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Abstract:

A novel glucose biosensor based on tbeemiluminescence (CLyetection of
enzymatically generatedhydrogen peroxide (#D,) was constructed by one covalent
immobilization of glucose oxidase (GODIn glutaraldehyde-functionalized glass cell. In
following, chitosan-induced Au/Ag nanoparticles dispersed in ion liquid (Nere
synthesised and immobilized on it. Herein, chitosan moleculed astkoth the reducing and
stabilizing agent for the preparation of NPs and also, as a ngugdient GOD and Au/Ag
alloy NPs. In addition to catalyse luminol CL reaction, theBs offered excellent catalytic
activity toward hydrogen peroxide generation in enzymatic igradtetween GOD and
glucose. The used IL in fabrication of biosensor increased iditstaAlso, IL alongside
CU*" accelerated enzymatic and CL reaction kinetic, and decreasgdol CL reaction
optimum pH to 7.5 which would enable_sensitive and precision detaromnaf glucose.
Under optimum condition, linear response range of glucose was folnedt® x 10° 7.5
x 10 M, and detection limit was 4.0 x 10M. The CL biosensor exhibited good storage
stability, i.e. 90% of its initial response was retainddra? months storage at pH 7.0. The
present CL biosensor has been applied satisfactory to analygliscoke in real serum and

urine samples.

Keywords: Biosensor, Glucose, Chemiluminescence, Covalent immobdizati

Au/Ag alloy NPs, lon liquid, Ctf
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1. Introduction

Biosensors have attracted much attention during recent tintesidee of the potential
applications of these devices in the clinical diagnostics, remviental monitoring,
pharmaceuticals, and food processing industries due to theiressbnse and ease of
operation [1, 2]. For enzyme-based biosensors, the biologicalgmdgion molecule is
enzyme, which can catalyze many chemical reactions in lisysggem. The free enzyme
usually is not stable and cannot be easily reused. The develophsgrtyme immobilization
techniques can strengthen the needs for enzyme stability and Téwesemmobilization
processes make use of a soluble enzyme to attach onto an insolitbkupport [3].

The chemiluminescence-based biosensors are developing due tughesensitivity
and excellent performance. The selectivity, sensitivity datirhe of the chemiluminescence
(CL) biosensors would be greatly depending on the following pointsh€lgareful selection
of CL reagents responding to the definite species, (2) theaniaymobilize the reagents, and
(3) the substrates selected for reagents immobilization.eReagnmobilization onto proper
substrates plays an important role in the development of theqbmity CL-based
biosensors [4].

In this regard, the immobilization of enzyme is a key stepcémrstructing an enzyme-
based CL biosensor. It offers several advantages for cheamaglsis such as convenient
handling of enzyme preparation, enhanced stability, easyasepaof the enzyme from the
product, enzyme reusability [5], and reproducibility of the anayticethod. The lifetime of
an enzyme-based biosensor usually depends on how long the biologicay auftitite
immobilized enzyme can be retained, and the enzymatic gciind stability depend on the
immobilization strategy of enzymes. Numerous physical and clhéméchniques of
immobilization such as covalent linkage, physical adsorption, irdssg, encapsulation,

and entrapment have been used for stabilizing enzymes in thepeeslt of biosensors [5,
3



84  6]. But all the methods present advantages and drawbacks. Thentdvédage as Compared
85 to other enzyme immobilization methods has many advantagesdimgleffectively and
86  durability, reproducibility, and lack of diffusion problems but vaiiee enzyme performance
87 easily [7, 8]. Therefore, it is necessary to adjuist pnoblem of biosensors based on covalent
88 link with introduction and application an improver compositionrafyene activity.

89 Emergence and recent advance of nanoscience and nanotechnology open new
90 opportunities for the application of nanoparticles in bioanal{®js10]. This could be
91 attributed to the unique chemical and physical properties of naredgariin particular, gold
92 and silver nanoparticles attract great scientific and techiwalogterest because of easy
93  preparation, good biocompatibility and relatively large surtaeeslume ratio [11].

