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S1 MODEL SCHEMATIC

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.

𝑑

𝑑𝑡
𝑧7 = −𝑘𝑜𝑛7 𝑧7 [𝑇𝐹]𝑎𝑣𝑎𝑖𝑙 + 𝑘𝑜 𝑓 𝑓7 𝑧𝑚7 (1)

−𝑘+𝑧7:𝑒2 𝑧7𝑒2 + 𝑘−𝑧7:𝑒2 [𝑍7 : 𝐸2]
−𝑘+𝑧7:𝑒10

𝑧7𝑒10 + 𝑘−𝑧7:𝑒10 [𝑍7 : 𝐸10]
+𝑘 𝑓 𝑙𝑜𝑤 (𝑧𝑢𝑝7 − 𝑧7)
−𝑘+𝑧7:𝑒9 𝑧7𝑒9 + 𝑘−𝑧7:𝑒9 [𝑍7 : 𝐸9]

𝑑

𝑑𝑡
𝑒7 = −𝑘𝑜𝑛7 𝑒7 [𝑇𝐹]𝑎𝑣𝑎𝑖𝑙 + 𝑘𝑜 𝑓 𝑓7 𝑒𝑚7 (2)

+𝑘𝑐𝑎𝑡𝑧7:𝑒2 [𝑍7 : 𝐸2] + 𝑘𝑐𝑎𝑡𝑧7:𝑒10 [𝑍7 : 𝐸10]
𝑘 𝑓 𝑙𝑜𝑤 (𝑒𝑢𝑝7 − 𝑒7) + 𝑘𝑐𝑎𝑡𝑧7:𝑒9 [𝑍7 : 𝐸9]

𝑑

𝑑𝑡
𝑧10 = −𝑘𝑜𝑛10 𝑧10𝑝

𝑎𝑣𝑎𝑖𝑙
10 + 𝑘𝑜 𝑓 𝑓10 𝑧𝑚10 (3)

−𝑘+𝑧10:𝑒𝑚7
𝑒𝑚7 + 𝑘−𝑧10:𝑒𝑚7

[𝑍10 : 𝐸𝑚7 ]

𝑘 𝑓 𝑙𝑜𝑤 (𝑧𝑢𝑝10 − 𝑧10)
𝑑

𝑑𝑡
𝑒10 = −𝑘𝑜𝑛10 𝑒10𝑝

𝑎𝑣𝑎𝑖𝑙
10 + 𝑘𝑜 𝑓 𝑓10 𝑒𝑚10 (4)

+𝑘𝑐𝑎𝑡
𝑧10:𝑒𝑚7

[𝑍10 : 𝐸𝑚7 ]

+(𝑘𝑐𝑎𝑡𝑧7:𝑒10 + 𝑘
−
𝑧7:𝑒10 ) [𝑍7 : 𝐸10] − 𝑘+𝑧7:𝑒10𝑒10𝑧7

+(𝑘𝑐𝑎𝑡
𝑧𝑚7 :𝑒10

+ 𝑘−𝑧𝑚7 :𝑒10
) [𝑍𝑚7 : 𝐸10] − 𝑘+𝑧𝑚7 :𝑒10

𝑒10𝑧
𝑚
7

−𝑘+𝑇𝐹𝑃𝐼:𝑒10
𝑒10 [𝑇𝐹𝑃𝐼] + 𝑘−𝑇𝐹𝑃𝐼:𝑒𝑚10

[𝑇𝐹𝑃𝐼 : 𝐸10]

𝑘 𝑓 𝑙𝑜𝑤 (𝑒𝑢𝑝10 − 𝑒10)

�����−𝑘 𝑖𝑛𝐴𝑇:𝑒10
𝑒10

−𝑘𝑑𝑖 𝑓 𝑓 (𝑒10 − 𝑒𝑒𝑐10 )
−𝑘+

𝑇𝐹𝑃𝐼:𝑒ℎ5 :𝑒10
[𝑇𝐹𝑃𝐼 : 𝐸ℎ5 ]𝑒10

−𝑘−
𝑇𝐹𝑃𝐼:𝑒ℎ5 :𝑒10

[𝐸10 : 𝑇𝐹𝑃𝐼 : 𝐸ℎ5 ]

−𝑘+
𝑇𝐹𝑃𝐼:𝑒ℎ𝑚5 :𝑒10

[𝑇𝐹𝑃𝐼 : 𝐸ℎ𝑚5 ]𝑒10

+𝑘−
𝑇𝐹𝑃𝐼:𝑒ℎ𝑚5 :𝑒10

[𝐸10 : 𝑇𝐹𝑃𝐼 : 𝐸ℎ𝑚5 ]

−𝑘𝐴𝑇𝑒10 𝑒10 [𝐴𝑇]
+𝑘𝐴𝑇𝐻𝑒10 𝑒10 [𝐴𝑇 : 𝐻𝑒𝑝]
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𝑑

𝑑𝑡
𝑧𝑚10 = 𝑘𝑜𝑛10 𝑧10𝑝

𝑎𝑣𝑎𝑖𝑙
10 − 𝑘𝑜 𝑓 𝑓10 𝑧𝑚10 (5)

𝑘+𝑧𝑚10 :𝑇𝐸𝑁 𝑧
𝑚
10 [𝑇𝐸𝑁] + 𝑘

−
𝑧𝑚10 :𝑇𝐸𝑁 [𝑍

𝑚
10 : 𝑇𝐸𝑁]

−𝑘+𝑧𝑚10 :𝑇𝐸𝑁 𝑧
𝑚
10 [𝑇𝐸𝑁

∗] + 𝑘−𝑧𝑚10 :𝑇𝐸𝑁 [𝑍
𝑚
10 : 𝑇𝐸𝑁∗]

𝑑

𝑑𝑡
𝑒𝑚10 = 𝑘𝑜𝑛10 𝑒10𝑝

𝑎𝑣𝑎𝑖𝑙
10 − 𝑘𝑜 𝑓 𝑓10 𝑒𝑚10 (6)

+𝑘𝑐𝑎𝑡
𝑧𝑚10 :𝑇𝐸𝑁 [𝑍

𝑚
10 : 𝑇𝐸𝑁] + (𝑘𝑐𝑎𝑡

𝑧𝑚5 :𝑒𝑚10
+ 𝑘−𝑧𝑚5 :𝑒𝑚10

) [𝑍𝑚5 : 𝐸𝑚10]

−𝑘+𝑧𝑚5 :𝑒𝑚10
𝑒𝑚10𝑧

𝑚
5 + (𝑘𝑐𝑎𝑡

𝑧𝑚8 𝑒
𝑚
10
+ 𝑘−𝑧𝑚8 𝑒𝑚10

) [𝑍𝑚8 : 𝐸10𝑚 ]

−𝑘+𝑧𝑚8 :𝑒𝑚10
𝑒𝑚10𝑧

𝑚
8

+𝑘−𝑒𝑚5 :𝑒𝑚10
[𝑃𝑅𝑂] − 𝑘 𝑝

𝑒𝑚5 :𝑒𝑚10
𝑒𝑚10𝑒

𝑚
5

+𝑘𝑐𝑎𝑡
𝑧𝑚10 :𝑇𝐸𝑁 [𝑍

𝑚
10 : 𝑇𝐸𝑁∗]

−𝑘+
𝑒ℎ𝑚5 :𝑒𝑚10

𝑒𝑚10𝑒
ℎ𝑚
5 + 𝑘−

𝑒ℎ𝑚5 :𝑒𝑚10
𝑃𝑅𝑂ℎ

−𝑘+𝑇𝐹𝑃𝐼:𝑒𝑚10
𝑒𝑚10𝑇𝐹𝑃𝐼 + 𝑘

−
𝑇𝐹𝑃𝐼:𝑒𝑚10

[𝑇𝐹𝑃𝐼 : 𝐸𝑚10]

−𝑘+
𝑇𝐹𝑃𝐼:𝑒ℎ𝑚5 :𝑒𝑚10

[𝑇𝐹𝑃𝐼 : 𝐸ℎ𝑚5 ]𝑒𝑚10

+𝑘−
𝑇𝐹𝑃𝐼:𝑒ℎ𝑚5 :𝑒𝑚10

[𝐸𝑚10 : 𝑇𝐹𝑃𝐼 : 𝐸ℎ𝑚5 ]

−𝑘+
𝑇𝐹𝑃𝐼:𝑒10:𝑒ℎ𝑚5

[𝑇𝐹𝑃𝐼 : 𝐸ℎ𝑚5 ]𝑒𝑚10

+𝑘−
𝑇𝐹𝑃𝐼:𝑒10:𝑒ℎ𝑚5

[𝑇𝐹𝑃𝐼 : 𝑃𝑅𝑂ℎ]𝑣5

−𝑘𝐴𝑇𝑒𝑚10
𝑒𝑚10 [𝐴𝑇]

−𝑘𝐴𝑇𝐻𝑒𝑚10
𝑒10 [𝐴𝑇 : 𝐻𝑒𝑝]

𝑑

𝑑𝑡
𝑧5 = −𝑘𝑜𝑛5 𝑧5𝑝

𝑎𝑣𝑎𝑖𝑙
5 + 𝑘𝑜 𝑓 𝑓5 𝑧𝑚5 (7)

−𝑘+𝑧5:𝑒2 𝑧5𝑒2 + 𝑘−𝑧5:𝑒2 [𝑍5 : 𝐸2]
𝑘 𝑓 𝑙𝑜𝑤 (𝑧𝑢𝑝5 − 𝑧5)

+𝑛5 (𝑘+𝑎𝑑ℎ𝑝
𝑎𝑣𝑎𝑖𝑙
𝑃𝐿𝐴𝑆 + 𝑘

𝑎𝑐𝑡
𝑝𝑙𝑡 ( [𝑃𝐿

𝑣
𝑎] + [𝑃𝐿𝑠𝑎]) + 𝑘𝑎𝑐𝑡𝑒2

𝑒2
𝑒2 + 0.001

) [𝑃𝐿]

𝑑

𝑑𝑡
𝑒5 = −𝑘𝑜𝑛5 𝑒5𝑝

𝑎𝑣𝑎𝑖𝑙
5 + 𝑘𝑜 𝑓 𝑓5 𝑒𝑚5 (8)

+𝑘𝑐𝑎𝑡𝑧5:𝑒2 [𝑍5 : 𝐸2]
+𝑘 𝑓 𝑙𝑜𝑤 (𝑒𝑢𝑝5 − 𝑒5)
𝑘−𝑒5:𝐴𝑃𝐶 [𝐴𝑃𝐶 : 𝐸5] − 𝑘+𝑒5:𝐴𝑃𝐶𝑒5 [𝐴𝑃𝐶]
+𝑘𝑐𝑎𝑡

𝑒ℎ5 :𝑒2
[𝐸ℎ5 : 𝐸2]

𝑑

𝑑𝑡
𝑧𝑚5 = 𝑘𝑜𝑛5 𝑧5𝑝

𝑎𝑣𝑎𝑖𝑙
5 − 𝑘𝑜 𝑓 𝑓5 𝑧𝑚5 (9)

−𝑘+𝑧𝑚5 𝑒𝑚10
𝑧𝑚5 𝑒

𝑚
10 + 𝑘

−
𝑧𝑚5 :𝑒𝑚10

[𝑍𝑚5 : 𝐸𝑚10]

−𝑘+𝑧𝑚5 :𝑒𝑚2
𝑧𝑚5 𝑒

𝑚
2 + 𝑘−𝑧𝑚5 𝑒𝑚2 [𝑍𝑚5 : 𝐸𝑚2 ]
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𝑑

𝑑𝑡
𝑒𝑚5 = 𝑘𝑜𝑛5 𝑒5𝑝

𝑎𝑣𝑎𝑖𝑙
5 − 𝑘𝑜 𝑓 𝑓5 𝑒𝑚5 (10)

+𝑘𝑐𝑎𝑡
𝑧𝑚5 :𝑒𝑚2

[𝑍𝑚5 : 𝐸𝑚2 ]
+𝑘−𝑒𝑚5 :𝐴𝑃𝐶 [𝐴𝑃𝐶 : 𝐸𝑚5 ]

−𝑘+𝑒𝑚5 :𝐴𝑃𝐶𝑒
𝑚
5 [𝐴𝑃𝐶]

−𝑘+𝑒𝑚5 :𝑒𝑚10
𝑒𝑚5 𝑒

𝑚
10 + 𝑘

−
𝑒𝑚5 :𝑒𝑚10

[𝑃𝑅𝑂]

