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Abstract

In this research, by using sodium alginate, calcium chloride, polyethylene glycol and polyvinyl al-
cohol, a novel calcium alginate (CA) microsphere was prepared and used to construct a hydrogen
peroxide (H20:) biosensor by assembly with myoglobin (Mb) on the electrode surface. The elec-
trochemical property of biosensor was investigated by cyclic voltammetry and chronoamperome-
try. In phosphate buffer solution (pH = 7) Mb-CA film modified electrode showed a pair of
well-defined and nearly reversible cyclic voltammetry peaks at around -0.358 V versus saturated
calomel electrode (SCE). Moreover, the biosensors could still maintain their good activity and the
sensitivity after 30 days. The results confirmed that the biosensors exhibit electrocatalytic beha-
vior to H20,. The biosensor with a linear range of from 6.25 uM to 50 uM (RZ = 0.996) and a detec-
tion limit of 1.25 puM (S/N = 3) showed good stability, reproducibility, and selectivity. The resulting
biosensors are suitable for the precise determination of environmental pollutants in actual envi-
ronment.
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SANIBEIEYE, AT TR A 2 (H,0,),  FE I PREE FU A AR AL % 5 B 244 I 8]
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g5Ky, IR AT B AL A B AL PERE [ 14] . 5 A @ ARG N, 50 J2) AR IsHRE) 2 P e A
P, UERESHI A 2 MALSATETEAL R, AT 1B . SRR 2 1) CA SR BAT BRI R T AR
ANES I S RE AT, (R AL AR MR ISt By R AR AR 157 s 58 N [16] F i i R
FE CA TRER QLB RRILAE, 774 7 H Ik 2E7]. X EECERE Y] T CA TR BA T IZ I E R o
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FERXFERE A, FRAMEH TSR, SAES, RO TRMEORE, R 7 REERIRI 77 X
VR R IR ES K %Z%E@(PVA)E&M’E%#EM;’% A T B T ARG AN L, LA
ASEf ORI R TR IR BRI o BRATTHE 22 FLIRER IR SRR R A A b ] T [ 3L L08R 1, AT A4 Mb/CA
BRI RS -

2. SEEGER4y
2.1. {USE AR

WL FA(Mb, Sigma A #); HEEEFREN(SA, My = 100,000~200,000), T4 H RESEHifLSE AT Bl
T FE(PEG, My, = 4000)J [ Lk 25 R FI AR R ZBEEPVA)IEE RE & R4 TR AT H0, (5
BN 30%, Zriral), RS E 4 R R AT MR ARV 2 s R FVE R0 3% HL00)W H & AR
MEEZRHE AR AR He R A v iral; seibK38 —IR#EMR/K. pH 7.0 FIZEPPE HH 0.050 M BER
TEHN, 0.10 M BEALBRREH] . ] HCI 5 NaOH VA 0 15 22 i) pH.

CHI-660a & TAEu(H E i R4); SK520HP AYUE A TGP BSA124S-CN LT KF. fHHFRIE—
HME RS0, HALHRAE A A A M I S5O S8R FELAL(GCE), AE ol Bl e A B4 22 R A 9 23 EL B O e A
IR HMR o BT I B 7E 2V A AT o SIS AT R A AR B0 2 > 10 8 HERR R RS
HAEM B R FF R A . BT SERITER R E(13°C £2C) kT

2.2. CA WEkaOHIE

3 MECH 0.02 g/mL ) SA ¥, 0.1 g/mL ] CaClL, ¥, 0.02 g/mL ] PEG ¥k, PAJ% 0.02 g/mL
1) PVA ¥ . F—E M SA Fl PEG ¥R G525, PVA Fl CaCly iR &3 5], il 7 kb3 30 43
Bl Hﬂﬁ%ﬁ%&ﬂ&ﬁx PVA. CaCLIBEHEM, B2 BN EERA W FER SA. PEG IREWEM T, AT LI
EEH [ B ZURIT i%ﬁi, Z A EUTIEY) R B R S Kk o BRI /N B R R mT DA I et 45 1 1)
DA 35 J0 1 T P S i o e I — R B (0T B AR B 8 1 3% DU e 5 R 1) e FE AR R L 1A SA:CaCly: PEG:PVA
= 1:8:4:3. ﬁﬁ#ﬁﬁ%iﬁﬂrﬂ%%’%%%&@%@iﬁfﬁﬁi}ﬁm& HHZYOKIERZ IR EZRK C™, Bak
T8 JE I RER CRAFAE UK &, R 7 BB (SEM)E TR AE
2.3. {&IHERAYHIE

