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1. Supporting results
1.1. Quiescent state reactions incorporated in our model of CLEC-2-induced platelet activation.

The quiescent state of platelet’s tyrosine kinase network is supported by a set of phosphatases, among which CD148
(also known as DEP-1 or PTPRJ) has a dominant role (1-3). Here we assume that SFK can exist in four different states
which differ in the degree of activation: non-active SFK (Y527 phosphorylated), a third (1/3) active SFK (Y527
dephosphorylated), two thirds (2/3) active (Y416 phosphorylated) and fully active SFK (Y416 phosphorylated and
bound to a phosphorylated tyrosine by its SH-2 domain) (4). Non-active SFK is transferred to the 1/3 active state by
active CD148 phosphatases (2, 4). On the contrary, 1/3 active SFK can be deactivated by active Csk kinases, which
phosphorylate SFK at Y527 (2, 5). 1/3 active SFK turn to a 2/3 active state via autophosphorylation on Y416 (2). This
transition is negatively regulated by the active CD148 (1, 2, 4, 6). We assume that fully active SFK are not produced
in the quiescent state due to the absence of the phosphorylated receptor molecules. All types of active SFK mediate
phosphorylation of CD148 at Y1311 (6), which results in CD148 activation. On the other side, all types of active SFK
also mediate Csk activation (7, 8). It is noteworthy that Csk activation in platelets is not regulated directly by SFK.
Namely, SFK phosphorylates a protein called paxillin adapter, which binds Csk and this results in Csk activation (7).
Active SFK phosphorylates Syk at Y346, which results in Syk initial activation (9).

It is noteworthy that in in vivo experiments with SFK”- mice CLEC-2 phosphorylation was present upon stimulation
by rhodocytin, while further signal propagation was significantly weakened (10). Furthermore, Hughes et al. 2015
demonstrated that for CLEC-2 signalling SFK acts mostly as a positive mediator of Syk basal activation (9).

1.2. A detailed description of the model construction in a modular fashion

The “CLEC-2 clustering” module (Fig. 2A) consists of variables for concentrations of CLEC-2 in free, ligand-bound and
cluster forms (3 variables, all located in the plasma membrane), fucoidan (1 variable, located in the extracellular
space) and 7 parameters, among which 4 concern receptor clustering.

In order to describe cluster formation, we initially used an “N-equation” model (Fig. S1A), which could capture the
behavior of the receptor clusters of all sizes (where N is the size of the largest cluster). “N-equation” model of
clustering contains 4 parameters: single receptor association and dissociation with clusters rates (ks, k.1, respectively)
and two clusters association and dissociation rates (k», k.,, respectively) (11). Formation of clusters of all sizes was
described using mass-action kinetics. For example, behaviouor of cluster of size three was described by the following
equation:

d[3R]
dt

= ki ([2R] x [R] = [3R] X [R]) + k_, ([4R] — [3RD) + k,([2R] X [R] = [3R] x [2R]) + k_,([SR] — [3RD).
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was fitted to the data from (12). Calculated distribution of cluster sizes at 300s (Fig. S1C) show that the dimerised
receptor concentration is prevailing, while a small fraction of receptors remains in a non-dimerized state.

Although the “N-equation” model could capture the literature data, it was poorly applicable to stochastic
calculations. Thus, in order to describe receptor clustering, we utilised a “2-equation model” (13) to describe results
obtained by the “N-equation” model.

2-equation model contains 5 parameters, which were determined in the process of fitting the 2-equation model to

“N-equation” model, which, in turn, was fitted to experimental data from (12) (for equations and parameter values

Cy —

see Tables S2-S4). Average cluster size was calculated as s = ¢ /CClustf where Cj - initial concentration of

non-clustered CLEC-2 species, C; - transient concentration of the non-clustered CLEC-2 and C ¢!t — transient CLEC-
2 cluster concentration.

Both the full model and 2-equation model were capable of accurately simulating available literature data (Fig. S1D).
Furthermore, the number of single receptor molecules, predicted by “2-equation” model, corresponded to the
value, predicted by “N-equation” model. Based on these results, we considered “2-equation” model applicable for
the description of receptor clustering. Thus, “2-equation” model was used in all further calculations.



The “Quiescent state” module (Fig. 2B) of the model consists of variables for concentrations of CD148 phosphatase
in active and passive states (2 variables); Csk in active and passive states (2 variables); SFK in a set of gradually active
states: non-active, 1/3 active and 2/3 active (3 variables); Syk kinases in active and passive states (2 variables); TULA-
2 in active and passive states (2 variables). “Quiescent state” module contains 19 parameters, common with
“Tyrosine kinase” module. The initial concentrations of the species (Table S5) were at steady-state values for the
module. The “Quiescent state” module was tuned in order to obtain 5% active Syk kinases required for CLEC-2
phosphorylation (9, 10) and 10% of SFKs (Kr¢P148, KrCsk KrSYk parameters were estimated). The parameters of
the reactions are given in Table S6.

