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Supporting Information

1. Experimental Setup

The photoacoustic setup used in this work is shown in Figure S1: a frequency-doubled, Q-switched
Nd:YAG laser (SL280 Spectron Laser System, 532 nm, 6 ns, 10 Hz) was employed. The laser beam was
focused by a lens (100 mm) into a conventional 1-cm glass cuvette equipped with a piezoelectric
transducer on one side (side-on detection).” The PA signals were amplified (HCA-100M-50k-C current
amplifier, Femto) and recorded by a digital oscilloscope. The data recording by a digital storage
oscilloscope was triggered by the laser. A fraction of the laser beam was coupled out and employed for

on-line monitoring of the laser pulse energy by a pyroelectric detector (Pyroelectric J2SLPMB).
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Figure S1. Scheme of the experimental setup.
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2. Photoacoustic signal analysis

The origin of the abscissa is set to the instant of laser pulse generation. The noise in the first ~1 ps
originates from electromagnetic emissions of the Q-switch of the Nd:YAG laser. The peak at £, =2.25 pus
is the PA signal of GNPs.

The time delay (#,) the generated pressure pulse needs to reach the cuvette walls, where the detector
is placed, depends on a distance z and the speed of the sound in the corresponding medium: ¢ = zzc.
According to this equation, #, corresponds to a distance of 2.1 mm in water with a sound velocity of
1490 ms™ (the distance between the inner walls and the center of the cuvette) plus 4.1 mm in glass with
a sound velocity of 5000 ms™' (cuvette walls thickness)." A detailed view of the PA signal is shown in

the inset of figure S2. The p,. amplitude was to represent the PA signal.
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Figure S2. Normalized PA signal vs. time. The inset shows an expanded view around the main peak.
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3. Synthesis and characterization Gold nanoparticles
3.1 Materials
The following reagents were used without further purification: hydrogen tetrachloroaurate(III)

(HAuCly, Sigma), trisodium citrate (Fluka), hydroxylamine hydrochloride (NH,OH-HCI, Sigma-

Aldrich), Albumin from bovine serum (BSA, sigma), N-(+)-Biotinyl-6-aminocaproic acid N-

succinimidyl ester (Biotin-NHS, Fluka), cysteamine (Fluka), water-free DMF (Fluka). Ultrapure water

(18 MQ-cm™) was used to prepare all aqueous solutions.

3.2 Synthesis and characterization Gold nanoparticles.

Gold nanoparticles with different sizes were prepared step by step previously described in references

(2), (3) and (4) with slight modifications.

GNP 1: 5 mL of 1% trisodium was quickly mixed with 1.7 mL of 1% HAuCls in 50 mL of boiling
water solution under vigorous stirring.

GNP 2: 800 pL of 1% HAuCly was quickly adding to the solution contained 9.0 mL of 40 mM
NH,OH-HCI and 10 mL of GNP 1 and 81 mL H,O at room temperature.

GNP 3: 600 pL of 1% HAuCl4 was quickly adding to the solution contained 2.2 mL of 40 mM
NH,OH-HCI and 40 mL of GNP 2 and 58 mL H,O at room temperature.

GNP 4: 295 pL of 1% HAuCl4 was quickly adding to the solution contained 2.2 mL of 40 mM
NH,OH-HCI and 25 mL of GNP 3 and 72 mL H,O at room temperature.

GNP §: 220 pL of 1% HAuCl4 was quickly adding to the solution contained 2.2 mL of 40 mM
NH,OH-HCI and 20 mL of GNP 4 and 78 mL H,O at room temperature.

GNP 6: 160 pL of 1% HAuCl4 was quickly adding to the solution contained 2.2 mL of 40 mM
NH,OH-HCI and 40 mL of GNP 5 and 58 mL H,O at room temperature.

From GNP 2 to GNP 6, additional 1.0 mL of 1% trisodium citrate was added to stabilize the

nanoparticles after the synthesis. Table S1. shows the detailed information of all six GNPs.
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GNP 1 GNP 2 GNP 3 GNP 4 GNP 5 GNP 6
Amax (NM) 518.0 526.0 522.5 525.5 537.0 560.0
Extinction(cm™) 2.50 1.07 1.04 0.49 0.39 1.07
Number concentration
150 15 6 1.5 0.3 0.12
(10" particles - mL™)
Diameter (nm) 125+1.0 19.1+2.6 264+35 449+ 6.8 60.0+7.9 83.3+10.5

Table S1. Detailed information about the gold nanoparticles. The absorption peaks and their intensities were obtained by
means of a scanning spectrophotometer (Beckman 650). The number concentration of GNP 1 (2.5x10® M) was determined
according to the Beer’s law by using the extinction coefficient of 10° M"-cm™ for 13 nm GNP in diameter at 520 nm’.
According to previous reports™ > °, the reduction of Au’" by NH,OH is dramatically accelerated by Au surfaces, as a result,
no new particle nucleation occurs in solution during the preparation. So, form GNP 2 to GNP 6, the number concentration
was calculated based on the small GNP concentration that added as seeds. The NP sizes were verified by TEM images

(below) collected by a JEOL JEM 2010 instrument (at least 200 particles were measured, respectively).
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Figure S2. TEM images of GNPs.
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3.3 Preparation of Biotin-conjugated Gold nanopariticles.