W EAE N 3 mm FIBER A (GCE) 7 %M 0.3 pm F1 0.05 pm ) ALOs #il kG, 451 oKz
FEAAFEAEHE 3 738k, LS uL ) CA WERETR T GCE £1H, =I5 F 1. 255 5 ul 19 1 mg/mL [{] Mb

TR 2 CA TRERIE IR AR, 5 HOK 82K TIG Mb/CA WERIRAZ R B bR A i st 72
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Figure 1. Fabrication processes for Mb/CA microspheres
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Figure 2. (A) SEM images of the CA microspheres films; (B) The Mb-CA microspheres films; (C) The CA films without PVA
2. SEM E|(A) CA #Fk; (B) Mb/CA fiFk; (C) CA iR

3.2. Mb/CA WEKIREIREERNERBELEFETA

TAIERZIE(CVIFFFL T Mb/CA FUERIEAS G AR ) BB A 22T . Wil 3 FioR, 24K Mb/CA
THERIE AR N pH 7.0 PRI, 76 0.2 V~—0.8 V {1 HLAZ VS P USRI 435 Mb/CA FERIAS 1
FARAG R4, T DA SR BI7E A7 £9-0.358 V AR B T — P AR 1 R 47 R S A IR B UG o HL AU JiR 0
AL PR (L) B 5 40T 8 o 388 o B BB B AR WA R B A T 2R AR M I, AR RN T R A
L(nA) = 6.49 w(V/s) + 0.99 (R* = 0.999)F1 I,,(nA) = —6.47 w(V/s) — 0.95 (R* = 0.998) (K] 3 i), IR JFIE )
FRO 7R AN [R5 T 3d e FEAWG 1) LT (AR AR S 1, X — 45 R B T 1R — AN S L f) 3R T vl 2 4% ol LA
SO AE, b b 0 A R 1 2R DT LE ) B R R R SR, A 1) B AR A P R 5 R
e AN
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Figure 3. Cyclic voltammograms of Mb/CA microspheres films modified GCE in 0.1 M PBS solution (pH 7.0) at the scan rates
0f0.2,0.4,0.6,0.8,1,1.2, 1.4and 1.6 Vs (from a to h). Inset is the plot of cathodic and anodic peak currents vs. scan rate
3. Mb/CA TEKERIEIRERARTE 0.1 M BYBAEREL R (pH = 7.0) P R EHIE TR RE

3.3. Mb/CA T EKkIE &4 BB AR A0 3R BRI R AE
FELAL 27 B BT (BIS) 21 7T Mb/CA T ER & A IR AS 1 B AR 1 S 10 4 )5 A F 7B . BIS B H s AiX i 2
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Figure 4. Nyquist plots of the different electrodes in a pH 7.0 PBS containing 5.0 mM [Fe(CN)s]*"*". The frequency range was
from 107% to 10° Hz with perturbation amplitude of 5 mV. (a) Blank GC electrode; (b) Mb/CA microspheres films modified
electrode; (c) The Mb/CA films without PVA modified electrode. Inset is the equivalent circuit. Curve: system result of standard
experiment

