1217

Vol.54, n. 6: pp.1217-1222, Nov_embe_r—Dece_mber 2011 BRAZILIAN ARCHIVES OF
ISSN 1516-8913 Printed in Brazil BIOLOGY AND TECHNOLOGY

AN INTERNATIONAL JOURNAL

A Biosensor Using Poly(4-Aminophenol)/Acetylcholingerase
Modified Graphite Electrode for the Detection of Dchlorvos

Edmar Isaias Melo, Diego Leoni Franco, André Santigo Afonso, Hélen Cristine Rezende,

Ana Graci Brito-Madurro, Jodo Marcos Madurro and Nivia Maria Melo Coelho’
Instituto de Quimica, Universidade de Uberlandia, Aodo Naves de Avila, 2121; 38400-902; UberlandiaG -
Brasil

ABSTRACT

The properties of poly(4-aminophenol) modified dnigg electrode as material for the immobilizatiod o
acetylcholinesterase were investigated by the €ybltammetry, Electrochemical Impedance Spectmsand
Atomic Force Microscopy. The polymer was depositedgraphite electrode surface by the oxidation ef 4
aminophenol and then acetylcholinesterase was inliz@th on the surface of the electrode. The biosensupled

in the continuous flow system was employed fod#iection of dichlorvos. The detection and quas#tfon limits
were 0.8 and 2.4mol L* dichlorvos, respectivelyGraphite electrodes modified with the poly(4-amimemol)
showed to be an efficient and promising materialifiamobilization of acetylcholinesterase enzymee proposed
method requires simple parts which are easy todhiilvolves only one biosensor and the potentiamdttection

is simple.
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INTRODUCTION polymeric films formed by the
electropolymerization of organic monomers have
Organophosphate pesticides residue is a serioggcouraged research in the field of
problem in the food safety and its detection oe sitelectrochemistry (Stozhko et al., 2004; Zhao and
is essential. Usually the detection methods aréhen-Nan, 2004). Methods to prepare the
based on the inhibition of acetylcholinesterase byodified electrodes by the polymeric fiims are
the pesticides. Chemically modified electrodeyery simple involving only the immersion of the
have become very attractive due to high selectivitglectrode into the polymer solution. These
and sensitivity (Pilar et al., 2002). Chemicallyelectrodes have been used for the detection of
modified electrodes are devices containing &rugs, pesticides and heavy metals (Yuging et al.,
supporting electrode and a layer modified2004; Durrieu and Tran-Minh, 2002; Dzyadevych
chemically. The main purpose for thiset al., 2002; Tsai et al., 2003). Amperometric and
modification is to control the chemical andpotentiometric sensors have been the most widely
physical properties of the electrode/solutiorused detection systems (Kochana et al., 2008;
interface, thus, improving the reactivity andLupu et al., 2007). In this case, the measurements
selectivity of the surface. Modified electrodestwit are based on the values of potential difference
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between the working electrode (sensor) andminophenol) was purchased from the Acros
reference electrode. These transducers have be®rganics (New Jersey, USA). Other reagents were
used for the construction of biosensors based amalytical grade. Solutions were prepared using
acetylcholinesterase  (lvanov et al., 2000deionized water obtained from the Gehaka Master
Snejdarkov et al., 2004; Tran-Minh et al., 1990)System (S&o Paulo, Brazil).
Accordingly, immobilization, storage and
operational stability of cholinesterase are veryApparatus
important for the biosensor exploitation. HoweverA graphite disk (28.26 mH (99.9%, Alfa Aesar -
the immobilization process of enzymes on the&arlsruhe, Germany) was used as working
surface of carbon is difficult, since graphite bet electrode. The counter and reference electrodes
amorphous carbon surfaces wusually possessich as platinum plate and Ag/AgCI (KCl 3.0 mol
insufficient active groups for direct immobilizatio L™) were used, respectively. A potentiostat from
of the enzymes. There are many methods suitabeH Instruments model 760C (Austin, USA) was
for the immobilization of the enzymes on amino-used for the electrochemical measurements in a
containing matrices (Hermanson et al., 1992)three-compartment electrochemical cell.
Many of these methods result in the decreaseflectrochemical Impedance Spectroscopy?® (ttD
enzymatic stability in the water-organic mixtures10? Hz frequency interval using signal amplitude
and storage instability in the dry conditions. Theof 10 mV) and Cyclic Voltammetry (potential
aim of this work was to study the proprieties ofrange -0.10V to +0.50 V, and 100 mV)swere
poly(4-aminophenol) modified graphite electrodeperformed using a solution containing 5 mmdi L
for the immobilization of acetylcholinesterase toKs;Fe(CN), 5 mmol L* K,Fe(CN) and 50 mmol
use this electrode for the detection of dichlorvos™ KNO,. The morphology of the modified
in the continuous flow system. graphite electrode was analyzed by the Nanoscope
Il Atomic Force Microscopy from the Digital
Instruments (Ottawa, Canada). Figure 1 shows the

