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ABSTRACT

Design a biosensor by using Modified glassy carblectrode With HRP Enzyme and ZNanoparticles for Detect

of H,0, was studied. The heme group of HRP Enzyme playethgortant role in reduction (F&) an oxidation
(Fe€*") state in our electrochemical experiments. Thespheharacterization of ZrOnanoparticles was performed
by X-ray diffraction (XRD) using a D/Max-RA difftameter with Cul& radiation. The absorbance properties of
prepared nanoparticles were measured and recorded using a TU-1901 double-beam UV-visible
spectrophotometer. The morphologies and particleessiof the samples were characterized by JEM-200CX
transmission electron microscopy (TEM). The forpatential (E) for the HRP redox reaction on the HRP / ZrO
NPs/GCE was equal to +0.49. This experiment has intoedua new biosensor for determination gfoslin the
range of 50 to 40QM.

INTRODUCTION

Nanomaterials are chemical substances or mat¢halsare manufactured and used at a very smak ¢dalwn to
10,000 times smaller than the diameter of a human) fil-4]. Nanomaterials are developed to exhiitvel
characteristics (such as increased strength, clabmeactivity or conductivity) compared to the samaeterial
without nanoscale features [5-6]. Nanomaterials ehdlve potential to improve the quality of life; Met
nanoparticles (Nps) can be used to enhance therdmbimmobilized biomolecules in construction ofensor [7].
Metal nanoparticles have been used to catalyzehbioical reactions and this capability can be ue@rmployed
in biosensor design. Nanotechnology is having &opired effect on the development of new biosendissensors
commonly comprise a biological recognition moledatenobilised onto the surface of a signal transdtcegjive a
solid state analytical device [8-9]. The reactioetveeen the biorecognition molecule and the anaigtea
heterogeneous reaction and therefore the desigmedfiosensing interface is all important in deteing the final
performance of the biosensor [10-11]. Advancesaimafiabrication of biosensing interfaces are onth®fwo major
areas where nanotechology has dramatically impastethiosensor research in the last few years. Tzgnee
horseradish peroxidase (HRP), found in horseradishsed extensively in biochemistry applicationisngrily for
its ability to amplify a weak signal and increasstetttability of a target moleculélorseradish peroxidase is a
44,173.9-dalton glycoprotein with 6 lysine residwasich can be conjugated to a labeled moleculerdtiuces a
coloured, fluorimetric, or luminescent derivativetbe labeled molecule when incubated with a prapdrstrate,
allowing it to be detected and quantified [12]. HRFoften used in conjugates (molecules that haenloined
genetically or chemically) to determine the pregeoica molecular target [13]. The 3D structure &RHwas shown
in figure 1. The heme group is clear in center &&PHstructure with yellow color; this heme groupyglh an
important role in reduction (8 an oxidation (F&) state in our electrochemical experiments [14].
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Figure 1. Three-dimensional structure of HRP.

Here we designed a biosensor by using Modifiedsglaarbon electrode With HRP Enzyme and,Ztanopatrticles
for Detect of HO..

MATERIALSAND METHODS

2.1. Materials

HRP and Zirconyl chloride octahydrate purchasethf®igma-Aldrich. Other Reagents purchased from klefbe
supporting electrolyte used for all experiments @adsM pH 7 phosphate buffer solution (PBS), whicbpared by
using 0.1 M NgHPQ, and NaHPQ, solutions. All the reagents used were of analijtggade and all aqueous
solutions were prepared using doubly distilled wgenerated by a Barnstead water system.

2.2. Apparatus

Cyclic voltammetry (CV) and square wave voltammetmre performed using an Autolab potentiostat PGBTA
302 (Eco Chemie, Utrecht, The Netherlands) driventihe General purpose Electrochemical systems data
processing software (GPES, software version 4.8, Gtemie). A conventional three-electrode cell wasployed
throughout the experiments, with bare or Zr@noparticles modified glassy carbon electrodenf& diameter) as

a working electrode, a Ag/AgCI as a reference ebelet, and a platinum electrode as a counter eldetrbhe phase
characterization of ZrQnanoparticles was performed by means of X-rayraiffon (XRD) using a D/Max-RA
diffractometer with Cul¢ radiation. The absorbance properties of preparetpaticles were measured and
recorded by using a TU-1901 double-beam UV-visgpectrophotometer. The morphologies and partidessof

the samples were characterized by JEM-200CX trassam electron microscopy (TEM) working at 200 kV.

