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Plastic tubes were then inserted into the channel to define the inlet and outlet of the channel. The 
connections between tubes and channel were sealed with PDMS gel and cured rapidly at 150 ºC. 
 
Cell Culture Conditions 

For the initial depositions, Escherichia coli cells were cultured overnight in LB medium 
supplemented with 50 µg/mL ampicillin at 37ºC while shaking at 250 rpm. Overnight cultures 
were inoculated 1:50 into fresh LB and grown to an OD600 of 0.4 before being mixed with an 
alginate solution. 

HCT-8 cells were cultured in RPMI1640 medium (ATCC) with 10% (vol/vol) horse serum 
(ATCC) at 37ºC in the presence of 5% CO2 humidified air, according to ATCC specifications, 
resuspended in DPBS (Invitrogen), and stained with 2 µM calcein-AM (Invitrogen) for 1 hour. 
Excess dye was removed by centrifuging and resuspending in DPBS (Gibco) before mixing with 
alginate. 

For continuous monitoring of cell growth and behavior, transformed E. coli were cultured in 
LB medium supplemented with 50 µg/mL ampicillin and 10 µM CaCl2 at a constant volumetric 
flow rate of 2.5 µL/min in a humidified incubator maintained at 37ºC. The devices were removed 
from the incubator and the media flow was stopped only for the time necessary to image the 
cells. 
 
Electrodeposition Conditions 

The electrodeposition conditions directly impact the hydrogel characteristics. The initial 
deposition time for the bilayer is critical for ensuring adhesion of the hydrogel to the electrode 
surface. We found that for initial deposition times less than 30 seconds at a constant current 
density of 10 A/m2, the hydrogels would delaminate under flow while culturing cells. 30 seconds 
of deposition was enough to create a first layer with enough CaCO3 to gel a substantial second 
layer, nearly 600 µm thick during the 3V deposition. Increasing the deposition voltage above 3V 
for the second layer results in the formation of bubbles at the electrode surface due to electrolysis 
of water; this weakens the hydrogel adhesion to the electrode surface. Our empirical results 
indicate that the given deposition conditions provide a good balance between creating a first 
layer thin enough to maximize the amount of cells that can be entrapped within the second layer 
while still retaining enough CaCO3 to gel the thick second layer. While we did not systematically 
investigate the deposition conditions in this work, we have previously demonstrated that both the 
electrodeposition current density and CaCO3 concentration impact the resulting dimensions of 
the hydrogel (Cheng, 2011). 
 
Optical and Fluorescence Microscopy 

The microscope objective was located right above the device and was focused on the anode 
surface in the channel. The optical micrographs were obtained with transmitted light coming 
from the bottom through the transparent PDMS layers. For fluorescence imaging, the FITC filter 
set was used for the fluorescein-labeled microspheres and the TRITC filter set was used for the 
E. coli expressing DsRed. ImageJ was to analyze both the bright field and fluorescence images. 
 
Confocal Fluorescence Microscopy and Analysis 

A 10× air objective was used for the confocal stack acquisition of Figure 2 in the manuscript. 
A 40× oil immersion objective was used for confocal stack acquisition of Figure 5 in the 
manuscript. Figure S2 shows the maximum intensities of the hydrogels created using a single 
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layer of 1% alginate, 0.5% CaCO3 particles with fluorescent microspheres (S2a) and the bilayer 
method described in this Technical Innovation (S2b). ImageJ was used for the analysis of 
fluorescence described in the main text. Each reconstructed confocal stack was converted to a 
32-bit grayscale image, and the depth of the hydrogels was divided into 100 µm segments. The 
average grayscale pixel intensity was determined for each of the segments of each gel. The 
average grayscale pixel intensity of each of the four gels at each 100 µm depth increment was 
averaged to produce Figure 3 in the manuscript. 
 