The “Tyrosine kinase” module (Fig. 2C) of the model consists of variables for concentrations of active and inactive
Syk kinases (2 variables); SFK in gradually active states: non active, one-third, two-thirds and fully active (4 variables);
clustered non phosphorylated and clustered phosphorylated CLEC-2 receptors (2 variables); active and non-active
TULA-2 (2 variables).

The unknown parameters of the module (Kr¢E¢2, |$H2, krYE | Kf&i4?, Krd i 4?) were estimated by fitting

number of active Syk to data from (14), and the number of Y416 phosphorylated SFK to data from (15) (Fig. 2E and
S3, correspondingly).

The “LAT-PLCy2” module (Fig. 2D) consists of variables for concentrations of active Syk (1 variable); phosphorylated
and non-phosphorylated LAT (2 variables); LAT-PLCy2 complexes (1 variable); LAT-PLCy2-PI3K complexes (1
variable); phosphoinositides (IPs, PIP; and PIPs, 3 variables); active and non-active Btk (2 variables). The “LAT-PLCy2”
module contains 16 parameters. Unknown parameters (Kr™AT, KrPLC, [Btk KrPIPs) were estimated by fitting
numbers of phosphorylated LAT and active PLCy2 to data from (14) (Fig. 2F and 2G, correspondingly). Initial
concentrations of the species in the model and parameter values with equations of the model can be found in tables
S7 and S8, correspondingly. The model of Ca®* release (Fig. 2D, “Calcium” module) is described in our previous work
(16, 17). It is noteworthy that IP; concentration in the model of CLEC-2 signalling is a sole link to calcium module and
no other positive or negative feedbacks exist in the model. Thus, being the sole generator of IP3, active PLCy2 was
selected as the main output of the model.

2. Supporting Tables.

Table S1. Geometric region details.

Geometric region details

Name Parameter Value Ref.

The volume of extracellular space | Vg 3.3 ul (18)

Size of plasmatic membrane (19)

S 45 pm?
oM " Rate of ‘“jP—M is
Vol f cytosol eyt
olime ot cytoso Veyt 4.5 fl conserved from (20)

An artificial
parameter used to

Juxtamembrane Volume Vin 1f1 preserve dimensions
in multi-
compartment
reactions

Size of the DTS membrane Vim 1fl (19)

The volume of the DTS Vprs 1.5 f1

Table S2. “CLEC-2 clustering” module: initial conditions.

Compartment | Species Variable Value Ref.
EC Ligand Lig 2 %101 (14)
Free CLEC-2 molecules R 2000
PM CLEC-2 molecules, bound to an activator | R* 0 (21)
Clustered CLEC-2 molecules R; 1




Phosphorylated CLEC-2 molecules Ry

All clustered CLEC-2 molecules R. =Ry + R}

Table S3. “CLEC-2 clustering” module: receptor ligation.

Name Reaction Equation Parameters Ref.
CLEC-2 . X x Kfl9 x Lig x Lig =15 1x -1 | this
-LEC M, | R+Lig SR Spu X Vge X Kf Lig xR y . Kfu 1s ,u_rlnol
ligation — Spy X Kr™9 X R Kr*9 =0.0302s work

Table S4. “CLEC-2 clustering” module: receptor clustering description (rapid-receptor dimerisation).
. . Parameters (ligand- Parameters (post-
Name Reaction Equation . .( & . L . (p. . Ref.
mediated dimerisation) ligation dimerisation)
dR* ky = 12324.611 s™* x umol™ | k; = 619.65 s™! X umol~?!
Non- e k_, =0.0116 s~ x umol ™! k_, = 0.00205 s 1

C/CULS;Z;d = —kyR.R* — 2k,R°R" k, = 985236 s~ x umol™* k, = 8.496 s~ X ymol~!

R* S R¢ +tk_1Res | s — average cluster size (13)
dR;

