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SUPPLEMENTAL TEXT  

Text S1: Analysis of GTPase crosstalk in dual and triple imaging experiments 

The dual imaging data set consisted of 29 cells with Cdc42 and RhoA, and 20 cells with Rac1 and RhoA, measured 
on 4 different days under identical experimental conditions. The triple imaging data set consisted of 17 cells 
measured on 2 days. The cross-correlation levels and protrusion/retraction dynamics were checked for each cell 
individually before applying statistical analysis to verify that all cells were in a comparable state. After checking 
the external and internal expression mentioned throughout the paper, the biosensor signals were converted into 
per-cell Z-scores, normalizing the dynamic range of the fluctuations across cells. 

To  analyze the signaling hierarchy among the co-observed signals we complemented the cross correlation 
analysis with a directional analysis, asking how the odds of putative  effector activation were increased by the 
activation of a putative target signal. We consider two signals directionally coupled if the odds for such an 
increase were above random. The analysis was applied twice per GTPase pair, switching the assignment of 
effector / target signals. Details of how we identified effector/target interactions and the odds ratio of ensuing 
target signal activation are provided in the Materials and Methods section.  

 

Text S2: MB engineering rounds 

MB, a chimera of PBD and RBD, was generated through 3 sequential optimization rounds (see Table S2).  

First round (C1.1-C1.3): PBD and RBD were each split into three broad regions and mixed (Figure 3D, Table S2, 
C1.1-1.3). Binding to Rac1, RhoA and Cdc42 was examined by measuring FRET efficiency relative to constitutively 
active GTPases in a high-throughput screening assay (1). This allowed us to identify critical regions for binding 
RhoA, Rac1 and Cdc42. Specifically, for an extended PBD AR (with 84 a.a.), the first 17 a.a. and last 14 a.a. could 
be replaced without significant loss of FRET, so long as the highly conserved CRIB domain (ISLPSDFEHTIHVG) (2) 
was kept unchanged (C1.2 and 1.3). For the RhoA AR, removal of the first 17 and last 23 a.a. of the RBD domain 
had a small but noticeable effect on binding affinity (C1.1). 

Second round (C2.1-C2.4): Further studies showed that the RBD domain retained high FRET efficiency when 
binding RhoA if the first 10 a.a. (starting “RQMALSL”; Figure 3C and Table S2, C2.4) were removed. Extension of 



the PBD after and not before the conserved CRIB domain was essential for effective Rac1 and Cdc42 sensing 
(Figure 3C and Table S2, C2.1 vs C2.4). Modifying the conserved CRIB domain with point mutations to include 
residues on RBD critical for RhoA binding did not yield an efficient affinity reagent for Rac1, RhoA or Cdc42 (Figure 
3C and Table S2, C2.2 and 2.3).  

Third round (C3.1-C3.10): Based on the previous rounds, we inserted 7-10 a.a. from PBD into Chimera 2.4, 
between the conserved CRIB region (ISLPSDFEHTIHVG) and the RBD sequence “RQMALSL” (Figure 3C and Table 
S2, C3.1-C3.5). Binding affinity for Rac1 and Cdc42 gradually increased up to ~85% that of the original binding 
domains (PBD and CBD respectively), while binding to RhoA remained mostly unaltered (~80% of RBD). 
Interestingly, removal of the 7 critical a.a. “RQMALSL” in RBD yielded an efficient binding domain for Rac1 and 
Cdc42 without inserting anything between the PBD and RBD portions of this chimera (Figure 3C and Table S2, 
C3.6). However, this caused a decrease in the affinity for RhoA (~60%). Further attempts to either remove a.a. at 
the end of the RBD sequence and/or extend shorter versions with insertions between the PBD and RBD portions 
resulted in either no increase in affinity for RhoA and/or no binding to the other two GTPases (Figure 3C and 
Table S2, C3.7-3.10). This highlighted the need for the “RQMALSL” sequence for efficient RhoA binding and 
proper folding of the RBD affinity reagent, and that PBD and RBD domains needed to be sufficiently separated  
to permit proper folding and binding to all three GTPases. We chose C3.5 as our GTPase MultiBinder, a 136 a.a. 
affinity reagent comprised of a 53 a.a. minimal binding motif for Rac and Cdc42, and 83 a.a. for RhoA, producing 
binding affinities 80-90% those of the original binding domains. 

