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 Figure S1. A) SERS spectrum of Ag nanoparticles, B) SERS spectrum of 1 mM ATP 
solution and C) SERS spectrum of protein buffer 
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Interestingly, upon deuteration, there is a change observed in the way Aurora B binds to the 

nanoparticle, suggesting that this could be an important clue to study of the subtle difference in 

the structures of Aurora A and Aurora B.   

The amide II has large contributions from N-H bend. Therefore N-deuteration results in the 

conversion of the mode to a CN stretching mode at around 1460 cm-1. Based on the deuteration 

studies, we have assigned the band at 1524 cm-1 in both Aurora A and Aurora B to be amide II 

band. This band lies very near to the 1532 cm-1 band arising from Trp W3 and could have some 

influence from the Trp residue. On deuteration the amide II band indeed disappear. The expected 

new band at 1460 cm-1 is not directly observed as there is an overlap with δ(CH2)/ δ(CH) modes 

in that region. Similar to amide II, upon deuteration, the amide III peaks also shift to lower wave 

number but to a larger extent around 960-1000 cm-1. We see a reduction in the intensity of the 

band at 1258 cm-1 in both Aurora A and Aurora B and emergence of new band at 1000 cm-1 for 

Aurora A and 947 cm-1 for Aurora B respectively. On deuteration we also observe a change in 

the intensities of the stretching vibrations of C-COO- bands in both Aurora A and Aurora B. New 

bands at 1134 cm-1 and 1137 cm-1 arise for Aurora A and Aurora B respectively which may be 

assigned to νas(CαCN). Prior to deuteration the attachment was mainly through the carboxylate 

groups, but on deuteration the attachment is mainly through the N containing groups as 

interpreted from our results. This kind of behavior has also been observed in case of 

homopeptides, where the mode of attachment to the nanoparticle surface changes over time.4 

This confirms our earlier suggestion that deuteration changes the conformation of the protein.  

One way to look at this is that the hydrogen-deuterium exchange requires temporal breakage of 

hydrogen bonds5 which may result in partial structure opening, thus exposing other groups to the 

nanoparticles surface. Since the surface groups and side chains are mostly enhanced in SERS 
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experiments6,7 and these groups in the present case are more exposed to the solvent than to the 

interior of the protein, a greater change in spectra of deuterated proteins is seen.  

The modes corresponding to the ring vibrations of phe and tyr also undergo intensity changes, 

which again suggests the orientation of the rings to the surface of the nanoparticles has changed. 

The phe and tyr residues have modes A1 and Ag that have polarizability components in the x,y 

and z directions. 7,8The enhancement of these modes does not depend on the orientation of the 

ring to the nanoparticle surface. These modes can be seen at 1024 cm-1 and 1189 cm-1 for Aurora 

A and at 1002, 1025 and 1189 cm-1 for Aurora B. These modes do not show any change in 

intensity on deuteration. The group of modes corresponding to B1 and B2g will be enhanced if the 

face of the ring is tilted towards the nanoparticle surface since their polarizabilities are in the x 

and z direction of the ring. The A2 and the B1g modes will be enhanced if the edge of the ring is 

tilted towards the nanoparticles surface as their polarizabilities are in the y, z direction. These 

bands are seen at 1164 and 1586 cm-1 in case of Aurora A and 1164 and 1583 cm-1 in case of 

Aurora B. On deuteration due to the change in orientation of the rings to the nanoparticle surface, 

we do see a change in these modes.  

References 

1.  A. Barth and C. Zscherp, Q. Rev. Biophys., 2002, 35, 369‐430. 
2.  A. M. Ahern and R. L. Garrell, Langmuir, 1991, 7, 254‐261. 
3.  J. T. Pelton and L. R. McLean, Analytical Biochemistry, 2000, 277, 167‐176. 
4.  E. Podstawka, Y. Ozaki and L. M. Proniewicz, Appl. Spectrosc., 2004, 58, 570‐580. 
5.  B. Suchanova and R. Tuma, Microbial Cell Factories, 2008, 7. 
6.  E. Podstawka, Y. Ozaki and L. M. Proniewicz, Appl. Spectrosc., 2005, 59, 1516‐1526. 
7.  C. Gullekson, L. Lucas, K. Hewitt and L. Kreplak, Biophysical journal, 2011, 100, 1837‐1845. 
8.  F. R. Dollish, W. G. Fatalev and F. F. Bentley, Characteristic Raman Frequencies of Organic 

Compounds, Wiley, New York, 1974. 

 

 

Electronic Supplementary Material (ESI) for RSC Advances
This journal is © The Royal Society of Chemistry 2013



<<
  /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
  /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

  /CreateJDFFile 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


