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Detection of sterigmatocystin based on the novel Aflatoxin-
Oxidase/chitosan-single-walled carbon nanotubes/poly-o-
phenylenediamine modified electrode

Junhua Chen, Shichuan Li, Dongsheng Yao, and Daling Liu

Institute of Microbial Biotechnology, College of Life Science and Technology, Jinan University, Guangzhou 510632, China

Abstract: A sensitive electrochemical biosensor based on Aflatoxin-Oxidase (AFO) was developed for detection of sterigmatocystin
(ST). The enzyme was immobilized on chitosan-single-walled carbon nanotubes (CS-SWCNTs) hybrid film, which attached to the
poly-o-phenylenediamine (POPD)-modified Au electrode. The fabricated procedures of the biosensor were characterized with atomic
force microscopy (AFM), fourier transform-infrared spectroscopy (FT-IR), and electrochemical impedance spectroscopy (EIS). The
cyclic voltammetric results of the biosensor indicated that AFO exhibited a surface-controlled and quasi-reversible electrochemical
redox behavior with a formal potential of —0.436 V (vs. Ag/AgCl) in 0.1 mol/L PBS (pH 7.0), which resulted from the direct electron
transfer between entrapped AFO and the underlying electrode. The enzymatic electrode exhibited an excellent electrocatalytic
response to ST. The linear range of ST determination was from 10 ng/mL to 310 ng/mL with correlation coefficient of 0.997, the
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detection limit was 3 ng/mL (S/N=3), and the response time was less than 10 seconds. The apparent Michaelis-Menten constant
(K{P) was estimated to be 7.13 pmol/L. The biosensor had the advantages of good repeatability and stability, remaining 85.6% of
its original current value after storage at 4°C for a month, and the RSD for 11 replicate determination of 20 ng/mL ST was 3.9%. This
AFO/CS-SWCNTs/POPD/Au modified electrode showed high selectivity and sensitivity in real sample analysis, giving values of
recovery in the range of 87.6%—105.5%. The proposed method can be applied to the determination of ST in real samples with

satisfactory results.
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Fig. 1 AFM images of the CS-SWCNTs (A) and the
AFO/CS-SWCNTs (B) modified electrode.
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Fig. 2 Fourier transform-infrared spectroscopy (FT-IR) of
AFO embedded in CS-SWCNTs film (a) and free AFO (b).
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Fig. 3 Electrochemical impedance spectra (EIS) of different
electrodes in 5.0 mmol/L [Fe(CN)s]>™ (1:1) solution

containing 0.1 mol/L KCI. a: bare Au; b: CS-SWCNTs/POPD/
Au; c: POPD/Au; d: AFO/CS-SWCNTs/POPD.
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Fig. 4 Cyclic voltammograms of bare Au (a), POPD/Au (b),
BSA/CS-SWCNTs/POPD/Au (¢), CS-SWCNTs/POPD/Au (d),
and AFO/CS-SWCNTs/POPD/Au (e) in 0.1 mol/L pH 7.0 PBS.
Scan rate: 0.1 V/s.
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Fig. 5 Influence of scan rate on peak current of
AFO/CS-SWCNTs/POPD/Au in 0.1 mol/L pH 7.0 PBS. Scan
rate: 0.01, 0.02, 0.04, 0.06, 0.08, 0.1 and 0.2 V/s (from inner to
outer). Inset: plots of peak current vs. scan rate.
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Fig. 6 Influence of pH on the cathodic peak current (l,.) and
formal potential (E°") of AFO/CS-SWCNTs/POPD/Au. Other
conditions are as the same as in Fig. 4.
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Fig. 7 Cyclic voltammogramms of AFO/CS-SWCNTs/POPD/Au

in 0.1 mol/L pH 7.0 PBS containing 0 ng/mL (a), 10 ng/mL (b),
and 20 ng/mL (c) ST. Scan rate: 0.1 V/s.
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Table 1 Application of biosensor for ST determination in
corn sample