 

SUPPLEMENTAL FIGURE CAPTIONS 

Figure S1 – Effect of biosensor expression on cell edge dynamics. Mouse Embryonic Fibroblasts (MEFs) imaged 
during random movement, expressing either Ypet-CAAX (gray, n=11), or the following dual-chain FRET 
biosensors: Ypet-mScarlet Cdc42 (n=19), mAmetrine-Cdc42 (n=7), Rac1 Ypet-mCherry (n=9), RhoA Ypet-mScarlet 
(n=17) and RhoA Ypet-mCherry (n=8). Comparison of average frequency (A and D), average velocity (B and E) 
and average duration (C and F) of protrusions (A-C) and retractions (D-F) for the control group (Ypet-CAAX) and 
biosensors. Dunn’s Test, one-way ANOVA non-parametric test (Kruskal-Wallis) used for statistical analysis, n.s. – 
p > 0.05, * - p < 0.05, ** - p < 0.01. 

Figure S2 –Dependency of protrusion, retraction and peak correlation on biosensor expression level. MEFs 
imaged during random movement, expressing either RhoA Ypet-mScarlet (black) or RhoA Ypet-mCherry (red), 
with analyzed parameters plotted against the relative expression level (measured as fluorescence intensity of 
Donor FP (Ypet) normalized for cell area and corrected for differences in illumination intensity and exposure 
time). The following parameters were analyzed: average protrusion and retraction frequency (A,B), average 
protrusion and retraction velocity (C,D), average protrusion and retraction duration (E,F) and minimum peak 
correlation (G). 

Figure S3 – Computational analysis pipeline for correlation of GTPase activity and edge velocity. (A) Example 
of cell segmentation in 1.4x1.4 µm widows along the cell edge, in layers at different distances from the edge. 
Color denotes GTPase activation. (B) Map of GTPase activity over time measured for each window in layer 1. (C) 
Map of edge velocity over time measured for each window in layer 1, with scale indicating protrusion or 
retraction velocity. (D) Cross correlation of edge velocity vs. Cdc42 activity for each window in layer 1. 

Figure S4 – Correlation of biosensor activity and edge velocity as a function of  the time lag between the two,  
for different biosensors and across different layers. This data was obtained from Mouse Embryonic Fibroblasts 
imaged during random movement. (A-B) Ypet-mScarlet Cdc42 (green, n=19) cross-correlation for layers 1 (0-1.4 
µm) and 2 (1.4-2.8 µm). (C-D) mAmetrine-mScarlet Cdc42 (blue, n=7). (E-F) Ypet-mScarlet RhoA (green, n=17). 
(G-H) Ypet-mCherry RhoA (green, n=9). Error bands are 95% CI, individual cells represented as dashed lines. 



