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Extraction of keratin from wool and amino acid analysis "~

The wool was washed in mild detergent and acetone to remove surface oil and then dried and cut into
short pieces. The pretreated wool (40 g) was mixed with 8M urea (800 mL), sodium dodecyl sulfate
(SDS, 1 g), and 2-mercaptoethanol (30 mL). The mixture was stirred at 65 °C for 24 h and then
centrifuged at 12,000 rpm for 5 minutes and filtered. The obtained filtrate was dialyzed against
deionized water using a dialysis bag with the cutoff molecular weight of 7 kDa and the out water was
replaced every 12 h.

The amino acid composition of keratin was determined after hydrolysis with 6 N HCI at 110 °C
for 24 h in a nitrogen atmosphere and the subsequent analysis was performed on L8800 (HITACHI
of Japan). The quantitative amino acid composition was determined by calibration with the external
standard Amino Acid Standard H from Pierce and there were 17 amino acids identified in keratin
extracted from wool. Aspartic and Glutamic acids are resulted from hydrolyzing of asparagine and

glutamine side chains.'”! Glutamic acid and proline were the most three abundant amino acids and the
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cystine in the keratin is the sulfur-containing amino acid present in keratin. In particular, cystine is

contributed to the disulfide bonds in the wool and can afford cysteine after reduction.

Table S1. Amino acid composition of keratin extracted from wool.

Amino acid Keratin (wt%)
Aspartic acid 5.88
Threonine 5.07
Serine 8.99
Glutamic acid 8.74
Proline 9.51
Glycine 3.03
Alanine 3.54
Cystine 5.07
Valine 4.33
Methionine 0.19
Isoleucine 2.73
Leucine 6.47
Tyrosine 2.98
Phenylalanine 2.04
Lysine 1.2

Histidine Undetected

Arginine 7.49
Tryptophane 0.34

The molecular weight of the resultant keratin was estimated by SDS-PAGE analysis. In the gel
image, three main bands at 14, 28, and 45 kDa are clearly seen in the gel image. The bands at 28 and
45 kDa represent the keratin with o-helical tertiary structure. With high sulfur content and lower

molecular weight, y-keratin can be seen at 14 kDa.”!
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Figure S1. The elctrophoretical separation patterns of the keratin by SDS-PAGE.
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The FTIR spectra were conducted on a Bruker-Equinox 55 FT-TR spectrometer at a resolution of
4 cm™. Each sample for infrared analysis was prepared using the KBr pellet technique. >° Infrared
spectra of keratin shows characteristic bands assigned to the peptide bonds of protein.” The peptide
bands are Amide A (3280 cm™), Amide I (1700-1600 cm™), Amide II (1520 cm™) and Amide III
(1220-1300 cm™). The bands are consistent to that of peptide bonds of protein, which reveals that the

keratin extracted from wool maintains the structure of protein as expected.
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Figure S2. Fourier transform infrared (FT-IR) spectra of keratin.

The content of thiol groups was calculated from the sulfur content of keratin (n.sy =
Cs.keratin/Ar(S)). The sulfur content of keratin is 3.96%. Taking sulfur content in cystine and
methionine (Amino acid analysis) away, the thiol groups in 1 g of keratin was 0.82 mmol g'. The
keratin and PEG content of 1 g of graft copolymer (Ci keratin-g-PEG, CPEG keratin-g-PEG) and DS were
calculated by using the following expressions,

Ci keratin-g-PEG (%0) = (Cs.keratin-g-PEG X 18) / Cs.keratin X 100 (1)

CpEG keratin-g-PEG (%0) = 1 - Ci keratin-g-PEG (%0) ()

DS = npEG / N_sH keratin-g-PEG 3)
where Cs.ieratin-g-PEG and  Cs.ierain are sulfur content of keratin-g-PEG and keratin. npgg and

1.SH keratin-g-PEG areé moles of PEG chains of keratin-g-PEG and thiol groups of keratin composed of
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keratin-g-PEG, respectively. The content of free thiol groups of keratin and graft copolymers were
determined by Ellman’s assay. In the method, 50 uLL. DTNB (10 mM, pH 7.0) was added and the
absorption at 412 nm was recorded in 15 minutes on a Shimadzu UV-1601PC spectrophotometer.
Then, the absorption at 412 nm of keratin diluted in PBS (pH 8.0, 100 mM) was read to estimate the

thiol groups of keratin and copolymers.

