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Files: platelet_boolean.xml (for SQUAD), reactions, reactions_notes, metabolites, 
metabolites_notes, app.para.m and platelet.txt (for CNA), platelet_boolean.jpg (topology), 
table 1S.xls (literature-based interactions), table 2S.xls (logical rules)   

 

Part A: Setting up the simulation: 

As an abstraction based on Table 1S we derived a Boolean model. Table 2S shows the 
applied logical rules and the phases in which the respective reactions become active. 
Compared to the full cytoscape (figure 1), our Boolean model represents a simplification. We 
concentrated on nodes that are functionally well analysed and approved to play a 
tremendous role in platelet signal-transduction. The final model topology was evaluated and 
confirmed by experts of platelet biochemistry. We used CellNetAnalyzer for implementation. 
(see for algorithm details: (a) S. Klamt, J. Saez-Rodriguez, E. D. Gilles, BMC Syst Biol, 2007, 1, 
2  (b) S. Klamt, J. Saez-Rodriguez, J. A. Lindquist, L. Simeoni, E. D. Gilles, BMC Bioinformatics, 
2006, 7, 56).  
 
CellNetAnalyzer is an extension of the former FluxAnalyzer. (Klamt S, Stelling J, Ginkel M and 
Gilles ED (2003) FluxAnalyzer: exploring structure, pathways, and flux distributions in 
metabolic networks on interactive flux maps. Bioinformatics 19(2): 261-269.) and hence also 
further interactions such as signalling interactions are described by a matrix composed of 
reactions and metabolites (both given as files and with metabolite notes and reaction notes, 
respectively). CNA has previously been used to describe and analyze large-scale Boolean 
models of biological networks. This tool is also useful to predict and verify experimental 
data, examine the structure and the hierarchy of the system as well as the relevance of its 
components. In opposition to standard Boolean approaches, CNA offers the possibility to 
include basal stochiometry in the established network. 

The requirements for using CellNetAnalyzer (CNA) are:  

 MATLAB version 7.1 (R14) or higher 
 Some functions require the optimization toolbox of MATLAB (or/and GLPKMEX) with 

GLPK library 

An English manual is available as an online manual at  

http://www.mpi-magdeburg.mpg.de/projects/cna/manual/toc_frame.htm 

Several ASCII files stored in the project directory are used by CNA for representing mass-flow 
(MF) and signal flow (SF) networks. These files are in a special format interpretable by CNA 
and required for both mass- and signal-flow networks.  
To set up the simulation, both respective reactions and metabolites files, as well as the files 
app_para.m and platelet_boolean.jpg have to be saved in a subdirectory of the unpacked 
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CellNetAnalyzer folder. The software is started by typing "startcna" in the Matlab command 
line. Next, a new project has to be created via clicking on the projects menu in the main 
window. In the newly appearing window, the project name, the network type (in this case 
signal-flow) and the name of the subfolder containing the platelet files has to be entered 
(see manual, chapter 1 and 2). Additionally, the corresponding graphic file needs to be 
specified in the network map section. Here, we use the file platelet_boolean.jpg. After 
saving the project (app_para.m may not be overwritten), it can be started from the main 
window. Simulation and analyzation tools are applied as stated in the manual. 
 

Dynamic simulations were performed after loading the file xml file into the software SQUAD, 
as described in: Alessandro Di Cara, Abhishek Garg, Giovanni De Micheli, Ioannis Xenarios 
and Luis Mendoza, BMC Bioinformatics 2007, 8:462. It is freely available at: 
http://www.enfin.org/wiki/overview  
 

Boolean operators 

Boolean approaches can be applied to biological systems, and signal flow networks can be 
described reasonable by a logical approach (40). The Boolean formalism is especially useful 
for qualitative representation of signalling and regulatory networks where activation and 
inhibition are the essential processes (50). In a Boolean representation, the biological active 
state of a species can be translated into the “on” state whereas the inactive state is 
represented by the “off” state. Enzymes play the role of switching other enzymes and genes 
“on” and “off”. Applying Boolean algebra to a signalling network results in an interaction 
network, analogous to electrical circuits, which can be conveniently represented by logical 
interaction graphs. 
Assignment rules contain the basic Boolean operators AND (conjuction), OR (disjunction) and 
NOT (complement). This will be explained for the example of two variables A and B. A 
numerical multiplication is analogous to a logical conjunction expressed by (A Λ B) or (A AND 
B). A conjunction of two statements is true when both statements are true. A numerical 
addition of A and B is expressed in Boolean algebra as a disjunction (A V B) or (A OR B). A 
disjunction of two statements is true when one of the statements is true (inclusive 
disjunction). In the presented logical platelet model disjunctions are not notated explicitly 
but are represented by several interactions which can lead to the same result. A numerical 
negation (–A) is expressed by (NOT A) or (!A) in Boolean algebra. The complement of a 
statement is true when the statement is false. 
 

