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S1 MODEL SCHEMATIC
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Figure S1: Schematic of the model reaction zone (main figure) and endothelial zone (inset).
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S2 MODEL EQUATIONS

Below we have listed the full model equations for all species. The model detailed here includes extensions of our previous work
(1-3). In total, the model consists of 130 species (and their corresponding ordinary differential equations) and 239 parameters
including kinetic rates and initial/upstream concentrations. The solution of the model equations was carried out with our
in-house fortran code that uses DLSODE for the numerical solution of the differential equations; each run of the model that
simulates 40 minutes of clotting activity takes less than 10 seconds on a linux-based laptop. Simulations of this model (in the
absence of heparin) can be performed with our online coagulation simulator: ClotSims. Below, blue text indicates the additional
terms we added for the TFPI-mediated reactions, and purple text indicates the additional terms we added for the AT-mediated
reactions. Strikeouts shows the terms we have removed from our previous version of the model.

el e R S n
kZ7 1 X7€2 + k27 ey [Z : EZ]
_kz7:ewZ7€10 + kz7 10 [Z7 ElO]
+k frow (25" = 27)
kZ7 69Z7€9 + kZ7 ey [Z7 : E9]
d
¢ = —k?ne [TF]“””I + k"” o 2
kflow(e7 _37)+kc7a29[ Eg]
d
—a0 = —kfzopip !+ kil 3)
—kZ .. e,ne7 + K gem [ 210 : EM
kflow(zlo - Z]O)
d
e = —kSfe1opsy il + koffe% @)
t .
+k§1a0 el mlZ10 : Em]
+(k§7a:2]0 +ky. elo)[ “Eno] - k; :e1€10%7
+(k§§lt:elo + k;;n3e]0)[zm EIO] kz"' 10 eloz;"

K75 pre €0 TFPI] + kppppom [TFPI : Eyo]

kfiow (1) = €10)
_rin

?610610
_kdiff(el() - efg)
.k
k;FPIe 10 [TFP] . E;]el()
. . h
_kTFPI:e_é":em [EIO :TFPIL: ES]
. ph

k;FPI elm:e ,[TFPI E5" e
ke ppre . [E1o :TFPI : Eg””]
—kATem[AT]

€10

+kAT €1()[AT : Hepj

€10

Manuscript submitted to Biophysical Journal S3



= il _ poff
G = Koty -k ©

im0 TEN] + kom 7y [ 215 : TEN]
—k:%:TENZ%[TEN*] + k;%:TEN [ZI'(I) :TEN™]

m  _ on avail off m
21610 = kigeopiy " — ki €fp Q)
cat m ., cat - m ., m
+kzl'g:TEN [ZIO . TEN] + (kz;":e% + kz;":e%)[ZS . ElO
—kt e+ (KA L+ k) [ZE  Eqom
amem@ioZs + (Kgmm + Komom) [ Zg" 0 Evom]
+ m_m
—Km.em€ioZs

- _ P m m
+kegn:e% [PRO] ke;":e%eloeﬁ

ar ] )
Koy | Z0 - TEN']
€5 €

hm. ,m
85 .610

_k;FPI:e;'(;e'f(l)TFPI"‘ krpprenTFPL: Ef]
N
_kTFPI:eg"":e;’g

- m.. . phm
+kTFP1:eg"":e{g[E10 1 TFPI: E5™]

+ . phmy m
_kTFPI:elo:eg”" [TFPI : ES ]elo

T R hyv5
+kTFPI:e;o:65hm [TFPI: PRO™]

[TFPI: E™e'

—kAT ™ [AT]

€10
—k?,I%Helo[AT :Hep]
prciie —k?"zsp?“” + kg’ffzg_" .
_k;:ezZsez + k;5:ez [ZS : EZ]

k fiow (25" = z5)

+ns(k} P prss + kol (IPLY]+ [PLY]) + kG5

€2

———=—)[PL
e +0001 1

prati —k"espevail + k;’ffeg" @)

+kcat [Z5 : Ez]

Z5:€e
+kflow(ezp —es)
k;S:APC [APC : Es] - kZS;ApCeS [APC]

cat h .
+ke§":ez [ES : Ez]
il o
=2 = kgngsp@ el — kT ©)
+ m_ m - m . pm
_kzgne%z5 et kz;ﬂ:e% [Z5" : ETj]

+ m_ m - m . m
_kzg":e;"ZS e + kz;"e’z" [Z5 D E5 ]

S4 Manuscript submitted to Biophysical Journal



e
dt 3

—Z
dr*®

= eg
dt

—z
ar’?

kone pgvatl koff gn

ki em 125" 2 EX']

4K apc[APC : BV
_k:;":APCegn[APC]

—kim. me?e% + k_m, 73[PRO]

e

LT [E’"" L EY

_konZ pgvazl +k0ff m

+kflow (Zg - 28)

kzs e, 28€2 + kzg 82[ 8 . Ez]

—kOne pavatl+k0ff m
8
kflow(eg —eg)
+kEAT — 0.005es

+k . apc[APC 1 Es] =k, apces[APC]
ké)nZSngail _ kgffzgn

—k . om 2" € + Ko om [ 25" 2 EN
—k%%yzge?

+k;§n:e;n [Zg" : EY']

il off
kone ngm k gq

cat m . rm cat m . m
komemZg' 2 Eqol + ko om [Zg" + E5']
—k+m,APCem[APC] + k_'"'APC [APC : E{']
—k:g, m€9 eg' + k_rn m[TEN] 0.005¢g"

_k;rg":e;"es ey’ +k m[TEN]

kflow(19 _Z9) ()n avallZ +k0ff m

_kzgze;"z9e7 +k; [Zg Em]
_k+. et 6}111 +k7. n [Z9 : 11]

-k, 129611+k [Zo : En1]

29:€1 29:€11

10)

an

12)

13)

(14)

s)

Manuscript submitted to Biophysical Journal S5



—e
dt ?

e
dr °

—Z
dt 2

Z e
dt

S6 Manuscript submitted to Biophysical Journal

fflow(egp - 69)
_kgnpgvaile9 + k;ffergn
kS [Zy - EN']

7

Z9:€:

mn +
W_ kZ7:69Z7e9

+(kcat + k- )[Z7 : E9]

z7:€9 z7:€9
cat — m . + m
+<kz;"' 0 + kzg,l:eg)[Z7 : Eg] - kz;n:egz'7 €9

‘e
of f

on _*,avail
_k9 9

9
~kairy(es —eg)
] . h : .
+k;9a:;?1 [Zg : Ell] +kcm [Zg : E]]]

29:€11

eg+ ko'’ eg”

—kffeg [AT]
—k?qTHeg [AT : Hep]
ké)npgwailzg _ kgffzgn

+ m h.m - m . phm
_kZ;":ef,],mZ9 611 +kz§"e?|'m [Z9 : Ell ]

—k;;n:eﬁ*zg"eﬁ* + k;;"eﬁ* [Zg" : EYY']
ksnpgvaileg _ k;’ffegm
_k;’{’:e;”e?e? + kgx’":e;" [TEN]
k25 B

29 -y
RS 257 ERY)
—k‘e“;{ eg'[AT)
—k%{HegﬂAT :Hep]

—k§" psrailzy + kgffzgn +k frow (257 = 22)

kflow(egp —-e2)
kg Py e 4 k5T 4 KEf 128" 1 PRO]

M_ kzs:eé’ZSez + (kgsaéz + kz_szez)[z5 B
—kZo,28€2 + (kiie, + k7o) [Zs 2 En]

zg:en z8:€2
—k7 ., 27€0 + (k%‘,‘f:e2 +k.0,)[Z7 1 Er)
—k* A+ ko )2 B

Z;" ey

~kairyr(ez —e5)

er + (kg;f’f:e

+ - cat .

_kzuiezzll + (kz“:ez + kz“:ez)[zll . E2]

—k*, eles+ (kT, +kn :e)“[EM - E
eﬁ:ez 11€2 ( e{’l:ez el 2) [ 11 2]

cat m . hy _ 1+ h
+kz§":PRO” [Z" : PRO™] keé’:ezgz%

- h . g h .
+1<eg,:e2 [E{ : Eb] +k:§fez [E : Es]
—kiTer[AT]

_kéTH€2 [AT : Hep]

(16)

a7

(18)

(19)

(20)



== kgpgvaily, k3 @21
—k+m.PROz§"[PRO] +kom.prolZ3' : PRO]

—k* Z"PRO" + kopn:pron [Z)": PROA]

2":PRO"

Zem kg:t avatl koff ;n (22)

cat - m . m
+(k o + kzg":e;")[zs Ey
+ m _m
_kzg":e;"ZS €

(K 4 K ) (25 ESY = K o 2!

