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Summary

An amperometric biosensofor glucose was consttted in a one-stepprocedure by the
electopolymeization of o-toluidine in the presence of glucose oxidase on Pt substrates in KCI
aqueous electrolyte at a potentialdb V vs Ag / AgCIl. The ampeneetric reponses of the prepared
polymeric biosensor to the glucose were measured at a potentia? &f in PBS solution. Results
showed that this polymeric sensor exhibited a fast amperometponsstime (4-5 s) and a linear
range up to 6 mM glucose with poor stap. Also, it was seen that biosensor peaded sacessfully

to glucose injections in the presence of some interfering species such as lactose, sucrose and urea.
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Introduction

Electrochemicallygrown condating or non-condeting polymeric films such as pglyrroles (1-4),
polyphenols (5,6), polyphenylenadines(7,8), polyailine (9), polybenzidine (10), and polyindoline
(11) have been saessfully used to immobilize enzymes at eled¢ surdces or to reduce electroactive
interferences and fouling of the elexde surhce. In application of glucose biosensthe enzgnatic
reaction between glucose and glucose oxidase withsOeleabn acceptor can be described by the

following equations (12).

GOxpap + PB-D-glucose —> GOxpapuz + D-gluconic acid (DO

GOxfpapuz + 02 ——>  GOxfpap + H0, 2
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The formed electroactiveydrogen peroxide then diffuses towards #hectode suréce where
it is amperometrically detected by electrochemical oxidatroorad 0.7 V vs Ag/AgCl (13).

It has been reported that elegiolymeization of o-toluidine proceeds via a radical cation
which reactsfurther with the ratal cation of the mnomer to form polymer (14,15). In previous
work (16), we have reported thelectrochemical synthesis, optimization and investigation of the
permselective character of the polyt6luidine) polymeric membrane. Yet, there is no reference in
the literature to the usage of polytoluidine films as immobilization mdtixthe glucose oxidase
enzyme.

The present article focuses on the prepamaelectrochemical characterizat, seady - state
amperometric rgwnse to glucose and amperetric sensor characteristics such as substrate

selectivity, linearity and rg®nsetime of the poly ¢-toluidine) - glucose oxidase biosensor.

Experimental
Materials

o-Toluidine was receivedrom Merck (Darmstad) and used without further paafion.
Glucose oxidase (GOx) (E.C. 1.1.3.4), type X-S (181600 U/g) fAmspergillus Nigerand D-(+)
glucose were suppliedlom Sigma Clkmical Company (St. Louis, MQJSA). Glucose and KCI were
used without further puiation.

The glucose stock solution was prepared in deionizeddadbly digilled water and left at
room temperaturdor 24 hours before use to ensure the presence of 3-D-glucose form l{ednibso a
polarimete). Other reagents used were of atiapl grade andupplied either by Sigma Chemical
Company or E. Merck. Amperometric measurements warein a PBS (phosple buffer slts,

pH=7.0) solution. The nitrogen used for purging / btimg was of high purity.

Instrumentation

Cyclic voltammetry (CV), linear sweep voltammetry (LSV), amperometric measurements and
electrochemical polymerization were rfmmed with a BAS (Bioanatical Systems, Inc.)100W
electrochemical analyzer in a three elede cell with a platinum (BAS, MR013, 1.98 mr)
working electode, a Ag/AgCl (BAS, MF-2063) referencgdectode and a Pt wire coil ailary

electode. pHmeasurements were made with a Jen8@10 pHmeter.
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Electrochemical Polymerization and Enzyme Immobilization

Pt disc eleasbdes were used as the workialgctode. Prior toelectopolymeization, working
electode wascleaned acarding to the standard procedure (17) and polished witbessively finer
grades of diamond polishing compounds and aqueous alumina slurry (JohrgtreyMCatalog
Comp.,USA) down tol.5 pum.

To immobilize glucose oxidase into pabyloluidine) film, o-toluidine was polymerized
electrochemicallyfrom unstirred daerated aqueous KCI solution (as electrolyte) containing glucose
oxidase at 0.5 V vs Ag/AgCl under atmosphere of nibgen at roomtemperature. Mnomer and
enzyme concentrations were 0.10 M and 100 U / mL, ectsgely. The thickness of polyo{
toluidine) - glucose oxidase film was controlled by monitoring thewarh of charge passed during
the eleatopolymeization. A typcal period was 25 miior 1 mC charge passage, which testi in a
thin, insoluble, adherent and homogeneous-lookilmy Wwith dark @pper color. After comption of
electopolymeization, the enzymeelectode was removed from the polyneation medium, rinsed
with deionized water to eliminate the weaklgyund enzyme to the polymer and stored at -10 °C in a

freezerfor subsequent chronoamparetric studies.

