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Figure S1. Effects of the stiffness of elastic matrix on the FA number. 

  



 

Figure S2. Cell traction and active integrin number both increase with matrix viscosity. 

  



 

Figure S3. Effects of short-term stiffness of the viscoplastic substrate on cell traction force. 

  



 

Figure S4. Lifetimes of bonds decrease with increasing Klong/Kshort at different relaxation 

times (τs = 0.1 and 1 s). 

  



 

Figure S5. The mechanical parameter, η2, represents the level of irreversible deformation of 

the matrix. 

  



 

Figure S6. When the short-term stiffness is relatively small, the YAP/TAZ ratio first 

increases and then decreases with increasing η2. 

  



 
Figure S7. The threshold force and creep time can regulate the degree of plasticity of the 

matrix. 

  



Supplementary Note 1 - Computational screening of mechanotherapeutics 

To apply the computational model in the context of mechanomedicine, we performed 

computer simulations of how integrin-FAK-myosin-YAP/TAZ pathway inhibitors can control 

cellular sensing of matrix elasticity. To identify target inhibitors (e.g., targeting integrin 

binding activity, myosin activation), we performed a sensitivity analysis on the entire suite of 

model parameters, and then identified inhibitors that affect the biochemical reactions (Fig. 

S8). The sensitivity analyses quantified how model parameters affect mechanosensitivity by 

evaluating how, for each set of parameters, the YAP/TAZ N/C ratio (r) would vary with 

matrix stiffness (E) in the Hill-type scaling law: 𝑟 =
𝐴𝐸2

𝛭+𝐸2 + 𝐵, where the Hill coefficient M 

describes the sensitivity range, B describes the response on a compliant matrix, and A 

describes the response on a stiff matrix (Fig. S9). The parameters fell into three categories: (i) 

adhesion dynamics parameters, including retrograde flow rate (V0), integrin stiffness (Klink), 

integrin density (Nlink), myosin stall force (Fstall), talin unfolding force (Funfold), adhesion 

reinforcement rate (dadd), adhesion reinforcement threshold force (Fcr), integrin binding and 

unbinding rates (kon
0, koff

0) and clutch bond characteristic rupture force (Fb); (ii) cytoplasmic 

signaling dynamics parameters, including auto-phosphorylation and dephosphorylation rates 

of FAKY397 (kFAK-a, kFAK-ina), activation and deactivation of ROCK (kROCK-a, kROCK-ina), mDia 

(kmDia-a, kmDia-ina), myosin (kmyosin-a, kmyosin-ina), and F-actin polymerization (kF-actin-a) and 

depolymerization (kF-actin-ina); (iii) nucleocytoplasmic shuttling dynamics parameters including 

the stiffnesses of FG and YAP (KFG, KYAP), YAP/TAZ nuclear import and export rates (kYAPin, 

kYAPout), and the YAP unfolding force (FYAP-unfold). The Hill-type function is used to fit the 

simulation results. We found that talin unfolding force, nuclear deformation coefficients and 

FAK activation rates influence the Hill coefficient (K) and thus the stiffness range for 

mechanosensing (Fig. S9). Integrin density, nuclear deformation coefficients, and activation 

and deactivation rates of FAK and ROCK are found to influence α, and thus the response on 

stiff matrices. 

 

Method for parameter sensitivity analysis 

The sensitivity value S of the level of nucleocytoplasmic ratio of YAP/TAZ to a parameter p 

is defined as: 𝑆 =
𝑑log(𝑟)

𝑑log(𝑝)
, where p is the base parameter value, and r is the nucleocytoplasmic 

ratio of YAP/TAZ at the base parameter value. The S value is equivalent to the slope of r 

versus p on a log-log plot and represents the fold-change in the nucleocytoplasmic ratio of 



YAP/TAZ resulting from a fold-change in a parameter value (0.1-, 1- and 10-fold changes of 

the base parameter). A line was fitted to the data points with the slope of the line taken to be 

the S value. 

  



 

Figure S8. Parameter sensitivity analysis of cell adhesion, signaling and nucleocytoplasmic 

shuttling dynamics of YAP/TAZ in the integrated model for the elastic substrate. 

  



 

Figure S9. Parameter sensitivity analysis about adhesion dynamics, signal transduction and 

nuclear deformation dynamics. 

