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1. Model description

1.1. Model assumptions and modification

The principal model assumptions and their substantiation can be found in (1). Initial concentrations
are listed in Table S1. Reaction constants are listed in Tables S2 and S3. For purposes of this study, the
model was modified as follows: a) thrombomodulin was removed, as it was absent in the experimental
system studied; b) three spatial dimensions and 3D diffusion were introduced; and c) several kinetic
constants in the model were changed to conform to the experimental conditions (see Table S2). To
make the model equations simpler, we removed platelets and their activation because all experiments in
the study herein were performed in platelet-free plasma. Therefore, membrane binding sites for
intrinsic tenase, prothrombinase, and other membrane-binding complexes/proteins are in the platelet-
derived microparticles and plasma lipoproteins. All reactions catalyzed by intrinsic tenase,
prothrombinase, and others explicitly included the concentration of the binding sites. The procoagulant
activity of platelet-derived microparticles and lipoproteins in platelet-free plasma (expressed as the
number of binding sites) was estimated in the model using experimental reports as described in (1).
Because these values were reported, the validity of such estimations was also confirmed by our studies
on spatial fibrin clot formation in ultra-centrifuged plasma that was titrated with either platelets,

activated platelets, or platelet-derived microparticles (1,2).

1.2. Model equations

Notation. The concentration of a factor F is denoted as [F]. All model variables represent the total
concentrations; for example, [IXa] is the concentration of total IXa, including fIXa free in solution, in
complex with fVIIIa, and in the enzyme-substrate complex with fX. The concentration of free factor F

in solution is [F" ]; for most factors, [F” ]~[F]. The concentration of factor F bound to activated platelets

is denoted [F”]; [F 5 FJ is factor F bound to activated platelets, but free and not in complex with other

factors at the platelet membrane. An exception to this notation is [VaB g J, which represents fVa bound
to both intact and activated platelets and susceptible to inactivation by APC.

. L. . .. F . F. F . F. .
Rate constants for F; and F, association and dissociation are k,""* and k,""*, respectively; the

equilibrium dissociation constant is designated K. The subscript i identifies a competitive

inhibition constant. K/ and n” are the equilibrium dissociation constant and the number of binding



sites per platelet, respectively, for factor F. Constants k", K" and ke’;;’F * are the catalytic,

cat
Michaelis and effective rate constants, respectively, for factor F, catalysis by enzyme F,. The
superscript "local" indicates an intrinsic, two-dimensional constant for reactions at the activated platelet

membrane. The symbol & in the denominator for local constants is the parameter used to link them to
3D concentrations (3). The symbol p” represents the number of factor F molecules secreted per

platelet upon activation. Surface densities for the factors on the activating surface are designated o; for
example, 677 is the TF surface density. The diffusion coefficient for factor F is denoted Dr.
Equations:
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2. Cascade backbone:

2 2 2
A, @] @[] @[N]y Ly
ot Ox Oe 0z (S6)

k™ [1x ] [X1d]

cat

KX T1x]

— Jera AT AT — [IT]- [IXa]




o[rx] o*[ix] e[ix] &*[ix] kXX [1x]- [ Xla]
= . —k [ IX cat S7
Gt IX ( a 2 + ayz + a 2 ) contact [ ] K}{;{ Xla +[]X] ( )
olxa]_ (az[Xa | o’lxar] ofxa” ]) N
oo oy’ oz’
N Jo X Datocal |7 ] Jo X Ma-Villlocal BF [ XB] )
N KX IXalocal /k N KIXa Vilalocal /kN 'KX,IXafVII[alocal /k (88)
a d a M
— (k2T AT — 1)+ kM o, M, + k2T [, AT, + k2 - [Pct), ) [Xa" | -
ke a7 — i) [Xa - va® ] -
— (k" | Xa" | [rFPI)- k)" [ Xa — TFPI))
o|X ’lx] o’lx] o'lx
IO GRS
t ox’ oy 0z (S9)
kX alocal |y BT _[XB] J X ia-Vilalocal |y BT -|V]HaBF .[XB]
“ N KX,IXalocal /k o NcatKIXa Vlalocal /k . N 'KX,IXa—VIHalocal /k
a M
a[][a]z (5\2 []Ia ] 62[1161 ] 62 []Ia ]) + kII Xa N [XCZF][]]] + (SIO)
ot e oy oy’ oz’

