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Table S1. Zeta-potential results of F6304@Si02@PEG-Br'1, amine functionalized
Fe;04@Si0,@PEG nanoparticles (Fe;O4@Si0,@PEG-NH;), phosphonate-modified
Fe;04@Si10,@PEG nanoparticles (F6304@Si02@PEG-P032'), and

Fe;04@SiO,@PEG-Ti* nanoparticles for the subsequent modification reactions.

Functional nanoparticles  Zeta potential( mV)

Fe;04@SiO,@PEG-Br’ -3.73
Fe;0,@Si0,@PEG-NH, +32.7
Fe;04@Si0>@PEG-PO;™ -18.4

Fe;04@Si0,@PEG-Ti*" +17.2
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Table S2. The surface compositions of functionalized PEG-decorated magnetic
nanoparticle were determined by X-ray photoelectron spectroscopy (XPS) analysis.
The C/O ratios for the poly(ethylene glycol) methacrylate brushes of
Fe;04@Si0,@PEG nanoparticles (great than the sampling depth of XPS) was 2.3,
which is reasonably consistent with the stoichiometry value 2.1 of poly(ethylene
glycol) methacrylate. The change of chemical compositions of functionalized
PEG-decorated magnetic nanoparticles and the appearance of P and Ti element
indicated the Fe;0,@SiO,@PEG-Ti*" nanoparticles were successfully synthesized

through multiply reactions.

Functional nanoparticles XPS chemical compositions (%)

C O N Si Fe P Ti

Fe;04@SiO,@PEG 67.71 29.28 1.94 090 0.17
Fe;04@SiO,@PEG-NH, 71.27 2540 2.16 1.04 0.13

Fe;0,@SiO,@PEG-POs> 61.12 3226 2.68 0.81 0.11 2.02

Fe;0,@Si0,@PEG-Ti*"  44.04 4343 1.66 0.88 0.11 0.92 8.95
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Table S3. Sequences of four standard phosphopeptides and identified phosphopeptides

from o-casein, B-casein and ovalbumin tryptic digestMALDI-TOF MS analysis.

Protein No. Amino acid sequence No.of  [M+H]"
phosphosite

a-Casein o; TVDME[pS]TEVF 1 1237.08
o,  TVD[Mo]ME[pS]TEVF* 1 1253.11
o;  EQL[pS]T[pS]JEENSK 2 1411.90
ou  VPQLEIVPN[pSJAEER 1 1660.15
as  YLGEYLIVPN [pS]JAEER 1 1832.70
o DIGSE[pS]TEDQAMEDIK 1 1847.95
o;  DIG[pS]E[pS]TEDQAMEDIK 2 1927.89
og  DIG[pS]E[pS]TEDQA[Mo]EDIK® 2 1943.89
o  YKVPQLEIVPN[pS]JAEER 1 1951.09
oo KKYKVPQLEIVPN[pSJAEERL 1 2080.00
o, NTMEHV[pS][pS][pSIEESI[pS]QETYK 4 2618.93
o, VNEL[pS]KDIG[pS]E[pS]TEDQAMEDIK 3 2678.02
o3 Q*MEAE[pS]I[pS] [pS] [pS]EEIVPN[pS]VEAQK" 5 2703.75
os  QMEAE[pS]I[pS][pSI[pSIEEIVPNPN[pS]VEQK 5 2720.05
o5 Q[Mo]EAE[pSII[pS][pS][pS]EEIVPNPN[pS]VEQK 5 2736.05
os  KEKVNEL[pS]KDIG[pS]E[pS]TEDQAMEDIKQ 3 2935.87
o;  NANEEEYSIG[pS][pS][pSIEE[pS]JAEVATEEVK 4 3008.22
oz NANEEEY[pS]IG[pS][pSI[pSIEE[pS]JAEVATEEVK 5 3087.93

B-Casein Bi  FQIpS]JEEQQQTEDELQDK 1 2061.94
B,  RELEELNVPGEIVE[pS]L[pS][pSI[pS]EESITR 4 3122.56

Ovalbumin  O; EVVG[pS]JAEAGVDAASVSEEFR 1 2090.62
0, FDKLPGFGD[pSJIEAQCGTSVNVHSSLR 1 2903.46

S;  NVPL[pYIK 1 813.39
S, HLADL[pSIK 1 863.40
S;  VNQIGTL[pS]JE[pS]IK 2 1448.64
S, VNQIG[pT]LSESIK 1 1368.68

Notes: Superscripts: a) Oxidation on methionine; b) Pyroglutamylation on the

N-terminal Q*.

