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phase, and a surfactant as the emulsifying agent. These orga-

The behavior of a graphite-Teflon-tyrosinase
amperometric biosensor in predominantly non-
aqueous media constituted by different reversed
micellar systems is discussed. Monitoring of
several phenolic compounds substituted in dif-
ferent positions with different functional groups

nized media have been shown to be suitable working media
for the development of amperometric enzyme biosensors [4-
6], and can be considered as universal solubilization media
for both hydrophilic and hydrophobic analytes, thus allow-

ing the enzymatic determination of substances scarcely sol-
uble in water. Moreover, the content of water needed for the

was carried out. The effect of the composition of
the reversed micelle on the response of the
tyrosinase biosensor has been analyzed. These
composite bioelectrodes allow the regeneration
of the electrode surface by polishing and exhibit
long-term operation and stability.

hydration of the enzyme, and, consequently, for the enzyme
operation is very easy to control and optimize.

In this paper, the behaviour of a graphite-Teflon-tyrosinase
amperometric biosensor in predominantly non-aqueous media
constituted by different reversed micellar systems is reported.
Monitoring of several phenolic compounds, with different
functional groups substituted in different positions, was car-
ried out, and therefore, the enzymatic reaction involved the
catalytic oxidation of these compounds to the corresponding
quinones. The electrochemical reduction of these quinones at
the electrode was employed to monitor this reaction.
Nowadays, the environmental significance of phenolic com-
Fabrication of amperometric electrodes by incorporation ghounds is very well known, a lot of effort having been made
enzymes into the bulk of rigid composite electrode matricesn their detection and determination [7, 8]. In particular,
constructed with graphite and Teflon has demonstrated tsiosensors have been widely used for this purpose. Regarding
possess several practical advantages with respect to otlyosinase biosensors, some recent approaches can be cited.
designs [1, 2]. Three-dimensional biocomponent reservoir graphite-epoxy-tyrosinase composite electrode with gold or
are obtained, whose surface can be easily regenerated gyiladium incorporated was applied for phenol and catechol
polishing. Moreover, enzymes are entrapped into the congtetection in flow-injection systems [9]. Tyrosinase has also
posite electrode matrix by purely physical inclusion with ndbeen immobilized in a thin layer of silica sol-gel on a carbon
need for covalent attachments, which leads to an easigiaste electrode, which retained a 50 % of its activity for some
faster and cheaper electrode fabrication procedure, as wghenolic compounds after fifteen days of storage in phosphate
as to avoiding possible losses in sensitivity due to the covauffer at 4°C [10]. Moreover, a tyrosinase-based ampero-
lent linkages. Furthermore, the absence of membranes on #etric biosensor detection system, in which the enzyme was
electrode surface falicitates a fast response of the composéigéimmobilized with a conducting poly(1-vinylimidazole)-
bioelectrode, and the possibility of bulk incorporation ofpased osmium polymer, was applied to the high-performance
other components such as mediators, cofactors or other bigjuid chromatographic determination of phenols [11].
molecules allows the fabrication of versatile biosensors.

Introduction

Very few papers deal with tyrosinase biosensors able to

One of the most interesting advantages of the incorporavork in organic phase. An enzyme immobilization method
tion of enzymes into graphite-Teflon composite matrices isising a poly(hydroxyl cellulose) hydrogel allowed the essen-
the compatibility with organic or predominantly organic sol-tial water required by the enzyme for the catalytic activity
vents. Recently, we proved the suitability of a graphiteto be kept, and, consequently, the use of the sensor in pure
Teflon ferrocyanide-mediated peroxidase electrode for worlerganic phase [12]. Kinetic and analytical applications of
ing in a predominantly non-aqueous medium such asrganic phase tyrosinase electrodes have been discussed by
reversed micelles [3]. These reversed micelles, also callemhtrapping the enzyme in a reticulated vitreous carbon
water-in-oil-emulsions, are composed of an organic solvemhatrix with poly(estersulphonic acid) or covalently immobi-
as the continuous phase, a small amount of an aqueous sdized with glutaraldehyde or polyethylene glycol in osmium
tion of an appropriate supporting electrolyte as the dispersgmblymers [13].
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. Procedures
Experimental