Jlocat 1 Xa-Va [Xa_VaB]_[I]B]
K]l;;call[ Xa—Va /k ‘N N

_ (ki[a,AT—H[ -[AT—II]]-i-k””’azM ‘[%M]o _I_k;]a,alAT '[0‘1AT]0 +k;1a,PC1 -[PCI]O +k;[a,HC—[[ -[HC—I]]O)- [HaF]

o\l1 il e’lu| o’ . flocattt-xa Ve N\ Xa —va® |- |IT”
[at]:D” ( 8[2 ] 6[2 ] [2 ]) - kelé[)( N [XGF][II] K}l\:}[cal]l )[(a—Va/k.Nl [ 1811)
oFn] k=" [Fg] |ta" | (S12)
ot K e
[Fe]_),  @'lFe], o’lFe] o’lFe]) k™ [Fg]-|1ra" | (S13)
Fg ax2 ayZ 822 KFg,IIa

3. Cofactor activation:
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6. The compact notation for free and bound factor and factor complex concentrations in sections 1-8,

above, should be read as follows.
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7. Boundary conditions:
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For most factors, non-permeability conditions were used for all simulated volume surfaces. An

example 1s given for prothrombin:
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The exceptions were fIXa, fIX, {Xa, fX, Xa-TFPI, and TFPI, as activation reactions at the left end of
the simulated interval cause changes in the boundary conditions, which correspond to the "flow" of

these factors across the boundary, due to either activation or binding.
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It should be noted that for factors that have diffusion terms including free factors (fXa and flla), the

boundary conditions were written (for Xa" and I1a") as in eq. S44.



1.3. Model parameters

Table S1. Model parameters: initial conditions

1. Initial concentrations for model variables

Surface density, _ _
Factor Factor  Concentration,nM  Factor = Concentration, nM

10° nmol/mm?

o 0 Vila 0.1 VIII 0.7
o 0 VII 10 Va 0
O special IXa 0 A% 20
IX 90 APC 0
Xa 0 PC 60
X 170 e 0
TFPI
Ila 0 TFPI 2.5
1 1400 AT-III 3400
Fn 0 Xla 0
Fg 7600 XI 30
VIIla 0 N, 57.5:10”

2. Constant concentrations in the model

Factor  Concentration, nM  Factor = Concentration, nM  Factor = Concentration, nM

axM 3000 HC-II 1400 PS 346
AT 40000 PCI 88
AP 1100 Cll 1700

" N,, the initial effective procoagulant activity of membranes in plasma, represented by circulating

microparticles, lipoproteins, etc., was expressed in activated platelets equivalents (1).



Table S2. Model parameters: kinetic constants.

Constant Value Reference

1. Initiation of coagulation

S S 0.0094 nM 'min”', 0.0342 min™ (4)*
SR S 0.0094 nM 'min”', 0.0342 min™ (4)*
S S 3.66 min™', 2700 nM (5)
ke’;/{’_TF’X” 0.4 nM 'min’’! (6)
RN SHE 3.66 min™', 2700 nM (7)

2. Cascade backbone

s

kZ(t,VHa—TF ’ KA[;(,VHa—TF 6.8 min'l, 250 nM ®)
k;(a—VHa—TF 385 min-l (9)

[ S G 5.8 min', 200 nM (10)
S R 20 min™', 390 nM (11-13)
X Malocal - o X alocal /3 0.06 min™, 230/ molecules/platelet (14,15)*"

kX,IXa—VIIIa local

’ 6350 min™,
Ky et Je 1216/6 molecules/platelet, 16"

K Pa-ritlatocal / k, 278/0 molecules/platelet,

X loca 1655/6 molecules/platelet
K ;/111 X local / k P
ko ™ 45/6 nM*min”* (17,18)*"
k local Il , Xa—Va
ool I Ta Vi 0.047-6 min™ (19)*7#
KJZM 111, Xa—V /k
ket K et 5040 min™', 7200 nM (20)

3. Cofactor activation

Vi, Ila Vi, Ila
kcat 4 K M

54 min', 147 nM 21)

ki Kyt 14 min', 71.7 nM (22)