  



Supplementary Note 2 - Model parameters 

➢ Parameters for integrin-clutch dynamics (Table S1) 

Fstall is the stall force of motor where the rate of actin flow is equal to zero, i.e., Fstall = nm Fm, 

where Fm is the maximum force that each single motor can exert and the nm is the myosin 

number. Molloy et al. showed that a single myosin head can produce a force of ~1-2 pN 

under isometric conditions (1). In our model, Fm = 2 pN. As for nm, we set the same value as 

in the literature (2), i.e., nm = 50, in order to ensure that the maximal adhesion force is within 

a range of quantities, ~100 pN as measured in (3). 

 

V0 is the maximum actin flow rate which is also the unloaded myosin motor velocity. 

Elosegui-Artola et al. (4) and Chan et al. (3) have measured that actin flow rates with the 

minimal integrin bond connection are ~100-120 nm/s. 

 

Nlink is the number of clutch bonds. This is a free parameter that is set to slow retrograde flow 

to experimentally observed level ranging between 120 pN/nm and 40 pN/nm (4). Usually, for 

motor-clutch system, we set the number of clutch bonds and the number of motors to be 

equal in simulations to ensure cells can perform effective stiffness-sensing (2). 

 

Fb is the characteristic rupture force of substrate-actin clutch bond. Jiang et al. showed that 

such rupture force of slip bond is ~2 pN (5). 

 

kon
0 is the true binding rate of integrins. Elosegui-Artola et al. have experimentally shown 

that the true binding rates of α5β1-FN and αvβ6-FN bonds are 6.1×10-5 μm2/s and 6×10-5 

μm2/s, respectively (4). Besides, Litvinov et al. showed that αIIβ3-fibrinogen binding rate is 

1-2×10-4 μm2/s. Since α5β1 integrins are the main type of mechanosensing molecule, we set 

true binding rate to be 6×10-5 μm2/s. 

 

koff
0 is the bond off-rate. This is the pseudo first-order unloaded off-rate constant for clutch 

dissociation from F-actin. Lele et al. showed that the range of values for bond off-rate is 

0.01-0.1 s-1 (7). 

 

Klink is the motor-clutch spring constant. Roca-Cusachs et al. showed that the stiffness of talin 

is ~1.5 pN/nm and of FN is ~0.5 pN/nm (8). Since the unfolding and reinforcement processes 



of clutch bonds occur mainly on talin molecules, we set this value to be 0.8 pN/nm. 

 

dint is the integrin density on the membrane and dadd is the added integrin density during the 

reinforcement process. Note that as described in (4), dadd does not influence the results of 

motor-clutch dynamics, which just regulates the time required by the simulation to reach 

steady state. So we set dadd = 4/m2 (4). Integrin densities on the membrane is measured 

experimentally ~488/μm2 for α5β1 and ~2513/μm2 for αvβ6 (4). Considering that the α5β1 

integrins are the main type of mechanosensing molecule, we set this value to be 500/μm2. 

 

Fcr is the threshold force for adhesion reinforcement. When Fs > Fcr, the density of integrins 

increases with a value of dadd. Here, in our model, we set Fcr = 87 pN which is consistent with 

(4). 

 

Pa is the radius of the circular adhesion site. It has been shown that the typical length scale of 

cell adhesions is on the order of ~1-2 μm (9). Thus, we set Pa = 550 nm, which is also 

consistent with (4). 

 

Table S1. Baseline of model parameters for integrin-clutch and substrate mechanics 

Parameter Symbol Value Refs 

Stall force of motor Fstall 100 pN (1) 

Maximum actin flow rate V0 120 nm/s (2) 

Number of clutch bonds Nlink 50 (2) 

Characteristic rupture force of clutch bond Fb 2 pN (5) 

Bond on-rate kon
0 6×10-5 m2 s–1 (4) 

Bond off-rate koff
0 0.1 s–1 (7) 

Bond spring constant Klink 0.8 pN/nm (8) 

Threshold force for adhesion reinforcement Fcr 87 pN (4) 

Added integrin density dadd 4 m-2 (4) 

Integrin density on the membrane dint 500 m-2 (4) 

Radius of circular adhesion site Pa 550 nm (4) 

Stiffness for elastic substrate E 10-2~102 pN/nm adjust 



Long-term stiffness for viscoelastic substrate El 10-2~102 pN/nm adjust 

Additional stiffness for viscoelastic substrate Ea 10-2~102 pN/nm adjust 

Viscosity for viscous substrate η 10-2~102 pN∙s/nm adjust 

 

➢ Parameters for intracellular signaling pathways 

Parameters of the intracellular signaling pathway are obtained and supported from the 

existing literature (Table S2). 

