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Abstract

In the present study, a novel biosensor that is sensitive to glucose was prepared using the
microspheres modified (4-Formyl-3-methoxyphenoxymethyl)polystyrene (FMPS) with L-Glycine
(FMPS-Gly). Polymeric microspheres having Schiff bases were prepared from FMPS, Glycine
condensation method. Glucose oxidase enzyme (GOx) was immobilized onto modified carbon paste
electrode (MCPE) by cross-linking with glutaraldehyde. Oxidation of enzymatically produced H,0,
(+0.5 V vs.Ag/AgCl) was used for determination of glucose. Optimal temperature and pH were found
as 50 °C and 8.0, respectively. The glucose biosensor showed a linear working range from 5.0x10™ to
1.0x10 M, R? = 0.999. Storage and operational stability of the biosensor were also investigated. The
biosensor gave perfect reproducible results after 20 measurements with 3.3 % relative standard
deviation. Also, it had good storage stability.
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MCPE modified carbon paste electrode

CPE carbon paste electrode

PBS phosphate buffer solution
FAD flavin adenine dinucleotide
SEM scanning electron microscopy
DMF dimethylformamide

BSA bovine serum albumin

1. Introduction

Glucose is one of the primary molecules which serve as energy source for the
human body. In addition, living cells use glucose as a metabolic intermediate in the
synthesis of more complex molecules like fats [1]. The concentration levels of glucose
can be a biomarker for many diseases and disorders. So, for clinical biochemistry,
determination of glucose concentration is important, therefore much of work has
been done for developing effective methods [2,3]. Electrochemical glucose sensor is
one of the most commonly biosensors. Glucose biosensor has been widely studied

due to of its significance in clinical detection [4-6].
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Carbon paste electrode (CPE) has been often used for fabrication of biosensors
since first reported by Adams in 1958. It has some advantages such as low cost of
fabrication, renewable or disposable electrochemical interface and low background

current [7,8].

Electrochemical glucose biosensors using CPE have been designed for
determination of glucose [9-12]. GOx enzyme was generally used for the fabrication
of electrochemical glucose biosensor. The immobilized GOx containing flavin adenine
dinucleotide (FAD) as a cofactor catalyzes the oxidation of B-D-glucose by molecular
oxygen producing H,0, and gluconic acid. FAD works as the initial electron acceptor

and is reduced to FADH,.
B-D-glucose + GOx-FAD" = Gluconic acid + GOx-FADH,
The cofactor is regenerated by reacting with O,, leading to the formation of H,0..
GOx-FADH, + 0; > H,0; + GOx-FAD"

H,0, is oxidized at working electrode. Oxidation of H,0, is proportional to amount of

glucose.
[13-20].

H,0, > 0,4+ 2H" + 2¢”

According to the resources, different materials have been used for developing
glucose sensor such as microspheres. Microspheres as carriers for
biomacromolecules have found increasing applications in biochemical applications

such as enzyme immobilization and biosensors [21,22]. Due to advantages like
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favorable biocompatibility, adjustable particle size and mechanical strength,

polystyrene microspheres are attractive materials [23].

In the present study, a novel biosensor that is sensitive to glucose was prepared
using the microspheres modified with FMPS-Gly. Firstly, FMPS-Gly polymeric
microspheres were prepared from FMPS and L-Glycine via condensation method.
Then, MCPE was prepared by mixing the microspheres with graphite powder. GOx
was immobilized onto MCPE by cross-linking with glutaraldehyde (Fig. 1). The
optimum experimental conditions of biosensor such as pH, substrate concentration,

temperature, storage and operational stability were studied in detail.

Figure 1 hereabout

2. Experimental

2.1. Reagents and instrumentation

Electrochemical measurements were achieved by using a BAS 100 B/W
electrochemical analyzer with a three-electrode cell. Working, reference and auxiliary
electrodes were a carbon paste (length of 3 cm, diameter of 0.6 cm glass tubes),
Ag/AgCl (3 M KCI), and Pt wire, respectively. Orion Model 720A pH/ion meter was
used in order to measure pH values of buffer solutions. Solution temperature was
controlled by a Grant W14 thermostat. Elemental analyses were achieved with a
LECO, CHNS-932 instrument. Philips PU 9285 atomic absorption instrument was
used for determination of metal contents. IR spectra were recorded on a Mattson-5000

