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ABSTRACT

We used of Nanoscience, biology and electrochgmiistdesigning a new hydrogen peroxide biosensouding
modified Carbon Paste Electrode with catalase emzgnd MnO; Nanoparticles. Cyclic voltammetry method as a
general method in electrochemical studies was perdo using an Autolab potentiostat. A conventicthaée-
electrode cell was employed throughout the experisaéhe produced M®; Nanoparticles was characterized by
XRD, UV-visible, SEM and TEM analysis. The dirdecteochemistry behavior of CAT / Mds Nps/ CPE was
studied and a pair of well-defined redox peaks whserved at the CAT / MB; Nps/ CPE in a 0.1 mol L
phosphate buffer solution (PBS) of pH 7.0 at a Sede of 100mVe compared to the M@; Nps/ CPE. Its anodic
peak potential and cathodic peak potential wereated at —150mV and -200mV (vs. SCE), respectiveije
formal potential (B) of Catalase, estimated as the midpoint of rednctind oxidation potentials, was - (175 + 2)
mV. The presented experiment has introduced a riesefsor for the sensitive determination ofOH in the
solution in the range of 15-138J.

Keywords: biosensor, catalase &, Mn,O; NPs, bioelectrochemistry

INTRODUCTION

Nanotechnology is science, engineering, and tedgyotonducted at the nanoscale, which is about 10@®
nanometers [1-2Nanoscience and nanotechnology are the study guitaon of extremely small things and can
be used across all the other science fields, ssaahamistry, biology, physics, materials science angineering
[3-4]. Nanotechnology is not just a new field ofese and engineering, but a new way of lookingret studying.
Today's scientists and engineers are finding a wédiety of ways to deliberately make materialthatnanoscale to
take advantage of their enhanced properties suchigher strength, lighter weight, increased contbllight
spectrum, and greater chemical reactivity thanr tlaeger-scale counterparts [5-®Jovel nanomaterials for use in
bioassay applications represent a rapidly advandielgl. Various nanostructures have been invesigain
determine their properties and possible application biosensors [10-15]. These structures includeotubes,
nanofibers, nanorods, nanoparticles and thin filoighese, nanoparticles are the best studied N&hoparticles
have numerous possible applications in biosen$s.example, functional nanoparticles (electrooigtical and
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magnetic) bound to biological molecules (e.g. gsj proteins, nucleic acids) have been developedide in
biosensors to detect and amplify various signal§. [$ome of the nanoparticle-based sensors indlel@coustic
wave biosensors, optical biosensors, magnetic &xtrechemical biosensors [18-20]letal nanoparticles have
been used to catalyze biochemical reactions asdctipability can be usefully employed in bioserdssign [21].
Catalysis is the most important and widely usedribal application of metal nanoparticles and hasnbstudied
extensively [22]. Transition metals show very higgitalytic abilities for many organic reactions. Mparticles
behave in the reaction medium as do conventionaidgeneous catalysts, but can be easily recoveted the
reaction [23-25]Metal nanoparticles can be used as an electrochétaigel. Most biological molecules can be
labeled with metal nanoparticles without compromgsiheir biological activities [26-27]. Affinity asys can then
be performed by monitoring the electrochemical aigsf these metal nanoparticlé3atalase is one of the most
potent catalysts known. The reactions it cataly@mescrucial to life [28]. Catalase does catalysiaversion of
Hydrogen Peroxide, a powerful and potentially hadnaxidizing agent, to water and molecular oxyg€atalase
also uses Hydrogen Peroxide to oxidise toxins wtioly Phenols, Formic Acid, Formaldehyde and AlceH@O9-
30]. Catalase is a heme containing redox enzyme. &ued in high concentrations in a compartment itsazlled
the peroxisome [31]. #D, is a powerful oxidizing agent and is potentiallgntaging to cells. By preventing
excessive B, build up Catalase allows important cellular pressswhich produce J, as a byproduct to take
place safely. The Fe (lll)/Fe (ll) redox state abbk found in Catalase by electron exchange [32FB8] Three-
dimensional structure of Catalase was shown inrdédii34].

\ S

Figure 1. Three-dimensional structure of CAT.

Here we used of Nanoscience (Mg NPs), biology (catalase enzyme) and electrochdmieshod (conventional
three-electrode cell) for designing a new biosefwoH,O, detection.