Activation of the composite enzyme electrode was accom-
plished daily by immersion in a stirred 1.636ol L™ phe-

nol reversed micelle (prepared with ethyl acetate,
0.1 mol L' AOT, and a 4 % of 0.05 mol-L phosphate
Amperometric measurements were performed on a Metrohhuffer), and holding the electrode at —0.15 V for 10 min.
641 VA potentiostat connected to a Linseis L6512 x-fThen, the activated electrode was immersed in the electro-
recorder. The electrochemical cell was a BAS VC-2 celchemical cell containing 10.0 mL of the corresponding
with a BAS RE-1 Ag/AgCI/KCI (3 mol tY) reference elec- reversed micelle solution, and amperometric measurements
trode, and a Pt wire auxiliary electrode. A P-Selectainder constant stirring conditions were performed at
Ultrasons ultrasonic bath, and a P-Selecta thermostatic bath.G:0.5 °C by applying the desired potential and allowing

Apparatus, electrodes, and electrochemical cell

were also used. the steady-state current to be reached. When the response
obtained with the biosensor was significantly lower than the

Preparation of graphite-Teflon-tyrosinase initial one (after having been used for a period of time), the

composite electrodes electrode surface was regenerated by polishing for approxi-

mately 5 s on a 150 grit SiC paper. After use, the compos-
Rigid composite tyrosinase electrodes were prepared in tlite bioelectrode was stored at’@ in a refrigerator.
form of cylindrical pellets as follows. Graphite (ultra F
purity), 0.15 g, and tyrosinase (from mushroom, EC
1.14.18.1, activity 3000 units per mg of solid, Sigma), ) .
0.030 g, were accurately weighed, and thoroughly mixed by Results and discussion
mechanical stirring for 3 h in a 0.40 mL suspension of a

The possibility of using a tyrosinase amperometric biosen-

) ' Y in reversed micelles was previously demonstrated by our
through the mixture, and the appropriate amount of Teflo roup [4]. In that work, the immobilization of the enzyme

powder (Aldrich) to obtain the desired final Teflon conten as carried out by di :
- y direct adsorption on the surface of a
(0.42 g for a 70 % Teflon electrode) was added and mixeg, hite disk electrode, the stability of the enzyme electrode
thoroughly by hand. The mixture was presszed into pellets Boi o acceptable only over 48 hours. Consequently, the
_urf]lng a (lila;ver pell1et3pre53_ at 1t0,000dkg cmrd 1004mm.th' esign of more robust tyrosinase biosensors able to work in
ese pellets were 1.5 cm diameter and around 9.4 ¢m iGkase predominantly non-aqueous media should improve the
Several 3.0 mm diameter cylindrical portions of each pell€ls o mance of those bioelectrodes. The purely physical
were bored, a_md each portion was press-fitted into a .Teﬂ éhtrapment of tyrosinase into the bulk of the graphite and
holder. Electrical contact was attained through a stainlesgaqon composite matrices can lead to achieve the advanta-

steel flat-tipped screw. geous practical properties already mentioned in the intro-

] duction section.
Reagents and solutions ] ) )
The performance of the biocomposite electrode in the

Other reagents used were, phenol (Sigma), catechol (Sigmegversed micelles was firstly tested by using the Teflon-to-
2,3-dimethylphenol (Aldrich), 3,4-dimethylphenol (Aldrich), graphite ratio in the electrode matrix, and the composition
3,5-dimethylphenol (Aldrich), 2,4-dimethylphenol (Aldrich), of the reversed micellar system optimized in previous works
4-chloro-3-methylphenol (Aldrich), 4-chloro-2-methylphenol[1, 4]. Thus, pellets containing 70 %(w/w) Teflon, and
(Aldrich), pentachlorophenol (Aldrich), ethyl acetatereversed micelles formed with ethyl acetate as the continu-
(Aldrich), chloroform (Aldrich), n-hexane (Panreac),ous phase, 0.1 mol-LAOT as the emulsifying agent, and
dichloromethane (Panreac), dioctyl sulfosuccinate (AOT4 % phosphate buffer (pH 7.4) as the dispersed phase were
Aldrich), Hyamine 3500 (Serva), Triton X-405 (Serva), andemployed. On the other hand, the phenolic compounds used
tetrabutylammonium perchlorate (TBAP, Aldrich). All chem-as substrates were selected taking into account the position
icals were of analytical-reagent grade, and the water usedcupied by the different substituents. So, besides phenol,
was obtained from a Milli-Q purification system. we chose phenolic compounds with the two ortho-positions
. . free (4-chloro-3-methylphenol), with one of these positions
The Stc_’le SOIUt'OnS. Of. the phenpllc Corm:)our“jSSUbstituted (2,4-dimethylphenol), and with the two ortho-
(0.16 mol L) were water-in-oil microemulsions prepared by, qjions occupied (pentachlorophenol), because these posi-