FT-IR instrument in KBr pellets. Gel Permeation Chromatography was used for
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determination of the number average and weight average molecular weights (M,, and
M;,). MK-1 model Gouy Balance of Christison Scientific EQuipment was used to
measure magnetic moments at room temperature. Scanning electron microscopy
(SEM) of the Au-Pd-coated compounds was done by using a JEOL JEM 100 CX Il
scanning electron microscope (JEOL, Peabody, MA) equipped with a Link analytical
system. Electron energy used was 20 keV. GOx (EC 1.1.3.22, from Aspergillus
Niger), glucose, (4-Formyl-3-methoxyphenoxymethyl) polystyrene, divinylbenzene,
L-Glycine, Dimethylformamide (DMF), acetone and nujol were purchased from
Sigma. Graphite powder was obtained from Merck. All other chemicals were supplied
from Sigma. Glucose stock solution was allowed to mutarotate for 24 h prior to use.

Double distilled water was used for preparation of all the solution.

2.2. Synthesis of FMPS-Gly microspheres

The polymer having Schiff bases was prepared by dropwise with addition of (4-
Formyl-3-methoxyphenoxymethyl)polystyrene [(FMPS); 1 g, 100-200 mesh, 1.0-1.5
mmol/g -CHO loading, 1 % cross-linked with divinylbenzene (Aldrich)] in hot DMF
(about 70 °C, 15 mL) to a solution of L-Glycine (1.5 mmol) in DMF (10 mL) while
stirring. The stirring was continued until the solution was refluxed ca. three hours later
[24,25]. Then mixture was cooled and was poured into the acetone (~100 mL). The
resulting solid was collected from acetone (FMPS-GIly). The solid was filtered, dried

and kept in desiccator containing anhydrous CaCl,.

2.3. Preparation of carbon paste electrodes

5 mg FMPS-Gly was mixed with 50 mg of graphite powder and 30 pL of nujol in
a mortar and pestle until a uniformly wetted paste was obtained. Then, a glass tube (a

diameter of 0.6 cm and length of 3 cm) was filled with the paste. Height of the paste in

This article is protected by copyright. All rights reserved.

6



the tube was 0.6 cm. A platinum wire was placed to serve as electrical contact
component into the glass tube. The unmodified CPE was prepared in the same way
without adding FMPS-Gly. The electrode was polished on weighing paper to obtain

producible working surface [26].

2.4. Immobilization of GOx to MCPE

25 uL of GOx enzyme (5204.3 Unit/mL), 7.5 pL (5 mg/250uL) of bovine serum
albumin (BSA) and 10 pL of 2.5% glutaraldehyde were dropped upon MCPE. After
drying at 25 °C, the MCPE was immersed in phosphate buffer solution (PBS, 0.1 M,
pH 8.0) and rinsed with PBS to remove the excess nonimmobilized GOx and
glutaraldehyde, then stored in +4 °C refrigerator for further usage.

2.5. Electrochemical measurements

Glucose quantification was carried out by electrochemical detection of
enzymatically released H,O,. The biosensor was dipped into PBS (0.1 M, pH 8.0)
containing sodium perchlorate (0.1 M) as supporting electrolyte. After the biosensor
was brought to equilibrium by applying at +0.5 V, steady state current (i) was
recorded. Glucose solution was added to the cell using a micropipette, and the mixture
was stirred. Then, current values (i) were recorded at +0.5 V, and the values (Ai = ip—

1,) were plotted against the glucose concentration.

3. Results and discussion
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Herein, a novel biosensor that is sensitive to glucose was prepared using the
microspheres modified with FMPS-Gly. These microspheres were synthesized and
used for biosensor application for the first time. Optimum working conditions and

parameters effecting performance of the biosensor were determined.

The oxidation of enzymatically produced H,O; at +0.5 V was used for
determination of glucose. Scheme of the reaction for glucose determination is shown

below (Scheme 1).

Scheme 1 hereabout

Firstly, GOx catalyzes the oxidation of glucose to gluconic acid. Then, the
cofactor FAD which is the redox reaction center of GOXx is reduced to FADH; by
accepting electrons, which transferred from glucose. FADH; is oxidized by giving its
electrons to oxygen in solution to make the reaction reversible. By accepting electrons,
oxygen is reduced to H,O, After that H,O, which is produced at the end, is oxidized
to oxygen molecule on MCPE surface by giving two electrons. Determination of

glucose was achieved by measuring the anodic current of H,O, on MCPE.