4. Inhibition

k Vila-TF , Xa-TFPI
a

0.44 nM 'min™! (23)



kaXa—VIIa—TF,TFPI 6 nM-lmin-l (24)

fe K TEPE e NasTEPE 0.052 nM 'min™", 0.02 min™' (25)
e AT 0.0000082 nM'min’! (26)
kX AT=m 0.00015 nM'min™' (27)

koM 0.00004 nM 'min™! (28)
fe Xt 0.0000136 nM'min’! (29)
ker 0.0012 nM 'min™' (30)
o Xy AT 0.000022 nM'min! (31)
ke AT 0.00041 nM'min™! (32)
e oM 0.0001 nM 'min™! (33)
e e-ead® 0.000003 nM 'min™’ (34)
ke Pt 0.00037 nM'min™! (35)
ke Het 0.000063 nM"'min’! (36)
Je e AT 0.000019 nM ' min™ (37)
e et 0.000026 nM'min” (38)
f eedt 0.000006 nM ' min™ (39)
fe P 0.0054 nM ' min™ (40)
ke 0.00014 nM'min"' (41)
kAreaM 0.000006 nM'min™’ (42)
kPGP 0.000006 nM'min™’ (43)
fAPCadt 0.0000007 nM ' min™ (44)
kPP 0.00039 nM'min™' (45)
j e 0.35 min™ (46)
Jelretve AP 7.7 M 'min™’ (47)*

ko " 0.000282 nM'min’* (48)



K 200 nM (49)*
K]S 150 nM (50)
Jereta g bCta 1.2 min™', 60000 nM (51)
5. Long-range feedback
kg 0.03/6 nMmin’" (52)*"
6. Platelet activation
S S 5.4 min™, 2.4 nM (53)
n* KX KN 16000/ sites/platelet, 320 nM, 470 nM (54"
N G 750/6 sites/platelet, 1.5 nM (55)"
N 260/0 sites/platelet, 2.57 nM (56)"
K 0.118 nM (57)
n, K" 2700/4 sites/platelet, 2.9 nM (58,59)"
i, K 837 sites/platelet, 0.4 nM (60)
o’ 1000 molecules/platelet (61)*
) 0.04 (62,63)

* Estimated on the basis of experimental data.

* The values were corrected by a factor of 6 or 1/8, compared with the originally reported values that
assumed only 0=4% of thrombin-activated platelets actually expose procoagulant membranes and bind
coagulation factors (64,65).

3 In the presence of CTL.



Table S3. Model parameters: diffusion coefficients

Model variable M, Diffusion coefficient*, mm?’/min
Vlla 50,000 0.0035
VIIL. 50,000 0.0035
IXa 46,000 0.0037

IX 57,000 0.0033
Xa 45,000 0.0037
X 58,500 0.0033
Ila 37,000 0.0040
11 72,000 0.0030
Fn — 0"
Fg 340,000 0.0012°¢
Vllla 160,000 0.0021
VI (+ vWE) 240,000 (+ 500,000- o
20,000,000)
Va 150,000 0.0022
\Y 330,000 0.0016
APC 62,000 0.0032
PC 62,000 0.0032
Xa—TFPI 95,000 0.0027
TFPI 40,000 0.0039
AT-III 58,000 0.0033
Xla 160,000 0.0021
XI. 160,000 0.0021
N, ~10" 0

* The values of diffusion coefficients were estimated based on the molecular weights of the
components, using data from (66).

* Fibrin quickly polymerizes into a fibrin net and was, therefore, assumed not to diffuse.

$ The value is from (66). Fibrinogen has non-globular shape, and therefore, its estimation on the
basis of molecular weight is incorrect.

Y FVIII circulates in blood bound to the von Willebrand factor, which forms enormous complexes.
We assumed that these complexes do not diffuse.

I'Platelets were assumed not to diffuse.



1.4. Model design

The mathematical model for clotting was used to investigate mechanisms of clotting activation by
surfaces with different TF distributions. The model mimicked the in vitro clotting experiments. Thus,
we used 3D calculations in a parallelepiped region with a length of 2 mm and a rectangular base. On
this basis, TF was distributed, either uniformly or as rectangular spots at the four corners (imitating %
of the fibroblast size). Given the non-permeable boundary conditions, this distribution can be perceived
as a continuous field of equidistant TF spots. The size of the base was varied from 0.05%0.09 to 1x1
mm to generate the necessary average TF density at the base (Fig. S1A).

For uniformly distributed TFs, each point on the activation surface had the same TF density. This
density was varied by two orders of magnitude from 3 to 100 pmol/m”.

Fibroblast cells were modeled as rectangular spots. The size of a spot was 60x15 um. The TF
density at the spot was uniform, constant and 500 pmol/m”. The TF density on the surface between the
spots was zero. The average TF density on the surface was varied from 0.5 to 100 pmol/m” by varying
the distance between adjacent spots from 0.05 to 1 mm.