+𝑘𝑐𝑎𝑡
𝑒ℎ𝑚5 :𝑒𝑚2

[𝐸ℎ𝑚5 : 𝐸𝑚2 ]

𝑑

𝑑𝑡
𝑧8 = −𝑘𝑜𝑛8 𝑧8𝑝

𝑎𝑣𝑎𝑖𝑙
8 + 𝑘𝑜 𝑓 𝑓8 𝑧𝑚8 (11)

+𝑘 𝑓 𝑙𝑜𝑤 (𝑧𝑢𝑝8 − 𝑧8)
−𝑘+𝑧8:𝑒2 𝑧8𝑒2 + 𝑘−𝑧8:𝑒2 [𝑍8 : 𝐸2]

𝑑

𝑑𝑡
𝑒8 = −𝑘𝑜𝑛8 𝑒8𝑝

𝑎𝑣𝑎𝑖𝑙
8 + 𝑘𝑜 𝑓 𝑓8 𝑒𝑚8 (12)

𝑘 𝑓 𝑙𝑜𝑤 (𝑒𝑢𝑝8 − 𝑒8)
+𝑘𝑐𝑎𝑡𝑧8:𝑒2 − 0.005𝑒8

+𝑘−𝑒8:𝐴𝑃𝐶 [𝐴𝑃𝐶 : 𝐸8] − 𝑘+𝑒8:𝐴𝑃𝐶𝑒8 [𝐴𝑃𝐶]
𝑑

𝑑𝑡
𝑧𝑚8 = 𝑘𝑜𝑛8 𝑧8𝑝

𝑎𝑣𝑎𝑖𝑙
8 − 𝑘𝑜 𝑓 𝑓8 𝑧𝑚8 (13)

−𝑘+𝑧𝑚8 :𝑒𝑚10
𝑧𝑚8 𝑒

𝑚
10 + 𝑘

−
𝑧𝑚8 :𝑒𝑚10

[𝑍𝑚8 : 𝐸𝑚10]

−𝑘+𝑧𝑚8 :𝑒𝑚2
𝑧𝑚8 𝑒

𝑚
2

+𝑘−𝑧𝑚8 :𝑒𝑚2
[𝑍𝑚8 : 𝐸𝑚2 ]

𝑑

𝑑𝑡
𝑒𝑚8 = 𝑘𝑜𝑛8 𝑒8𝑝

𝑎𝑣𝑎𝑖𝑙
8 − 𝑘𝑜 𝑓 𝑓8 𝑒𝑚8 (14)

𝑘𝑐𝑎𝑡
𝑧𝑚8 :𝑒𝑚10

[𝑍𝑚8 : 𝐸𝑚10] + 𝑘
𝑐𝑎𝑡
𝑧𝑚8 :𝑒𝑚2

[𝑍𝑚8 : 𝐸𝑚2 ]

−𝑘+𝑒𝑚8 :𝐴𝑃𝐶𝑒
𝑚
8 [𝐴𝑃𝐶] + 𝑘−𝑒𝑚8 :𝐴𝑃𝐶 [𝐴𝑃𝐶 : 𝐸𝑚8 ]

−𝑘+𝑒𝑚8 :𝑒𝑚9
𝑒𝑚9 𝑒

𝑚
8 + 𝑘−𝑒𝑚8 :𝑒𝑚9

[𝑇𝐸𝑁] − 0.005𝑒𝑚8
−𝑘+𝑒𝑚8 :𝑒𝑚9

𝑒𝑚8 𝑒
𝑚
9 + 𝑘−𝑒𝑚8 :𝑒𝑚9

[𝑇𝐸𝑁]
𝑑

𝑑𝑡
𝑧9 = 𝑘 𝑓 𝑙𝑜𝑤 (𝑧𝑢𝑝9 − 𝑧9) − 𝑘𝑜𝑛9 𝑝𝑎𝑣𝑎𝑖𝑙9 𝑧9 + 𝑘𝑜 𝑓 𝑓9 𝑧𝑚9 (15)

−𝑘+𝑧9:𝑒𝑚7
𝑧9𝑒

𝑚
7 + 𝑘−𝑧9:𝑒𝑚7

[𝑍9 : 𝐸𝑚7 ]

−𝑘+
𝑧9:𝑒ℎ11

𝑒ℎ11 + 𝑘
−
𝑧9:𝑒ℎ11

[𝑍9 : 𝐸ℎ11]

−𝑘+𝑧9:𝑒11𝑧9𝑒11 + 𝑘−𝑧9:𝑒11 [𝑍9 : 𝐸11]
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𝑑

𝑑𝑡
𝑒9 = 𝑓 𝑓 𝑙𝑜𝑤 (𝑒𝑢𝑝9 − 𝑒9) (16)

−𝑘𝑜𝑛9 𝑝𝑎𝑣𝑎𝑖𝑙9 𝑒9 + 𝑘𝑜 𝑓 𝑓9 𝑒𝑚9
𝑘𝑐𝑎𝑡
𝑧9:𝑒𝑚7

[𝑍9 : 𝐸𝑚7 ]

�����−𝑘 𝑖𝑛𝐴𝑇:𝑒9
𝑒9 − 𝑘+𝑧7:𝑒9 𝑧7𝑒9

+(𝑘𝑐𝑎𝑡𝑧7:𝑒9 + 𝑘
−
𝑧7:𝑒9 ) [𝑍7 : 𝐸9]

+(𝑘𝑐𝑎𝑡
𝑧𝑚7 :𝑒9

+ 𝑘−𝑧𝑚7 :𝑒9
) [𝑍𝑚7 : 𝐸9] − 𝑘+𝑧𝑚7 :𝑒9

𝑧𝑚7 𝑒9

−𝑘𝑜𝑛9 𝑝
∗,𝑎𝑣𝑎𝑖𝑙
9 𝑒9 + 𝑘𝑜 𝑓 𝑓9 𝑒𝑚∗

9
−𝑘𝑑𝑖 𝑓 𝑓 (𝑒9 − 𝑒𝑒𝑐9 )
+𝑘𝑐𝑎𝑡

𝑧9:𝑒ℎ11
[𝑍9 : 𝐸ℎ11] + 𝑘

𝑐𝑎𝑡
𝑧9:𝑒11 [𝑍9 : 𝐸11]

−𝑘𝐴𝑇𝑒9 𝑒9 [𝐴𝑇]
−𝑘𝐴𝑇𝐻𝑒9 𝑒9 [𝐴𝑇 : 𝐻𝑒𝑝]

𝑑

𝑑𝑡
𝑧𝑚9 = 𝑘𝑜𝑛9 𝑝𝑎𝑣𝑎𝑖𝑙9 𝑧9 − 𝑘𝑜 𝑓 𝑓9 𝑧𝑚9 (17)

−𝑘+
𝑧𝑚9 :𝑒ℎ,𝑚

11
𝑧𝑚9 𝑒

ℎ,𝑚
11 + 𝑘−

𝑧𝑚9 𝑒
ℎ,𝑚
11

[𝑍𝑚9 : 𝐸ℎ,𝑚
11 ]

−𝑘+
𝑧𝑚9 :𝑒𝑚∗

11
𝑧𝑚9 𝑒

𝑚∗
11 + 𝑘−

𝑧𝑚9 𝑒
𝑚∗
11
[𝑍𝑚9 : 𝐸𝑚∗

11 ]
𝑑

𝑑𝑡
𝑒𝑚9 = 𝑘𝑜𝑛9 𝑝𝑎𝑣𝑎𝑖𝑙9 𝑒9 − 𝑘𝑜 𝑓 𝑓9 𝑒𝑚9 (18)

−𝑘+𝑒𝑚8 :𝑒𝑚9
𝑒𝑚8 𝑒

𝑚
9 + 𝑘−𝑒𝑚8 :𝑒𝑚9

[𝑇𝐸𝑁]

+𝑘𝑐𝑎𝑡
𝑧𝑚9 :𝑒ℎ,𝑚

11
[𝑍𝑚9 : 𝐸ℎ,𝑚

11 ]

+𝑘𝑐𝑎𝑡
𝑧𝑚9 :𝑒𝑚∗

11
[𝑍𝑚9 : 𝐸𝑚∗

11 ]

−𝑘𝐴𝑇𝑒𝑚9 𝑒
𝑚
9 [𝐴𝑇]

−𝑘𝐴𝑇𝐻𝑒𝑚9
𝑒𝑚9 [𝐴𝑇 : 𝐻𝑒𝑝]

𝑑

𝑑𝑡
𝑧2 = −𝑘𝑜𝑛2 𝑝𝑎𝑣𝑎𝑖𝑙2 𝑧2 + 𝑘𝑜 𝑓 𝑓2 𝑧𝑚2 + 𝑘 𝑓 𝑙𝑜𝑤 (𝑧𝑢𝑝2 − 𝑧2) (19)

𝑑

𝑑𝑡
𝑒2 = 𝑘 𝑓 𝑙𝑜𝑤 (𝑒𝑢𝑝2 − 𝑒2) (20)

−𝑘𝑜𝑛2∗ 𝑝
∗,𝑎𝑣𝑎𝑖𝑙
2 𝑒2 + 𝑘𝑜 𝑓 𝑓2∗ 𝑒𝑚2 + 𝑘𝑐𝑎𝑡

𝑧𝑚2 :𝑃𝑅𝑂 [𝑍
𝑚
2 : 𝑃𝑅𝑂]

�����−𝑘 𝑖𝑛𝐴𝑇:𝑒2
𝑒2 − 𝑘𝑧5:𝑒𝑝2

𝑧5𝑒2 + (𝑘𝑐𝑎𝑡𝑧5:𝑒2 + 𝑘
−
𝑧5:𝑒2 ) [𝑍5 : 𝐸2]

−𝑘+𝑧8:𝑒2 𝑧8𝑒2 + (𝑘𝑐𝑎𝑡𝑧8:𝑒2 + 𝑘
−
𝑧8:𝑒2 ) [𝑍8 : 𝐸2]

−𝑘+𝑧7:𝑒2 𝑧7𝑒2 + (𝑘𝑐𝑎𝑡
𝑧𝑚7 :𝑒2

+ 𝑘−𝑧7:𝑒2 ) [𝑍7 : 𝐸2]

−𝑘+𝑧𝑚7 𝑒2
𝑧𝑚7 𝑒2 + (𝑘𝑐𝑎𝑡

𝑧𝑚7 :𝑒2
+ 𝑘−𝑧𝑚7 :𝑒2

) [𝑍𝑚7 : 𝐸2]
−𝑘𝑑𝑖 𝑓 𝑓 (𝑒2 − 𝑒𝑒𝑐2 )
−𝑘+𝑧11:𝑒2 𝑧11 + (𝑘−𝑧11:𝑒2 + 𝑘

𝑐𝑎𝑡
𝑧11:𝑒2 ) [𝑍11 : 𝐸2]

−𝑘+
𝑒ℎ11:𝑒2

𝑒ℎ11𝑒2 + (𝑘−
𝑒ℎ11:𝑒2

+ 𝑘𝑒ℎ11
: 𝑒2)𝑐𝑎𝑡 [𝐸ℎ11 : 𝐸2]

+𝑘𝑐𝑎𝑡
𝑧𝑚2 :𝑃𝑅𝑂ℎ [𝑍𝑚2 : 𝑃𝑅𝑂ℎ] − 𝑘+

𝑒ℎ5 :𝑒2
𝑒2𝑒

ℎ
5

+𝑘−
𝑒ℎ5 :𝑒2

[𝐸ℎ5 : 𝐸2] + 𝑘𝑐𝑎𝑡𝑒ℎ5 :𝑒2
[𝐸ℎ5 : 𝐸2]

−𝑘𝐴𝑇𝑒2 𝑒2 [𝐴𝑇]
−𝑘𝐴𝑇𝐻𝑒2 𝑒2 [𝐴𝑇 : 𝐻𝑒𝑝]
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𝑑

𝑑𝑡
𝑧𝑚2 = 𝑘𝑜𝑛2 𝑝𝑎𝑣𝑎𝑖𝑙2 𝑧2 − 𝑘𝑜 𝑓 𝑓2 𝑧𝑚2 (21)

−𝑘+𝑧𝑚2 :𝑃𝑅𝑂𝑧
𝑚
2 [𝑃𝑅𝑂] + 𝑘−𝑧𝑚2 :𝑃𝑅𝑂 [𝑍

𝑚
2 : 𝑃𝑅𝑂]