dissolving the appropriate amount in the reversed mice"%)ns are where the 1,2-quinones are formed in the enzy-
solution formed with the organic solvent (ethyl acetate, chlo- j

. Omatic  reactions [14], and whose reduction s
roform, dichloromethane or n-hexane), the selected Concegrectrochemically monitored

tration of emulsifying agent (AOT), and the selected per- '
centage of a 0.05 moliphosphate buffer solution (pH 7.4)  Optimization of the tyrosinase loading was carried out by

as aqueous phase. More dilute standards were preparedamperometry in stirred solutions using phenol as the sub-
suitable dilution with the same components of the emulstrate, and constructing three different composite biosensors

sions. with enzyme percentages of 0.4 %, 2.0 %, and 5.0 %.
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Current-time recordings obtained for a phenol concentratio
of 0.4 mM, and by applying a constant potential of —-0.15 \ - a
at which it is known that the reduction of the quinone prod 0.6 A
uct can be monitored [4], showed that the steady-state ct — 4_T

rent increased considerably with the tyrosinase loading i £ b
the electrode matrix. Furthermore, the steady-state curre o
was reached more rapidly as the enzyme content increas ¥
indicating that, as expected, more enzyme active sites we 2 e £
present on the electrode surface and, hence, the 1,2-quinc O d -
concentration in the diffusion layer was higher. L —, 1 -
Consequently, a 5 % tyrosinase was selected for furthi
work which, moreover, coincides with the enzyme loading
reported in the literature for the construction of tyrosinas TIME
modified carbon paste electrodes [15].

C 3.6 min

Figure 1. Current-time recordings obtained at a graphite-

Effect of the composition of the reversed micelle 70%Teflon-tyrosinase electrode for 0.4 mM phenol in 10.0 mL of

on the response of the tymsmase biosensor reversed micelles formed with: (a) ethyl acetate, (b) chloroform,
(c) dichloromethane, (d) n-hexane, (e) n-hexane:ethyl acetate

1:1, (f) n-hexane:ethyl acetate 9:1, as continuous phase, a 5 %

Nature of the organic solvent of 0.05 mol L -* phosphate buffer solution (pH 7.4) as dispersed
phase, and 0.1 mol L -* AOT as the emulsifying agent; E =

app
The nature of the organic solvent employed to form th %15 V:

reversed micelles can affect drastically the activity and st
bility of the enzyme used. In general, it has been claime
that the enzyme activity is correlated with the polarity of the

solvent, which can be expressed by the value of log P [16]. Figure 2 displays current-time recordings obtained at the
As log P increases, the hydrophobicity of the organic solcomposite electrode in 10.0 mL solutions of reversed
vent also increases. Figure 1 shows current-time recordinggicelles formed with ethyl acetate for successivepR5s-
obtained for 0.4 mM phenol in different reversed micelladditions of 0.04 mol 1 stock microemulsions of phenol,
systems formed with n-hexane (log P = 3.48), chloroformp 4_dimethylphenol, 4-chloro-3-methylphenol, and pen-
(log P = 2.24), dichloromethane (log P = 1.25), and ethyachlorophenol. As can be observed, the composite tyrosi-

acetate (log P = 0.66), as well as with some of their mixyase electrode exhibited a rapid response to the changes in
tures, 0.1 mol t* AOT as the surfactant, and a 5% of a

0.05 mol L* phosphate buffer solution of pH 7.4 as dis-
persed phase. As can be observed, the composite tyrosin
electrode exhibits a well-defined response in the emulsior

formed with ethyl acetate and chloroform, which becomes

little worse when the organic solvent is dichloromethane

and practically disappears when n-hexane or a 9:1 mixtu

of n-hexane and ethyl acetate is employed. However, a us

ful signal was obtained when the emulsion was formed wit T

a 1:1 n-hexane:ethyl acetate mixture. Although in this cas @

the amperometric response was approximately 5-fold lowe

than that registered in emulsions formed only with ethy 0.96 pA

acetate, this mixture could be used with analytical purpos¢ 3.2 min 0.24 A
when the analyte to be determined should be extracted in 3.6 min
hexane. _-\_H_.