RS LB B

ll 2 11 T2
m  hm - hm. m
k hm me2 es +k hm m [E E ]
€

+kcat

hm m

+
kPROh m

(El™: E)

PRO"€S' + kpp o [PRO" - EY']

+hSH m[PROh E

kA,Ze’Z"[AT]

kAnTH 5'[AT : Hep]

%[TEN] = kg [TEN] + kepepreg'es (23)

+(k;%t:TEN + komrpn) [Z1g : TEN] = k:;"O:TENZ%[TEN]

d
E[PRO] = —kgnm[PRO] +k; emom€ioes .
+(k‘f,‘,’.PRO +kom.pro) (23" : PRO] - k:;”:PROZ;n [PRO]

+kRonep [PRO"™ - Y]

d A} avat - \)
_I[PL‘a] = kganP PVLAIS[PL] = kgan[PLg] (25)
+k} an [PLG) * PP

[PL] = k%, ([PL]*" - [PL]) 26)

avail ac ac €
k+dhpPLAS+(kpltl [PLZ]+[PL ])+k Im)[PL]
d _ )
SIPLE] = kg [PLE] = kg [PLAIPEY S @7
()

act PLV PL act
+(kipp ([PLg] + [PLG]) + kg5 e —YT

plt )[PL]
_Z;n — k?nZ7 [TF]avail _ k?ffZ;n (28)

+ m + m
_kz§"I€|oZ7 €10 — kz§":ezz7 €2

+kz_§"ie|o [Z;n :Ep] + k;;":ez [Z;n 1 Es]
—k;;n:egzg169 + Koo, |27 - Eo]

d 1
—-z7'—|[PL}] -

di PLAS

Manuscript submitted to Biophysical Journal S7



S8

d
—[TFPI] =
L ]

d
Z[TFPI:EIO] =

d
—[TFPI: Eyq: Y]

d
—[AP
7 [AFC]

Manuscript submitted to Biophysical Journal

K9Meq [TF]avail — 17 om
k;FPII€1()3€§" el711 [TFPI: Eio] + k;"FPI:em:e;" [TFPI : E;n]
+k§?f [Z;n : ElO] + kg;t:ez [Z;ﬂ : Ez]

‘€10

(kS o+ K om) [Z10 2 EF']
7 7

Z10-€ zZ10:€

—kI mezi0— kI melzg

210:€7 29:€5
+(k§9‘f’e;,, + K yem) [ 20 ET']
reat [zm. g md PLS 1
* z;":eg[ 7 9] €7 E[ “] avail
PLAS

~k} g priey, €10 TFPI + kppp.e, [TFPI : Eyg)

k fiow ([TFPI|"P — [TFPI])

* hm - . phm
_kTFPI:eg"”eS [TFPI]"'kTFp[;gélm[TFPI'ES ]

—k e![TFPI] +k,

. h
TFPILe! TFPILe! [TFPI: Es]

ki g prem @O TFPI + kppppoom [TFPI - Efy]

+ h
~krppr.pRONY, PRO" [TFPI]

- . hv10
+kTFPI:PRO":le [TFPI : PRO"]Y

—k*
TFPI:PRO":v

+kTFP1ZPROh:V5

_PRO"[TFPI]
[TFPI : PRO"]

Ky ppre, 10l TFPI = kzppp.o [TFPI : Eyo]
K7 prroen [TFPL: Ero © EJ']

_k;FPI:e]O:e;"e;n[TFPI : ElO] +kflaw([TFPI : EIO]up - [TFPI : ElO])

+ . h
_kTFPI:em:eé’ [TFPI : E]o]es

+k

- . . h
TFPI:em:e_é" [EIO tTFPIL: E5]

—kSP[TFPI : Eyolpy " + k] [TFPI - ET)]

_kY_"FPI:eIO:e;" [TFPI tE: E;n] + k;FPI:eIO:e;"e? [TFPI : ElO]
d 1
—[TFPI:E: E;n]E[PLZ] —
PLAS

(kgg?‘t:APC +komapc) [APC @ ES'] — kZ;‘r?’;Apces’"
+(kg§‘t:APC + kg apc) [APC : E{'] = km s pceg' [APC]
+k f1ow ([APC]"P — [APC]) — kaifr ([APC] - [APC*“])
H(KE e + ko apc) [APC ¢ Es] = kY 4 pees| APC]
+H(keispe + kogapc) [APC : Eg] =k} s pces[APC]

’ hm - . hm
Kl pp i APC Ky [APC 2 EL™)

cat . phmy _ .+ h
ki g p [APC 2 EL™) — KDy b APC

[APC : EF] + k< [APC : El]

+ke§’:APC e?:APC

(29)

(30)

3D

(32)

(33)



d 1
a7

D Er]

: Eqo]

: Evo]

d
5[25" D B

dt

dt

—[Z5"

d
dt
d
dt
d
Zm
dt ail
d
d

dt

d
—[APC :
dt[

dt

dt

d
—[APC :
dt [
d
dt

d
d
d

[Zio:

d
—[Zs

Sz

d
—[Zs

d
—[Zy:

d
—|[Z
t[7

E7']

d
—[Z" . TEN]

D Er]

€iol
E}
Efg
E}

D Er]

E{']

E7']

d
= [ZI": PRO]

EJ']
—[TF]

: Eo]

I[Zén : Eg]

kflow([Z7 : EZ]MP - [Z7 : EZ]) + k:7162€2Z7
—(k$% 4+ k2..)[Z7 : E2)

zZ7:€e z7:€2

z7:€10 z7:€10

+K frow([Z7 : E10]"P = [Z7 : E10])

kY en€1027 = (kv + k.0 )[Z7 2 Eo]

+ m
kZ;" Zeme 1OZ7

ca - m d 1
~ (ke + Komie, ) 127" Enol = (27 L Evol - [PLY)—
PLAS
k:;n:ezezzgn N (kgmez + k_m- )[Z;n : E2]
m d s
_[Z E2] [ ] avail
PLAS
k:m em€7 <10 = (k;laoljem + kz_lo'em)[zlo : E;n]
mrprs
[ZIO E ]d [ ] avail
PLAS

komren o TEN] = (kw ren t Komrpn)[Zion : TEN]

k;:ezezZs - (k;a;éz + kz_5:e2)[ZS : EQ]
+k 10w ([Zs : E2]"P = [Z5 : E3])
kzg"re?&e%zs - (kgatelo + k;g":e’]’s)[zgn : E?(l)]

+ m_m cat - m . pm
kz;":e;"eZ 5 - (kzg":eg" + kzg":e;")[ZS ’ E2 ]

+ m cat - m . m
k g,,:e%elozg = (kg mem +kom, Tﬁ)[zg D E

Z,

+ m_m cat - m . prm
kzg":eg"eZ g ~ (kzg":eg' + kzg":eg")[ZS : E2 |

kZS EZEZZS - (kzg e + k;g ez) [ZS : E2]
kflow([ZS s EQ)"P — [Zg 1 Eb))
kZQ"ZAPCegn [APC] - (kc apc ko apc) [APC: Eg']

k;eme719 (kg;’f_, Z()em)[ZQ ET
I
[Z9 E ]dl [PLa] avail
PLAS

kim.pro? [PRO] = (kw .pro + Kom.pro) 123" 1 PRO]

kzgniAPCeg” [APC] - (km .apc T k_'" .apc) [APC : ES']
1

avail
PLAS

TR P

k;7:ege9z7 - (k;a:t@ + kz_7 eg)[Z7 : Eq]

kim., eozy — (k<o +kom,, )[Z" 2 E9]

ey ey e

d 1
-[2)" s Bl 2 [PLY——
PLAS

(34)

(35)

(36)

(37

(38)

(39)

(40)

(41)
(42)
(43)
(44)

(45)

(46)

(47)

(48)
(49)

(50)

(5D

(52)

Manuscript submitted to Biophysical Journal S9



S10

mx

—e
dr °

[TEN*]

d .

125 - TEN']
d ec
a2

d
—[APC**
7L ]

d .
S [TM : E5]

d
—|TM : E5° : APC]

Manuscript submitted to Biophysical Journal

kzgmp;avazl ey — koff m*+k_ m[TEN*]

+ m  nx
—k meg ey
—kA,Zeg"* [AT]

kg,TnH 0™ [AT : Hep]|
_ke_g":eé” [TEN*] + k+ megneg’*
+(kmren + Komren) 1210 TEN']
k:f'(;:TEN [TEN"]zg

k;%:TEN[TEN*]z% (kC“’TEN+km TEN)™[Z},: TEN"]

kaif(er = €5) + k prow (€57 — €5°)
_kln e 2

ks TMI ! + kT [TM © E5€]-k [ es¢ [AT]

k fiow ([APCI*P = [APC]) + kaif s ([APC] — [APC])

K rie, [TM  ES€ 2 APC]

kg LESS1(1 = [TM : ESC] — [TM : ES : APC])
—krp [TM : ES€] - k;’C:TM:ez [TM : E€]
+(kI_JC:TM:ez + k;;(g:TM:ez)[TM : ESC : APC]
k-;’C:TM:ez [TM : Eec]

_(kl_’C:TM:ez k;’act TM: ez)[TM tE5° 1 APC]

kaifr(eo —e5) + k frow (€g” — €§¢
—k - kAI €S [AT]
kaifr(eio = €56) + ksiow (e} — €56

ka0 —keve el [AT]

e

—(kgiapc +kopapc) [APC ¢ Es] + ki spces|APC]