Gold nanoparticles with different sizes were synthesized via a hydroxylamine seeding method. Biotin-
labelled GNPs were prepared by the following steps: 1.0 mg (2.2x10° mol) N-(+)-biotinyl-6-
aminocaproic acid N-succinimidyl ester and 0.17 mg (2.2x10"° mol) cysteamine were dissolved in 1.0
mL water-free DMF. Four hours later, 100 uL of above solution was added into 10 mL GNPs under
gentle stirring at room temperature. After 10 min, 300 L. 10% Albumin from bovine serum (BSA) was
added to help to stabilize the nanoparticles and incubated overnight at room temperature. Then the
Biotin-GNP was separated from the reaction mixture by centrifugation and redispersed in 10 mL H,O
containing 0.1% BSA, and stored in 4 °C until use.

3.4 Aggregation of Biotin-conjugated GNPs in the presence of Avidin

Aliquots (3 mL) of solutions containing Avidin (0 - 432 nM) in the presence of Biotin-GNP were

maintained at room temperature for two hours. Then, a part of above aliquots (1.5 mL) was measured by

our PA setup. For comparison, the other part (1 mL) was measured by the spectrophotometer.

References

(1) Schmid, T.; Panne, U.; Niessner, R.; Haisch, C. Anal. Chem. 2009, 81, 2403-2409.

(2) Brown, K.; Walter, D.; Natan, M., J. Chem. Mater. 2000, 12, 306-313.

3) Brown, K.; Walter, D.; Natan, M. J. Chem. Mater. 2000, 12, 306-313.

4) Liu, X.; Huan, S.; Bu, Y.; Shen, G.; Yu, R. Talanta 2008, 75, 797-803.

(%) Mucic, R.; Storhoff, J.; Mirkin, C.; Letsinger, R. J. Am. Chem. Soc. 1998, 120, 12674-12675.

(6) Stremsdoerfer, G.; Perrot, H.; Martin, J. R.; Clechet, P. J. Electrochem. Soc. 1988, 135, 2881-
2885.




<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles false

  /AutoRotatePages /None

  /Binding /Left

  /CalGrayProfile (Gray Gamma 2.2)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Warning

  /CompatibilityLevel 1.6

  /CompressObjects /Off

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJDFFile false

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends false

  /DetectCurves 0.0000

  /ColorConversionStrategy /LeaveColorUnchanged

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams false

  /MaxSubsetPct 100

  /Optimize false

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage false

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments false

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Remove

  /UsePrologue false

  /ColorSettingsFile (Color Management Off)

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 150

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages false

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 150

  /ColorImageDepth 8

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /EncodeColorImages true

  /ColorImageFilter /FlateEncode

  /AutoFilterColorImages false

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.76

    /HSamples [2 1 1 2] /VSamples [2 1 1 2]

  >>

  /ColorImageDict <<

    /QFactor 0.76

    /HSamples [2 1 1 2] /VSamples [2 1 1 2]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 15

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 15

  >>

  /AntiAliasGrayImages false

  /CropGrayImages true

  /GrayImageMinResolution 150

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages false

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 150

  /GrayImageDepth 8

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /EncodeGrayImages true

  /GrayImageFilter /FlateEncode

  /AutoFilterGrayImages false

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.76

    /HSamples [2 1 1 2] /VSamples [2 1 1 2]

  >>

  /GrayImageDict <<

    /QFactor 0.76

    /HSamples [2 1 1 2] /VSamples [2 1 1 2]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 15

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 15

  >>

  /AntiAliasMonoImages false

  /CropMonoImages true

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages false

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 1200

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /EncodeMonoImages true

  /MonoImageFilter /FlateEncode

  /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 (None)

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /Description <<

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /DAN <>

    /DEU <>

    /ESP <>

    /FRA <>

    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)

    /JPN <>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /PTB <>

    /SUO <>

    /SVE <>

    /ENG ()

    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

  >>

>> setdistillerparams

<<

  /HWResolution [600 600]

  /PageSize [595.276 779.528]

>> setpagedevice