−𝑘+
𝑧𝑚2 :𝑃𝑅𝑂ℎ 𝑧

𝑚
2 𝑃𝑅𝑂

ℎ + 𝑘−
𝑧𝑚2 :𝑃𝑅𝑂ℎ [𝑍𝑚2 : 𝑃𝑅𝑂ℎ]

𝑑

𝑑𝑡
𝑒𝑚2 = 𝑘𝑜𝑛2∗ 𝑝

𝑎𝑣𝑎𝑖𝑙
2 𝑒2 − 𝑘𝑜 𝑓 𝑓2∗ 𝑒𝑚2 (22)

+(𝑘𝑐𝑎𝑡
𝑧𝑚5 :𝑒𝑚2

+ 𝑘−𝑧𝑚5 :𝑒𝑚2
) [𝑍𝑚5 : 𝐸𝑚2 ]

−𝑘+𝑧𝑚5 :𝑒𝑚2
𝑧𝑚5 𝑒

𝑚
2

+(𝑘𝑐𝑎𝑡
𝑧𝑚8 :𝑒𝑚2

+ 𝑘−𝑧𝑚8 :𝑒𝑚2
) [𝑍𝑚8 : 𝐸𝑚2 ] − 𝑘+𝑧𝑚8 :𝐸𝑚

2
𝑧𝑚8 𝑒

𝑚
2

−𝑘+𝑧𝑚11 :𝑒𝑚2
𝑧𝑚11𝑒

𝑚
2

+(𝑘−𝑧𝑚11 :𝑒𝑚2
+ 𝑘𝑐𝑎𝑡

𝑧𝑚11 :𝑒𝑚2
) [𝑍𝑚11 : 𝐸𝑚2 ]

−𝑘+
𝑒
ℎ,𝑚∗
11 𝑒𝑚2

𝑒
ℎ,𝑚∗
11 𝑒𝑚2

+(𝑘−
𝑒
ℎ,𝑚∗
11 𝑒𝑚2

+ 𝑘𝑐𝑎𝑡
𝑒
ℎ,𝑚∗
11 :𝑒𝑚2

) [𝐸ℎ𝑚𝑠11 : 𝐸𝑚2 ]

−𝑘+
𝑒ℎ𝑚5 :𝑒𝑚2

𝑒𝑚2 𝑒
ℎ𝑚
5 + 𝑘−

𝑒ℎ𝑚5 :𝑒𝑚2
[𝐸ℎ𝑚5 : 𝐸𝑚2 ]

+𝑘𝑐𝑎𝑡
𝑒ℎ𝑚5 :𝑒𝑚2

[𝐸ℎ𝑚5 : 𝐸𝑚2 ]

−𝑘+
𝑃𝑅𝑂ℎ :𝑒𝑚2

𝑃𝑅𝑂ℎ𝑒𝑚2 + 𝑘−
𝑃𝑅𝑂ℎ :𝑒𝑚2

[𝑃𝑅𝑂ℎ : 𝐸𝑚2 ]

+𝑘𝑐𝑎𝑡
𝑃𝑅𝑂ℎ :𝑒𝑚2

[𝑃𝑅𝑂ℎ : 𝐸𝑚2 ]

−𝑘𝐴𝑇𝑒𝑚2 𝑒
𝑚
2 [𝐴𝑇]

−𝑘𝐴𝑇𝐻𝑒𝑚2
𝑒𝑚2 [𝐴𝑇 : 𝐻𝑒𝑝]

𝑑

𝑑𝑡
[𝑇𝐸𝑁] = −𝑘−𝑒𝑚8 :𝑒𝑚9

[𝑇𝐸𝑁] + 𝑘𝑒𝑚8 :𝑒𝑚9 𝑒
𝑚
8 𝑒

𝑚
9 (23)

+(𝑘𝑐𝑎𝑡
𝑧𝑚10 :𝑇𝐸𝑁 + 𝑘−𝑧𝑚10 :𝑇𝐸𝑁 ) [𝑍

𝑚
10 : 𝑇𝐸𝑁] − 𝑘+𝑧𝑚10 :𝑇𝐸𝑁 𝑧

𝑚
10 [𝑇𝐸𝑁]

𝑑

𝑑𝑡
[𝑃𝑅𝑂] = −𝑘−𝑒𝑚5 :𝑒𝑚10

[𝑃𝑅𝑂] + 𝑘+𝑒𝑚5 :𝑒𝑚10
𝑒𝑚10𝑒

𝑚
5 (24)

+(𝑘𝑐𝑎𝑡
𝑧𝑚2 :𝑃𝑅𝑂 + 𝑘−𝑧𝑚2 :𝑃𝑅𝑂) [𝑍

𝑚
2 : 𝑃𝑅𝑂] − 𝑘+𝑧𝑚2 :𝑃𝑅𝑂𝑧

𝑚
2 [𝑃𝑅𝑂]

+𝑘𝑐𝑎𝑡
𝑃𝑅𝑂ℎ :𝑒𝑚2

[𝑃𝑅𝑂ℎ : 𝐸𝑚2 ]
𝑑

𝑑𝑡
[𝑃𝐿𝑠𝑎] = 𝑘+𝑎𝑑ℎ𝑝

𝑎𝑣𝑎𝑖𝑙
𝑃𝐿𝐴𝑆 [𝑃𝐿] − 𝑘

−
𝑎𝑑ℎ [𝑃𝐿

𝑠
𝑎] (25)

+𝑘+𝑎𝑑ℎ [𝑃𝐿
𝑣
𝑎] ∗ 𝑝𝑎𝑣𝑎𝑖𝑙𝑃𝐿𝐴𝑆

𝑑

𝑑𝑡
[𝑃𝐿] = 𝑘

𝑝

𝑓 𝑙𝑜𝑤
( [𝑃𝐿]𝑢𝑝 − [𝑃𝐿]) (26)

−𝑘+𝑎𝑑ℎ𝑝
𝑎𝑣𝑎𝑖𝑙
𝑃𝐿𝐴𝑆 + (𝑘𝑎𝑐𝑡𝑝𝑙𝑡 ( [𝑃𝐿

𝑣
𝑎] + [𝑃𝐿𝑠𝑎]) + 𝑘𝑎𝑐𝑡𝑒2

𝑒2
𝑒2 + 0.001

) [𝑃𝐿]

𝑑

𝑑𝑡
[𝑃𝐿𝑣𝑎] = 𝑘−𝑎𝑑ℎ [𝑃𝐿

𝑠
𝑎] − 𝑘+𝑎𝑑ℎ [𝑃𝐿

𝑣
𝑎]𝑝𝑎𝑣𝑎𝑖𝑙𝑃𝐿𝐴𝑆 (27)

+(𝑘𝑎𝑐𝑡𝑝𝑙𝑡 ( [𝑃𝐿
𝑣
𝑎] + [𝑃𝐿𝑠𝑎]) + 𝑘𝑎𝑐𝑡𝑒2

𝑒2
𝑒2 + 0.001

) [𝑃𝐿]

𝑑

𝑑𝑡
𝑧𝑚7 = 𝑘𝑜𝑛7 𝑧7 [𝑇𝐹]𝑎𝑣𝑎𝑖𝑙 − 𝑘𝑜 𝑓 𝑓7 𝑧𝑚7 (28)

−𝑘+𝑧𝑚7 :𝑒10
𝑧𝑚7 𝑒10 − 𝑘+𝑧𝑚7 :𝑒2

𝑧𝑚7 𝑒2

+𝑘−𝑧𝑚7 :𝑒10
[𝑍𝑚7 : 𝐸10] + 𝑘−𝑧𝑚7 :𝑒2

[𝑍𝑚7 : 𝐸2]
−𝑘+𝑧𝑚7 :𝑒9

𝑧𝑚7 𝑒9 + 𝑘−𝑧𝑚7 :𝑒9
[𝑍𝑚7 : 𝐸9]

−𝑧𝑚7
𝑑

𝑑𝑡
[𝑃𝐿𝑠𝑎]

1
𝑝𝑎𝑣𝑎𝑖𝑙
𝑃𝐿𝐴𝑆
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𝑑

𝑑𝑡
𝑒𝑚7 = 𝑘𝑜𝑛7 𝑒7 [𝑇𝐹]𝑎𝑣𝑎𝑖𝑙 − 𝑘𝑜 𝑓 𝑓7 𝑒𝑚7 (29)

𝑘+𝑇𝐹𝑃𝐼:𝑒10:𝑒𝑚7
𝑒𝑚7 [𝑇𝐹𝑃𝐼 : 𝐸10] + 𝑘−𝑇𝐹𝑃𝐼:𝑒10:𝑒𝑚7

[𝑇𝐹𝑃𝐼 : 𝐸𝑚7 ]

+𝑘𝑐𝑎𝑡
𝑧𝑚7 :𝑒10

[𝑍𝑚7 : 𝐸10] + 𝑘𝑐𝑎𝑡𝑧𝑚7 :𝑒2
[𝑍𝑚7 : 𝐸2]

+(𝑘𝑐𝑎𝑡
𝑧10:𝑒𝑚7

+ 𝑘−𝑧10:𝑒𝑚7
) [𝑍10 : 𝐸𝑚7 ]

−𝑘+𝑧10:𝑒𝑚7
𝑒𝑚7 𝑧10 − 𝑘+𝑧9:𝑒𝑚7

𝑒𝑚7 𝑧9

+(𝑘𝑐𝑎𝑡
𝑧9:𝑒𝑚7

+ 𝑘−𝑧9:𝑒𝑚7
) [𝑍9 : 𝐸𝑚7 ]

+𝑘𝑐𝑎𝑡
𝑧𝑚7 :𝑒9

[𝑍𝑚7 : 𝐸9] − 𝑒𝑚7
𝑑

𝑑𝑡
[𝑃𝐿𝑠𝑎]

1
𝑝𝑎𝑣𝑎𝑖𝑙
𝑃𝐿𝐴𝑆

𝑑

𝑑𝑡
[𝑇𝐹𝑃𝐼] = −𝑘+𝑇𝐹𝑃𝐼:𝑒10

𝑒10 [𝑇𝐹𝑃𝐼] + 𝑘−𝑇𝐹𝑃𝐼:𝑒10
[𝑇𝐹𝑃𝐼 : 𝐸10] (30)

𝑘 𝑓 𝑙𝑜𝑤 ( [𝑇𝐹𝑃𝐼]𝑢𝑝 − [𝑇𝐹𝑃𝐼])
−𝑘+

𝑇𝐹𝑃𝐼:𝑒ℎ𝑚5
𝑒ℎ𝑚5 [𝑇𝐹𝑃𝐼] + 𝑘−

𝑇𝐹𝑃𝐼:𝑒ℎ𝑚5
[𝑇𝐹𝑃𝐼 : 𝐸ℎ𝑚5 ]

−𝑘+
𝑇𝐹𝑃𝐼:𝑒ℎ5

𝑒ℎ5 [𝑇𝐹𝑃𝐼] + 𝑘
−
𝑇𝐹𝑃𝐼:𝑒ℎ5

[𝑇𝐹𝑃𝐼 : 𝐸ℎ5 ]

−𝑘+𝑇𝐹𝑃𝐼:𝑒𝑚10
𝑒𝑚10 [𝑇𝐹𝑃𝐼] + 𝑘

−
𝑇𝐹𝑃𝐼:𝑒𝑚10

[𝑇𝐹𝑃𝐼 : 𝐸𝑚10]

−𝑘+
𝑇𝐹𝑃𝐼:𝑃𝑅𝑂ℎ :𝑣10

𝑃𝑅𝑂ℎ [𝑇𝐹𝑃𝐼]

+𝑘−
𝑇𝐹𝑃𝐼:𝑃𝑅𝑂ℎ :𝑣10

[𝑇𝐹𝑃𝐼 : 𝑃𝑅𝑂ℎ]𝑣10

−𝑘+
𝑇𝐹𝑃𝐼:𝑃𝑅𝑂ℎ :𝑣5

𝑃𝑅𝑂ℎ [𝑇𝐹𝑃𝐼]