 

SQUAD parameters 
The parameters incorporated in the ODE for a given node represent the strength of its 
respective activators and inhibitors, and the value of its gain. The sigmoid shape of the 
mathematical equations establishes a monotonic and bounded behaviour within the closed 
interval [0,1]. 
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Part B: Validation by experimental data 

 
In the paper, in particular Figure 4 (experimental data according to platelet web including 
validation of different activation phases by phosphorylation data, kinase and substrate 
information) as well as Figure 5 (direct experiments for validation Boolean processing steps 
regarding output parameters such as calcium flux) show that there is a lot of supporting 
experimental evidence for the different activation steps and protein interactions discussed 
in our model. We give here furthermore in Table 3S detailed information with individual 
literature references for all nodes and interactions modelled in Figure 4 including modulating 
influence by drugs. This includes also information on additional nodes left out in the Boolean 
model (Fig. 2 in the manuscript). 
 
Table 3S. Interactions (including drug modulation) and protein nodes involved in our 
Boolean model and as shown in Figure 4 of the paper. 

Gene id Gene symbol Interactant id 
Interactant 

gene symbol 
Publication 

5592 PRKG1 5592 PRKG1 1 
5592 PRKG1 6915 TBXA2R 2 
5578 PRKCA 207 AKT1 3 
5579 PRKCB 207 AKT1 3 
5578 PRKCA 6915 TBXA2R 4 
5566 PRKACA 6915 TBXA2R 2, 5 
5566 PRKACA 6011 GRK1 6 
5588 PRKCQ 10125 RASGRP1 7 
5578 PRKCA 5581 PRKCE 8-10 
5578 PRKCA 9368 SLC9A3R1 11-13 
5581 PRKCE 2771 GNAI2 14 
6714 SRC 5580 PRKCD 15 
207 AKT1 6788 STK3 16, 17 

6714 SRC 2983 GUCY1B3 18 
6714 SRC 7048 TGFBR2 19 
5578 PRKCA 7408 VASP 20 
5566 PRKACA 5566 PRKACA 21 
5594 MAPK1 5321 PLA2G4A 22 
5578 PRKCA 5139 PDE3A 23, 24 
5566 PRKACA 5139 PDE3A 24 
5566 PRKACA 8654 PDE5A 25-27 
5578 PRKCA 5770 PTPN1 28 
207 AKT1 5590 PRKCZ 29-31 

2534 FYN 5588 PRKCQ 32 
2776 GNAQ 5739 PTGIR 33, 34 
5590 PRKCZ 6714 SRC 35 
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Gene id Gene symbol Interactant id 
Interactant 

gene symbol 
Publication 

207 AKT1 3690 ITGB3 36, 37 
4067 LYN 5580 PRKCD 38, 39 
2771 GNAI2 3480 IGF1R 40 
2770 GNAI1 3480 IGF1R 41 

23136 EPB41L3 5320 PLA2G2A 42 
2770 GNAI1 5147 PDE6D 43 
113 ADCY7 5580 PRKCD 44 

5592 PRKG1 5908 RAP1B 45 
5330 PLCB2 7222 TRPC3 46 
9368 SLC9A3R1 5330 PLCB2 47 
5578 PRKCA 5578 PRKCA 48 
7048 TGFBR2 7048 TGFBR2 49-53 
5581 PRKCE 5594 MAPK1 54 
5580 PRKCD 5580 PRKCD 8, 9, 55-59 
4067 LYN 5588 PRKCQ 60 
5580 PRKCD 5590 PRKCZ 61, 62 
207 AKT1 5588 PRKCQ 63 
207 AKT1 6714 SRC 64 

