Supplementary Figure 1: Formation of virtual microwells. Video sequence from

Supplementary Movie 1 (frames 1-8) illustrating the formation of eight virtual microwells by
passive dispensing, a surface tension-driven phenomenon in which a sub-droplet is dispensed on
a hydrophilic site when a source droplet is translated across the site. Red arrows indicate the

direction each droplet is moving. Scale bars, 2 mm.
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Supplementary Figure 2: Reagent exchange by passive dispensing. (a) Video sequence (frames
1-5) from Supplementary Movie 2 illustrating reagent delivery and solution exchange on four
virtual microwells (VMs) by passive dispensing. The initial solution in the are is transparent;
blue dye was added to the displacing solution for visualization. Red arrows indicate the direction
each droplet is moving. Scale bars, 2 mm. (b) Video sequence (frames 1-6) depicting passive
dispensing of two successive 1.8 uL droplets to a virtual microwell. Red and blue arrows

indicate the directions that the first reagent and second reagent droplets are moving, respectively.

Scale bars, 2 mm.
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Supplementary Figure 3: Automated image analysis procedure. The gray-scale picture (left) is
a representative cropped region of a virtual microwell (250 pixel diameter) from a raw
microarray scan. Each pixel is 5 x 5um, corresponding to the scanner resolution. A custom

routine was written in CellProfiler (http://www.cellprofiler.org/) to find the cell borders (middle),

and to identify the single-cell regions of interest (right).
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Supplementary Figure 4: Brightfield microscopy (top) and microarray scans (bottom) of NIH
3T3 fibroblasts seeded at various densities on DISC devices. In the top images, it is apparent that
cells are adhered to the transparent top plate; DMF driving electrodes (with sinusoidal gaps

between them) can be seen on the bottom plate. Scale bars, 100 pm (top) and 200 pum (bottom).
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Supplementary Figure 5: Signal-to-background characterization of stained cells. (a) Microarray
scans of virtual microwells bearing cells stained for GAPDH (1° antibody for GAPDH and 2°
antibody), cells stained with 2° antibody only (2° Ab), cells that were not stained (no Ab), and no
cells. (b) Bar graph of GAPDH staining and control (2° antibody only) showing the signal-to-
background ratio (averaged across each virtual microwell) of the optimized DISC protocol. Error

bars are +/- 1 S.D. from at least 5 technical replicates.
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Supplementary Figure 6: Dose-response plots of PDGFR Y1021 phosphorylation 2 min after
stimulation. Data are expressed as fold changes relative to the response of cells exposed to a
droplet containing only serum-free DMEM (i.e., no stimulation). The ‘Average’ plots (left) are
average response +/- S.E.M. from an average of all of the cells in 3-4 virtual microwells
performed on different days. Representative ‘Histograms’ (middle) and single cell *Scatter plots’
(right) with population mean +/- 1 S.D. (representing a total of 371-627 cells per condition)
reveal the effect of PDGF-BB dosage on cell population distribution. Histogram distributions

were offset vertically for comparison.
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Supplementary Figure 7: PDGF receptor phosphorylation cooperativity. Data from Figure
3b/left panel (main text) and Supplementary Figure 6, left panel was fit to equation 1 in the
main text (solid curve) for PDGFR Y857 (a) and PDGFR Y1021 (b) with indicated Hill
coefficient (n), half-maximum phosphorylation concencentration in ng mL™ (K), and goodness

of fit of non-linear regression (R?). Error bars are +/- 1 S.E.M. from 3 different day replicates.
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Supplementary Figure 8: Effects of droplet movement on cell signaling. Scatter plot of Akt
S473 phosphorylation in NIH 3T3 cells 5 min after stimulation by 3.125 ng mL™* PDGF-BB (pos
ctrl), 0 ng mL™ PDGF-BB (neg ctrl), and 0 ng mL™* PDGF-BB with continuous back-and-forth
droplet movement (comprising ~75 passes) over the cells for 5 minutes (cont. movement). Data
are expressed as fold changes relative to neg ctrl. Error bars represent population mean +/- 1

S.D., representing a total of 938-1055 cells per condition from 8-12 virtual microwells performed

on different days.
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Supplementary Figure 9: Time-resolved DISC results for Akt phosphorylation in breast cancer
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cell lines stimulated by PDGF-BB. (a) Plot showing average Akt S473 phosphorylation status in

MCF-7 and MDA-MB231 cell lines stimulated for 0-7 min with 50 ng mL™ of PDGF-BB. Error

bars are +/- S.E.M. from an average of all of the cells in 3 virtual microwells performed on

different days; **p<0.01, ***p<0.001. Data were considered statistically significant at p<0.05.

Corresponding single-cell scatter plots for MCF-7 (b) and MDA-MB-231 (c) cell lines. The

percentage of hyperactive cells are indicated above each group of scatter data. Error bars are

population mean +/- S.D. and scatter plots were generated from at least 3 different day replicates

(representing a total of 271-2219 cells per condition).