3.1.Characterization of FMPS-Gly microspheres

Physical properties and analytical data of synthesized compounds are
summarized in Table 1A. The analytical data of the complexes correspond well with
suggested structures. The average molecular weight (M,,) of the polymer was
suggested from this element analyses to be 789 for FMPS-Gly. Elemental analyses are
consistent with a studied polymer. However, deviations from these values were noted,

which may be attributed to the polymeric nature [27]. The number average and weight
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average molecular weights (M,, and M,) of FMPS-Gly and polydispersity index
(My/M;) were given in Table 1A. According to GPC, modified polymers have a very
narrow molecular weight distribution (PDI: 1.02) for FMPS-Gly.

Table 1 hereabout

The characteristic peak of IR spectra of (FMPS) and support polymer (FMPS-Gly) is
given in Table 1A. Three overtone peaks showed in ca.1943, 1873 and 1800 cm-1 for
all polymers. The IR spectra of the prepared (FMPS-Gly) polymer show distinct
vibrational frequency v(OH) carboxyl at 3350 cm™ for carboxyl group. The IR spectra
also show clear vCOO(asy) and vCOO(sy) at 1606 cm™ and 1394 cm™ respectively in
addition to the strong vC=0 at 1696 cm™. IR bands in the 556 and 541 cm™ regions
are characteristic of v(CH) buckling out of plane and v(CH) buckling, respectively.

Imine band was observed in 1627 cm™[28].

SEM images of microsphere platforms attached Glycine was shown in Table 1B.
This image indicates that protects structure are of modified polymers from (FMPS).
Table 1B presents the elemental compositions of microsphere platforms attached L-
Glycine as obtained from EDX analysis. EDX is not the technique of choice for
analyzing polymers. Because intensities of the carbon atom is often erratic in modified
polymers. However, an EDX spectrum gives an excellent elemental analysis for all
elements in the Periodic table above beryllium in modified polymer [29]. In Table 1B
show that hydrogen atoms are not taken into account composition of all studied
polymer. The combined information from SEM and EDX indicate the genuine

modified polymer formation with Glycine group.

3.2. Amperometric responses of CPE and MCPE to H,0,
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Amperometric responses of the CPE and MCPE to H,O; were determined at
different H,O, concentrations at +0.5 V operating potential [26]. According to Fig. 2,
it can be seen that when H,O, concentrations of both CPE and MCPE are increased,
anodic currents of H,O, are also increased. This situation showed that both two
electrodes are sensitive to H,O,. However, when MCPE was used, differences in
anodic current were obtained higher than those obtained by using CPE. Therefore, it
can be said that sensitivity of MCPE electrode to H,O is higher than CPE.

The three linear ranges of 0.01-0.1 pM, 0.5-5 pM and 10 pM -1.0 mM were
obtained for H,O, (Figure 2). The three linear regression equations of MCPE are i(LA)
= 0.5551C + 0.0743 (R2=0.9898) (Figure 2a), i(LA) = 0.0095C + 0.1372 (R2 =
0.9806) (Figure 2b) and i(nA) = 1.9569C + 0.2769 (R2 = 0.9937) (Figure 2c),
respectively. The three linear regression equations of CPE are i(uA) = 0.2141C +
0.0289 (R2=0.9772) (Figure 2a), i(LA) = 0.0028C + 0.0544 (R2 =0.9663) (Figure 2b)
and i(uA) = 1.465C + 0.1052 (R2 = 0.9975) (Figure 2c), respectively. The reason of
three response ranges can be explained as follows: when the H,O, concentration is at
low concentration range of 0.01-0.1 uM and 0.5-5 pM, the drop of the H,O, solution
has not been fully spread, then the sensitivity of the electrode is lower; when the H,0,
concentration is at high concentrations range of 10 uM -1.0 mM, the drop of the H,0O,
solution has been completely dispersed, then the sensitivity of the electrode is higher
[30].

Figure 2 hereabout

3.3. Effect of amount of the microspheres to selectivity
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One of the most significant factors for the development of a biosensor is
selectivity. We assessed the response of the biosensor toward some potential
interfering species including uric acid, ascorbic acid, and paracetamol to achieve the
best selectivity [31]. Firstly, 5.0x10™* M H,0, was transferred to the cell. Then 3.0x10"
* M uric acid, 1.0x10™ M ascorbic acid and 1.0x10 “ M paracetamol were also

transferred to the cell.

