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Table S1. the [Fe] and [Au] concentration of A, B and C samples analyzed by 

ICP-mass. 

 [Au] (uM) [Fe] (uM) 

A 0.113 0.167 

B 0.121 0.144 

C 0.150 0.154 
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Magnetic properties of nanoparticles 

After biomodification, the Tf-Au-Fe3O4 nanomaterials possess superparamagnetic 

properties owing to fast response toward the applied magnetic field. It can be used for 

the magnetic resonance image (MRI). 
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Figure S1. Magnetic hysteresis loop of Tf-Au-Fe3O4 nanoparticles. 
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Figure S2. (a) The bright field image, (b) fluorescence image of FITC-ChromPure 

Human Albumin, (c) fluorescence image of rTf-Au-Fe3O4 nanoparticles and (d) 

merging image of them for specificity assay. 
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Figure S3. Confocal microscopy image of (a)-(b) J5 cancer incubated with/without 

rTf-Au-Fe3O4 nanoparticles in florescent and bright image mode. Note : the 

nanoparticles does not removed by washing before the paraldehyde is added for fixing 

cell. Nuclei of J5 cancer is stained by DAPI. 
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Magnetic Resonance image (MRI). The Au-Fe3O4 and Tf-Au-Fe3O4 nanoparticles, 

modified by various amount of iminothiolate activated Tf, were incubated with J5 

cells overnight. The suspension solution was removed and J5 cells was washed using 

PBS for several times. the J5 cells are mixed and fixed with agarose. MRI machine 

performed to measure the cell images under the following conditions: receiver 

bandwith = ± 16 kHz, repetition time = 5000 ms, flip angle = 90 °C, echo time = 86 

ms, field of view = 4 × 4 cm2, echo train length = 8, section thickness = 1 mm, 16 

slices, scan time = 5min 25sec. 

 

Magnetic Resonance image (MRI) of J5 cancer cell after treating with Tf-Au-Fe3O4 

nanoparticles. To evaluate the performance of targeting efficiency of Tf-Au-Fe3O4 

nanoparticles toward J5 cancer cell, it can be executed using MRI technique, as 

shown in Figure 3-9 (a) ~ (e). The magnetic hysteresis loop of as-prepared 

Tf-Au-Fe3O4 nanoparticles is measured, as shown in Figure 3-9 (f), revealing the 

prompt response of magnetization is observed in forward/reverse magnetic field. It 

indicates the sample (e) have superparamagnetic behavior under applied magnetic 

field and regarded as a good candidate for T2 contrast reagent in MRI. As Fe3O4 

nnaoparticles exposes to applied magnetic field, it rapidly responses an extra magnetic 

field to influences the T2 relaxation time of proton. It indicates the contrast image can 

be enhanced after targeting by Tf-Au-Fe3O4 nanoparticles. Herein, with increasing the 

concentration of cell-internalized Tf-Au-Fe3O4 nanoparticles, the contrast of MRI is 

enhanced largely. In othe words, the targeting efficiency of nanoparticles must play an 

important role to determine the contrast degree of target cell. In our studies, the same 

dose of Fe3O4 for each Tf-Au-Fe3O4 nanoparticles were loaded and incubated with J5 

cell over night. The suspension of free nanoparticles was removed by carefully 

washing cell for several times before MRI measurement. Finally, the J5 cells are 
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mixed and fixed with agarose. Au-Fe3O4 nanoparticles with various amount of Tf 

modification are used in MRI experiment for demonstrating that the targeting 

efficiency can improve image contrast, while same dose of Fe3O4 is used. In Figure 

3-9 (a), the MRI image of J5 cancer cell without nanoparticles is utilized as reference. 

With incremental of Tf modification on Au-Fe3O4 nanoparticles, the contrast of J5 

cancer cell is enhanced largely, as shown in Figure 3-9 (b) to (e). It indicates the high 

targeting efficiency can improved the contrast of MRI, which is consisted with the 

cell uptake experiments. On the other hand, the increment of nanoparticles 

concentration taken up by cell means the development in the targeting efficiency for 

enhancing the contrast of MRI. Figure 3-9 (f) reveals the relative intensity of sample a 

- e in Figure 3-9(a) - (e). Enhancement of MRI intensity for sample e is double as 

large as that for sample b, whose results is consisted with the result of cell uptake 

experiment, as shown in Figure 3-6(a). Hence, the increasing contrast is ascribed to 

the targeting efficiency of nanoparticles which is improved by large amount of Tf 

modification, while same dose of Fe3O4 nanoparticles is used. It indicates the loss 

possibility of nanoparticles in medium or circulation nanoparticlescould be reduced as 

using nanoparticles with high targeting efficiency. 
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Figure S4. Magnetic Resonance Images of J5 cancer cell (a) without and (b) ~ (e) 

with treating of Tf-Au-Fe3O4 nanoparticles at different amount of Tf modification. 

(The detailed experiment steps for purifying Tf-Au-Fe3O4 nanoparticles are shown 

in Figure 3-4 (a), where the Tf are treated with 1, 2, 3, 5 mg/mL iminothiolane for 

(b) ~ (e), respectively). (f) The magnetic hysteresis loop of Tf-Au-Fe3O4 

nanoparticles for (e). Note that they have same hysteresis. (f) The relative intensity 

of MRI for each sample(b-e), normalized by the value of sample (e). Label a 

indicates the only J5 cells is used. 
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Figure S5. RT-PCR analysis for evaluating TFR1 gene expression of OMF and J5 cell 
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Figure S6. The dynamic size of Tf-Au-Fe3O4 nanoparticles for 1~7 day by zetasizer 

analysis. 
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Figure S7. The percentage of relative thiol group of thiolated Tf using 0.5, 1. 2, 3 and 

5 mg/mL, analyzed using Ellmann's test. 

Electronic Supplementary Material (ESI) for Journal of Materials Chemistry
This journal is © The Royal Society of Chemistry 2011



<<
  /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