Supplementary Information




Outlier plot: MCF-7 stimulation for various durations
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Supplementary Figure 10: Outlier box plots of time-resolved Akt phosphorylation in MCF-7
cells after stimulation with 50 ng mL™ of PDGF-BB for 0-7 min. The box represents the inter-
quartile range (IQR, 75.0% quartile minus the 25.0% quartile) and the errors bars (whiskers)

represent + or - 1.5xIQR from the 3" or 1 quartile, respectively. Cells with responses greater

than 75.0% quartile plus 1.5%IQR were considered hyperactive responders.
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Outlier plot: MDA-MB-231 stimulation for various durations
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Supplementary Figure 11: Outlier box-plots of time-resolved Akt phosphorylation in MDA-
MB-231 cells after stimulation with 50 ng mL™* PDGF-BB for 0-7 min. The box represents the
inter-quartile range (IQR, 3" quartile minus the 1% quartile) and the errors bars (whiskers)

represent + or - 1.5xIQR from the 3% or 1% quartile, respectively. Cells with responses greater

than 75.0% quartile plus 1.5xIQR were considered hyperactive responders.
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Supplementary Figure 12: 2D profile heat maps (left; red = high population and blue = low
population) and single-cell scatter plots (right) comparing normal and hyperactive populations of
MDA-MB-231 by area (a) and perimeter (b). The red vertical line represents the threshold for
hyperactive activation (3 quartile + 1.5xIQR). Error bars are population mean +/- S.D. and
scatter plots were generated from at least 3 different day replicates (representing a total of 946-

2219 cells per condition). Data were considered statistically significant at p<0.05.
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Supplementary Figure 13: 2D profile heat maps (left; red = high population and blue = low
population) and single-cell scatter plots (right) comparing normal and hyperactive populations of
MDA-MB-231 by eccentricity (a) and form factor (b). The red vertical line represents the
threshold for hyperactive activation (3" quartile + 1.5xIQR). The grey cartoons indicate the
trend in shape-change. Error bars are population mean +/- S.D. and scatter plots were generated
from at least 3 different day replicates (representing a total of 946-2219 cells per condition);

***n<0.001. Data were considered statistically significant at p<0.05.
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Supplementary Figure 14: 2D profile heat maps (left; red = high population and blue = low
population) and single-cell scatter plots (right) comparing normal and hyperactive populations of
MDA-MB-231 by distance of closest neighbour (a), and number of neighbours within 125 um
(b). The red vertical line represents the threshold for hyperactive activation (3" quartile +
1.5%1QR). Error bars are population mean +/- S.D. and scatter plots were generated from at least

3 different day replicates (representing a total of 946-2219 cells per condition); ***p<0.001.

Data were considered statistically significant at p<0.05.
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Supplementary Figure 15: Contour plots of Akt phosphorylation in MDA-MB-231 cells as a

y position

phosphorylation (fold change)

X position

function of position in a virtual microwell after stimulation with 50 ng mL* PDGE-BB for 0, 3,
5, or 7 min. Each tick in the axis represents 100 um in the virtual microwell. Contour plots were
generated from at least 3 different day replicates, representing a total of 946-1634 cells per

condition.
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Supplementary Figure 16: Plot showing PDGFR Y857 phosphorylation in NIH-3T3 cells
stimulated for 0-7 min with 3.125 ng mL™* PDGF-BB in the presence (inh+, circles) or absence
(inh-, squares) of phosphatase inhibitor sodium orthovanadate (10 mM). Data in plot are average
fold changes with respect to zero (no stimulation) +/- S.E.M. from at least 4-5 virtual microwells
performed on different days, representing 592-1280 cells per condition. Inhibitor did not cause a

significant difference (p = 0.1163, two-way ANOVA) in cell signaling.

Supplementary Information



80

60-‘0 p
Y SN

3 min

40-
5 min

PN

7 min

% of Cells

0 T T T
04 0.6 0.8 1.0

Eccentricity
Supplementary Figure 17: Histograms of eccentricity in MDA-MB-231 cells after stimulation
with 50 ng mL™ PDGF-BB for 0, 3, 5, or 7 min. Histogram distributions were generated from at

least 3 different day replicates (representing a total of 946-1634 cells per condition), and were

offset vertically for comparison.
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Supplementary Figure 18: Example data analysis for Akt phosphorylation of MDA-MB-231
cells after 0 or 7 min stimulation with 50 ng mL™ PDGF-BB. (a) Different day single-cell scatter
plots of fluorescent intensity from Cy3 channel (p-Akt S473). (b) Different day single-cell
scatter plots of fluorescent intensity from Cy3 channel relative to Cy5 channel (p-Akt S473/pan-
Akt). (c) Different day single-cell scatter plots of p-Akt S473/pan-Akt normalized to average of
non-stimulated control. (d) Combined single-cell scatter plots from different days. Error bars on
different day scatter plots represent population mean +/- S.D. from 217-391 cells. Errors bars on

combined scatter plots represent population mean +/- S.D. from 946-989 cells.

Supplementary Note 1: Estimation of shear stress on cells
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The wall shear stress on cells adhered in a virtual microwell was estimated by equation S1,

adapted from Nauman et al. Annals of Biomedical Engineering 27, 194-199 (1999):

UV

Twan = T (Sl)

where 7y is wall shear stress, u is viscosity coefficient of the liquid, v is the average velocity
of the droplet, and h is the gap height of the device. Assuming DI water at 25°C is used (u =
0.894x10°° Pa s), a droplet takes ~3 seconds to perform passive dispensing (from merge to split)
on a 1.75 mm diameter spot (v = 1.75 mm s™), and gap height of 180 um, then 7y = ~0.52

dynes cm™.
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