Clustered dtc k_, = 348.26 s X umol™?! k_, =0.00017 s~ x ymol™t
" — -6 o—1 — -1

CLEC-2 KRR — k_yRoRo + kaR, | ¥ =27 %1075 ks = 0.0106 s
Table S5. “Tyrosine kinase” and “Quiescent state” module: initial conditions.
Compartment | Species Variable | Value Ref.
Non-active SFK (Y527 phosphorylated) Fp
1/3 active SFK F
/ - 3 36800
PM 2/3 active SFK (Y416 phosphorylated) F
Active SFK (Y416 phosphorylated, SH2 bound) FF
Non-active CD148 D
- " 3600
Active CD148 (Y1311) D
. (22)
Non-active Csk Cs 11500
Active Csk Cs*
Non-active Syk S
Cytosol . y - 5000
Active Syk (Y346 or Y525 phosphorylated) S
Non-active TULA-2 T
- " 8000
Active TULA-2 T
Table S6. “Tyrosine kinase” and “Quiescent state” module: equations and parameters.
Name Reaction Equation Parameters Ref.
FXSPMkatfarf/ *FPXSPMXZXk.mtfgf/ *F,(PXSPMkathf kcsgtc =21s71
CD 148 < D Spu X ( D Vi 55 Vi ) x D KmS™ = 3 uM (4,23)
activation 1 D* Kmsre +VI—MPM Kr€D148 "
— Spy X Kr€P148 x p* =90.8s71!
(FXSPMXkcatﬁgf +FP><SPMX2><kcat§£§ +F5X5PMxkcatSrc> kcsgtc =21s1! (4, 23)
Vim 3 Vim 3 Vim cat
Csk Cs Spm X X Cs KmS¢ = 3 uM
ivati K, < Cs* KmSre + C5 X Seu
activation S Cs ™ Ky-Csk .
— Spy x KrP1*8 x ¢s* =1.0s"1
kgé)tl‘m
=975}
D*xSprkchs Cs*xSpMXkcsk Km¢DP148 (24)
SFK K. Foar | sox| —2 "\ xFp—Spy Vi X F =91mM
activation 1 3 P M KmcP148 4 Fp X Spy poopM KmCsk 4 F X Seu ook —
TV Vi ki =19s
KmCSk (8)
=10 uM
F kSre = 21571
K FP Kme = 3 uM (4, 23)




(F;/S;mkatigg 3+FPI;<];9WPMX2><kmt§£§ 3+Ff];<]f/lpmkat§£§> kg‘?tlm: 97 o1
Spu X X F /S
KmS'e + F X Spy
SFK Vim (24)
activation 2 D*XSpu, ;D148 Km¢P148
Sy x| — |« FF =9.1mM
co148 |, F¥ X Spy
Km + =k
V/M
S —average
cluster size
SFK FP . =0.6 um?x st
activation3 | X5 o P | Sew xS XKSFT X 2 X Rp X F” = Spy X kD3pg X kst X FY X ymol ™!
kD$H?Z l
=107 %/ 2l (25)
x st
Kf;;,l{(LAZ
=0.1uM™?
TULA-2 TULA-2 " TULA-2 N _
K, ST |V K XS XT -V, K xT 1 *
activation é rsT e X K sy ot X BT syk K TULAZ 3
Syk
= 0.007 s7*
Syk
A
CLEC-2 sk =1185s (26)
R} S™XKear KmSyk
phosphoryl | K, € .| Spu X% — xS | X R; — Spy X KrPhosph x Ry
ation S Re Kmsvk 4 2c X 2pu =9.1uM
M Ky Phosph %
=0.21s""!
S —average
cluster size
IS *
=047s!
x uM~1
kSyk
SH2 * . cat
Sk Veye X sX ks1“ X Spy X Rp % N xkggf =11.85s"1 (26)
Y Kg = Vim KmS7k 4+ S X Sem KmSvk
activation Vi _
SH2 SH2 Syk * * =9.1uM
= Voye X (KDSje X k3% + K™% + Kriif 4o X T*) x kDI )
=0.176 uM
Krsvk =10s1
Syk
K104 *
=75s"
x uM~!
Table S7. “LAT-PLCy2” module: initial conditions.
Compartment | Species Variable | Value Ref.
LAT L
Phosphorylated LAT L 4900 (22)
LAT-PLCy2 complexes Lp
PM LAT-PLCy2- PI3K complexes | LP
PIP, I
1 200 uM | (19)
PIPs I,
Active Btk B* 0
Active PLCy2 p* (22)
Non-active PI3K P 1900
Non-active PLCy2 2000
Cytosol - il P
Non-active Btk B 11100
IPs I3 0.05nM | (19)
Table S8. “LAT-PLCy2” module: equations and parameters.
Name Reaction Equation Parameters Ref.
LAT ., | Lsp k2l =1185s"1 | (4,
phosphoryl t - Km®% = 9.1 uM 23)




ation by
Syk §*xkza LAT . * LAT -1 *
SPMX m XL—SPMXKT X(L +Lp+LP+p) Kr =141s
KmSvk 4 =2 2BM
V
M
LAT-PLCY2 kP .
complex | PL, | pSLp | Spy X kP X L* X p — Spy X Dy, X ki? x (Lp + LP + p*) =0.9uM"! x 571
formation kDy, = 0.15 uM (25)
LAT-PLCy2- K
PI3K P =42uM1 *
complex. | P o p | Sem X KE X Lp X P = Spyy X kDyp X kP x LP Lo
formation kD, p = 0.22 uM (25)
PI3K _— -1 *
PIP ki ;mtm; 2'81215 M | (19)
3 P Vim_~ _ PIP * m =11pu
production PLy L SI | Spu X Pk T, X Soar X Iy — Spy X KrP™Ps x (I, + B*) PP -
Vi = 044577
kB! )
Btk B BI BI * =0.51 uM- *
activation PLs A Spu X ki X I, X B —Spy X kDg; X k' X B "
kDy = 0.64uM | (25)
Btk _— -1
PLCY2 L B xS btk ];(mm; 0'13475 " g')
V. 14 M PLC * m = u
PL Spy X XLp—Spy XK X
activation 6 sp PM KmBtk + Lp X Spy p PM r 14 KrPLC .
Vim =8.6x103s7!
keat
1P3 I I <px‘;<lsﬂ5MXk:“Lfy2X(ca)> IP, PLC=2 30557 *
. PL; 1S | SpuX|———— X1, =V XKr's x1I KmFtey
roduction PM PLCy2 1 voyt 3
p Km + (Ca) - 0.78 uM
Kr'Ps = 60 st

Detailed calcium module description is given in (19).