94 The similar dimensions of enzyme and gold nanoparticle enablatdraction of enzyme
95 and gold nanoparticle, and enzyme could easily absorbs on the surfaeeagfarticle.
96 While, in general, the consequent destructive changes of néinteptoxicity in the activity
97 of proteins upon binding to nanoparticles can expect, there is atipbtgositive outcome;
98 using of gold nanoparticles induce protein stability instead of enayeggadation and
99 increase the activity of enzymes via immobilization afa@s, which are very useful for
100  constructing enzyme-based biosensors [12, 13].

101 As mentioned above, gold nanoparticle is an efficient cataystnzymatic activity
102  without degradation effects on enzyme [12, 13]. On the other, sbnanoparticles such as
103  Ag and platinum exhibit the stronger CL catalytic activityntigld NP, although platinum
104 NP is very expensive [14]. Due to all of the above informatdod nature of the good
105 biocompatibility of Au and Ag NPs, it is guessed that use @4 alloy NPs for fabrication
106  of sensitive CL biosensor for glucose analysis is very noteworthy

107 To the best of our knowledge, heretofore nanoparticles just by ssitgel method have

108  been participated in the preparation of biosensor [13, 15, and d&cHieve this goal, the
4
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stabilization of nanoparticles on the CL Cell surface along wathalent linked-enzyme for
enhancing biosensor efficiency and stability; there is a teesdroduce new initiative.

Chitosan (Cs) is a natural polysaccharide polymer with abunéative amino and
hydroxyl functional groups [17] that can help us to build our ideal bgmse it has several
interesting properties: First, chitosan solution readily fornssable and biocompatible film
on the solid supports such as glassy carbon and glass [17- 19],répeeted to produce Au
NPs by acting as stabilizer and reductant agent by virtits abundant-amino and hydroxyl
groups [20], and also chitosan has been widely used as the inzaadl matrix because it
could provide a suitable microenvironment similar to “the “natigeirenment of the
biomolecules to retain their bioactivit21-23]. Hence, synthesis of Au/Ag chitosan-induced
Au/Ag alloy NP and introduction of it at this work can have smvadvantageous: (1)
chitosan on it provide covalently binding of nanopatrticle along withetimyme on the cell
surface as enzyme stabilizer agent and enhancer of itsityact(2) removal of
disadvantageous un-covalent -methods, (3) chitosan ability on nigrifiim increases
biosensor stability against environmental interferences, (Aj usichitosan as the reducing
and stabilizing agent in the synthesis of Au/Ag alloy NPs, &salas immobilization matrix
of NPs on the surface of CL cell precludes applying additiorsénals in preparation of
biosensor that can prevent possible interference of substanok&thin the reaction, (5) the
immobilized nanoparticles on the surface of the biosensor @beanhancer of luminol CL
reaction, (6) finally, possibility innovative design of highlyhsitive and stable biosensor for
gualitative analysis.

Despite the mentioned initiatives, There are still some prnoblin construction an
ultrasensitive glucose biosensor; (1) the generation of enmathatH,O, has a relatively
slow kinetic in comparison of chemically production reaction ariit lead to problem in

CL analysis, (2) the alkaline optimum pH of luminol CL rézwt
5
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Imidazolium ion based ion liquids (IL) have recently been shownpm@snising
compounds for preparation and stabilization of nanomaterial, and tané &pplication in
transition metal catalyzed CL reactions [24-27]. lon liguwdish copper ion form an
imidazolium ring/copper ion complex at neutral pH in presence of phiesbldfer. The
optimum pH of luminol CL reaction could be softened through the udeafomplex [28]. It
also can improve the kinetic parameters of the enzyme te gpiunchanged catalytic
efficiencies [28].

This paper describes the synthesis and characterization of ohitaseed Au/Ag alloy
NPs dispersed in IL, and use of them in the construction of @l nmesensor for
determination of glucose in pharmaceuticals sample by CLisea&lucose oxidase (GOD)
is inexpensive and practically applied in clinical and pharmazawnalysis. So, it is chosen
as a model enzyme system. Such fabrication of biosensor exhilbitet agcuracy, high
sensitivity and long-term stability, and can easily adapteld ettier enzymes. The details of
the preparation, Characterization, optimal conditions and possigkcation of biosensor
were described as follows. Finally, the constructed CL biosemasrused to determine the

glucose concentration in real serum and urine samples witlatiséactory results.