 

Table S2. Baseline of model parameters for intracellular signaling pathway 

Parameter Symbol Value Refs 

Auto-phosphorylation rate of FAK kFAK-a 0.015 s–1 (10) (11) 

Dephosphorylation rate of FAK kFAK-ina 0.035 s–1 (11) (12) 

Activation rate of RhoA kRho-a 0.0168 s–1 (11) 

Deactivation rate of RhoA kRho-ina 0.625 s–1 (11) (13) 

Activation rate of ROCK kROCK-a 2.2 s–1 (10) (14) 

Deactivation rate of ROCK kROCK-ina 0.8 s–1 (10) (15) 

Activation rate of mDia kmDia-a 1 s–1 (10) (16) 

Deactivation rate of mDia kmDia-ina 1 s–1 (10) (11) 

Activation rate of myosin kmyosin-a 0.03 s–1 (11) 

Deactivation rate of myosin kmyosin-ina 0.067 s–1 (11) 

F-actin polymerization rate kF-actin-a 0.4 s–1 (17) 

F-actin depolymerization rate kF-actin-ina 3.5 s–1 (17) 

 

➢ Parameters for YAP/TAZ dynamics (Table S3) 

α is the nuclear pore deformation coefficient which is the intensity of nuclear stress's effect 

on nuclear pore deformation. Our previous study showed that the nuclear pore is linearly 

related to nuclear stress (18). Thus, for simplicity, we here assumed that perinuclear forces F 

also is proportional to nuclear stress, i.e., α = 1. 

 

kYAP-in and kYAP-out are the YAP/TAZ nuclear import and export rate, respectively. kYAP-in is the 

rate of import of YAP/TAZ to nucleus due to the increased pore deformation. We can obtain 



the import and export rates by fitting the FRAP experimental curves with an exponential 

function (19). Here, we set the import rate on a soft substrate (5 kPa) to be 0.1 s-1 and export 

rate on different substrates to be 0.3 s-1. 

 

FYAP-unfold is the YAP unfolding force. Elosegui-Artola et al. experimentally investigated the 

mechanical stability of YAP molecules by pulling single YAP molecule with an AFM (19). 

These results showed that, in the majority of the cases, YAP molecules can be unfolded at 

undetectable forces (<10 pN). Thus, we set YAP unfolding force to be 2 pN which is within 

an order of magnitude of the clutch unfolding force to ensure that cells have appropriate 

force-sensitive behavior. 

 

About the stiffnesses of FG and YAP molecules. Bestembayeva et al. experimentally showed 

that the stiffness of FG-nup is ~1-5 pN/nm (20). As for YAP molecules, an estimated value 

obtained from the AFM data (19) (the example curves showing YAP/polyprotein extension as 

a function of forces) is used in the model. Thus, we set KYAP = KYAP = ~2 pN/nm. 

 

Table S3. Baseline of model parameters for YAP/TAZ dynamics 

Parameter Symbol Value Refs 

Nuclear pore deformation coefficients α 1 adjust 

Stiffnesses of FG KFG 2 pN/nm (20) 

Stiffnesses of YAP KYAP 2 pN/nm Estimated from (19) 

YAP/TAZ nuclear import rate kYAP-in 0.1 s–1 Estimated from (19) 

YAP/TAZ nuclear export rate kYAP-out 0.3 s–1 Estimated from (19) 

YAP unfolding force FYAP-unfold 2 pN (19) 

  



Supplementary Note 3 - Constitutive equations of SLS and Burgers model 

➢ The constitutive equations of standard linear viscoelastic solid (SLS): 

 

A force 𝐹𝑠 acting on the standard linear viscoelastic solid, therefore, 

𝐹𝑠 = 𝜎𝑙 + 𝜎𝑎 = 𝜎𝑙 + 𝜎𝑣, (S1) 

𝑥𝑠 = 𝜀𝑙 = 𝜀𝑎 + 𝜀𝑣. (S2) 

According to Hooke's law and Newton's law of flow, 

𝜎𝑙 = 𝐸𝑙𝜀𝑙 = 𝐸𝑙𝑥𝑠, (S3) 