B 4. FEMEIRERTE 5.0 mM SkEL IR R P RERE

3.4. Mb/CA EKIEIEIFEEARST H,0, B4
5 & Mb/CA TEREAZ I AT HoO, BIMEAGIE IR AR 22 ¥  FE 1] pH 7.0 BIZZ M NN Hy0, J5
Mb/CA R BRAS R HAR b3 5 e F it S 3 3, S8l s D (] 5(d))e I FLIG S e L Jt it P S B A
H,0, IR FERIRE I (4 5(e)). 7E CA TR HIAR A st B[4 5(b)), BhBH LR B3R KA
5N . Mb/CA TRERIEAS A B AR b R AR R S S an T
MbFe (III)+H" +e~ — MbFe(1I) 1)

MbFe(1I)+H,0,+2H"+ ¢~ — MbFe(III)+H,0 2)

Figure 5. CVs at 0.2 V/s in 8 mL of pH 7.0 PBS for CA microspheres films electrode with (a) no H,O,; (b) 37.5 uM H,0,; and
for Mb/CA microspheres films electrode with (c) no H,O»; (d) and (e) 37.5 uM, 75 uM H,0, respectively
[E 5. Mb/CA TEkERIEIRER AR 1L HO, MIBEIMARE
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TR AS T F A _E AR HLO, IR R L IR 23 B 25 G2 i HL O MR B2 PR A5 38 i AH R3S K (1] 6(b)) o HZk
PERGITE A 6.25 uM~150 pM (R* = 0.996), & IR A 1.25 uM (S/N = 3).
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Figure 6. Typical amperometric current-time response curves of CA microspheres films modified electrode (a) and Mb/CA mi-
crospheres films modified electrode (b) at —0.17 V in pH 7.0 buffer solutions with 6.25 pM H,0O, injected every 40 s
B 6. (AMb/CA KRR IR ARE L H,0, B9TTET LRI Z:

75 pH 4 7.0 [BFER AR 2 i p, B S YNGR TR 75 1M HyO, I & SRATF 7812 Ha b 22 A= W %
JRAS B I, AT AR AR Z2(RSD)A 2.3%, WA ZE MR A A RIFFIEDE. £5F 200 uM T4
H137.5 uM H,0, ] pH 7.0 BEERERZZ P I 78 7 Mb/CA JEAS T AR (e 840 . R BLHAL H,O, HLIIH
AN TRAEAE S R B2 — R, B ENLES T-(S0,%, Mg™, Na', K', NH*, Ni**, zn®*, CI),
PRIZ CA S U I B A A= W% SR 8 i B2 5 A T4, R IAE I Bl HaOp B RAFHESENE. J3 46, IEHE
T HAR A AR RS B AR E M . X T 75 uM HLO, BRI, FELIA A S AE — 8 e R R s, I HL
FE—AH A RFRER I 87%~95%. 45 T2 W] Mb/CA FERBEAS 1 e A H AT 0 53 (R A7 AN e e

3.5. SEBRRZA

G 1 P, R AR A TR A 3% HL0, FEE FH 35550 T i) B0, WREZ o 7 SEEG A — K
RELR I 37 A2 AW A% I 5 I e AR R AN A REAT LA, A BB HL O, iR BESE RIEA 5, R
AR AT T Hr sk Br i) HyO, FE o

Table 1. Determination of H,0O, in the medical disinfectant

F 1. ERESFIT H0, KEHEN

T il 1 IR ARH (uM) RSD(%) KMnO, i 7€ (uM) RSD(%)
1 37.35 2.75 37.48 2.50
2 75.20 3.40 75.25 3.23
3 113.04 3.61 112.80 3.50
4. &g

FEARTCH, Ml T CA Bk, FHAHFEZ Mb, M3 Mb/CA MERAEVL IR . ZAE K

DOI: 10.12677/ms.2019.92022 175 PR R


https://doi.org/10.12677/ms.2019.92022

HHER, FhAL

B0 HyO, B RAFH AR IRV RS, IF BB IR EE, ARVEVEH 98, BURARIER, w52
AR R 7 AT

Prit

SE

(1]

(2]

(3]

(6]

(7]

[10]

[11]

[12]

[13]

[14]

[16]

[17]

Scheller, F.W., Lisdat, F., Lei, C., Ge, B. and Wollenberger, U. (2002) Communication between Redox Proteins and
Modified Electrodes. Springer, Berlin Heidelberg, Germany.