Although it has been suggested for enzyme reactions (c) @ (b)
organic media that solvents with a log P < 2 are not sur
able for biocatalysis because they can distort the biocataly:
water interaction (i.e. stripping of the essential water layel TIME
[16], the results shown in figure 1 allow us to conclude the
the most suitable solvent for a good amperometric bioselFigure 2. Current-time recordings at the graphite-70%Teflon-
sor performance is ethyl acetate, which has the lowest Ictyrosinase electrode for successive 25- pL additions of
P value. The high dielectric constant of this solvent com0.04 mol L stock microemulsions of: (a) phenol, (b) 4-chloro-
pared to the others ensures the conductivity of the water-i3-methylphenol, (c) 2,4-dimethylphenol, and (d) pentachlorophe-
oil emulsions formed, and, as it will be demonstrated laten©! in reversed micelles formed with ethyl acetate. Other con-
on, it does not damage the enzyme-water interaction. ~ dions as in Fig. 1.

CURRENT
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the substrate concentration for all the phenolic compounc 5,

tested, except for pentachlorophenol. This fast response L 024
due both to the absence of a membrane barrier on the el

trode surface, and to the absence of a covalent immobiliz e o [0
tion of the enzyme to graphite. No response was found aft 2.0 A
pentachlorophenol additions because this compound has e b ., [%<g
its ortho-positions substituted and hence the formation of tr = A P
corresponding 1,2-quinone is not possible. Moreover, th e = |
steady-state currents obtained for phenol and 4-chloro-i 10 A L 0.08
methylphenol, with the two ortho-positions free, were mucl .

higher than that of the substrate with only one ortho-pos A - 0.04
tion free. Furthermore, when comparing the signals obtaine o

for phenol and 4-chloro-3-methylphenol, it can be deduce  °° o 0.00
that the time to reach the steady-state was considerat 00 10 20 30 40 50 60 70

shorter for phenol, which may be due to the different solu Adueous phase, %

bility in water of these compounds. As the enzyme reactio _

takes place in the aqueous microdomains at the electroFigure 3. Effect of the dispersed aqueous phase percentage on
surface [17], a partitioning equilibrium of the Substratesthe stee'ldy-state current in reversed micelles formed with ethyl
between the aqueous and organic microdomains is estegcftj‘.te’ t?]"} hmM Fhe”"' (()th‘)’ 4'CZ'.?r°'3'mthy::p.heri°' () and
lished. Therefore, the compounds less soluble in water wi~" imethylphenol { ®). Other conditions as in Fig. 1.
need a longer time to attain this equilibrium, and hence tt

kinetics of the enzyme reaction will be slower.

Finally, it should be mentioned that no amperometric sigrise to the breaking of the emulsion. A 5 % of phosphate
nals were observed after successive additions of the phersffer solution was chosen to prepare the reversed micelles.
lic compounds when a composite graphite-Teflon electrode

with no enzyme incorporated was employed. This aqueous phase content is higher than that optimized

for tyrosinase amperometric biosensors prepared by direct
o adsorption of the enzyme on the electrode surface [4]. In
Nature of the emulsifying agent these electrodes, where the enzyme is not very strongly

) . attached to the surface, the maximum water percentage is
Assays on the performance of the graphite-Teflon-tyrosinaggnited by the solubilization of the enzyme in the aqueous

composite biosensor were made in reversed micelles form%‘ﬂcrodroplets in the reversed micellles. However, no
with different surfactants: an anionic surfactant (AOT), &nzyme solubilization effect was found when using graphite-
cationic surfactant (Hyamine 3500), and a non-ionic surfacrefion electrodes, where the enzyme is physically entrapped
tant (Triton X-405, which also needed an electrolyte such_qﬁto the bulk of the rigid composite matrix, and, conse-
TBAP [5]). Although good steady-state amperometricyently, only aspects as the higher steady-state current

responses were obtained for 0.4 mM phenol in all cases, t3gtained or the stability of the own emulsion need to be
reproducibility of these signals was not sufficiently good ingken into account.