—(k;‘;’APC + ko apc) [APC : Es] + kZS:APCfZg [APC]

avail

kflow(zll —zll) - kzuzllp]]

off _m + h
ka2 = kL n ziiey
Tl

- . h +

k. e n [Z11 2 EVy) = k7, ey 211€10
+

kz“e“[Zn En] = k70,2112

k7 .o, [Z11 1 Eo]

211:€ez

(53)

(54)

(55)

(56)

(57

(58)

(59)

(60)

(61)

(62)
(63)

(64)



Ze“ =
d
EZU =
d .
ar“h
d m m
E[Z“ :EZ] =

d .

d

—I[Z  E =
dt[ 11t Es]

d

—|[Zy : E =
dt[ 91 Eqq]

d

—\[Z E =
dt[ 1 Eq]

up
kfluw(ell _ell) (65)
_keO"vS811p?lvlail + k off,s eilnl*

¢
kZ9 81129611+(k29 e k§9a€11)[ CEn]

—kL e nen + (kg ey + K )20 2 Eni]

Z11-€11

cat h h h

kG (D ER =KD efen
11

— h .
ko, +2 kcg{e“)[En L Epy]
+k“” [E E>]

kATel 1 [AT]

€1l

—kATHen [AT : Hep]

€1l

kS zn py it — kgl (66)

+ —
_k . hmzll 11 +k

Zm: hm
ll' 2

+ m m* - m . m#*
—km.eme 21 €] "‘kzﬁ:eﬁ*[zn FE]

- m . m
A A VAR 2

[Zﬁ : E”hm]

ke enpiyt — ke ey 67)
_k+ m*eﬁ*231

- t . *
+(k e+ k“’“ W)[Z’" E{T]

zg'efy 29

+ m  mx
—k e 211€11

+(k—m_ e+ K (20 ET]
11

e+ Kgmg
+k+?lm*‘er*e?lm*eﬁ*
K e g + 25 K3 JET™ 2 B
kclz‘fm o [ET" EF
+ko\ el [AT]
—ké‘”THe']"l*[AT :Hep]
Ko e = (Ko + K 200 2 B )
Km.em- 25" €' s (69)
g + K (20 B
kfiow([Z11 2 Ex]"P = [Z11 1 E2]) + k3,0, 211€2 (70)
~(kZ e, + RS ) [Z11 1 Ea]
kfiow([Zo - En]"P = [Zo : En1]) + k3.0, 29€11 (71)
—(kZ,.g,, + ke, ) [ Zo 2 En]
kfiow([Z11 : En]"P = [Z11 1 Ent]) + k7, ey, 211€11 (72)
—(kZ ey RS e, ) [Z11 2 Eni]

Manuscript submitted to Biophysical Journal S11



d
dte“

ieh,m

dt 11

[Zy : ET]

d
E[z;" L ElM

S12 Manuscript submitted to Biophysical Journal

nx _h

o avail Off* h,mx
kh enpin tk, B (73)
on avail off hm
—k et 3111711 +k o e
- h
-kt e+ (k + kY V[Zo : E
29:4:129 11 ( zgehm 29:4.])[ 9 11]
h - cat
— *
kzll:ehlpZ]]ell'F(k el m 2 kleié’{’l)[le:Elhl]
cat . cat .
kZ“ ‘en [Zn : Ell] +kle ‘er [Z11 : E2]
h h
_Z*keh; heu 11
- cat h . ph
+(2 * ke{llie{'l * ke(lgl:e?l ) [EH ' Ell]
—k* e e +k” [Eh : Eqq]
eﬁ:e” 11 e{’lze“ 11
—k*, e er+k, [E" :Es
el ey 11 el e 11
hup h
+kflow(911 —ely)
kAT h [ATJ
ATH h
—kg, el [AT : Hep]
avail Off h,m
henpn keh 11 (74)
11
+ m h,m
kzm hnge“
9
cat m . phm
#K Gy n + K ) 1257 B
29 “€qy
+ m hm
e hmZn 11
-
cat h,m
+(kzm hm+2*k hm)[Z E11 ]
en
cat m mx cat m . rm
+k 2 m*[Z D Ef ]+sz,1,:e£,,[Z11 D EY'
+ h.m= _h,m
k e hm €11 €11
- cat hms_ h,m
+(k hm»r h.m k hm* h,m)[E El] ]
€n 11 e en
AT hm
kt’]l 11 [AT]
ATH
—kg, e“ "[AT : Hep]
onx h _avail of fx h,mx
k e enlin keﬁ € (75)
+ h,mx hm hms . phm
-k S nm€1] +k o, hm[E E11 ]
e e i e
+ h,ms mx - hms. ms
k {1I,m*:e],,l,*311 € +kelhl,m* ems[E 11 ]
+ h,mx m hms . pm
K 1K (R < R
1n € 2
. h . h
kflow([Z9 . Ell]up - [Z9 . Ell]) (76)
+ h - cat h
+ - (k +k Zo: E
k@:ef']zge“ ( z9:el zg:e{‘l)[ 9 11
+ m _h.m (77)
ogriehon <9 €

- t . phm
K+ K IZS 2 EL]



[EV : Enl
[E}, : Eo]
27} By
[Z]} : E{Y7]
_[ Elms . phm)
_[Ehms EM]
L

d h
prc i

kfiow([Z11 : EN]“P — (211 - ET,])

h
+kzl :ehpZ11€11

_( - t {nl)[zll :E]h]]

zizel, z e
kflow([ 11 * E{ll] [E{ll E{ll])
+k+ .he}fl ?1

_(k;h h +kca: h )[E{ll :Eﬁ

1111

kflow([E“ : E]]]M’J - [Eh : Ell])
+hl el - (ks o, kwf JER : Enl

el]:e
k fiow([EY, : E2]*P — [E}) : E2))

h - h .
+k:lhl:ezenez - (k n + kZ?lfez)[E” : E2]

elliez
+ m _hm
kzm nmZ11€1]
11°€11
- cat m . phm
_(k m., lzm+k hm)[le 'Ell ]
11°€11 zjjie)]
k7 .7 el
ZT’IL m 11¢11
- cat m . pms
_(kzll e’ +kZ11 efys )[ZU ’ Ell ]
k+ hm

ol hm 11
‘i fn

_ h . h,
_(k hms, Jhm +kcgm* ehm)[Ellms . Ellm]
i 11 1

k hm* hm*e
TR 11

h .
—(k, e e kclfl,t o I LEY™ D E]
h,
k:h.m e“m*eg”
h
_(k hms em + kzam* m[E e E;n])

e 11

cat m. pm on h _avail
kzi e 10[Z Ejol + k5" e5p5

Uff hm + m hm h
k5 k hm rnelogs + k hm mPRO
i 10

+ mhm - hm . pm
khm mezes +khm.m[E5 D EY

k;FP, nmeh’"TFPI+ Kppproom TFPL: El™

k*hm ApcCiAPC + k . ApC [APC : E!™)
_k;FPIe ehm [TFPI: Efjle;"
e prresgietm LEYo  TFPIL: E”m]

k;FPILO o g [TFPI : Eyg ]
+kTFPI:e10:e§”":e% [TFPI: PROY, ]

(78)

(79)

(80)

1)

(82)

(83)

(84)

(85)

(86)

87)

Manuscript submitted to Biophysical Journal S$13



—el = —kspnelp@vail 4 k2T lm (88)

dt 3
+k frow (€5” = )+ (1 - fs)Nsdpl - p
—k+,,, 65 + k‘,,. [Eh . Es)

—k* APC - e5+k- [APC : E!]

el:APC hAPC

+ h
~KppprenesTFPI

+kTFP1:e§' [

+
_kTFPI e10: e [TFPI Elo]es

TFPI : El]

+kTFPIe10e [E]() TFPI : E]

K pre m. h[TFPI L Eel

+k E™ :TFPI : El

TFPI:ett:el [

d
EPROh = +k+hm me;';)eglm k‘?m . PRO" (89)

PRO"Z + k-,

+
k bods :PRO"

im.pRON (2 : PRO"]
ka},’PRO,, [z : PRO™)

PROhTFPI +kZ

e p1:pRON LTFPL: PRO™" ]
PRO TFPI + k.