Optical Density (OD) Calculation 

An optical density for the cells in the alginate hydrogels was calculated using ImageJ version 
1.47c image analysis software. The same four hydrogels were measured for each time point. The 
region of the gel containing cells was outlined using the polygon selection tool and the grayscale 
intensity was measured. A blank was created by averaging measurements from 10 images of 
alginate hydrogels without cells. The optical density was calculated using the following 
equation: ܱܦ =	 ଵ଴ሺ255݃݋݈ − ሻ݈݁݌݉ܽݏ − ݋݈ ଵ݃଴ሺ255 − ܾ݈ܽ݊݇ሻ 
A value of 255 is the maximum white value for a pixel, representing a complete transmission of 
light. Subtracting the grayscale value from 255 gives a measure of absorbance. Since the OD600 
is an absorbance measurement relative to the absorbance of the blank expressed in a logarithmic 
fashion, the difference of the log value of the hydrogel to the log value of the blank gives a value 
equivalent to the optical density for a given light source. Using this method allows researchers to 
track cell growth without needing to place the device in a spectrophotometer, which has its own 
associated set of complications. One drawback to this method relative to the OD600 is that for a 
given OD600, the approximate cell density (number of cells per unit volume) is known. For this 
method, more extensive work would be required to determine this value and whether it is stable 
across different light sources. 
 Using this method of image analysis, the apparent variability in the hydrogels containing 
cells decreases over time. This is because a given volume of calcium alginate hydrogel can 
support only so many bacteria. As the cells grow and approach this upper limit, the optical image 
becomes uniformly dark, and the fluorescence image becomes uniformly bright. As each gel is 
measured and averaged, the initial, random differences in population density and protein 
expression are averaged out, and the variability decreases. There is little variability in the 
fluorescence image of alginate gels without cells, and this is solely due to system noise. The 
variability in the optical image of the alginate gels without cells arises from small inclusions of 
CaCO3 particles in parts of one or two of the gels, but is relatively consistent over time, 
indicating that the increase in calculated optical density arises solely from the presence and 
growth of cells in the alginate hydrogel. 
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Figure S2. Maximum intensity images constructed from confocal stacks. a) Maximum intensities of the 
alginate hydrogels created with 1% alginate and 0.5% CaCO3 particles dispersed throughout the 
hydrogels. The CaCO3 particles block light from the fluorescent microspheres in the hydrogel below. The 
outline of the hydrogel can be seen faintly, and the first gel is roughly outlined by the dashed white lines. 
b) Maximum intensities of the alginate created with a 1% alginate and 0.5% CaCO3 particle first layer and 
a clear 1% alginate second layer. The first layer, devoid of fluorescent microspheres, can be seen as a 
dark region at the left edge of the images. The edges of the first gel have been outlined by dashed white 
lines. In all cases, the anode is located on the left hand side of each image. 
 

Electronic Supplementary Material (ESI) for Lab on a Chip
This journal is © The Royal Society of Chemistry 2013



Figure S
cumulati
previous
microsco
compone
entrappe
 
Referen
Y. Chen
5677-56

S3. Compari
ive fluoresce
s value, givin
opy. This fig
ents at all dep
ed in calcium

nces 
ng, X. Luo, 
684. 

ison of the c
ence was me
ng a measure
gure indicate
pths, leading

m alginate hyd

J. Betz, G. 

cumulative f
easured for e
e of the tota
s that the cle

g to a more ac
drogels in mi

F. Payne, W

fluorescence 
each 100 µm

al amount of 
ear bilayer g
ccurate and p
icrofluidic de

W. E. Bentle

in the single
m of depth o
f fluorescence
gels allow ob
possibly quan
evices. 

ey and G. W

e layer and 
of each hydr
e observed b
bservation an
ntitative appr

W. Rubloff, 

clear bilayer
rogel and ad
by confocal 
nd analysis o
roach to obse

Soft Matter

 
r gels. The 
dded to the 
fluorescent 

of hydrogel 
erving cells 

r, 2011, 7, 

Electronic Supplementary Material (ESI) for Lab on a Chip
This journal is © The Royal Society of Chemistry 2013



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /PageByPage
  /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
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends false
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /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 true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 200
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 1.30
    /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 true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 1.30
    /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 true
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth 4
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /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

  /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 <>
    /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 [200 200]
  /PageSize [595.276 841.890]
>> setpagedevice


