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Figure S1. The schematic figure of molecular clutch.(A) Detailed clutch model for rigidity sensing. (B)
Possible dissociation loci in molecular clutch for nascent and stabilized clutch. (C) Formation and rupture
of nascent and stabilized clutch. (D) Activation of Rho signaling pathway.
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Figure S2. Diagram for calculation of force balance between molecular clutch and substrate.
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Figure S3.The effect of Rho signaling on myosin motor activation on substrate with different
stiffness (0.01 kPa ~ 100 kPa).
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Figure S4. The effect of talin concentration on filopodial dynamics.(A) Five individual trajectories are
shown from stochastic simulations within 0 uM ~10 uM talin. (B) Retrograde flow is strongly influenced
by the molecular clutch formation at 1 and 10 uM talin.



Simulation algorithm:
The stochastic filopodial dynamics model was implemented using a variable time step
Gillespie Stochastic Simulation Algorithm (SSA), also known as a Kinetic Monte Carlo
simulation. The simulation is allowed to run for 10°® time steps (>1000s) to ensure the
simulation has reached steady-state before statistics are calculated in Fig. 2-4. 20 trajectories
were generated for each set of parameter values in fig. 5 for different substrate stiffness. For
most results, we report the mean values obtained by averaging over the duration of at least
one simulation.
1. The order of events in filopodial dynamics model was:
(1) Calculate the unbinding rate for each nascent and stabilized clutch, based on the current
tension on clutch (product of clutch deformation and clutch stiffness). Talin-actin bond was
modeled as a slip bond (one exponential with a positive exponent) and integrin-FN bond was
modeled as a catch bond (the sum of two exponentials, one with positive exponent and the
other with negative exponent). The parameters of such bonds were obtained after fitting the
curve to previously experimental data (FiglC, lifetime data in the figure correspond to the
inverse of Kog).
(2) Calculate the event time t; for each possible reaction in each loop by Eq.S1

==, (s1)
where RAN; is a uniformly distributed random number between zero and one, and k; is the
kinetic rate for the following reactions:

a) Active talin binding with inactive integrin forming talin-integrin complexes;

talin-integrin complexes dissociation.



b) Talin-integrin complexes binding with FN forming talin-integrin-FN complexes;
talin-integrin-FN complexes dissociation.

c¢) Talin-integrin complexes binding with actin forming talin-integrin-actin complexes;
talin-integrin-actin complexes dissociation.

d) Talin-integrin-FN complexes binding with actin forming actin-talin-integrin-FN
complexes (nascent clutch); actin-talin-integrin-FN complexes unbinding at talin-actin
interface.

e) Talin-integrin-actin complexes binding with FN forming actin-talin-integrin-FN
complexes (nascent clutch); actin-talin-integrin-FN complexes unbinding at integrin-FN
interface.

) Talin in molecular clutch unfolding and refolding.

g) Vinculin  binding with unfolding talin’s VBS site resulting in
Actin-talin-vinculin-integrin-FN complexes (stabilized clutch).

h) Integrin-FN interface in stabilized clutch unbinding leading to clutch bond break.

i) Activation or inactivation of myosin.

J) Actin and talin diffusion within in filopodium.

k) Actin polymerization and depolymerization. Actin polymerization under membrane

force was derived earlier (3),

(_Fmemﬁ)
kona = Konaoe* *BT /. (S2)
(3) Advance time by the minimum calculated event time.

(4) Execute the reaction corresponding to the minimum calculated event time.

(5) Calculate F-actin retrograde flow rate based on the current substrate deformation and



membrane force using the linear force-velocity relationship,

Fsubstrate
Vieiro=V, (1- —suostrate ) S3
retro— Vu NmFo+ Finem (S3)
Feubstrate = KsubstrateXsubstrate- (84)

(6) Advance engaged clutch positions by the product of the F-actin retrograde flow rate and
time step.

(7) Calculate substrate position through a force balance between the substrate and clutch
springs (Fig.S2).

(8) Calculate filopodial length based on retrograde flow. If the barbed end resides beyond the
last compartment, then update the number of compartments.

(9) Return to step 1.



