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Experimental 

Preparing protein-incorporated hydrogel. For preparing protein-incorporated hydrogel, 6.22 

g of acrylamide, 780 mg of alginate, 3.76 mg N,N’-methylenebisacrylamide, and a given amount 

of protein were dissolved in 28 mL of deionized water. 50 mg of ammonium persulphate (in 5 mL 

deionized water), 20 μL of N, N, N’, N’-tetramethylethylenediamine and 45 mg of CaSO4 slurry 

(in 10 mL deionized water) were sequentially added to above solution. The mixture was then 

poured into an acrylic mould measuring 100 × 100 × 3 mm3 covering with a glass plate, followed 

by polymerization at 30 oC for 20 h.  

Staining protein gels with Coomassie blue. The protein-incorporated hydrogel cylinder was 

incubated in a solution of 40% methanol / 10% acetic acid / 0.1% Coomassie Brilliant Blue R-250 

for 24 h, followed by washing with a solution composed of 10% methanol / 10% acetic acid / 80% 

distilled water over 24 h until the solution became colorless. Finally the cylinder was washed with 

100 mM calcium chloride solution for 48 h.  

Determination of the enzymatic activity. For HRP, 10 mg of o-phenylenediamine and 5 mL of 

30% H2O2 solution were dissolved in 95 mL of citric acid buffer (pH 5.5). A piece of 

HRP-incorporated hydrogel (cut into square of 3 cm × 3 cm) was stretched to different sizes and 

immersed in 100 mL of the substrate buffer at room temperature. The increase in the absorbance 

at 450 nm was determined in 5 min using a UV/Vis spectrophotometer (Shimadzu UV2550). For 
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CALB, the assay was referred to the standard method1 as follows: 34.8 μL of p-nitrophenyl 

butyrate (PNPB) was dissolved in 1 mL of acetonitrile, and then added to 99 mL of phosphate 

buffer (50 mM, pH 7.2). A piece of CALB-incorporated hydrogel (3 cm × 3 cm) was stretched to 

different dimensions and immersed in the substrate solution. The increase of the absorbance at 400 

nm was measured in 5 min. For the stability, the enzyme-incorporated hydrogel was cut into same 

pieces and stored at room temperature by packaging them in individual plastic wraps. For the 

measurement, one piece of gel was immersed in solution and compared the activity with free 

enzyme incubated in solution. 

Scanning electron microscopy. A piece of hydrogel (3 cm × 3 cm) was stretched to different 

sizes and then immediately frozen in liquid nitrogen, followed by vacuum freeze drying. The dry 

gels were broke off to make fresh fracture sections for SEM (FEI Quanta 200F).  

Laser scanning confocal microscopy. Fluorescence images of the hydrogels were taken on a 

Zeiss LSM-710 NLO laser scanning confocal system equipped with EC Plan-Neofluar 20×/0.5 

M27, 40×/1.30 oil DIC M27 objectives. Samples to be tested were supported on thin glass slide 

for observation by exciting at 488 nm. The microscope was operated under “linear mode”, the 

laser intensity was fixed at 30% and the master gain value was fixed at 800. 
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Fig. S1. Confocal images of hydrogels. a) unstretched hydrogel without protein; b) hydrogel 
stretched to 16 times larger than its original state without protein; c) unstretched GFP incorporated 
hydrogel (0.1 mg GFP/hydrogel), the mean intensity is measured as 30.1 ; d) GFP incorporated 
hydrogel (0.1 mg GFP/hydrogel) stretched to 16 times larger than its original state, the mean 
intensity is measured as 33.2.  
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Fig. S2. Z-scanning of FITC-labeled HRP incorporated hydrogels (scanning depth is 60 μm, 
10 μm /step). The green areas in these images show a uniform dispersion of fluorescent molecules 
inside the hydrogel.  
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Fig. S3 SEM images of the hydrogel. a)-c) Original hydrogel. d)-f), Hydrogel stretched from 9 
cm2 to 49 cm2. g)-i) Hydrogel stretched from 9 cm2 to 144 cm2. 

The freeze-dried gels were directly observed under scanning electron microscopy (SEM) (Fig. 3S) 
to examine the change of the microstructure upon stretching. Randomly distributed micro-pores 
were found within the initial hydrogel (Fig.3S a-c). Once stretched, the gel morphological 
structure was altered by the mechanical force, showing a layer-cake like directional extension (Fig. 
3S d and g). Notably, in Fig. 3g, the thickness of the 16-fold stretched hydrogel was measured as 
210 μm, very close to the theoretical value (3000/16=187.5 μm), indicating that the total gel 
volume remained unchanged when stretched. As the hydrogel is stretched larger, smaller pores and 
channels appear in the inner microstructure, as shown in Fig. 3S-i. The pores were measured as 
tens to hundreds of nanometers. This is advantageous for the entrapment of the protein molecules 
inside the stretched hydrogel. 
 
 
1. T. Tsujita, H. Ninomiya, H. Okuda, J. Lipid. Res. 1989, 30, 997-1004. 

Electronic Supplementary Material (ESI) for Chemical Communications
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

  /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 (None)

  /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 <>

    /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