Figure S5 – RhoA cross-correlation with edge motion is dependent on cell edge velocity. RhoA data collected 
in the present experiments were consistent with previous data in MDA-MB 231 cells (3), but inconsistent with 
previous MEF data (4). To understand the origin of this difference we mapped regions with differing protrusion 
velocities by analyzing individual windows and grouping them based on peak correlation and SD of velocity. This 
analysis showed that there were two dominant patterns, one of which was consistent with previous observations 
of maximal positive correlation at ~t0 and correlated with slower velocities. (A) Window segmentation of the cell 
edge (1.4x1.4 µm), colored by GTPase activation. (B) Maps of edge velocity over time measured for each window 
in layer 1. Solid square highlights windows with velocity < 20 nm/s throughout the duration of the movie and 
dashed square windows with velocities > 20 nm/s. (C) Map of GTPase activity over time measured for each 
window in layer 1. Same square regions described for (B) represented here. (D) Map of the cross-correlation 
between edge velocity and RhoA activity for each window in layer 1. Note the difference between solid (velocities 
> 20 nm/s) and dashed (velocities < 20 nm/s) squares. (E) Scatterplot shows standard deviation of velocity for 
each individual window analyzed as a function of peak correlation, showcasing a trend towards positive 
correlation values with lower velocity standard deviation (SD) (n = 8 cells from two individual sets of 
experiments). Inset: percentage of windows with negative (red) or positive (green) correlation peak values after 
selection for windows with velocity SD < 20 nm/s (n = 842 windows), < 15 nm/s (n = 476 windows), < 10 nm/s (n 
= 143 windows), showing the shift from negative to positive correlation peaks as the edge velocity is reduced. 
(F) Per cell-averaged (dashed lines) population-averaged (solid line) cross correlation between biosensor activity 
and edge velocity for all windows with positive cross-correlation peak integrated over in n=8 cells.  

Figure S6 – Validation of MultiBinder (MB) as an affinity reagent. (A) RhoA activity map in a Mouse Embryonic 
Fibroblast (MEF) during constitutive migration. The MEF was stably expressing mAmetrine-RhoA and mCherry-
MB. Comparison of average frequency (B and E), average velocity (C and F) and average duration (D and G) of 
protrusions (A-C) and retractions (D-F) for MEFs expressing either Ypet-CAAX (gray, n=11), Ypet-RhoA with 
mCherry-RBD (orange, n=8) Ypet-RhoA with mCherry-MB (green, n=5) and mAmetrine-RhoA with mCherry-MB 
(blue, n=5). Dunn’s Test, one-way ANOVA non-parametric test (Kruskal–Wallis) used for statistical analysis. n.s. - 
non-significant; * - p < 0.05; ** - p < 0.01; *** - p < 0.005. (H) Correlation of edge velocity and biosensor activity 
signal for MEFs expressing either Ypet-RhoA with mCherry-RBD (orange, n=8) or mAmetrine-RhoA with mCherry-
MB (blue, n=5); error bands are 95% CI. 

Figure S7 – Multibinder (MB) enables simultaneous imaging of 2 GTPases. (A) Correlation of edge velocity with 
RhoA (left) and Cdc42 (right) activity in MEFs during random movement, for layers 1 (top) and 2 (bottom) (n=17). 
Cells were stably expressing Ypet-RhoA, mAmetrine-Cdc42 and mCherry-MB.  (B) Correlation of edge velocity 
with RhoA (left) and Rac1 (right) activity in MEFs expressing Ypet-RhoA, mAmetrine-Rac1 and mCherry-MB, in 
Layers 1 (top) and 2 (bottom) (n=13). Error bands are 95% CI, individual cells represented as dashed lines.  

Figure S8 – Correlation of GTPase biosensor activity with edge velocity using data obtained from imaging three 
biosensors in Mouse Embryonic Fibroblasts during random movement. (A) Layer 1 and (B) Layer 2 correlations 
for Rac1 (blue), RhoA (green) and Cdc42 (red). Error bands are 95% CI, individual cells represented as dashed 
lines (n=8).  

Figure S9 – Assaying cell perturbation by measuring cell edge dynamics of MEFs expressing different biosensor 
combinations. Comparison of average frequency (A and D), average velocity (B and E) and average duration (C 
and F) of protrusions (A-C) and retractions (D-F) for Ypet-CAAX (grey, negative control, n=11) versus cells 
expressing the RhoA and Cdc42 sensed with MB (green, n=17), RhoA and Rac1 sensed with MB (blue, n=13), 
triple sensing of RhoA and Rac1 with MB combined with SNAPsense Cdc42 (red, n=8) and RhoA Ypet-mCherry 
with RBD biosensor (black, n=8), the latter used as a positive control. Error bars are 95% CI. Non-parametric 
multiple comparison Kruskal-Wallis test used. n.s. - non-significant; * - p < 0.05; ** - p < 0.01; *** - p < 0.005. 
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SUPPLEMENTAL TABLES 

Table S1. List of new constructs generated in this study, in the manuscript. pB = piggybac. 

