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EXPERIMENTAL SECTION

Reagents and Materials. Ferric chloride hexahydrate (FeCl;-6H,0), sodium
acetate(CH3COONa, NaOAc), ethylene glycol (EG), 1,6-hexamethylenediamine
(HDA), acetonitrile (ACN), isopropanol and ethanol were obtained from Sinopharm
Chemical Reagent Shanghai, Co., Ltd. (Shanghai, China). Tetracthoxysilane (TEOS)
and 2,2-azobis-(isobutyronitrile) (AIBN) were obtained from Aladdin reagent Co., Ltd
(Shanghai, China). y-methacryloxypropyltrimethoxysilane (y-MAPS) were purchased
from the Hubei Wuhan University Silicone New Material Co., Ltd (Wuhan, China).
4-vinylphenylboronic acid (VPBA) and ethylene glycol dimethacrylate (EDMA) were
obtained from AlfaAesar (Beijing, China). All reagents above were of analytical grade
or better. Human IgG was purchased from Fuzhou Lanhao Bio-pharma Co., LTD
(Shanghai, China). Ovalbumin (OVA), bovine serum albumin (BSA), human serum
albumin (HSA) and lysozyme (Lyz) were purchased from Shanghai Lanji Co. Ltd.
(Shanghai, China). Partially purified mucin from the porcine stomach (Muc, M1778)
was purchased from Sigma (St. Louis, MO). Deionized water was prepared with a
Milli-Q water purification system (Millipore, Milford, MA).

Syntheses of Fe;O4 MNPs. Fe;O04 MNPs were prepared by following the method
described in the literature . Briefly, FeCl;-6H,0 (1.0 g), NaOAc (4.0 g), HDA(3.6 g)
were dissolved in EG (30 mL). The obtained homogeneous yellow solution was
transferred to a Teflon-lined stainless-steel autoclave, sealed and heated to 200°C.

After reaction for 6.5h, the autoclave was cooled to room temperature. The obtained
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Fe;O4MNPs were washed several times with water, ethanol and isopropanol orderly.
One-Pot Synthesis of Fe;04,@SiO,@VPBAMNPs. Fe;04@SiO@VPBA MNPs
were synthesized as follows. Briefly, the as-synthesized Fe;O4 were resuspended in 60
mL isopropanol with the help of ultrasonication, and then SmL ammonia solution (15
wt %) was added. Subsequently, 20 mL isopropanol solution containing TEOS (3.0
mL) and y-MAPS (0.50 mL) was injected into the above suspension at a rate of 2
mL/h under mechanical stirring and the reaction was allowed to proceed at 40 C.
After all of the solution has been added, the reaction was continued for 7 h. Then,
30ml ethanol containing EDMA (0.6 mL), VPBA (0.3 g) and AIBN (0.3 g) was added
dropwise within 1.5 h at 70 °C. After another 10 h of heating, the product is collected
by magnet and washed several times with ethanol, diluted hydrochloric acid, and
water several times dried under ambient conditions.

Characterizations. The TEM images were taken using a FEI (Netherlands) Tecnai-20
transmission electronic microscopy (TEM) instrument. The vibrating sample
magnetization (VSM) curves of Fe;Os and Fe;O4@SiO,@VPBA MNPs were
analyzed by using a LDJ9600 vibrating sample magnetometer (LDJ Electronics, Troy,
MI). Fourier transform infrared (FT-IR) spectra of MNPs were conducted with a
FT-IR spectrophotometer (Nicolet 6700, Waltham, MA, USA). XPS spectra were
obtained using X-ray photoelectron spectrophotometer (Thermo Scientific Escalab
250, USA). The crystal structure of the MNPs was determined by X-ray powder
diffraction (XRD) (D/Max-2500 diffractometer, Shimadzu, Japan).