the emulsions formed with the cationic and non-ionic sur
factants, which can be due to the lower stability found fo

these reversed micelles, even with low percentages of aqt 30 0.25
ous phase, when compared with those formed with AO’
Consequently, AOT was selected as the emulsifying age 25 | 020
for further work. e o °

20 A 4 4 2 - 0.15
Effect of the content of the aqueous dispersed phase, < 15 n - <
and of the surfactant concentration in the reversed - | 010
micelles 10 $
Figure 3 shows the influence of the aqueous phospha 05| & - " m [ 005
buffer solution percentage in the reversed micelle on th
amperometric response for a constant concentration of ph 0.0 ‘ ‘ ‘ ‘ ‘ ‘ 0.00
nol, 4-chloro-3-methylphenol, and 2,4-dimethylphenol. Only 000 005 010 015 020 025 030 035
for aqueous phase contents higher than 2 %, measurable ¢ [AOT], M

nals could be obtained for the three phenolic compounds, tl

signal increasing with the phosphate buffer percentage up Figure 4. Influence of the AOT concentration on the steady-state
approximately a 5 %, indicating that for this content thecurrent for 0.4 mM phenol (' 4), 4-chloro-3-methylphenol (o), and
enzyme hydration on the electrode surface is optimum f(2,4-d|methylphen0| (.l) in rgver_sed micelles formed with ethyl
its enzymatic activity. Water contents higher than 6 % gay2etate. Other conditions as in Fig. 1.
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30 025 composite electrode with time; (d) reproducibility in the fab-
rication of different electrodes; and (e) effect of the storage
25 | | 020 time of the pellet from which electrodes are constructed (see
Experimental Section). All these studies were carried out in
) 2.0 1 :A:A. | 015 t1hO.0 mbL toftreversed micelles containing 0.4 mM phenol as
S 5 ota T g e substrate.
- 010 A set of amperometric measurements at -0.15 V for
1.0 | . . . .
NS 10 different reversed micelles with no regeneration of the
05 | - 005 electrode surface yielded a relative standard deviation (RSD)
A o value for the steady-state current of 3.8 %.
0.0 | | Y Y - 0.00
: : : : : : : One of the most advantageous properties of the use of
04 03 02 01 00 01 02 03 04 composite enzyme electrodes is the possibility of obtaining
E,V a “new” electrode surface by simple polishing. Thus, the
reproducibility of the amperometric response was tested
Figure 5. Influence of the applied potential on the steady-state after regeneration of the electrode surface by polishing for
current for 0.4 mM ( A) phenol, (.) 4-ch|0r0-3-methy|phen0l, and approximate'y 5 s on a 150 g”t S|C paper_ Three Successive

(m) 2,4-dimethylphenol in reversed micelles at a graphite-

_ , measurements were made after each polishing and a total of
70%Teflon-tyrosinase composite electrode.

10 polishings was performed. A RSD of 8.8 % was obtained
for the ten steady-state current mean values of each series,
indicating that the composite bioelectrode yielded acceptably
reproducible amperometric responses after being subjected

On the other hand, the influence of the AOT concentra;-0 the regeneration procedure, and that the enzyme is uni-

tion on the amperometric response obtained for the abov%rmly distributed into the bulk of the electrode matrix.

mentioned phenolic compounds is displayed in figure 4. AS o the other hand, the stability of one single composite
can be observed, maximum signals were obtained in allyzyme electrode with time was checked by using two dif-
cases for an AOT concentration of around 0.1 malfrom  ferent approaches: (a) by performing everyday five mea-
this value, the steady-state current remained practically cOByrements of different 0.4 mM phenol emulsions with the
stant for phenol and 4-chloro-3-methylphenol, but decreasgfectrode called “electrode A”, and (b) by storing the elec-
in the case of 2,4-dimethylphenol. Therefore, a surfactaifsde for some days after performing five measurements of
concentration of 0.1 mol-twas selected for further work. gifferent 0.4 mm phenol emulsions for 3-4 consecutive days