MATERIALS AND METHODS

2.1. Materials

Catalase from bovine liver (40-45 units/ mg) and ) acetylacetonate purchased from Sigma-Aldri€iher
Reagents such as,®, purchased from Merck. The supporting electrolygedifor all experiments was 0.1 M pH 7
phosphate buffer solution (PBS), which preparedidipg 0.1 M NgHPO, and NaHPQ, solutions. All the reagents
used were of analytical grade and all aqueousisakitvere prepared using doubly distilled wateregated by a
Barnstead water system.

2.2. Apparatus
Cyclic voltammetry method were performed using aiofab potentiostat PGSTAT 302 (Eco Chemie, Utrethe
Netherlands) driven by the General purpose Elehtroical systems data processing software (GPES8yeaef

5243
Scholars Research Library



Masoud Negahdaryet al Annals of Biological Research, 2012, 3 (11):5242-5251

version 4.9, Eco Chemie). A conventional threetetele cell was employed throughout the experimenitt, bare

or Mn,O; Nps modified CPE (3.0mm diameter) as a workingtedele, a saturated calomel electrode (SCE) as a
reference electrode, and a platinum electrode @®umter electrode; Reference and counter electrodas
purchased from Azar electrode Co (IR. Iran). Thagghcharacterization of M@s; Nps was performed by means of
XRD using a D/Max-RA diffractometer with Cukradiation. The absorbance properties of preparedpeticles
were measured and recorded by using a TU-1901 ddigdm UV-visible spectrophotometer. The morphe®gi
and particle sizes of the samples were charactelige]EM-200CX TEM working at 200 kV, and SEM imagas
obtained with a ZIESS EM 902A SEM.

2.3. Preparation of Mn,O3; Nps

Mn,Os; Nps were synthesized by heating Mn (1) acetylanate (1 mmol, 0.35 g) in 20 mL acetone or ethamel
Teflon-lined Parr acid-digestion bomb at ZD@or a minimum of 72 hours. The dark product sSolutvas dispersed
in chloroform and centrifuged for 10 minutes. THack precipitate was isolated and dried at Room Jenature
under vacuum for 12 hours, followed by calcinataarb00C for 4 hours. The product was characterized by XRD
UV-visible, SEM and TEM analysis.

2.4. Preparation of unmodified CPE and modified CPBEwvith Mn ,O3; Nps

Unmodified CPE was prepared by mixing 65% grappaeder and 35% paraffin wax. Paraffin wax was he#te
melting and then, mixed very well with graphite marto produce a homogeneous paste. The resulste pas
then packed into the end of an insulin syringe:(BdDmm). External electrical contact was estaklisby forcing a
copper wire down the syringe. CPE modified with 5 Nanoparticles was prepared by mixing 60% graphite
powder and 30% paraffin wax with and 10% J@a Nps. The surface of the electrode was polishel wipiece of
weighting paper and then rinsed with distilled wakt®roughly.

2.5. Preparation of CAT- Mn,O3 Nps modified CPE

The modified CPE electrode that produced in previgaection was used for production of CAT-/@a Nps
modified CPE. In this section, the CAT was immatali by dropping fl of 10 mg/ml of the protein solution onto
the Mn,O; Nps modified CPE and dried for about 30 min atmmomperature. The electrode was then gently
washed with de-ionized double distilled water antigi 4 °C when not in use.

RESULTS AND DISCUSSION

3.1. UV-visible spectroscopy of MgO3; Nps

UV-visible spectroscopy is one of the most widelsed techniques for structural characterization aftain
nanoparticles [35]. These nanoparticles exhibirang UV-vis absorption band that is not presenthim spectrum

of the bulk state [36]. The UV-VIS spectral rangeapproximately 190 to 900 nm, as defined by theking range

of typical commercial UV-VIS spectrophotometers.cAading to Fig. 2(a&b), you can see that in naree state,
material show a different UV-VIS spectra ratio tollbstate. As it is clear, intensity units was e&sed and
improved in MRO; Nps (Fig. 2(b)) due to the quantum confinementhef excitons present in the sample compare
with bulk Mn,O5 particles (Fig. 2(a)). This phenomenon indicaked these Nps show the quantum size effect [37].