Subscript: [pS] phosphorylated site.
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Fig. S1 TGA curves of (a) Fe;04@Si0,; (b) Fe;04@Si10,-Br; (¢) Fe;04@Si10,@PEG,
respectively. TGA was carried out in nitrogen at a heating rate of 35°C/10 min. For the
relative mass increase of Fe;O4@SiO,@PEG nanoparticles and Fe;O4@SiO,-Br
nanoparticles were calculated from formula: [(1 - Wpp)/Wpp - (1 - Wip)/Wip]x 100%,
where Wpp and Wip represent the percent weight retention at 600 °C of
Fe;04@Si0,@PEG  nanoparticles and  Fe;O4@SiO,-Br  nanoparticles  or
Fe;04@Si10,-Br nanoparticles and Fe;O4@SiO, nanoparticles, respectively.
Assuming the magnetic nanoparticles were monodisperse with a spherical shape and
considering the density of Fe;04@SiO, was 5.18 g/cm’ ', the grafting density of PEG

brushes and initiator bromide were calculated according to a literature”.
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Fig. S2 FT-IR spectra of (a) Fe;04@Si10,-Br (b) Fe;04@@SiO,PEG, respectively.
Fig.S3a showed that the magnetite particles exhibit strong bands in the low-frequency
region (440 and 578 cm™) due to the iron oxide skeleton, and the peaks of Si-O-Si
stretching vibrations center at 1081cm’'; the stretching vibrations of —C=0 from amide
occur at 1650 cm'l, which confirms the attachment of initiator Br on the Fe;04@SiO,
nanoparticles. After large quantities of PEG brushes are grown on the surface of
Fe304@Si0»-Br nanoparticles, the C-H stretching bands emerge at 2950, 2870 cm’
and the C=0 stretching bands show a strong bands at 1720 cm™ in the spectrum. The
presence of C=0O and CH, adsorption bands provide strong evidence that the PEG

brushes were successfully coated on the Fe;04@SiO,-Br nanoparticles.
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Figure S3. Wide-scan XPS spectra of the functionalized magnetic nanoparticles: (a)

Fe304@Si02@PEG; (b) FG304@Si02@PEG-NH2; (C) F€3O4@Si02@PEG-PO32_

Fe304@SiOz@PEG-Ti4+ magnetic nanoparticles.
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Fig. S4. The EDX spectrum data of Fe;04@SiO>@PEG-Ti*" magnetic nanoparticles.
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Fig. S5 The hysteresis loops of Fe;04@Si0>@PEG-Ti*" magnetic nanoparticles.
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Fig. S6 MALDI-TOF MS analysis of tryptic digests of B-casein (200 uL) enriched by
Fe;0,@Si0,@PEG-Ti*" (a,b,c) and Fe;0,@SiO,-Ti*" (d,e,f) IMAC nanoparticles at
different concentrations of (i) 1x107'°M, (ii) 5x10™"" M and (iii) 2.5x10™"" M,

respectively.
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Fig. S7 The distribution of isoelectric points of nonphosphopeptides obtained by using
Fe;04@SiO,@PEG-Ti*", Fe;04,@Si0,-Ti*" IMAC nanoparticles and TiO,

microspheres.
= Fe,0,@SiO,@PEG-Ti*'= TiO,» Fe,0,@SiO,-Ti*"
1600 7 =
a0 L —
1200 4 | =
oo —
o —1
o L—
or L—
oo —
<40 4.0=pl<5.0 5.0=pI<6.0 6.0=pI<7.0 7.0=pI<8.0 8.0=pI<9.0  9.0<pl
Literature :
1. R. Matsuno, K. Yamamoto, H. Otsuka and A. Takahara, Macromolecules, 2004, 37, 2203-2209.
2. A. P. Majewski, A. Schallon, V. Jerome, R. Freitag, A. H. Muller and H. Schmalz,

Biomacromolecules, 2012, 13, 857-866.




<<
  /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