+𝑘−
𝑇𝐹𝑃𝐼:𝑃𝑅𝑂ℎ :𝑣5

[𝑇𝐹𝑃𝐼 : 𝑃𝑅𝑂ℎ]𝑣5

𝑑

𝑑𝑡
[𝑇𝐹𝑃𝐼 : 𝐸10] = 𝑘+𝑇𝐹𝑃𝐼:𝑒10

𝑒10 [𝑇𝐹𝑃𝐼] − 𝑘−𝑇𝐹𝑃𝐼:𝑒10
[𝑇𝐹𝑃𝐼 : 𝐸10] (31)

+𝑘−𝑇𝐹𝑃𝐼:𝑒10:𝑒𝑚7
[𝑇𝐹𝑃𝐼 : 𝐸10 : 𝐸𝑚7 ]

−𝑘+𝑇𝐹𝑃𝐼:𝑒10:𝑒𝑚7
𝑒𝑚7 [𝑇𝐹𝑃𝐼 : 𝐸10] + 𝑘 𝑓 𝑙𝑜𝑤 ( [𝑇𝐹𝑃𝐼 : 𝐸10]𝑢𝑝 − [𝑇𝐹𝑃𝐼 : 𝐸10])

−𝑘+
𝑇𝐹𝑃𝐼:𝑒10:𝑒ℎ5

[𝑇𝐹𝑃𝐼 : 𝐸10]𝑒ℎ5
+𝑘−

𝑇𝐹𝑃𝐼:𝑒10:𝑒ℎ5
[𝐸10 : 𝑇𝐹𝑃𝐼 : 𝐸ℎ5 ]

−𝑘𝑜𝑛10 [𝑇𝐹𝑃𝐼 : 𝐸10]𝑝𝑎𝑣𝑎𝑖𝑙10 + 𝑘𝑜 𝑓 𝑓10 [𝑇𝐹𝑃𝐼 : 𝐸𝑚10]
𝑑

𝑑𝑡
[𝑇𝐹𝑃𝐼 : 𝐸10 : 𝐸𝑚7 ] = −𝑘−𝑇𝐹𝑃𝐼:𝑒10:𝑒𝑚7

[𝑇𝐹𝑃𝐼 : 𝐸10 : 𝐸𝑚7 ] + 𝑘+𝑇𝐹𝑃𝐼:𝑒10:𝑒𝑚7
𝑒𝑚7 [𝑇𝐹𝑃𝐼 : 𝐸10] (32)

−[𝑇𝐹𝑃𝐼 : 𝐸10 : 𝐸𝑚7 ] 𝑑
𝑑𝑡

[𝑃𝐿𝑠𝑎]
1

𝑝𝑎𝑣𝑎𝑖𝑙
𝑃𝐿𝐴𝑆

𝑑

𝑑𝑡
[𝐴𝑃𝐶] = (𝑘𝑐𝑎𝑡

𝑒𝑚5 :𝐴𝑃𝐶 + 𝑘−𝑒𝑚5 :𝐴𝑃𝐶 ) [𝐴𝑃𝐶 : 𝐸𝑚5 ] − 𝑘𝑐𝑎𝑡
𝑒𝑚5 :𝐴𝑃𝐶𝑒

𝑚
5 (33)

+(𝑘𝑐𝑎𝑡
𝑒𝑚8 :𝐴𝑃𝐶 + 𝑘−𝑒𝑚8 :𝐴𝑃𝐶 ) [𝐴𝑃𝐶 : 𝐸𝑚8 ] − 𝑘+𝑒𝑚8 :𝐴𝑃𝐶𝑒

𝑚
8 [𝐴𝑃𝐶]

+𝑘 𝑓 𝑙𝑜𝑤 ( [𝐴𝑃𝐶]𝑢𝑝 − [𝐴𝑃𝐶]) − 𝑘𝑑𝑖 𝑓 𝑓 ( [𝐴𝑃𝐶] − [𝐴𝑃𝐶𝑒𝑐])
+(𝑘𝑐𝑎𝑡𝑒5:𝐴𝑃𝐶 + 𝑘−𝑒5:𝐴𝑃𝐶 ) [𝐴𝑃𝐶 : 𝐸5] − 𝑘+𝑒5:𝐴𝑃𝐶𝑒5 [𝐴𝑃𝐶]
+(𝑘𝑐𝑎𝑡𝑒8:𝐴𝑃𝐶 + 𝑘−𝑒8:𝐴𝑃𝐶 ) [𝐴𝑃𝐶 : 𝐸8] − 𝑘+𝑒8:𝐴𝑃𝐶𝑒8 [𝐴𝑃𝐶]
−𝑘+

𝑒ℎ𝑚5 :𝐴𝑃𝐶𝑒
ℎ𝑚
5 𝐴𝑃𝐶 + 𝑘−

𝑒ℎ𝑚5 :𝐴𝑃𝐶 [𝐴𝑃𝐶 : 𝐸ℎ𝑚5 ]

+𝑘𝑐𝑎𝑡
𝑒ℎ𝑚5 :𝐴𝑃𝐶 [𝐴𝑃𝐶 : 𝐸ℎ𝑚5 ] − 𝑘+

𝑒ℎ5 :𝐴𝑃𝐶𝑒
ℎ
5 𝐴𝑃𝐶

+𝑘−
𝑒ℎ5 :𝐴𝑃𝐶 [𝐴𝑃𝐶 : 𝐸ℎ5 ] + 𝑘

𝑐𝑎𝑡

𝑒ℎ5 :𝐴𝑃𝐶 [𝐴𝑃𝐶 : 𝐸ℎ5 ]
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𝑑

𝑑𝑡
[𝑍7 : 𝐸2] = 𝑘 𝑓 𝑙𝑜𝑤 ( [𝑍7 : 𝐸2]𝑢𝑝 − [𝑍7 : 𝐸2]) + 𝑘+𝑧7:𝑒2𝑒2𝑧7 (34)

−(𝑘𝑐𝑎𝑡𝑧7:𝑒2 + 𝑘
−
𝑧7:𝑒2 ) [𝑍7 : 𝐸2]

𝑑

𝑑𝑡
[𝑍7 : 𝐸10] = 𝑘+𝑧7:𝑒10𝑒10𝑧7 − (𝑘𝑐𝑎𝑡𝑧7:𝑒10 + 𝑘

−
𝑧7:𝑒10 ) [𝑍7 : 𝐸10] (35)

+𝑘 𝑓 𝑙𝑜𝑤 ( [𝑍7 : 𝐸10]𝑢𝑝 − [𝑍7 : 𝐸10])
𝑑

𝑑𝑡
[𝑍𝑚7 : 𝐸10] = 𝑘+𝑧𝑚7 :𝑒10

𝑒10𝑧
𝑚
7 (36)

−(𝑘𝑐𝑎𝑡
𝑧𝑚7 :𝑒10

+ 𝑘−𝑧𝑚7 :𝑒10
) [𝑍𝑚7 : 𝐸10] − [𝑍𝑚7 : 𝐸10]

𝑑

𝑑𝑡
[𝑃𝐿𝑠𝑎]

1
𝑝𝑎𝑣𝑎𝑖𝑙
𝑃𝐿𝐴𝑆

𝑑

𝑑𝑡
[𝑍𝑚7 : 𝐸2] = 𝑘+𝑧𝑚7 :𝑒2

𝑒2𝑧
𝑚
7 − (𝑘𝑐𝑎𝑡

𝑧𝑚7 :𝑒2
+ 𝑘−𝑧𝑚7 :𝑒2

) [𝑍𝑚7 : 𝐸2] (37)

−[𝑍𝑚7 : 𝐸2]
𝑑

𝑑𝑡
[𝑃𝐿𝑠𝑎]

1
𝑝𝑎𝑣𝑎𝑖𝑙
𝑃𝐿𝐴𝑆

𝑑

𝑑𝑡
[𝑍10 : 𝐸𝑚7 ] = 𝑘+𝑧10:𝑒𝑚7

𝑒𝑚7 𝑧10 − (𝑘𝑐𝑎𝑡
𝑧10:𝑒𝑚7

+ 𝑘−𝑧10:𝑒𝑚7
) [𝑍10 : 𝐸𝑚7 ] (38)

−[𝑍10 : 𝐸𝑚7 ] 𝑑
𝑑𝑡

[𝑃𝐿𝑠𝑎]
1

𝑝𝑎𝑣𝑎𝑖𝑙
𝑃𝐿𝐴𝑆

𝑑

𝑑𝑡
[𝑍𝑚10 : 𝑇𝐸𝑁] = 𝑘+𝑧𝑚10 :𝑇𝐸𝑁 𝑧

𝑚
10 [𝑇𝐸𝑁] − (𝑘𝑐𝑎𝑡

𝑧𝑚10 :𝑇𝐸𝑁 + 𝑘−𝑧𝑚10 :𝑇𝐸𝑁 ) [𝑍10𝑚 : 𝑇𝐸𝑁] (39)

𝑑

𝑑𝑡
[𝑍5 : 𝐸2] = 𝑘+𝑧5:𝑒2𝑒2𝑧5 − (𝑘𝑐𝑎𝑡𝑧5:𝑒2 + 𝑘

−
𝑧5:𝑒2 ) [𝑍5 : 𝐸2] (40)

+𝑘 𝑓 𝑙𝑜𝑤 ( [𝑍5 : 𝐸2]𝑢𝑝 − [𝑍5 : 𝐸2])
𝑑

𝑑𝑡
[𝑍𝑚5 : 𝑒𝑚10] = 𝑘+𝑧𝑚5 :𝑒𝑚10

𝑒𝑚10𝑧
𝑚
5 − (𝑘𝑐𝑎𝑡

𝑧𝑚5 :𝑒10
+ 𝑘−𝑧𝑚5 :𝑒𝑚10

) [𝑍𝑚5 : 𝐸𝑚10] (41)

𝑑

𝑑𝑡
[𝑍𝑚5 : 𝐸𝑚2 ] = 𝑘+𝑧𝑚5 :𝑒𝑚2

𝑒𝑚2 𝑧
𝑚
5 − (𝑘𝑐𝑎𝑡

𝑧𝑚5 :𝑒𝑚2
+ 𝑘−𝑧𝑚5 :𝑒𝑚2

) [𝑍𝑚5 : 𝐸𝑚2 ] (42)

𝑑

𝑑𝑡
[𝑍𝑚8 : 𝐸𝑚10] = 𝑘+𝑧𝑚8 :𝑒𝑚10

𝑒𝑚10𝑧
𝑚
8 − (𝑘𝑐𝑎𝑡

𝑧𝑚8 :𝑒𝑚10
+ 𝑘−𝑧𝑚8 :𝑒𝑚10

) [𝑍𝑚8 : 𝐸𝑚10] (43)

𝑑

𝑑𝑡
[𝑍𝑚8 : 𝐸𝑚2 ] = 𝑘+𝑧𝑚8 :𝑒𝑚2

𝑒𝑚2 𝑧
𝑚
8 − (𝑘𝑐𝑎𝑡

𝑧𝑚8 :𝑒𝑚2
+ 𝑘−𝑧𝑚8 :𝑒𝑚2

) [𝑍𝑚8 : 𝐸𝑚2 ] (44)

𝑑

𝑑𝑡
[𝑍8 : 𝐸2] = 𝑘+𝑧8:𝑒2𝑒2𝑧8 − (𝑘𝑐𝑎𝑡𝑧8:𝑒2 + 𝑘

−
𝑧8:𝑒2 ) [𝑍8 : 𝐸2] (45)

𝑘 𝑓 𝑙𝑜𝑤 ( [𝑍8 : 𝐸2]𝑢𝑝 − [𝑍8 : 𝐸2])
𝑑

𝑑𝑡
[𝐴𝑃𝐶 : 𝐸𝑚8 ] = 𝑘+𝑒𝑚8 :𝐴𝑃𝐶𝑒

𝑚
8 [𝐴𝑃𝐶] − (𝑘𝑐𝑎𝑡

𝑒𝑚8 :𝐴𝑃𝐶 + 𝑘−𝑒𝑚8 :𝐴𝑃𝐶 ) [𝐴𝑃𝐶 : 𝐸𝑚8 ] (46)

𝑑

𝑑𝑡
[𝑍9 : 𝐸𝑚7 ] = 𝑘+𝑧9:𝑒𝑚7

𝑒𝑚7 𝑧9 − (𝑘𝑐𝑎𝑡
𝑧9:𝑒𝑚7

+ 𝑘−𝑧9:𝑒𝑚7
) [𝑍9 : 𝐸𝑚7 ] (47)

