g? of lyophilized solid. Solutions were pre- zyme solution, the decay curve obtained and subsequently
pared by dissolving the solid in the above-mentioned buffer fitted using an iterative fitting procedure. The best fit was de-
solutions. termined whery? was minimized to a value of 0.9,2 < 1.2.

Glucose stock solutions were prepared by dissolving the To obtain the GOx—FADHllifetime, alarge excess of glucose
appropriate amount @-p(+)-glucose (Sigma G-5250) inthe  was added to a solution containing with GOx—FAD. After
phosphate buffer solution. 5min (time enough for all the enzyme to become reduced)

A glucose oxidase chemically modified with a fluo- thedecay curve was made and fitted. The same procedure was
rescein derivative (GOx—FS, FS being Fluorescein-5(6)- employed for obtaining the lifetimes of the GOx—FS(FAD)
carboxamido-caproic acidN-hydroxy-succinimide) was and GOx—FS (FADH).
also used. The preparation of this derivative was As is known, the fluorescence curve decayfig) =
made according to a procedure previously described > o; exp(s/3), ;i being the pre-exponential factor and

[10]. the decay time for th&h emitting component. The average
fluorescence decay time used in the fluorescence quenching
2.3. Measurement procedure treatment wasr) = > o1/ Y o
The fluorescence lifetime of quinine sulphate ipS0y
2.3.1. Anisotropy measurements during the reaction 0.05 M was obtained to evaluate the instrument performance,

The instrument was set at configuration B, and the ex- yielding at = 19.30+ 0.15 ns (n=5, ;2 = 1.1), in good
citation and emission monochromators set at the desiredagreement with the value found in the bibliogragph$].
wavelengths. The cuvette was excited with vertically po-
larized light and the fluorescence intensity componépts
andl,, monitored alternately (due to the L configuration of 3. Results and discussion
the instrument)),y being the fluorescence intensity when
both the excitation and emission polarizers are parallel and3.1. Analytical signal and its prediction
Ilvh being the fluorescence intensity when the excitation
and emission polarizers are perpendicular. The anisotropy Fig. 2shows thd,y (A) andly, (B) component variations
(r) was calculated simultaneously by the instrument using of the GOx fluorescence during the enzymatic reaction for

equation: different glucose concentrations; in this figure O repre-
I — G x Iuh sents the point when GOx is added. As can be seen, both
W Y 3 components change in the same way as the total fluorescence

r =
by +2 % G x Iy intensity shown irFig. 1. Thetm, as previously defined also

The G factor (which corrects anisotropy introduced by the appears in this figure. When anisotropy is calculated from
optical components of the detection system) was obtained bythis value,Fig. 2C is obtained. At the beginning of the re-
the instrument before each anisotropy measurement. action, the anisotropy presents an initial vatyend after a

To perform the enzymatic determination with GOx, the reaction time (which depends on the glucose concentration),
excitation and emission monochromators were set at 280a decrease in anisotropy is observed tg final value; if the
and 340 nm, respectively. The luminometer cuvette was filled monitoring continues, the anisotropy increases again up to
with 2.8 ml of a standard solution of glucose or the sample. the initialr; value. The negative peak observed is in fact an
The mechanical stirrer was then started. 0.2 ml of a GOx so- instrumental artefact: as the instrument only has one chan-
lution of 157 U milwas then added to the cuvette and the nel, it measures,, and Iy alternately during the reaction
anisotropy measurement started. The tigpevas used asthe  so that these curves are out of phase. The time at which the
analytical parameter. negative peak appears is callgdpeak time) and is, in fact,
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Fig. 2. Variation of thdy (A), the Iy (B) and the anisotropy (C) of the
GOx during the enzymatic reaction. Conditiongyc: = 280 nm, Aem =
340nm, [GOxp=10Uml L, [G]g=160mg L, [Glc =130mg 1, [G]p =
120mgt?, [G]la= 0mgl™. Note:l,y, Iyn andr return to the baseline (not
shown).lyy andlyy, are divided bylp.

very close taty, so that the mathematical model (1) is also
followed as will be demonstrated later. In this wogkis used

instead oft, because it has the advantage that calculations I
GOX—FAD

are unnecessary and it is more precise than
According to the mechanism described abover ihalue
corresponds to the GOx—FAD anisotropy andrtht® that of

this change in anisotropy. As is known, the energy transfer
efficiency (E) can be alternatively calculated by:

Iro

E=1- 4a

n (42)

or

E=1-"22 (4b)
D

Iap andrap being the fluorescence intensity and the lifetime
of the donor in the presence of the acceptor, gndndp
being the same parameters for the donor in the absence of
the acceptor. In this cask, andzp correspond to the apo-
enzyme (apo-GOx) and two different valueslfigs andtap

can be observed depending on whether the enzyme is in the
oxidised (GOx—FAD) or the reduced (GOx—FARHorm.