] ] (“electrode B”), and then using it again. Figure 6 shows the
Effect of the applied potential control charts constructed for electrodes A and B. The mean

The dependence of the composite tyrosinase electroy@lue of the obtained steady-state current for the set of ten
response on the applied potential was evaluated over tRE'PErometric measurements with no electrode surface
potential range from +0.30 to —0.30 V for a 0.4 mM con €generation mentioned above, was used as the “target
centration of phenol, 4-chloro-3-methylphenol and 2,4valueé on the chart, whereas the upper and lower limits of
dimethylphenol (Fig. 5). As expected, a similar shape waSoNirol were set at 3 s, where s is the standard deviation

observed for all the phenolic compounds with a rapi@f this mean value. When a mean value of the five mea-
increase of the amperometric current between +0.20 argy’éments carried out in the same day was out of the lower
~0.15 V, followed by a decrease in the current at more ne mit of control, the electrode surface was polished, and then
ative potentials, which may be due to the polymerization df"® initial steady-state current could be restored. As it can
the corresponding o-quinone produced at these negatiP§ OPserved in figure 6, the mean values of the ampero-
potentials [4]. The behaviour shown in Fig. 5 indicates thaetric signal rema|ned“|n5|de the cgntrql limits over approx-

the 1,2-quinone formed in the enzymatic reaction for eaci’tely 8-10 days for “electrode A", with no need of pol-

of the tested substrates is reduced at very similar potentialgNind the electrode surface. The RSD for all the steady-state

Consequently, a potential value of —0.15 V was chosen f&urrent mean values obtair)ed during 40 days (excluding the
subsequent studies. signals measured immediately before polishings) was of

7.3 %, which indicates that the composite tyrosinase elec-
trode remained useful for at least this period of time. The
control chart for “electrode B” also showed that when the
amperometric signal decreased significantly, the initial
The useful lifetime of graphite-Teflon-tyrosinase compositegesponse can be recovered by polishing of the electrode sur-
electrodes in reversed micelles was studied by considerifigce. Moreover, it can be deduced that a storage period of
different aspects: (a) repeatability of the amperometrithe electrode of 64 days (from the day 19 to the 84) did not
response with no electrode surface regeneration; (b) repraffect this behaviour, which indicates that the loss of activ-
ducibility of the amperometric signal after regenerating théy after this long storage time is only at the surface, and
electrode surface by polishing; (c) stability of one singledoes not occur in the bulk of the electrode pellet.

Stability of the graphite-Teflon-tyrosinase
composite electrode
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Table 1. Reproducibility of different graphite-70%teflon-
tyrosinase electrodes fabricated from the same pellet
and from different pellets. Five 0.4 mM phenol steady-
state current (i) measurements were carried out with
each electrode in reversed micelles formed with ethyl
acetate, 0.1 mol L 2 AOT, and a 5 % of 0.05 mol L ! phos-
phate buffer. Confidence intervals for a significance level

of 0.05; E,, = -0.15 V.

PELLET ELECTRODE I, HA i, mA RSD, %
1.86+0.08
1.84+0.08

1.82+0.09

1.90+0.09
1.84+0.09

1.85+0.04 2.0

NFE WN P

the analytical signals obtained from different electrodes fab-
ricated from the same pellet and from different pellets is an
essential aspect to be evaluated in order to asses the practi-
cal usefulness of the amperometric tyrosinase electrode in
these predominantly non-aqueous media. Table | summarizes
the results obtained for five electrodes, three of them fabri-

cated from the same pellet, and the other two from a dif-
ferent pellet. Five amperometric measurements for phenol
were carried out with each electrode. The RSD value for all
the five electrodes was 2.0 %, which indicated that the fab-
rication procedure of the composite enzyme electrodes was
reliable, and that reproducible electroanalytical responses
can be achieved with different electrodes constructed in the
same manner.

Figure 6. Control charts for the steady-state current dependence
on time for 0.4 mM phenol measured everyday (electrode A),
and storing the electrode for some days after performing the
measurements for 3-4 consecutive days (electrode B). Other
conditions as in Fig. 1.

