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Detection for Polyketide Synthase Gene of Aspergillus ochraceus
Based on Au Nanoparticles Enhancing SPR Biosensor

Li, Ying Lin, Zhao Li, Rongzhuo Liu, Xia*
(College of Food Science and Technology, Hunan Agricultural University, Hunan Province Key Laboratory of Food Science
and Biotechnology, Changsha 410128)

Abstract The surface plasmon resonance (SPR) method is established for indirect detection of the ochra-
toxin A. The 25-base oligonucleotide sequence of polyketide synthase (PKS) gene which is expressed during
early stage of ochratoxin A synthesis, was detected respectively using direct assay and Au nanoparticles as
sensing membrane assay based on the two channels surface plasmon resonance (SPR) biosensor. At the
same time, influence of 6-mercapto-1-hexanol (MCH) blocking on SPR signal was also studied. As a result,
the limit of detection (LOD) of the direct assay was 12.5 nmol/L. And the SPR signal was enhanced with
6-mercapto-1-hexanol (MCH) blocking. With Au nanoparticles as a sensing membrane, LOD was 0.25
nmol/L, sensitivity was 50 times higher than that of direct detection. SPR signal could be dramatically en-
hanced with Au nanoparticles as sensing membrane instead of as label, and the operation was simple.
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HAE OTA A A I BEFaAl 0L sa ek i &4
(1) PK'S FEPRIRr e MEmgIE 410, D) m) S £ it 22 4 ) T
AR, RIS Ak, N AMER LN T SPR Al
PKS J [ frI4RE.

H 7, SPR Kl DNA [ 515 AR B, B 5
SRU LT BRI SL I 35s A B T SR BT BRAR AT B 1 2
SPRM F 3R, ARSI T 2 BE R HOK A . Joung 2512
K F TR 22 R 4 v 2 B RE R 7 iR AR I TR W AT A
O157:H7 ] 16s rRNA, M4l 17 K#F i O157:H7.
Jordan %531 SPR RAL T 4/ T DNA [ 4% AW b A
DNA &if BHEESEAIZR I E, JF I < 05 1f i i
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1.1 WFIENE

N-F2 FE 3% ¥4 BE W 1 (V-Hydroxysuccinimide, NHS),
Lo K5 RS e T RS R4k 0 i (V-(3-Dimethylamino-
propyl)-N'-ethylcarbodiimide hydrochloride, EDC), 6-3fi £t
CL % (6-mercapto-1-hexanol, MCH), 3-%7 3 4 2 (3-Mer-
captopropionic acid, MPA)JT- Sigma-Aldrich 52y

AL BKOEE, WE S RMHAUCLH,0), %R, gk
=4, $RE 4 (2-mercaptoethylamine, MEA), filf g —
ZUET(1 mol/L, pH 3.8, DNA #4152 5 i) A HAth Ak 2
WA T 25 45R ;5286 B KR4 o 2 i, e
2% #P W (Phosphate-buffered saline buffer, PBS, 150
mmol/L NaCl, 20 mmol/L Na,HPO,*12H,0, 0.1 mmol/L
EDTA, pH 7.4). SERZERRREN S 0 B AME th o i B J
(BT AR 7 B LR 1), SRR A S
FEMN. e AMEAESTICREY ) PBS CH, 246 FHK
NEETK.
K1 L ERRE KL HAME(S—3)

Table 1 Oligonucleotide sequences for probe and complemen-
tary DNA (5'—3")

RS HS-GTTACGGGACGACATGCACTCGCAG

S84 T AME CTGCGAGTGCATGTCGTCCCGTAAC
EETCEE 1 CTGCTAGTGGACGTAGTCCCATAAC
FETCBE 2 CGGCATATCCGACAGTTCCCATGCC

¢RI B LRI,

HI-1 B 1E i G 0 3 #F 3% (I 98 BRI A 38 ),
UV-2450 LA a] WA e v (T H A B wl); XX
JWiE 2000 SPR &I #S AL i (T35 [H Biosensing In-
strument /A &); JSM-6380LV U35 &} fi 1 WA (0w - H
AR ).
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Figure 1 Schematic illustration of Au nanoparticles enhancing
assay
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Figure 2 Transmission electron micrograph of Au nanoparticles
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Figure 3 UV-vis spectra of Au nanoparticles: (A) 0.129
nmol/L; (B) 0.258 nmol/L
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Table 2 SPR signals of three oligonucleotide sequences

SPR M N ~P-3){ (A O/mDeg)

W /(nmolsL™h)

SEAREAME  HECRE 1 REMCHE2
100 1.6677 0.8997 0.4207
200 1.8290 1.0533 0.6393
400 2.1773 1.3103 1.1243
A ACRE S R AT T kAT, A R HE )

SPR Wi AR W A T 56 4 FAME 1) SPR W AR, H Ik
RGN 0B %2, SPR Wi MY ARG, &1 4A FoR 1102 H 32
W 1) SEAZ A R 56 4 HAMEEAE 12.5~400 nmol/L Y& [H 4
M TAE MR, SRRy 12.5 nmol/L.
222 KA MCH 4k A3 ke Ak

