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Abstract Based on the covalent modification and in-situ reduction, chitosan and gold nanoparticles were integrated with
graphene to form a novel gold nanoparticles/chitosan-graphene (AuNPs/Chit-GP) nanocomposite. The process of the fabrica-
tion of AuNPs/Chit-GP nanocomposite consisted of the following steps. Firstly, carboxyl-GP was prepared based on the re-
duction and modification of graphene oxide (GO). Thereafter, chitosan was covalently functionalized onto graphene
nanosheet to fabricate Chit-GP. The AuNPs/Chit-GP nanocomposite was finally synthesized by the in-sifu reduction of
HAuCl, in the presence of Chit-GP. Fourier transform infrared (FT-IR) spectra, ultraviolet-visible (UV-vis) absorption spec-
tra, transmission electron microscopy (TEM) and X-ray diffraction (XRD) were utilized to characterize structure and mor-
phology of the as synthesized nanocomposite. Because of the surface functionalization of chitosan, the composite exhibited
positive charge. In that case, the negatively charged glucose oxidase (GOD) could further immobilize onto AuNPs/Chit-GP
via electrostatic interaction under mild experimental condition. With the advantages of graphene, Au nanoparticles and chi-
tosan, AuNPs/Chit-GP can offer a conductive and favorable microenvironment for the immobilized GOD to achieve direct
electrochemistry. The direct electron transfer (DET) reaction of the immoblized GOD was studied by cyclic voltammetry in
0.1 mol/L phosphate buffer solution (PBS, pH 7.4). A pair of well-defined, quasi-reversible redox peaks of GOD were ob-
tained at GOD/AuNPs/Chit-GP/GC modified electrode, with a formal potential (vs. Ag/AgCl) being —0.44 V. Moreover,
the as fabricated GOD/AuNPs/Chit-GP/GC modified electrode exhibited excellent catalytic performance towards glucose.
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The electrocatalytic response of GOD/AuNPs/Chit-GP/GC modified electrode altered linearly with the glucose concentration
ranging from 2.1 to 5.7 pumol/L. The detection limit and the sensitivity of the enzyme electrode were 0.7 umol/L (S/N=3)
and 79.71 mAscm 2smM ', respectively. Because of the biocompability of the AuNPs/Chit-GP, GOD/AuNPs/Chit-GP/GC
modified electrode also exhibited acceptable reproducibility and excellent stability. Therefore, such a novel nanocomposite
composed of metal nanoparticles, biocompatible macromolecules and graphene provides an efficient platform for the devel-

opment of mediator-free electrochemical biosensors.

Keywords gold nanoparticles; chitosan; graphene; glucose oxidase; direct electrochemistry
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Figure 1 Fabrication of the GOD/AuNPs/Chit-GP/GC electrode and the direct electron transfer between the immobilized GOD and GC electrode
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Figure 2 FTIR spectra of (a) GO, (b) carboxyl-GP, (c¢) chitosan and (d)
Chit-GP nanocomposite
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Figure 4 TEM images of (a) Chit-GP, (b) AuNPs/Chit-GP composite
and (c) the corresponding size distribution histogram of Au nanoparticles
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Figure 6  Cyclic voltammograms of (A) GOD/AuNPs/Chit-GP/GC and
(B) AuNPs/Chit-GP/GC electrodes in 0.1 mol/L PBS (pH 7.4) at scan rate
0of 200 mV/s
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Figure 7 (A) Cyclic voltammograms of GOD/AuNPs/Chit-GP/GC
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Figure 8 (A) Cyclic voltammograms of GOD/AuNPs/Chit-GP/GC
electrode in 0.1 mol/L O,-saturated PBS containing (a) 0 umol/L, (b) 2.1
umol/L, (¢) 2.3 umol/L, (d) 2.6 umol/L, (¢) 2.8 umol/L, (f) 3.1 pmol/L,
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umol/L, (1) 5.3 pmol/L, (m) 5.5 umol/L, (n) 5.7 umol/L, (0) 5.9 pmol/L,
(p) 6.1 umol/L glucose at scan rate of 200 mV/s. (B) Plots of the electro-
catalytic current (.,) versus glucose concentration for the GOD/AuNPs/
Chit-GP/GC electrode
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A SR FH LA B AE U DA R S 38 JR T VR % T
AuNPs/Chit-GP 44K 525 4. T 52 SR BH 11 2% &4,
XTI G oK A AR ELAT B IR A P LA R IE HL A
149 2% TH] A PR R, DR Ok R I R A B A S K
GOD M[E%%, I Itk GOD/AuNPs/Chit-GP/GC 14
Mt A%, BT AuNPs/Chit-GP 3 B4 il AE AR 28 Fn
HL A% 51, GOD/AuNPSs/Chit-GP/GC 151 AR AN 1]
{ERE[E 2 GOD 5 Wbl 3R 1 1¥) B e v 15, ik m] s
WPEIERE A R BARTI. RI, XRRGKR AR R
IR A BT Sk 3 2 A2y 2 A S B 1) A 1 —
MR 5.