Reactions of clutch adhesions in Gillespie set:

1. Inside-out activation of integrins by active talin

fag
(1) talingyyq + integrin(_talinfold - integrin
kir

2. Formation of Mechanosensing links

Koy
(2) taling,yq - integrin + FN:talinfold -integrin- FN
kar
Ky
(3) taling,yq - integrin + actin:actin “taling,q - integrin
ks
Kaf
(4 taling,q - integrin - FN + actin:actin “talinggq - integrin FN
kar
ksf
(5) actin - taling,q - integrin + FN:actin “talinggq - integrin- FN
ks

3. Talin unfolding/refolding, vinculin binding, integrin-FN break and vinculin dissociation

k6f
—
(6) actin - taling,,q - integrin - FN __actin-taling,goq * integrin - FN

ker

k .
(7) actin - taling,,q - integrin - FN + vinculin — actin - talingyseiq - vinculin
“integrin- FN
K
(8) actin - talin,y o4 * vinculin - integrin - FN 3 talingyq + integrin + FN

4. Myosin activation

kam
—

(9) myOSininavitve ¢ myOSinactive
kdm



The mathematical representation of reactions in clutch model:

dZ:-I = k1fCrCei + korCrip + karCarp — (kiy + kop + kg )Cr. (S5)
dc('i'z;IF = ky;Cry + karCarrr — (kor + kas)Crip (S6)

dfﬁﬂ = k3fCr. + ksyCprpp — (k3r + ka)CATI (S7)

% = kagCrir + KspCart + keyCarr.r — (Kar + Ky + kg )Carrr (S8)
dcﬁj# = kefCarrr— kerCarrr — KyinCarurr (S9)

% = kyinCarv-rr = kyrCaryrr (S10)

di{:’“ = kamCumina — kamCma (S11)

In these equations, C; represents the concentration of folding talin, C;; represents the
concentration of integrin, Cy; represents the concentration of talin-integrin complexes, Cpp
represents the concentration of talin-integrin-fibronectin complexes, C4p; represents the
concentration of actin-talin-integrin complexes, C4.7.;.r/Csry.;.r Yepresents the concentration
of actin-talin(fold/unfold)-integrin-fibronectin ~ complexes, Cy.r.p.p  represents the
concentration of actin-talin-vinculin-integrin-fibronectin complexes, Cpina/Cua represents

the concentration of inactive/active myosin.



Table S1.Baseline model parameters

Parameter Symbol Value Source sensitivity
Integrin activation by talin K 33s* 1)
Talin-integrin dissociation Kqr 0.0042 s (1)
Talin-integrin binding with FN Ko 1557 (1)
Talin-integrin-FN dissociation Kor 0.1s™ (1)
Talin-integrin binding with actin kst 15s* (1)
Talin-integrin-actin dissociation Ksr 0.1s™ (1)
Talin-integrin‘FN binding with actin Kt 1557 (1)
Actin-talin bond dissociation Kar slip bond (2)
Talin-integrin‘FN binding with actin Kst 1557 (1)
Integrin-FN bond dissociation in nascent clutch Ksy catch bond (2)
Talin unfolding Kst slip bond (2)
Talin refolding Kor slip bond (2)
Vinculin on-rate Kony 157 0.1~10s™ 1.04
Integrin-FN bond dissociation in stabilized clutch K7y catch bond (2)
Actin-talin bond rupture force Fu 2 pN 0.5~2.5 pN 0.86
Clutch spring constant Kt 1 pN/nm (2)
Concentration of actin at the filopodial base Ca 10 uM 3)
Concentration of talin at the filopodial base Cr 0~10uM (3)
Integrin density per compartment Cy 0.1 1)
Half of actin monomer size o 2.7nm 3)
Diffusion rate ko 5/16 um? 5™ 4)
Actin polymerization rate Kona 50 s (5)
Actin depolymerization rate Koffa 14s% (6)
Membrane force Frem 10 pN 3)
Initial number of active motors Ca 600 set
Number of inactive motors in cytoplasm Cina 120 set
Motor stall force Fy 2 pN (2)



Motor unloaded retrograde flow velocity
Maximum motor binding rate

Minimum motor binding rate

Motor unbinding rate

Characteristic force, activated adhesion signalling
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Table S2.Model parameters range for Fig. 2-5and Fig. S3