MATERIALS AND METHODS flow injection system used in this work. The
polyethylene tubing (i.d.: 0.8 mm) were used for
Reagents and chemicals the loops, transmission line and coils. The

Acetylcholinesterase (VI-S, 403 units/mg protein)solutions were pumped using a Minipuls 3
and acetylcholine chloride were purchased fronperistaltic pump from Gilson (Villiers Le Bel,
the Sigma-Aldrich (Steinheim, Germany). Poly (4-France) and Tygon® pumping tubes.

I

Figure 1 - Schematic diagram of the flow injection system, Rarrier solution (1.0 mmol L
phosphate buffer in 0.1 mol'LKCI) and flow rate of 1.5 mL mify P, peristaltic
pump; W, Waste; L, loops of 2Q0; I, injection valve; A, standard solutions of &ce
acid or acetylcholine chloride; B, reaction coil3& cm; C, potentiometric detector.

Preparation of  poly (4-aminophenol)/ procedure of electropolymerization was performed
acetylcholinesterase ~ modified graphite  as described in the literature (Brito-Madurro et al
electrode 2007; Franco et al., 2008a). The analytical
The graphite electrode was prepared utilizing aesponse of the sensor was evaluated using acetic
mechanically polished graphite disk with aluminaacid solutions (0.05 to 100 mmol*), containing

(0.3 um) slurry, ultrasonicated, washed with ultra1.0 mmol L* phosphate buffer in 0.1 mol'LKCI.

pure water and dried with the ultra-pure. Nhe The enzyme was immobilized on the poly(4-
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aminophenol) modified graphite electrode (lvanovlhe  performance of  poly(4-aminophenol)
et al., 2000). The response of the sensor containimodified graphite electrode as potentiometric
the immobilized enzyme in the presence of 200 pkensor was studied in the continuous flow system
substrate (0.5 to 100 mmol *Lacetylcholine (Fig. 1) using acetic acid solutions (0.05 to 100
chloride solutions in 1.0 mmol "L phosphate mmol L"). The results indicated that the poly(4-
buffer/0.1 mol L[ KCI) was evaluated by aminhophenol) graphite sensor presented high
monitoring the open circuit potential as a timesensitivity (58.8 mV L mat) to hydrogen ions and
function. good reproducibility (RSD= 1.1%; N= 5). Hence,
this electrode could be used as potentiometric
detection system.

RESULTS AND DISCUSSION The  morphology of the poly (4-
aminophenol)/acetylcholinesterase modified
Properties of electrodes graphite electrode was investigated by the Atomic

In this article, electropolymerization of poly (4- Force Microscopy (Fig. 2). Roughness value of 86
aminophenol) film on the graphite electrode wasim was obtained. Low value of roughness
performed as described in the literature (Britofor poly(4-aminophenol)/acetylcholinesterase
Madurro et al., 2007; Franco et al., 2008a). Duringnodified graphite electrode showed that the
the electropolymerization, higher value of currenenzyme covered the poly(4-aminophenol)
was observed after the first cycle in the stagelectrode surface.

deposition of the polymer on surface. Also, higheStudies by the Electrochemical Impedance
value of current was observed increasing thGpectroscopy and Cyclic Voltammetry in the
number of potential scans, showing the coveringresence of 5.0 mmol L Fe(CN)*Fe(CN)*

of the electrode surface by the polymeric film.containing 1.0 mol &t KCI were made to evaluate
Similar electrochemical behavior was observed fothe rate of electron transfer of the poly(4-
the electropolymerization of polymeric films from aminophenol)  acetylcholinesterase ~ modified
2-aminophenol and 3-aminophenol (Franco et algraphite electrode.