2. Materials and methods

2.1. Materials

Glutaraldehyde (25%), 1-Ethyl-3-Methylimidazolium ethylsulfgfEmim][EtSCOy])

5
(99%) and chitosan (MW 1:93.1x10; 85%—90% deacetylation) were purchased from

Aldrich. Sodium phosphate monobasic monohydrate (99%), disodium hydrogenophosphate
(99%), Glucose, copper (Il) dichloride (99%), HAW@H,O (48% w/w) and AgN©@ were

supplied from Merck chemical company. Glucose oxidase (GOD)i@ol(z00U/ml) was
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obtained from Molecular Probes (Zist chemistry, Tehran, Iréhg appropriate amount of
luminol (Fluka) was dissolved in 0.10 M NaOH solution to obtain a OM2&ock standard
solution. The stock solution of fluorescein isothiocyanate (FI0Q) fhg/ml) was prepared in
phosphate buffer (0.1 M, pH=7.5) and protected from light. 0.1 Mp#tade buffer solutions
with various pH values were prepared by dissolving an appropuateint of NaHPQOy in
water and adjusting the pH values with 0.1 M HCI or NaOH solutidhof the other used
reagents were analytical grade and supplied from sigma. Doeitynized water was used

throughout the study

2.2. Apparatus

Chemiluminescence measurements were carried out byua Sibe luminometer

(Berthold detection system, Germany) with a photomultiplier tudtecdor in a light-tight
globular bottom glass cell of 10 mm diameter. A 3030 Jenway pldrr{lsteds, UK) was
used for pH measurement. Transmission electron microscopy (TBMjes were recorded
on a Philips CM10 transmission electron microscope. Absorption anagemce spectra
were obtained using UV-Vis spectrophotometer (Cecil, CE5501) ar@BLBerkin-Elmer
spectrum instrument, respectively.
2.3.Synthesis of chitosan-induced gold—silver alloy NPs dispersed iiguid

The chitosan- induced Au/Ag alloy NPs dispersed in ion liquicevsgnthesised base
on microwave method [20, 29] and our previous experience [30]. Aflsgiare were
thoroughly cleaned with freshly prepared aqua regia ((INKTI = 1:3, V/V) and rinsed
extensively with doubly distilled water before use. In a tyipgcgerimental, 2.5ml of both
HAuUCI,; and AgNQ (5mM), and 2.5 ml of [Emim][EtS£ (1.2 Mm)were mixed and sonicated
at room temperature for 30 min in order to homogeneously distribeit@dbal ions in the ion
liquid media. Then, the mixture were added to 1% acetic soluti@sdq#5 ml, 1 mg/ml) in a

7



182  250-ml round-bottom flask (pH=4-5). After stirring for 5 minutes, ftsk was placed in a
183 microwave oven and connected to a condenser. Subsequently, the reagtioe was
184 irradiated by microwave in a predesigned mode (200W- 30 min) yieldimgown-red
185  colloidal solutions. Finally, the cooled solutions were stotedl & in the refrigerator until
186 use. The Au/Ag alloy NPs formation is confirmed by the UVibles absorption spectra
187 (Fig.1a) and TEM data (Fig.1b). Statistical analysis oMT#ata revealed that the average
188  diameters of Au/Ag alloy (3:2) nanoparticles [31] were 1220Gtnm.

189 < Fig. 1a & 1b>

190  2.4. Preparation of the glucose CL biosensor

191 The immobilization of glucose oxidase on CL glass cell consfgtse following steps:

192 At first, the CL glass cells were treated with freshhgpared aqua regia (HNCHCI =

193  1:3, V/V) to eliminate contaminations.

194 (1) After washing with deionized water, 2 ml hydrofluoric acid 40%)(was added to
195 the CL cell for 30 min at room temperature (RT) to ensure thelederemoval of
196 the silica cladding and the presence of active hydroxyl groups osutfece of the
197 CL cell, then cell was washed twice with deionized wated dried under high
198 vacuum.

199 (2) The CL cell were exposed to 2 ml phosphate buffer (PH=5, Of@Mj min, after

200 remove buffer, the glutaraldehyde solution (5% W/W) as a cholsisid) agent was
201 added to cell for 6h. At the acidic condition, the glutaraldehydeisonlugéacts with
202 active hydroxyl groups in the surface of CL cell in a good way.