Name of the construct Antibiotic 
Selection 

pTriex FLARE dc. 4 His Myc mScarlet-RBD/t2a p2a/Ypet-RhoA CA (Q63L) Amp 
pTriex FLARE dc. 4 His Myc mScarlet-CBD/t2a p2a/Ypet-Cdc42 CA (Q61L) Amp 
pTriex FLARE dc. 4 His Myc mScarlet-PBD90/t2a p2a/Ypet-Rac1 CA (Q61L) Amp 
pTriex FLARE dc. 4 His Myc TagRFP-T-RBD/t2a p2a/Ypet-RhoA CA (Q63L) Amp 
pTriex FLARE dc. 4 His Myc TagRFP-T-CBD/t2a p2a/Ypet-Cdc42 CA (Q61L) Amp 
pTriex FLARE dc. 4 His Myc TagRFP-T-PBD90/t2a p2a/Ypet-Rac1 CA (Q61L) Amp 
pTriex FLARE dc. 4 His Myc mCherry-RBD/t2a p2a/Ypet-RhoA CA (Q63L) Amp 
pTriex FLARE dc. 4 His Myc mCherry-CBD/t2a p2a/Ypet-Cdc42 CA (Q61L) Amp 
pTriex FLARE dc. 4 His Myc mCherry-PBD90/t2a p2a/Ypet-Rac1 CA (Q61L) Amp 
pTriex FLARE dc. 4 His Myc mScarlet-RBD/t2a p2a/cYpet229-RhoA (Q63L) Amp 
pTriex FLARE dc. 4 His Myc mScarlet-RBD/t2a p2a/cYpet173-RhoA  (Q63L) Amp 
pTriex FLARE dc. 4 His Myc mScarlet-RBD/t2a p2a/cYpet157-RhoA (Q63L) Amp 
pTriex FLARE dc. 4 His Myc mScarlet-CBD/t2a p2a/cYpet229-Cdc42 (Q61L) Amp 
pTriex FLARE dc. 4 His Myc mScarlet-CBD/t2a p2a/cYpet173-Cdc42 (Q61L) Amp 
pTriex FLARE dc. 4 His Myc mScarlet-CBD/t2a p2a/cYpet157-Cdc42 (Q61L) Amp 
pTriex FLARE dc. 4 His Myc mScarlet-PBD90/t2a p2a/cYpet229-Rac1 CA (Q61L) Amp 
pTriex FLARE dc. 4 His Myc mScarlet-PBD90/t2a p2a/cYpet173-Rac1 CA (Q61L) Amp 
pTriex FLARE dc. 4 His Myc mScarlet-PBD90/t2a p2a/cYpet157-Rac1 CA (Q61L) Amp 
pTriex FLARE dc. 4 His Myc mScarlet-CBD/t2a p2a/Ypet-Cdc42 Amp 
pTriex FLARE dc. 4 His Myc mCherry-CBD/t2a p2a/mAmetrine-Cdc42 Amp 
pTriex FLARE dc. 4 His Myc mCherry-CBD/t2a p2a/mAmetrine-Cdc42 CA (Q61L) Amp 
pTriex FLARE dc. 4 His Myc mScarlet-RBD/t2a p2a/Ypet-RhoA Amp 
pTriex FLARE dc. 4 His Myc mCherry-RBD/t2a p2a/Ypet-RhoA Amp 
pTriex FLARE dc. 4 His Myc mScarlet-PBD90/t2a p2a/Ypet-Rac1 Amp 
pTriex FLARE dc. 4 His Myc mCherry-PBD90/t2a p2a/Ypet-Rac1  Amp 
pB  mScarlet-CBD/t2a p2a/Ypet-Cdc42 Amp/Hygro 
pB mScarlet-CBD/t2a p2a/mAmetrine-Cdc42 Amp/hygro 
pB mScarlet-RBD/t2a p2a/Ypet-RhoA Amp/Higro 
pB mCherry-RBD/t2a p2a/Ypet-RhoA Amp/Blast 
pB mCherry-PBD75/t2a p2a/Ypet-Rac1 Amp/Blast 
pB Ypet-CAAX Hygro 
pTriex FLARE dc. 4 His Myc mScarlet-Chimera C1.1/t2a p2a/Ypet-Rac1 Q61L (CA) Amp 
pTriex FLARE dc. 4 His Myc mScarlet-Chimera C1.2/t2a p2a/Ypet-Rac1 Q61L (CA) Amp 
pTriex FLARE dc. 4 His Myc mScarlet-Chimera C1.3/t2a p2a/Ypet-Rac1 Q61L (CA) Amp 
pTriex FLARE dc. 4 His Myc mScarlet-Chimera C1.1/t2a p2a/Ypet-RhoA Q63L (CA) Amp 
pTriex FLARE dc. 4 His Myc mScarlet-Chimera C1.2/t2a p2a/Ypet-RhoA Q63L (CA) Amp 
pTriex FLARE dc. 4 His Myc mScarlet-Chimera C1.3/t2a p2a/Ypet-RhoA Q63L (CA) Amp 
pTriex FLARE dc. 4 His Myc mScarlet-Chimera C1.1/t2a p2a/Ypet-Cdc42 Q61L (CA) Amp 
pTriex FLARE dc. 4 His Myc mScarlet-Chimera C1.2/t2a p2a/Ypet-Cdc42 Q61L (CA) Amp 
pTriex FLARE dc. 4 His Myc mScarlet-Chimera C1.3/t2a p2a/Ypet-Cdc42 Q61L (CA) Amp 
pTriex FLARE dc. 4 His Myc mScarlet-Chimera2.1/t2a p2a/Ypet-Rac1 Q61L (CA) Amp 
pTriex FLARE dc. 4 His Myc mScarlet-Chimera2.2/t2a p2a/Ypet-Rac1 Q61L (CA) Amp 
pTriex FLARE dc. 4 His Myc mScarlet-Chimera2.3/t2a p2a/Ypet-Rac1 Q61L (CA) Amp 
pTriex FLARE dc. 4 His Myc mScarlet-Chimera2.4/t2a p2a/Ypet-Rac1 Q61L (CA) Amp 
pTriex FLARE dc. 4 His Myc mScarlet-Chimera2.1/t2a p2a/Ypet-RhoA Q63L (CA) Amp 