TEPIPRO" [TFPI PRO™]
[PRO" : E’”]

k+
TFPI:PRO":v

k+
TFPI:PRO":v

+ h -
kPRoh PRO 3+ prohe m

PRO" 3" — I,

d m h m h
12 PROM = K pon pron|Z3 : PRO"] (90)

ki pron [23'PRO™]

d

IS T =k e k‘,,,,,:egn[EQ'":E;"] ©1)

kc at

hmm

d _
dt[Eh E)] = +k:§1, ezeél—kTFPI:eg[E?:Ez] 92)

kit LES B2l + kpiow (S + Eo]"P = [ES : Exl)

’"TFPI k-

rrprem TFPL: EM™) (93)

d . phm _ +
—[TFPLIES™] = +kj,,,, e

. phmy m
_kTFPI:eg’m:elom [TFPI : ES ]elO

+kTFPl'e”'"‘emm

+k"[TFPI : ENp@ el — kI [TFPI : EM™)

[E}4 : TFPI : EI'™)

~KrEpren elm [TFPI : E5™]ef
K Epre lozelt m[TFPI: PROCIS]
K rpre o JTFPI: E!ey
+k Pzzegm;em[Elo . TFPI : E'™]
%[APC ES") = +k+"m-APcE§ZmAPC - k;QM:APc [APC : E5™] (94)
+k‘;‘; apcLAPC 2 Eshm]

S14 Manuscript submitted to Biophysical Journal



d h

d h
—[TFPI:E{]

d
ITFPI:Ef] =

d
< [TFPL: PROM®

d h
—[TFPI : PRO"> =
dt[ ]

d
< Bl : TFPL: El™)

+ - . h
+k "'APC APC k e APC[APC D ES]
. h
—kcf,”APC [APC : E{]

+k 10w ([APC : EF]"P — [APC : E!])
thrpprehupeSs TFPL = Kippp, [ TFPL: El

+k 10w ([TFPI : EZ]“P — [TFPI : E2)

. ph
k;FPle e [TFPI tEgleio
K pree e [EIO:TFPI:Eh]

+
+kS"[TFPI : EX]p@e + kT [TFPI . EI™

+kTFPI emeIOTFPI krrpr e [TFPI : E{y]

+
kTFPI eigel m[TFPI E10]65

m hm

+kTFP[ e e [EIO TFPI E ]

+k{§ [TFPI : E1olpiy"
~kOI[TFPI : ET]

+ . my hm
_kTFPI:e;'(;:eg"" [TFPI: Efgles

K ppre m. ol [TFPI : PRO"]"°
k;FPI m; h[TFPI . Ef'é]eé’
Krrpr efel [EYy: TFPI : E ]
+k;FPI PRO" v PROhTFPI
—Krppr.pROW [ TFPL: PROMV10
Hrepre efes”™ [TFPI : EN[TFPI : Ejjles™
_k;FPI:e%;e?m [TFPI : PRO"]"?
+kpprpROMY PROhTFP]
~K7ppr.prons [TFPI 2 PROM™
K Fpren ohm [TFPI : Ef™Mlem
k;sze el [TFPI: PRO"]’
+k;FP1e e TFPIL:ET, el

m hm
kTFPl e e m[EIO TFPI: E ]

+k*

. h
TFPILel™e, m[TFPI D ES™M el

_k;’FPI'e’”"'e
kot pavail _ offt[E% TFPI : EM™
+kS"[ETS  TFPI - EF]p@vail
—k¢ED  TFPI : EM™)

[E}¢ : TFPI : EX™)

95)

(96)

o7

(98)

99)

(100)

Manuscript submitted to Biophysical Journal S$15



E[EIO:TFPI:E?] = +kfiow([E1o : TFPI : EF]"P — [Eyo : TFPI : EZ)) (101)

+ . h
+k3 PLewe! [TFPI : Ejole”

. . . h
_kTFPI:eIO;eSh [Eo: TFPI : EL]

+
+kTFPI:eé’:e

_kTFPI:eg‘:e

JTFPI: Egero
JEw0:TFPI: El
—k$"[Eyo : TFPI : Egl]pgvaiz
+k;)fft [Eio: TFPI : EI'™)
—kSM[Eyg : TFPI : EX]piyei!
+K I E  TFPI - EL
%[Elo :TFPI : Eglm] = +k{"[E\:TFPI: E;’]pglvail o
—ké'ff’ [Eio: TFPI : E'™)
~k{¢" [E10 : TFPI : Eslhm]]p%}ail
+kSTEM  TFPL: ED™M)

+ . phm
+kTFPI:e§"":eIO[TFP] . E5 ]610

_kTFPI:eg"":

. . hm
oy [E10 : TFPI 2 ES™]
d .
— LB TFPL: EY] = +kS}'[E\o: TFPI : EX]poyai (103)
~kOITEN  TFPI : El)
—kS"[E : TFPI : EX]paveil
+k¢ T ET  TFPI: EM™)

K ppren e [TFPL: Ef]et
_k;FPI:e;;;:eg [Efo : TFPI : E5]
%[PRO” EP] = 4Kpgonpn PROEY = Ky on o [PRO" : E3') (104)
ki konen [PRO" : Ej']
%[Eg PAT] = —k§"p§Y“![Eg : AT (105)

+kgTTER . AT] + kAT e9[ AT]
+kfl{)w([E9 : AT]up - [E9 . AT])
—kg"p&y il [Eg : AT] + kST [EQ™ : AT]

%[E;":AT] = +k:‘s{eg”[AT] (106)
—kgTTLES : AT] + k§" p§¥ @il [Eo : AT

%[ gL AT] = +k§,9§5‘egl*[AT] (107)
~kGTTLED™ © AT] + k§" p§y ! [Eo : AT]

%[Em:AT] = +k,Teo[AT] (108)

+kflow([E1() : AT]up - [El() . AT])
kST LED - AT) - K3 pSy ! [Eyq : AT

S16 Manuscript submitted to Biophysical Journal



d
—[AT: E
dl‘[ 11

priats

2 En

d h
E[Ellm .

: AT

1 AT

1 AT

1 AT

: AT

1 AT

1 AT

AT]

d
= [AT]

dt

i Hep)

+hom el [AT]

~KSJTLER AT + k95 piy ™ [Erg : AT
+k ST (B  AT] = kO p& il [E, : AT]
+k ex + kfiow([E2 : ATy — [Ea = AT])
+k o ey' [AT]

KT (ED - AT) + kS p& i [E, : AT]
+kol e  [AT]

—kAT[E,, : AT][AT]

eql

+k 0TI EM - AT = k§7 pye [ Eyy « AT

+kATH o |\ [AT : Hep] — kATH[E,, : ATH][AT : Hep)

€1l

+kflow([Ell : ATH]up - [Ey1 : ATH])
—kS" pUr et Eyy - ATH] + kO [EM* - ATH]

€1l

€l

+kAT[E\ : AT][AT]

€1l

+k e} [AT]

€1l
—kOTTLEM™ - AT] + K payei! [Eyy - AT

+k 2T et [AT]

€11
+kIT LB AT = K7 pSy e [E, « AT

+k 2T et [AT)

€l
~kOTTLEM™ - AT + KO p U [EN, - AT
—kATeo[AT] - k’:;f ed'[AT]
+hn ey [AT]

~k2T e 1o [AT] + ke™ AT ™ [AT]

€10

—kATer[AT] - k;f‘; e [AT)
—kAT e [AT] — kAT [E,, : AT][AT]

€1l €1l
—kA e AT] - kL el [AT]
—kAT M [AT]

€1l

+kflow ( [AT] up — [AT])
~kiar:mep) HEPIAT] + K pp. ) [AT = Hep]

~Kiar:mep) [HePIAT] + k(o7 [AT = Hep]

(109)

(110)

(111)

(112)

(113)

(114)

(115)

(116)

(117)

(118)

Manuscript submitted to Biophysical Journal S$17



d
—|AT : H
dt[ ep]

= [Ey: ATH]
~[E™ : ATH]
[E, : ATH]
~[E: ATH]

Z[Ey : ATH]

[EX : ATH]
[ES™ . ATH]
d [ATH : Ey, : ATH]
dt S

[E’ﬁ* : ATH]

d
E[E{’l : ATH]

hm
S [EMm ;. ATH]

S18 Manuscript submitted to Biophysical Journal

+k-E—AT'Hep] [Hep] [AT] k_AT Hep| [AT . Hep]
~k2TH e )[AT : Hep] - kATHeIO[AT :Hep]

€10
—kszHeg[AT :Hep]l - kAmTHe [AT : Hep]
—k, M eg[AT : Hep] — kATH O'[AT : Hep)
kATH o[ AT : Hep)
—kATHeH [AT : Hep] — kATH[E\| : ATH][AT : Hep]

€l €l

—kATHe“*[AT'Hep] kATHeH[AT Hep]

€1l €1l

—kATHe11 [AT : Hep|

€11

+kMH e 0[AT : Hep] + k f10w ([E10 : ATH]yp — [Ero : ATH])

€10

—kSU Pl [Eyg : ATH] + k] [ETS - ATH]
+k‘:yZHe'1’(’)[AT :Hep]
kO prail [Eyo - ATH] — kST [ET : ATH]
+kTP er[AT : Hep) + k piow ([E2 : ATH]up — [E> : ATH])
—k2"pevail [Ey : ATH + k¢ [EF . ATH]
+k;4mTHe§"[AT :Hep]
+k$" SVl [Ey : ATH] — kST [ED - ATH)
+k{\ M eo[AT : Hepl + k fiow([Eo : ATH]up — [Eo : ATH])
—k2"p& el [Eq : ATH] + kgJ T [EJ : ATH]
—kS"par il [Ey : ATH] + k' [ED™ . ATH]
+k?gHe5”[AT :Hep]
+kS" pd il [Eq : ATH] - kg7 [EJ : ATH]
+kom ATH39 “|AT : Hep]
+kS parail[Eg : ATH] - kg [ED™ : ATH]

+kATH AT : Hep][E\ : ATH]

€1l

+kfl,,w([ATH cEq ATH]up - [ATH cEq ATH])

+hkATH M [AT : Hep)+k2" p{yi [Eyy : ATH]

el
—kS T Em . ATH]

kATHe11 [AT : Hep]

ej
+k fow ([ET, : ATH]yp — [ET, : ATH])
+kS B . ATH] — k2" p& @ [EN, < ATH]

+kATHe1 '[AT : Hep]

€ll
—kTTEmm . ATH]
+kT P EY, - ATH]

(119)

(120)

(121)

(122)

(123)

(124)

(125)

(126)

(127)

(128)

(129)

(130)



S1 Table. INITIAL PLASMA LEVELS. Descriptions, notation and labels for each parameter associated with initial plasma
levels are listed. The value of each parameter is found in the corresponding table listed above.