Amperometric responses of interfering species were evaluated by changing
amount of microspheres (5, 7.5, and 10 mg) in the MCPE at +0.5 V potential. It
showed that when amount of microspheres was increased, interference effect also
increased. When a 5 mg microsphere was used, the lowest percentage ratio of
interference was found. Therefore, 5 mg microspheres were preferred for further
studies (Fig. 3).

Figure 3 hereabout

3.4. Determination of optimum pH

lonization state of the amino acids in the active site can affect by enzyme
activity. Thus, pH has a significant function in maintaining the proper conformation of
enzyme active site [32]. The biosensor was immersed into PBS (0.1 M) at different pH
ranging from 6.0 to 9.0 to determine the effect of pH on the biosensor response. The
measurements were performed by adding 1.0x10 M glucose to the cell. The
maximum amperometric response was obtained at pH 8.0 (Fig. 4) and hence it was
chosen as optimum pH for further studies. In the literature, several pH values were
reported varying from 5.0 to 9.0 for glucose biosensor (pH 9.0;7.5;5.0 and 6.2)
[12,14,32,33]. This could be due to type of immobilization and used polymer.
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Therefore, the optimum pH (pH 8.0) can be explained by immobilization method of
GOx and used FMPS-Gly microspheres in CPE.

Figure 4 hereabout

3.5. Determination of optimum temperature

Enzyme activity can be affected by temperature changes. There is an exponential
relationship between temperature and reaction rate of an enzyme [32]. Temperature
effect on response of the biosensor was determined at different temperatures ranging
from 20 to 70 °C and containing 1.0x102 M glucose in the cell (pH 8.0). As seen in
Fig. 5, the current differences increased at 50 °C and decreased afterward. Since the
highest response was obtained at 50 °C, it was determined as optimum temperature for
the biosensor. When GOx was immobilized to FMPS-Gly microspheres, GOx kept its
activity even at high temperatures. For glucose biosensor, different optimal
temperatures were used in the literature (60, 65, 50 and 55 °C) [12,32,34,35].
However, study temperature was preferred as 25 °C since the difficulties involved in
working at 50 °C. The current response of the biosensor was also enough for all
further biosensor experiments at 25 °C.

Figure 5 hereabout

3.6. The effect of glucose concentration on response of the biosensor

Glucose concentration ranging from 5.0x10 to 5.0x10™* M was tested to
investigate the effect of the glucose concentration on the reaction rate (Fig. 6a). The

This article is protected by copyright. All rights reserved.

12



biosensor exhibited a linear relation with glucose concentration for 5.0x10™ - 1.0x107
M and with a correlation coefficient of 0.999 (inset of Fig. 6a). The biosensor can be
used for the quantitative determination of glucose due to a highly satisfactory linearity.
Prepared glucose biosensor can be also used for determination of different samples
containing glucose since it has a wide linear working range. The response time of the
biosensor was 200 second and the detection limit was 5.0x107° M. From the slope, the
sensitivity of the biosensor was calculated to be 6.01 uA mM™cm™. As listed in
Table 2, the important analytical parameters compared with other glucose sensors
including carbon material. The result explains that FMPS-Gly microsphere/CPE
biosensor shows quite comparable or better performance than other modified
electrodes [36-40].

Figure 6 hereabout

Table 2 hereabout

The apparent Michaelis—Menten constant (Kmapp)) is an indicator of enzymatic
affinity and it exhibits bioaffinity of immobilized enzyme [41]. Kiapp) and maximum
current (Imaxapp)) Can be calculated according to the Lineweaver-Burk plots (Fig. 6b)
[42]. The Kmeapp) and Imaxcapp) 1N the present study were calculated as 12.64 mM and
41.0 pA, respectively. The Kmnapp) for immobilized GOx reported in the literature is
14.4 mM, 15.19 mM and 21 mM [41,43,44]. These differences can be caused by used
polymers to fabricate biosensor and type of immobilization methods. The Knapp) Value
is lower than those literatures for glucose sensing. This can be explained by the fact
that new microsphere used in this study can increase affinity between GOx and

glucose.
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3.7. Storage and operational stability of the biosensor

For the storage stability, the optimized biosensor was kept +4 °C and evaluated
occasionally during a total period of 29 days. In Fig. 7a, the response of biosensor
exhibited a decrement during the first 20 days and it stayed almost same level between
the 20" and 29" days. The biosensor retained about 35 % of initial response after 29

days.

