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Supplementary Methods

Table 1. Reaction rate equations and parameters

« We developed a quantitative systems pharmacology model of kallikrein-kinin system

KKS) activation incorporating 14 molecular species and 10 biochemical interactions, ID Reaction Reactants Enzyme Products Rate equation Kinetic parameters Equation type Reference
p g p
including the activated factor XII (FXlla)-kallikrein amplification loop (Figure 1; Tables N il atonctivation ol _ il R 110 e e order Chatterjee MS, et al. PLoS Comput Biol. 2010:6(9):1000950.
1 and 2) =k =1 Loiseau C, et al. Eur J Biochem. 1996:239(3):692-701.
 The model approximates conditions in an in vitro assay, sampling a snapshot of the Koora[KAL][FXII] K . =001
. . . . _ Cat2 - . . 0 _ I Il . . _
KKS pathway R2 FXII activation by kallikrein FXI KAL FXlla K-+ [FXI]] K= 11000 nM Michaelis-Menten Tankersley DL, et al. Biochemistry. 1984;23(2):273-279.

. The S|mu.lated rea.ctlons were unlformly initiated Wlth a Sm.all amount of FXIIa N R3 Srekallikrein activation PKK EX] KAL R3 — keae3[PKK][FXIla] Keats = 0.7 871 Michaelis-Menten Tankersley DL, et al. Biochemistry. 1984;23(2):273-279.

- Biochemical reactions were formulated mathematically using Python to simulate clinical ekallikrein activatio a ~ T K, + [PKK] K =291 nM ichaclis-iiente Shamanaev A, et al. J Thromb Haemost. 2021;19(2):330-341.
conditions

_ _ _ o Kkcata[ KAL][HMWK] K..a = 0.63 s : : Weidmann H, et al. Biochim Biophys Acta Mol Cell Res. 2017;1864(11 Pt B):2118-2127.

» Reactant concentrations were tracked kinetically for 1 hour post initiation R4 HMWK cleavage HMWK KAL cHMWK + BK R4 ==  THMWK] ;Efnt: — 440 nM Michaelis-Menten Tayeh MA. et al. J Biol Chem. 1994:269(23):16318-16325.

. Startln_g concentrations of key reactants were varied according to typical values R5 FXlla inhibition by C1INH FXlla + C1INH - FXlla:C1INH complex R5 = ks[FXIIa][C1INH] ks = 3.6x103 M~ 's™ Bimolecular (irreversible) Pixley RA, et al. J Biol Chem. 1985;260(3):1723-1729.
reflecting real-world normal and pathophysiological C1 esterase inhibitor (C1INH; 26- Chattorion MS. ot al. PLoS C PR
2600 nM) and prekallikrein (0-485 nM) levels ikrein inhibiti ; : — = 4 M-1g-1 i i i atterjee Vs, et al. FLos Lomput BIol. ,0(9)-€ -

| ) p ( ) R6 Kallikrein inhibition by C1INH KAL + C1INH KAL:C1INH complex R6 = k¢|[KAL][C1INH] ke = 1.7x10* M~ 's Bimolecular (irreversible) Silverberg M, et al. J Biol Chem. 1986:261(32):14965-14968.

» Hereditary angioedema was assumed to have a range of 5% to 50% normal C1INH Callicrein mhibition b - M. ot 2. Blood. 1997 .89(0;3213.3213

i ; i 0 AN i erai allikrein inhibition by ) _ _ _ 3 M At emt , , , ugno M, et al. Blood. ; ; - :
and treatment with lonvo-z was assumed to result in an 85% reduction in prekallikrein R7 a2-macroglobulin KAL + a2M KAL:a2M complex R7 = k,[KAL][a2M] k, = 5.8x103 M~'s Bimolecular (irreversible) van der Graaf F. et al. Biochemistry. 1984:23(8):1760-1766,
RS Ka””;rr?t'i?h'fohn'qbt'fif” by KAL + AT - KAL:AT complex R8 = kg[KAL][AT] kg = 240 M~1s™" Bimolecular (irreversible) Gozzo AJ, et al. Biol Chem. 2006;387(8):1129-1138.
R9 Kaltl;r_ealrrltzglh;t;ﬁci)nn oy KAL + a2AP - KAL:a2AP complex R9 = ko¢[KAL][0a2AP] kg = 180 M1s~? Bimolecular (irreversible) Pixley RA, et al. J Biol Chem. 1985;260(3):1723-1729.
R10 BK degradation BK - BK degradation products R10 = k4o[BK] Kio = 0.046 s~ First order Maurer M, et al. Allergy. 2011;66(11):1397-1406.