Description | Notation | Label | Table
Prothrombin | z; Zy S8
Factor V 25 Zs S8
Factor VII 27 Zq S8
Factor VIII z8 Zg S8
Factor IX 29 Zy S8
Factor X 210 Z1o S8
Factor XI 211 Z11 S8
TFPI [TFPI] TFPI | S8
AT [AT] AT S8
Hep [Hep] Hep S8

S2 Table. PLATELET CHARACTERISTICS. Descriptions, notation and labels for each parameter associated with platelet
characteristics are listed. The value of each parameter is found in the corresponding table listed above.

Description Notation | Label Table
Platelet count PL"P PLup S8
Binding site number for II Ny N2 S8
Binding site number for Ila Nj N2* S8
Binding site number for V/Vh/Va Ns N5 S8
Binding site number for VIII/VIIIa Ng N8 S8
Binding site number for IX Ny N9 S8
Binding site number for IXa Ny NO* S8
Binding site number for X/Xa Nig N10 S8
Binding site number for XI N N11 S8
Binding site number for XIa Ny, NI11* S8
Rate of unactivated platelets adhering to SE k;; dh kadh S14
Rate of activated platelets adhering to SE ku’:} n kadhl S14
Rate of platelet activation by platelet in solution k,‘jlctt kactp, S14
Rate of platelet activation on SE k;;'tt’* kact*pze | S14
Rate of platelet activation by thrombin kgy 4 kacten S14
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S3 Table. KINETIC RATE CONSTANTS. Descriptions, notation and labels for each parameter associated with kinetic rate
constants are listed. The value of each parameter is found in the corresponding table listed above.

Description Notation Label Table
Rates of activation of TF:VII by fX Ky KZ7mE10M S9
fﬁ’_em KZ7mE10CAT S9
2
Ko, KZ7mE10MI S9
e
Rates of activation of fX by TF:VIla Knr KZ10E7mM S9
Z(l,t-e’" KZ10E7mCAT S9
7
K2 om KZ10E7mMI S9
7

Rates of activation of fIX by TF:VIla Km KZ9E7TmM S9

kSt KZ9ETmCAT 9
7
k;gze,,, KZ9ETmMI S9

Rates of binding of fVII/fVIIa to TF kon K70N S9
KTS K7OFF S10

Rates of activation of TF:VII by fXa Ky KZ7E10M S10
keat KZ7E10CAT S10

Z7:elO
et KZ7E10MI S10
“10

Rates of activation of TF:VII by flla Km KZ7E2M S10
kear, KZ7E2CAT S10
ke KZ7E2MI S10

Rates of activation of TF:VII by fIXa Ky KZ7ESM S10
kEce, KZ7E9CAT S10
Kz e KZ7E9MI S10

Rates of activation of fV by flla Ky KZSE2M S10
kggéz KZ5E2CAT S10

e KZ5E2MI S10

Rates of activation of fVIII by fIla M KZ8E2M S10

kg;é ) KZ8E2CAT S10

Zien KZ8E2MI S10

Rates of activation of fIX by fXIa-fXIa el KZ9E11P S10
gg‘fél] KZ9E11CAT S10

el KZ9E11MI S10

Rates of activation of fIX by fXIa-fXI + KZ9E11P S10

Zg:e”

keat KZ9E11CAT S10
z9:e |
B KZ9E11MI S10
Zg:e”

Rates of activation of fXI by flla e KZ11E2P S10
kgat, KZ11E2CAT S10
k;11:e2 KZ11E2MI S11

Rates of binding of fX/fXa to plt. surface kit K100N S11
koIS K100FF st

Rates of binding of fV/fVa to plt. surface kgr K50N S11
k2t KSOFF s

Rates of binding of fVIII/fVIIIa to plt. surface | kg™ K8ON S1
kST K8OFF Sl

Rates of binding of fIX/fIXa to plt. surface k3" K90ON S1
kST K9OFF Stl

Rates of binding of fII/flla to plt. surface kon, k;’ o K20N, K2SON S1
K77 k97T | K2OFF, K2SOFF | S11

Rates of binding of fXI/fXIa to plt. surface o, fl"’* K110N, K11SON S11
K7, k2/7 | K11OFF, K11SOFF | S12

S20 Manuscript submitted to Biophysical Journal




S4 Table. KINETIC RATE CONSTANTS. Descriptions, notation and labels for each parameter associated with kinetic rate
constants are listed. The value of each parameter is found in the corresponding table listed above.

Description Notation Label Table
Rates of activation of fV by fXa on plt. surface Ky KZ5mE10mM S12
kgﬁ’_ om KZ5mEI0mCAT | S12
5 €10
ko, m KZ5mE10mMI S12
<5 €10
Rates of activation of fV by flla on plt. surface Knm KZ5mE2mM S12
k;“ém KZ5mE2mCAT S12
5-€y
2_5 o KZ5mE2mMI S12
5:€3
Rates of activation of fVIII by fXa on plt. surface Ky KZSME10MM S12
k;s“z m KZ8MEIOMCAT | S12
€10
k;,;-e'" KZ8ME10MMI S12
€10
Rates of activation of fVIII by flla on plt. surface Ky KZSME2MM S12
k;: 2 m KZ8mE2mCAT S12
€
kz_s o KZ8mE2mMI S12
3¢l
Rates of activation of fX by TEN on plt. surface Ky KZ10mTENM S12
k;',‘,?T EN KZ10mTENCAT | S12
T
Rates of activation of fII by PRO on plt. surface Ky KZ2mPROM S12
kg,ﬁf PRO KZ2mPROCAT S12
m:
Rates of activation of fXI by fIla on plt. surfaces "Qm;em KZ11mE2mP S12
kfé’_ ;n KZ11mE2mCAT | S12
214
k;m-e’" KZ11mE2mMI S12
11°¢2
Rates of activation of fIX by fXIa-fXIa on plt. surface | Kps KZ9mE11mP S12
kg,ﬁfem KZ9mEIImCAT | S12
9 €11
kz‘m o KZ9mE1 ImMI S12
4l
Rates of formation of TEN on plt. surface k;’m o KE8mE9mP S12
8 %9
kom. m KE8mE9mMI S12
8 ““9
Rates of formation of PRO on plt. surface k;”‘-e”’ KE5SmE10mP S12
5 10
ko om KESmE10mMI S12
5 10
Rates of inhibition of fXa by TFPI k;’ fpiaters KTFPI_E10_P S13
tfpiaer KTFPI_E10_M S13
Rates of inhibition of TF:VIla by TFPIa ;' P—— KTFPla_E7m_P S13
7
kK> o om KTFPla_E7m_M | S13
tfpiae]
Rates of inhibition of fVa by APC on plt. surface Ky KESmAPCM S13
kegt KESmAPCCAT S13
ey APC
keg,, APC KESmAPCMI S13
Rates of inhibition of fVIIla by APC on plt. surface Ky KESmAPCM S13
kear KE8mAPCCAT S13
eg APC
- keg":APC KESmAPCMI S13
Rates of inhibition of fIla by TM on plt. surface k;;d KTMP S13
KA KTMM S14
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S5 Table. NEW KINETIC RATE CONSTANTS ADDED IN TFPI EXTENSION. Descriptions, notation and labels for each
parameter associated with kinetic rate constants are listed. The value of each parameter is found in the corresponding table
listed above.