Figure 7 hereabout

Operational stability of the optimized biosensor was evaluated by carrying out
the activity assay 20 times in the same day (Fig. 7b). The relative standard deviation
was calculated as 3.3 % after 20 measurements from the response of the biosensor to
5.0x10™ M glucose.

4. Conclusions

In this study, a novel biosensor that is sensitive to glucose was prepared using the
microspheres modified with FMPS-Gly. These microspheres were first synthesized for
this study. The linear working range of the glucose biosensor is 5.0x10™-1.0x102 M,
R?=0.999. The fabricated biosensor can be used direct determination of the glucose in
blood without dilution because its linear range covers physiological blood glucose
value (about 5.5x107 M). This is attributed that people using biosensor can measure
their glucose level at home. This is a big advantage for a biosensor. The biosensor
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exhibited acceptable response time 200 s. Fabrication of glucose biosensor is highly

cost effective and easy.

References

[1] Fang, B., Zhang, C., Wang, G., Wang, M., Ji, Y. (2011) A glucose oxidase immobilization
platform for glucose biosensor using ZnO hollow nanospheres. Sensors and Actuators B: Chemical
155, 304-310.

[2] Cipolatti, E. P., Silva, M. J. A., Klein, M., Feddern, V., Feltes, M. M. C.,, Oliveira, J. V., Ninow, J.
L., de Oliveira, D. (2014) Current status and trends in enzymatic nanoimmobilization. Journal of
Molecular Catalysis B: Enzymatic 99, 56-67.

[3] Jirimali, H. D., Nagarale, R. K., Lee, J. M., Saravanakumar, D., Shin, W. (2011) Preparation of
PEG Tethered Ferrocene Modified Polyacrylic Acid/Silica Composite as an Electroactive Polymeric
Platform for Biosensors. Electroanalysis 23, 2109-2115.

(4] Yoo, E.-H., Lee, S.-Y. (2010) Glucose Biosensors: An Overview of Use in Clinical Practice.
Sensors 10, 4558-4576.

[5] Ahmad, M., Pan, C., Luo, Z., Zhu, J. (2010) A Single ZnO Nanofiber-Based Highly Sensitive
Amperometric Glucose Biosensor. The Journal of Physical Chemistry C 114, 9308-9313.

[6] Chen, C., Xie, Q., Yang, D., Xiao, H., Fu, Y., Tan, Y., Yao, S. (2013) Recent advances in
electrochemical glucose biosensors. RSC Advances 3, 4473-4491.

[7] Adams, R. N. (1958) Carbon Paste Electrodes. Analytical Chemistry 30, 1576-1576.

[8] Boujtita, M., Boitard, M., El Murr, N. (1999) Development of renewable surface biosensors to
meet industrial needs for measurement of glucose in fruit juices. Biosensors and Bioelectronics 14,
545-553.

[9] Comba, F. N., Rubianes, M. D., Herrasti, P., Rivas, G. A. (2010) Glucose biosensing at carbon
paste electrodes containing iron nanoparticles. Sensors and Actuators B: Chemical 149, 306-309.

[10] Mutyala, S., Mathiyarasu, J. (2014) Direct Electron Transfer at a Glucose Oxidase—Chitosan-
Modified Vulcan Carbon Paste Electrode for Electrochemical Biosensing of Glucose. Applied
Biochemistry and Biotechnology 172, 1517-1529.

[11] L, J., Wei, X., Yuan, Y. (2009) Synthesis of magnetic nanoparticles composed by Prussian blue
and glucose oxidase for preparing highly sensitive and selective glucose biosensor. Sensors and
Actuators B: Chemical 139, 400-406.

[12] Arslan, H., Ozdemir, M., Zengin, H., Zengin, G. (2012) Glucose biosensing at carbon paste
electrodes containing polyaniline-silicon dioxide composite. Int J Electrochem Sci 7, 10205-10214.

This article is protected by copyright. All rights reserved.

15



[13] Liao, C., Zhang, M., Niu, L., Zheng, Z., Yan, F. (2013) Highly selective and sensitive glucose
sensors based on organic electrochemical transistors with graphene-modified gate electrodes.
Journal of Materials Chemistry B 1, 3820-3820.