203 (3) The cell was contacted with each of glucose oxidase and chituwhzced Au/Ag

204 alloy NPs dispersed in ion liquid for 5h, respectively.
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(4) The cell was retained under vacuum overnight to CS form adilen CL cell that

protects it.

(5) Finally, the enzyme-NPs-immobilized CL cell was rinsethvghosphate buffer (pH
7.5) twice alternately to remove the un-cross-linked and unabsoebgénts. The

enzyme-NPs-immobilized cell was stored at 4 °C until nrtise.

2.5. Glucose chemiluminescence assays

100 pL glucose of an appropriate concentration (in 0.1 M phosphate phfférs)
was transferred into the enzyme-NPs-immobilized cell. THeag closed and the contents
were stirred for 1 min; then stirring was stopped, 100 pL phosdfiers (pH 7.5, 0.1 M)
and 30 pl of 0.025 M copper ion (Il) were added to it and thermdhavas inserted into a
luminometer instrument. Glucose assay was easily carried adbeldpllowing method: 150
pL luminol (the optimized concentration) was injected into the dimtized CL cell for
catalytic oxidation of glucose. Glucose concentration was digghbly the CL peak height.
When reaction conditions were optimized, the CL relativensitg corresponded to the
normalized maximum light intensity.

2.6. Glucose oxidase labelling with Fluorescein isothiocyanate

The bounding of enzyme to the active glass cell was confirmad ghicose oxidase
labelled with fluorescein isothiocyanate. FITC was coupled tgyreazsimilar to Marshall
labelling method [4]. 0.5 mg FITC was dissolved in 5 ml of phase buffer (pH=7.5, 0.1
M). After shaking it up to become a homogenized solution, 1 ml oCHJ.1 mg/ml)
solution was added slowly to the glucose oxidase solution (100U/mijh@nchixture was
allowed to stand at 4 °C for 12 h. Then, 2 ml of the mixturewsas in the preparation steps

of biosensor instead of unlabelled enzyme. Unbounded FITC-labelkythe was separated



228 by twice rising with distilled water. The activity of theaudrescein isothiocyanate labelled
229  glucose oxidaseas found to be equal to that of the native enzyme within the expetal

230  error [32].
231 2.7.Confirm immobilization of glucose oxidase

232 Direct studying of fluorescence of the labelled enzyme orClheell was not possible
233 because of the high stray light. The immobilization of enzymeps@aged by measuring the
234  fluorescence of FITC released in the solution. The fluorescepectra of the solution was
235 obtained after treatment of the immobilized CL cell, beating FITC labelled glucose
236 oxidase, with an aqueous solution containing 4% HF and 1% Triton X-100 form20rhis
237  solution etches the CL cell surface releasing the labelzyme into the solution.

238

239 3. Resultsand discussion

240 In order to investigate the general effects of the immobilizeagents, biosensor
241 performance was evaluated in the absence and presence oftherpected, the strong CL
242  signals were observed in the presence all of them. Alsaneasurable CL signals were

243  obtained in the absence each of them (Fig.2).

244 < Fig. 2>

245 Also, effect of C@" on biosensor performance was investigated. As shown in Fig.3,
246 the presence of Gliincreases the kinetic of biosensor respoitsseem to be related to
247 © catalytic effect of [Emim][EtSG/CU*" complex formed in the presence of phosphate on

248  kinetic of enzymatic reaction [28JAt following each of reagents were studied in detail:

249 < Fig. 3>
250
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3.1. Effect of concentration of glutaraldehyde