Table S9. Models in COPASI Software.

Model of platelet CLEC-2 induced activation with rapid, ligand-induced receptor | CLEC2_rapidclust.xml
dimerisation
Model of platelet CLEC-2 induced activation with post-ligation receptor | CLEC2_altclust.xml
dimerisation

Table S10. Sensitivity scores of the most influential parameters for the number of active Syk kinases at the point of

maximal activation.

Module Parameter name Variable Value Variation Sensitivity
limits Score
“CLEC-2 | CLEC-2clustering: | k_, 348.26 s71 x umol™! 25-1250 0.077
clustering” k.2
module CLEC-2 clustering: | k_; 0.0116 s™* x umol™* 0.001-0.01 | 0.044
k1
CLEC-2 clustering: | k; 12324.611 571 X ymol™* | 5000 — 0.014
k1 50000
“Tyrosine | the forward rate of | k§H? 047 st xuM~1 0.2-2 1.21245
kinase” Syk activation by
module SH-2 domains
reverse rate of KrPhosph | 021 571 0.05-0.5 1.10722
CLEC-2
phosphorylation
the turnover rate kcsa’f 11.85s71 5-15 1.10362
of Syk kinases
Michaelis constant | KmSYk 9.1 uM 5-15 0.997198
of Syk kinases




reverse rate of Syk | KrSv¥ 1057t 5-25 0.775836
activation by SFK
kinases
Syk deactivation by KrTngAz 7557t x uM~! 2-20 0.734043
TULA-2 rate
the forward rate of | KfJ3"4* | 0.1uM ™" x s7! 0.05-0.5 0.559938
TULA-2 activation
by Syk
reverse rateof | KrJ3'? | 0.007 s7* 0.01-0.1 0.21001
TULA-2 activation
by Syk
the turnover rate | k3T¢ 21s7?! 0.5-5 0.17258
of SFK kinases
Michaelis constant | Km¢P14® | 9.1 mM 4550 - 18200 | 0.010652
of CD148
reverse rate of Kr¢tP148 1 908571 40 - 200 0.010623
CD148 activation
the turnover rate | kS48 9.7s71 4-20 0.010536
of CD148
Syk initial number | § 5000 2500 - 10000 | 1.46352
TULA-2 initial T 8000 3750 - 15000 | 0.680195
number
SFK initial number | Fp 36800 10000 - 0.010381
40000
Comp. platelet cytosol Veye 4.5 fl 2.25-9 1
Sizes volume
plasma membrane | Spy 45 um? 25-90 0.152712
area

Table S11. Sensitivity scores of the most influential parameters for the number of phosphorylated LAT at the point

of maximal activation.

Module Parameter name Variable Value Variation Sensitivity
limits Score
“CLEC-2 CLEC-2 clustering: | k_, 348.26 571 25-250 0.080092
clustering” k. x pmol™1
module CLEC-2 clustering: | k_, 0.0116 571 0.001-0.01 | 0.035984
ka x pmol™1
CLEC-2 clustering: | k; 12324.611s71 5000 — 0.01352
ki x umol™! | 50000
CLEC-2 initial R 2000 1000-4000 0.061893
number
“Tyrosine turnover rate of kcsgf 11.85s71 5-15 2.34692
kinase” Syk kinases
module Michaelis constant | KmSY¥ 9.1 uM 5-15 1.71089
of Syk kinases
the forward rate of | k32 047 s ' xuM™t |02-2 1.53089
Syk activation by
SH-2 domains
reverse rate of Syk | KrSvk 1057t 5-25 1.37626
activation by SFK
kinases
reverse rate of KrPhosph | (021 571 0.05-0.5 1.07892
CLEC-2
phosphorylation




Syk deactivation by Krfngz 75571 x uM~t 2-20 0.531341
TULA-2 rate
the forward rate of | KfJ0M4? | 0.1uM ™" x 571 0.05-0.5 0.348428
TULA-2 activation
by Syk
the turnover rate | k37¢ 2157t 0.5-5 0.136494
of SFK kinases
reverserateof | KrJ3'4? | 0.007 s7! 0.01-0.1 0.05687
TULA-2 activation
by Syk
Syk SH-2 domains kDg;’,f 0.176 uM 0.05-0.5 0.011793
kD
Syk initial number | S 5000 2500 - 10000 | 1.91275
TULA-2 initial T 8000 3750 - 15000 | 0.369641
number
“LAT- reverse rate of LAT | KrkAT 1.41s71t 0.25-2.5 0.983638
PLCy2” phosphorylation
module LAT initial number | L 4900 2500 - 10000 | 0.544366
Comp. plasma membrane | Spy, 45 pm? 25-90 0.39402
Sizes area