[14] Arslan, F., Ustabas, S., Arslan, H. (2011) An Amperometric Biosensor for Glucose
Determination Prepared from Glucose Oxidase Immobilized in Polyaniline-Polyvinylsulfonate Film.
Sensors 11, 8152-8163.

[15]  Arslan, F., Yasar, A., Kilic, E. (2006) Preparation of Pt/polypyrrole-ferrocene hydrogen
peroxide sensitive electrode for the use as a biosensor. Russian Journal of Electrochemistry 42, 137-
140.

[16]  Yildinmoglu, F., Arslan, F., Cete, S., Yasar, A. (2009) Preparation of a polypyrrole-
polyvinylsulphonate composite film biosensor for determination of cholesterol based on entrapment
of cholesterol oxidase. Sensors 9, 6435-6445.

[17] Wang, J., Xu, G., Zhang, X., Lv, J., Zhang, X., Zheng, Z., Wu, Y. (2015) Electrochemical
performance and biosensor application of TiO 2 nanotube arrays with mesoporous structures
constructed by chemical etching. Dalton Trans. 44, 7662-7672.

[18]  Vilian, A. T. E., Chen, S.-M. (2014) Direct electrochemistry and electrocatalysis of glucose
oxidase based poly(L-arginine)-multi-walled carbon nanotubes. RSC Adv. 4, 50771-50781.

[19] Weibel, M. K., Bright, H. J. (1971) The glucose oxidase mechanism. Interpretation of the pH
dependence. J Biol Chem 246, 2734-2744.

[20]  Guilbault, G. G., Lubrano, G. J. (1973) An enzyme electrode for the amperometric
determination of glucose. Anal Chim Acta 64, 439-455.

[21] Zhu, H., Srivastava, R., Brown, Q., McShane, M. J. (2005) Combined physical and chemical
immobilization of glucose oxidase in alginate microspheres improves stability of encapsulation and
activity. Bioconjugate Chemistry 16, 1451-1458.

[22]  Brown, J. Q., Srivastava, R., Zhu, H., McShane, M. J. (2006) Enzymatic fluorescent
microsphere glucose sensors:evaluation of response under dynamic conditions. Diabetes technology
& therapeutics 8, 288-295.

[23] Hou, X, Liu, B., Deng, X., Zhang, B., Chen, H., Luo, R. (2007) Covalent immobilization of
glucose oxidase onto poly(styrene-co-glycidyl methacrylate) monodisperse fluorescent microspheres
synthesized by dispersion polymerization. Analytical biochemistry 368, 100-110.

[24] Aynaci, E., Sari, N., Timtdrk, H. (2011) Immobilization of B-galactosidase on Novel Polymers
Having Schiff Bases. Artificial Cells, Blood Substitutes and Biotechnology 39, 259-266.

[25] Ozdem, N., Ozkan, E. H., Sari, N., Arslan, F., Tumturk, H. (2014) Immobilization of glucose
oxidase attached to new nanospheres including azomethine. Macromol Res 22, 1282-1287.

[26] Donmez, S., Arslan, F., Sari, N., Kurnaz Yetim, N., Arslan, H. (2014) Preparation of carbon
paste electrodes including poly(styrene) attached glycine—Pt(IV) for amperometric detection of
glucose. Biosensors and Bioelectronics 54, 146-150.

This article is protected by copyright. All rights reserved.

16



[27]1  Sar, N., Ozcan, S. (2009) Synthesis, characterization and selectivity studies of poly
(acrylamide) incorporating schiff bases. Chinese Journal of Polymer Science 27, 675-675.

[28] Sari, N., Piskin, N., Ogiitcii, H., Kurnaz, N. (2013) Spectroscopic characterization of novel d-
amino acid-Schiff bases and their Cr(lll) and Ni(ll) complexes as antimicrobial agents. Medicinal
Chemistry Research 22, 580-587.

[29] Essiz, S., Sari, B. (2014) Temperature-Sensitive Composite Films: Synthesis and
Characterization of Poly(vinyl acetate)/Polystyrene/ Polypyrrole Ternary Composites. Advances in
Polymer Technology 33, 21446 (E21448)-21446 (E21448).

[30] Yang, Z., Ye, Z., Zhao, B., Zong, X., Wang, P. (2010) A rapid response time and highly sensitive
amperometric glucose biosensor based on ZnO nanorod via citric acid-assisted annealing route.
Physica E: Low-dimensional Systems and Nanostructures 42, 1830-1833.

