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1 DMore cells exhibit CDRs when seeded on softer
substrates

The percentage of cells in a sample which exhibited CDRs in a cell popu-
lation was calculated by manually observing at least 500 cells in the given
sample and counting the number of cells which had CDRs, and taking it
as a percentage of the total number of observed cells in the sample. We
found that by changing the substrate stiffness, we were able to modify the
percentage of cells exhibiting CDRs, with more cells showing CDRs when
seeded on less stiff substrates. This is quantified in Fig. S1 with a maxi-
mum of cells expressing CDRs within 5 min of stimulation and then slowly
returning back to no CDR, expression within 45 min. Based on observation
of the signalling pathway depicted in Fig. 4 of the manuscript, we postulate
that increasing the substrate stiffness leads to an increase in FAK concen-
tration which might hinder the initial dissociation of stress fibers which have
been shown to accompany CDR formation, therefore reducing the chance of
CDR formation in cells. Yet, once CDR formation is achieved, the lifetime
of CDR is prolonged by the increased replenishing of actin monomers re-
sulting from heightened stress fiber formation on stiffer substrates prior to
PDGF stimulation.

2 More F-actin detected in cells seeded on stiffer
substrates prior to PDGF stimulation

Cells were costained for G-actin and F-actin with DNase I (Alexa Fluor 488;
2 M) and phalloidin (Alexa Fluor 568; 6 M) respectively for 60 min and
imaged using an inverted fluorescent microscope (Zeiss, Axiovert 200) with
a 63x (1.4 Numerical Aperture) objective. Using ImagelJ, the ratio of the F-
actin fluorescence intensity to the total actin fluorescence intensity (F-actin
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Figure S1: Percentage of cell population exhibiting CDRs versus time for
PDMS substrates of different elasticities and glass substrates. (n=3). The
bars denote one standard error.
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Figure S2: F-actin ratio for varying substrate stiffnesses. The bars denote
one standard error.
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and G-actin combined) in each cell was calculated. This ratio was averaged
over 50 cells seeded on each substrate stiffness and the results are plotted
in Fig. S2. The results show that increasing the substrate stiffness increases
the ratio of actin incorporated in F-actin before PDGF stimulation.

3 Full mathematical model of proteins/lipids

This section documents the reactions between the different protein and lipid
species involved in a potential pathway activated by the platelet-derived
growth factor. The reactions are then converted into mathematical equa-
tions (referred to as reaction terms). The species are evolved under the
effects of diffusion and the reaction terms in MATLAB (The Mathworks,
Inc., Natick, MA). Cpt : Compartment; Rxn : Reaction. The subscripts a,
¢, and d refer to the active, cytosolic (inactive) and dorsal ruffle associated
forms of the proteins respectively. Note that k_g is a function of active
myosin light chain and cofilin concentrations.

3.1 Abbreviations

Abbreviation Definition

PDGF Platelet-derived growth factor

PDGFR Platelet-derived growth factor receptor
PI-83K Phosphatidylinositol 3-kinase

PIP, Phosphatidylinositol (4,5)-bisphosphate
PIP; Phosphatidylinositol (3,4,5)-bisphosphate
RacGEF Rac guanine exchange factor

RacGAP Rac GTPase activating protein

RhoGEF Rho guanine exchange factor

RhoGAP Rho GTPase activating protein
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ROCK Rho-associated protein kinase

LIMK LIM kinase

Cof Cofilin

MLC Myosin light chain

MLCP Myosin light chain phosphatase

MLCP-P Phosphorylated (inactive) myosin light chain
phosphatase

MLCK Myosin light chain kinase

F-actin Stress fiber actin

G-actin Monomeric actin

D-actin Dorsal ruffle actin

3.2 Reactions

k
PDGF, + PDGFR ——> PDGF, PDGFR
k_1
ko
9PDGF, PDGFR —— PDGFR,
k_o
PDGFR, + PI 3K, -  PDGFR,+ PI 3K,
PI-3K,+ PIP, -2 PI3K,+ PIP;
ks
PIPy,+ PTEN, ——— PTEN,
k_3

PTEN, + PIP; -2  PTEN,+ PIP,



PIP; 4+ RacGEF,

RacGEF, + Rac,.
WAV E1l. + Rac,
WAV El, + WGAP,
WGAP, + Rac,
RhoA, + ROCK
ROCK,+ LIMK,
LIMK, + Cof,

RhoA, + mDia,.