Sensor Properties of the Po(p-toluidine)-GOx Hectrode

Amperometric studies were carried out in a cell system using (mlpluidine) - GOx
working electode, Ag/AgCl referenceelectode and [atinum @unter elegbde. Linear sweep
voltammetry was usetbr the dcetermination of elecb-oxidation potential ofhydrogen peroxide on
the poly @-toluidine) electode. Prior to amperoetric measurements, PBS solution was aerated by
bubbling air for 20 min. Theell system containind0.0 mL of PBS was kept under denstirring at
room temperature, a constanovking potemial of 0.7 V vs Ag/AgCIl was agjed to the cell system
and background current walowed to decay to a steady state tlaktat most 5 min before glucose
injections. Then, irorder to @termine the linearity of the enzymatic etede response, soessive
glucose injectiondrom the stock solution were made, and curreime graph was comntuously

recorded.
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Results and discussion
Electropolymerization

In our previous work (16), @jic voltamnogram of the monomer showed tlatoluidine was
oxidized at aprox. 0.60 V vs Ag / AgCl and oxadion peak shifted to higher potential values with
each cycle. This behavior ob-toluidine is typical for electrochemically grown electroactive
polymers. Eleabpolymeization potentialfor o-toluidine was, however, chosen as 0.50 V so as to
ensure thin enzymatic films at a slow polymerization rate. Thus, pelgiidine) - glucose oxidase
film was grown potentiostically at this potential. Also, it has beknown that glucose oxidase from
Asperigillus Nigerhas an isoelectric point ef.2 and is, therefore, nagvely charged at the pH 6
used for theelectodepo#ion and is presumably incorped as cunter ion into the polymer
matrices(18). Therefore, o-toluidine was polynmed electrochemically in the presence of glucose
oxidase at pH 6.5.

To check the presence of glucose oxidase in the polyoldidine) matrix, cyclic
voltamnmograms of the polycftoluidine) (Fig. 1A) and polyd-toluidine) - glucose oxidase (Fig. 1B)
electodes at theamne thickness were reed in KCI solution (pH 6.5). As shown in Figure 1, the

differences between the voltarmograms confirm that the poly-toluidine) film was affected by the

enzyme immobilization.
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Figure 1. Cyclic voltammograms of the (A) poly (o-toluidine) and (B) poly (o-toluidine) - GOx
electrodes in 0.1 M KCl.
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Poly (o-toluidine)-GOx Hectrode As a Glucose Sensor

The linear sweep voltammgrams of the poly (o-toluidineglectode in the absence and
presence of hydrogen peroxide show thalectroactive hydrogen peroxide could be easily
decomposed at about 0.7 V vs Ag/AgCl. Thus, the required working t@dtéor the ampermetric
determination of electroactiveydrogen peroxide was taken as 0.7 V (16).

Figure 2 shows a plot of theéeady-sate amperometric rpenses to the adtbn of aliquots
of the stock glucose solution to determine the range of operation of pdblu{dine) - GOx
electode. The response of the biosensor was rapid (4-5 s). Fromtdhdysate amperometric
responses observed in Figure 2, a linear portion ofctdédration wrve for glucose is dhined
(Figure 3). This figure demonstes that biosensor gave a linear amperometrgonsge up to 6 mM
glucose concentration. This linear range is importaatabse human d&bd glucose concemttion
lies within the narow limits of 3.5 to 5 mM of glucose (19).
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Figure 2. Amperometric responses to successive Figure 3. The linear portion of the
glucose injections. calibration curve for glucose.

To check whether the enzymatic reaction takes place or not in the gwiuidine) matrix,
the amperometric rpsnse of the GOx-free polyotoluidine) electode to the stressive glucose
injections was tested. As expected and shown gurEi 4, nomeasurable amperometric pesise for
glucose was observed. This instructive experimemtfioned that the enzwatic reaction between

glucose and glucose oxidase in the polymeric matrix wagpomnsghle for the observed
amperometric rggnses.
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Figure 5 reeals glucose specificity of the poly-{oluidine) - GOx eleacbde in PBS
solution containing interfering substances such as lactose, sucrose and urea. Frogarthist fcan

be easily seen that the biosensor respondedessfully to glucose injections in the presence of the
aforementioned interferents.
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Figure 4. The amperometric response to glucose Figure 5. The specificity of the enzyme
injections of the poly (o-toluidine) electrode. electrode. Arrows indicate the
Starting from 600 th s, 2.0 mM glucose type of substance injected. Each
aliquots were injected with 100s intervals. injection corresponds to 2mM.

In conclusion, it has been demomaséd that the polyoftoluidine)-glucose oxidaselectode
(biosensor) can be prepared blectopolymerzation of the relevant omomer in the presence of
enzyme in aqueous solution (one-step procedure). This polymeric sensor has a fasmatripero
responsdime (4-5 s) (that is, rapid glucoseet@rminaton) and a linear range up to 6 mM glucose (a
suitable rangefor glucose measurement of diabetic patients). It has also been demonstrated that
steady-tate amperometric rpenses of the sensor to thecesessive glucose injections were

unaffected in the presence of various interfering substances.
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