a2AP, alpha-2-antiplasmin; a2M, alpha2-macroglobulin; AT, antithrombin; BK, bradykinin; C1INH, C1 esterase inhibitor; FXII, factor XlI; FXlla, activated factor XII; HWMK, high-molecular weight kininogen; KAL, kallikrein; PKK, prekallikrein.
Figure 1. Model diagram

R1 | ;- Table 2. Molecular species and initial concentrations
FXII Y FXlla T R5 FXlla C1INH

Species Initial Concentration (nM) Role References

R7
R3 s KAL a2M
KAL AT FXII 375.0 Zymogen Weidmann H, et al. Biochim Biophys Acta Mol Cell Res. 2017;1864(11 Pt B):2118-2127.; Rezvani-Sharif A, et al. PLoS Comput Biol. 2024;20(11):e1012552.; Sexton D, et al. J Pharmacokinet Pharmacodyn. 2024;51(6):721-734.
” FXlla 0.0375 Active enzyme Pixley RA, et al. J Biol Chem. 1985;260(3):1723-1729.
R2 KAL a2AP
PKK 485.0 (averaged normal) Zymogen Weidmann H, et al. Biochim Biophys Acta Mol Cell Res. 2017;1864(11 Pt B):2118-2127.; Rezvani-Sharif A, et al. PLoS Comput Biol. 2024;20(11):e1012552.; Sexton D, et al. J Pharmacokinet Pharmacodyn. 2024;51(6):721-734.
KAL 0.0 Active enzyme Rajkjaer R, et al. Eur J Biochem. 1997;243(1-2):160-166; Konings J, et al. PLoS One. 2013;8(8):e74043.
HMWK 670.0 Substrate Sexton D, et al. J Pharmacokinet Pharmacodyn. 2024;51(6):721-734.; Weidmann H, et al. Biochim Biophys Acta Mol Cell Res. 2017;1864(11 Pt B):2118-2127.; Colman RW, et al. Blood. 1997;90(10):3819-3843.
cHMWK 3.77 Cleaved product Rezvani-Sharif A, et al. PLoS Comput Biol. 2024;20(11):e1012552.; Zhang G, et al. Bioanalysis. 2017;9(19):1477-1491.
a2AP, alpha-2-antiplasmin; a2M, alpha2-macroglobulin; AT, antithrombin; BK, bradykinin; C1INH, C1 esterase inhibitor; BK 0.0 Peptide mediator Nussberger J, et al. Lancet. 1998;351(9117):1693-1697.
cHMWK, cleaved HMWK; FXII, factor XlI; FXlla, activated factor XII; HWMK, high-molecular weight kininogen; KAL, kallikrein;
PKK, prekallikrein. C1INH 2600.0 (averaged normal) Inhibitor Weidmann H, et al. Biochim Biophys Acta Mol Cell Res. 2017;1864(11 Pt B):2118-2127.; Pixley RA, et al. J Biol Chem. 1985;260(3):1723-1729.; Sexton D, et al. J Pharmacokinet Pharmacodyn. 2024;51(6):721-734.
a2M 1670.0 Inhibitor Weidmann H, et al. Biochim Biophys Acta Mol Cell Res. 2017;1864(11 Pt B):2118-2127.; Coan MH, et al. Biol Chem Hoppe Seyler. 1989;370(7):673-676.; Pixley RA, et al. J Biol Chem. 1985;260(3):1723-1729.
AT 3500.0 (average) Inhibitor Weidmann H, et al. Biochim Biophys Acta Mol Cell Res. 2017;1864(11 Pt B):2118-2127.; Pixley RA, et al. J Biol Chem. 1985;260(3):1723-1729.
a2AP 1000.0 Inhibitor Weidmann H, et al. Biochim Biophys Acta Mol Cell Res. 2017;1864(11 Pt B):2118-2127.; Pixley RA, et al. J Biol Chem. 1985;260(3):1723-1729.

a2AP, alpha-2-antiplasmin; a2M, alpha2-macroglobulin; AT, antithrombin IlI; BK, bradykinin; C1INH, C1 esterase inhibitor; cHMWK, cleaved HMWK; FXII, factor XllI; FXlla, activated factor XII; HWMK, high-molecular weight kininogen; KAL, kallikrein; PKK, prekallikrein.
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