𝜎𝑎 = 𝐸𝑎𝜀𝑎, (S4) 

𝜎𝑣 = 𝜂𝜀𝑣̇. (S5) 

From Eq. S2, 

𝑥𝑠̇ = 𝜀𝑎̇ + 𝜀𝑣̇. (S6) 

Substitute Eq. S4 and Eq. S5 into Eq. S6, 

𝑥𝑠̇ =
𝜎𝑎̇

𝐸𝑎
+

𝜎𝑣

𝜂
. (S7) 

Substitute Eq. S1 into Eq. S7, 

𝑥𝑠̇ =
𝐹𝑠̇ − 𝜎𝑙̇

𝐸𝑎
+

𝐹𝑠 − 𝜎𝑙

𝜂
. (S8) 

Then, 

𝑥𝑠̇ =
𝐹𝑠̇ − 𝐸𝑙𝑥𝑠̇

𝐸𝑎
+

𝐹𝑠 − 𝐸𝑙𝑥𝑠

𝜂
. (S9) 

Then constitutive equations of standard linear viscoelastic solid as follows: 

𝜂(𝐸𝑎 + 𝐸𝑙)𝑥𝑠̇ + 𝐸𝑎𝐸𝑙𝑥𝑠 = 𝜂𝐹𝑠̇ + 𝐸𝑎𝐹𝑠 . (S10) 

 

➢ The constitutive equations of Burgers viscoplastic element: 

 



Let 𝐷 = d/d𝑡  stand for differential arithmetic and 𝑉(𝐷)  represent the arithmetic 

polynomial. Now, there are two basic units 𝐹𝑠,1 = 𝑉1(𝐷)𝑥𝑠,1 and 𝐹𝑠,2 = 𝑉2(𝐷)𝑥𝑠,2. If the 

two units are “in series”, then 𝐹𝑠 = 𝐹𝑠,1 = 𝐹𝑠,2 and 𝑥𝑠 = 𝑥𝑠,1 + 𝑥𝑠,2. The Burgers element is 

composed of Kelvin body and Maxwell body in series. Thus, 

𝐹𝑠 =
𝑉1(𝐷)𝑉2(𝐷)

𝑉1(𝐷) + 𝑉2(𝐷)
𝑥𝑠, (S11) 

Then,  

𝐹𝑠 =
𝐸1𝐸2𝜂2𝐷 + 𝐸2𝜂1𝜂2𝐷2

𝐸1𝐸2 + (𝐸1𝜂2 + 𝐸2𝜂1 + 𝐸2𝜂2)𝐷 + 𝜂1𝜂2𝐷2
𝑥𝑠, (S12) 

Then, we have 

𝜂2𝑥𝑠̇ +
𝜂1𝜂2

𝐸1
𝑥𝑠̈ = 𝐹𝑠 + (

𝜂1

𝐸1
+

𝜂2

𝐸1
+

𝜂2

𝐸2
) 𝐹𝑠̇ +

𝜂1𝜂2

𝐸1𝐸2
𝐹𝑠̈, (S13) 

  



Supplementary Note 4 - Coupling between substrate deformation and chemical 

reactions 

First, the cell traction force in algorithm is calculated by: 

𝐹𝑠 = ∑ 𝐾𝑙𝑖𝑛𝑘

𝑁𝑙𝑖𝑛𝑘

𝑖=1

(𝑥𝑖 − 𝑥𝑠) = 𝐾𝑙𝑖𝑛𝑘 ∑ 𝑥𝑖

𝑁𝑙𝑖𝑛𝑘

𝑖=1

− 𝑥𝑠𝐾𝑙𝑖𝑛𝑘𝑁𝑙𝑖𝑛𝑘 = 𝐹𝑠𝑢𝑚 − 𝑥𝑠𝐾𝑠𝑢𝑚. (S14) 

where 𝐹𝑠𝑢𝑚 is the sum of all closed bond deformation and 𝐾𝑠𝑢𝑚 is the sum of all closed 

bond stiffnesses; 𝐹𝑠 is the force acting on the substrate and 𝑥𝑠 is thus the strain of substrate. 