Hu, N.F. (2001) Direct Electrochemistry of Redox Proteins or Enzymes at Various Film Electrodes and Their Possible
Applications in Monitoring Some Pollutants. Pure and Applied Chemistry, 73, 1979-1991.
https://doi.org/10.1351/pac200173121979

Palecek, E., Tkac, J., Bartosik, M., Bertok, T., Ostatnd, V. and Palecek, J. (2015) Electrochemistry of Nonconjugated
Proteins and Glycoproteins. Toward Sensors for Biomedicine and Glycomics. Chemical Review, 115, 2045-2108.
https://doi.org/10.1021/cr50027%h

Bhakta, S.A., Evans, E., Benavidez, T.E. and Garcia, C.D. (2015) Protein Adsorption onto Nanomaterials for the De-
velopment of Biosensors and Analytical Devices: A Review. Analytica Chimica Acta, 872, 7-25.
https://doi.org/10.1016/j.aca.2014.10.031

Huang, H., Hu, N.F., Zeng, Y.H. and Zhou, G. (2002) Electrochemistry and Electrocatalysiswith Heme Proteins in
Chitosan Biopolymer Films. Analytical Biochemistry, 308, 141-151. https://doi.org/10.1016/S0003-2697(02)00242-7

Jiang, X.E., Zhang, Z.L., Liu, X.Q., Huang, W.M., Wang, E.K. and Dong, S.J. (2005) In-Situ UV and CD Spectroelec-
trochemistry Investigation of the Electrochemical Reduction Reaction Inducing Conformational Transition of Microp-
eroxidase-11. Chemical Journal of Chinese Universities, 185, 383-390.

Safavi, A. and Farjami, F. (2010) Hydrogen Peroxide Biosensor Based on a Myoglobin/Hydrophilic Room Tempera-
ture Tonic Liquid Film. Analytical Biochemistry, 402, 20-25. https://doi.org/10.1016/j.ab.2010.03.013

Eich, R.F., Li, T., Lemon, D.D., Doherty, D.H., Curry, S.R., Aitken, J.F., Mathews, A.J., Johnson, K.A., Smith, R.D.,
Phillips, G.N. and Olson, J.S. (1996) Mechanism of NO-Induced Oxidation of Myoglobin and Hemoglobin. Biochemi-
stry, 35, 6976-6983. https://doi.org/10.1021/b1960442¢

Guisan, J.M. (2006) Immobilization of Enzymes and Cells. Methods in Molecular Biology, 25, 232-232.
https://doi.org/10.1007/978-1-59745-053-9

Wei, S., Wang, D., Gao, R. and Jiao, K. (2007) Direct Electrochemistry and Electrocatalysis of Hemoglobin in Sodium
Alginate Film on a BMIMPF Modified Carbon Paste Electrode. Electrochemistry Communications, 9, 1159-1164.
https://doi.org/10.1016/j.elecom.2007.01.003

Blandino, A., Macias, M. and Cantero, D. (1999) Formation of Calcium Alginate Gel Capsules: Influence of Sodium
Alginate and CaCl, Concentration on Gelation Kinetics. Journal of Bioscience & Bioengineering, 88, 686-689.
https://doi.org/10.1016/S1389-1723(00)87103-0

Zhao, H., Zheng, W., Meng, Z., Zhou, H., Xu, X., Li, Z. and Zheng, Y.F. (2009) Bioelectrochemistry of Hemoglobin
Immobilized on a Sodium Alginate-Multiwall Carbon Nanotubes Composite Film. Biosensors & Bioelectronics, 24,
2352-2357. https://doi.org/10.1016/1.bios.2008.12.004

Wu, L. and Ding, J. (2004) In Vitro Degradation of Three-Dimensional Porous Poly(D,L-lactide-co-glycolide) Scaf-
folds for Tissue Engineering. Biomaterials, 25, 5821-5830. https://doi.org/10.1016/j.biomaterials.2004.01.038