Without glutaraldehyde, the CL intensity was very weak, ltstand declined
rapidly. It is related to small amount of enzymes adsorbed m@ilysion the CL cell in
absence of glutaraldehyde and also, the immobilized enzymids drapped from the CL
cell. Covalent bonding can be used to achieve the effective iffivagibn of enzymes to CL
cell. Covalent methods are based on the linking reaction betweeerthmal functional
groups of the protein and the reactive group on the solid surface afelClithrough
mediation a cross-linking agent. In this biosensor, glutaraldehgdeused as a cross-linking
agent for enzyme immobilization, the hydroxyl group of the agjiass cell and amine group
of the enzymes can react with glutaraldehyde functional groups.biosensor response
biosensor was studied when the enzyme-immobilized CL cell was-kin&ed by various
concentrations of glutaraldehyde solution. The results (Fig. 4) shive¢ the CL intensity
increase with increasing glutaraldehyde concentrations imatigerof 0 to 5.0% (w/w). But
higher glutaraldehyde concentrations (>5.0%) resulted in loweintéhsity because higher
glutaraldehyde concentrations would denature most of the enzymdsaanith a decreasing
in sensitivity and selectivity of the biosensor. As a reSult% (w/w) glutaraldehyde solution
was chosen as the optimal concentration of cross-linking agent.

< Fig. 4>

3.2. Effect of immobilization time

The duration of glutaraldehyde, Au-Ag alloy NP and enzyme imrzakibn on CL
cell would effect on amount of each of the immobilized reagenthe@rCt cell, which is
effective on the sensitivity of the biosensor. In regard gildahyde, as shown in Fig. 5, it
can be resulted that the CL intensity increases withasang immobilization time from 2 to

6 h because the amount of reacted glutaraldehyde with active hydroxy on the CL cell
11
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increases. But above the immobilization time of 6 h, their@ensity declined, probably
because the denaturation of the cross-linking agent.
The optimized durations for enzyme and Au-Ag alloy NP immobilizadien3 h (Fig.

6) and 4 h (Fig. 7), respectively. There were no obvious digtircin the CL peak intensity
when the immobilization time was increased. It is indicatirmximum absorption each of
them on the CL cell.

< Fig. 5>

< Fig. 6>

< Fig. 7>
3.3. Optimization of chemiluminescence assay medium

3.3.1. Optimization of Gii concentration

To investigate the optimum concentration of ‘Cuhe CL response of biosensor at
constant concentration of [Emim][EtglOn biosensor structure was measured against the
varying concentration of copper ion. As it is obvious from Figh8, CL intensity sharply
increased with increasing concentration of’Cuntil a concentration of 1.9 xf0M is
reached. The observed enhancement can be indicative of catadffiect of
[Emim][EtSQy)/Cu** complex formed in the presence of phosphate [28]. However, further
addition of C4" revealed a gradual decrease of the CL intensity. Thiss probably due to
formation of insoluble copper (II) hydroxide at higher concentratdmch can decrease
efficiency of CL emission.

<Fig. 8.>

3.3.2. Optimization of Luminol concentration

As the luminescence reagent in this system, luminol concemtratfects on the
biosensor response. The effect of luminol concentration in the cdr&g® x 10° to 2.5 x 10
¥ M was investigated (Fig. 9). The result showed that inargasiminol concentration is
followed by a steady increase in CL intensity. However, 2. 80% M was chosen as the
optimum concentration and higher concentrations were not evaluataxyld produce the

saturation of the detector due to the high CL intensity of #ekldignal obtained.
12



304 < Fig. 9>
305 3.3.3. Optimization of pH
306 In this biosensor, phosphate buffer solution is the medium of enzyaooreand the

307 CL reaction, and also is a essential medium for formation mffB{EtSO,] /Cu** complex.

308 Therefore, there are two factors that determine the ovexgtionse of the biosensor to pH:
309 the influence of pH on the enzyme activity and the effect obpthe generated CL signal.
310 In view of the nature of luminol CL reaction, which is more @dsde under basic conditions
311 (pH 10-11), an alkaline medium would improve the sensitivity ofsiigtem. On the other
312  hand, the optimal pH value for GOD is 6 to 7. The study ofg@éals the CL intensity was

313 reached to the highest value at pH 7.5 (Fig. 10).

314 The [Emim][EtSQ] /CU?* complex is an effective factor in the increasing kinefic o
315 CL and enzymatic reaction, and consequently biosensor performdre@té&raction taking
316 place between Ciiand [Emim][EtSQ] might be dependent on the presence of the labile
317 proton in the @ position of the imidazolium ring, As Emim substituted at the@zition is

318 advantageously used as reaction solvent for the Baylis—Hillegation [33] due to the fact

319 that the conventional Emim can react with electrophilactants [34-36].