2.3. Preparation of Zr{nanoparticles

The ZrG nanoparticles were prepared according to theatitiee. Initially, 2.58 g ZrOGI8H,O and 4.80 g urea
were dissolved in 20.0 mL GBH under stirring to form a colorless solution. Hwution was transferred to a 20-
mL Teflon-lined stainless steel autoclave, whicls\whaated to 200 °C and maintained at that temper&tu 20 h.
The obtained white product was post-treated witptauric acid solution (0.16 mmol), and then caldiae 645 °C.
2.4. Preparation of unmodified glassy carbon ebeletr

The most commonly used carbon-based electrodeeimialytical laboratory is glassy carbon (GC)sltriade by
pyrolyzing (Pyrolysis is the decomposition of orgacompounds by heating to high temperatures iratieence of
oxygen) a carbon polymer, under carefully contblEonditions, to a high temperature like 2000°C][1&n
intertwining ribbon-like material results with reten of high conductivity, hardness, and inertn€3gssy carbon
electrode (GCE, dia. 3mm) was polished withrm and 0.05um alumina slurries sequentially and then rinsedh wit
distilled water. After that, the electrode was sated in deionized water and finally dried undebemnt conditions.
2.5. Preparation of modified GCE with Zr@anoparticles and HRP

To prepare the modified GCE with Zy®lanoparticles and HRP, after immobilized Zri@anoparticles on GCE
surface, The Zr@Nanoparticles / GCE was placed into a fresh PRSiding 12mg mL* HRP (pH 7.0, 3 to 5°C)
for 8 hour. At the end, the modified electrode wasshed with deionized water and placed in PBS (FHl & a

refrigerator (3 to 5°C), before being employedhia electrochemical measurements as the workingyedc

5351
Scholars Research Library



Mohamad Fazilati Annals of Biological Research, 2012, 3 (11):5350-5357

RESULTSAND DISCUSSION

3.1. Microscopic characterization

The average diameter of the Synthesized ,Zn@noparticle is about 20 nm, and has a very nanpawticle
distribution. The scale bare for this image alss @@ nm. This statement illustrated in figure 2isTFigure Show a
TEM picture of the Zr@nanopatrticles.

Figure2. TEM images of Zr O, NPs, with diameter about 20 nm

3.2. X-Ray diffraction of Zr@nanopatrticles

The XRD pattern (figure 3) for Zrnanoparticles, the diffraction peaks are absodie® values. The prominent
peaks have been utilized to estimate the grainafimample with the help of Scherrer equation 6% KM(B cos

0) where K is constant(0.9),is the wavelengtiA(= 1.5418 A°) (Cu k), B is the full width at the half-maximum of
the line and6 is the diffraction angle. The grain size estimatesing the relative intensity peak for ZrO
nanoparticles was found to be 20 nm and increasshampness of XRD peaks indicates that particlesimar
crystalline nature. All different peaks in figurer@ated to Zr@ nanoparticles and matched to Joint Committee for
Powder Diffraction Studies (JCPDS).
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Figure 3. XRD pattern for Zr O, nanoparticles

z

400

5352
Scholars Research Library



Mohamad Fazilati Annals of Biological Research, 2012, 3 (11):5350-5357

3.3. UV-visible absorption spectra for Zr@anoparticles

The most dramatic property of nanoparticles is glze evolution of the optical absorption spectranée UV-
visible absorption spectroscopy is an efficienhteque to monitor the optical properties of quantired particles.
The UV-visible absorption spectra of Zr@anoparticles was shown in Figure 4; althoughvtiagelength of our
spectrometer is limited by the light source, theaaption band of the ZrOnanoparticles have been shows a blue
shift due to the quantum confinement in sample ampvith bulk ZrQ particles. This optical phenomenon
indicates that these nanoparticles show quantueneffect [17].
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Figure 4. UV-Visabsor ption spectra for Zr O, nanoparticles.
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Figure5. Cyclic voltammograms, using (a) the ZrO, NPY GCE in 0.1 M phosphate buffer and (b HRP/ZrO, NPs/ GCE in 0.1 M
phosphate buffer (scan rate: 100 mV/s).

3.4. Direct voltammetric behavior of the HRP / Z0dPs/GCE electrode

The integrity of the immobilized HRP constructiondaits ability to exchange electrons with the naaterscale
ZrO, particles surfaces were assessed by voltammetmna8roscopic electrode was required to attain gelar
enough HRP sample to yield detectable direct oxidadnd reduction currents. The comparative CVsHerZrQ
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NPs/ GCE and HRP / Zro NPs/ GCE in 0.1 M PBS (pH 7.0) was obtained. Theskammograms are
demonstrated in Figure. 5 (a,b). From this Figitrejas noticed that there were no voltammetric oese on Zr@
NPs/GCE (Fig. 5a), which, Fig. 5(b) depicts a well-defil pair of oxidation—-reduction (redox) peaks, obsg on
the HRP / ZrQ@ NPs/ GCE at 100 mV’sscan rate value. The HRP / Zr@Ps/ GCE presented the reductive peak
potential at +0.42 V and the corresponding oxidafpeak potential at +0.56 V (at 100 mV)sillustrating the
adsorbed HRP on the nanometer-scale,fr@ticle surfaces. The difference of anodic antiadic peak potential
values was\E = -0.14 V. These redox peaks were attributedi¢orédox reaction of the HRP electroactive center.
The formal potential (8 for the HRP redox reaction on the HRP / ZIIPs/GCE was +0.49 with respect to the
reference electrode.