Eq. (4a)can accordingly be expressed as:

Icox—+AD
Ecoxfap =1— ———,
Iapo—GOx
Icox—+ADH
EGOx—FADH, = 1 — ——————2 5)
Iapo-GOx

A combination of both equations for the same enzyme con-
centration yields gives:

Egox-faD —1  Igox—+AD
Ecox—+apH, —1  IGOx—FADH,

or

Ecox-raD —1  KGox—FAD
Ecox—+abH, —1  KGOx—+ADH,

(6)

KGox—FapH, andK cox—aDpH, being the proportionality con-
stants between fluorescence intensity and concentration for
both forms of the enzyme. A similar treatment of the lifetimes
gives the following equation:

Egoxrap —1  TGOx—FAD %
EGox—+ADH, —1  TGOX—FADH,

Finally, the combination of Eq$6) and (7)yields:
TGox+AD _ Icox+FAD  KGox—+AD )

TGOx—FADH,  1GOx—FADH, KGOx—FADH,

According to this equation, the quotient of the fluorescence
constants for both enzyme species (or the intensities when
the both enzyme concentrations are the same) is equal to the
guotient of the lifetime of both species.

In order to confirm this find, the lifetime for both glu-
cose oxidase species were obtained following the procedure
indicated in Sectior2.3.2. The results obtained are shown
in Table 1where the fluorescence intensity is also included.
From these data it can be deduced that(Byis fulfilled:

K I
COFAD _ L _077 and

Icox—+aDH, Keox—+aDH, I2
TGOX—FAD

=0.75

GOx-FADH,. A hypothesis has been elaborated explaining TGox—+ADH,
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Table 1 total volume of the protein. On this basis, thfound for GOx
Lifetime, intensity and anisotropy measurements for GOx and GOx-FS in ~gn pe explained and, in conclusion, the anisotropy changes
their oxidised and reduced forms . o o

can be ascribable to the different lifetimes of GOx—FAD and

<> (ns) e I (10°) r GOx—FADH.
GOX(FAD) 27+01% 114 1.58 0.11% In the case of GOx-FS, the following quotient can be
GOX (FADH,) 36+0.1° 118 2.06 0.08% calculated from data shown ifable 1:
GOXx(FAD)-FS 3.3£0.1° 1.02 0.69 0.134
GOx(FADH,)-FS 3.4+ 0.1° 1.07 0.7¢ 0.133 IGOx—FAD KGOX(FS)-FAD I 0.93 q
3 Lexc = 280 NM,Aem = 340 nm; pH = 8; [GOX] = 30 U mit. Icox—+aDH,  KGOx(FSyFaDH, I2
D hexc = 490 M Aem = 520 nm; pH = 8; [GOx—FS] = 40 U mf-. .
¢ As indicated iR except [GOx] = 10 U mit, _TCOX(FSyFAD 0.97
d As indicated iff except [GOx—FS] = 20 U mit. TGOX(FS}FADH,
€ As indicated ifi and with glucose addition. .
t As indicated il and with glucose addition. Assuming the same value for GOx-FS as for GOx, the

anisotropy quotient obtained is:

As is known, the Perrin equation describes depolarisation in .

. ' . 2 + TGOX(FSy+FAD
the excited state due to rotation: r2_ ¢ XESTFAD 0995 = 11~ 1

o F1 ¢+ TGOX(FS)-FADH;
=1 +1/¢ ©) As can be seen, the anisotropy values for both forms of the
chemically modified GOx are similar, thus no changes in
anisotropy would be observed during the enzymatic reac-
tion. Experimentally, we have not observed changes in the

ro ande¢ being the intrinsic anisotropy and the rotational cor-
relation time respectively. Assuming thatand¢ are equal

for GOx—FAD and GOx-FADHlit can be stated that: anisotropy when working with GOx—FS (s&able 1). This
_ To and rp = o result is in accordance with the hypothesis and prevents to
1+ tGox—FaD/@ 1+ tGox—FADH,/® use this methodology for chemically modified enzymes, at
(10) least with FS.

ri

Combining both expressions:
3.2. Mathematical model and its confirmation
r2 _ ¢+ TGOoxFAD

= (12)

