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Supplementary Information

Supplementary Figures

Figure S1. Microfluidic control of pulsed GF/drug delivery.

(A) Scheme of microfluidic setup. The microfluidic device consists of a control
part with different inlets connected via resistances to a cell chamber and
finally to a sink. A computer-controlled pressure pump facilitates medium
exchanges at low flow rates.

(B) A fluorescently-labeled 10 kDa dextran was co-imaged in every
experiment as a marker for fidelity of growth factor/ drug pulse delivery. A
representative kymograph and micrograph are shown as examples for
visualization of the growth factor/ drug pulse.

(C, D) Effects of flow on edge dynamics. (C) Representative micrographs of
F-actin signals (visualized using Lifeact-mCherry) in presence (top panels) or
absence (bottom panels) of PDGF stimulation. Top box represents
fluorescently-labeled dextran. (D) Kymographs of F-actin (Lifeact) and
fluorescently-labeled 10 kDa dextran signal corresponding to cells in (C).
Kymographs follow black line drawn in micrographs of (C). Red outline marks
dextran pulses with and without PDGF, respectively. Note lack of membrane
protrusion in absence of PDGF stimulation.

Scale bars: (B - D) 50 ym

Figure S2. PDGF + Y-27632 pulse-induced edge/ F-actin and adhesion
dynamics.

(A) Quantification of edge dynamics upon PDGF + Y-27632 stimulation. The
ADAPT Image J plugin ' was used to extract edge dynamics and velocities
using the Lifeact-mCherry signal.

Left panel: cell outlines display color-coded protrusion/ retraction velocities
(Time scale: hours:minutes). Right panel: velocity maps along the entire cell
edge at normalized positions. Black dashed contours indicate specific cell
outlines shown in the left panel. Color-code according to the scale bar.



(B) Cell area dynamics in response to PDGF/ Y-27632/ PDGF + Y-27632.
Cell area was measured using ADAPT, and normalized to t = 0’. Average
area = s.e.m (n=10 cells).

(C) AQuantification of F-actin fluctuations. Whole cell Lifeact-mCherry
fluorescence intensity was averaged in response to a PDGF/ Y-27632/ PDGF
+Y-27632 pulse. (n = 5 cells)

(D) F-actin dynamics during protrusion/ retraction in response to PDGF + Y-
27632. F-actin signals are color-coded for signal intensity or shown in inverted
black and white (ibw) contrast.

Left panel: F-actin signal (color-coded) of representative whole cells (left), as
well as magnified insets (successively corresponding to the white and black
dashed boxes). White solid lines represent ROIs used for kymograph
analysis.

Right panel: Kymograph analysis of F-actin dynamics during the PDGF + Y-
27632 pulse.

(E) Representative adhesion dynamics in response to a PDGF + Y-27632
pulse. Cells expressing Paxillin-mCherry were imaged using TIRF
microscopy. Kymograph analysis of adhesion dynamics in ibw contrast.
Magnifications of selected insets from the kymograph (depicted by color-
coded boxes corresponding to prototypical morphodynamic states) are also
shown. In the insets, a dashed crosshair provides a virtual reference for visual
inspection of the motile behavior of the adhesions. Note that all the images
have been scaled identically for a fair comparison of fluorescence intensities.
(F) Quantification of adhesion fluorescence intensity in response to a PDGF +
Y27632 pulse. Single adhesions were segmented using the Focal Adhesion
Analysis Server (FAAS) 2. Average fluorescence intensities were computed
and normalized to the pre-pulse, steady-state. Boxplots with median,
interquartile (box) and 1.5 IQR (whiskers) range with the fluorescence
intensity distributions are shown; n = 6 cells, 2200-2400 adhesions per
condition; Non-gaussian distribution, Kruskal-Wallis test followed by Dunn’s
multiple comparison post-test.; a = 0.05; ***p < 0.0001.

Scale bars: (A, D) 10 um. (E) 5 um



Figure S3. Additional characterization of the Cdc42 biosensor library.