2008a; Franco et al., 2008b; Ferreira et al., 2008)

Figure 2 - Atomic Force Microscopy image of graphite electroaedified with poly (4-
aminophenol)/acetylcholinesterase.

Cyclic Voltammetry studies showed the currenwhere Rs was the solution resistance, Qdl was the
values of 666.8 pnA for graphite/poly(4- electric double layer capacitance, Rtc was the
aminophenol) and 352.3 pA fographite/poly(4- charge transfer resistance, W was the Warburg
aminophenol)/acetylcholinesterage.simulation of impedance, Rcm and Qcm were the charge
the experimental data was performed using thgansfer resistance and electric double layer
following  circuit:  Rs(QdI[RtcW])(RcmQcm), capacitance to modified layer, respectively.
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Results are presented in Table 1. The chargm the electrode produced a lower transfer charge
transfer resistance (Rtc) for the poly(4-of electroactive species in solution.

aminophenol)  acetylcholinesterase  modifiedThis result was consistent with the values of
graphite electrode (36.3Q) was higher than the current observed in the Cyclic Voltammetry in the
graphite/poly(4-aminophenol) sensor (15.89. presence of the Fe(CMN)jFe(CN)* couple, i.e.,
These results showed that the enzyme immobilize8b2.3 pA.

Table 1 - Results obtained from simulation of experimentahdaf Electrochemical Impedance Spectroscopy for
graphite electrode modified with poly(4-aminophdrasid poly(4-aminophenol)/ acetylcholinesterase.

Parameter - Surface - -
Poly(4-aminophenol) Poly(4-aminophenol)/ acetylchmlesterase.
RsQ 32.8 18.66
Rtc/Q 15.52 36.30
Rcm/KQ 2.7
Qdl/uF 0.27 0.27
QcmpF 3.7
w 0.006 0.068
xZ 0.01 0.01
" Error in simulation of the experimental data.
Evaluation of the flow parameters proportionally with the substrate concentration

After the immobilization of acetylcholinesteraseuntil 10 mmol L*. Higher concentrations were not
enzyme on the poly(4-aminophenol) modifiedused because there was a large time for the
graphite electrode, the biosensor was coupled @mnalytical signal to return the baseline and to
the flow system (Fig. 1). Potentiometric responsenaintain the compromise with the analytical
due to hydrogen ions generated by the enzymatfecequency, 5.0 mmol L acetylcholine chloride
system in the presence of acetylcholine chloridevas used for further experiments. Analogously,
substrate was evaluated. In order to find a@ncreasing pH values, varying from 6.00 to 8.00,
compromise between the sensitivity and samplinincreased the signal. Appropriate results were
frequency, the effects of the phosphate buffer andbtained with a pH of 7.40, favoring the stability
substrate concentrations and pH were investigatedf the biosensor. In order to obtain sufficient
The response of the biosensor was evaluated usiagnsitivity, the phosphate concentration was
200 L of acetylcholine solution (0.5 to 100 mmol investigated. Therefore, phosphate solutions were
L™ prepared in carrier solution (1.0 mmol*L prepared at pH 7.40 and concentration was varied
phosphate buffer in 0.1 mol'LKCI). The pH of from 0.001 to 0.10 mol L The analytical signal
carrier solution was studied in the range from 6.00ecreased with the high concentration values.

to 8.00 and phosphate buffer concentration washe best compromise for the phosphate
evaluated in the range from 0.001 to 0.10 midl L concentration was obtained for 0.001 mdl L

The analytical signal for consecutive injections offable 2 shows analytical figures of merit for the
200 pL of acetylcholine chloride increased proposed biosensor.

