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Supporting Information 
 
Materials and Methods 
 
(1) 6-nm TiO2 nanoparticle preparation  
The 6-nm TiO2 particles (Figure S1) were prepared using a high-temperature pyrolysis 
reaction [1].  Triocytlphosphine oxide (TOPO, 5.0 g, 13.1 mmol)) was degassed at 150 °C 
for 10 min under vacuum to remove trace water and oxygen, followed by additional 
heating at 200 °C for 10 min under argon atmosphere. Titanium (IV) tetrabutoxide (0.681 
mL, 2.0 mmol) were then added and heated at 200 °C for another 10 min. The 
temperature was increased to 320 °C with subsequent rapid injection of 0.275 mL (2.5 
mmol) TiCl4. This solution then underwent a condensation reaction at this temperature 
for 2 h with vigorous stirring. Finally, the solution was cooled down to 60°C and addition 
of excess acetone precipitated the TiO2 nanocrystals. The precipitate was harvested by 
centrifugation and washed with acetone several times to remove excess TOPO. The TiO2 
nanocrystals were made water-soluble through ligand exchange of surface TOPO with 
polyacrylic acid (PAA) [2]. A solution of 0.1 g PAA in 8.0 ml diethylene glycol (DEG) 
was heated to 110 °C with vigorous stirring under a nitrogen atmosphere. TiO2 
nanocrystals (10.0 mg) in 1.0 ml toluene were injected into the PAA solution and heated 
to 240 °C for ~5 minutes and the milky solution turned clear. The solution was kept at 
240 °C for another 6 hours, then cooled down to room temperature with subsequent 
addition of dilute HCl to precipitate the nanoparticles. The white TiO2  powder was then 
washed three times with water, and finally dispersed in aqueous solution at pH = 6-8. 
 
(2) 6-nm TiO2-streptavidin conjugate preparation 
 
The TiO2-streptavidin conjugation was accomplished using a protocol which allows for 
sequential coupling without exposing the streptavidin to EDC, in essence negating the 
effect of EDC on the carboxyl groups of streptavidin. First, 10 μl of 0.1 M EDC and 15 
μl of 0.1 M N-hydroxysulfosuccinimide (sulfo-NHS) were added to 1 mL of 5% PAA 
coated TiO2 in water. The pH was then adjusted to 6.0 and the reaction stirred at room 
temperature for 30 minutes. The reaction solution was then eluted down a nap-5 column 
using a borate buffer at pH 8.0 to remove the derivatized TiO2 from excess EDC and 
sulfo-NHS. 30 μl of streptavidin-Alexa Fluor 488 purchased from Invitrogen (2mg/ml) 
were then added to the derivatized TiO2 and stirred for 2 hours at room temperature after 
which the reaction solution was centrifuged for 5 min in order to remove any streptavidin 
precipitate. 
 
(3) TiO2 labeling of microtubules 
Microtubules (MTs) were polymerized by incubating 5mg/ml tubulin tagged with biotin 
in G-PEM buffer (80 mM PIPES, pH 6.8, 1 mM MgCl2, 1 mM EGTA, 1 mM GTP), 
containing 30% glycerol, at 37 °C for 40 minutes. Paclitaxel was then added to a final 
concentration of 10 �M to stabilize the MT. TEM grids were incubated in 1% poly-L-
lysine solution and allowed to sit for 15 minutes at room temperature, after which excess 
poly-L-lysine was removed with filter paper. The MT solution was diluted with G-
PEM/paclitaxel solution to 1mg/ml and incubated with an equal amount of solution of 



Supplementary Material (ESI) for Chemical Communications 
This journal is (c) The Royal Society of Chemistry 2008 

TiO2-streptavidin (prepared as above) for 45 min. Approximately 2-4 μl of MT solution 
was spread over the entire surface of the coated TEM grids and incubated at room 
temperature for 10 minutes, after which excess solution was removed using filter paper. 
For light microscopy, the grids were viewed right away. For TEM and x-ray microscopy, 
the MT were fixed with 2% glutaraldehyde for 10 min, then washed with distilled water 
three times and dried overnight. The TEM image below shows several TiO2 streptavidin 
conjugates labeled within the microtubulin structure.  
 

 
 
(4) Microscopy measurement 
Fluorescent light microscopy was done using a Zeiss AxioVert 200M fluorescence 
inverted microscope with a 40X 1.2NA water immersion lens and an AxioCam MRm 
CCD camera. TEM micrographs were obtained using a Tecnai G2 20 microscope 
operating at 200 kV with a LaB6 filament and S-TWIN objective lens. Selected area 
electron diffraction (SAED) was obtained on a JEOL 2010 TEM operating at 200 keV. 
Scanning transmission X-ray microscopy (STXM) was performed at beamline 5.3.2 at 
Advanced Light Source, Lawrence Berkeley National Laboratory.[3] A Fresnel zone plate 
with an outermost zone width of 25nm was used to focus the x-ray onto the sample.  
 
References: 
[1] J. J. Urban, W. S. Yun, Q. Gu, H. Park, J. Am. Chem. Soc. 2002, 124, 1186-1187. 
[2] T. Zhang, J. Ge, Y. Hu, Y. Yin, Nano Lett. 2007, In press. 
[3] A. L. D. Kilcoyne, T. Tyliszczak, W. F. Steele, S. Fakra, P. Hitchcock, K. Franck, 

E. Anderson, B. Harteneck, E. G. Rightor, G. E. Mitchell, A. P. Hitchcock, L. 
Yang, T. Warwick, H. Ade, Journal of Synchrotron Radiation 2003, 10, 125-136. 

 
 
 
 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /PageByPage
  /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 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends false
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /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 true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 200
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 1.30
    /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 true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 1.30
    /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 true
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth 4
  /MonoImageDownsampleThreshold 1.00000
  /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 <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 <>
    /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.)
    /ENG ()
  >>
>> setdistillerparams
<<
  /HWResolution [200 200]
  /PageSize [595.276 841.890]
>> setpagedevice