−[𝑍9 : 𝐸𝑚7 ] 𝑑
𝑑𝑡

[𝑃𝐿𝑠𝑎]
1

𝑝𝑎𝑣𝑎𝑖𝑙
𝑃𝐿𝐴𝑆

𝑑

𝑑𝑡
[𝑍𝑚2 : 𝑃𝑅𝑂] = 𝑘+𝑧𝑚2 :𝑃𝑅𝑂𝑧

𝑚
2 [𝑃𝑅𝑂] − (𝑘𝑐𝑎𝑡

𝑧𝑚2 :𝑃𝑅𝑂 + 𝑘−𝑧𝑚2 :𝑃𝑅𝑂) [𝑍
𝑚
2 : 𝑃𝑅𝑂] (48)

𝑑

𝑑𝑡
[𝐴𝑃𝐶 : 𝐸𝑚5 ] = 𝑘+𝑒𝑚5 :𝐴𝑃𝐶𝑒

𝑚
5 [𝐴𝑃𝐶] − (𝑘𝑐𝑎𝑡

𝑒𝑚5 :𝐴𝑃𝐶 + 𝑘−𝑒𝑚5 :𝐴𝑃𝐶 ) [𝐴𝑃𝐶 : 𝐸𝑚5 ] (49)

𝑑

𝑑𝑡
[𝑇𝐹] = −[𝑇𝐹] 𝑑

𝑑𝑡
[𝑃𝐿𝑠𝑎]

1
𝑝𝑎𝑣𝑎𝑖𝑙
𝑃𝐿𝐴𝑆

(50)

𝑑

𝑑𝑡
[𝑍7 : 𝐸9] = 𝑘+𝑧7:𝑒9𝑒9𝑧7 − (𝑘𝑐𝑎𝑡𝑧7:𝑒9 + 𝑘

−
𝑧7:𝑒9 ) [𝑍7 : 𝐸9] (51)

𝑑

𝑑𝑡
[𝑍𝑚7 : 𝐸9] = 𝑘+𝑧𝑚7 :𝑒9

𝑒9𝑧
𝑚
7 − (𝑘𝑐𝑎𝑡

𝑧𝑚7 :𝑒9
+ 𝑘−𝑧𝑚7 :𝑒9

) [𝑍𝑚7 : 𝐸9] (52)

−[𝑍𝑚7 : 𝐸9]
𝑑

𝑑𝑡
[𝑃𝐿𝑠𝑎]

1
𝑝𝑎𝑣𝑎𝑖𝑙
𝑃𝐿𝐴𝑆
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𝑑

𝑑𝑡
𝑒𝑚∗

9 = 𝑘𝑜𝑛9 𝑝
∗,𝑎𝑣𝑎𝑖𝑙
9 𝑒9 − 𝑘𝑜 𝑓 𝑓9 𝑒𝑚∗

9 + 𝑘−𝑒𝑚8 :𝑒𝑚9
[𝑇𝐸𝑁∗] (53)

−𝑘+𝑒𝑚8 :𝑒𝑚9
𝑒𝑚8 𝑒

𝑚∗
9

−𝑘𝐴𝑇𝑒𝑚9 𝑒
𝑚∗
9 [𝐴𝑇]

−𝑘𝐴𝑇𝐻𝐸𝑚
9
𝑒𝑚∗

9 [𝐴𝑇 : 𝐻𝑒𝑝]
𝑑

𝑑𝑡
[𝑇𝐸𝑁∗] = −𝑘−𝑒𝑚8 :𝑒𝑚9

[𝑇𝐸𝑁∗] + 𝑘+𝑒𝑚8 :𝑒𝑚9
𝑒𝑚8 𝑒

𝑚∗
9 (54)

+(𝑘𝑐𝑎𝑡
𝑧𝑚10 :𝑇𝐸𝑁 + 𝑘−𝑧𝑚10 :𝑇𝐸𝑁 ) [𝑍

𝑚
10 : 𝑇𝐸𝑁∗]

𝑘+𝑧𝑚10 :𝑇𝐸𝑁 [𝑇𝐸𝑁
∗]𝑧𝑚10

𝑑

𝑑𝑡
[𝑍𝑚10 : 𝑇𝐸𝑁∗] = 𝑘+𝑧𝑚10 :𝑇𝐸𝑁 [𝑇𝐸𝑁

∗]𝑧𝑚10 − (𝑘𝑐𝑎𝑡
𝑧𝑚10 :𝑇𝐸𝑁 + 𝑘𝑧𝑚10

: 𝑇𝐸𝑁)− [𝑍𝑚10 : 𝑇𝐸𝑁∗] (55)

𝑑

𝑑𝑡
𝑒𝑒𝑐2 = 𝑘𝑑𝑖 𝑓 𝑓 (𝑒2 − 𝑒𝑒𝑐2 ) + 𝑘 𝑓 𝑙𝑜𝑤 (𝑒𝑒𝑐,𝑢𝑝

2 − 𝑒𝑒𝑐2 ) (56)

−�����
𝑘 𝑖𝑛𝐴𝑇:𝑒2

𝑒𝑒𝑐2

−𝑘𝑜𝑛𝑇𝑀𝑒𝑒𝑐2 [𝑇𝑀]𝑎𝑣𝑎𝑖𝑙 + 𝑘𝑜 𝑓 𝑓
𝑇𝑀

[𝑇𝑀 : 𝐸𝑒𝑐2 ]−𝑘𝐴𝑇𝑒𝑒𝑐2
𝑒𝑒𝑐2 [𝐴𝑇]

𝑑

𝑑𝑡
[𝐴𝑃𝐶𝑒𝑐] = 𝑘 𝑓 𝑙𝑜𝑤 ( [𝐴𝑃𝐶]𝑢𝑝 − [𝐴𝑃𝐶𝑒𝑐]) + 𝑘𝑑𝑖 𝑓 𝑓 ( [𝐴𝑃𝐶] − [𝐴𝑃𝐶𝑒𝑐]) (57)

+𝑘𝑐𝑎𝑡𝑃𝐶:𝑇𝑀:𝑒2
[𝑇𝑀 : 𝐸𝑒𝑐2 : 𝐴𝑃𝐶]

𝑑

𝑑𝑡
[𝑇𝑀 : 𝐸𝑒𝑐2 ] = 𝑘+𝑇𝑀 [𝐸𝑒𝑐2 ] (1 − [𝑇𝑀 : 𝐸𝑒𝑐2 ] − [𝑇𝑀 : 𝐸𝑒𝑐2 : 𝐴𝑃𝐶]) (58)

−𝑘−𝑇𝑀 [𝑇𝑀 : 𝐸𝑒𝑐2 ] − 𝑘+𝑃𝐶:𝑇𝑀:𝑒2
[𝑇𝑀 : 𝐸𝑒𝑐2 ]

+(𝑘−𝑃𝐶:𝑇𝑀:𝑒2
+ 𝑘𝑐𝑎𝑡𝑃𝐶:𝑇𝑀:𝑒2

) [𝑇𝑀 : 𝐸𝑒𝑐2 : 𝐴𝑃𝐶]
𝑑

𝑑𝑡
[𝑇𝑀 : 𝐸𝑒𝑐2 : 𝐴𝑃𝐶] = 𝑘+𝑃𝐶:𝑇𝑀:𝑒2

[𝑇𝑀 : 𝐸𝑒𝑐2 ] (59)

−(𝑘−𝑃𝐶:𝑇𝑀:𝑒2
+ 𝑘𝑐𝑎𝑡𝑃𝐶:𝑇𝑀:𝑒2

) [𝑇𝑀 : 𝐸𝑒𝑐2 : 𝐴𝑃𝐶]
𝑑

𝑑𝑡
𝑒𝑒𝑐9 = 𝑘𝑑𝑖 𝑓 𝑓 (𝑒9 − 𝑒𝑒𝑐9 ) + 𝑘 𝑓 𝑙𝑜𝑤 (𝑒𝑢𝑝9 − 𝑒𝑒𝑐9 ) (60)

−�����
𝑘 𝑖𝑛𝐴𝑇:𝑒9

𝑒𝑒𝑐9 −𝑘𝐴𝑇𝑒𝑒𝑐9
𝑒𝑒𝑐9 [𝐴𝑇]

𝑑

𝑑𝑡
𝑒𝑒𝑐10 = 𝑘𝑑𝑖 𝑓 𝑓 (𝑒10 − 𝑒𝑒𝑐10 ) + 𝑘 𝑓 𝑙𝑜𝑤 (𝑒

𝑢𝑝

10 − 𝑒𝑒𝑐10 ) (61)

�����−𝑘 𝑖𝑛𝐴𝑇:𝑒10
𝑒𝑒𝑐10−𝑘

𝐴𝑇
𝑒𝑒𝑐10
𝑒𝑒𝑐10 [𝐴𝑇]

𝑑

𝑑𝑡
[𝐴𝑃𝐶 : 𝐸5] = −(𝑘𝑐𝑎𝑡𝑒5:𝐴𝑃𝐶 + 𝑘−𝑒5:𝐴𝑃𝐶 ) [𝐴𝑃𝐶 : 𝐸5] + 𝑘+𝑒5:𝐴𝑃𝐶𝑒5 [𝐴𝑃𝐶] (62)

𝑑

𝑑𝑡
[𝐴𝑃𝐶 : 𝐸8] = −(𝑘𝑐𝑎𝑡𝑒8:𝐴𝑃𝐶 + 𝑘−𝑒8:𝐴𝑃𝐶 ) [𝐴𝑃𝐶 : 𝐸8] + 𝑘+𝑒8:𝐴𝑃𝐶𝑒8 [𝐴𝑃𝐶] (63)

𝑑

𝑑𝑡
𝑧11 = 𝑘 𝑓 𝑙𝑜𝑤 (𝑧𝑢𝑝11 − 𝑧11) − 𝑘𝑜𝑛𝑧11 𝑧11𝑝

𝑎𝑣𝑎𝑖𝑙
11 (64)

𝑘
𝑜 𝑓 𝑓
𝑧11 𝑧𝑚11 − 𝑘

+
𝑧11:𝑒ℎ11

𝑧11𝑒
ℎ
11

𝑘−
𝑧11:𝑒ℎ11

[𝑍11 : 𝐸ℎ11] − 𝑘
+
𝑧11:𝑒11 𝑧11𝑒11

𝑘−𝑧11:𝑒11 [𝑍11 : 𝐸11] − 𝑘+𝑧11:𝑒2 𝑧11𝑒2

𝑘−𝑧11:𝑒2 [𝑍11 : 𝐸2]
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𝑑

𝑑𝑡
𝑒11 = 𝑘 𝑓 𝑙𝑜𝑤 (𝑒𝑢𝑝11 − 𝑒11) (65)

−𝑘𝑒𝑜𝑛,𝑠
11

𝑒11𝑝
𝑎𝑣𝑎𝑖𝑙
111 + 𝑘

𝑒
𝑜 𝑓 𝑓 ,𝑠
11

𝑒𝑚∗
11

−𝑘+𝑧9:𝑒11 𝑧9𝑒11 + (𝑘−𝑧9:𝑒11 + 𝑘
𝑐𝑎𝑡
𝑧9:𝑒11 ) [𝑍9 : 𝐸11]

−𝑘+𝑧11:𝑒11 𝑧11𝑒11 + (𝑘−𝑧11:𝑒11 + 𝑘
𝑐𝑎𝑡
𝑧11:𝑒11 ) [𝑍11 : 𝐸11]

+𝑘𝑐𝑎𝑡
𝑒ℎ11:𝑒ℎ11

[𝐸ℎ11 : 𝐸ℎ11] − 𝑘
+
𝑒ℎ11:𝑒11

𝑒ℎ11𝑒11

+(𝑘−
𝑒ℎ11:𝑒11

+ 2 ∗ 𝑘𝑐𝑎𝑡
𝑒ℎ11:𝑒11

) [𝐸ℎ11 : 𝐸11]

+𝑘𝑐𝑎𝑡
𝑒ℎ11:𝑒2

[𝐸ℎ11 : 𝐸2]

−𝑘𝐴𝑇𝑒11 𝑒11 [𝐴𝑇]
−𝑘𝐴𝑇𝐻𝑒11 𝑒11 [𝐴𝑇 : 𝐻𝑒𝑝]

𝑑

𝑑𝑡
𝑧𝑚11 = 𝑘𝑜𝑛𝑧11 𝑧11𝑝

𝑎𝑣𝑎𝑖𝑙
11 − 𝑘𝑜 𝑓 𝑓𝑧11 𝑧𝑚11 (66)