pTriex FLARE dc. 4 His Myc mScarlet-Chimera2.2/t2a p2a/Ypet-RhoA Q63L (CA) Amp 
pTriex FLARE dc. 4 His Myc mScarlet-Chimera2.3/t2a p2a/Ypet-RhoA Q63L (CA) Amp 
pTriex FLARE dc. 4 His Myc mScarlet-Chimera2.4/t2a p2a/Ypet-RhoA Q63L (CA) Amp 
pTriex FLARE dc. 4 His Myc mScarlet-Chimera2.1/t2a p2a/Ypet-Cdc42 Q61L (CA) Amp 
pTriex FLARE dc. 4 His Myc mScarlet-Chimera2.2/t2a p2a/Ypet-Cdc42 Q61L (CA) Amp 
pTriex FLARE dc. 4 His Myc mScarlet-Chimera2.3/t2a p2a/Ypet-Cdc42 Q61L (CA) Amp 
pTriex FLARE dc. 4 His Myc mScarlet-Chimera2.4/t2a p2a/Ypet-Cdc42 Q61L (CA) Amp 
pTriex FLARE dc. 4 His Myc mCherry-Chimera3.1/t2a p2a/Ypet-Rac1 Q61L (CA) Amp 
pTriex FLARE dc. 4 His Myc mCherry-Chimera3.2/t2a p2a/Ypet-Rac1 Q61L (CA) Amp 
pTriex FLARE dc. 4 His Myc mCherry-Chimera3.3/t2a p2a/Ypet-Rac1 Q61L (CA) Amp 
pTriex FLARE dc. 4 His Myc mCherry-Chimera3.4/t2a p2a/Ypet-Rac1 Q61L (CA) Amp 
pTriex FLARE dc. 4 His Myc mCherry-Chimera3.6/t2a p2a/Ypet-Rac1 Q61L (CA) Amp 
pTriex FLARE dc. 4 His Myc mCherry-Chimera3.7/t2a p2a/Ypet-Rac1 Q61L (CA) Amp 
pTriex FLARE dc. 4 His Myc mCherry-Chimera3.8/t2a p2a/Ypet-Rac1 Q61L (CA) Amp 
pTriex FLARE dc. 4 His Myc mCherry-Chimera3.9/t2a p2a/Ypet-Rac1 Q61L (CA) Amp 
pTriex FLARE dc. 4 His Myc mCherry-Chimera3.10/t2a p2a/Ypet-Rac1 Q61L (CA) Amp 
pTriex FLARE dc. 4 His Myc mCherry-Chimera3.1/t2a p2a/Ypet-RhoA Q63L (CA) Amp 
pTriex FLARE dc. 4 His Myc mCherry-Chimera3.2/t2a p2a/Ypet-RhoA Q63L (CA) Amp 
pTriex FLARE dc. 4 His Myc mCherry-Chimera3.3/t2a p2a/Ypet-RhoA Q63L (CA) Amp 
pTriex FLARE dc. 4 His Myc mCherry-Chimera3.4/t2a p2a/Ypet-RhoA Q63L (CA) Amp 
pTriex FLARE dc. 4 His Myc mCherry-Chimera3.5/t2a p2a/Ypet-RhoA Q63L (CA) Amp 
pTriex FLARE dc. 4 His Myc mCherry-Chimera3.6/t2a p2a/Ypet-RhoA Q63L (CA) Amp 
