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Materials. PEI (Ultem 1000®, Mn = 12 000, Mw/Mn = 2.5, GE Plastic) was kindly provided by 

Fuji Electric Systems. PEI films were prepared by spin-coating (2000 rpm, 1 min) from a chloroform 

solution (1.7 mg ml-1) onto the substrates. The obtained films were immediately used for the 

following experiments. BSA, streptavidin (SAv), and avidin (Av) were purchased from 

Sigma-Aldrich, Thermo Fisher Scientific, and Nacalai Tesque, respectively. They were dissolved in 

HBS-N (10 mM HEPES buffer containing 150 mM NaCl, pH 7.4, GE Healthcare) solution, and the 

solutions were stored at -20 °C until use. The peptides were synthesized by conventional solid-phase 

methods using the 9-fluorenylmethyloxycarbonyl (Fmoc) strategy, following our previous study1. 

The amounts of peptide immobilized on the PEI surfaces for AFM, ATR-IR, static contact angle, and 

ζ-potential measurements were adjusted by the peptide concentration and immobilization time, based 

on a binding analysis of the peptides on the PEI surfaces by SPR measurements. 

SPR measurements. A Biacore X instrument (GE Healthcare) was used for the SPR analyses, 

following our previous study1. PEI films were prepared onto gold-coated glass slides (SIA Kit Au, 

GE Healthcare), and set on the SPR apparatus. HBS-N (10 mM HEPES buffer containing 150 mM 

NaCl, pH 7.4, GE Healthcare) was flowed at a rate of 20 μL min-1 at 25 °C during the experiment. 

After more than 3 h of HBS-N flow, freshly prepared peptide solutions were applied to the PEI films 

for 180 sec (association), and then the peptide solutions were exchanged to a peptide-free buffer for 

900 sec (dissociation). The resulting sensorgrams at 4 concentrations were analyzed by global fitting 

using BIA evaluation software version 4.1. For the protein adsorption experiments, the peptides were 

immobilized onto the PEI films, and then after 5 min of HBS-N flow, the protein solution (1 μM in 

HBS-N) was applied for 5 min at a flow rate of 5 μL min-1 at 25 °C. 

AFM measurements. The surface morphologies were visualized by non-contact mode AFM 

(SPM-9600, Shimadzu) in air using a silicon cantilever (PointProbe, NCH, resonance frequency 320 

kHz, force constant 42 N m-1, NanoWorld). All AFM images were flattened using software supplied 

by Shimadzu without further image processing. 

ATR-IR absorption spectroscopy. The ATR-IR spectra of p1-EK immobilized onto PEI films 

were obtained using the refractive surface of gold-coated glass slides (SIA Kit Au, GE Healthcare) 

with a Spectrum One apparatus (Perkin-Elmer) in air at ambient temperature. The interferograms 

were co-added 50 times, and were Fourier transformed at a resolution of 4 cm-1. 

CD spectroscopy. The CD spectra were recorded on a CD spectropolarimeter (J-725, Jasco). The 

peptides were dissolved in 10 mM phosphate buffer (pH 7.4) to a concentration of 10 μM. The 

spectra were recorded in a 1 mm quartz cell over 190-240 nm with buffer baseline subtraction. Ten 

scans were averaged using a 1 nm band width at a scanning rate of 20 nm min-1. 
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Static contact angle measurements. The static contact angle of PEI films (~10 nm thick) on Si 

wafers was measured in HBS-N with a commercial apparatus (CA-X, Kyowa Interface Science), 

following our previous paper1. After the PEI films were conditioned in water, 3 L of sessile air 

bubbles were attached to the underside of the PEI films in water using a microsyringe. A monitor 

captured the bubble shapes, and the contact angles were calculated. The contact angles were 

measured 4 times at different locations. 

Ζ-potential measurements. The ζ-potential of the PEI films was measured by an electrokinetic 

analyzer (SurPASS, Anton Paar) equipped with an adjustable gap cell (20 mm × 10 mm) based on 

the streaming potential method. PEI films with an area of 20 × 10 mm2 prepared on polyimide films 

were placed in the measuring cell. The films were separated by a spacer that formed a streaming 

channel. The streaming potential was then detected by Ag/AgCl electrodes. A background electrolyte 

of 1 mM KCl solution was used, and the pH was adjusted with 0.1 M HCl and 0.1 M KOH. 

 

References 

1. T. Date, J. Sekine, H. Matsuno and T. Serizawa, ACS Appl. Mater. Interfaces, 2011, 3, 351.

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



4 

 

-10

0

10

20

30

40

50

60

70

0 100 200 800 900 1000

R
e

sp
o

ns
e

/ R
U

Time/ sec

▲

▲

M
50
25
10

90  μ

(a)

 

-10

0

10

20

30

40

50

60

70

0 100 200 800 900 1000

R
es

po
ns

e/
 R

U

Time/ sec

▲

▲

M
75
50
25

100 μ

(b)

 

Fig. S1. SPR sensorgrams for the binding of (a) p1-EK and (b) EK to the PEI surface at four 

concentrations. The ▲ and ▼ indicate the points at which the injection of the peptide solution 

started and ended, respectively. 
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(a) (b) 
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Fig. S2. AFM height images of (a) the bare PEI surface, the peptide-immobilized PEI surfaces with a 

peptide amount of (b) 200, (c) 400, and (d) 500 pmol cm-2. 
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Fig. S3. CD spectra of p1-EK, p1, and the EK sequence in their aqueous solutions. The negative 

peaks at 190-200 nm indicate that all peptides have random coil conformations. 
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Fig. S4. The static contact angles of air bubbles for the PEI surfaces against the amounts of 

immobilized p1-EK. 
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Fig. S5. ζ-potentials of (a) the bare PEI surface, the peptide-immobilized PEI surfaces with a peptide 

amount of (b) 200, (c) 400, and (d) 500 pmol cm-2. 
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Fig. S6. Profiles of the adsorption amounts of SAv and Av on p1-EK-immobilized PEI surfaces 

against the amount of peptide immobilized peptides. 

 

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



<<
  /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