The spot characteristics were chosen from experimental data, cell monolayer microscopy and TF
activity assays. Fibroblasts on the film were “spread-eagle” spindle-shaped cells (Fig. S4), with a
length of 71£12 pm and a maximum width of 11£3 um (n=14). The average cell area was 800+150 um
2. The average TF density was measured by testing TF activity over the same series of films. TF
activity was 135+13 pmol/m2 for an average cell density of 290+30 cells/mm?. Thus, the TF density at
the fibroblasts was 580+140 pmol/m’.

Clot growth parameters were calculated as average parameters across the surface to better
correspond with the spatial experiments. The average fibrin concentration was calculated as a mean
concentration at some distance from the surface and treated as the light scattering profiles from the
experiments (see Materials and Methods). We assumed that the fibrin concentration was proportional to
the optical properties of the clot (67). The principal mechanism for this calculation is shown in Fig. S1.

To evaluate any effect of differences in Ky between the cells and immobilized TF (68) on the
phenomena observed herein, we performed additional computer simulations in which we altered this
parameter 3-fold in several directions (either increasing association rate or decreasing dissociation

rate). The Kq4 did not affect the difference between uniformly immobilized TF and TF spots (Fig. S2).



1.5. Roles of factors V and VIl activation feedback loops in sensitivity to local TF
density

The calculation of clot growth parameters in a normal model and in a model without fV and fVII
activation is shown in Fig. S3. The data herein demonstrates that the positive feedback loops for fV
activation by thrombin and fVII activation by fXa are necessary to sense local TF surface density. Without
these feedback loops, the initiation time was independent of surface TF distribution. The addition of these

feedback loops to the system yielded a difference in initiation times.
2. Experiments

2.1. Expanded Methods

Preparation of the fibroblast films. The fibroblast suspensions were prepared in RPMI medium
(Sigma, St Louis, MO, USA) with HEPES buffer at concentrations ranging from 2x10° to 96x10°
cells/ml. They were placed on a 24-well plate (Nunc, Rochester, NY, USA) with polyethylene
terephthalate films (Joint Institute for Nuclear Research, Dubna, Russia). Cell density was routinely
measured for a typical film from each series before the clot growth experiments. The cell-containing
films were dyed with acridine orange and imaged with the fluorescent microscope Leica DM/RBE
(Leica, Wetzlar, Germany), and the cell density was calculated (Fig. S4, S8). The densities decreased
following the decrease in suspended cell concentration. The maximum density for cell monolayers was
approximately 1000 cells/mm’, and its variation (SD) did not exceed 10% among either the different
films for each series or different portions of each film. For the minimal suspended cell concentration
(2x10° cells/ml), the film surface was covered with detached and sparsely located fibroblasts, and the
fibroblast density was approximately 11+6 cells/mm” (confidence level 0.9). The average density of
functional TF on the films was measured using the Actichrome-TF kit (American Diagnostica,
Stamford, CT, USA).

TF immobilization on the films. Thromboplastin (Renam, Moscow, Russia) was dissolved in
deionized water and dialyzed three times at +4°C for 24 h against 0.05 M PBS, pH 7.2 — 7.4 (Sigma),
containing 0.1% Triton X—100 (Sigma, USA). Subsequently, the solution was centrifuged at 10,000 g
for 5 min, and the supernatant protein concentration was measured using the Lowry method. Ten
microliters of sulfosuccinimidyl-6-(biotinamido) hexanoate (EZ-Link™ Sulfo-NHS-LC-Biotin, Pierce,
Rockford, IL, USA) at a concentration of 17.7 mg/ml was added to 0.5 ml thromboplastin solution in
PBS with 0.1% Triton X—100 (protein concentration was 3.1 mg/ml). The reaction proceeded for 3 h at

room temperature with continuous shaking. Afterward, biotinylated thromboplastin was dialyzed at



+4°C for 24 h against PBS containing 0.1% Triton X-100. Films with streptavidin were incubated with
biotinylated thromboplastin solutions at different concentrations for 30 min at room temperature with
continuous shaking. The prepared films were stored at -20 C in 50% glycerol over 6 months with
constant TF activity. The average density of functional TF on the films was measured using the
Actichrome-TF kit (American Diagnostica, Stamford, CT, USA).