4 SLIGERSY
41 BREBRCASEHENTE

AL A SR (GO Hummer 14623, K hI43- 1
GO it/ 75 mL ¥ 4 1 mg/mL (17K 23 B, JT Na,COs5
(5%) 5 73 B pHABAE 9~10 2 Ja], 4RJ5 A 15 mL
0.06 g/mL NaBH, [FI7K¥#, 80 'C R &M 1 h. Br=4 s
L, H 5B TR BEE 2 W I0 o3 08k TR PR S 3 LT
75 mL /K, 15258338 R F) GO.

TR IR Ak AT B o STk O R AP, e, R
100 mL ¥ 5% 24 37 mmol/L [FI5%F 262K F IR VA, 1)
I 1.4 mL iR ERIR. KRG0S T UK, R RV
WEAEE] S C, ZFiINA 14.4 mL 0.018 g/mL NaNO,
W ROV R, AR SRR R NV AR T 5 °C,
P A AR A I s 3 25 8, % VI R RR 24
30~60 min. H)ii, KFEBIERI) GO Lk EE
765 CULRRE, RINZ 12 h, BOBEES~Y). %50
FEY K VER 5 23 85 T 75 mL 2 8 Kb Rk 2y
B INA 2.25 mL [F7K & Bk, 100 'C Y 24 h. [ W 45
WG, BOBEER Y, I LB PRI, BUEHRIR
AT B 0 B 75 mL &8 oK, IRIEL N 1
mg/mL.

Acta Chim. Sinica 2012, 70, 2213—2219



% F F HK

ERBE-AERESYNHE
Y 40 mL 1 mg/mL SR A7 85445 70 B0, a1 e rbom
A 20 mL F 5 1(10%) A1 100 mL 0.4 mg/mL 5% 58 Bl b
SRR, SRS IR RN 152 mg (0.793 mmol)
EDCHCI, #1484 12 h. =4 0.22 pm [F7K T IE,
FHH 200 mL [RIFSESR(1 %)l s, P2 AR
N FE SRR IL e A2 0. 1 A SR R A UE DT B0 oy
3, T R LS A 40 mL R 1 mg/mL IR R
PaNi e
4.3 AuNPs/Chit-GP 4k 8 &+ R0 H| &

¢ 2 mL 1 mg/mL Chit-GP [ BH R (1%) 7 B0, N
N Bt B A B B 0.5 mg/mL. [A) 2» BOR A I 50
uL 48.56 mmol/L HAuCl, J&, &3 7] b s Mmoo
0.346 mL 10 mmol/L (1] NaBH, (4 C)/KIEW. K%l &
PRRERBFE 30 min S5, 2505 B I F R G R oG
Vb, BT UE ST B I E IR A 0.5 mg/mL ()5
TR 23 TR0, TN UK H ¥4 i PR AT 46 .
4.4 GOD/AUNPs/Chit-GP/GC &1 Btk 8%l &

5L, R EAN 0.3 pm. 0.05 pm ) ALO; # R
PR A (AR 3 mm)HEATHIOE, SREHRKITIEK Z
fie . BTGB AR 1 min, @2l TR,

H{ 9 uL 0.5 mg/mL AuNPs/Chit-GP 44K & &1
Bt R (1%) W5 9 uL 5 mg/mL GOD [f] PBS (pH 7.4)%
WORA. ARJEWER 7 pL VR AR VAR AL FE AT (1 B b
KM, 4 ‘C T4 16 h. FrAkT# 55 5 uL 10 mg/mL
PVA WIREEHM F, BT 4 C R T 16 h, HZ&155)
GOD/AuNPs/Chit-GP/GC & i bl Ay iE47 %) LS5,
KHFIRE 71248145 T AuNPs/Chit-GP/GC &1 Hi .