Thermogravimetric analysis (TGA) was performed for power samples with a heating
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rate of 10°C/min using Simultaneous Thermal Analyzer (Netzsch STA 449, Germany)
under nitrogen atmosphere up to 800°C. The data of adsorption were obtained by
using UV/VIS Spectrophotometer (PerkinElmer Lambda 800, USA). Electrophoresis
for protein separation was carried out by regular SDS-PAGE with 10%
polyacrylamide gel and 5% stacking gel according to the manual introduction
(Bio-Rad, Hercules, CA, USA).

Protein adsorption isotherm. Protein adsorption was performed with the binding
buffer as described by Borlido *! with some modifications, where the binding buffer
was consisted of 25 mM phosphate buffer (pH 9.0) and 110 mM NaCl. The MNPs
were incubated for 3 h with 1 mL of each protein solutions prepared in binding buffer.
Then, the MNPs were decanted by applying an external magnetic field and the
supernatant was determined by using a UV/Vis spectrophotometer. The capacity (Q
mg/g) was calculated according to the difference in protein concentration before and
after adsorption, the volume of aqueous solution and the weight of the nanoparticles
according to

Q=(Co-C)V/m (D

where Cy is the initial protein concentration (mg/mL), C; is the supernatant protein
concentration (mg/mL), V is the volume of protein solution (mL) and m is the weight
of the nanoparticles (g).

To obtain the maximum adsorption capacity of MNPs for proteins, Langmuir

regression equation was adopted as follow:

Q=Quax Ceg/(Kat Ceq) ()
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Where Q is the amount of adsorption capacity of proteins on the MNPs (in mg/g); Ceq
is the equilibrium protein concentration in the solution (in mg/mL); K4represents the

dissociation constant; and Quax 1S the maximum adsorption capacity (in mg/g).

Protein adsorption Kinetics. To evaluate the binding kinetics of the
Fe;04@Si10,@VPBAMNPs, 1 mg MNPs were incubated with 1 mL of the
equilibrium concentration of protein solution for different times. The adsorption
capacity was quantified as mentioned above.

Enrichment of glycoproteins by Fe;04,@SiO,@VPBA MNPs. In order to further
demonstrate the specific adsorption of the phenylboronic acid-functionalized MNPs to
glycoprotein, enrichment of glycoprotein from a binary proteins mixture (BSA and
IgG) was performed. For glycoprotein capture, about 3 mg of MNPs were incubated
in 0.9 mL a solution of BSA (300 pg /mL) and IgG (600 pg /mL) in the binding buffer.
After reaction, the MNPs were washed several times with 50% acetonitrile and then
incubated with 50 pL, 2 x reducing elution buffer, which was consisted of 2.0 mL
Tris-HC1 (0.5M, pH 6.8), 40 ml SDS (10%), 2.0 mL glycerol, 1.0mL
b-mercaptoethanol, 0.5mL bromophenol blue (0.1wt%) and 0.5 mL H,O, After the
enrichment procedure, original protein mixture and eluent were analyzed by 12%
SDS-PAGE gels. Quantification of the protein bands was carried out with Quantity
One Software (Bio-Rad).

Real sample analysis. 6 mg Fe;04@SiO,@VPBAMNPswere immersed in 1 mL

human serum sample that had been diluted 50-fold with binding buffer. After
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incubation for 3 h at room temperature under gentle shaking, the MNPs were washed
with 50%(v/v) ACN/H,O solution several times to remove nonspecific binding
proteins. Then, the bound glycoproteins were eluted by 40 uLL 1xSDS-PAGE elution
buffer. Finally, the supernatant and the eluted proteins were collected and analyzed by
SDS-PAGE.

Reference
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Gel images were obtained using a GS-800 Calibrated Densitometer (Bio-Rad) and
quantification of the protein bands was carried out with Quantity One software
(Bio-Rad).

Optical density (OD) measures were corrected for background (via subtraction).

Units of protein quantity(OD*mm?) were obtained by recording the average OD for
each band minus a modal background density, and then multiplying by the area

occupied by the band.

Rf = distance migrated/gel length




<<
  /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
  /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

  /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 <>
    /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