Integrin clustering Clutch
Actin-talin bond Rho effect on
Vinculin binding 1. linearity function Integrin spring
Figure rupture force 1 myosin activation i
k (s) 2. Gaussian function density C,  constant K
F,(N) 1
-. no clustering (pN/nm)
Fig.2 0.5~25 - - - 0.1 1
Fig.3A 15 0.1/1/10 - - 0.1 1
Fig. 3B 15 0.1/1/10 - - 1 1
Fig. 3C 15 10 - - 0.1/1 1
Fig. 3D 15 10 - - 0.1/1 1
Fig. 3H (red
15 10 1 - - 1
line)
Fig. 3H (blue
15 10 2 1
line)
Fig. 3H (black
5 10 - - 0.1 1700
line)
Fig. 4 15 10 - 0~1 0.1 1
Fig. S3 15 10 - 0.1 0.1 1

Table S3.Statistical significance tests for Fig. 5

Figure panel  Statistical significance

Fig. 5A P<0.05 between Eq.m = 0.1 kPa, 1 kPa, 10 kPa, 100 kPa only above 1000 nM
Fig. 5B P<0.02 between Fpem = 0 pN, 5 pN, 10 pN in the range of 0.1 kPa ~ 100 kPa
Fig. 5C P<0.05 between Fys =5 pN, 10 pN, 30 pN only below15.8 kPa

Fig. 5D P<0.05 between Frno = 10 pN, 15 pN, 20 pN only below 4 kPa




Supplementary References

1.

Welf, E., U. Naik, and B. Ogunnaike. 2012. A Spatial Model for Integrin Clustering as a Result of
Feedback between Integrin Activation and Integrin Binding. Biophys. J. 103:1379-1389.
Elosegui-Artola, A., R. Oria, Y. Chen, A. Kosmalska, C. Pérez-Gonzéalez, N. Castro, C. Zhu, X.
Trepat, and P. Roca-Cusachs. 2016. Mechanical regulation of a molecular clutch defines force
transmission and transduction in response to matrix rigidity. Nat. Cell Biol.18(5):540-8.

Lan, Y. H,, and G. A. Papoian. 2008. The stochastic dynamics of filopodial growth. Biophys. J.
94:3839-3852.

Erban, R., M. B. Flegg, and G. A. Papoian. 2014. Multiscale Stochastic Reaction-Diffusion
Modeling: Application to Actin Dynamics in Filopodia. Bull. Math. Biol.76:799-818.

Schirenbeck, A., T. Bretschneider, R. Arasada, M. Schleicher, and J. Faix. 2005. The
Diaphanous-related formin dDia2 is required for the formation and maintenance of filopodia. Nat.
Cell Biol. 7: 619-625.

Pollard, T. D., L. Blanchoin, and R. D. Mullins. 2000. Molecular mechanisms controlling actin
filament dynamics in nonmuscle cells. Annu. Rev. Biophys. Biomol. Struct.29:545-576.

Welf, E. S.,, H. E. Johnson, and J. M. Haugh. 2013. Bidirectional coupling between
integrin-mediated signaling and actomyosin mechanics explains matrix-dependent intermittency
of leading-edge motility. Mol. Biol. Cell.24:3945-3955.

Elosegui-Artola, A., E. Bazelliéres,...,P. Roca-Cusachs. 2014. Rigidity sensing and adaptation

through regulation of integrin types.Nat. Mater. 13:631-637.


http://www.ncbi.nlm.nih.gov/pubmed/?term=Schirenbeck%20A%5BAuthor%5D&cauthor=true&cauthor_uid=15908944
http://www.ncbi.nlm.nih.gov/pubmed/?term=Bretschneider%20T%5BAuthor%5D&cauthor=true&cauthor_uid=15908944
http://www.ncbi.nlm.nih.gov/pubmed/?term=Arasada%20R%5BAuthor%5D&cauthor=true&cauthor_uid=15908944
http://www.ncbi.nlm.nih.gov/pubmed/?term=Schleicher%20M%5BAuthor%5D&cauthor=true&cauthor_uid=15908944
http://www.ncbi.nlm.nih.gov/pubmed/?term=Faix%20J%5BAuthor%5D&cauthor=true&cauthor_uid=15908944