−𝑘+
𝑧𝑚11 :𝑒ℎ,𝑚

11
𝑧𝑚11𝑒

ℎ,𝑚
11 + 𝑘−

𝑧𝑚11 :𝑒ℎ,𝑚
11

[𝑍𝑚11 : 𝐸11ℎ𝑚 ]

−𝑘+
𝑧𝑚11 :𝑒𝑚∗

11
𝑧𝑚11𝑒

𝑚∗
11 + 𝑘−

𝑧𝑚11 :𝑒𝑚∗
11
[𝑍𝑚11 : 𝐸𝑚∗

11 ]

−𝑘+𝑧𝑚11 :𝐸𝑚
2
𝑧𝑚11𝑒

𝑚
2 + 𝑘−𝑧𝑚11 :𝑒𝑚2

[𝑍𝑚11 : 𝐸𝑚2 ]
𝑑

𝑑𝑡
𝑒𝑚∗

11 = 𝑘𝑜𝑛∗𝑒11 𝑒11𝑝
𝑎𝑣𝑎𝑖𝑙
111 − 𝑘𝑜 𝑓 𝑓 ∗𝑒11 𝑒𝑚∗

11 (67)

−𝑘+
𝑧𝑚9 :𝑒𝑚∗

11
𝑒𝑚∗

11 𝑧
𝑚
9

+(𝑘−
𝑧𝑚9 :𝑒𝑚∗

11
+ 𝑘𝑐𝑎𝑡

𝑧𝑚9 :𝑒𝑚∗
11
) [𝑍𝑚9 : 𝐸𝑚∗

11 ]

−𝑘+
𝑧𝑚11 :𝑒𝑚∗

11
𝑧𝑚11𝑒

𝑚∗
11

+(𝑘−
𝑧𝑚11 :𝑒𝑚∗

11
+ 𝑘𝑐𝑎𝑡

𝑧𝑚11 :𝑒𝑚∗
11
) [𝑍𝑚11 : 𝐸𝑚∗

11 ]

+𝑘+
𝑒
ℎ,𝑚∗
11 :𝑒𝑚∗

11
𝑒
ℎ,𝑚∗
11 𝑒𝑚∗

11

+(𝑘−
𝑒
ℎ,𝑚∗
11 :𝑒𝑚∗

11
+ 2 ∗ 𝑘𝑐𝑎𝑡

𝑒
ℎ,𝑚∗
11 :𝑒𝑚∗

11
) [𝐸ℎ𝑚𝑠11 : 𝐸ℎ,𝑚

11 ]

+𝑘𝑐𝑎𝑡
𝑒
ℎ,𝑚∗
11 :𝑒𝑚2

[𝐸ℎ𝑚𝑠11 : 𝐸𝑚2 ]

+𝑘𝐴𝑇𝑒11 𝑒
𝑚∗
11 [𝐴𝑇]

−𝑘𝐴𝑇𝐻𝑒11 𝑒𝑚∗
11 [𝐴𝑇 : 𝐻𝑒𝑝]

𝑑

𝑑𝑡
[𝑍𝑚11 : 𝐸𝑚2 ] = 𝑘+𝑧𝑚11 :𝑒𝑚2

𝑧𝑚11𝑒
𝑚
2 − (𝑘−𝑧𝑚11 :𝑒𝑚2

+ 𝑘𝑐𝑎𝑡
𝑧𝑚11 :𝑒𝑚2

) [𝑍𝑚11 : 𝐸𝑚2 ] (68)

𝑑

𝑑𝑡
[𝑍𝑚9 : 𝐸𝑚∗

11 ] = 𝑘+
𝑧𝑚9 :𝑒𝑚∗

11
𝑧𝑚9 𝑒

𝑚
11𝑠 (69)

−(𝑘−
𝑧𝑚9 :𝑒𝑚∗

11
+ 𝑘𝑐𝑎𝑡

𝑧𝑚9 :𝑒𝑚∗
11
) [𝑍𝑚9 : 𝐸𝑚∗

11 ]
𝑑

𝑑𝑡
[𝑍11 : 𝐸2] = 𝑘 𝑓 𝑙𝑜𝑤 ( [𝑍11 : 𝐸2]𝑢𝑝 − [𝑍11 : 𝐸2]) + 𝑘+𝑧11:𝑒2 𝑧11𝑒2 (70)

−(𝑘−𝑧11:𝑒2 + 𝑘
𝑐𝑎𝑡
𝑧11:𝑒2 ) [𝑍11 : 𝐸2]

𝑑

𝑑𝑡
[𝑍9 : 𝐸11] = 𝑘 𝑓 𝑙𝑜𝑤 ( [𝑍9 : 𝐸11]𝑢𝑝 − [𝑍9 : 𝐸11]) + 𝑘+𝑧9:𝑒11 𝑧9𝑒11 (71)

−(𝑘−𝑧9:𝐸11
+ 𝑘𝑐𝑎𝑡𝑧9:𝑒11 ) [𝑍9 : 𝐸11]

𝑑

𝑑𝑡
[𝑍11 : 𝐸11] = 𝑘 𝑓 𝑙𝑜𝑤 ( [𝑍11 : 𝐸11]𝑢𝑝 − [𝑍11 : 𝐸11]) + 𝑘+𝑧11:𝑒11 𝑧11𝑒11 (72)

−(𝑘−𝑧11:𝑒11 + 𝑘
𝑐𝑎𝑡
𝑧11:𝑒11 ) [𝑍11 : 𝐸11]
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𝑑

𝑑𝑡
𝑒ℎ11 = 𝑘𝑜𝑛∗

𝑒ℎ11
𝑒ℎ11𝑝

𝑎𝑣𝑎𝑖𝑙
111 + 𝑘𝑜 𝑓 𝑓 ∗

𝑒ℎ11
𝑒
ℎ,𝑚∗
11 (73)

−𝑘𝑜𝑛
𝑒ℎ11
𝑒ℎ11𝑝

𝑎𝑣𝑎𝑖𝑙
11 + 𝑘𝑜 𝑓 𝑓

𝑒ℎ11
𝑒
ℎ,𝑚
11

−𝑘+
𝑧9:𝑒ℎ11

𝑧9𝑒
ℎ
11 + (𝑘−

𝑧9:𝑒ℎ,𝑚
11

+ 𝑘𝑐𝑎𝑡
𝑧9:𝑒ℎ11

) [𝑍9 : 𝐸ℎ11]

−𝑘
𝑧11:𝑒ℎ𝑝

11
𝑧11𝑒

ℎ
11 + (𝑘−

𝑧11:𝑒ℎ11𝑚
+ 2 ∗ 𝑘𝑐𝑎𝑡

𝑧11:𝑒ℎ11
) [𝑍11:𝐸ℎ

11
]

+𝑘𝑐𝑎𝑡𝑧11:𝑒11 [𝑍11 : 𝐸11] + 𝑘𝑐𝑎𝑡𝑧11:𝑒2 [𝑍11 : 𝐸2]
−2 ∗ 𝑘+

𝑒ℎ11:𝑒ℎ11
𝑒ℎ11𝑒

ℎ
11

+(2 ∗ 𝑘−
𝑒ℎ11:𝑒ℎ11

+ 𝑘𝑐𝑎𝑡
𝑒
𝑔

11:𝑒ℎ11
) [𝐸ℎ11 : 𝐸ℎ11]

−𝑘+
𝑒ℎ11:𝑒11

𝑒ℎ11𝑒11 + 𝑘−𝑒ℎ11:𝑒11
[𝐸ℎ11 : 𝐸11]

−𝑘+
𝑒ℎ11:𝑒2

𝑒ℎ11𝑒2 + 𝑘−𝑒ℎ11:𝑒2
[𝐸ℎ11 : 𝐸2]

+𝑘 𝑓 𝑙𝑜𝑤 (𝑒ℎ,𝑢𝑝
11 − 𝑒ℎ11)

−𝑘𝐴𝑇
𝑒ℎ11
𝑒ℎ11 [𝐴𝑇]

−𝑘𝐴𝑇𝐻𝑒11 𝑒ℎ11 [𝐴𝑇 : 𝐻𝑒𝑝]
𝑑

𝑑𝑡
𝑒
ℎ,𝑚
11 = 𝑘𝑜𝑛

𝑒ℎ11
𝑒ℎ11𝑝

𝑎𝑣𝑎𝑖𝑙
11 − 𝑘𝑜 𝑓 𝑓

𝑒ℎ11
𝑒
ℎ,𝑚
11 (74)

−𝑘+
𝑧𝑚9 :𝑒ℎ,𝑚

11
𝑧𝑚9 𝑒

ℎ,𝑚
11

+(𝑘−
𝑧𝑚9 :𝑒ℎ,𝑚

11
+ 𝑘𝑐𝑎𝑡

𝑧𝑚9 :𝑒ℎ,𝑚
11

) [𝑍𝑚9 : 𝐸ℎ,𝑚
11 ]

−𝑘+
𝑧𝑚11 :𝑒ℎ,𝑚

11
𝑧𝑚11𝑒

ℎ,𝑚
11

+(𝑘−
𝑧𝑚11 :𝑒ℎ,𝑚

11
+ 2 ∗ 𝑘𝑐𝑎𝑡

𝑧𝑚11 :𝑒ℎ,𝑚
11

) [𝑍𝑚11 : 𝐸ℎ,𝑚
11 ]

+𝑘𝑐𝑎𝑡
𝑧𝑚11 :𝑒𝑚∗

11
[𝑍𝑚11 : 𝐸𝑚∗

11 ] + 𝑘𝑐𝑎𝑡
𝑧𝑚11 :𝑒𝑚2

[𝑍𝑚11 : 𝐸𝑚2 ]

−𝑘+
𝑒
ℎ,𝑚∗
11 :𝑒ℎ,𝑚

11
𝑒
ℎ,𝑚∗
11 𝑒

ℎ,𝑚
11

+(𝑘−
𝑒
ℎ,𝑚∗
11 :𝑒ℎ,𝑚

11
+ 𝑘𝑐𝑎𝑡

𝑒
ℎ,𝑚∗
11 :𝑒ℎ,𝑚

11
) [𝐸ℎ𝑚𝑠11 : 𝐸ℎ,𝑚

11 ]

−𝑘𝐴𝑇𝑒11 𝑒
ℎ𝑚
11 [𝐴𝑇]

−𝑘𝐴𝑇𝐻𝑒11 𝑒ℎ𝑚11 [𝐴𝑇 : 𝐻𝑒𝑝]
𝑑

𝑑𝑡
𝑒
ℎ,𝑚∗
11 = 𝑘𝑜𝑛∗

𝑒ℎ11
𝑒ℎ11𝑝

𝑎𝑣𝑎𝑖𝑙
111 − 𝑘𝑜 𝑓 𝑓 ∗

𝑒ℎ11
𝑒
ℎ,𝑚∗
11 (75)

−𝑘+
𝑒
ℎ,𝑚∗
11 :𝑒ℎ,𝑚

11
𝑒
ℎ,𝑚∗
11 𝑒

ℎ,𝑚
11 + 𝑘−

𝑒
ℎ,𝑚∗
11 :𝑒ℎ,𝑚

11
[𝐸ℎ𝑚𝑠11 : 𝐸ℎ,𝑚

11 ]

−𝑘+
𝑒
ℎ,𝑚∗
11 :𝑒𝑚∗

11
𝑒
ℎ,𝑚∗
11 𝑒𝑚∗

11 + 𝑘−
𝑒
ℎ,𝑚∗
11 :𝑒𝑚11𝑠

[𝐸ℎ𝑚𝑠11 : 𝐸𝑚∗
11 ]

−𝑘+
𝑒
ℎ,𝑚∗
11 :𝑒𝑚2

𝑒
ℎ,𝑚∗
11 𝑒𝑚2 + 𝑘−

𝑒
ℎ,𝑚∗
11 :𝑒𝑚2

[𝐸ℎ𝑚𝑠11 : 𝐸𝑚2 ]

𝑑

𝑑𝑡
[𝑍9 : 𝐸ℎ11] = 𝑘 𝑓 𝑙𝑜𝑤 ( [𝑍9 : 𝐸ℎ11]

𝑢𝑝 − [𝑍9 : 𝐸ℎ11]) (76)