Later, the constitutive equations of substrates are discretized using a Backward Euler method 

and the cell traction force is calculated based on the new deformation of substrate. Details 

about method of substrate strain in algorithm are as follows: 

 

For elastic model: 

𝐹𝑠 = 𝐸𝑥𝑠 = 𝐹𝑠𝑢𝑚 − 𝑥𝑠𝐾𝑠𝑢𝑚, (S15) 

Then, 

𝑥𝑠 =
𝐹𝑠𝑢𝑚

𝐸 + 𝐾𝑠𝑢𝑚
. (S16) 

 

For viscous model: 

𝐹𝑠 = 𝜂𝑥𝑠̇ = 𝐹𝑠𝑢𝑚 − 𝑥𝑠𝐾𝑠𝑢𝑚, (S17) 

Then, we developed discrete format of differential equations by substituting, 

𝑥𝑠,𝑛+1 =̇ (𝑥𝑠,𝑛+1 − 𝑥𝑠,𝑛)/𝑑𝑡, (S18) 

𝐹𝑠,𝑛+1 = 𝐹𝑠𝑢𝑚,𝑛+1 − 𝑥𝑠,𝑛+1𝐾𝑠𝑢𝑚,𝑛+1. (S19) 

Then, 

𝑥𝑠,𝑛+1 =
𝑥𝑛

𝐴
+

1

𝐴

𝑑𝑡

𝜂
𝐹𝑠𝑢𝑚,𝑛+1, (S20) 

𝐴 = 1 +
𝑑𝑡𝐾𝑠𝑢𝑚,𝑛+1

𝜂
. (S21) 

 

For viscoelastic model: 

First, we developed discrete format of differential equations by substituting, 

𝑥𝑠,𝑛+1 =̇ (𝑥𝑠,𝑛+1 − 𝑥𝑠,𝑛)/𝑑𝑡, (S22) 

𝐹𝑠,𝑛+1
̇ = (𝐹𝑠,𝑛+1 − 𝐹𝑠,𝑛)/𝑑𝑡, (S23) 

𝐹𝑠,𝑛+1 = 𝐹𝑠𝑢𝑚,𝑛+1 − 𝑥𝑠,𝑛+1𝐾𝑠𝑢𝑚,𝑛+1, (S24) 



𝐹𝑠,𝑛 = 𝐹𝑠𝑢𝑚,𝑛 − 𝑥𝑠,𝑛𝐾𝑠𝑢𝑚,𝑛, (S25) 

(𝐸𝑎 + 𝐸𝑙)𝜂𝑥𝑠,𝑛+1̇ + 𝐸𝑎𝐸𝑙𝑥𝑠,𝑛+1 = 𝐸𝑎𝐹𝑠,𝑛+1 + 𝜂𝐹𝑠,𝑛+1
̇ . (S26) 

Then, 

𝑥𝑠,𝑛+1 =
𝐴

𝐶
𝑥𝑛 +

𝐵

𝐶
, (S27) 

𝐴 =
𝑝1𝐾𝑠𝑢𝑚,𝑛 + 𝑞1

𝑑𝑡
, (S28) 

𝐵 = (1 +
𝑝1

𝑑𝑡
) 𝐹𝑠𝑢𝑚,𝑛+1 −

𝑝1

𝑑𝑡
𝐹𝑠𝑢𝑚,𝑛, (S29) 

𝐶 = 𝑞0 +
𝑞1

𝑑𝑡
𝐾𝑠𝑢𝑚,𝑛+1 + 𝐾𝑠𝑢𝑚,𝑛+1

𝑝1

𝑑𝑡
, (S30) 

𝑝1 =
𝜂

𝐸𝑎
, 𝑞0 = 𝐸𝑙, 𝑞1 =

(𝐸𝑎 + 𝐸𝑙)𝜂

𝐸𝑎
. (S31) 

 

For viscoplastic model: 

First, we developed discrete format of differential equations by substituting, 

𝑥𝑠,𝑛+1 =̇ (𝑥𝑠,𝑛+1 − 𝑥𝑠,𝑛)/𝑑𝑡, (S32) 

𝑥𝑠,𝑛+1̈ = (𝑥𝑠,𝑛+1 − 2𝑥𝑠,𝑛 + 𝑥𝑠,𝑛−1)/𝑑𝑡2, (S33) 

𝐹𝑠,𝑛+1
̇ = (𝐹𝑠,𝑛+1 − 𝐹𝑠,𝑛)/𝑑𝑡, (S34) 