Table S12. Sensitivity scores of the most influential parameters for the number of active PLCy2 at point of maximal

activation.
Module Parameter name Variable Value Variation Sensitivity
limits Score
“CLEC-2 CLEC-2 clustering: | k_, 348.26 571 25-250 0.129158
clustering” k. X pmol™1
module CLEC-2 clustering: | k_; 0.0116s71 0.001-0.01 | 0.062745
ka x pmol™1
CLEC-2 clustering: | k; 12324.611s71 5000 - 0.021921
ki x umol™! | 50000
CLEC-2 clustering: | k3 2.7x 1076571 0.0001 - 0.011867
ks 0.001
CLEC-2 initial R 2000 1000-4000 0.08554
number
“Tyrosine turnover rate of kfgg‘ 11.85s71 5-15 3.86148
kinase” Syk kinases
module Michaelis constant | KmSY* 9.1 uM 5-15 2.8085
of Syk kinases
the forward rate of | k32 047 s ' xuM™t |02-2 2.38768
Syk activation by
SH-2 domains
reverse rate of Syk | Krsvk 10s7t 5-25 2.0621
activation by SFK
kinases
reverse rate of KrPhosph | 021 s71 0.05-0.5 1.78911
CLEC-2
phosphorylation
Syk deactivation by KTTngAz 75571 x uM~t 2-20 0.993338
TULA-2 rate
the forward rate of | KfJ744% | 0.1uM ™" x 571 0.05-0.5 0.681899
TULA-2 activation
by Syk
the turnover rate | k37¢ 21s7?t 0.5-5 0.262073
of SFK kinases




reverse rate of Krl3k4? | 0.007 s7* 0.01-0.1 0.16055
TULA-2 activation
by Syk
Syk SH-2 domains | kDg/i? 0.176 uM 0.05-0.5 0.0173905
kD
Syk initial number | § 5000 2500 - 10000 | 3.00666
TULA-2 initial T 8000 3750 - 15000 | 0.765108
number
“LAT- reverse rate of LAT | KrAT 1.41s7t 0.25-2.5 1.6537
PLCy2” phosphorylation
module the turnover rate | kBtk 0.14s! 0.07-0.28 0.795997
of Btk
Michaelis constant | Km?5tk 37 uM 18-74 0.793626
of Btk
the turnover rate | kPI3K 2.82s71 1.4-5.65 0.70601
of PI3K
reverse rate of PIP; | KrPPs 0.44 s71 0.2-0.9 0.691281
production by PI3K
reverse rate of KrPLe 8.6x 107357t 0.005-0.05 | 0.260846
PLCy2 activation
PLCy2kD from | kDy, 0.15 uM 0.075-0.3 | 0.146303
phosphorylated
LAT
Michaelis constant | KmP3K | 11 uM 5.5-22 0.0369431
of PI3K
the forward rate of | k5’ 051 uMtxs™1 025-1 0.0113054
Btk activation upon
PIP3 binding
PI3K kD from kD, p 0.22 uM 0.11-0.44 0.0108299
phosphorylated
LAT
LAT initial number | L 4900 2500 - 10000 | 0.912258
Btk initial number | B 11100 5000 - 25000 | 0.796234
PLCy2 initial P 2000 1000 - 4000 0.152649
number
PI3K initial number | P 1900 950 - 3800 0.0115858
Comp. plasma membrane | Spy, 45 um? 25-90 0.73603
Sizes area

Table S13. Sensitivity scores of the most influential parameters for the IP; concentration at the point of maximal

activation.
Module Parameter name Variable Value Variation Sensitivity
limits Score
“CLEC-2 CLEC-2 clustering: | k_, 348.26 s71 25-250 0.190352
clustering” k. x pmol™t
module CLEC-2 clustering: | k_; 0.0116 571 0.001-0.01 | 0.092191
ka x pmol™1
CLEC-2 clustering: | k; 12324.611s71 5000 - 0.032406
ks X umol™ | 50000
CLEC-2 clustering: | ks 2.7x 10767t 0.0001 — 0.0175
ks 0.001
CLEC-2 initial R 2000 1000-4000 0.126508
number
turnover rate of | SV 11.85s71 5-15 5.71225

