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Synthesis of NPCS

CS (viscosity ~ 36 mPa-s, 0.5% in 0.5% acetic acid at 20°C, MW ~ 500 kDa) with a

degree of deacetylation of approximately 85% was used in the study. NPCS polymers with
different degrees of substitution were prepared via manipulating the ratios of reactants used.
The degrees of substitution on NPCS were determined by the ninhydrin assay' and the
potassium polyvinylsulfate (PVSK) titration method” (see Table S1). A mixture of CS (1 g)
and aqueous acetic acid (50 ml, 1% w/v) was stirred for 24 h to ensure total solubility. The
pH was adjusted to 6.0 by slow addition of 1N NaOH and the final volume of CS solution was

100 ml. A solution of palmitic acid N-hydroxysuccinimide ester (0.1, 0.2, 0.3 or 0.4 g) in

absolute ethanol was added drop-wise to the CS solution at 98°C and reacted for 36 h.

Subsequently, the prepared solution was cooled at room temperature, added acetone and
precipitated by adjusting its pH value to 9.0. The precipitate (NPCS) was then filtered,
washed with an excess of acetone and air-dried. The synthesized NPCS was analyzed by
'H-NMR (Varian Unity Inova 500, USA) and FT-IR (Perkin Elmer, USA) (see Fig. S2 and

Fig. S3).
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Figure S1. Schematic illustration of the synthesis of N-palmitoyl chitosan (NPCS).
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Table S1. Degrees of substitution of N-palmitoyl chitosan (NPCS) determined by the

ninhydrin assay and the potassium polyvinylsulfate (PVSK) titration method (n = 5). CS:

chitosan; PNS: palmitic acid N-hydroxysuccinimide ester.

Feed Ratio Degree of Substitution (%)
Samples
CS (g) PNS (g) Ninhydrin Assay PVSK Titration
NPCS-5% 1.0 0.1 2.11£0.2 5310.1
NPCS-10% 1.0 0.2 10.2+0.1 12.7£0.1
NPCS-15% 1.0 0.3 15.1+£0.2 17.0+0.0
NPCS-20% 1.0 0.4 20.5+£0.2 20.7+0.0
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Figure S2. '"H-NMR of N-palmitoyl chitosan (NPCS) and chitosan (CS).
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Figure S3
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Figure S3. FT-IR of N-palmitoyl chitosan (NPCS) and chitosan (CS).

Rheology Study

Rheology experiments were performed at 25°C (Haake RS 600 rheometer, USA),

equipped with either a cone-plate (35 mm plate diameter and 2° cone angel) or a parallel plate

geometry (20 mm plate diameter). The viscosity reported here was taken from the value in
the Newtonian plateau when it existed or at the lowest accessible shear rate. The gel
strength at different pH values was monitored via frequency sweep measurements at a fixed
strain amplitude of 1% (linear viscoelastic region) to measure the hydrogel elastic (G”) and
viscous (G”’) moduli. Dynamic frequency spectra were obtained in the linear viscoelastic
regime of the samples, as determined by dynamic strain sweep experiments. The influence

of temperature on G’ and G was investigated via temperature sweep measurements over a

temperature range of 4°C—50°C at a ramp rate of 0.038°C/s and an oscillatory strain amplitude

of 1% and a frequency of 0.1 Hz.
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Figure S4
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Figure S4. Dynamic frequency sweeps of NPCS-15% as a function of pH (corresponding to

Fig. 3a in the main text).
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Figure SS. Dynamic temperature sweeps of NPCS-15% (1% w/v, pH 6.5) at an oscillatory

strain amplitude of 1% and a frequency of 0.1 Hz.
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SAXS

The SAXS experiments were performed using the BL17B3 beamline at the National
Synchrotron Radiation Research Center (NSRRC), Hsinchu, Taiwan. The energy of beam
source was 8 keV and its corresponding wavelength was 1.55 A. The scattering intensity
was collected using a two-dimensional MarCCD detector with 512 x 512 pixel resolution.
The sample-to-detector distance was 1734.9 mm. The intensity profile was output as the
plot of the scattering intensity (I) vs. the scattering vector, q = (4n/A)sin(6/2) (6 = scattering

angle). The SAXS profiles were corrected for the absorption, the air scattering, and the

background arising from thermal diffused scattering.

Modeling of SAXS Profiles
The SAXS profile of aqueous NPCS-15% at pH 3.0 was fitted quantitatively by the
following scattering function for a fractal object composing of cylindrical building blocks.

I(q) ~ S(q9)P(q)

S(q) is the structure factor given by

Dexp[I(D~Dsin(D~Dtan”'(g¢)
(qR)"[1+(¢¢)™? (e

S(g)=1+ (S1)

where D is the fractal dimension; & is the correlation length that can be used as a measure for
the size of the fractal network aggregate and R, is the effective radius of the building block.
P(q) is the form factor of randomly oriented cylinders (with the radius and length of R and L,

respectively) given by
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The fitted result is displayed by the solid curve in Fig. 4a in the main text. The numerical

values of the parameters obtained from the fitting were R = 0.48+0.22 nm; L = 2.81+0.05
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nm; D =2.60+0.003; £ =24.70+ 0.38 nm; Rc=2.72+0.13 nm.

In Vivo Hydrogel Formation

Animal care and use was performed in compliance with the "Guide for the Care and Use
of Laboratory Animals" prepared by the Institute of Laboratory Animal Resources, National
Research Council, and published by the National Academy Press, revised in 1996 and
approved by the institutional review board (IRB, National Tsing Hua University, Hsinchu,
Taiwan). Balb/C mice (male, 10-12 weeks old) were used in the study. Mice were
anesthetized using pentobarbital prior to experiment. After shaving and disinfection, 500 pl
of the sterilized aqueous NPCS-15% (1% w/v, pH 6.5) was injected subcutaneously. After
30 min, mice were sacrificed and the hydrogel and surrounding tissue were isolated and

photographed.

References

1 E. Curotto, F. Aros, Anal. Biochem. 1993, 211, 240.
2 K. Toei, T. Kohara, Anal. Chim. Acta 1976, 83, 59.
3 J. Teixeira, J. Appl. Cryst. 1988, 21, 781.

4 R.S. Justice, D. H. Wang, L. S. Tan, D. W. Schaefer, J. Appl. Cryst. 2007, 40, s88.




<<
  /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