320 On this basis, it is presumed that the formation ofifEliEtSOs] /CU** complex at
321  approximatelyneutral pH can be main reason for decreasing the optimal pH

322 < Fig. 10>
323
324

325 3.4. Binding of Glucose oxidase
326 As mentioned (see Section 2.7) affirmation of the immobilgledose oxidase was
327 possible by studying the fluorescence of released FITC in the iosolutThe

328 spectrofluorimetric studies were carried out in released ealuif CL cell surface after

13



329 treatment of the glass cells. As shown in Figure 11, etHRIFC emission wavelength,
330 significant fluorescencé\{,~=525) of the released solution was obtained .Therefore, binding
331  of labeled enzyme to active glass cell and consequently nldengiof the unlabeled enzyme
332 can be proved. Control experiments showed that the procedure dithrfeie with the

333 fluorescence of the label.

334 < Fig. 11>

335  3.5. Performance of biosensor for glucose measurements

336 The analytical performance of the proposed biosensor was examimist the
337 optimum condition. The calibration graph of emission intensity \@rsus glucose
338  concentration was linear in the range of 1.0 x°1® 7. 5 x 10° M, so 7. 5 x 10° M is
339 determined as the concentration of glucose: that enzymeusatsat in Michaelis-Menten
340 graph (insert in Fig. 12)and the detection limit was 4.0 x 1® (S/N=3). The regression
341 equation was | = 1 x 1B C + 14983 (where C is the glucose concentration, M) with a
342  correlation coefficient of 0.9975 (n = 10). A complete analysisluding sampling and
343  washing, could be performed in less than 2 min with a velatiandard deviation of less than
344 2% for 5.0 x1¢ M glucose (n = 12). All those results indicated that theopexdnce of the
345 CL biosensor.was compatible with those of the known and wellsesbgicose CL sensors.
346 The uniguesensitivity, selectivity and stability of the proposed biosensorelated to
347 suitable coupling of covalent link method with noticeable charattay of chitosan and ion
348 liquid at the synthesis NPs and binding of them to the cell sutfziein addition to
349 - possibility improvement of CL and enzymatic kinetic, can provideiefit binding of the
350 enzyme to CL cell and the simultaneously impact of nanopartioid [Emim][EtSG) /Cu**
351 complex on the enzymatic and chemiluminescence reaction.

352 < Fig. 12>
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3.6. Sample analysis

To investigate the feasibility of the measurement systenarialysis of glucose in
biological samples, glucose concentration in human serum and uaseexamined. The
samples were collected from medical diagnostic laboratory st astesting samples. The
fresh samples were first analyzed with a BT3000 Biochemicallya®ma which used
spectrophotometric method combined with the enzymatic reaatiG®D and HRP [37].

The serum and urine samples were 10 and 100-fold diluted-using didtilemized
water, respectively and analyzed without any pre-treatméhttiae proposed method. The
response of the sample solution was measured and compared eitbfagkicose standard
solutions. The comparative results are shown in Table 1.

< Table 1.>
3.7.Reusability and lifetime of biosensor

Fig. 13 demonstrates the operational stability of the enzyimei@sensor for glucose
containing immobilized GOD in'0.1 M phosphate buffer at pH Répeated measurements
with 1.0 x10* M glucose solution were carried out. After each analysis,rtimobilized
enzyme biosensor was washed with deionized water. The immobéizegne-biosensor
retained residual activity higher than 90% up to the 8th aftemBalysis and it was stable up
to analyse 570 samples during 4 months of operation at the end of 5@%¢ of the initial
activity of the immobilized GOD-biosensor was retainélhe relative activity of
immobilized GOD-biosensor at the first analysis was definedoatat and attributed a
relative activity of 100%.

< Fig. 13>

The lifetime of biosensor depend mainly on the enzymatic stahititl activity. The

long-term stability of the immobilized enzyme-biosensor wasofad by two different
15
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storage methods. One was immersed in 0.1 M phosphate buffef7.ggHat 4-C in
refrigerator; another was stored at similar condition withoutaouBoth of them were tested
for storage stability. The obtained results were similartiiem; the biosensors remained

about 90% of its initial CL intensity, when they were staredir at 4-C for 2 months.

