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Suppl. Materials and methods 

Amino acid sequences of recombinant Fc-fusion forms of the EGF1,2, EGF1, and EGF2 of FIX 

and FX 

Recombinant Fc-fusion form of the first and second epidermal growth factor (EGF)-like domains 

(EGF1,2) of factor (F) IX (rFIX_EGF1,2–Fc) 

KQYVDGDQCESNPCLNGGSCKDDINSYECWCPFGFEGKNCELDVTCNIKNGRCEQFCK

NSADNKVVCSCTEGYRLAENQKSCEPAVPFPSGRVSVSQTSKLTREPKSCDKTHTCPPC

PAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNA

KTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPRE

PQVYTLPPSRDELTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSF

FLYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPGK 

Recombinant Fc-fusion form of the first EGF-like domain (EGF1) of FIX (rFIX_EGF1–Fc) 

KQYVDGDQCESNPCLNGGSCKDDINSYECWCPFGFEGKNCELEPKSCDKTHTCPPCPA

PELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKT

KPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQ

VYTLPPSRDELTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFL

YSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPGK 

Recombinant Fc-fusion form of the second EGF-like domain (EGF2) of FIX (rFIX_EGF2–Fc) 

DVTCNIKNGRCEQFCKNSADNKVVCSCTEGYRLAENQKSCEPAVPFPSGRVSVSQTSKL

TREPKSCDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEV

KFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALP

APIEKTISKAKGQPREPQVYTLPPSRDELTKNQVSLTCLVKGFYPSDIAVEWESNGQPEN

NYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPGK 

Recombinant Fc-fusion form of EGF1,2 of FX (rFX_EGF1,2–Fc) 

NKYKDGDQCETSPCQNQGKCKDGLGEYTCTCLEGFEGKNCELFTRKLCSLDNGDCDQ

FCHEEQNSVVCSCARGYTLADNGKACIPTGPYPCGKQTLEREPKSCDKTHTCPPCPAPE

LLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKP

REEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVY
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TLPPSRDELTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSK

LTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPGK 

Recombinant Fc-fusion form of EGF1 of FX (rFX_EGF1–Fc) 

NKYKDGDQCETSPCQNQGKCKDGLGEYTCTCLEGFEGKNCELFEPKSCDKTHTCPPCP

APELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAK

TKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREP

QVYTLPPSRDELTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFF

LYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPGK 

Recombinant Fc-fusion form of EGF2 of FX (rFX_EGF2–Fc) 

TRKLCSLDNGDCDQFCHEEQNSVVCSCARGYTLADNGKACIPTGPYPCGKQTLEREPK

SCDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNW

YVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEK

TISKAKGQPREPQVYTLPPSRDELTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKT

TPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPGK 

Enzymatic kinetics of FIXa-catalysed FX activation to quantitate emicizumab’s cofactor activity  

We monitored the rate of FIXa-catalysed FX activation by incubating 1 nM FIXa, varied 

concentrations of FX, and 20 μM synthetic phospholipid with either 1000 nM emicizumab or 

30 IU/ml recombinant human FVIII (Bayer Yakuhin, Osaka, Japan) that had been pre-activated by 

thrombin and converted into FVIIIa in Tris buffered saline (TBS) containing 5 mM CaCl2 and 0.1% 

(wt/vol) BSA (pH 7.6) at room temperature. We also performed the experiments in the absence of 

emicizumab and FVIIIa under the same conditions, except that we altered the FIXa concentration to 

40 nM. We stopped the FXa generation reaction by adding EDTA at varied time points. After adding 

S-2222 chromogenic substrate for FXa (Sekisui Medical, Tokyo, Japan), we measured absorbance at 

405 nm to determine the rate of FXa generation and quantified it by extrapolation from a standard 

curve prepared using known amounts of FXa. The values of Km and Vmax were calculated using a 

nonlinear regression data analysis program (GraphPad PRISM version 5.04, GraphPad Software, 

La Jolla, CA, USA). 
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Enzymatic assay to evaluate the phospholipid dependency of emicizumab’s cofactor activity 

We evaluated the phospholipid-dependency of emicizumab’s cofactor activity by using an enzymatic 

assay. The assay system consisted of 1 nM FIXa, 140 nM FX, and varied concentrations of 

emicizumab in the presence or absence of 20 µM synthetic phospholipid. FXa was generated at 

room temperature for 2 min in TBS containing 5 mM CaCl2, 1 mM MgCl2 and 0.1% (wt/vol) BSA. 

After the reaction was stopped by the addition of EDTA, we added S-2222 chromogenic substrate 

and measured absorbance at 405 nm. The data were collected in duplicate. 
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Suppl. Table 1: Effect of emicizumab on enzymatic kinetics of 

FIXa-catalysed FX activation 

Condition Km (µM) Vmax  (nM/min) kcat (/min) 

No cofactor 0.0986 ± 0.00509 0.0257 ± 0.00256 0.000643 

+ emicizumab 0.00505 ± 0.000165 2.88 ± 0.275 2.88 

+ FVIIIa 0.0195 ± 0.00118 126 ± 9.10 126 

Km and maximum velocity (Vmax) are expressed as the means ± SD of three separate experiments. 

The concentration of FIXa was 40 nM for the “no cofactor” condition and 1 nM for the other conditions. 

kcat was calculated from the mean values of Vmax. 
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Suppl. Figure 1.  KD-based simulation of an equilibrium state in the presence of 200%, 50% 

or 20% of the standard plasma concentration of FIX and the standard plasma concentration 

of FX. Concentrations of FIX–emicizumab–FX ternary complex in the presence of 200%, 50% or 

20% of the standard plasma concentration of FIX (A), and the percent ratio of monomer, binary 

complex, and ternary complex of FIX to total FIX in the presence of 200% (B), 50% (C) or 20% (D) 

of the standard plasma concentration of FIX, which were simulated at varied concentrations of 

emicizumab on the basis of the KD values. 
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Suppl. Figure 2.  KD-based simulation of an equilibrium state in the presence of the standard 

plasma concentration of FIX and 200%, 50% or 20% of the standard plasma concentration of 

FX. Concentrations of FIX–emicizumab–FX ternary complex in the presence of 200%, 50% or 20% 

of the standard plasma concentration of FX (A), and the percent ratio of monomer, binary complex, 

and ternary complex of FX to total FX in the presence of 200% (B), 50% (C) or 20% (D) of the 

standard plasma concentration of FX, which were simulated at varied concentrations of emicizumab 

on the basis of the KD values. 

 

 

Suppl. Figure 3.  Phospholipid-dependency of emicizumab’s cofactor activity. Emicizumab’s 

cofactor activity on FIXa-catalysed FX activation (FXa generation) in the presence or absence of 

phospholipid was evaluated by an enzymatic assay using purified coagulation factors. Absorbance at 

405 nm expressed on the y-axis represents the amount of FXa generated. Data are shown as the 

averaged values of the duplicate.  
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Suppl. Figure 4.  Linear–linear plotting version of Fig. 3A: The KD-based simulation of an 

equilibrium state in the presence of the standard plasma concentrations of FIX and FX. 

Concentrations of FIX–emicizumab–FX ternary complex simulated at varied concentrations of 

emicizumab on the basis of the KD values. 

 


