Supplementary Material 1 

1 Supplementary Model Description
A detail description of signaling model used in this study is given below. The equation numbers in the text refer to the equation number given in Supplementary Table S1.
Thrombin mediated Rho GTPase activation

Rho GTPase activation:

The Rho GTPase cycle is tightly regulated by three groups of proteins. Guanine nucleotide exchange factors (GEFs) promote the exchange of GDP for GTP to activate the GTPase, GTPase-activating proteins (GAPs) negatively regulate the switch by enhancing its intrinsic GTPase activity and guanine nucleotide dissociation inhibitors (GDIs) are thought to block the GTPase cycle by sequestering and solubilizing the GDP-bound form 
 ADDIN EN.CITE 
[1-3]
. Extracellular signals could regulate the switch by modifying any of these proteins, but so far at least, they appear to act predominantly through GEFs. Once activated, Rho GTPases interact with cellular target proteins (effectors) to generate a downstream response (Figure S15 ) [4]. 
Figure 1: The Rho GTPase cycle. 
Rho GTPases cycle between an inactive GDP-bound form and an active GTP-bound form. The cycle is tightly regulated mainly by guanine exchange factors (GEFs), GTPase activating proteins (GAPs) and guanine dissociation inhibitors (GDIs). In their active form, Rho GTPases can bind to effector molecules such as kinases and scaffold proteins.
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Role of MAP Kinase in Cell Migration
VEGF can activate ERK-1/2 through the typical signaling of Raf-MEK-ERK pathway [5]. For the subsequent signaling of MLC activation, there are accumulating evidences that ERK-MLCK-meditated cytoskeletal responses contribute to VEGF-elicited microvascular hyperpermeability. Shoemaker et al. has examined that MLCK contains multiple MAP kinase consensus phosphorylation sites (P-x-S


[6] ADDIN EN.CITE -P) and it can be directly phosphorylated by MAP kinase 


[7] ADDIN EN.CITE . Evidence presented in by Richard’s experiment demonstrates that MLCK, a key regulator of cell motility and contraction, is a substrate for MAP kinase [8].
Thrombin, VEGF and Histamine mediated Ca2+ release, PKC activation
(a) Ca2+ release: 
In endothelial cells, binding to GPCRs by agonists causes Gαq to switch from a GDP-bound to a GTP-bound state, allowing the release of Gαq from the Gβγ dimer. The GTP bound Gαq subunit subsequently activates phosphoinositide phospholipase PLC-β, which then hydrolyses the lipid precursor phosphatidylinositol-4,5-bisphosphate (PIP2) to yield IP3 and diacylglycerol. IP3 receptors constitute the most clearly identified Ca2+ channels that pump Ca2+ from the ER. Most cells have at least one form of IP3 receptor, and many express all three. Structurally, the IP3 receptor channels are tetramers composed of four subunits, IP3-mediated Ca2+ release responses are co-operative, indicating that several and perhaps all subunits are required to bind IP3 for the channel to open [9] (Figure S16). A characteristic feature of IP3 receptors is that they are regulated by both IP3 and Ca2+.

Figure 2: GPCR activation and Ca2+ relaease.
External stimulus activates a G-Protein-Coupled Receptor (GPCR), which activates a stimulating G-protein. The G-protein activates phospholipase C (PLC), which cleaves phosphoinositol-4,5-bisphosphate (PIP2) into 1,2-diacylglycerol and inositol-1,4,5-trisphosphate (IP3). The IP3 interacts with a calcium channel in the endoplasmic reticulum (ER), releasing Ca2+ into the cytoplasm. The increase in Ca2+ levels activates PKC, which translocates to the membrane, anchoring to diacylglycerol (DAG) and phosphatidylserine [10] (From Promega signal transduction, Source: Signal Transduction Resource, www.promega.com).
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(b) PKC activation: 
PKC activation occurs when plasma membrane receptors coupled to phospholipase C are activated, releasing diacylglycerol (Supplementary Figure S4). The conventional isoforms, α, βI, βII, and γ, are activated by phosphatidylserine, diacylglycerol and Ca2+. The unconventional isoforms, δ, ε, η, and θ, require phosphatidylserine and diacylglycerol but do not require Ca2+. The ζ and λ isoforms are called atypical and require only phosphatidylserine for activation. The G-protein activates phospholipase C (PLC), which cleaves phosphoinositol-4,5-bisphosphate (PIP2) into 1,2-diacylglycerol and inositol-1,4,5-trisphosphate (IP3). The IP3 interacts with a calcium channel in the endoplasmic reticulum (ER), releasing Ca2+ into the cytoplasm. The increase in Ca2+ levels activates PKC, which translocates to the membrane, anchoring to diacylglycerol (DAG) and phosphatidylserine.
(c) MLC activation: 
Phosphorylation of regulatory light chain (MLC) of myosin II plays a critical role in controlling actomyosin contractility in both smooth muscle and nonmuscle cells 
 ADDIN EN.CITE 
[11-13]
. MLC phosphorylation is regulated by the balance of two enzymatic activities, i.e., Myosin light chain kinase (MLCK) and myosin phosphatase (MYCP). MLCK is regulated by Ca2+ /calmodulin and is believed to be a major kinase in both smooth muscle and nonmuscle cells. In addition, Rho-kinase can directly phosphorylate MLC in vitro [14]. MYCP is a holoenzyme composed of three subunits: a catalytic subunit of 38 kDa that was identified as protein phosphatase 1 (PP1) catalytic subunit δ-isoform (PP1Cδ) [15] and two noncatalytic subunits of 21 and 110–130 kDa 
 ADDIN EN.CITE 
[16, 17]
. The larger one, called myosin phosphatase targeting subunit 1 (MYPT1), binds to the catalytic subunit and targets it to MLC, providing substrate specificity 
 ADDIN EN.CITE 
[18]
. Rho-kinase (RhoK) and protein kinase C (PKC) have been proposed to mediate the inhibition of smooth muscle MYCP, leading to increased MLC phosphorylation in response to various agonists. Phosphorylation of the MYPT1 regulatory site (Thr695 in chicken MYPT1) by RhoK induces inhibition of MYCP activity 
 ADDIN EN.CITE 
[19]
. A number of experimental facts suggest that CPI-17 (for PKC-potentiated inhibitory protein of 17 kDa) is involved in PKC-dependent inhibition of MYCP. CPI-17 is a soluble globular protein described as a specific inhibitor for MYCP 
 ADDIN EN.CITE 
[20]
.
2 Supplementary Methods: Estimation of kinetic parameters

We estimated the values of unknown parameters in the model when some parameters cannot be determined from direct experiments or the literatures. Unknown or only roughly known parameters were estimated by minimizing the discrepancy between the experiment data and model simulation. These parameters were determined by using the trust regions algorithm [21] to fit the simulated to the experimental data of RAS, ERK, MYPT and CPI-17 activation curves 
 ADDIN EN.CITE 
[22-24]
. The level of fitting is based on the least-squares method and the fitting process proceeds in iterations until the R-square value is >0.6.
The procedure can be summarized as follows:

1. Import target experiment data

2. Simulate the model with the rough parameter values

3. Compute R-Square value for the simulation and experiment data before parameter estimation

4. Set up the parameters to estimate and the state to match.

5. Use the current values of parameters in the model as the starting point for optimization

6. Simulating the model with the new estimate parameters and computing R-Square value for comparison.

7. Plot the results

For example, we estimated parameters by fit our simulation results to experiment data of Activated Ras [23]. The experiment data, simulation results before and after parameter estimation were shown as Figure S14. The fitness has been improved with R-Square value from 0.4508 to 0.6088.
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