pTriex FLARE dc. 4 His Myc mCherry-Chimera3.7/t2a p2a/Ypet-RhoA Q63L (CA) Amp 
pTriex FLARE dc. 4 His Myc mCherry-Chimera3.8/t2a p2a/Ypet-RhoA Q63L (CA) Amp 
pTriex FLARE dc. 4 His Myc mCherry-Chimera3.9/t2a p2a/Ypet-RhoA Q63L (CA) Amp 
pTriex FLARE dc. 4 His Myc mCherry-Chimera3.10/t2a p2a/Ypet-RhoA Q63L (CA) Amp 
pTriex FLARE dc. 4 His Myc mCherry-Chimera3.1/t2a p2a/Ypet-Cdc42 Q61L (CA) Amp 
pTriex FLARE dc. 4 His Myc mCherry-Chimera3.2/t2a p2a/Ypet-Cdc42 Q61L (CA) Amp 
pTriex FLARE dc. 4 His Myc mCherry-Chimera3.3/t2a p2a/Ypet-Cdc42 Q61L (CA) Amp 
pTriex FLARE dc. 4 His Myc mCherry-Chimera3.4/t2a p2a/Ypet-Cdc42 Q61L (CA) Amp 
pTriex FLARE dc. 4 His Myc mCherry-Chimera3.5/t2a p2a/Ypet-Cdc42 Q61L (CA) Amp 
pTriex FLARE dc. 4 His Myc mCherry-Chimera3.6/t2a p2a/Ypet-Cdc42 Q61L (CA) Amp 
pTriex FLARE dc. 4 His Myc mCherry-Chimera3.7/t2a p2a/Ypet-Cdc42 Q61L (CA) Amp 
pTriex FLARE dc. 4 His Myc mCherry-Chimera3.8/t2a p2a/Ypet-Cdc42 Q61L (CA) Amp 
pTriex FLARE dc. 4 His Myc mCherry-Chimera3.9/t2a p2a/Ypet-Cdc42 Q61L (CA) Amp 
pTriex FLARE dc. 4 His Myc mCherry-Chimera3.10/t2a p2a/Ypet-Cdc42 Q61L (CA) Amp 
pTriex FLARE dc. 4 His Myc mCherry-Chimera3.5/t2a p2a/Ypet-Rac1 Amp 
pTriex FLARE dc. 4 His Myc mCherry-Chimera3.5/t2a p2a/Ypet-RhoA Amp 
pTriex FLARE dc. 4 His Myc mCherry-Chimera3.5/t2a p2a/Ypet-Cdc42 Amp 
pTriex FLARE dc. 4 His Myc mCherry-Chimera3.5/t2a p2a/mAmetrine-Rac1 Amp 
pTriex FLARE dc. 4 His Myc mCherry-Chimera3.5/t2a p2a/mAmetrine-RhoA Amp 
pTriex FLARE dc. 4 His Myc mCherry-Chimera3.5/t2a p2a/mAmetrine-Cdc42 Amp 
pB mCherry-Chimera3.5/t2a p2a/Ypet-RhoA  Amp/Blast 
pB mCherry-Chimera3.5/t2a p2a/mAmetrine-RhoA (blast selection) Amp/blast 
pB mAmetrine-Rac1 (hygro) Amp/hygro 
pB mAmetrine-Cdc42 (hygro) Amp/hygro 
pB-HaloTag-CBD-SNAP-Cdc42 Puro 

