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APPLICATION OF AN APTAMER AND A REAGENT BASED ON
GOLD NANOPARTICLES FOR DETECTION OF Escherichia coli

Plates functionalized with an Escherichia coli binding aptamer and a reagent based on gold
nanoparticles were used for the detection of bacterial cells. Bacteria suspended in samples were
caught by specific aptamers immobilized on a plastic plate whereas the gold nanoparticle reagent is
an indicator reagent for visualization of the test result. Changes in colour of the gold nanoparticle re-
agent caused by gold nanoparticle agglomeration were observed with the naked eye. The test was de-
signed for the detection of Escherichia coli in water suspensions.

1. INTRODUCTION

Escherichia coli is a bacterium that naturally occurs in the mammalian digestive
system to help and to take a part in the synthesis of vitamins and to protect the diges-
tive system against other pathogenic bacteria. Live bacterial cells are excreted in the
faeces. Thus, presence of E. coli cells in food and drinking water indicates faecal con-
taminations [1]. All this normally harmless commensal of mammalian organisms
needs to become a pathogen capable of causing a range of diseases (from gastroenteri-
tis to extraintestinal infections of the urinary tract, bloodstream, and the central nerv-
ous system) as a mobile genetic element [2]. Worldwide reports of those diseases sug-
gest that hundreds of millions people are affected annually. Traditional methods for
detection of E. coli involving standard clinical microbiological assays are sensitive,
inexpensive and give both qualitative and quantitative information on the number and
the nature of tested microorganisms, however they are still time consuming — they are
characterized by long incubation time on the order of 24-72 h [3-5]. Moreover, diag-
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nostic tests for identification of pathogens very often require additional sample culti-
vation and visual inspection by means of microscopy, flow cytometry or polymerase
chain reaction.

Thus, biosensors, biochips and diagnostic tests are considered promising tools for
rapid detection and identification of bacteria. The main concept of development of
new diagnostic tools is conversion of a specific analyte recognition event into quanti-
tative or semi-quantitative analytical information.

A well-known analytical procedure, known as enzyme-linked immunosorbent as-
say (ELISA), uses an antibody for specific analyte detection and enzymatic conversion
(enzyme-linked antibody) of a recognition event into a quantitative analytical signal
[6]. In numerous analytical techniques, short specific oligonucleotide sequences,
known as an aptamer, might be used as an alternative for the antibody. That is why we
decided to develop a simple procedure for the detection and identification of bacteria
based on aptamers and a colorimetric reaction that occur in the presence of bacterial
cells. Aptamers are a special class of nucleic acid molecules that are beginning to be
investigated for clinical use. Nucleic acid aptamers are relatively short single-stranded
DNA or RNA oligonucleotides which can form secondary and tertiary structures ca-
pable of specifically binding proteins or other cellular targets. Aptamers have the ad-
vantage of being highly specific, relatively small in size, and non-immunogenic. Thus,
in vitro selection, high affinity and specificity make them an alternative specific recep-
tor in numerous bioanalytical applications [7—10].

In the proposed solution, an Escherichia coli binding aptamer immobilised on
a plastic surface was the specific recognition element, whereas a gold reagent com-
posed from gold nanoparticles (AuNPs), gold ions and hydrogen peroxide was the
indicator. An aptamer immobilised on a plastic surface is responsible for the specific
catching of cells and their concentration in a defined area, whereas the gold substrate
is an indicator for peroxidise used for colour results visualization.

2. EXPERIMENTAL

Materials. Salts, molecular biology grade (gold chloride (III), trisodium citrate di-
hydrate, disodium carbonate, sodium hydroxycarbonate and sodium chloride), nonfat-
dried milk bovine, avidin from the egg white, and Luria Broth (LB) medium were
purchased from Sigma-Aldrich (Germany). A biotinylated aptamer (selected in our
laboratory, data not published) with the sequence: AGCCTCGTCTGTTCT
CCCTGGGGTGGGTGGTGGGGTTGCCGGTGGTTGCCAGTGTTGTGGGAAGA
CAAGCAGACGTA of the HPLC purity was purchased from Genomed (Poland).
Bacterial strains of Escherichia coli, Salmonella Thypimurium and Stapyloccocus
aureus were obtained from the Polish Collection of Microorganism, Polish Academy
of Sciences, Wroclaw, Poland. 96 well bottom microtiter plates were obtained from
VWR (Germany).
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Functionalization of 96 well bottom microtiter plates with an aptamer. Avidin
(10 pg/cm’®) in 0.1 M bicarbonate buffer (pH = 8.5) was coated on a microtiter plate at
100% humidity and 4 °C overnight. After immobilization of the avidin, the polysty-
rene surface was treated with 0.1 cm® of 2% milk solution in tris-buffered saline (TBS)
(50 mM tris-base, 0.9% NaCl, pH 8.4) for 2 h at room temperature for blocking non-
specific interaction. After the blocking mixture was removed, the plate was washed
twice with TBS, and 0.1 ¢cm’ of biotinylated aptamer (1 pM) were applied per each
well of the microtiter plate and incubated for 1 h. After incubation, the microtiter plate
was washed twice with TBS.

