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Experimental:

(A) Materials:

Tetraethyl orthosilicate (TEOS), cetyltrimetmylammonium bromide (CTAB), B-glucosidase,
4-nitrophenyl-B-glucopyranoside, NaBHy, HAuCly and (3-glycidyloxypropyl)
trimethoxysilane were purchased from Sigma Aldrich and were used as received. All the
other solvents were purchased from Merck, India and used as received.

(B) Experimental

(a)Preparation of Au Nanoparticles:

Au Nanoparticles was prepared by borohydride reduction method.! 500 mL of 10* M
HAuCly was prepared. To this solution 50 mg NaBH4 was added slowly. The reaction
mixture was left for overnight for complete reduction.

(b) Preparation of Au@mSiO; particles:

In a round bottom flask, 20 mL of the above prepared Au sol was taken.
Cetyltrimethylammonium bromide (CTAB, 0.007 mg, 10°mol) was dissolved in that solution
and stirred for half hour. NaOH (aq) (2.00 M, 100 uL) was then added to CTAB solution,
followed by drop wise addition of tetraethyl orthosilicate (20 uL, 0.091 mmol). The reaction
mixture was stirred for 2 hrs and then centrifuged twice with ethanol. To remove the CTAB
completely, the particles were refluxed overnight in ethanol. Then the solution was
centrifuged again and these particles were stored as dispersion in ethanol for further usage.

(c) Grafting of epoxide groups onto Au@mSiO.

The grafting of epoxide functional group was performed according to a procedure reported
before.” In a typical reaction, 15 mg of Au@mSiO, nanoparticles were dispersed in 50 mL
dry toluene. To this dispersion, (3-glycidyloxypropyl)trimethoxysilane (10 pL, 0.04 mmol)
was added and the resultant reaction mixture was heated at 85 °C for 12 hrs. After completion

of the reaction, the resultant epoxide grafted core shell nanoparticles were centrifuged and
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washed  several times  with  ethanol to remove the  unreacted (3-
glycidyloxypropyl)trimethoxysilane.

(d) Immobilization of enzyme:

Covalent enzyme anchoring was carried out following reported methods.” First epoxide
grafted Au@mSiO, nanoparticles (3 mg) were dispersed in PBS buffer (pH = 7.4, 0.1 mM)
by sonication. Then these were incubated with beta-glucosidase (2 mg, 1.48 X 10 mol) over
a night at 4 °C. The resulting hybrid nanoparticles, Au@mSiO,@glucosidase, were separated
by centrifugation, washed several times with PBS buffer to remove unreacted and absorbed
enzyme. The particles was dispersed in 4 mL of PBS Buffer and used as a stock. Enzyme
conjugated nanoparticles were stored at 4 °C. The amount of enzyme immobilized on
Au@mSiO,@glucosidase nanoparticles was determined using UV-Vis spectroscopy by
monitoring the absorbance at 280 nm. Unfunctionalized Au@mSiO, nanoparticles were used
as a blank for all measurements.

(C) Material Characterization:

The samples were imaged using an FEI Technai F30 machine that is operated at 300 kV. The
TEM samples were prepared by drop casting the sample on the carbon coated Cu grid. FT-IR
spectra were recorded on a Perkin Elmer FT-IR spectrum GX instrument operated at a
resolution of 4 cm™ by making KBr pellets. Pellets were prepared by mixing 3 mg of sample
with 97 mg of KBr. The catalytic reaction was monitored by UV-vis spectra on a Cary 300
Conc UV-Visible spectrophotometer operated at a resolution of 2 nm. Nitrogen adsorption
and desorption studies at -196 °C were carried out using an Quadrasorb SI instrument. Before
the nitrogen adsorption measurements, the samples were degassed overnight under vacuum
using a FloVac Degasser at 100 °C. Multipoint BET surface area was obtained from the
nitrogen adsorption isotherm in the relative pressure range from 0.15 to 0.5. Solid dried

samples were coated on glass slides and characterized with powder X-ray diffraction (Xpert
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Pro, Panalytical, Cu Ka) in the 26 range of 30—80 degree which was operated at 40 kV and
30 mA. For XPS analysis the gold coordinated functionalized silica nanoparticles were
deposited on a sample holder by spreading the powder. The measurements were carried out
on a VG MicroTech ESCA 3000 instrument at a pressure of better than 10~ Torr. The
general scan and Si 2p, C Is, O 1s, and Au 4f core level spectra were recorded with
unmonochromatized Mg-Ka radiation (photon energy ~ 1253.6 e¢V) at pass energy of 50 eV
and electron take off angle (angle between electron emission direction and surface plane) of
60°. The overall resolution of measurement is thus 1 eV for the XPS measurements.

(D) Enzymatic activity measurements:

The kinetics were monitored in scanning kinetic mode of the spectrophotometer (Varion-300)
using 1 mL quartz cuvette of 1.00 cm path length in a thermostatted (25.0 = 0.5 °C) cell
housing at pH 7.4. The first step was formation of p-nitrophenol from the hydrolysis of 4-
nitrophenyl-B-glucopyranoside and second step was reduction of p-nitrophenol. Both the
reactions were monitored at 402 nm, which corresponds to A, of p-nitrophenol. In a 1 mL
cuvette, 200 uL of the above mentioned stock solution of catalyst was taken and mixed with
300 pL of Millipore water to make a total volume of 500 uL. To this solution 0.006 mL of
0.01 M 4-nitrophenyl-f-glucopyranoside was added and the spectra was recorded with time.
After the completion of the 1% reaction, NaBH,4 was added for the reduction of p-nitro phenol
and change of O.D. was studied with time.
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ESI Figure 2: In the zoomed IR spectra the peak appears at 1260 cm™ after the
epoxy grafting also indicates successful incorporation of epoxide in Au@mSiO,
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ESI Figure 3: Plot of In[(Ai.a-Ad)/(Ains-Ag)] versus time using P-glucosidase

immobilized Au@mSiO,.
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ESI Figure 4: (A) Recyclability for 5 cycles for the 1% reaction. (B)
Recyclability for 5 cycles for the 2™ reaction.




<<
  /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