  



Table S2 – Primary sequence for described affinity reagents. Conserved CRIB domain region in PBD and critical 
binding domain in RBD identified in this study are underlined. In chimeric constructs (C1.1-C3.10), PBD and RBD 
regions are colored red and blue, respectively. 

AR Primary Sequence 

PBD92 ILPGDKTNKKKEKERPEISLPSDFEHTIHVGFDAVTGEFTGMPEQWARLLQTSNITKSEQKKNPQAVLDVLEFYN
SKKTSNSQK 

RBD ILEDLNMLYIRQMALSLEDTELQRKLDHEIRMRDGACKLLAACSQREQALEATKSLLVCNSRILSYMGELQRRKE
AQVLEKTGRRPSDSVQPA 

C1.1 ILPGDKTNKKKEKERPEIEDTELQRKLDHEIRMRDGACKLLAACSQREQALEATKSLLVCNSRILSYMGELLEFYN
SKKTSNSQK 

C1.2 ILEDLNMLYIRQMALSLISLPSDFEHTIHVGFDAVTGEFTGMPEQWARLLQTSNITKSEQKKNPQAVLDVQRRK
EAQVLEKTGRK 

C1.3 ILEDLNMLYIRQMALSLISLPSDFEHTIHVGFDAVTGEFTGMPEQWARLLQTSNITKSEQKKNPQAVLDVLEFY
NSKKTSNSQK 

C2.1 ILPGDKTNKKKEKERPEIISLPSDFEHTIHVGMRDGACKLLAACSQREQALEATKSLLVCNSRILSYMGELQRRKE
AQVLEKTGRRPSDSVQPA 

C2.2 ILPGDKTNKKKEKERPEIITEPQRFLHHEHVGMRDGACKLLAACSQREQALEATKSLLVCNSRILSYMGELQRRK
EAQVLEKTGRRPSDSVQPA 

C2.3 ILPGDKTNKKKEKERPEIITEPQRKLFLHHEHVGMRDGACKLLAACSQREQALEATKSLLVCNSRILSYMGELQR
RKEAQVLEKTGRRPSDSVQPA 

C2.4 ISLPSDFEHTIHVGRQMALSLEDTELQRKLDHEIRMRDGACKLLAACSQREQALEATKSLLVCNSRILSYMGELQ
RRKEAQVLEKTGRRPSDSVQPA 

C3.1 
ISLPSDFEHTIHVGFDAVTGEFTG 

RQMALSLEDTELQRKLDHEIRMRDGACKLLAACSQREQALEATKSLLVCNSRILSYMGELQRRKEAQVLEKTGR
RPSDSVQPA 

C3.2 ISLPSDFEHTIHVGFDAVTGEFTGMPEQWARRQMALSLEDTELQRKLDHEIRMRDGACKLLAACSQREQALEA
TKSLLVCNSRILSYMGELQRRKEAQVLEKTGRRPSDSVQPA 

C3.3 ISLPSDFEHTIHVGFDAVTGEFTGMPEQWARLLQTSNIRQMALSLEDTELQRKLDHEIRMRDGACKLLAACSQ
REQALEATKSLLVCNSRILSYMGELQRRKEAQVLEKTGRRPSDSVQPA 

C3.4 ISLPSDFEHTIHVGFDAVTGEFTGMPEQWARLLQTSNITKSEQKKRQMALSLEDTELQRKLDHEIRMRDGACKL
LAACSQREQALEATKSLLVCNSRILSYMGELQRRKEAQVLEKTGRRPSDSVQPA 

C3.5 ISLPSDFEHTIHVGFDAVTGEFTGMPEQWARLLQTSNITKSEQKKNPQAVLDVRQMALSLEDTELQRKLDHEIR