Syk kinases

cat
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“Tyrosine | Michaelis constant | KmSY* 9.1 uM 5-15 4.12844
kinase” of Syk kinases
module | the forward rate of | k32 047 s 1xuM™t |02-2 3.52858
Syk activation by
SH-2 domains
reverse rate of Syk | KrSvk 10s7t 5-25 3.03843
activation by SFK
kinases
reverse rate of KrPhosph | 0,21 s71 0.05-0.5 2.6302
CLEC-2
phosphorylation
Syk deactivation by Krfgfﬂ 7557t x uM~! 2-20 1.45979
TULA-2 rate
the forward rate of | KfJ3'4? | 0.1uM ™" x s7* 0.05-0.5 1.00145
TULA-2 activation
by Syk
the turnover rate | kJ7¢ 2157t 0.5-5 0.386137
of SFK kinases
reverserateof | KrJ3'4? | 0.007 s7! 0.01-0.1 0.235098
TULA-2 activation
by Syk
Syk SH-2 domains | kDg}i 0.176 uM 0.05-0.5 0.025556
kD
reverse rate of Kr¢P148 | 90,8571 40 - 200 0.011223
CD148 activation
the turnover rate | k<5148 9.7s71 4-20 0.010769
of CD148
Michaelis constant | Km¢P148 | 9.1 mM 4550 - 18200 | 0.010616
of CD148
Syk initial number | § 5000 2500 - 10000 | 4.44675
TULA-2 initial T 8000 3750 - 15000 | 1.12288
number
SFK initial number | Fp 36800 10000 - 0.010622
40000
“LAT- reverse rate of LAT | KrtAT 1.41s71 0.25-2.5 2.43175
PLCy2” phosphorylation
module reverse rate of IP; | K’ 6057 20-100 1.47202
production
the turnover rate | kBtk 0.14s7! 0.07-0.28 1.17565
of Btk
Michaelis constant | Km?5tk 37 uM 18-74 1.17029
of Btk
the turnover rate | kEI3K 2.82s71 1.4-5.65 1.03907
of PI3K
reverse rate of PIP; | KrFPs 0.44 st 0.2-0.9 1.01565
production by PI3K
reverse rate of | KrPLC¢ 8.6 x103s71 0.005-0.05 | 0.382328
PLCy2 activation
PLCy2 kD from kDLp 0.15 uM 0.075-0.3 0.215728
phosphorylated
LAT
Michaelis constant | KmP3K | 11 uM 5.5-22 0.054275
of PI3K
the forward rate of | k%’ 051 uMtxs™t |0.25-1 0.016936

Btk activation upon
PIP3 binding




P13K kD from kD;p 0.22 uM 0.11-0.44 0.015487

phosphorylated
LAT
LAT initial number | L 4900 2500 - 10000 | 1.3449
Btk initial number | B 11100 5000 - 25000 | 1.17598
PLCy2 initial D 2000 1000 - 4000 | 0.225426
number
PI3K initial number | P 1900 950 - 3800 0.016803
Comp. plasma membrane | Spy 45 pm? 25-90 2.70157
Sizes area

Table S14. Sensitivity scores of the most influential parameters for the calcium concentration at the point of

maximal activation.

ki sTxumol™ | k_y; sTix umol™ | kg; st

37°C 13924.4 348.26 2.7x107°
25°C 2249 251.16 1.8 x107°
25°C, ImM mBCD | 164 208.07 1x 1076

Table S15. “CLEC-2 clustering” module parameters, corresponding to different activatory conditions.

System of differential equations corresponding to the biochemical reactions incorporated in the stochastic model:

o X Vee =M, (1)
Z—f X Spy = —M, (2)
ddli* X Spy = My + TS5, (3)
% X Spy = TS5, — K, (4)
ddif X Sy = K, (5)
O X Sy = Ky Q
O XSm=K; )
O X Veye = =, (®)
ds:* X Veye = K, (9)
B Sou =Ky (10)
Z—i X Spyy = K; — K, (11)
dd—lf X Spy = K, — Ks (12)
ddF;P X Spy = K (13)
% X Veye = —Kp (14)

11



ar xVCyt K,
é>< V, K
dt cyt — 8
d—S*x V, K,
dt Ccyt 8
%xs = —PL
dt PM 1
d—L*xS =PL
dt PM 1
ddifx Spy = PL, — PLg
dL—PxS =PL
dt PM 3
@ X Ve, = —PL
dt Cyt — 2
dpP

E X Veye = —PLs
dl,

— X Spy = —PL, — PL,

&xS PL
dt PM 4
dB

= % Vo = =Pl
dB*

— X Spyy = PL
dt PM 5
dp*

dt

E X VCyt = PL7

12
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3. Supporting Figures
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Figure S1. CLEC-2 receptor clustering models. In order to describe platelet CLEC-2 receptor clustering two
approaches were used: N-equation model of receptor clustering, which describes behavior of the clusters of the
receptors of each size explicitly (A — scheme, C- average cluster size) — (11) and 2-equation model, that describes
behavior of the receptor clusters in general (B) — (13). Both models were capable of describing experimental data
showing the clustering of CLEC-2, calculated from absolute fluorescent intensity data (12) under the assumption that
only CLEC-2 monomers and dimers are present on the surface of resting platelets (29) (D). More simplistic approach
— 2-equation model — was used for the construction of the complete model of CLEC-2 signalling, because it both