Gold reagent. Gold nanoparticles (AuNPs) were prepared using the method de-
scribed by Turkevich [11]. 95 cm® of gold chloride solution (containing 5 mg of gold)
was heated on a magnetic stirrer. After boiling, 5 cm® of 1% sodium citrate were
added. The obtained mixture was heated for the next 10 min.

Gold reagent solutions were prepared from AuNPs solution, 3% hydrogen perox-
ide solution, gold chloride solution, and water in adequate proportions (Table 1).

Table 1

Composition of gold reagent solutions

0.005% Au** | 3% H,0, | Distilled
AuNPs . . :
No. [ul] chloride solution | solution water
" (1] (1] [1]
1 500 200 250 50
2 500 150 250 100
3 500 250 250 0

Bacterial samples. Bacterial strains of Escherichia coli, Salmonella typhimurium
and Staphylococcus aureus were cultured on an LB-medium overnight. Then 1 cm’® of
bacteria culture was harvested by centrifugation at 3000 rpm for 15 min. The bacteria
were washed with 1 cm’® of saline solution (0.9% NaCl) and diluted to optical density
of 0.509 to obtain stock solutions. For determination of the detection limit and test
specificity, a series of 2-fold serial dilutions of bacterial stock suspensions were pre-
pared from the stock cultures and physiological solutions.

The number of bacteria in stock solutions was determined by surface plating of
0,1 cm® of 10-fold serial dilutions on LB agar. After 24 h incubation at 37 °C, colonies
were calculated and the amounts of bacteria in 2-fold serial dilutions were estimated.

Procedure for sample analysis by means of the gold reagent test. 50 ul of prepared
liquid samples were added to wells on the microtiter plate and incubated for 30 min at
room temperature. After incubation, liquid was removed and the microtiter plate was
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washed with 50 pl of deionized water. After washing, 50 ul of gold reagent was added
to each well of the microtiter plate and incubated at room temperature for 5 min. Spec-
tra of the reagent were analyzed by means of Nanodrop ND 1000 spectrophotometer.

3. RESULTS

A diagnostic test based on an Escherichia coli binding aptamer and a gold reagent
was developed for detection of specific bacteria. An aptamer immobilized on a poly-
styrene surface by means of streptavidin-biotin complex performs the role of a specific
molecular receptor which specifically recognizes bacterial cells (Fig. 1a, b), whereas
the gold reagent used in the test is the colour marker strongly sensitive for the pres-
ence of bacteria (Fig. 1c).
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Fig. 1. Developed diagnostic test for detection of Escherichia coli:
a) aptamer coated plate, b) analytical procedure, ¢) result interpretation

For the test development purposes, the composition of the gold reagent was opti-
mized. Optimization of the diagnostic test was performed by using two samples: one
containing sterile physiological solution, and other contaminated with bacterial cells
(E. coli) of the optical density (4 = 600 nm) approximately of 0.509. The greatest col-
our changes were observed for the composition of the gold reagent No. 1 (Table 1).
The results are presented in Fig. 2a. Under this condition, the greatest colour changes
as well as the greatest variations in the absorbance (in the range of 400—-650 nm) were
observed for the results presented in the figures (Figs. 2a—c, Fig. 6A—C).
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Fig. 2. Diagnostic test optimization: spectra of gold reagent
in the range of 400—650 nm and colour reaction for the tested reagent
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Samples of gold reagent after reaction were observed by means of transmission
electron microscopy. The obtained results demonstrated that the colour reaction during
the detection of bacterial cells was caused by changes in the structure of gold nanopar-
ticles. Gold nanoparticles present in the reagent can agglomerate and increase their
diameter from approximately 20 nm to 100—150 nm (Fig. 3).