4.2

Acta Chim. Sinica 2012, 70, 2213—2219

© 2012 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

References

[1] Wang, Y.; Li, Z. H.; Li, J. H.; Lin, Y. H. Trends Biotechnol. 2011,
29, 205.

[2] Liu, Y.; Wang, M.; Zhao, F.; Xu, Z.; Dong, S. J. Biosens. Bioelec-
tron. 2005, 21, 984.

[3] Zeng, Q.; Cheng, J. S.; Tang, L. H.; Liu, X. F.; Liu, Y. Z.; Li, J. H,;
Jiang, J. H. Adv. Funct. Mater. 2010, 20, 3366.

[4] Zhang, L.; Zhang, Q.; Li, J. H. Adv. Funct. Mater. 2007, 17, 1958.

[5] Zhang, Y.; Zheng, I. b. Acta Chim. Sinica 2011, 69, 1903. (7K,
Ak, 1k FIR, 2011, 69, 1903.)

[6] Wang, Y.; Li, Z.; Hu, D.; Lin, C. T.; Li, J. H,; Lin, Y. H. J. Am.
Chem. Soc. 2010, 132, 9274.

[7] Tang, L. H.; Wang, Y.; Li, Y. M.; Feng, H. B.; Lu, J.; Li, J. H. Adv.
Funct. Mater. 2009, 19, 782.

[8] Wang, Y.; Shao, Y. Y.; Dean W. M.; Lin, Y. H.; Li, J. H. ACS Nano
2010, 4, 1790.

[9] Liu, S.; Tian, J. Q.; Luo, Y. L.; Lu, W. B.; Sun, X. P. Biosens.
Bioelectron. 2011, 26, 4491.

[10] Jiang, H. J.; Zhao, Y.; Yang, H.; Aking, D. L. Mater. Chem. Phys.
2009, /14, 879.

[11] Chen, D.; Tang, L. H.; Li, J. H. Chem. Soc. Rev. 2010, 39, 3157.

[12] Zhang, H.; Lv, X. J.; Li, Y. M.; Wang, Y.; Li, J. H. ACS Nano 2009,
4, 380.

[13] Jin, Y.; Chen, H.-Y.; Chen, M.-H.; Liu, N.; Li, Q.-W. Acta
Phys.-Chim. Sinica 2012, 28, 609. (¥i¥i, FRZ:¥H, M4, X7,
PH I, MIEBALE FIR, 2012, 28, 609.)

[14] Wu, J. F.; Xu, M. Q.; Zhao, G. C. Electrochem. Commun. 2010, 12,
175.

[15] Swoboda, B. E. P.; Massey, V. J. Biol. Chem. 1965, 240, 2209.

[16] Leskovac, V.; Trivi¢, S.; Wohlfahrt, G.; Kandrag, J.; Peri¢in, D. Int.
J. Biochem. Cell B 2005, 37, 731.

[17] Dupont, J.; Spencer, J. Angew. Chem. Int. Ed. 2004, 43, 5296.

[18] Shan, C.; Yang, H.; Song, J.; Han, D.; Ivaska, A.; Niu, L. 4nal.
Chem. 2009, 81, 2378.

[19] Liu, Q.; Lu, X. B.; Li, J.; Yao, X.; Li, J. H. Biosens. Bioelectron.
2007, 22, 3203.

[20] Xiao, C.; Chu, X.; Wu, B.; Pang, H.; Zhang, X.; Chen, J. Talanta
2010, 80, 1719.

[21] Liu, S. Q.; Ju, H. X. Biosens. Bioelectron. 2003, 19, 177.

[22] Kang, X. H.; Wang, J.; Wu, H.; Aksay, I. A.; Liu, J.; Lin, Y. H.
Biosens. Bioelectron. 2009, 25, 901.

[23] Hummers, W. S.; Offeman, R. E. J. Am. Chem. Soc. 1958, 80, 1339.

[24] Lomeda, J. R.; Doyle, C. D.; Kosynkin, D. V.; Hwang, W. F.; Tour,
J. M. J. Am. Chem. Soc. 2008, 130, 16201.

(Cheng, B.; Lu, Z.)

http://sioc-journal.cn 2219




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