allowed to describe experimental data and to reduce computational complexity.
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Figure S6. Explicit variation of the parameters with the sensitivity score above 0.01 for effect on maximal amount
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ki (A), reverse rate of Syk activation by SFK kinases (B), reverse rate of CLEC-2 phosphorylation (C), Syk deactivation
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(H), TULA-2 initial number (1). Red colour highlights “CLEC-2 clustering” module, blue — “Tyrosine kinase” module.
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Figure S7. Explicit variation of the parameters with the sensitivity score above 0.01 for effect on maximal amount
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Figure S8. Explicit variation of the parameters with the sensitivity score above 0.01 for effect on maximal amount
of active Syk kinases and time to maximum (from CLEC-2 clustering k., to turnover rate of SFK). CLEC-2 clustering
k2 (A), CLEC-2 clustering k.; (B), CLEC-2 clustering k; (C), forward rate of Syk activation upon SH-2 domain binding to
dually phosphorylated hemITAMs (D), reverse rate of CLEC-2 phosphorylation (E), turnover rate of Syk kinases (F),
Michaelis constant of Syk kinases (G), reverse rate of Syk activation by SFK kinases (H), Syk deactivation by TULA-2
rate (I), forward rate of TULA-2 activation by Syk (J), reverse rate of TULA-2 activation by Syk (K), turnover rate of
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Figure S10. Explicit variation of the parameters with the sensitivity score above 0.01 for effect on maximal amount
of phosphorylated LAT and time to maximum (from CLEC-2 clustering k., to turnover rate of SFK). CLEC-2 clustering
k2 (A), CLEC-2 clustering k.1 (B), CLEC-2 clustering k; (C), CLEC-2 initial number (D), turnover rate of Syk kinases (E),
Michaelis constant of Syk kinases (F), forward rate of Syk activation upon SH-2 domain binding to dually
phosphorylated hemITAMs (G), reverse rate of Syk activation by SFK kinases (H), reverse rate of CLEC-2
phosphorylation (1), Syk deactivation by TULA-2 rate (J), forward rate of TULA-2 activation by Syk (K), turnover rate
of SFK kinases (L). Red colour highlights “CLEC-2 clustering” module, blue — “Tyrosine kinase” module.

20



A E 30 220 I

30 32 220
172
210
28 28 200 30
@ 1702 W ° wn2s 2003
" 26 £ . E - 190 E
@ 168 = gzs 180 E 26 N
£ £ = E 2
24 166 F T F,, 1805
-l
=~ 24 160 170~
22 164 22
160
20 162 140 20
0.02 0.04 0.06 0.08 0.10 5000 7500 10000 12500 15000 20 40 60 80
B Krluia2, s F TULA -2 Semy um?
182 31
800
26.4 181
30
180 6008
" 26.2 ° n
¢ 179E  Gag E
£ B - &
£ 8 - =~
F 26.0 '& - 00 g
177 28 =
176 200
25.8 27
175
c 0.1 02 03 04 05 G 05 1.0 15 20 25
SH2 LAT -1
i kDg ¢, uM Kr s
600 270 240
500 220
40 - 26.5
» a02 © 200 2
o . ©26.0 N
£ 30 3008 E 180 &
- < -
200 25.5 1603
20
100 25.0 140
10 120
4000 6000 8000 10000 4000 6000 8000 10000
Syk LAT