+𝑘+
𝑧9:𝑒ℎ11

𝑧9𝑒
ℎ
11 − (𝑘−

𝑧9:𝑒ℎ11
+ 𝑘𝑐𝑎𝑡

𝑧9:𝑒ℎ11
) [𝑍9 : 𝐸ℎ11]

𝑑

𝑑𝑡
[𝑍𝑚9 : 𝐸ℎ,𝑚

11 ] = 𝑘+
𝑧𝑚9 :𝑒ℎ,𝑚

11
𝑧𝑚9 𝑒

ℎ,𝑚
11 (77)

−(𝑘−
𝑧𝑚9 :𝑒ℎ11𝑚

+ 𝑘𝑐𝑎𝑡
𝑧𝑚9 :𝑒ℎ11𝑚

) [𝑍𝑚9 : 𝐸ℎ,𝑚
11 ]
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𝑑

𝑑𝑡
[𝑍11 : 𝐸ℎ11] = 𝑘 𝑓 𝑙𝑜𝑤 ( [𝑍11 : 𝐸ℎ11]

𝑢𝑝 − [𝑍11 : 𝐸ℎ11]) (78)

+𝑘
𝑧11:𝑒ℎ𝑝

11
𝑧11𝑒

ℎ
11

−(𝑘−
𝑧11:𝑒ℎ11

+ 𝑘𝑐𝑎𝑡
𝑧11:𝑒ℎ11

) [𝑍11 : 𝐸ℎ11]

𝑑

𝑑𝑡
[𝐸ℎ11 : 𝐸ℎ11] = 𝑘 𝑓 𝑙𝑜𝑤 ( [𝐸ℎ11 : 𝐸ℎ11]

𝑢𝑝 − [𝐸ℎ11 : 𝐸ℎ11]) (79)

+𝑘+
𝑒ℎ11:𝑒ℎ11

𝑒ℎ11𝑒
ℎ
11

−(𝑘−
𝑒ℎ11:𝑒ℎ11

+ 𝑘𝑐𝑎𝑡
𝑒ℎ11:𝑒ℎ11

) [𝐸ℎ11 : 𝐸ℎ11]

𝑑

𝑑𝑡
[𝐸ℎ11 : 𝐸11] = 𝑘 𝑓 𝑙𝑜𝑤 ( [𝐸ℎ11 : 𝐸11]𝑢𝑝 − [𝐸ℎ11 : 𝐸11]) (80)

+𝑘+
𝑒ℎ11:𝑒11

𝑒ℎ11 − (𝑘−
𝑒ℎ11:𝑒11

+ 𝑘𝑐𝑎𝑡
𝑒ℎ11:𝑒11

) [𝐸ℎ11 : 𝐸11]

𝑑

𝑑𝑡
[𝐸ℎ11 : 𝐸2] = 𝑘 𝑓 𝑙𝑜𝑤 ( [𝐸ℎ11 : 𝐸2]𝑢𝑝 − [𝐸ℎ11 : 𝐸2]) (81)

+𝑘+
𝑒ℎ11:𝑒2

𝑒ℎ11𝑒2 − (𝑘−
𝑒ℎ11:𝑒2

+ 𝑘𝑐𝑎𝑡
𝑒ℎ11:𝑒2

) [𝐸ℎ11 : 𝐸2]

𝑑

𝑑𝑡
[𝑍𝑚11 : 𝐸ℎ,𝑚

11 ] = 𝑘+
𝑧𝑚11 :𝑒ℎ,𝑚

11
𝑧𝑚11𝑒

ℎ,𝑚
11 (82)

−(𝑘−
𝑧𝑚11 :𝑒ℎ,𝑚

11
+ 𝑘𝑐𝑎𝑡

𝑧𝑚11 :𝑒ℎ,𝑚
11

) [𝑍𝑚11 : 𝐸ℎ,𝑚
11 ]

𝑑

𝑑𝑡
[𝑍𝑚11 : 𝐸𝑚∗

11 ] = 𝑘+
𝑧𝑚11 :𝑒𝑚∗

11
𝑧𝑚11𝑒

𝑚∗
11 (83)

−(𝑘−
𝑧𝑚11 :𝑒𝑚∗

11
+ 𝑘𝑐𝑎𝑡

𝑧𝑚11 :𝑒𝑚11𝑠
) [𝑍𝑚11 : 𝐸𝑚∗

11 ]
𝑑

𝑑𝑡
[𝐸ℎ𝑚𝑠11 : 𝐸ℎ,𝑚

11 ] = 𝑘+
𝑒
ℎ,𝑚∗
11 :𝑒ℎ,𝑚

11
𝑒
ℎ,𝑚
11 (84)

−(𝑘−
𝑒
ℎ,𝑚∗
11 :𝑒ℎ,𝑚

11
+ 𝑘𝑐𝑎𝑡

𝑒
ℎ,𝑚∗
11 :𝑒ℎ,𝑚

11
) [𝐸ℎ𝑚𝑠11 : 𝐸ℎ,𝑚

11 ]

𝑑

𝑑𝑡
[𝐸ℎ𝑚𝑠11 : 𝐸𝑚∗

11 ] = 𝑘
𝑒
ℎ,𝑚∗
11 :𝑒ℎ,𝑚∗

11
𝑒𝑚∗

11 (85)

−(𝑘−
𝑒
ℎ,𝑚∗
11 :𝑒𝑚∗

11
+ 𝑘𝑐𝑎𝑡

𝑒
ℎ,𝑚∗
11 :𝑒𝑚∗

11
) [𝐸ℎ𝑚𝑠11 : 𝐸𝑚∗

11 ]

𝑑

𝑑𝑡
[𝐸ℎ𝑚𝑠11 : 𝐸𝑚2 ] = 𝑘+

𝑒
ℎ,𝑚∗
11 :𝑒𝑚2

𝑒
ℎ,𝑚∗
11 𝑒𝑚2 (86)

−(𝑘−
𝑒
ℎ𝑚𝑠:𝑒𝑚2
11

+ 𝑘𝑐𝑎𝑡
𝑒
ℎ,𝑚∗
11 :𝑒𝑚2

[𝐸ℎ𝑚𝑠11 : 𝐸𝑚2 ])

𝑑

𝑑𝑡
𝑒ℎ𝑚5 = +𝑘𝑐𝑎𝑡

𝑧𝑚5 :𝑒𝑚10
[𝑍𝑚5 : 𝐸𝑚10] + 𝑘

𝑜𝑛
5 𝑒ℎ5 𝑝

𝑎𝑣𝑎𝑖𝑙
5 (87)

−𝑘𝑜 𝑓 𝑓5 𝑒ℎ𝑚5 − 𝑘+
𝑒ℎ𝑚5 :𝑒𝑚10

𝑒𝑚10𝑒
ℎ𝑚
5 + 𝑘−

𝑒ℎ𝑚5 :𝑒𝑚10
𝑃𝑅𝑂ℎ

−𝑘+
𝑒ℎ𝑚5 :𝑒𝑚2

𝑒𝑚2 𝑒
ℎ𝑚
5 + 𝑘−

𝑒ℎ𝑚5 :𝑒𝑚2
[𝐸ℎ𝑚5 : 𝐸𝑚2 ]

−𝑘+
𝑇𝐹𝑃𝐼:𝑒ℎ𝑚5

𝑒ℎ𝑚5 𝑇𝐹𝑃𝐼 + 𝑘−
𝑇𝐹𝑃𝐼:𝑒ℎ𝑚5

[𝑇𝐹𝑃𝐼 : 𝐸ℎ𝑚5 ]

−𝑘+
𝑒ℎ𝑚5 :𝐴𝑃𝐶𝑒

ℎ𝑚
5 𝐴𝑃𝐶 + 𝑘−

𝑒ℎ𝑚5 :𝐴𝑃𝐶 [𝐴𝑃𝐶 : 𝐸ℎ𝑚5 ]

−𝑘+
𝑇𝐹𝑃𝐼:𝑒10:𝑒ℎ𝑚5

[𝑇𝐹𝑃𝐼 : 𝐸𝑚10]𝑒
ℎ𝑚
ℎ

+𝑘−
𝑇𝐹𝑃𝐼:𝑒10:𝑒ℎ𝑚5

[𝐸𝑚10 : 𝑇𝐹𝑃𝐼 : 𝐸ℎ𝑚5 ]

−𝑘+
𝑇𝐹𝑃𝐼:𝑒10:𝑒ℎ𝑚5 :𝑒𝑚10

[𝑇𝐹𝑃𝐼 : 𝐸𝑚10]𝑒
ℎ𝑚
5

+𝑘−
𝑇𝐹𝑃𝐼:𝑒10:𝑒ℎ𝑚5 :𝑒𝑚10

[𝑇𝐹𝑃𝐼 : 𝑃𝑅𝑂ℎ𝑣10]
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𝑑

𝑑𝑡
𝑒ℎ5 = −𝑘5𝑜𝑛𝑒

ℎ
5 𝑝

𝑎𝑣𝑎𝑖𝑙
5 + 𝑘𝑜 𝑓 𝑓5 𝑒ℎ𝑚5 (88)

+𝑘 𝑓 𝑙𝑜𝑤 (𝑒𝑢𝑝5 − 𝑒ℎ5 ) + (1 − 𝑓5)𝑁5𝑑𝑝𝑙 · 𝑝
−𝑘+

𝑒ℎ5 :𝑒2
𝑒ℎ5 + 𝑘−

𝑒ℎ5 :𝑒2
[𝐸ℎ5 : 𝐸2]

−𝑘+
𝑒ℎ5 :𝐴𝑃𝐶𝐴𝑃𝐶 · 𝑒ℎ5 + 𝑘−

𝑒ℎ5 :𝐴𝑃𝐶 [𝐴𝑃𝐶 : 𝐸ℎ5 ]

−𝑘+
𝑇𝐹𝑃𝐼:𝑒ℎ5

𝑒ℎ5𝑇𝐹𝑃𝐼

+𝑘−
𝑇𝐹𝑃𝐼:𝑒ℎ5

[𝑇𝐹𝑃𝐼 : 𝐸ℎ5 ]

−𝑘+
𝑇𝐹𝑃𝐼:𝑒10:𝑒ℎ5

[𝑇𝐹𝑃𝐼 : 𝐸10]𝑒ℎ5
+𝑘−

𝑇𝐹𝑃𝐼:𝑒10:𝑒ℎ5
[𝐸10 : 𝑇𝐹𝑃𝐼 : 𝐸ℎ5 ]

−𝑘+
𝑇𝐹𝑃𝐼:𝑒𝑚10:𝑒ℎ5

[𝑇𝐹𝑃𝐼 : 𝐸𝑚10]𝑒
ℎ
5

+𝑘−
𝑇𝐹𝑃𝐼:𝑒𝑚10:𝑒ℎ5

[𝐸𝑚10 : 𝑇𝐹𝑃𝐼 : 𝐸ℎ5 ]

𝑑

𝑑𝑡
𝑃𝑅𝑂ℎ = +𝑘+

𝑒ℎ𝑚5 :𝑒𝑚10
𝑒𝑚10𝑒

ℎ𝑚
5 − 𝑘−

𝑒ℎ𝑚5 :𝑒𝑚10
𝑃𝑅𝑂ℎ (89)

−𝑘+
𝑧𝑚2 :𝑃𝑅𝑂ℎ𝑃𝑅𝑂

ℎ𝑧𝑚2 + 𝑘−
𝑧𝑚2 :𝑃𝑅𝑂ℎ [𝑍𝑚2 : 𝑃𝑅𝑂ℎ]

+𝑘𝑐𝑎𝑡
𝑧𝑚2 :𝑃𝑅𝑂ℎ [𝑍𝑚2 : 𝑃𝑅𝑂ℎ]

−𝑘+
𝑇𝐹𝑃𝐼:𝑃𝑅𝑂ℎ :𝑣10

𝑃𝑅𝑂ℎ𝑇𝐹𝑃𝐼 + 𝑘−
𝑇𝐹𝑃𝐼:𝑃𝑅𝑂ℎ :𝑣10

[𝑇𝐹𝑃𝐼 : 𝑃𝑅𝑂ℎ𝑣10]

−𝑘+
𝑇𝐹𝑃𝐼:𝑃𝑅𝑂ℎ :𝑣5

𝑃𝑅𝑂ℎ𝑇𝐹𝑃𝐼 + 𝑘−
𝑇𝐹𝑃𝐼:𝑃𝑅𝑂ℎ :𝑣5

[𝑇𝐹𝑃𝐼 : 𝑃𝑅𝑂ℎ𝑣5]