3.2. X-Ray diffraction of Mn,O3;Nps

The XRD pattern Fig. 3 for MiD; Nps, the diffraction peaks are absorbedtav&lues. The prominent peaks have
been utilized to estimate the grain size of samplle the help of Scherrer equation [38] D /K3 cosf) where K

is constant(0.9)} is the wavelengti(= 1.5418 A°) (Cu i), B is the full width at the half-maximum of the liaed

0 is the diffraction angle. The grain size estimatethg the relative intensity peak for M Nps was found to be
70 nm and increase in sharpness of XRD peaks itedi¢dhat particles are in crystalline nature. Adaks in Fig. 3
related to MpOs; Nps and matched to Joint Committee for Powderr&ition Studies (JCPDS).
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Figure 2. UV-visible spectroscopy for (a) bulk MaO; particles; (b) Mn,O3; Nps.
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Figure 3. XRD pattern for Mn,O3 Nps.

3.3. Microscopic characterization of MRO3; Nps

As it is well known, the properties of a broad raraf materials and the performance of a large tyad€devices
depend strongly on their surface characteristiostptiology of the MpO; Nps was investigated by using of TEM
and SEM. Parts (a) and (b) of Fig. 4 show the BlpicEM and SEM images of the sample respectivelhe TEM
image was captured in 1 um scale bar and the TEA§énwas captured in 100 nm scale bar. The aveiagester
of the Synthesized M@; Nps was about 70 nm, and had a very narrow padistribution.
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Figure 4. (a) TEM image and (b) SEM image, of MsO3; NPs.
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Figure 5. Cyclic voltammograms, using (a) the MgO; Nps/ CPE in 0.1 M phosphate buffer and (b) CAT / MOz Nps/ CPE in 0.1 M
phosphate buffer solution (scan rate: 100 mV/s).

3.4. Direct voltammetric behavior of the CAT/ Mn,O; NPs/CPE electrode

The direct electrochemistry behavior of CAT / j}@3 Nps/ CPE was studied as shown in Fig. 5. It casd®n in
cyclic voltammograms (Fig. 5 (b) ) that a pair aéliadefined redox peaks was observed at the CAThJO Nps/
CPE in a 0.1 mol T* phosphate buffer solution (PBS) of pH 7.0 at axgee of 100mVs compared to the M@,
Nps/ CPE (Fig. 5 (a) ). Its anodic peak potentrad aathodic peak potential were located at —150md -&200mV
(vs. SCE), respectively. Obviously, these peaksevettributed to the redox reaction of the electiigacprobe of
Catalase. CAT / CPE also showed the response afd3at but the response was much smaller tharoti@AT /
Mn,Os; Nps/ CPE (not shown). Thus, the adsorption of @ataand MgO; nanoparticles on electrode surface
played an important role in facilitating the electrexchange between the electroactive center @fl&as and CPE.
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Figure 6. (a) CVs of CAT / Mn,O; Nps/ CPE in PBS 0.1M at various scan rates, fronmier to outer; 50, 100, 200, and 300 mV'’ the
relationship between the peak currents (ipa, ipc)s, (b) the sweep rates and (c) the square root @fieep rates. Blue lines are reduction
peaks and green lines are oxidative peaks.

The formal potentialE°) of Catalase, estimated as the midpoint of redactind oxidation potentials, was - (175 +
2) mV.

Fig. 6(a) shows the cyclic voltammograms of the OAN,O; Nps/ CPE in 0.1 mol 1* phosphate buffer solution
of pH 7.0 at different scan rates (50, 100, 20@, 300 mV §'). The peak currents increased and the cathodic and
anodic peak potentials exhibited a small shift glarth the increase of scan rate. On the groundsttte surface-
to-volume ratio increases with the size decreasebacause of the fact that the catalase enzymeassaenparable
with the nanometer-scale building blocks, theseoparticles displayed a great effect on the elecewchange
assistance between CAT and carbon paste electfaddurther investigate the CAT characteristicihet CAT /
Mn,Os; Nps/ CPE, the effect of scan rates on the CATavothetric behavior was studied in detail. The baseli
subtraction procedure for the cyclic voltammogramas obtained in accordance with the method repdiyeBard
and Faulkner [39]. The scan rat@ &nd the square root scan rat€?( dependence of the heights and potentials of
the peaks are plotted in Fig. 6b and c. It candmn ghat the redox peak currents increased lineéthythe scan
rate, the correlation coefficient was 0.9968 (ipc0:2953 +10.271) and 0.9732 (ipa = -0.427#14.691),
respectively. This phenomenon suggested that thexrprocess was an adsorption-controlled and tmeaibilized
alcohol dehydrogenase was stable. It can be se¢nhih redox peak currents increased more linedtly thev in
comparison to that of'¢.