Fig. 3. Structure of gold nanoparticles in gold reagent after tests of samples (left)
and sterile physiological solution (right) contaminated with bacterial cells

A diagnostic test was used for the analysis of samples contaminated with bacterial
strains of E. coli, Staphylococcus aureus and Salmonella typhimurium.
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Fig. 4. Absorbance analysis for Escherichia coli samples at 530 nm
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Fig. 5. Absorbance spectra in the range of 400-650 nm
and colour reaction for samples contaminated with bacteria cells
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Fig. 6. Colour reaction: A, B, C — composition of the optimalization pigment (cf. Table 1),
D — analysis of samples contaminated with Escherichia coli, E — analysis of samples contaminated
with Staphylococcus, F — analysis of samples contaminated with Salmonella typhimurium

The performed analysis demonstrated an intensive colour reaction for samples
contaminated with Escherichia coli cells. The detection limit developed by the diag-
nostic procedure is around 40x10° cfu/cm®. For samples contaminated with Stapylo-
coccus aureus and Salmonella typhimurium no colour reaction was observed. Specific
detection was obtained by using an Escherichia coli binding aptamer which specifi-
cally recognizes bacterial cells on a polystyrene coated microtiter plate. According to
the measured spectra, we observed strong changes in the absorbance (at 530 nm) for
samples containing more than 40x10° cfu/cm’ (Figs. 4-6).

4. CONCLUSION

A simple diagnostic test for bacterial cell (Escherichia coli) detection was devel-
oped. Its results might be analyzed with the naked eye and also by means of a spectro-
photometer to measure absorbance. The obtained detection limit enables the use of this
test for identification of Escherichia coli colonies cultured on a non-specific solid
growth medium. Specificity of the test is limited by the aptamers used as specific ele-
ments recognizing bacterial cells. Thus, by changing aptamer specificity (for example,
an aptamer specific for other microorganism), we can probably obtain a test for the
detection other bacterial species.
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The colour reaction that occurs during detection of bacterial cells might be caused
by enzymatic bacterial activity that stimulates gold nanoparticle agglomeration in-
duced by concentration changes in the detection reagent components or by releasing
salts from bacterial cells during their lysis under the presence of a coloured reagent.

ACKNOWLEDGEMENTS

The research was co-financed by the European Union as part of the European Social Fund.

REFERENCES

[1]1 RADKE S., ALocCILIA E.C., 4 High Density Microelectrode Array Biosensor for Detection of E. coli
0157:H7, Biosens. Bioelectron., 2005, 20 (8), 1662.

[2] CROXEN ML.A., FINLAY B.B., Molecular mechanisms of Escherichia coli pathogenicity, Nature Rev.
Micr., 2010, 8, 26.

[3] BERKENPAS E., MILLARD P., PEREIRA DA CUNHA M., Detection of Escherichia coli O157:H7 with lan-
gasite pure shear horizontal surface acoustic wave sensors, Biosens. Bioelectron., 2006, 21 (12), 2255.

[4] IvNiTsKI D., ABDEL-HAMID 1., ATANASOV P., WILKINS E., Biosensors for detection of pathogenic
bacteria, Biosens. Bioelectron., 1999, 14, 599.

[5]1 MATSUOKA Y., SHIMIZU K., Importance of understanding the main metabolic regulation in response
to the specific pathway mutation for metabolic engineering of Escherichia coli, Comput. Struct. Bio-
technol. J., 2012, 3 (4), €201210018.

[6] KUHN K.G., FALKENHORST G., CEPER T., DALBY T., ETHELBERGS., MOLBAK K., KROGFELT K.A., De-
tection of antibodies to Campylobacter in humans using enzyme-linked immunosorbent assays: a re-
view of the literature, Diagn. Micr. Infec. Dis., 2012, 74 (2), 113.

[7] ELLINGTON A.D., SZOSTAK J., In vitro selection of RNA molecules that bind specific ligands, Nature,
1990, 346, 818.

[8] N1 X., CASTANARES M., MUKHERJEE A., LUPOLD S.E., Nucleic acid aptamers: clinical applications
and promising new horizons, Curr. Med. Chem., 2011, 18 (27), 4206.

[91 JAYASENA S.D., Aptamers: An emerging class of molecules that rival antibodies in diagnostics. Clin.
Chem., 1999, 45, 1628.

[10] HESSELBERTH J., ROBERTSON M.P., JHAVERI S., ELLINGTON A.D., In vitro selection of nucleic acids
for diagnostic applications, Rev. Mol. Biotechnol., 2000, 74, 15.

[11] TURKEVICH, J., STEVENSON P.C.; HILLIER J., Nucleation and growth process in the synthesis of col-
loidal gold, Discuss. Faraday Soc., 1951, 11, 55.




<<
  /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
  /CreateJDFFile false
  /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

  /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