G—actin + mDia,

WAVE1l, + Arp2/3

Arp2/3, + G-actin

ROCK,+ MLCP
MLCP+ MLC,
MLCK + MLC,

FAKp; + RhoGEF
RhoA. + RhoGEF,

ROCK, + RacGAP,
RacGAP, + Rac,

Rac, + RhoGAP,

RacGEF,

RacGEF, + Rac,
WAV E]L,

WAVEl, + WGAP,
WGAP, + Rac,
ROCK,

ROCK,+ LIMK,
LIMK, + Cof.

mD1ia,

F-actin

Arp2/3,

D—actin

ROCK,+ MLCP-P
MLCP+ MLC,
MLCK + MLC,

RhoGEF,
RhoA, + RhoGEF,

ROCK, + RacGAP,
RacGAP, + Rac,

RhoGAP,
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RhoGAP, + RhoA, = —  RhoGAP,+ RhoA. (27)
3.3 Equations
No Cpt Name Reaction terms
1 e PDGF, —k1[PDGF5|[PDGFR] + k_1|[PDGF,~PDGFR)
2 m PDGFR —ki[PDGF|[PDGFR] + k_1[PDGFy—~PDGFR)]
3 m PDGFy-PDGFR  k[PDGF,|[PDGFR] — k_1[PDGF,~PDGFR] —
ko|[PDGFy-PDGFR]? + k_o[PDGFR,)
4 m PDGFR, ko[PDGFy-PDGFR)? — k_3[PDGFR,)
5 o PLIK,  keat)[PDGFR,)[PI-3K,]
km1 + [PI-3K,]
6 m PL3K, kcat ) [PDGFR,|[P1-3K_]
km1 + [PI-3K,]
7 m PIP, _ kcat 2| PI-3K,)|[P1Ps] kcat 3| PTEN,][PIPs] _
kmo + [PIPQ] ks + [PIPg]
k3[PIP)[PTEN,] + k_3[PTEN,]
S m PIPs kcat 2| PI-3K,][P1P,] B kcat 3| PTEN,][PIPs] B

kma + [PIPy] km3 + [PIP3]
ks[PIPs)[RacGEF,] + k_4 RacGEF,]
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PTEN.,

PTEN,

RacGEF,

RacGEF,

Rac,

Rac,

WAVEL,

WAVEL,

WGAP,

WGAP,

—k3[PIP,)[PTEN,] + k_3[PTEN,]

ks[PIPy|[PTEN,] — k_3|PTEN,]

—k4[RacGEF.][PIPs] 4+ k_4|RacGEF,]

k4|RacGEF.|[PIPs] — k_4|RacGEF,]

kcata|RacGEF,)[Rac.] N kcat,6|WGAP,|[Rac,)

kma + [Rac.] kme + [Racg]
kcat14[ RacG AP, | [Racg)]

km14 + [RCLCa]

kcat a|[RacGEF,][Rac,] kcat 6|WGAP,]|[Rac,)

kma + [Rac.] kme + [Racg]
kcat. 14| RacG AP,|[Rac,]
: — k AV E1, "
Fomts + [Raca) 5| WAV E1.][Racy]
k?,g, [WAVEla] - k?lg [RhOGAPC] [Raca]

k_12[RhoGAP,)

—ks[W AV E1.][Racy] + k_s[W AV E1,]

ks[WAVEL[Raca) —  k_s[WAVE1,]

ko [W AV E1,)[Arp2/3] + k_g[Arp2/34]

keat 5[W AV E1,][WGAP,)
kms + [WGAP,]

keats[WAV E1,][WGAP,]
kms + [WGAP,]
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29

RhoCAP,

RhoGAP,

RhoA,

RhoA.

ROCK

ROCK,

LIMK.,

LIMK,

Cof,

Cof,

mDia.

—k19 [RhOGAPC] [Raca] + k_19 [RhOGAPa]

k12[RhoGAP.][Racy) — k—12| RhoG AP,)

. kcat,lS [RhOGAPa] [RhOAa] n
kEmis + [RhoA,)
kcat 12| RhoGEF,]|[RhoA.]

kmi2 + [RhoA,]
k_6|ROCK,| — k7[RhoA|[mDia.| + k_7[mDiag]

— ke[RhoA,][ROCK] +

keat 15[ RhoGAP,|[RhoA,]

kmis + [RhOAa]
keat 12| Rh0G EF,][RhoA,]

ko + [RhOAC]

—kg[RhoA,][ROCK] + k_g|[ROCK,]

kg[RhoA,|[ROCK] — k_g[ROCK,]

keat 7|ROCK|[LIMK,]
km7 + [LIMK,]

keat.7|ROCK,|[LIMK,]
fem7 + [LIM K]

kcat,S [LIMKCL] [COfa]
kms + [Cofa]

kcat sILIM K ,][Cofa)
Ems + [Cofa]