Table 2 -Figures of merit for poly (4-aminophenol)/acetytihesterase modified graphite electrode in functd
the acetylcholine chloride concentration.

Figures Response
Linear range (mmol t) 0.5-10
Detection limit (mmol %) 0.1
Potential (mV{ 12.4+1.6
Equatiorf” E= 1.74+2.0ICAC]
Correlation coefficient r’=0.9953
Velocity of response (mv’3®© 1.0+0.2

@ 5.0 mmol [ ® E is potential (mV) aniCAC] is acetylcholine chloride concentration.
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Response of biosensor for dichlorvos was carried out in the flow system using 2000f
The detection of dichlorvos was made using thg.0 pmol L TMB-4 (1,1-trimethylene-bis (4-
proposed biosensor coupled in the continuous floormylpyridinium bromide) dioxime). Figures 3
system (Fig. 1). The substrate concentration wagnd 4 show the calibration curve for dichlorvos
5.0 mmol L acetylcholine chloride prepared inand analytical signals for proposed biosenisor
1.0 mmol L* phosphate buffer solution containingthe studied range, respectively. For these

0.1 mol L' KCI at pH 7.40. The response of concentrations, an inhibition rate from 2.3 to
biosensor was obtained before and after thg7.3% was observed. Under the optimized

inhibition step. Dichlorvos standard solutions (20Qonditions, the poly(4-aminophenol)

uL) were injected in the flow system without acetylcholinesterase modified graphite electrode
stopping the flow. The percentage ofwas employed more than 100 times during 12
acetylcholinesterase inhibition was obtained by thelays. In this case, a decrease of 45% analytical

equation: signal was observed. The detection and
AR quantification limits based on the/8 and 10/s
1(%)= e where r was the standard deviation of 10

1 measurements of a blank asdvas the slope of

. . _1
where | is the percent of inhibitiod\E; is the the calibration graphs, were 0.8 and Amol L

potential difference produced in the enzymatiéjichlorvos, respectively. The selected conditions
were judged from a good slope and linearity of the

alibration graph obtained with a reasonable
nalysis time.

system before inhibition andE, is the potential
difference produced in enzymatic system aftef
inhibition. The regeneration step of the biosensof
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Figure 3 - Calibration curve obtained for dichlorvos standsmtutions.
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Figure 4 - Analytical signals for proposed biosensor (A) 5.6oh L™ acetylcholine chloride; (B,
C, D, E, F and G) 10, 20, 40, 50, 70 and 1@l L™ dichlorvos, respectively, (H)
regeneration of enzyme.

CONCLUSIONS promising material for the immobilization of
acetylcholinesterase enzyme. The results showed

The graphite electrodes modified with poly(4-that the poly (4-aminophenol) acetylcholinesterase
aminophenol) showed to be an efficient andnodified graphite electrode presented high
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sensitivity for dichlorvos. Hence, this electrodeFranco, D.L.; Afonso, A.S.; Vieira, S.N.; FerreitalF.;
could be used as detection system for pesticidesGongalves, R.A.; Brito-Madurro, A.G.; Madurro,
residue. The FI procedure proposed here could toJ-M-  (2008b),  Electropolymerization  of ~ 3-
be employed as an inexpensive alternative to those@Minophenol on carbon graphite surface: eletric and

procedures using separation methods of analysis.Toogrphc"og'C propertiesMat. Chem. Phys107, 404-

The proposed method could be very favorable fa(/anov AN.; Evtugyn, G.A.; Gyurcsanyi, R.E.; Téth
rapid and precise detection of dichlorvos. It would " . gygnikov, H.C.  (2000), Comparative

require simple parts easy to build and would jnyestigation of electrochemical cholinesterase
involve only one biosensor and the potentiometric biosensors for pesticide determinatioknal. Chim.
detection was simple. Acta, 404, 55-65.
Kochana, J.; Nowak, P.; Jarosz-Wilkotazka, A.; Bigr
M. (2008), Tyrosinase/laccase bienzyme biosensor

for amperometric determination of phenolic
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