Description Notation Label Table
Rates of binding of fV-h by fXa on plt. surface k;’Shmem KESHME10MP S10
kom. m KESHME10MMI S12
5 €10
Rates of activation of II by PROh on plt. surface Km KZ2MPROHM S10
keat . KZ2MPROHCAT S12
2y :PRO"
kz;" PROM KZ2MPROHMI S12
Rates of activation of fV-h by Ila on plt. surface K KESHME2MM S10
kegr - KESHME2MCAT S12
65 162
N KESHME2MMI S12
eg”" :6'2"
Rates of activation of fV-h by Ila in fluid Km KESHE2M S10
kept KESHE2CAT S12
egiey
k™, KESHE2MI S12
egie
Rates of binding of fV-h by TFPI on plt. surface k* h KTFPIESHMP S10
TFPILel™
k= o KTFPIESHMMI S13
TFPI ‘e
Rates of binding of fV-h by TFPI in fluid k* ; KTFPIESHP S10
TFPIel
k- " KTFPIESHMI S13
TFPI:e!
Rates of binding of fXa by TFPI on plt. surface k; FPLem KTFPI_E10M_P S10
€10
ki pp Lem KTFPI_E10M_MI S13
Rates of binding of PROh by TFPI on plt. surface by binding fXa k* n KTFPIPROHV10P S10
TFPI:PROM:v,
k- " KTFPIPROHV1OMI | S13
TFPI:PRO":v
Rates of binding of PROh by TFPI on plt. surface by binding fV-h | k* n KTFPIPROHVS5P S10
TFPI:PROM:vs
- b KTFPIPROHV5MI S13
TFPI:PRO":vs5
Rates of inactivation of fV-h by APC on plt. surface Km KESHMAPCM S10
kegqr KESHMAPCCAT S13
e
5
kK pm KESHMAPCMI S13
eg APC
Rates of inactivation of fV-h by APC in fluid Ky KESHAPCM S10
keg KESHAPCCAT S13
e
5
k7, KESHAPCMI S13
el:APC
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S6 Table. NEW KINETIC RATE CONSTANTS ADDED IN AT EXTENSION. Descriptions, notation and labels for each
parameter associated with kinetic rate constants are listed. The value of each parameter is found in the corresponding table

listed above.

Description Notation | Label Table
Rates of inactivation of fIXa by AT on plt. surface k?,,f KEOMATIII S13
9
Rates of inactivation of fXa by AT on plt. surface ko KEIOMATIIT | S13
|
Rates of inactivation of Ila by AT on plt. surface k:},g KE2MATIII S13
Rates of inactivation of fXIa by AT on plt. surface kem KE11IMATIII S13
|
Rates of inactivation of fIXa by AT in fluid k?j KE9ATIIL S13
Rates of inactivation of fXa by AT in fluid k&L KE10ATIII S13
Rates of inactivation of Ila by AT in fluid k e, AT KE2ATIIL S13
Rates of inactivation of fXIa by AT in fluid k?]T KEI1ATII S13
Rates of binding of AT by Heparin on plt. surface kj;T: Hep KATBHEPMI | S13
k. Hep KATBHEPMI | S13
Rates of inactivation of fIXa by ATH on plt. surface k?nf H KESMATH S13
9
Rates of inactivation of fXa by ATH on plt. surface k?,z H KEIOMATH S13
10
Rates of inactivation of Ila by ATH on plt. surface ?,Z H KE2MATH S13
Rates of inactivation of fXIa by AT on plt. surface kfen{ H KEI1MATH S13
e
1
Rates of inactivation of fIXa by ATH in fluid k?jH KE9ATH S13
Rates of inactivation of fXa by ATH in fluid ko H KEI0ATH S13
Rates of inactivation of ITa by ATH in fluid kATH KE2ATH S13
Rates of inactivation of fXIa by AT in fluid TH KE11ATH S13
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Kinetic and Physical Parameter Values:

S7 Table. DIFFUSION COEFFICIENTS FOR PLATELETS AND FLUID-PHASE CHEMICAL SPECIES  (a) From (4). (b) From
).

Platelets  2.5x1077 cm?/s  a
Proteins 5%1077 cm?/s b

S8 Table. NORMAL CONCENTRATIONS AND SURFACE BINDING SITE NUMBERS (a) From (6). (b) From (7). (c) (8)
suggests that normal plasma concentration of fVIIa is about 1% of the normal fVII concentration. (d) From (9). (e) (f) From
(10). (g) Estimated as described in the text of the Supplementary Information. (h) From (11). (i) From (12). (j) From (13). (k)
From (14). (I) From (15, 16). (m) Number of fV molecules released per activated platelet (17). (n) Maximum concentration of
platelets in a 2 ym high reaction zone assuming that 20 platelets can cover a 10um-by-10um injured surface (18). (o) From
(19). (p) Refer to heparin dosage calculation in later section of supplemental material.

Prothrombin 1.4 M a
Factor V 0.01 uM b
Factor VII 0.01 uM a
Factor VIla 0.1 nM c
Factor VIII 1.0 nM a
Factor IX 0.09 uM a
Factor X 0.17 uM a
Factor XI 30.0 nM a
TFPI 0.5 nM d
Protein C 65 nM e
Platelet count ~ 2.5(10)%/ul  f
N, 1000/plt g
NJ 1000/plt g
Ns 3000/plt h
Ng 450/plt i
Ny 250/plt j
Ny 250/plt ]
Nio 2700/plt k
Nii 1500/plt 1
Ny 250/plt 1
ns 3000/plt m
PPLAS 0.167 nM n
AT 2.4 nM o
LMWH 253 nM p
UFH 759 nM P
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S9 Table. REACTIONS ON SUBENDOTHELIUM  (a) k% = 5.0 sec™' and Kpy = 1.2 107 M (20). (b) k%%, =6.1- 107
7" 7"

sec”land Ky = 2.7 -107° M (20). (d) k®_,, = 1.15 sec™' and K3y = 4.5 -

210:€y

Ky =24-1007 M (21).(e) Kg = 1.0- 10710 M (22).

Activation

(of -, by -)

(TEVILXa)  En.Z"  Z":Ew  Ef ki, =50- 10° ey =10 K,y =5:0 a

(TE:VIL flla)  Ep, ZI" ZM:Ey  EM ki, =392-10° Kk, =10 K% =6.1-10"2 b

. ” e o e g

(fX, TF:VHa) E7 5 Zl() Zl() : E7 El() kzm:ef," =5.0-10 Z]():e;":LO kZ]ote;":LlS C
. m . rm + i . 6 - _ cat —

(fIX, TF:Vlla) EM.Zy  Zo:E! By K m=94-10° ko =10 K em=115 d

Binding

(of -, with -)

(fVIL, TF) 7, TF zm k=50 10’ kf=5.0-1073 e

(fV1Ia, TF) E;, TF EM k=50 107 kf=5.0-1073 e
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29:€5

and
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S10 Table. REACTIONS IN THE PLASMA  (a) k&

Ky =2.7-107° M (20) (c) kS

27:€10

a, =023sec™ and Kpy =7.17 - 1078 M (23). (d) k&

=5.0sec™! and K3y = 1.2-107° M (20). (b) k&

zg8:€e2

Ky =0.2uM (27, 28). Rate constants apply also for activation of IX by XIa-XIa.

27:€2

=6.1-10"%sec™! and
=09sec™! 24)and Kpy =2- 107" M
(25). (e) k;ﬁ:ez =1.3-107*, Kj; = 50nM (26). Rate constants apply also for thrombin-activation of XIa-XI. (f) k;gte

, =021,

11

Reaction Reactants  Complex  Product M~lsec™! sec™! sec™! Note
Activation

(of -, by -)

. _5 . 106 - t
(fVH, fXa) Z7, E]o Z7 : E]O E7 k%:em—s 10 S k?:elo—l.o k%zt:elo—S.O 5 a
(fVIL, fIla) Z7, E> 77 E> E; ki7:ez=3.92 . ]07 k§7:e2:1.0 kﬁ;{e2:6'l - 10 b
(fV, fIla) Zs, E, Zs:E, Es ki e,=1.73-10 kZ.e,=1.0 kZ.e,=0.23 c
(fVIIL, fIla) Z3, E» Zg:E, Eg k2o, =2.64 - 107 kZye,=1.0 kgg‘:ez =0.9 d
(EXIXL, flla)  Zy1, By Zi:Ey  ER k| ey =2.0- 107 kzjjey =10 kSt =13-107* e
(fIX, fXIa) Zo.El Zo:El Ey kKt =06-(10)7 k=, =10 k% =021 f
z9:e) z9te) z9teq]
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S11 Table. BINDING TO PLATELET SURFACES (a) For fIX binding to platelets, K4 = 2.5 - 10~ M (13), and for fX binding
to platelets, K has approximately the same value (11). For fX binding to PCPS vesicles, the on-rate is about 10’7 M~'sec™! and
the off-rate is about 1.0 sec™! (29) giving a dissociation constant of about 10~/ M. To estimate on- and off-rates for the
higher-affinity binding of X to platelets, we keep the on-rate the same as for vesicles and adjust the off-rate to give the correct
dissociation constant. The rates for fIX binding with platelets are taken to be the same as for fX binding. (b) We assume binding
constants for fIXa binding to the specific fIXa binding sites are the same as for shared sites. (c) fV binds with high-affinity to
phospholipids (PCPS) (29) and we use the same rate constants reported there to describe fV binding to platelets. (d) The K for
fVIII binding with platelets is taken from (12). We set the off-rate kgff for fVIII binding to platelets equal to that for fV binding
to platelets, and calculate the on-rate kg". (¢) For prothrombin interactions with platelets, K is reported to be 5.9 - 1077 M (30).
We choose k‘z’ff and set k3" = kgﬂ /Kg. (f) Estimated as described in the text of the Supplementary Information. (g) K4 = 10 nM
(31).(h) Kz =1.7nM (16).