Assembly of intrinsic tenase on films with immobilized TF or fibroblasts. The ability of the TF-
bearing films to provide binding sites for intrinsic tenase was evaluated based on their acceleration of
fX activation. The 2x2 mm” films contained either immobilized TF or with fibroblasts with a mean TF
surface density of 120 pmol/m® and were incubated in 20 pl of buffer A (150 mM NaCl, 2.7 mM KClI,
I mM MgCl,, 0.4 mM NaH,PO4, 20 mM HEPES, 5 mM glucose, 0.5% bovine serum albumin) with 5
mM CaCl,. To evaluate intrinsic tenase assembly, the samples were supplemented with 20 pl of a
mixture containing 0.2 nM fIXa, 40 nM fVIlla, and 800 nM fX. FVIIIa was prepared immediately prior
to the experiment by incubation with 40 nM fVIII and 1 nM thrombin for 1 min, followed by 2 uM
PPACK addition. After 4 min at 37°C with shaking, fX activation was stopped using EDTA (40 pl at
20 mM), and fXa activity was evaluated by the rate of S2765 hydrolysis that was measured using
absorbance at 405 nm in a Thermomax microplate reader (Molecular Devices, Sunnyvale, CA).

Assembly of prothrombinase on films with either immobilized TF or fibroblasts. To evaluate
prothrombinase-supporting activity, the 2x2 mm?” films were incubated with 20 pl buffer A containing
3.75 mM CaCl, and supplemented with 10 ul of a mixture containing 30 nM fXa, 6 nM RVV-V
activated fV, and 4200 nM prothrombin. After 5 min at 37°C with shaking, the reaction was stopped
using EDTA (270 pl at 5.6 mM). Thrombin activity was evaluated by the rate of Gly-Pro-Arg-NA
hydrolysis measured using a Thermomax reader.

Spatial clot growth in the reaction-diffusion system and image processing. The experimental
chamber was assembled in a 35-mm polystyrene Petri dish (Biomedical Ltd, Moscow, Russia) with a 1
mm-thick microscope glass slide (VWR Scientific Inc., West Chester, PA, USA) fixed to the bottom.
The glass slide edge, which formed a vertical wall of the chamber, was wrapped in either cell-coated
film or film with immobilized TF and covered with a piece of black polystyrene that formed the upper
surface of the chamber. Recalcified plasma was transferred into the assembled chamber, and the dish
was sealed and placed in a temperature-controlled water jacket at 37°C. The microchamber was
illuminated from below with red light-emitting diodes L-1543-E at a peak wavelength 660 nm
(Kingbright, Tokyo, Japan) and 135° to the direction of recording. The light scattering image was
recorded every 30 sec using a SFW-1310M camera (Scion Corporation, Frederick, MD, USA) and

processed as described below.



The images (Fig. 2A) were used to generate plots of light scattering intensity versus distance from
the TF-bearing surface at different time points (Fig. 2B) and clot size versus time (Fig. 2C). The
initiation time for clot formation was defined as the time interval required for mean light scattering
intensity near the activator to reach the half-maximum value for a clot activated by the film at
maximum TF density. For each frame, clot size was determined as the distance between the activation
film and the clot edge (clot edge was defined as the point where the light scattering intensity was equal
to the half-maximum value for a clot activated by the film at maximum TF density). The rate of clot
growth was derived from the clot size versus time curve as a mean rate ranging from 10 to 40 min
following the onset of clotting. The clot size after 40 min from the clotting activation was also
recorded. These measurements were performed for three different areas in the image for each set of

experimental images.

2.2. Stability of the studied plasma

To test whether incubation of the thawed plasma affects clotting parameters, we performed control
experiments and showed that both the APTT and spatial clot formation parameters in normal plasma

were unchanged for 48 h (Fig. S5).

2.3. Images of fibrin clots for different densities of immobilized TF and TF-

bearing cells

Figs. S6 and S7 demonstrate clot formation from at surfaces with uniform TF distribution and
fibroblast monolayers, respectively. TF density was varied from 1.4 to 135 pmol/m?. To characterize
the cell monolayers, the average distance between cells was calculated using pictures of the cell
monolayers. This distance varied from 300 to 50 pm (see Fig. S8). Clotting was equally rapid for the
films with different cell densities (see Fig. S7). Considering the small diffusion coefficients for clotting
enzymes (Table S3) and characteristic times for the initial phase of clotting (within 10 min), we

conclude that a single cell is sufficient to initiate clotting.