"1 ¢+ TGOX—FADH, Using anisotropy as a measurement parameter,(Bq.
This equation confirms that the anisotropy variation between can be applied; in this casg is defined as the time far
both forms of the enzyme is due to the changes in the life- @nisotropy to reachy:

time. The substitution of anisotropy and lifetimes obtained

. . - . = 0.1(rp — 13
in Eq. (11) permits ap calculation for GOx yielding 15 ns. rm=r1+01(z2—r) (13)
To obtain the reap of GOx it would be necessary to make A drawback of the mathematical model (1) is that thecOn-
measurements of polarised fluorescence in the time domain centration needs to be known. In this work a simplification of
which is not possible with the instrumentation at hand. Fur- the previous model is proposed, useful in cases when slightly
thermore, no bibliographic data relating to this parameter for higher glucose concentrations are to be measured. According

GOx has been found. to this, Eq.(1) can be rearranged as:
Itis known thatp can be theoretically calculated by using
the following equatiorj16]: o—(imxix[oxo) _ [A-Glo —[02]o (14)
[8-Glo
_m
¢= RT v+ 1) (12) The order of magnitude of [GOx]Jandk; are about 107

and 1d, respectively. Ifty, is low (moderately high glucose

M being th lecul ight of GOx (155000 g mo), v . X S e :
eing the mo'ectiar weignt o X gmb), v concentration), the following approximation is possible:

being the GOXx specific volume (0.75 gm) andh being the
hydration shell of the protein (about 0.23 ¢® per gram [B-Glp — [02]o
of protein). This equation yields a value of about 100 ns for L~ (fm X k1 x [GOX]o) = T [BGle
GOx, much higher than the experimental value. However,

Lakowicz et al[17,18] have studied the rotational motions ~Which can be rearranged to obtain the following expression:
of tryptophan residues in different proteins such as carbonic [02]0
anhydrase, carboxypeptidase A and bovine and human serunfm = k1 % [GOX]o x [B-G]
albumin, findingg ranging from 1 to 12 ns, also much lower ! 0 0
than the theoretical values (obtained after applying (12)). This mathematical model linearly relatgswith 1/[8-G]o. It
They concluded that the tryptophan residues in these proteinds not necessary to know [y, although it must be constant.
display remarkable freedom of motion within the protein ma- Fig. 3shows the calibration lines using the new mathemat-
trix, so the “effective rotating volume” is much lower thanthe ical model and witlt, as the analytical parameter for different

(15)

(16)
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Fig. 3. Variation oft, = f (1/[8G]o) at different GOx concentrationsa

5UmIt (x) 7.5UmiL (¢) 20Umi-! (W) 15 Umi-* GOx. Conditions: Table 3
pH 8, Aexc = 280 NM Aem = 340 nm. Molar absorptivity coefficients (M:cm™1) at 340 nm for GOx—FAD and

GOx—FADH, at different pH values

concentrations of enzym&able 2shows the slope, the stan-  PH scoxrap (10°) £GoxFADH, (10°)
dard deviation of the slope and the correlation coefficients. > 3.8 2.4
The good agreements of the results can be seen. If the slope 2'2 22
of the ca_librgtion g(aphs are represented ggainst 1/[GOx], a; 41 40
straight line is obtained as the model predicts: 8 42 42
1

slope= —0.002+ 1.8 x 108 ( 50 ) r=0.998

[GOX]o e The pH affects the apo-enzyme (tryptophan) quantum
The slope in this line corresponds toffk;. From these data yield. However, Alpert and co-worke[8] has shown that
and the @ concentration measuremei, was calculated this does not occur for apo-GOx in the range mentioned.

to be 12841 motlIs—1. This value is comparable to those e The pH affects the molar absorptivity of the acceptor. The
found in the literatur¢19]. These results validate the model. pK acid—base of FAD and FADsare 10 and 6.7, respec-
tively. Table 3shows the molar absorptivity at 340 nm ob-
tained for FAD and FADH inside GOx at different pH val-
ues. As can be seen, in the range studied the GOx—FADH
changes its molar absorptivity but the GOx—FAD does not,
explaining the observed changes in anisotropy.

3.3. Optimisation of the determination procedure

3.3.1. pH study
The GOx activity depends on the pH, which affects the
kinetics of the process although, as has been pointed out in
a previous workg5], the pH has no influence in the range 3.3.2. Integration time
between 5 and 8.5:ig. 4 shows the influence of the pH on The integration time can affect the accuracy and the pre-
the anisotropy of GOx—FAD f{), GOx—FADH, (r2) and its cision of the measurement f. A study of the influence of
difference. Itcan be observed thatthere is an effectinthe latterthe integration time on the standard deviation was made (n
case but not in the former. As a result, the energy transfer 7) and the results are shownTable 4. In order to check if
depends on the pH and the maximum anisotropy variation is the difference is significant or not, an ANOVA was applied
obtained at pH 8, which has been selected as the optimum. confirming that there is no significant difference and that it
This effect of the pH on the energy transfer could be due is therefore possible to use any time value. About 5s of in-
to two main reasons: tegration time was chosen because the noise is lower and the
precision for measuring thg is greater.