Finally, the effect of a long period of storage of the main
mposite pellet, when it was stored atCGlin a refrigera-
r, was also evaluated. After seven months of storage, no

From approximately 95 days, the amperometric respon e
could not be recovered by polishing. Taking into accou

that only five polishings were carried out over this period o ignificant loss of the enzyme activity occurred, and similar

time for this electrode (“electrode B”), see f|gure 6, and thaf, nd reproducible) amperometric responses to those shown
as it was demonstrated above, reproducible measuremepis

were obtained after subjecting the same electrode to ten ca _table | were obtained when the bioelectrode was fabri-
secutive polishings thisJ Iossgof activity cannot be attributeébted from such a stored pellet. Consequently, it can be

P gs, U y can tated that the enzyme immobilization method into the elec-
to the fact that the thickness of the composite pellet becom

too thin after repetitive regeneration of the electrode sun‘acgr.%de matrix is suitable.

Since, as it will be discussed Pe|0\{V, very long storage peri- |n conclusion, all the results obtained in these studies on
ods of the composite pellet at°@ did not either affect the the stability of the graphite-Teflon-tyrosinase composite

enzyme activity, we have attributed the above mentionegiectrode illustrate fairly well the robustness of the biosen-
loss of enzymatic activity to the changes of temperaturgor design developed.

undergone by the biosensor from the storage temperature
(4 °C) to the working temperature (250.5 °C) before each

working session, and vice versa. Kinetic parameters

Other phenolic compounds, apart from those used above,

In any case, either because the enzyme activity is lostere also employed as analytical substrates. Thus, catechol,
after a repetitive use and regeneration of the pellet surfacg4-dimethylphenol, 3,5-dimethylphenol, 2,3-dimethylphe-
or because of the above mentioned changes of temperatma, and 3-chloro-2-methylphenol were tested. The kinetics
during working days, the biocomposite pellets needed to b#f the enzyme reaction for all these phenolic compounds fit-
changed when the initial amperometric response could nt#d into a Michaelis-Menten type kinetic, as demonstrated
be restored by polishing. Therefore, the reproducibility oby the calculation of the parameter x from the Hill's plots
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Table Il. Kinetic parameters obtained with graphite- ogous series, in spite of having the two ortho-positions free.
Teflon-tyrosinase composite electrodes for phenolic This may be due to a higher steric impediment to form the
compounds in reversed micelles. complex with this compound. Also, as expected, both phe-
SUBSTRATE X Vi (A)  Kiapp (MM) nol and catechol showed low Michaelis-Menten constants

because their structure facilitates the enzyme-substrate com-
plex formation.

Catechol 0.98 2.44 0.07

Phenol 0.95 2.03 0.16 Regarding the Y values, it can be deduced that the for-
2,4-dimethylphenol 1.03 2.98 6.6 mation rate of the enzymatic reaction products depended on
3,5-dimethylphenol 0.96 2.36 18.8 the nature of the homologous series, that is, this kinetic para-
3,4-dimethylphenol 1.02 2.66 0.08 meter was approximately the same for all the compounds
2,3-dimethylphenol 0.96 2.64 101 belonging to the dimethylphenol family, as well as for phe-
4-chloro-3-methylphenol 0.98 417 0.41 nol and catechol, whereas it was around twice for the chlo-
4-chloro-2-methylphenol 098 4.35 269 rinated phenols.

Calibration plots and analytical characteristics

Table Ill summarizes the analytical characteristics of the lin-

(log[(imaf) — 1] vs the log of the substrate concentration).ear portions of the corresponding calibration graphs obtained
This parameter was very close to 1 in all cases (see table Hpr each phenolic compound in the reversed micellar system.
indicating that the predominantly non-aqueous workingAn applied potential of —0.15 V was always applied. As can
medium did not disturb the Michaelis-Menten kinetic behavbe deduced, the sensitivity was higher for those compounds
iour. having lower apparent Michaelis-Menten constants, as it is
predicted theoretically. Furthermore, a wide range of linear-