All these results indicated that the CAT immobilizeto Mn,O; Nps / CPE underwent a surface controlled and
guasi-reversible electrochemical reaction procéfsen the peak-to-peak separatisvk] was larger than 200 mV,
the apparent heterogeneous electron transfer oattants (§ would be easily calculated with the help of Lawi's
consistent with the reported potential values &atox state in the CAT. These results suggestediifeit electron
transfer of the CAT molecules entrapped in,MnNps/ CPE was enhanced. However, there is cleaslsgematic
deviation from linearity in this data, i.e. low sceates are always on one side of the line anchifjie scan rate
points are on the other. The anodic and cathodi& petentials are linearly dependent on the lolgariof the scan
rates ¢) whenv > 1.0 V §', which was in agreement with the Laviron theorithvslopes of -2.3RTnF and 2.3RT/
(1 -a) nF for the cathodic and the anodic peak, respdgti[40]. So, the charge-transfer coefficiend) (was
estimated equal to 0.55. (GiverBG& o < 0.7 in general). Furthermore, the heterogeneousretedtansfer rate
constant (ks) was estimated according to the fofigvequation [41]:

loq k | 1 1) | | RT a(l—omFAEP )
0g Ks =d 10 ) + (1) loga - 1o -
[log 9( 1-0) + (1-0) loga - log - Sa2ar |
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Here, n is the number of transferred electrondatrate of determining reaction and R, T and F sjmbaving
their conventional meaningAE, is the peak potential separation. Tkig, was equal to 21, 79.5, 143.75 and 208
mV at 50, 100, 200 and 300 mV* srespectively, giving an average heterogeneomsfearate constant (ks) value
of 1.86¢.

3.5. Application of CAT - Mn,O3 nanoparticles modified carbon paste electrode foH,O, concentration
determination

The cyclic voltammograms of the CAT - MDs nanoparticles modified carbon paste electrodeB6,Rat pH 7.0,
containing different concentrations of® shown in Figure 7a. Upon the addition ofQ4 to the electrochemical
cell, the reduction peak current of the immobiliZe8T increased, indicating a typical electro-cdialypehavior to
the reduction of bD,. The electro-catalytic process could be expreasddllows.

CAT-Fe (II) + € + H" <> CAT -Fe {I) H" at the electrode surfaq®)
H,O, + CAT-Fe {I) H" — CAT-Fe (II) + H" + H,O, in the solution(3)

The calibration curve (Figure 7b) shows the linglmpendence of the cathodic peak current on th@, H
concentration in the range of 15-138l. The relative standard deviation was 3.3% foudcessive determinations
at 25uM and the detection limit was 42V. The recent experiment has introduced a new hgxsefor the sensitive
determination of kKD in the solution.

Decreasing the redox potential and the use of pitleange are the main purposes during the designimgess of a
sensor. So, to fulfill the above requirements, CAlodified electrodes are being used, by differeotkers, for
H,0, determination. The present work, 1 oxide nanoparticles became immobilized after @pasition on the
surface of carbon paste electrode, without usingather immobilizer. Therefore, it is shown tha¢ tbarbon paste
electrode does not need any immobilizer of othetenels for helping it in attaching to the surfaafeelectrode. In
comparison to the previous works, our work shows filxcilitated electron-transfer of CAT to the sodaof
electrode and vice versa, and the preparationeofrthdified electrode is easier and faster thanstaed in these
previous studies. Moreover, graphite powder andffiarfor produce of carbon paste electrode is metuaper and
less rare than the other electrodes.
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Figure 7. a) Cyclic voltammograms obtained at an CA - Mn Oz nanoparticles modified carbon paste electrode in 0.M PBS (pH 7.0) for
25.uM concentration of H,O, and b) the relationship between cathodic peak cuant of CAT and different concentrations of HO, (scan
rate: 100 mvs?).

CONCLUSION

In presented work Application of CAT - M@s; nanoparticles modified carbon paste electrode HgD,
concentration determination was investigated. Nectotology is revolutionizing the development ofdginsors.
Nanomaterials and nanofabrication technologiesrameasingly being used to design novel biosensdrs. linear
dependence of the cathodic peak current on #$@ ldoncentration was in the range of 15-188. The relative
standard deviation was 3.3% for 4 successive datations at 25uM and the detection limit was 12M. The
recent experiment has introduced a new biosensthéosensitive determination ob®, in the solution.
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