Sample  Added Found
number  (ng/mL) (ng/mL) RSD (%) Recovery (%)
1 10 8.9 2.8 89.0
2 50 43.8 3.2 87.6
3 100 105.5 4.1 105.5
4 150 151.6 3.6 101.1
The date reported in the table represents the average of five
measurements.
ST
3 éu 1’%
POPD CS-SWCNTs
AFO, ST
2
POPD ,
2 b
; , CS-SWCNTs

> >



2035

REFERENCES

(1]

(2]

[3]

(4]

(5]

[6]

Yao DS, Wen SM, Liu DL, et al. The primary study on the

detection of sterigmatocystin by biologic enzyme
electrode modified with the multiwall carbon nanotubes.

Chin J Biotech, 2004, 20(4): 601-606.

s s s

, 2004, 20(4): 601-606.
Tian HJ, Liu XM. Survey and analysis on sterigmatocystin
contaminated in grains in China. J Hyg Res, 2004, 33(5):
606—-608.

, 2004, 33(5): 606—608.

Bartkevics V,  Mikelsone V.
Sterigmatocystin presence in typical latvian grains. Food
Chem, 2008, 109(1): 243-248.

Baughman RH, Zakhidov AA, Heer WA. Carbon
nanotubes-the route toward applications. Science, 2002,
297(2): 787-792.

Meng FP, Zhang AJ. Biofabrication with chitosan and its
application progress. Chin J Biotech, 2009, 25(5): 665—-671.

Versilovskis A,

s

, 2009, 25(5): 665-671.

Tkac J, Whittaker JW, Ruzgas T. The use of single walled
carbon nanotubes dispersed in a chitosan matrix for preparation

(7]

(8]

(9]

[10]

(11]

[12]

[13]

[14]

of a galactose biosensor. Biosens Bioelectron, 2007, 22(8):
1820-1824.

Yao DS, Cao H, Wen SM, et al. A novel biosensor for
sterigmatocystin constructed by multi-walled carbon
nanotubes (MWNT)  modified with  aflatoxin-
detoxifizymen (ADTZ). Bioelectrochemistry, 2006, 68(2):
126-133.

Liu DL, Yao DS, Liang R, et al. Detoxification of
Aflatoxin B; by enzymes isolated from Armillariella
tabescens. Food Chem Toxicol, 1998, 36(7): 563-574.

Yu XZ, Mai ZB, Xiao Y, et al. Electrochemical behavior
and determination of L-tyrosine at single-walled carbon
modified glassy
Electroanalysis, 2008, 20(11): 1246-1251.

Liu DL, Yao DS, Liang YQ, et al. Production, purification,
and
detoxifizyme from Armillareilla tabescens (E-20). Food
Chem Toxicol, 2001, 39(5): 461-466.

Kauppinen JK, Moffatt DJ, Mantsch HH, et al. Fourier
self-deconvolution-a method for resolving intrinsically
overlapped bands. Appl Spectrosc, 1981, 35(3): 271-276.
Gimeno A. Thin layer chromatographic determination of

nanotubes carbon electrode.

characterization of an intracellular aflatoxin-

aflatoxins, ochratoxins, sterigmatocystin, zearalenone, citrinin,
T-2 toxin, diacetoxyscirpenol, penicillic acid, patulin, and
penitrem A. J Assoc Off Anal Chem, 1979, 62(3): 579-585.
Salhab  AS, Russell GF, Coughlin JR, et al. Gas-liquid
chromatography and mass spectrometric ion selective
detection of sterigmatocystin in grains. J Assoc Off Anal
Chem, 1976, 59(5): 1037-1044.

Kamin RA, Wilson GS. Rotating ring-disk enzyme
electrode  for Dbiocatalysis kinetic studies and
characterization of the immobilized enzyme layer. Anal

Chem, 1980, 52(8): 1198-1205.

Journals.im.ac.cn