Reaction Reactants  Products M~!sec™! sec”! Note
Factor IX Zy, Py zimn kg"=1.0 - 107 kf=25-102  a
FactorIXa  Eo, Py En k"=1.0 - 107 kf=25-102  a
FactorIXa  Ey, P} EJY kg"=1.0 - 107 kf=25-.102 b
Factor X Zio, Pio Zj8 k=10 - 107 kf=25.107  a
Factor Xa Ey, Po EN k%=1.0 - 107 k?§=2.5 1072 a
Factor V Zs, Ps zm k=57 - 107 kS=0.17 c
Factor Vh El, Ps Em k$"=5.7 - 107 kef=0.17 c
Factor Va Es, Ps EM kM =57-107  k$T=0.17 c
Factor VIl Zg, Pg zin Kk =50-107  kT=0.17 d
Factor VIlla  Eg, Pg EM k"=50-10"7  kT=0.17 d
Factor IT 2y, P> zn Kr=10-10" k=59 e
Factorlla  Ep, P, EJ ky"=1.0-10" kT =02 f
Factor XI Zy, Py ZM k2 =1.0-107 k;; =0.1 g
FactorXla  Ey, Pj,  EJf k! =1.0-107 kgl =0.017 h
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S12 Table. REACTIONS ON PLATELET SURFACES  (a) k% ,, = 0.046 sec™! and Kpy = 10.4 - 1072 M (32). (b) The rate
5 710

constants for thrombin activation of fV on platelets are assumed to be the same as in plasma. (c) ki?,‘,,em =0.023 sec”! and
8 710

Ky =2.0-1078 M (25). (d) The rate constants for thrombin activation of fVIII on platelets are assumed to be the same as in
plasma. (e) The formation of the tenase and prothrombinase complexes is assumed to be very fast with K; = 1.0 - 10710 M (33).

() kS, = 20 sec™! and Kp; = 1.6-1077 M (34). (g) kS o =30 sec™! and Ky = 3.0-1077 M (35). (h) kS m = 1.3 1074,
10° 2" 11772
Ky = 50 nM (26). Rate constants apply also for thrombin-activation of Plt-XIa-XI. (i) k“'jf wm = 0.21, Kpr = 0.2uM (27, 28).
Zg ey
Rate constants apply also for activation of platelet-bound IX by Plt-XIa-XIa.
Reaction Reactants Complex Product M~ !sec™! sec”! sec™! Note
Activation
(of -, by -)
m m m . pm hm + _ 108 - - cat - . 102
(V, Xa) VA zm: En E! kzg":eﬁ; =1.0-10 kzg":e'((; 1.0 kz,,,:e,],é 4.6 - 10 a
(V, Tla) zm En zm: Ep EM K. m=1.73 - 107 K. m=1.0 kS, m=023 b
59 59 5 2
(Vh, Ila) Ehm Em Elm . gm EM K ym=1.73 107 Ko ym=1.0 kS m=0.23 b
- 5 72 5772 5 72
m m m . pm m + _ ) 7 - — cat _ . —2
(VIIL, Xa) zZin, En zZmn Em E} kzgn:e% =5.1-10 kzgn:e,l,(,)_l.o kzén:e% =23-10 c
(VIIL, Tla) zZn Ey zn . Ey E} Kt m=2.64 - 107 Ko ym=1.0 ke, m=09 d
‘8 8 T2 8 2
(X, VIla:IXa) ~ Z", TEN zZm:TEN El Ky, =131-10° kL, =10 k&, =20.0 f
~10° 10° 10"
. * * . * + — . 8 - - at =
(X, VIllaIXa*) ~ Z", TEN Zm:TEN Em kimnn_l._zl 10 8 k:%:wn—l.o kz’[é:‘e"_mo f
B n m . mnm — . - _ -
(II, Vh:Xa) Z", PROh  ZI": PROh  E} "z;upm— 1.03- 10 kzé,,:pw_l.o kz;":pm‘SO'O g
. . + _ . 8 - _ t _ -
(IL, Va:Xa) Z", PRO Z": PRO Ey kz;1:pru—1~03 10 kzé,,:pm_l.o kgz,,:lm)_mo g
(XI-XI, 1) zm En zm . Ey Em Ky = 2.0 107 Komm =10 kS n=13" 1074 h
11 1172 T2
(IX, XIa) zZr Ehm VAL Eg k;gl:em =0.6- 107 kz_g':e'(; =10 kgg},:eﬂ =0.21 i
Binding
(of -, with -)
(VIIIa, IXa) E], EJ’ TEN kt,=1.0-108 kig,=0.01 e
(VIIIa, IXa*) Eé,", Eg"™ TEN*  kt,=1.0-10% ki,=0.01 e
(Vh, Xa) Ebm Em PROh  ki,=10-10° kpro=0.01 e
(Va, Xa) EM EN PRO kio=1.0 - 108 kpro=0.01 e
S13 Table. INHIBITION REACTIONS (a) From (19). (b) From (36). (c) For inhibition of fVa by APC, kz‘,i,ﬁ,APC =0.5sec”! and
.

Ky = 12.5-1077 (37). We assume the same reaction rates for the inhibition of fVIIIa by APC. (d) From (38). (¢)From (39). (f)
From (40). (g) K4 = 0.5nM and [PC] = 65 nM (41). (h)From (42). (i) kpc:rm:esc =0.167 sec™!, Ky =0.7- 1070 M (43).
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Reaction Reactants Product M lsec! sec! sec! Note
Inactivation
(of -, by -)
(IXa, AT-III) FEo, AT Eg: AT kAT=4.8 - 107 a
(Xa, AT-IIT) Elo, AT Ei: AT kAT=35.10° a
(ITa, AT-III) E,, AT E, : AT k£19=1.4~ 104 a
(XIa, AT-IIT) E\1, AT E\ : AT k?] =2.4-10? a
(XIa:AT, AT-II)  Ej; : AT, AT AT : Ey; : AT k;;‘l*=2.4. 102 a
(IXa, ATH) Eo, ATH Eg : ATH k5+=5 -10° b
(Xa, ATH) E\o, ATH E\: ATH k;?]T=1.3 -10° b
(Ia, ATH) E>, ATH E> : ATH kAT=53.10° b
(XIa, ATH) E\1, ATH E\| : ATH k§H=1 - 10* b
(XIa:AT, ATH) E| : AT, ATH ATH : Ey, : ATH kf;\”T:e“:l - 10* b
+ — . 8 - cat —
(APC, Va) APC, Ei’" none keg":APC =12-10 keg" APC = 1.0 k:g,,:APC =0.5 c
+ _ . 3 - — t —
(APC, VIIIa) APC, Eé" none keéﬂ:APC =12-10 keg‘:APC =1.0 kZZ":APC =05 c
Binding
(of -, with -)
(TFPI, Xa) TFPI.E TFPla k. . =1.6-107 ko, . =33.107* d
tfpiae)q tfpiaeyq
(TFPI, Vh) TFPI E! TFPI:E! Kt piesn = 005 - 10° K oo, = 0.0045 e
5 pi:eSh tfpi:eSh
(TFPIL:Xa, Vh) TFPla, E! El' :TFPI:E) T piesn = 005 10° K, piesn = 0-0045 e
: . ER o : 26107 SO 3 1074 d
(TFPI:Vh, Xa) TFPI:El' Ey El . TFPI: Ey kS piaiery =16 Fpiaiery=33"
. . h . gho. — 9 - —
(Xa:Vh, TFPI) E : ES; ,TFPIa Ey: EP: TFPII Kt pibpronvs = 0:05 - 107 T pibprohvs = 0:0045 e
o . . . + — - — —
(Xa:Vh, TFPI) Ey: El, TFPIa TFPI:Ey: El T rpibpronvio = 1.6+ 10 K s pibpronvio = 33 - 1074 d
(TFPla, TF:VIla) ~ TFPIla,E} TFPla: E Kt piase =1:6 - 107 K o ioer =33 1074 f
friaey tfpiaeqq
(TM, Thrombin) ~ TM, E$€ TM : E5° kgn, =1.0-108 K =50-1072 g
) — - — 7
(AT-III, Heparin)  AT,Hep ATH kKiry =10 kKarg =277-10 h
Activation
(of -, by -)
pec . pec + — . 106 - — cat — H
(PC, TM:ES©) TM : ES° APC kPC:Tngc =1.7-10 "pc:m:e;c =10 kpc;m:egv =0.16 i
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S14 Table. PLATELET TRANSITIONS (a) Estimated from data in (44, 45) as described in (46). (b) Estimated from data in
(47) as described in (46). SE=subendothelium.