Figure S11. Explicit variation of the parameters with the sensitivity score above 0.01 for effect on maximal amount
of phosphorylated LAT and time to maximum (from the reverse rate of TULA-2 activation by Syk to plasma
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Figure S12. Explicit variation of the parameters with the sensitivity score above 0.01 for effect on the maximal
concentration of IP; and time to maximum (from CLEC-2 clustering k., to forward rate of TULA-2 activation by Syk).
Inflexion point on the graph corresponds to the initiation of calcium oscillations. CLEC-2 clustering k., (A), CLEC-2
clustering k.4 (B), CLEC-2 clustering k; (C), CLEC-2 clustering ks (D), CLEC-2 initial number (E), turnover rate of Syk
kinases (F), Michaelis constant of Syk kinases (G), forward rate of Syk activation upon SH-2 domain binding to dually
phosphorylated hemITAMs (H), reverse rate of Syk activation by SFK kinases (I), reverse rate of CLEC-2
phosphorylation (J), Syk deactivation by TULA-2 rate (K), forward rate of TULA-2 activation by Syk (L). Red colour
highlights “CLEC-2 clustering” module, blue — “Tyrosine kinase” module.
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Figure S13. Explicit variation of the parameters with the sensitivity score above 0.01 for effect on the maximal
concentration of IP; and time to maximum (turnover rate of SFK to turnover rate of Btk). Inflexion point on the
graph corresponds to the initiation of calcium oscillations. Turnover rate of SFK (A), reverse rate of TULA-2
activation by Syk (B), Syk SH-2 domains kD from phosphorylated tyrosine residues in hemITAM sequences (C),
reverse rate of CD148 activation (D), turnover rate of CD148 (E), Michaelis constant of CD148 (F), Syk initial number
(G), TULA-2 initial number (H), SFK initial number (1), reverse rate of LAT phosphorylation (J), reverse rate of IP;
production (K), turnover rate of Btk (L). Blue — “Tyrosine kinase” module, green — “LAT-PLCy2” module.
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Figure S14. Explicit variation of the parameters with the sensitivity score above 0.01 for effect on the maximal
concentration of IP; and time to maximum (from Michaelis constant of Btk to plasma membrane area). Inflexion
point on the graph corresponds to the initiation of calcium oscillations. Michaelis constant of Btk (A), turnover rate
of PI3K (B), reverse rate of PIP3 production by PI3K (C), PLCy2 kD from phosphorylated LAT (D), Michaelis constant
of PI3K (E), forward rate of Btk activation upon PIP3 binding (F), PI3K kD from phosphorylated LAT (G), reverse rate
of PLCy2 activation (H), LAT initial number (1), Btk initial number (J), PLCy2 initial number (K), PI3K initial number (L),
plasma membrane area (M). Green — “LAT-PLCy2” module, purple — initial volumes of the model compartments.
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Figure S15. Explicit variation of the parameters with the sensitivity score above 0.01 for effect on the maximal
concentration of cytosolic calcium and time to maximum (from CLEC-2 clustering k. to turnover rate of SFK).
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Figure S16. Explicit variation of the parameters with the sensitivity score above 0.01 for effect on the maximal
concentration of cytosolic calcium and time to maximum (turnover rate of SFK to turnover rate of Btk). Inflexion
point on the graph corresponds to the initiation of calcium oscillations. Reverse rate of TULA-2 activation by Syk
(A), Syk initial number (B), TULA-2 initial number (C), reverse rate of LAT phosphorylation (D), reverse rate of IP3
production (E), turnover rate of Btk (F), Michaelis constant of Btk (G), turnover rate of PI3K (H), reverse rate of PIP;
production by PI3K (I), PLCy2 kD from phosphorylated LAT (D) (J), Michaelis constant of PI3K (K), reverse rate of
PLCy2 activation (L), LAT initial number (M), Btk initial number (N), PLCy2 initial number (O), plasma membrane area
(P).
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A 37°C; 100 pg/ml Fucoidan; 0s B 37°C; 100 pg/ml Fucoidan; 30s
DIC LAT Y191-FITC Merge DIC LAT Y191-FITC Merge

Figure S19. Immunefluorescence of platelets activated by 100 pg/ml Fucoidan at 37°C, fixed at different time-

points and stained for phosphorylated LAT. (A) Resting platelets; (B) 30 second incubation with the activator; (C) 60

second incubation with the activator; (D) 300 second incubation with the activator.
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A 25°C; 100 pg/ml Fucoidan; 0s B 25°C; 100 pg/ml Fucoidan; 30s
DIC LAT Y191-FITC Merge DIC LAT Y191-FITC Merge

! 10 M | Laf 10 uM .
C 25°C; 100 pg/ml Fucoidan; 60s D 25°C; 100 yg/ml Fucoidan; 300s
DIC LAT Y191-FITC Merge DIC LAT Y191-FITC Merge

Figure S20. Immunefluorescence of platelets activated by 100 pg/ml Fucoidan at 25°C, fixed at different time-

points and stained for phosphorylated LAT. (A) Resting platelets; (B) 30 second incubation with the activator; (C) 60

second incubation with the activator; (D) 300 second incubation with the activator.
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A 25°C 1 mM mBCD; 100 pug/ml Fucoidan; 0s B 25°C 1 mM mBCD; 100 pg/ml Fucoidan; 30s
DIC LAT Y191-FITC Merge DIC LAT Y191-FITC Merge

10 pM = 10um 10 4M

25°C 1 mM mBCD; 100 pg/ml Fucoidan; 60s [ 25°C 1 mM mBCD; 100 pg/ml Fucoidan; 300s

Figure S21. Immunefluorescence of cholesterol depleted platelets activated by 100 pg/ml Fucoidan at 25°C, fixed
at different time-points and stained for phosphorylated LAT. (A) Resting platelets; (B) 30 second incubation with

the activator; (C) 60 second incubation with the activator; (D) 300 second incubation with the activator.
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5 ug/ml CRP; 0s B 5 pg/ml CRP; 300s
LAT Y191-FITC

Vehicle; 0s D Vehicle; 300s

DIC LAT Y191-FITC Merge DIC LAT Y191-FITC Merge

Figure S22. Immunefluorescence of platelets activated either by 5 pg/ml CRP or incubated with MQ, fixed at

different time-points and stained for phosphorylated LAT. (A) Resting platelets; (B) 300 second incubation with the

activator; (C) resting platelets; (D) 300 second incubation with MQ.
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