
Experimental: 
 
MTT assay: 

To determine cell viability the colorimetric MTT metabolic activity assay was used. 

Hela cells (1 × 104 cells/well) were cultured in a 96-well plate at 37 °C, and exposed 

to varying concentrations of Au@IPN-pNIPAAm nanogels for 24 h. Cells treated with 

medium only served as a negative control group. After removing the supernatant of 

each well and washing twice by PBS, 20 µl of MTT solution (5 mg ml-1 in PBS) and 

100 µl of medium were then introduced. After incubation for another 4 h, the resultant 

formazan crystals were dissolved in dimethyl sulfoxide (100 µl) and the absorbance 

intensity measured by a microplate reader (Bio-RAD 680, USA) at 490 nm with a 

reference wavelength of 620 nm. All experiments were performed in quadruplicate, 

and the relative cell viability (%) was expressed as a percentage relative to the 

untreated control cells. 

 

Apoptosis assay: 

Apoptosis/necrosis of Hela cells induced by Au@IPN-pNIPAAm nanogels was 

assayed by an annexin V-FITC/PI apoptosis detection kit, which comprises two 

individual stains: (1) annexin V has a strong Ca2+-dependent affinity for 

phosphatidylserine which might translocate from the cytoplasmic face of the plasma 

membrane to the cell surface during apoptosis, and (2) PI is membrane-impermeant 

and generally excluded from viable cells, but could intercalate into double-stranded 

nucleic acids. After co-culturing with Au@IPN-pNIPAAm nanogels for 12 h, Hela 

cells were harvested and incubated with 200 μl of binding buffer (HEPES buffered 

PBS supplemented with 2.5 mM CaCl2), 2 μl of annexin V-FITC and 5 μl of PI at 

room temperature for 15 min in the dark, following the manufacturer’s instructions. 

After a final wash in PBS, Hela cells were immediately analyzed on an EPICS XL 

flow cytometer (Beckman Coulter, USA), gated on live cells by FSC/SSC. Samples 

were excited by the light wavelength of 488 nm with barrier filters of 525 nm and 575 

nm for FITC fluorescence and PI detection, respectively. Data were analyzed by 

EPICS XL flow cytometer software and plotted for annexin V-FITC and PI in a 
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two-way dot plot. Live, early apoptotic and late apoptotic/necrotic cells are designed 

as annexin-/PI-, annexin +/PI-, and annexin+/PI+, respectively. 

 

FACS assay for cellular uptake: 

To analyze the internalization of FITC-labeled Au@IPN-pNIPAAm nanogels by 

fluorescence-activated cell sorting (FACS) analysis, 6 ×105 Hela cells were firstly 

plated and cultured overnight on 60 mm dishes. After being washed with PBS, the cell 

monolayers were then incubated with different concentrations of FITC-labeled 

Au@IPN-pNIPAAm nanogels for 6 h at 37 °C to analyze dose-response of uptake. To 

examine the effects of exposure time, the cells were incubated with 200 μg ml-1 of 

FITC-labeled Au@IPN-pNIPAAm nanogels for different periods. The cells were then 

resuspended in ice-cold PBS buffer solution, and the fluorescent cells with 

FITC-labeled nanogels were then measured from 20,000 cells by using an EPICS XL 

flow cytometer (Beckman Coulter, USA) in the FL1 channel. Cytometry analyses 

were performed using EPICS XL flow cytometer software, and analytical gates were 

chosen as 1% of control cells falling within the positive region. 
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FT-IR Results 

 

 

 

ESI 1   FT-IR spectra of (a) Au@AAm NPs, (b) AAm, (c) IPN hydrogels of 

p(NIPAAm-co-AAm) and pNIPAAm, and (d) Au@IPN-pNIPAAm nanogels. 
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DSC Results 

 

 
 

ESI 2  LCST of the hybridAu@IPN-pNIPAAm nanogels detected by DSC. The 

molar of AAm to NIPAAm: (a) 1:9; (b) 1:30; and (c) 0. 
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In vitro toxicity 

 
 
ESI 3 (a) Dose–responsecell viability detected by MTT assay. Bars represent the 

corresponding standard deviations(n = 3). (b, c) Quantitative evaluation of cell 

apoptosis/necrosis caused by Au@IPN-pNIPAAm nanogels. The flow cytometric 

scatter plots for 20 000 Hela cells were obtained using (b) non-treatment (control), 

and (c) 200 μg ml-1Au@IPN-pNIPAAmnanogels, respectively. I: early apoptotic cells; 

II: lateapoptotic cells; III: healthy cells; IV: necrotic cells. 
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FACS Results for cellular uptake 

 

 

 
ESI 4 FACS analyses of the effects of (a) exposure time, and (b) dose (represented by 

concentration between 50 and 600 μg ml-1) on cellular uptake of Au@IPN-pNIPAAm 

nanogels. 

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 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /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 ()
  /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 [600 600]
  /PageSize [595.276 779.528]
>> setpagedevice