2.4. Images of fibrin clots for fV-, fVII- and fVIlI-deficient plasma

Fig. S9 demonstrates clotting in fV-, fVII and fVIII-deficient plasma. The data are shown for two
types of activation, uniformly distributed TF and fibroblast-containing films. In fV- and fVII-deficient
plasma, the difference in clot growth activated by surfaces with different TF distributions was minimal,

whereas the difference in fVIII-deficient plasma was similar to normal plasma. Further, in plasma



without fV and fVIII, the clot profiles were diffusive. Thus, the resulting fibrin clot did not have a
sharp boundary between the solid clot and liquid plasma.

2.5. Comparison of clot growth parameters in the deficient plasma

Fig. S10 shows the clot growth parameters obtained from the mathematical model and experiments,
which demonstrate the role of fV and fVII activation in endowing pattern recognition on the clotting
system. In the normal and fVIII-deficient plasma, clotting was slow for low TF density activation but
rapid for activation with cells at the same average TF density. In contrast, the clot growth parameters
were the same as for fV- and fVII-deficient plasma. The theoretical and experimental data correlated

well. Absent fVIII, the clot growth rate was two-fold smaller than in normal plasma.

2.6. Explanation of the role of positive feedback from fV activation in clotting

Fibrin clots in plasma without fV and fVIII had more diffuse profiles than normal plasma and
plasma without fVII (Fig. S11). This result might be explained by the lack of the critically important
positive feedback loops required for creating explosive thrombin production. Such loose clots might
provide an explanation for the thromboembolic tendencies reported in certain fV-deficient patients

(69,70).
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Figure legends

Fig. S1. Design of the in silico experiments. A — Calculation area and TF distribution (pink) for the
uniformly distributed TF (top) and activation with the high density TF spots (bottom). The average TF
density at the bottom surface was 6.25 pmol/m” in both cases. TF density at the spots was 500 pmol/m”.
B — Fibrin concentration distribution for uniformly distributed TFs (top) and the high TF density spots
(bottom) at different time points after activation was initiated. The colors indicate the fibrin
concentration in parallelepipeds. The one-dimensional fibrin distribution along the red arrows (numbers
1 and 2) was calculated in panel C. The all-surfaces-averaged (not limited to the panel C plots) fibrin
distribution and corresponding clot size plots as a function of time are shown on D. Red arrows indicate

the position initiation time.

Fig. S2. Effect of TF—{VII/VIla association/dissociation velocities on the difference between uniformly

immobilized and spotted TFs.

Fig. S3. Positive feedback loops from fV and fVII activation supplied a difference in fibrin
production dynamics at a surface with uniformly distributed and spotted TFs. The average TF
density at the bottom surface was 12.5 pmol/m” in both cases. The TF density at the spots was 500
pmol/m?. A — Fibrin concentration distribution for the uniformly distributed TFs (top) and for the high
TF density spots (bottom) for a normal model (left) and a model without fV activation by thrombin and
fVII activation by FXa (right). The data after 40 min from the initiation of activation are shown. The
colors indicate the fibrin concentration in parallelepipeds. To enhance clot activation, the plasma
without feedback loops was supplemented with fVa (1% of normal fV concentrations). The one-
dimensional fibrin distribution along the red arrows (numbers 1 and 2) was calculated in panels B and
C. The all-surfaces-averaged (not limited to the panel B and C plots) fibrin distribution and
corresponding clot size plots as a function of time are shown in D. The pink area indicates differences
in initiation times that depend on TF distribution in the normal model. The red line indicates the

corresponding initiation times in the model without feedback loops.

Fig. S4. Images of fibroblast monolayers with different cell densities that were used for clotting
activation. Fibroblast densities were 1000 (A), 350 (B), and 90 (C) cells/mm®. Cells were grown on
polyethylene terephthalate films placed at the bottom of plate wells filled with a cell suspension at



different concentrations. The cells were dyed with acridine orange and imaged using a fluorescent

microscope.

Fig. S5. Dependence of APTT (A) on clotting initiation time (B) and spatial clot formation
velocity (C) in normal plasma upon storage. Spatial clotting was activated by immobilized TFs at a

surface density of 85 pmol/m”. The mean values + S.D. are shown.