𝐹𝑠,𝑛+1
̈ = (𝐹𝑠,𝑛+1 − 2𝐹𝑠,𝑛 + 𝐹𝑠,𝑛−1)/𝑑𝑡2, (S35) 

𝐹𝑠,𝑛+1 = 𝐹𝑠𝑢𝑚,𝑛+1 − 𝑥𝑠,𝑛+1𝐾𝑠𝑢𝑚,𝑛+1, (S36) 

𝐹𝑠,𝑛 = 𝐹𝑠𝑢𝑚,𝑛 − 𝑥𝑠,𝑛𝐾𝑠𝑢𝑚,𝑛, (S37) 

𝐹𝑠,𝑛−1 = 𝐹𝑠𝑢𝑚,𝑛−1 − 𝑥𝑠,𝑛−1𝐾𝑠𝑢𝑚,𝑛−1, (S38) 

Then, 

𝑥𝑠,𝑛+1 =
𝑀0 + 𝑀1𝑥𝑛 − 𝑀2𝑥𝑛−1

𝑁
, (S39) 

𝑀0 = (1 +
𝑞1

𝑑𝑡
+

2𝑞2

𝑑𝑡2
) 𝐹𝑠𝑢𝑚,𝑛+1 − (

𝑝1

𝑑𝑡
+

2𝑝2

𝑑𝑡2
) 𝐹𝑠𝑢𝑚,𝑛 +

𝑝2

𝑑𝑡2
𝐹𝑠𝑢𝑚,𝑛−1, (S40) 

𝑀1 =
𝑞1

𝑑𝑡
+

2𝑞2

𝑑𝑡2
+ 𝐾𝑠𝑢𝑚,𝑛 (

𝑝1

𝑑𝑡
+

2𝑝2

𝑑𝑡2
), (S41) 

𝑀2 =
𝑞2

𝑑𝑡2
+ 𝐾𝑠𝑢𝑚,𝑛−1

𝑝2

𝑑𝑡2
, (S42) 

𝑁 =
𝑞1

𝑑𝑡
+

𝑞2

𝑑𝑡2
+ 𝐾𝑠𝑢𝑚,𝑛+1 (1 +

𝑝1

𝑑𝑡
+

𝑝2

𝑑𝑡2
), (S43) 

𝑝1 = (
𝜂1

𝐸1
+

𝜂2

𝐸1
+

𝜂2

𝐸2
) , 𝑝2 =

𝜂1𝜂2

𝐸1𝐸2
, 𝑞1 = 𝜂2, 𝑞2 =

𝜂1𝜂2

𝐸1
. (S44) 

  



Supplementary Note 5 - Model description: Dynamical equations and the flow chart 

➢ Dynamical equations for intracellular signaling pathways 

The dynamical equations to describe the cytoplasmic signal pathway (Table S4) are as 

follows: 

 

where [Cmolecule] represents the time-varying amounts of various signaling molecules; 

kmolecule-a and kmolecule-ina are the activation and deactivation rates of these signals, respectively. 

𝑑[𝐶𝐹𝐴𝐾−𝑎]

𝑑𝑡
= 𝑟1𝑓 − 𝑟1𝑟 , (S45) 

𝑑[𝐶𝑅ℎ𝑜𝐴−𝑎]

𝑑𝑡
= 𝑟2𝑓 − 𝑟2𝑟 , (S46) 

𝑑[𝐶𝑅𝑂𝐶𝐾−𝑎]

𝑑𝑡
= 𝑟3𝑓 − 𝑟3𝑟 , (S47) 

𝑑[𝐶𝑚𝐷𝑖𝑎1−𝑎]

𝑑𝑡
= 𝑟4𝑓 − 𝑟4𝑟 , (S48) 

𝑑[𝐶𝑀𝑦𝑜𝑠𝑖𝑛−𝑎]

𝑑𝑡
= 𝑟5𝑓 − 𝑟5𝑟 , (S49) 

𝑑[𝐶𝐹−𝑎𝑐𝑡𝑖𝑛−𝑎]

𝑑𝑡
= 𝑟6𝑓 − 𝑟6𝑟 , (S50) 

where the rf and rr are the activation and deactivation rates of signals correspondingly in 



Supplementary Note 2. 

 

➢ The flow chart of simulation 

 

Figure S10. The flow chart for stochastic simulation algorithm. 
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