Li, Q.Q., Sun, H., Liu, X. and Zhao, X.S. (2012) Electroactive Porous Films of Myoglobin within Calcium Alginate.
Journal of Solid State Electrochemistry, 16, 1651-1661. https://doi.org/10.1007/s10008-011-1580-8

Brown, J.Q., Srivastava, R. and Mcshane, M.J. (2005) Encapsulation of Glucose Oxidase and an Oxygen-Quenched
Fluorophore in Polyelectrolyte-Coated Calcium Alginate Microspheres as Optical Glucose Sensor Systems. Biosensors
& Bioelectronics, 21, 212-216. https://doi.org/10.1016/j.bi0s.2004.08.020

Xuan, F., Rong, J., Liang, M., Zhang, X., Sun, J., Zhao, L., Li, Y., Liu, D., Li, F., Wang, X. and Han, Y. (2017) Bio-
compatibility and Effectiveness Evaluation of a New Hemostatic Embolization Agent: Thrombin Loaded Alginate
Calcium Microsphere. BioMed Research International, 8, 1-10. https://doi.org/10.1155/2017/1875258

Anusha, JR., Kim, H.J., Fleming, A.T., Das, S.J., Yu, K.H. and Rai, CJ. (2014) Simple Fabrication of
ZnO/Pt/Chitosan Electrode for Enzymatic Glucose Biosensor. Sensors and Actuators B: Chemical, 202, 827-833.
https://doi.org/10.1016/.snb.2014.06.024

DOI: 10.12677/ms.2019.92022 176 PR R


https://doi.org/10.12677/ms.2019.92022
https://doi.org/10.1351/pac200173121979
https://doi.org/10.1021/cr500279h
https://doi.org/10.1016/j.aca.2014.10.031
https://doi.org/10.1016/S0003-2697(02)00242-7
https://doi.org/10.1016/j.ab.2010.03.013
https://doi.org/10.1021/bi960442g
https://doi.org/10.1007/978-1-59745-053-9
https://doi.org/10.1016/j.elecom.2007.01.003
https://doi.org/10.1016/S1389-1723(00)87103-0
https://doi.org/10.1016/j.bios.2008.12.004
https://doi.org/10.1016/j.biomaterials.2004.01.038
https://doi.org/10.1007/s10008-011-1580-8
https://doi.org/10.1016/j.bios.2004.08.020
https://doi.org/10.1155/2017/1875258
https://doi.org/10.1016/j.snb.2014.06.024

Hans Xh
KRR R KBRS

1. FTHF%NM T http:/kns.cnki.net/kns/brief/result.aspx?dbPrefix=WWJD
THARMELSE: [ISSN], HAMATI ISSN: 2160-7613, RIw/ )
2. FTFFFAME 5T http://cnki.net/
Ao« EBRSCERAE” HEN, A SCERRRE, BIRE

AmiE S http:/www.hanspub.org/Submission.aspx

HATIMEFE : ms@hanspub.org



http://kns.cnki.net/kns/brief/result.aspx?dbPrefix=WWJD
http://cnki.net/
http://www.hanspub.org/Submission.aspx
mailto:ms@hanspub.org

	A Biosensor for Hydrogen Peroxide Based on Myoglobin Immobilized on Calcium Alginate Microspheres
	Abstract
	Keywords
	基于肌红蛋白/海藻酸钙微球修饰的过氧化氢生物传感器
	摘  要
	关键词
	1. 引言
	2. 实验部分
	2.1. 仪器及试剂
	2.2. CA微球的制备
	2.3. 修饰电极的制备

	3. 结果与讨论
	3.1. Mb/CA微球膜的SEM分析
	3.2. Mb/CA微球膜修饰电极的直接电化学行为
	3.3. Mb/CA微球膜修饰电极的交流阻抗表征
	3.4. Mb/CA微球膜修饰电极对H2O2的检测
	3.5. 实际应用

	4. 结论
	参考文献