MRDGACKLLAACSQREQALEATKSLLVCNSRILSYMGELQRRKEAQVLEKTGRRPSDSVQPA 

C3.6 ISLPSDFEHTIHVGEDTELQRKLDHEIRMRDGACKLLAACSQREQALEATKSLLVCNSRILSYMGELQRRKEAQV
LEKTGRRPSDSVQPA 

C3.7 ISLPSDFEHTIHVGRQMALSLEDTELQRKLDHEIRMRDGACKLLAACSQREQALEATKSLLVCNSRILSYMGELQ
RRKEAQVLEKTGRRP 

C3.8 ISLPSDFEHTIHVGRQMALSLEDTELQRKLDHEIRMRDGACKLLAACSQREQALEATKSLLVCNSRILSYMGELQ
RRKEAQVLE 

C3.9 ISLPSDFEHTIHVGFDAVTGEFTGRQMALSLEDTELQRKLDHEIRMRDGACKLLAACSQREQALEATKSLLVCNS
RILSYMGELQRRKEAQVLE 

C3.10 ISLPSDFEHTIHVGFDAVTGEFTGMPEQWARRQMALSLEDTELQRKLDHEIRMRDGACKLLAACSQREQALEA
TKSLLVCNSRILSYMGELQRRKEAQVLE 
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SUPPLEMENTAL MOVIES 

Movie S1 – Mouse Embryonic Fibroblast randomly moving on fibronectin, stably expressing the Ypet-mScarlet 
Cdc42 dual chain FRET biosensor. 

Movie S2 – Mouse Embryonic Fibroblast undergoing polarized migration on fibronectin, with activation at the 
leading edge. The cell is stably expressing the mAmetrine-mScarlet Cdc42 dual chain FRET biosensor. 

Movie S3 – Mouse Embryonic Fibroblast randomly moving on fibronectin, stably expressing the Ypet-mScarlet 
RhoA dual chain FRET biosensor. 

Movie S4 – Mouse Embryonic Fibroblast randomly moving on fibronectin, stably expressing the Ypet-mCherry 
RhoA dual chain FRET biosensor. 

Movie S5 – Mouse Embryonic Fibroblast randomly moving on fibronectin, stably expressing Ypet-RhoA and 
mCherry-MB. 

Movie S6 – Imaging two GTPase activities simultaneously: Mouse Embryonic Fibroblast on fibronectin, stably 
expressing Ypet-RhoA, mAmetrine-Cdc42 and Multibinder-mCherry. 

Movie S7 – Imaging three GTPase activities simultaneously: Mouse Embryonic Fibroblast on fibronectin, stably 
expressing Ypet-RhoA, mAmetrine-Rac1, Multibinder-mCherry and the SNAPsense dye-based Cdc42 biosensor. 

 

 

 


