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Materials and Methods
Design, Fabrication and Packaging

The microfluidic circuits contained two inlet channels to converge cell and ligand streams at a 25-um-wide and
200-um-long stream thinning elements (STE), with expansion at 120° to form a 500-um-wide incubation
channel for 20-fold amplification of the initial displacement. A single operation velocity was considered,
necessitating different incubation channel lengths (e.g. 0.84 mm for a 100 ms incubation and 4.2 mm for a 500
ms incubation). With the current STE and channel expansion dimensions, the shortest incubation time is 42 ms.
The incubation channels terminated with bifurcation, conjoining with two mirrored STEs, again 25-um-wide
and 200-um-long, for reaction arrest and delivery to the outlet ports.

The microfluidic switch system was replicated in poly(dimethyl siloxane) (PDMS, Sylgard 184, Dow
Corning) from a 60-um-high SU-8 master fabricated by standard photolithographic methods. Inlet and outlet
ports were produced using a 1-mm-diameter biopsy punch (Kia Medical), with plug and play interconnection
involving a 2 cm length of steel tubing (from a 18G needle, Terumo Medical Corporation) interfaced with PFA
tubing (OD 1/16”) for connection to syringe pumps (e.g. neMESYS, Centoni GmbH). To encapsulate the
microchannels a thin (<200 um) PDMS layer was prepared on a glass coverslip support as previously
described.' For vertical focussing a lift channel, also 60 um in depth, was replicated in this basal PDMS layer.
Both PDMS layers were plasma bonded using a 0.2 mbar oxygen atmosphere treatment for 45 s (70 W, 40 kHz
(Femto, Diener Electronic, Germany)). The plasma-activated PDMS microchannels were derivatised with poly-
L-lysine-g-polyethylene glycol, PLL-g-PEG (100 pg/mL), a protein and cell repellent material necessary to
prevent clogging within the STEs.”

Cell Preparation and Imaging

Human epithelial carcinoma cells, HeLa S3, were purchased from DSMZ (Germany) and cultured in Dulbecco’s
modified Eagle media (DMEM) supplemented with 10% (v/v) foetal bovine serum (PAA Germany), and 1%
(v/v) penicillin and streptomycin (Sarstedt AG & Co., Germany). Cells were cultured at 37°C in a humidified
atmosphere with 5% CO,, and harvested as a single cell suspension using a cell scraper (Sarstedt Inc, USA). For
stimulation experiments, a single cell suspension was prepared in serum-free media supplemented with 25 mM
HEPES to provide a 5% CO,;equivalent environment. Cells were stimulated with 100 ng/mL human epidermal
growth factor-1 (EGF, Sigma, Germany). A <I x 10%mL cell suspension and serum-free media containing EGF
were delivered at a respective flow ratio of 1:7 using a parallel drive syringe pump system (neMESY'S, Centoni
GmbH). Different devices, with different incubation channel lengths, were used for stimulating the HeLa cells
for different incubation periods, followed by reaction arrest in 4% paraformaldehyde (SAV, Liquid Production,
Germany) by merging the stimulated cell stream with the paraformaldehyde flow at the second STE (1:7 flow
ratio). Cell, ligand and quenching reagents were maintained at 37°C using a custom thermoelectric Peltier

control system (Newport Corporation, Irvine, USA) Negative controls were combined, on chip, with serum-free
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media. Positive controls were treated with 100 ng/mL EGF in a Petri dish for 5 minutes, followed by reaction
arrest with paraformaldehyde.

An inverted microscope (IX71, Olympus, Germany) was used to film cell transport through the
microfluidic switch system. Rapid (~100 mm/s) cell transport through the STE was recorded using a high-speed
camera MotionBLITZ EoSens® mini2 (Mikrotron GmbH, Germany) with object triggering for 10,000 frames
per second capture (10 ps exposure). For immunofluorescent staining, ~25 UL droplets containing cells were
directly collected onto a poly-L-lysine-coated glass coverslip from the outlet tubing. These were incubated at
37°C for 10 minutes. The electrostatically-tethered cells were then washed once with 200 puL of cold (4°C)
Staining Buffer (Becton Dickinson). The cell samples were then cooled in pre-chilled (-20°C) Permeabilization
Buffer (Perm III, BD) and incubated on ice for 90 minutes. Samples were then washed twice with Staining
Buffer (BD) at room temperature. Samples were incubated overnight at 4°C with rabbit IgG primary antibody
for pY1173 (Cell Signaling, USA) followed by five washes in Staining Buffer. A Cy3-conjugated anti-rabbit
IgG secondary antibody (Dionova, Germany) was used to label the pY 1173 primary antibody for 3 hours at
room temperature, with a final 5-fold wash in Staining Buffer. Fluorescently-labelled pY 1173 was measured
using an Olympus FV-1000 laser scanning confocal system, mounted on an Olympus IX-81 inverted
microscope (Germany). A 50 mW diode pumped solid state laser (DPSS) was used for 561 nm excitation using
a UPLSAPO 60%/1.35 oil immersion LSM objective (Olympus). Fluorescent emission at 567 nm was detected
by single plane imaging in free-run mode with a 2.0 ps/pixel scan speed. The area mean grey values for each

single cell were plotted along with population-averaged time-dependent pY 1173 signals.

Videos

Video 1. Macroscopic mixing using a magnetically-actuated stirring element. Simulation of the methodology
described by Moehren er al.* Reagent homogenization requires ~1 s.

Video 2. Continuous-flow single cell pinched flow deflection into a dye doped laminar stream. The transport
velocity in the STE is ~100 mm/s. The frame rate has been reduced 10-fold.
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ESI, Fig. 1. Replicate pY 1173 transition data (for comparison see Fig. 3(B) and Fig. 4 of the main article).
Single cell pY 1173 signalling data obtained from preliminary microfluidic quenched-flow EGF stimulation
experiments (left). Population-averaged data describing the general kinetics of pY 1173 signalling (right).
Absence of data for >2 s to 5 s EGF incubations prevents the diffusion-limited kinetics of EGFR dimerization
being captured (top). Lengthy sample storage (3—5 days) prior to cell imaging resulted in reduced signal levels
and greater signal heterogeneity within the cell populations (bottom).




<<
  /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