[31] Luque, G., Rodriguez, M., Rivas, G. (2005) Glucose biosensors based on the immobilization of
copper oxide and glucose oxidase within a carbon paste matrix. Talanta 66, 467-471.

[32] Colak, O., Arslan, H., Zengin, H., Zengin, G. (2012) Amperometric detection of glucose by
polyaniline-activated carbon composite carbon paste electrode. Int J Electrochem Sci 7, 6988-6997.

[33] Nenkova, R., Ivanova, D., Vladimirova, J., Godjevargova, T. (2010) New amperometric
glucose biosensor based on cross-linking of glucose oxidase on silica gel/multiwalled carbon
nanotubes/polyacrylonitrile nanocomposite film. Sensors and Actuators B: Chemical 148, 59-65.

[34] Zhou, Z., Qiao, L., Zhang, P., Xiao, D., Choi, M. M. F. (2005) An optical glucose biosensor
based on glucose oxidase immobilized on a swim bladder membrane. Analytical and Bioanalytical
Chemistry 383, 673-679.

[35] Topcu Sulak, M., Gokdogan, O., Giilce, A., Gililce, H. (2006) Amperometric glucose biosensor
based on gold-deposited polyvinylferrocene film on Pt electrode. Biosensors & bioelectronics 21,
1719-1726.

[36] Tang, W., Li, L., Wu, L., Gong, J., Zeng, X. (2014) Glucose Biosensor Based on a Glassy Carbon
Electrode Modified with Polythionine and Multiwalled Carbon Nanotubes. PLoS ONE 9, e95030.

[37] Hwa, K.-Y., Subramani, B. (2014) Synthesis of zinc oxide nanoparticles on graphene—carbon
nanotube hybrid for glucose biosensor applications. Biosensors and Bioelectronics 62, 127-133.

[38] Devasenathipathy, R., Mani, V., Chen, S.-M., Huang, S.-T., Huang, T.-T., Lin, C.-M., Hwa, K.-Y.,
Chen, T.-Y., Chen, B.-J. (2015) Glucose biosensor based on glucose oxidase immobilized at gold
nanoparticles decorated graphene-carbon nanotubes. Enzyme and Microbial Technology 78, 40-45.

[39] Zhou, X., Tan, B., Zheng, X., Kong, D., Li, Q. (2015) Interfacial electron transfer of glucose
oxidase on poly(glutamic acid)-modified glassy carbon electrode and glucose sensing. Analytical
Biochemistry 489, 9-16.

[40] Pang, X., He, D., Luo, S., Cai, Q. (2009) An amperometric glucose biosensor fabricated with Pt
nanoparticle-decorated carbon nanotubes/TiO2 nanotube arrays composite. Sensors and Actuators
B: Chemical 137, 134-138.

This article is protected by copyright. All rights reserved.

17



[41] Chen, X., Chen, J., Deng, C., Xiao, C., Yang, Y., Nie, Z., Yao, S. (2008) Amperometric glucose
biosensor based on boron-doped carbon nanotubes modified electrode. Talanta 76, 763-767.

[42] Numnuam, A., Thavarungkul, P., Kanatharana, P. (2014) An amperometric uric acid biosensor
based on chitosan-carbon nanotubes electrospun nanofiber on silver nanoparticles. Analytical and
bioanalytical chemistry 406, 3763-3772.

[43] Zheng, H., Xue, H., Zhang, Y., Shen, Z. (2002) A glucose biosensor based on microporous
polyacrylonitrile synthesized by single rare-earth catalyst. Biosensors and Bioelectronics 17, 541-545.

[44] Chen, X, Jia, J., Dong, S. (2003) Organically Modified Sol-Gel/Chitosan Composite Based
Glucose Biosensor. Electroanalysis 15, 608-612.

This article is protected by copyright. All rights reserved.