Table S2. Results of elemental analysis of keratin and keratin-g-PEG copolymers

S content average Keratin content
Samples S content (%) DS¢ DS*
(%) (%)
1 keratin-g-PEG 1.91 1.93 1.92 0.25 0.15 48
2 keratin-g-PEG 1.53 1.41 1.47 0.41 0.45 37
3 keratin-g-PEG 0.58 0.54 0.56 0.97 0.87 14
4 keratin 4.03 3.90 3.96 0 - 100
“ Estimated by elemental analysis.
» Estimated by Ellman’s assay.
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Figure S3. Estimation of the concentration of thiol groups. (a) absorption at 412 nm as a function of

thiol group concentration, and (b) the UV-vis spectra of keratin solutions with and without DTNB.

CMC of keratin-g-PEG graft copolymer was estimated by the fluorescence probe technique.
Pyrene was used as the probe and the concentration of pyrene was kept at 5.0 x10” mol L™ in all the
solutions with different keratin-g-PEG concentrations (1.0 x10° — 1.0 mg mL™). Then emission
fluorescence spectra (excited at 393 nm) of the solutions were recorded. The intensity ratio of the
peak at 338 nm to 336 nm (/338/[336) in the excitation spectra, which relates to polarity of the
microenvironment around pyrene, was plotted as a function of copolymer concentrations. The turn

point was used as the CMC of the keratin-g-PEG graft copolymers. The CMC value of
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kerating»s-g-PEG was determined (6 pg mL’, Figure S4b). This means the kerating,s-g-PEG
copolymer will aggregate into nanoparticles when the concentration is above 6 pg mL™. The CMC of
the keratin-g-PEG copolymers increases with the increase in the graft density because of the

increased hydrophilicity of the graft copolymer.
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Figure S4. CMC of keratin-g-PEG graft copolymer by pyrene.

The fluorescence intensity of DOX released from the nanoparticles emission at 594 nm in
response to varied GSH concentration in PBS was monitored for 2 days. The slit bandwidth of the
measurements is (5, 10) for (a) and (b), and (10, 10) for (c), respectively. For the nanoparticles
prepared from kerating,s-g-PEG copolymer, the maximum fluorescence intensity at 594 nm was
reached after 12 h at the GSH concentration of 10 mM in pH 7.4 buffer solution (Figure S4a). For the
cross-linked nanoparticles prepared from graft copolymer kerating4;-g-PEG and kerating 97-g-PEG,
the maximum fluorescence intensity was reached after 24 h and 36 h at the GSH concentration of 10
mM (Figure S5b and S5c¢), respectively. The intensity of DOX released under 10 uM GSH was much
weaker than that at 10 mM GSH at the same time intervals. It can be concluded that the release rate

is dependent on the GSH concentration in the PBS.
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Figure SS. Fluorescence intensity of DOX released from the DOX-loaded nanoparticles.

References

1. Reichl, S. Biomaterials 2009, 30, 6854-6866.

2. Yamauchi, K.; Yamauchi, A.; Kusunoki, T.; Kohda, A.; Konishi, Y. Journal of Biomedical
Materials Research 1996, 31, 439-444.

3. Vasconcelos, A.; Freddi, G.; Cavaco-Paulo, A. Biomacromolecules 2008, 9, 1299-1305.

4. Hill, P.; Brantley, H.; Van Dyke, M. Biomaterials 31, 585-593.

5. Zoccola, M.; Aluigi, A.; Tonin, C. Journal of Molecular Structure 2009, 938, 35-40.

6. Wu, Y.; Li, M. J.; Gao, H. X. Journal of Polymer Research 2009, 16, 11-18.

7. Convertine, A. J.; Diab, C.; Prieve, M.; Paschal, A.; Hoffman, A. S.; Johnson, P. H.; Stayton, P.
S. Biomacromolecules 11, 2904-2911.

8. Wilhelm, M.; Zhao, C. L.; Wang, Y. C.; Xu, R. L.; Winnik, M. A.; Mura, J. L.; Riess, G.;
Croucher, M. D. Macromolecules 1991, 24, 1033-1040.

9. Kim, C.; Lee, S. C.; Shin, J. H.; Kwon, I. C.; Jeong, S. Y. Macromolecules 2000, 33,
7448-7452.

10. Lee, S. C.; Chang, Y. K.; Yoon, J. S.; Kim, C. H.; Kwon, I. C.; Kim, Y. H.; Jeong, S. Y.
Macromolecules 1999, 32, 1847-1852.




<<
  /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