(A) Emission profiles of the 25 Cdc42 biosensor variants. HEK293FT cells
transfected with the indicated biosensors were excited at 460 nm and
emission spectra recorded from 480 to 600 nm in a fluorometer. Normalized
emission profiles are shown in the ON (black trace) and OFF (red trace)
states. Spectra are normalized by the area under the curve. AR/Rq values of
the indicated biosensors are shown in percentage.

(B) Sequence of Cdc42-2G (mTFP1/cp227-Venus/cp195) biosensor. Different
biosensor domains are color-coded according to the scheme displayed right
to the sequence. Different expression and viral vectors plasmids are available
at Addgene. Plasmid ID: 68814 (pTriEx-Cdc42-2G), 68813 (pLenti-Cdc42-
2G), 68812 (pAd/CMV/V5-DEST-Cdc42-2G).

(C) Emission profiles of the indicated Cdc42 biosensor mutants compared to
the wild type (WT) in their ON states.

Figure 4. PDGF + Y-27632 pulse-induced spatio-temporal Rho GTPase

activation dynamics.

(A, D, G) Spatio-temporal RhoA (A), Rac1 (D) and Cdc42 (G) activation
simultaneously measured with F-actin dynamics. Left panel: Rho GTPase
activation and F-actin signals representative of prototypical morphodynamic
states. ERs are color-coded (top), and F-actin signals are shown in ibw
contrast (bottom). Right panel: Kymograph analysis of ERs, and F-actin
(color-coded for fluorescence intensity) along the red line shown in the
micrographs. Time scale: hours:minutes.

(B, E, H) Quantification of Rho GTPase signaling states. Left panel: schematic
representation of kymograph ROls that were used to quantify Rho GTPase
activity. Right panel: Boxplots of ROl-averaged ERs, with median, interquartile
(box) and 1.5 IQR (whiskers). ERs were normalized by the average of the
10% pixels with lowest ERs, representing basal Rho GTPase activity within
the cell, enabling to compare ERs across different biosensors. RhoA: n = 5
cells, 12 to 13 measurements per dynamic event, Rac1: n = 5 cells, 10 to 11
measurements per dynamic event. Non-gaussian distribution, Kruskal-Wallis

test followed by Dunn’s multiple comparison post-test; a = 0.05; * P<0.05, **



P<0.001, ** P<0.0001, non-indicated pairs show no significance; Cdc42: n =
4 cells 12 measurements per dynamic event. Gaussian distribution;
Bonferroni’s multiple comparison test; a = 0.05; * P<0.05, ** P<0.001, ***
P<0.0001

(C, F, 1) Schematic representation of RhoA (C), Rac1 (F) and Cdc42 (l)
activation patterns related to edge dynamics.

All scale bars: 10 ym.
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Supplementary Figure S2
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Supplementary Figure S3
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Supplementary Figure S4
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Supplementary Videos

Video 1 - Edge/F-actin dynamics in response to a PDGF pulse

(Related to Fig.1)

A REF52 cell expressing Lifeact-mCherry was imaged using epifluorescence
microscopy. Upper left panel: Color-coded cell outline according to edge
velocity (Fig.1A). Upper right panel: F-actin channel color-coded according to
fluorescence intensity. Lower panel: magnification of the F-actin dynamics in
the inset (ibw contrast). Red bar indicates PDGF pulse. Time scale: hours:

minutes. Scale bars: 10 ym.

Video 2 - Edge/F-actin dynamics in response to a Y-27632 pulse

(Related to Fig.1)

A REF52 cell expressing Lifeact-mCherry was imaged using epifluorescence
microscopy. Upper left panel: Color-coded cell outline according to edge
velocity (Fig.1B). Upper right panel: F-actin channel color-coded according to
fluorescence intensity. Lower panel: magnification of the F-actin dynamics in
the inset (ibw contrast). Red bar indicates Y-27632 pulse. Time scale: hours:

minutes. Scale bars: 10 ym.