3.8. Interference studies

The effects of various interfering species which may accomgamose in human
serum and urine were also studied. Glucose (1 X NIp was placed in the reaction cell and
increasing amounts of interfering substances were added intsokigon. The maximum
tolerable concentrations of coexisting substances are shown in Zableere the tolerance
fold was defined as the maximum concentration. of coexisting esudest that caused a
relative error <5% during the measurement o 1@ glucose solution. All species tested
were tolerated at reasonable concentrations; confirm the dalgttivity of the proposed
method. Although, it is worth to mention that ascorbic acid at lghcentration can
influence at biosensor response, probably because ascorbic acidsdgnrezhuce HO,
produced from the enzymatic reaction. However, it doesn’t lae interference at its
physiologic normal level on the biosensor response to glucose.

< Table 2.>

4. Conclusions

A stable and sensitive glucose biosensor has been successbuiéated by covalent
immobilizing GOD via direct coupling of chitosan-induced Au/A@wINPs dispersed in ion
liquid using natural-polymer chitosan on the surface of CL Tak immobilization of nano-
alloy dispersed in ion liquid on biosensor and possibility of [Emim[EI3CU*" complex
formation between ion liquid on CL cell and copper ion in solution alldvigid performance
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of biosensor based on covalent-link in all key parameters suche@®ducibility,
reversibility, stability, response time and leaching charestics -. Moreover, this biosensor
offers low limit of detection, fast response time and longitstability in comparison to
some biosensors which used other supporting matekialsmparison of the main features of
the present CL biosensor with others reported in the literasuggven in Table 3. The
innovative approach will be very effective at introduction of meethods for evaluation of
other biological compounds by varying the enzymes.

< Table 3.>
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Table 1
Determination of glucose in serum and urine samples

Sample Blood serum Urine
no.
CL method Photometric CL method Photometric®
(mg/dl, n=3) (mg/dl, n=3) (mg/dl, n=3) (mg/dl, n=3)
1 165.8+3.1 163 25.1+0.5 26
2 86.9+2.0 88 2.5+0.3 -
3 234.4+1.9 234 8.8+0.1 11

2LOD of the Pars Azmoon photometric kit is 5 mg dL—1.

Table 2
Tolerance folds Coexisting substances
Tolerance folds Coexisting substances
>1000 Na*, K*, Ca”*, CI, NO3, PO, ¥,
SO, %, starch
>100 thiourea, urea and uric acid
>50 bilirubin, sucrose, fructose and
lactose

>10 ascorbic acid




Table 3

Comparison of the analytical parameters of the proposed biosensor with some reported
methods for glucose determination

Method Linear range (M) Detection limit (M) Reference

1.0x10"-5.0 x 107 6.0 x 10™ [38]
Sol-gel /GOD- optical
biosensor arrays

5.0 x 107-13.0 x 10° 1.6 x 107 [39]
Cso embedded in

tetraoctylammonium bromide-
ECL biosensor

Gallium 1.0 x 10-6.0 x 107 3.0 x 107 [40]
hexacyanoferratemodified
carbon ionic liquid paste

electrode

Gold nanosphere —~ECL 1.0 x 10°-4.3 x10°° 3.0x 10’ [41]
biosensor

Glucose oxidase/carbon- 2.25x10 °-1.75x107* 1.0 x 10°® [15]

nanotube /NP in nafion film-
CL biosensor
Boronic anthraquinone 8.0x10 -4, 2x10™* 1.1 x 10° [42]
derivatives/GOD- fluorescence
sensor
Photopolymerized fluorescence  2.8x107°-5. 5x10° 0.89 x 107 [43]
sensor
Proteins modified with 5.0x10 °-2.0x10 72 5.0 x 10°° [44]
DNAzymes or aptamers/glucose
biosensor
This work 1.0x10°-7.5x10° 4.0 x10”' -
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Chitosan-induced Au/Ag nanoalloy dispersed in IL was synthesised.

Glucose biosensor fabricated by covalent immobilization of enzyme and nanoalloy.
The nanoalloy catalyses enzymatic reaction and the CL reaction.

Immobilized IL on biosensor along Cu?* in assay solution forms [Cu®*]/IL complex.

[Cu*]/IL decreases the CL reaction pH and increases enzymatic reaction kinetic.