The calculation of the apparent Michaelis-Menten conity was found for chlorinated phenols which can be attrib-
stants (K, .,9, and the maximum rate of the reaction.XV uted to the faster kinetics for the formation of the enzymatic

was accomplished from the Lineweaver-Burk plots. Theeaction products for these compounds commented above.
obtained values are summarized in table Il. Taking into

account the Michaelis-Menten theory [18], the dissociation The values of the limits of determination and detection
constant of the enzyme-substrate complex (ES) is propoffable IV) were calculated according to the 10s [19] and
tional to K, ,,, and V. is proportional to the catalytic con- 3s/m criteria [20], respectively, where m is the slope of the
stant (k,) for the conversion of the ES complex into thelinear range of the corresponding calibration plot, gndes
product plus the enzyme. The obtained results for all thime estimated as the standard deviation (n=10) of the signals
phenolic compounds having at least one free ortho-positidinom different solutions of the substrates at the concentra-
tested show that the stability of the ES complex dependdibn levels shown in table IV. Moreover, RSD values for
on the structure of the substrate for a given homologousich concentration levels are also displayed in table IV. It
series. Furthermore, it can also be concluded that the suten be said that the detection limits obtained with the
strates with one ortho-position occupied form less stable Egaphite-Teflon-tyrosinase composite electrodes are, in gen-
complexes, with the exception of 3,5-dimethylphenol whicteral, considerably better than those found with tyrosinase
has a high Michaelis-Menten constant compared with themperometric biosensors prepared by direct adsorption of
one obtained for the rest of the compounds from the homalhe enzyme on the electrode surface [4].

Table Ill. Analytical characteristics of the calibration plots for different phenolic compounds at graphite-Teflon-tyro-
sinase composite electrodes in reversed micelles.

Substrate Linear range Slope Intercept r
(mol L) (LA moFiL) LA)
Catechol (1-30)x10-¢ (3.620.4)x10% (245)x10-2 0.997
Phenol (4-80)x10°® (1.28+0.05)x104 (0.04+2)x 102 0.998
2,4-dimethylphenol (0.05-3.0)x10® (2.84£0.2)x102 (—2+2)x102 0.997
3,5-dimethylphenol (2-20)x10°® 62+2 (-3+3)x102 0.999
3,4-dimethylphenol (1-40)x10-° (2.1+0.1)x10* 0.01+0.02 0.997
2,3-dimethylphenol (2-30)x10°® 31+1 (-4+2)x10-2 0.998
4-chloro-3-methylphenol (4-500)x10-¢ (5.12+0.02)x104 (3+4)x10-2 0.998
4-chloro-2-methylphenol (5-80)x10°® 14.9+0.7 (=7+3)x102 0.998
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Table IV. Analytical characteristics for the determination of several phenolic compounds at graphite-Teflon-tyrosinase

composite electrodes in reversed micelles.

Substrate Concentration RSD Detection limit Determination

(mol L) (%) (mol L) limit (mol L)
Catechol 4x10-° 8.7 4.65x1077 1.55x10°
Phenol 1x10-° 6.8 1.1x10°® 3.7x10°
2,4-dimethylphenol 5x10-° 8.2 3.38x10° 1.13x10*
3,5-dimethylphenol 2x1073 6.4 2.0x10* 6.66x10~
3,4-dimethylphenol 3x10-° 8.6 1.0x10°® 3.3x10°
2,3-dimethylphenol 2x1073 7.5 4.74x10* 1.58x10°°
4-chloro-3-methylphenol 1x10°° 7.7 4.4x1077 1.5x10°®
4-chloro-2-methylphenol 5x10-3 6.6 1.3x10°3 4.4x10°°

3. Ortiz, G.; Gonzalez, M.C.; Reviejo, A.J.; Pingarron, JAval.

Conclusions
4.

All the above results demonstrate fairly well that the
graphite-Teflon-tyrosinase composite electrodes constitute”
robust amperometric biosensors able to work in predomi-
nantly non-aqueous media, such as reversed micelles, and
suitable for monitoring ortho-diphenols and phenols having
at least one free ortho-position. Besides this compatibility -
with predominantly non-aqueous media, this biosensor,

design shows important practical advantages such as an €asy ppenols” 1992
9. Lutz, E.; Dominguez, EElectroanalysis1996 8, 117.

fabrication by physical inclusion of the enzyme into the bulk
of the electrode matrix with no need of covalent bindings10
a good renewability of the surface by polishing, and a long-"

term operation and stability. 1
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