—k7[RhoAg|[mDiac] + k_7[mDiag]

59



30

31

32

33

34

35

36

37

38

39

40

mbDia,,

MLCP

MLCP-P

MLC,

MLC,

G-actin

F-actin

D-actin

Arp2/3

Arp2/3,4

RhoGEF

k7[RhoA,][mDiac] — k_gimDiay) -

ks|G—actin|[mDia,] + k_g[F—actin]

keat o[ROCK,][M LCP]
kmo + [MLCP]

keat o[ ROCK,][MLCP]
kemo + [MLCP]

kcatjo] MLCP|[MLC,] = keat1[MLCK][MLC,]

kmio + [MLC,] kmi1 + [MLC,]

kcatjo MLCP|MLC,]  keat 1 [MLCK]MLC,]

kml(] + [MLCa] kmll + [MLCC}

—kg|G—actin][mDiag] + k_s[F—actin) -

k10[Arp2/34][G-actin] + k_10[D—actin]

ks|G—actin|[mDia,] — k_g[F—actin]

k10[Arp2/34][G-actin] — k_19[D—actin]

—ko[W AV E1,][Arp2/3] + k_o[ Arp2/34]

koW AV E1,][Arp2/3]  —  k_9lArp2/34] —

k10[Arp2/34][G-actin] + k_10[D-actin]

—kll[FAKpi] [RhOGEF] + k_ll[RhOGEFa]
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41 ¢ RhoGEF,

42 ¢ RacGAP,.

43 ¢ RacGAP,

k‘n[FAKpi] [RhOGEF] — k_n[RhOGEFa]

keat 13| ROCK,|[RacG AP,

km13 + [RCLCGAPC]

kcat,lS [ROCKQ] [RacGAPC]

kmis + [RacGAP,]

3.4 Parameters

Rxn Parameters

Values

References

1 kl ) k—l
2 kQ ) k—2
3 kcat,l ; kml
4 kcat,2 ; ka
) k3 ) k73
6 kcat,3 ) km&
T ky, k4
8 kcat,ll ) km4
9 ks, ks

10 kcat,&’) ) km5

0.7nMtst 105!

0.122 uM~1t s71 | 0.00122 571

1.0 s~ , 100 nM

1.0 s~ , 200 nM

50 uM~t st 0.1 57!

0.5 s, 200 nM

5uM~ts7t 5057t
1.0 s~ , 100 nM
1 puM~—ts™t 1571

1.0 s~ , 100 nM
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Park et al (1)

Park et al (1)
Estimated

Gamba et al (2),
Naoki et al (3)
Gamba et al (2)
Gamba et al (2),
Naoki et al (3)
Naoki et al (3)
Naoki et al (3)
Estimated

Estimated
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13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

kcat,6 5 kme
ke , k_g
kcat,7 5 km7
kcat,8 5 kms
k7, k_7

kg

kg , k_g
k1o, k-10
kcat,9 5 kmo

keat,10 5 km1o
kcat,11 5 kmi1
ki1, k-1

kcat,l? ) kml?
kcat,lS y km13
kcat,14 ) km14

k12, k_12

keat,15 5 kmis

0.1 s7%,10 nM
1M~ tst 157!
2571, 3.1 uM
1s™',1uM

0.5 uM~1 s 0.003 s
1 M1t s™t
LM ts™t 157!
LM ts™t 157!
24571 ,0.1 uM
21 7!, 10 uM
1057, 20 uM

1M~ tst 157!

1s7t, 1 uM
1s™',1uM
1s™1,1uM

1 puM~ts™t 1571

1s7t,1uM

Naoki et al (3)
Estimated

Turner et al (4)
Sakumura et al (5)
Lammers et al (6)
Estimated
Estimated
Estimated

Besser et al (7)
Besser et al (7)
Besser et al (7)
Estimated
Estimated
Estimated
Estimated
Estimated

Estimated
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4 Analysis of the reduced model

The nullclines of active Rac and active WGAP were obtained by solving the
steady state solutions of the reduced model. Observation of the phase plane
in Fig. 7 tells us clearly that the steady state solution indicated by the star is
a stable one. To achieve large excursions in the value of Rac when the system
is moved out of its steady state, the value of WGAP must be sufficiently low.
This critical value of WGAP is indicated by the largely unchanging portion
of the Rac nullcline. Rearranging the terms in the equation dx /0t = 0, we
obtain

2
U1 —x*—x+1
S Py
YT % * "2 22kt + 1 — )

Given that the value of k2 is small (note that k,,2 governs the deacti-
vation rate of Rac due to WGAP), the value of y can be approximated to
be v1/va. In the simulations, the ratio used was 0.5.
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