Reactants Reactants ~ Products M lsec™! sec™! Note
Unactivated platelet adhering to SE PL,SE  PL§ kry=2 - 1010 k- =0 a
Activated platelet adhering to SE PL},SE  PL} k=2 1010 ko =0 a
Platelet activation by platelet in solution ~ PL, PL}), 2PL} k;cllt =3-10% b
Platelet activation on SE PL,PL5 PL),PLS k:fl‘, =3.108 b
Platelet activation by thrombin PL,E, PL}, k2§‘=0.50 b
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S3 CONVERSION OF HEPARIN POTENCY TO MOLAR CONCENTRATION

Based on the recommended dosage of heparin treatment (0.3-0.7 U/ml) (48), we use the value of 0.5 U/ml. Based on the
information from second international standard for heparin by WHO, the conversion factor will be 130 U/mg (49). By using the
mean molecular weight of heparin as 15kDa (50), we can get:

0.5 U/ml * 1/130 mg/U = 0.0038 mg/ml

0.0038g/L * 1/15000mol/g = 2.53 «+ 1077M = 253nM

For the LMWH, since the molecular weight of LMWH varies based on different product (51), we use SkDa as its molecular
weight. Therefore, the concentration of heparin at 100% is determined by:

0.0038g/L = 1/5000mol/g = 2.53 «* 1077TM = 759nM

Both concentrations were set as 100% baseline dosage concentration. For example, when we use 50% concentration of UFH
and LMWH, we are using 126.5 nM and 379.5 nM respectively.
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S4 LOCAL SENSITIVITY ANALYSIS - METHOD

As in our previous work (52), we again focus on the sensitivity of three special thrombin metrics:

1. Lag time: A measure of how fast the system is turned on, defined as the amount of time required for thrombin to reach 1
nM.

2. Maximum relative rate: A measure of how fast thrombin is produced once the system is turned on, defined as

max (M/ [thrombin]).

t>tinm dt

3. Final concentration: The thrombin concentration after 20 minutes of clotting activity.

We examine the sensitivity of these metrics to two types of parameter variations: (i) the plasma levels of seven zymogens
and two inhibitors, and (ii) the values of 24 new kinetic parameters that are related to TFPI reactions. We used a derivative-based
approach to quantify the sensitivity of each metric with respect to centered difference in the parameters in a range of values
(50%, 75%, 100%, 125% and 150% for the plasma level parameters, and 90%, 95%, 100%, 105% and 110% for kinetic
parameters). The standard values for each plasma level parameters were set to the initial conditions. Similar to our previous SA
results (52), we found that each of the metrics behaved monotonically with respect to varying each plasma level from 50% to
150% of the standard values, as shown in Fig. (S2A-C) and the kinetic parameters from 90% to 110% as shown in Fig. (S3A-C).
The min/max values of these monotonic curves shows the change in the thrombin metric due to the factor change. Clotting
factor variations had a significant effect on all three thrombin metrics but the largest change in the thrombin metrics due to
variations in the kinetic parameters was less than 0.2% and therefore, we did not characterize the sensitivity of these parameters
further. For the clotting factors and inhibitors, we quantified their sensitivity by the absolute difference they produced in each
metric when considering their extremal values (i.e., 50% and 150%). For each metric, we ranked the parameters by considering
their relative absolute difference. We define x = (x1, x2, ..., xp,) to be the standard model parameter values and m; (x; yo.) to be
the values of the i-th metric when parameter j is chosen to be y% of its standard value and all other parameters are chosen to be
at their standard value. The local sensitivity of the i-th metric to the j-th parameter is then:

i _ Imi (x;j.1509% — mi(x;509%))|
I maxg (Jm; (xk,1500 — mi(Xk,509%))])

Each sensitivity score, LS, is then a number between 0 and 1 and we use these values to rank the input sensitivities. In our
results, we denote LS scores higher than 0.75 with solid black triangles, LS scores from 0.25 to 0.75 as gray triangles, and
for LS scores lower than 0.25 we use open triangles. In addition, because the response of the system outputs was monotonic
throughout the entire range, we show separately the change in each metric for the 50% increase with the triangle upward and a
50% decrease with a triangle facing downward. Then the y-value of the triangle corresponds to its result on the output.

The local SA results in Fig. (S2D-I) reveal the most influential clotting factors and inhibitors, when perturbed one at a time
for each of the three thrombin metrics. Fig. (S2D) shows that FVIII and FX have the greatest effect on the lag time, where an
increase in either FVIII or FX levels by 50% leads to an approximately 10% decrease in the lag time from baseline. This is
seen with the solid black (LS scores above 0.75), upward-facing (increase in factor level) triangles, with y-value near -10%
showing the decrease in lag time. Comparing with sesitivity results from our old model((52)), we see an increased sensitivity to
TFPI, where a decrease/increase by 50% leads to about a 8% decrease/5% increase in the lag time from baseline, respectively,
although the TFPI LS score still does not reach 0.75. Fig. (S2E) shows that variations in FVIII, FIX, and FX have the largest
effect on the maximum relative rate of thrombin generation, and this metric still has low sensitivity to TFPI. These findings are
the same as in our previous results and make sense since these factors influence the rate of formation of the tenase complex on
platelets, which affects the amplification stage of coagulation, and the inhibitory effect by TFPI does not alter such amplification
process. It also indicates that new TFPI inhibitory reactions does not have significant influence towards the rate at which
thrombin is being made. Fig. (S2F) shows that the final concentration metric is sensitive only to prothrombin (FII) as was found
previously((52)). The corresponding LS scores are shown in Fig. (S2H-I).

Fig.(S3) demonstrates the local SA results for each of kinetic parameters that are related to TFPI reactions. Forward and
reverse rate for each of the reaction are varied by 10% and change in lag time, maximum relative rate and final concentrations
were observed. The results indicate that slight perturbation in reaction kinetics has minimal effect towards these three thrombin
metrics, where none of the kinetic parameter caused more than 1% change from baseline in each cases. Such insensitiveness
of the kinetic parameters, however, indicates the tolerance of the model towards the possible error in the kinetic parameters
retrieved from experimental design.
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S5 OTHER FIGURES
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Figure S2: Local sensitivity analysis of clotting factor levels on thrombin metrics. The initial conditions of clotting factor and
inhibitor levels were varied between 50% and 150% of their baseline values. Shown are (A,B,C) the amplitude change in lag
time, maximum relative rate, and final thrombin concentration, (D,E,F) the percentage change in each of the metrics, and
(G,H,I) the LS scores for each metric and for each species. Solid black triangles represent the species with LS score higher than
0.75, gray triangles for LS scores from 0.25 to 0.75, and open triangles for LS lower than 0.25. The arrow direction indicates if
the variable was increased or decreased.
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Figure S3: Local sensitivity analysis of TFPI-related kinetic rates on thrombin metrics. The new kinetic parameters were
varied between 90% and 110% of their baseline values. Shown are (A,B,C) the amplitude of the changes in the lag time,
maximum relative rate and final thrombin concentration due to the kinetic parameter variations. The plus/minus sign indicates
the association/dissociation rate, respectively. Lower case m represents the components that are bound to platelet surface. The
forward slash shows which two components are interacting each other, while the "ter" and "term" indicates interactions that
involve a ternary complex and whether the species is in plasma or bound to the platelet surface, respectively. For example:
term/FXa (+) indicates the rate of association between the platelet-bound TFPI:FV-h complex and the fluid phase FXa to form

the ternary complex FXa:TFPI:FV-h.
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Figure S5: FXa concentration in the presence of LMWH (A) or UFH (B), FIXa concentration in the presence of LMWH (C) or
UFH (D), FX:TF:VlIla concentration in the presence of LMWH (E) or UFH (F), and FX:tenase concentration in the presence of
LMWH (G) or UFH (H). The time course is obtained from simulations in which we turn off all the AT-mediated inactivation
reactions and then allow inhibition of FXa, FIXa, FXIa and thrombin, individually and one by one. Each curve thus shows
thrombin/tenase generation when there is either no or only one inactivation reaction that exists in the system. TF density was set
to 15 fmol/cm? and shear rate was set to 100/s. Heparin concentration is fixed to 100% of the standard therapeutic concentration.
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Figure S6: Subendothelium-attacehed platelet count (PLAS) and paltelet-attached-activated platelet count (PLAV) time course
with varied LMWH treatmemnt (A-C) or UFH treatment (D-F). TF level is fixed to 6 fmol/cm?. We examined how heparin
in the system might affect platelet deposition. We specifically looked at two types of platelets: those that are activated and
bound to subendothelium (PLAS), and those that are activated and bound to deposited platelets (PLAV), and their sum. The
platelets accumulate on the subendothelium (SE) and PLAV eventually plateaus due to the limited space at the SE, whereas
platelets above the injury site will continue to grow. Increasing the heparin concentrations led to decreases in both platelet
species through time.This is because by increasing amount of heparin, it can greatly reduce the thrombin in the reaction zone,
which leads to reduced amount of platelet to be activated by thrombin. Such a reduction can cause a shift from platelet-bound
platelet to subendothelium-bound platelet. The increase in subendothelium-bound platelet will physically cover up the surface,
which can negatively influence the initiation phase of coagulation.
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Figure S7: Concentration time course of platelet surface bound FXa, FV-h, and their complexes with TFPI. TF level is varied by
2.5 fmolem% (A,C,E,G) and 10 fmol/cm? (B,D,F,H). Under each TF level, TFPI level is varied by 0.5 nM and 2.5 nM, and
shear rate is varied by 100/s, 500/s and 1500/s.
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Figure S8: Instantaneous generation and removal of TAT (A,B), and accumulative concentration of TAT in plasma (C) and on
the platelet membrane (D). TF level is fixed to 5 fmol/cm?, and shear rate is fixed to 100/s.
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