Fig. S6. The effect of uniformly immobilized TFs on fibrin clot growth in normal plasma strongly
depends on TF density. Typical experimental results for platelet-free plasma coagulation activated
with TF at 96, 21 and 6 pmol/m” are shown. A. Images of fibrin clots at different TF densities. During
the experiment (2 h), large fibrin clots were formed on the films with high TF densities, but no clot
formation was detected for clotting activation at the lowest TF density. Where TF density was lowest,
the clot formation was delayed, and the size was smaller. B. Corresponding profiles for clot growth. C.
Clot size as a function of time. Each curve (profile) corresponds to a different time point during clot
growth, and the left and lowest curve corresponds to 5 min after recalcification; the subsequent curves
are separated by 5-min intervals. As the size of the clot increased, the curves shift upward (implying
that the clot is denser) and to the right (the clot becomes larger). The first 50 minutes are shown. C.

Clot size as a function of time. The plots were obtained using the series of profiles shown in panel B.

Fig. S7. Clot formation is insensitive to fibroblast density. Typical experimental results for platelet-
free plasma coagulation activated by fibroblast monolayers with average TF densities of 120, 56 and
3.4 pmol/m® are shown. A. Images of fibrin clots from different TF densities as recorded by light
scattering are shown. Clotting was performed in thin layers of plasma from healthy donors. The
activating surface was located on the vertical wall of the experimental chamber and is shown as a
vertical stripe at the left end of each image. B. Corresponding profiles of clot growth. C. Clot size as a

function of time. All conditions are as in Fig. S4

Fig. S8. Fibroblast monolayer characterization. The average distance between adjacent cells

depended on the average TF density on the film, as shown. (n=3, error bars are SD).

Fig. S9. Feedback loops for fV and fVIII activation form a clear boundary between fibrin clot
and liquid plasma. A. Typical experimental results for clotting activation by immobilized TFs or

fibroblasts surface with an average TF density of 8 pmol/m’ are shown. A. Images of fibrin clots at



different TF densities. Clotting was performed in thin layers of fV-, fVII- and fVIII-deficient patient
plasma. To enhance clot activation, fV-deficient plasma (<1%) was supplemented with Va (0.1% of the
normal fV concentration) and fVII-deficient plasma (<1%) was supplemented with VIIa (1% of the
normal fVII concentration). Clot growth in fV- and fVII-deficient plasma was independent of activator
type, whereas in fVIII-deficient plasma, clots grew only from the fibroblast layer. B. Corresponding
profiles of clot growth. Clot profiles were diffuse for fV- and fVIII-deficient plasma, whereas in fVII-
deficient plasma, a clear boundary between the fibrin clot and liquid plasma was formed. C. Clot size

as a function of time. All conditions are as in Fig. S4.

Fig. S10. Roles of the positive feedback loops for fV and fVII activation in clot formation during
activation by either fibroblasts or immobilized TFs. To test the mathematical model prediction that
the clotting system can recognize activator patterns with through fV and fVII activation only, we
performed experiments with fV-, fVII and fVIII-deficient plasma. The mathematical model (left panel)
and experimental data (right panel) are shown. The average TF density is 6.25 pmol/m* for the
mathematical model and 8 pmol/m” for the experiments. Plots show initiation time (A), clot growth rate
(B), and clot size at t=40 min (C) for the control plasma and fV-, fVII-, and fVIII-deficient plasma.
Immobilized TF and TF-bearing cells were used for clotting activation. As a control, a mixture of fV-
and fVII-deficient plasma at a 1/1 volume ratio was used. To enhance clotting activation, fV-deficient
plasma (<1%) was supplemented with fVa (0.1% of the normal fV concentration) and fVII-deficient
plasma (<1%) was supplemented with VIla (1% of the normal fVII concentration). Control and fVIII-
deficient plasma were sensitive to TF distribution, whereas fV- and fVII-deficient plasma had only

slight activation differences with uniformly immobilized TF or with fibroblasts.

Fig. S11. Clot profile differences in fV-, fVII-, and fVIII-deficient plasma. Clot profiles at 50 min
after experiment initiation are shown. Clotting was activated by either immobilized TF (A) or a
fibroblast monolayer (B). The average TF density was the same in these two cases and equaled 8
pmol/m”. In fV- and fVIII-deficient plasma, clot profiles had a more diffuse shape than in the fVII-

deficient plasma.
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Fig. S3
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Fig. S5
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Immobilized TF

Fig. S6
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TF-bearing cells

Fig. S7
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Fig. S9
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Fig. S10
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Fig. S11
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