6714 SRC 207 AKT1 64 
1195 CLK1 5770 PTPN1 8, 65, 66 
207 AKT1 5770 PTPN1 8, 65 

6714 SRC 5584 PRKCI 67 
5584 PRKCI 6714 SRC 67 
3690 ITGB3 6714 SRC 68 
6714 SRC 3690 ITGB3 68, 69 
2776 GNAQ 5330 PLCB2 70 
5147 PDE6D 5906 RAP1A 71 
5581 PRKCE 6714 SRC 72 
3480 IGF1R 5580 PRKCD 73 
3690 ITGB3 7094 TLN1 74-76 
4067 LYN 51206 GP6 77, 78 
2534 FYN 51206 GP6 77, 78 
4067 LYN 4067 LYN 8, 69, 77, 79-82 
5594 MAPK1 5770 PTPN1 83 
5770 PTPN1 5594 MAPK1 83, 84 
5566 PRKACA 5908 RAP1B 85 
3480 IGF1R 3480 IGF1R 86, 87 
5578 PRKCA 5590 PRKCZ 62, 88, 89 
5590 PRKCZ 5578 PRKCA 8, 62, 82, 88, 89 
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Gene id Gene symbol Interactant id 
Interactant 

gene symbol 
Publication 

2776 GNAQ 9368 SLC9A3R1 90 
5583 PRKCH 5583 PRKCH 91 
5770 PTPN1 6714 SRC 92-95 
2778 GNAS 5739 PTGIR 96 
6788 STK3 6788 STK3 97 
5578 PRKCA 5592 PRKG1 98 
5581 PRKCE 5581 PRKCE 8, 99-102 
2778 GNAS 5729 PTGDR 103 
5580 PRKCD 5594 MAPK1 104 
5566 PRKACA 9351 SLC9A3R2 105 
5592 PRKG1 7222 TRPC3 106 
6011 GRK1 6011 GRK1 107 
5590 PRKCZ 5580 PRKCD 8, 9, 61, 82, 108-110 
5580 PRKCD 6714 SRC 111 
2982 GUCY1A3 116987 AGAP1 112 
2983 GUCY1B3 116987 AGAP1 112 
5566 PRKACA 6714 SRC 58, 59, 69, 113, 114 
3710 ITPR3 7222 TRPC3 46, 115 
5590 PRKCZ 5594 MAPK1 116 
5588 PRKCQ 5588 PRKCQ 117 
5147 PDE6D 6011 GRK1 118 
5147 PDE6D 5739 PTGIR 119 
5592 PRKG1 8654 PDE5A 120 
5578 PRKCA 6714 SRC 121 
2534 FYN 2534 FYN 82, 108, 122-125 
207 AKT1 207 AKT1 126, 127 

5592 PRKG1 7408 VASP 59, 108, 128-132 
5566 PRKACA 7408 VASP 59, 108, 128-132 
5579 PRKCB 5579 PRKCB 133 
818 CAMK2G 818 CAMK2G 134 

2771 GNAI2 64805 P2RY12 135 
2534 FYN 5580 PRKCD 136 
2534 FYN 5590 PRKCZ 136 
5583 PRKCH 6714 SRC 136 
2534 FYN 5583 PRKCH 136 
2534 FYN 5581 PRKCE 136 
2212 FCGR2A 2534 FYN 137 
2212 FCGR2A 4067 LYN 137 
4067 LYN 2212 FCGR2A 137 
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Gene id Gene symbol Interactant id 
Interactant 

gene symbol 
Publication 

2534 FYN 2212 FCGR2A 137 
818 CAMK2G 109 ADCY3 138, 139 

3480 IGF1R 6714 SRC 140 
6714 SRC 3480 IGF1R 8, 82, 140-142 
3480 IGF1R 5770 PTPN1 143 
2776 GNAQ 6915 TBXA2R 90, 144 
4067 LYN 6714 SRC 145 
2534 FYN 6714 SRC 145 
6281 S100A10 8605 PLA2G4C 146 
2212 FCGR2A 51206 GP6 147, 148 
7846 TUBA1A 7941 PLA2G7 149 
5028 P2RY1 9368 SLC9A3R1 150 
5028 P2RY1 9351 SLC9A3R2 150 
5578 PRKCA 5739 PTGIR 151 
5590 PRKCZ 5590 PRKCZ 9, 152 
5578 PRKCA 7222 TRPC3 153 

5594 MAPK1 5594 MAPK1 

8, 9, 37, 58, 81, 82, 109, 122, 141, 142, 154-

161 
5566 PRKACA 5906 RAP1A 162 
6714 SRC 6714 SRC 113, 141, 142, 163-165 
Drug Abciximab 3690 ITGB3 166 
Drug Ticagrelor 64805 P2RY12 167 
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