Current, uA
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Figure6. (a) CVsof HRP/ ZrO, NPs GCE electrodein PBS at various scan rates, from inner to outer; 25, 50, 75, 100, 125, 150, 175, 200
and 225 mV s?, therelationship between the peak currents (ipa, ipc) vs., (b) the sweep rates and (c) the square root of sweep rates.

The collected voltammograms in Figure 6 (a) suliktted this statement that the nanometer-scale feiticles
could play a key role in the observation of the HR¥ response. On the grounds that the surface{time ratio
increases with the size decrease and because faftththat the enzyme size is comparable with gtreometer-scale
building blocks, these nanoparticles displayedemgeffect on the electron exchange assistanceebathlRP and
GCE. To further investigate the HRP characteristicie HRP / Zr@QNPs/GCE electrode, the effect of scan rates
on the HRP voltammetric behavior was studied inaitlelThe baseline subtraction procedure for thelicyc
voltammograms was obtained in accordance with tethod reported by Bard and Faulkner [18]. The seée §)
and the square root scan rat¥y dependence of the heights and potentials of &zdgpare plotted in Figure 6 (b)
and Figure 6 (c) respectively. It can be seen tttredox peak currents increased linearly withsten rate, the
correlation coefficient was 0.9987 (ipc = +0.22412.0256) and 0.9982 (ipa = -0.2208.4561), respectively. This
phenomenon suggested that the redox process wadsamtion-controlled and the immobilized HRP wable. In
Fli/gzure 6 (c) It can be seen that the redox peatents increased more linearly with thén comparison to that of

However, there is clearly a systematic deviatiamflinearity in this data, i.e. low scan rates @mays on one side
of the line and the high scan rate points are @ndtner. The anodic and cathodic peak potentiaslinearly
dependent on the logarithm of the scan rat¢svhenv > 200 mV &, which was in agreement with the Laviron
theory, with slopes of -2.3RT/ nF and 2.3RT/ (1e) nF for the cathodic and the anodic peak, respelgt{19]. So,
the charge-transfer coefficient (a) was estimated)89. Furthermore, the heterogeneous electromsfenarate
constant (ks) was estimated according to the faligvequation [19-20]:

a(l—gnFAEP

RT
_ ) ) 1
[ log ks =a log( 1) + (1-a) loga |OgﬂFU 2 RT ] 1)

Here, n is the number of transferred electrondatrate of determining reaction and R, T and F sjmhaving
their conventional meanings. The average heteragenegansfer rate constant (ks) value was calalabeut, 1.81
-1
S

3.5. Electrocatalytic reduction of,8, on the HRP / ZroNPs/GCE

Upon addition of HO, to 0.1M pH 7.0 PBS, the cyclic voltammogram of thieP / ZrQ NPs/GCE electrode for
the direct electron transfer of HRP changed drayablyi with an increase of reduction peak currert ardecrease
of oxidation peak current (Fig. 7a), while the cparof cyclic voltammogram of bare or ZrQ®lps/ GCE was
negligible (not shown), displaying an obvious elecatalytic behavior of the HRP to the reductionHz,. The
decreases of the oxidative peak current togetheurced with the increases of the reductive HRPG,2MPs/GCE.
The electro-catalytic process could be expresséallasvs:
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H,0, + HRReg— HRP, + H,O (2)
HRPyxx + 2 € > HRRey (3)

The calibration curve (Figure 7b) shows the linependence of the cathodic peak current on th@, H
concentration in the range of 50 to 404. In Figure 7 b, at higher concentration of®4, the cathodic peak current
decreased and remains constant. Upon addition afianot of HO, to the buffer solution, the reduction current
increased steeply to reach a stable value (Fig. Ty implies electrocatalytic property of electeo Thus, this
experiment has introduced a new biosensor forehsitve determination of 4@, in solution.
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Figure7. (a) Cyclic voltammograms obtained at an HRP / ZrO, NP GCE in 0.1M PBS (pH 7.0) for different concentrations of H,O,and
(b) the relationship between cathodic peak current of HRP and different concentrations of H,0; (scan rate: 100 mvV's?).

3.6. Stability of designed @, biosensor
The stability of HO, biosensor has been checked by carrying out expetsrat the regular interval of a week and it
has been found that HRP / Zr@ps/ GCE electrode based electrochemical bioseetains its 92% activity after
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30 days. The loss in the activity of biosensordsdue to the denaturation of HRP but it is duthe®poor adhesion
of ZrO, Nanoparticles on the GCE.

CONCLUSION

Nanotechnology is having a profound effect on teeetbpment of new biosensors. In this paper, i ltarestructed
for design a new biosensor for the sensitive ddtetion of HO, in solution. The KO, biosensor had successfully
demonstrated high stability, good linearity, betensitivity, fast response time, and excellenéctility towards
Hzoz.
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