18



Accepted Article

Fig. 1. Procedure for preparation of modified carbon paste electrode
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Fig. 2. Amperometric responses of CPE and MCPE to different concentration range of H202 a) 0.01-
0.1 uM, b) 0.5-5 uM and c) 10 uM -1.0 mM (at 25 °C, 0.1 M PBS of pH=8.0, +0.5 V operating

potential)
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Fig. 3. The effect of amount of microspheres to selectivity (at 25 °C, 0.1 M pH=8.0 PBS, +0.5 V
operating potential)
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Fig. 4. The effect of pH on the response of the biosensor (at 25 °C, 1.0x10-2 M glucose, at +0.5 V
operating potential, n=3)

0.8 -

Al (pA)

0.0 T T T T 1
5.0 6.0 7.0 8.0 9.0 10.0

Accepted Article

This article is protected by copyright. All rights reserved.

22



Fig. 5. The effect of temperature on the response of the biosensor (at pH 8.0, 1.0x10-2 M glucose at
+0.5 V operating potential, n=3)
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Fig. 6. a) The effect of glucose concentration upon the amperometric response of the biosensor (in
pH 8.0 PBS and at a +0.5 V operating potential, 25 °C), Inset: The calibration curve of the glucose
biosensor (in pH 8.0 PBS and at a +0.5 V operating potential, 25 °C, n=3), b) Lineweaver — Burk plot,
in pH 8.0 PBS and at a +0.5 V operating potential, 25 °C

60 - a) 0.7 b)
¥ =0.3086x + 00244
} R*= 09984

y= 16852 + LOIs8
Ri= 0999

1T (uA™)

oo 20 10 60 80 100 120
Glucase Concentartion (mVI)

0 100 200 300 400 500 600 -0.3 0.2 0.7 1.2 1.7 22

Glucose Concentartion (mM) -0.1
1/S (mM™1)

This article is protected by copyright. All rights reserved.

24



Accepted Article

Fig. 7. a)Storage stability of the biosensor in pH 8.0 PBS, at a +0.5 V operating potential, 25 °C, b)
Operational stability of the biosensor in pH 8.0 PBS, at a +0.5 V operating potential, 25 °C
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Scheme 1. Schematic illustration of reaction for the glucose determination

This article is protected by copyright. All rights reserved.

26

Glucose

Gluconic acid



Table 1 Elemental analysis, some the physical properties and important IR vibration frequencies of (FMPS-

Gly) polymer. B: SEM imaging (mag 200x and 600x) and EDX spectra microsphere attached Gly

Ilmportant IR vibration frequencies (cm” Chemical formula:{-(CgHg)s[(C19H19NO4)]-(CgHg)s}-
)
A Elemental analysis; Found (calculated) %
C H N
(FMPS) / (FMPS-Gly)
() V(OH)carboxy 3350 67.89 5.96 1.23
(b) V(C'H)aromatic
(¢) V(C-H) iiphatic 3013 /3031 (68.44) (6.46) (1.77)
(d) overton
(e) (C:O)carboxyl 2925 / 2928 Mw: 789
(f) V(C:O)aldehyde .
(8) v(CH=N) 1943/1943,1873/1871,1800/1801 Colour: Light Brown
1696 Mw(1340) /Mn (1310) : 1.02
1689
1627
(FMPS) (FMPS-Gly)

B | Structure of microsphere (FMPS-Gly) SEM imaging and EDX spectra
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Table 2. Comparison of different enzymatic glucose sensors

Linear range

Detection

Electrode material Sensitivity (mM) limit (uM) ef.
CTS/PTFE/GOXx/MWCNTs/PTH/GCE® 2.80 pA mM™cm? 0.04-2.5 5 35
GR-CNT-ZnO-GOx/GCE® 5.36 HPAMM 'em™ 0.01-6.5 4.5 36
GR-MWNTs/AuNPs/GOx/RDE® 0.695 pAMM *ecm™ 0.01-2 4.1 37

0.238 pAmMM *cm ™ 2-5.2 950
Cs—GOx—-PGA/GCE* 2.13 pAmMcm? 0.5-5.5 120 38
TiO,/CNT/Pt® 0.24 pA mM*cm? 0.01-1.5 5.7 39
FMPS-Gly microsphere /CPE 6.02 pA mMcm 0.5-10 50 This
work

® CTS: chitosan, PTFE: polytetrafluoroethylene emulsion, MWCNTSs: multiwalled carbon nanotubes,

PTH: polythionine, GCE: glassy carbon electrode

® GR: graphene, CNT: carbon nanotubes, ZnO: zinc oxide nanoparticles

© AuNPs: gold nanoparticles, RDE: rotating disc electrode
4 Cs: chitosan, PGA: poly(glutamic acid)

¢ TiO,: titania nanotube
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