FAE IS AT R I, 75458 FH 3 P R0 AT JF 0, A
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R AL RUG, KOl SRR 18 56 4 TAMETE 12.5~
400 nmol/L Ju [N TAEIhZE. MK 4B W& H, FIH
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Figure 4 The SPR biosensor response of three assays: (A) di-
rect assay; (B) direct assay with MCH blocking; (C) Au nanopar-
ticles enhancing assay
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Figure S The kinetic adsorption curves of immobilization of Au

nanoparticles

3 #Hi

ARSI XOE 1 SPR AL AR, RIS 4%
FEAKG S AR ] 2 7005 R IAE ALK E, his
T PR A OTA A A BER A ) PKS JE 4]
e SRS P 41, AR By 0.25 nmol/L, 5 H 4
ML REUEIRE T 50 5. B &g kbi e MR 2,
ARG 00 R A W S v, LB S gk bR i
[T VLR S AT, AL ST T — AT 52 Br B A
ELIA e R A e (R (9 R4S OTA 1) SPR B Jy
0, WO AR TR

References

1 Betina, V. Mycotoxins: Chemical, Biological and Environ-
mental Aspects, Elsevier, Amsterdam, 1989, 438.

2 Turner, N. W.; Subrahmanyam, S.; Piletsky, S. A. Anal.
Chim. Acta 2009, 632, 168.

3 Yu,J.C.C,; Lai, E. P. C. Synth. Met. 2004, 143, 253.
Fu, X. H. Anal. Lett. 2007, 40, 2641.

5  Yuan, J.; Deng, D.; Lauren, D. R.; Aguilar, M.; Wu, Y.



1308 b 27 2E R Vol. 70,2012
Anal. Chim. Acta 2009, 656, 63. Huang, H.-Z. Acta Phys.-Chim. Sin. 1999, 15(11), 961 (in
6 Moss, M. O. Food Addit. Contam. (Suppl.) 1996, 13, 5. Chinese).
7  Moss, M. O. Symp. Ser. Soc. Appl. Microbiol. 1998, 27, (FAEm4g, X, K%, B, /e, HEL, HE
62S. 1 F IR, 1999, 15(11), 961.)
8 O’Callaghan, J.; Caddick, M. X.; Dobson, A. D. W. Micro- 17 Wu, J.; Liu, Y.-G;; Jia, Q.; Zhang, J.-L.; Jiang, Y. J. South-
biology 2003, 149, 3485. west Univ. Nationalities (Humanities Soc. Sci.) 2005, 46(4),
9 Atoui, A.; Dao, H. P.; Mathieu, F.; Lebrihi, A. Mol. Nutr. 46 (in Chinese).
Food Res. 2006, 50, 488. (R, XRS5, k&R, %5, BhREaEREF
10 Culebras, P. V. M.; Crespo-Sempere, A.; Gil, J. V.; Ramon, &, 2005, 46(4), 46.)
D. Food Sci. Technol. Int. 2009, 15, 97. 18  Wang, R.; Tombelli, S.; Minunni, M.; Spiriti, M. M.; Mas-
11 Xiao, S.-B. J. Maize Sci. 2009, 17(2), 38 (in Chinese). cini, M. Biosens. Bioelectron. 2004, 20, 967.
(B Pk, EoRAHE, 2009, 17(2), 38.) 19  Milkani, E.; Morais, S.; Lambert, C. R.; McGimpsey, W. G.
12 Joung, H.-A.; Lee, N.-R.; Lee, S. K.; Ahn, J. Anal. Chim. Biosens. Bioelectron. 2010, 25, 1217.
Acta 2008, 63, 168. 20 Levicky, R.; Herne, T. M.; Tarlov, M. J.; Satija, S. K. J. Am.
13 Jordan, C. E.; Frutos, A. G.; Thiel, A. J.; Cron, R. M. Anal. Chem. Soc. 1998, 120(38), 9787.
Chem. 1997, 69, 4939. 21 Kim, S.-H.; Lee, J.-Y.; Lee, S.-J.; Lee, H.-J. Talanta 2010,
14 Taylor, A. D.; Ladd, J.; Yu, Q. M.; Chen, S. F.; Homola, J.; 81, 1755.
Jiang, S. Y. Biosens. Bioelectron. 2006, 22, 752. 22 Wang, Q. Ph.D. Dissertation, Hunan University, Changsha,
15 Golden, M. S.; Bjonnes, A. C.; Georgiadis, R. M. J. Phys. 2007, pp. 62~67 (in Chinese).
Chem. 2010, 114, 8837. (E7, WX, WIRA¥, Kb, 2007, pp. 62~67.)
16 Hu, R.-S.; Liu, S.-T.; Zhu, T.; Liu, Z.-F.; Huang, X.-H.;

(A1201033 Cheng, F.)




<<
  /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