Table 2

Slopes and intercepts of the calibration graphs of glucose obtained for dif-

ferent GOx concentration. Experimental conditiohg;c = 280 nm,Aem = Table 4

340nm; pH =8 Influence of integration time aR. Experimental conditions:exc = 280 nm,
[GOx] (UmI~1) 5 75 10 15 Jem = 340 nm; pH = 8; [GOx] = 10 U mi%; [G] = 130 mg -1

Slope (molt?ts) 0.107 0.062 0.040 0.026 Integration time(s) 1 2 5
Standard deviation of the slope .004 0.001 0.001 0.001 Averagetp (s) 91.4 ®B.0 8.9

R 0.9994 0.9999 0.9995 0.9998  Standard deviation 6.0 50 38
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Table 5 dure was different in order to show the effect (the cuvette
Results obtained for glucose determination in juice samples. Experimental was filled with 2.6 ml of phosphate buffer. and 0.2 ml of a
conditionsiiee = 280NM,tem = 340nmM; pH = 8; [GOX] = 10U mt* (5 GOXx solution of 157 Umit! was added:; after the mechan-
determinations for each sample) . . ’

ical stirrer was started and the measurement begun, 0.2 ml

Sample Orangejuice  Pineapple Peachjuice ot either a standard solution of glucose or the sample was
(917 juice (gI™7) (917 -
5 I mothod 19507 128505 247105 added). As can be seen, the addition of the sample produces
roposea metno . . . . . . . . . . .
Validated method 16.4 0.7 4045 0.5 445+ 0.4 a decrease in the signal due to the dilution and the inner filter

effect. During the enzymatic reaction the intensity increases,

but this value remains under the effect produced by the inner

3.4. Analytical characteristics filter. The addition of the standard produces a minor decrease
due only to the dilutionFig. 5B shows a record af = f(t)

The linear response range for the method, the sensitiv-for a sample and a standard. In this case, the sample addition
ity and the detection limit depend on the GOx concentration does not modify the baseline, and the anisotropy variation
used. A concentration of 10 Umtat pH 8 provided a lin- s the same as with the standard. This result shows the high
ear response range of 100-1000 mpff glucose, and the  possibilities of anisotropy in order to avoid the inner filter
detection limit was 90 mgitof glucose. The reproducibility  effect.
obtained for a glucose concentration of 250 mgWas 4%

(n=6) usingt, as an analytical parameter.
4. Future possibilities
3.5. Application
As has been commented before, fluorescence decay time

This method was applied to glucose determination in three i gifferent for the reduced form of the enzyme than the oxi-
commercial fruit juices; the only sample treatment was dilu- gjised form. On this basis it is possible to measure the changes
tion. The results (Table 5) were compared with those ob- i the GOXx fluorescence intensity at a given decay time. Tests
tained by a validated methdd0]. The results obtained by  npave been made at different decay times; here we show the
both methods were statistically compared (F-test) and no sig-resylt at 45 ns (one of the best). The experimental conditions
nificant differences were observed. ~ used were similar to those described in 2.3.1 (only the en-

The most important interferences could be caused by pri- zyme concentration needs to be increased). Configuration A
mary or secondary inner filter effects on the GOx fluores- qf the fluorimeter was obviously chosen (45 ns delay to the
cence.Fig. 5A shows the variation of intensity during the aycitation pulse). The results are showrFig. 6. As can be
enzymatic reaction for an orange juice sample (a) and for seen, the intensity changes during the enzymatic reaction as
a glucose standard (b). In this case the measurement procey, Fig. 1. However, the noise of the signal is very high (due
to the radiation source available), and in our opinionS$id

1500000 ratio could be greatly improved with the use of a laser. The
1400000 - Sample addition
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Fig. 5. GOx anisotropy variation (A) and intensity variation (B) during the Fig. 6. Variation of intensity during the enzymatic reaction. Conditions:
enzymatic reaction: orange juice sample (a) and standard glucose (b). Con-Aexc = 278 NM,Aem = 340 nm, time delay: 50 ns, [GQxE 25U ml?, [G]
ditions: pH 8,Aexc = 280 NM,em = 340 nm and [GOxJ = 10 U mi2, =120mgl?.
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use of the decay time could also improve selectivity (avoiding
fluorescence interferences).
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