Video 3 - Adhesion and F-actin dynamics in response to a PDGF pulse
(Related to Fig. 2)

A REF52 cell expressing Lifeact-mCherry (F-actin) and VASP-GFP (adhesion)
was imaged using epifluorescence microscopy (Lifeact), and TIRF (VASP)
microscopy. Left panel: F-actin signal in ibw contrast. Right panel: VASP-GFP
signal in the magnified inset color-coded for fluorescence intensity. Red bar

indicates PDGF pulse. Time scale: hours: minutes. Scale bars: 10 ym.

Video 4 - Adhesion and F-actin dynamics in response to a Y-27632 pulse
(Related to Fig. 2)

A REF52 cell expressing Lifeact-mCherry (F-actin) and VASP-GFP (adhesion)
was imaged using epifluorescence microscopy (Lifeact), and TIRF (VASP)
microscopy. Left panel: F-actin signal in ibw contrast. Right panel: VASP-GFP
signal in the magnified inset color-coded for fluorescence intensity. Red bar

indicates Y-27632 pulse. Time scale: hours: minutes. Scale bars: 10 um.
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Video 5 - RhoA activation and F-actin dynamics in response to a PDGF
pulse

(Related to Fig. 4)

A REF52 cell expressing Lifeact-mCherry (F-actin) and the RhoA-2G biosensor
was imaged using epifluorescence microscopy. Left panel: ERs are shown in
color code (dynamic range: 1 - 1.24). Right panel: F-actin signal in ibw contrast.

Red bar indicates PDGF pulse. Time scale: hours: minutes. Scale bars: 10 um.

Video 6 - Racl activation and F-actin dynamics in response to a PDGF
pulse

(Related to Fig. 4)

A REF52 cell expressing Lifeact-mCherry (F-actin) and the Rac1-2G biosensor
was imaged using epifluorescence microscopy. Left panel: ERs are shown in
color code (dynamic range: 1 - 1.19). Right panel: F-actin signal in ibw contrast.

Red bar indicates PDGF pulse. Time scale: hours: minutes. Scale bars: 10 um.

Video 7 - Cdc42 activation and F-actin dynamics in response to a PDGF
pulse

(Related to Fig. 4)

A REF52 cell expressing Lifeact-mCherry (F-actin) and the Cdc42-2G
biosensor was imaged using epifluorescence microscopy. Left panel: ERs are
shown in color code (dynamic range: 1 - 1.33). Right panel: F-actin signal in
ibw contrast. Red bar indicates PDGF pulse. Time scale: hours: minutes. Scale

bars: 10 um.

Video 8 - RhoA activation and F-actin dynamics in response to a Y-27632
pulse

(Related to Fig. 5)

A REF52 cell expressing Lifeact-mCherry (F-actin) and the RhoA-2G biosensor
was imaged using epifluorescence microscopy. Left panel: ERs are shown in
color code (dynamic range: 1 - 1.29). Right panel: F-actin signal in ibw contrast.
Red bar indicates Y-27632 pulse. Time scale: hours: minutes. Scale bars: 10

um.
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Video 9 - Racl activation and F-actin dynamics in response to a Y-27632
pulse

(Related to Fig. 5)

A REF52 cell expressing Lifeact-mCherry (F-actin) and the Rac1-2G biosensor
was imaged using epifluorescence microscopy. Left panel: ERs are shown in
color code (dynamic range: 1 - 1.29). Right panel: F-actin signal in ibw contrast.
Red bar indicates Y-27632 pulse. Time scale: hours: minutes. Scale bars: 10

pm.

Video 10 - Cdc42 activation and F-actin dynamics in response to a Y-
27632 pulse

(Related to Fig. 5)

A REF52 cell expressing Lifeact-mCherry (F-actin) and the Cdc42-2G
biosensor was imaged using epifluorescence microscopy. Left panel: ERs are
shown in color code (dynamic range: 1 - 1.29). Right panel: F-actin signal in
ibw contrast. Red bar indicates Y-27632 pulse. Time scale: hours: minutes.

Scale bars: 10 um.
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