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Differential Centrifugal Sedimentation:

Differential centrifugal sedimentation experiments wereperformed with a CPS Disc
Centrifuge DC24000. The analyzer measures particle size distributions using centrifugal
sedimentation within an optically clear spinning disc that is filled with fluid. Sedimentation is
stabilized by a density gradient within the fluid, and accuracy of the measured sizes is insured
through the use of a known size calibration standard run immediately before each
measurement. The use of a biological sample with a large amount of proteins requires a new
sucrose gradient to be prepared for each measurement. The concentration of the particles at
each size is determined by continuously measuring the turbidity of the fluid near the outside
edge of the rotating disc. The turbidity measurements are converted to a weight distribution
by Mie theory light scattering calculations. The choice of the experimental parameters,
namely the fluid gradient, the speed of rotation, etc. is based on the type of material being
analyzed and the range of sizes being measured. The primary information from the analytical
disk centrifuge is the time taken for the particles to travel from the centre of the disk through a
defined viscous sucrose gradient to a detector placed at the outer rim of the disk under a
strong centrifugal force. For materials with homogenous density and simple shape (for
example spherical particles) one can directly relate this time to a particle size.

Where objects are inhomogeneous, or irregular in shape, the different arrival times still allows
one to distinguish between them. In the simplest approximation one still approximates them to
an equivalent uniform sphere, and this is the meaning of the size cited on the x-axis of all
figures presented and hence it should be considered as an ‘apparent’ size. Moreover, for the
sake of clarity in the comparison of different samples, we chose to show data as relative
weight particle size distribution. The tallest peak (highest weight value) in the distribution is
called the ‘base’ peak (has a value of 100%) and all other particle size (multimer) peaks are

then normalized against this base peak to give a relative weight distribution. It is important to
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emphasize that the conversion from absorption raw data to molecular weight data is correct as
long as the optical parameters and the density for particles and fluid are correct and the
particles are spherical. In this regard, the information we get about the large NP-protein
clusters at about 500 nm are merely indicative of their existence but do not provide insight
regarding their real size or their absolute amount.

In order to define the protein thicknesses at the surface of various SPIONSs, a simple core-shell
method was used, with dextran-coated SPIONs as the core and protein biomolecules as the

shell, to calculate 2 densities using the following equation'':

(p{'-' - F}s} DC-'E 4 (pé' - P}“) DSE — 2
(e —pPr) Dy (pPc— Pr)

where p. is the density of the inner core, ps is the density of the shell, pris the density of the

fluid, D, is the diameter of the core, Dy(D.+20) is the total diameter of the core-shell particles,
and D is a diameter measured by the DCS method. The protein thicknesses thus obtained are
presented in Table 2 of the manuscript. It is notable to mention that the density of core@shell
nanoparticles were calculated as follows: density core*volume core + density shell*volume

shell (the diameters of core and shell were obtained from TEM images)
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Figure S1: CONTIN distribution curves for the single coated-SPIONSs dispersed in (a) PBS and (b) FBS. (c) and
(d) CONTIN distribution curves for the double coated-SPIONs dispersed in PBS and FBS, respectively.
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Figure S2: DCS size distribution data for various single-layer dextran-coated SPIONSs. (a)
Negative, (b) Plain, and (c) positive single-layer dextran coated SPIONs (Left) and enlargement of the
main peak areas (Right) to enhance the shift to larger size before, and after interactions with FBS in
the absence (i.e. S-Surface Charge-FBS) and presence (i.e. S-Surface Charge-InSitu) of excess
proteins. Note the presence of a second peak in the Positive-dextran coated SPIONSs, as a result of

particle-agglomeration, which was less prominant in the protein solutions than in PBS.



Electronic Supplementary Material (ESI) for Nanoscale
This journal is © The Royal Society of Chemistry 2013

100 4(a) 100 A
80 - 80 A
g 60 =D-Negative-PBS é 60 - =D-Negative-PBS
= =D-Negative-FBS = =D-Negative-FBS
§ 40 =D-Negative-InSitu & 40 =D-Negative-InSitu
20 20 A
0 T ] 0 !
0 005 0.1 0 0.05
Size (micron) Size (micron)
100 -(b) 100 A
80 - =D-Plain-PBS 80 -
=D-Plain-FBS K
260 =D-Plain-InSitu E 4 =D-Plain-InSi
2 2 60
D 4 ©
a0 - 2 40 A
20 20 A
0 T ) 0 "
0 005 0.1 0 0.05
Size (micron) Size (micron)
100 +(c) 100 - =D-Positive-PBS
=D-Positive-FBS
80 4 . 80 -
SIEORVEERE D-Positive-InSitu
2 60 4 -D-Positive-FBS 2 60 4
= D-P InS =
D 40 A =D-Positive-InSitu D 4n
g 40 g 40
20 4 20 -
0 - T e 1 0 1
0 0.05 0.1 0 0.05
Size (micron) Size (micron)

Figure S3: DCS size distribution data for various dextran double-coated SPIONs (a) Negative,
(b) Plain, and (c) positive double-layer dextran coated SPIONs (Left) and enlargement of the main
peak areas (Right) to enhance the shift to larger size before, and after interactions with FBS in the
absence (i.e. D-Surface Charge-FBS) and presence (i.e. D-Surface Charge-InSitu) of excess proteins.

Note that it appears that the second layer did not form effectively for the Plain SPIONs.



Electronic Supplementary Material (ESI) for Nanoscale

This journal is © The Royal Society of Chemistry 2013

References

[1] D. Walczyk, F. B. Bombelli, M. P. Monopoli, I. Lynch, K. A. Dawson, Journal of the
American Chemical Society 2010, 132, 5761-5768.




<<
  /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