−𝑘+
𝑃𝑅𝑂ℎ :𝑒𝑚2

𝑃𝑅𝑂ℎ𝑒𝑚2 + 𝑘−
𝑃𝑅𝑂ℎ :𝑒𝑚2

[𝑃𝑅𝑂ℎ : 𝐸𝑚2 ]
𝑑

𝑑𝑡
[𝑍𝑚2 : 𝑃𝑅𝑂ℎ] = +𝑘+

𝑧𝑚2 :𝑃𝑅𝑂ℎ𝑃𝑅𝑂
ℎ𝑧𝑚2 − 𝑘−

𝑧𝑚2 :𝑃𝑅𝑂ℎ [𝑍𝑚2 : 𝑃𝑅𝑂ℎ] (90)

−𝑘𝑐𝑎𝑡
𝑧𝑚2 :𝑃𝑅𝑂ℎ [𝑍𝑚2 𝑃𝑅𝑂

ℎ]
𝑑

𝑑𝑡
[𝐸ℎ𝑚5 : 𝐸𝑚2 ] = +𝑘+

𝑒ℎ𝑚5 :𝑒𝑚2
𝑒𝑚2 𝑒

ℎ𝑚
5 − 𝑘−

𝑒ℎ𝑚5 :𝑒𝑚2
[𝐸ℎ𝑚5 : 𝐸𝑚2 ] (91)

−𝑘𝑐𝑎𝑡
𝑒ℎ𝑚5 :𝑒𝑚2

[𝐸ℎ𝑚5 : 𝐸𝑚2 ]

𝑑

𝑑𝑡
[𝐸ℎ5 : 𝐸2] = +𝑘+

𝑒ℎ5 :𝑒2
𝑒2𝑒

ℎ
5 − 𝑘−

𝑇𝐹𝑃𝐼:𝑒ℎ5
[𝐸ℎ5 : 𝐸2] (92)

−𝑘𝑐𝑎𝑡
𝑒ℎ5 :𝑒2

[𝐸ℎ5 : 𝐸2] + 𝑘 𝑓 𝑙𝑜𝑤 ( [𝐸ℎ5 : 𝐸2]𝑢𝑝 − [𝐸ℎ5 : 𝐸2])

𝑑

𝑑𝑡
[𝑇𝐹𝑃𝐼 : 𝐸ℎ𝑚5 ] = +𝑘+

𝑇𝐹𝑃𝐼:𝑒ℎ𝑚5
𝑒ℎ𝑚5 𝑇𝐹𝑃𝐼 − 𝑘−

𝑇𝐹𝑃𝐼:𝑒ℎ𝑚5
[𝑇𝐹𝑃𝐼 : 𝐸ℎ𝑚5 ] (93)

−𝑘+
𝑇𝐹𝑃𝐼:𝑒ℎ𝑚5 :𝑒10𝑚

[𝑇𝐹𝑃𝐼 : 𝐸ℎ𝑚5 ]𝑒𝑚10

+𝑘−
𝑇𝐹𝑃𝐼:𝑒ℎ𝑚5 :𝑒10𝑚

[𝐸𝑚10 : 𝑇𝐹𝑃𝐼 : 𝐸ℎ𝑚5 ]

+𝑘𝑜𝑛5 [𝑇𝐹𝑃𝐼 : 𝐸ℎ5 ]𝑝
𝑎𝑣𝑎𝑖𝑙
5 − 𝑘𝑜 𝑓 𝑓5 [𝑇𝐹𝑃𝐼 : 𝐸ℎ𝑚5 ]

−𝑘+
𝑇𝐹𝑃𝐼:𝑒10:𝑒ℎ𝑚5

[𝑇𝐹𝑃𝐼 : 𝐸ℎ𝑚5 ]𝑒𝑚10

+𝑘−
𝑇𝐹𝑃𝐼:𝑒10:𝑒ℎ𝑚5

[𝑇𝐹𝑃𝐼 : 𝑃𝑅𝑂ℎ𝑣5]

−𝑘+
𝑇𝐹𝑃𝐼:𝑒ℎ𝑚5 :𝑒10

[𝑇𝐹𝑃𝐼 : 𝐸ℎ𝑚5 ]𝑒10

+𝑘−
𝑇𝐹𝑃𝐼:𝑒ℎ𝑚5 :𝑒10

[𝐸10 : 𝑇𝐹𝑃𝐼 : 𝐸ℎ𝑚5 ]

𝑑

𝑑𝑡
[𝐴𝑃𝐶 : 𝐸ℎ𝑚5 ] = +𝑘+

𝑒ℎ𝑚5 :𝐴𝑃𝐶𝐸
ℎ𝑚
5 𝐴𝑃𝐶 − 𝑘−

𝑒ℎ𝑚5 :𝐴𝑃𝐶 [𝐴𝑃𝐶 : 𝐸ℎ𝑚5 ] (94)

+𝑘𝑐𝑎𝑡
𝑒ℎ𝑚5 :𝐴𝑃𝐶 [𝐴𝑃𝐶 : 𝐸5ℎ𝑚]
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𝑑

𝑑𝑡
[𝐴𝑃𝐶 : 𝐸ℎ5 ] = +𝑘+

𝑒ℎ5 :𝐴𝑃𝐶𝑒
ℎ
5 𝐴𝑃𝐶 − 𝑘−

𝑒ℎ𝑚5 :𝐴𝑃𝐶 [𝐴𝑃𝐶 : 𝐸ℎ5 ] (95)

−𝑘𝑐𝑎𝑡
𝑒ℎ5 :𝐴𝑃𝐶 [𝐴𝑃𝐶 : 𝐸ℎ5 ]

+𝑘 𝑓 𝑙𝑜𝑤 ( [𝐴𝑃𝐶 : 𝐸ℎ5 ]
𝑢𝑝 − [𝐴𝑃𝐶 : 𝐸ℎ5 ])

𝑑

𝑑𝑡
[𝑇𝐹𝑃𝐼 : 𝐸ℎ5 ] = +𝑘𝑇𝐹𝑃𝐼:𝑒ℎ5 𝑢𝑝𝑒

ℎ
5𝑇𝐹𝑃𝐼 − 𝑘

−
𝑘𝑇𝐹𝑃𝐼:𝑒ℎ5

[𝑇𝐹𝑃𝐼 : 𝐸ℎ5 ] (96)

+𝑘 𝑓 𝑙𝑜𝑤 ( [𝑇𝐹𝑃𝐼 : 𝐸ℎ5 ]
𝑢𝑝 − [𝑇𝐹𝑃𝐼 : 𝐸ℎ5 ])

−𝑘+
𝑇𝐹𝑃𝐼:𝑒ℎ5 :𝑒10

[𝑇𝐹𝑃𝐼 : 𝐸ℎ5 ]𝑒10

+𝑘−
𝑇𝐹𝑃𝐼:𝑒ℎ5 :𝑒10

[𝐸10 : 𝑇𝐹𝑃𝐼 : 𝐸ℎ5 ]

+𝑘𝑜𝑛5 [𝑇𝐹𝑃𝐼 : 𝐸ℎ5 ]𝑝
𝑎𝑣𝑎𝑖𝑙
5 + 𝑘𝑜 𝑓 𝑓5 [𝑇𝐹𝑃𝐼 : 𝐸ℎ𝑚5 ]

𝑑

𝑑𝑡
[𝑇𝐹𝑃𝐼 : 𝐸𝑚10] = +𝑘+𝑇𝐹𝑃𝐼:𝑒𝑚10

𝑒𝑚10𝑇𝐹𝑃𝐼 − 𝑘
−
𝑇𝐹𝑃𝐼:𝑒𝑚10

[𝑇𝐹𝑃𝐼 : 𝐸𝑚10] (97)

−𝑘+
𝑇𝐹𝑃𝐼:𝑒10:𝑒ℎ5 𝑚

[𝑇𝐹𝑃𝐼 : 𝐸𝑚10]𝑒
ℎ𝑚
5

+𝑘−
𝑇𝐹𝑃𝐼:𝑒10:𝑒ℎ𝑚5

[𝐸𝑚10 : 𝑇𝐹𝑃𝐼 : 𝐸ℎ𝑚5 ]

+𝑘𝑜𝑛10 [𝑇𝐹𝑃𝐼 : 𝐸10]𝑝𝑎𝑣𝑎𝑖𝑙10

−𝑘𝑜 𝑓 𝑓10 [𝑇𝐹𝑃𝐼 : 𝐸𝑚10]
−𝑘+

𝑇𝐹𝑃𝐼:𝑒𝑚10:𝑒ℎ𝑚5
[𝑇𝐹𝑃𝐼 : 𝐸𝑚10]𝑒

ℎ𝑚
5

+𝑘−
𝑇𝐹𝑃𝐼:𝑒𝑚10:𝑒ℎ𝑚5

[𝑇𝐹𝑃𝐼 : 𝑃𝑅𝑂ℎ]𝑣10

−𝑘+
𝑇𝐹𝑃𝐼:𝑒𝑚10:𝑒ℎ5

[𝑇𝐹𝑃𝐼 : 𝐸𝑚10]𝑒
ℎ
5

+𝑘−
𝑇𝐹𝑃𝐼:𝑒𝑚10:𝑒ℎ5

[𝐸𝑚10 : 𝑇𝐹𝑃𝐼 : 𝐸ℎ5 ]

𝑑

𝑑𝑡
[𝑇𝐹𝑃𝐼 : 𝑃𝑅𝑂ℎ]𝑣10 = +𝑘+

𝑇𝐹𝑃𝐼:𝑃𝑅𝑂ℎ :𝑣10
𝑃𝑅𝑂ℎ𝑇𝐹𝑃𝐼 (98)

−𝑘−
𝑇𝐹𝑃𝐼:𝑃𝑅𝑂ℎ :𝑣10

[𝑇𝐹𝑃𝐼 : 𝑃𝑅𝑂ℎ]𝑣10

+𝑘+
𝑇𝐹𝑃𝐼:𝑒𝑚10:𝑒ℎ𝑚5

[𝑇𝐹𝑃𝐼 : 𝐸 𝑝10] [𝑇𝐹𝑃𝐼 : 𝐸𝑚10]𝑒
ℎ𝑚
5

−𝑘−
𝑇𝐹𝑃𝐼:𝑒𝑚10:𝑒ℎ𝑚5

[𝑇𝐹𝑃𝐼 : 𝑃𝑅𝑂ℎ]𝑣10

𝑑

𝑑𝑡
[𝑇𝐹𝑃𝐼 : 𝑃𝑅𝑂ℎ]𝑣5 = +𝑘+

𝑇𝐹𝑃𝐼:𝑃𝑅𝑂ℎ :𝑣5
𝑃𝑅𝑂ℎ𝑇𝐹𝑃𝐼 (99)

−𝑘−
𝑇𝐹𝑃𝐼:𝑃𝑅𝑂ℎ :𝑣5

[𝑇𝐹𝑃𝐼 : 𝑃𝑅𝑂ℎ]𝑣5

+𝑘+
𝑇𝐹𝑃𝐼:𝑒10:𝑒ℎ𝑚5

[𝑇𝐹𝑃𝐼 : 𝐸ℎ𝑚5 ]𝑒𝑚10

−𝑘−
𝑇𝐹𝑃𝐼:𝑒10:𝑒ℎ𝑚5

[𝑇𝐹𝑃𝐼 : 𝑃𝑅𝑂ℎ]𝑣5

𝑑

𝑑𝑡
[𝐸𝑚10 : 𝑇𝐹𝑃𝐼 : 𝐸ℎ𝑚5 ] = +𝑘+

𝑇𝐹𝑃𝐼:𝑒10:𝑒ℎ5 𝑚
[𝑇𝐹𝑃𝐼 : 𝐸𝑚10]𝑒

ℎ𝑚
5 (100)

−𝑘−
𝑇𝐹𝑃𝐼:𝑒10:𝑒ℎ5 𝑚

[𝐸𝑚10 : 𝑇𝐹𝑃𝐼 : 𝐸ℎ𝑚5 ]

+𝑘+
𝑇𝐹𝑃𝐼:𝑒ℎ𝑚5 :𝑒10𝑚

[𝑇𝐹𝑃𝐼 : 𝐸ℎ𝑚5 ]𝑒𝑚10

−𝑘−
𝑇𝐹𝑃𝐼:𝑒ℎ𝑚5 :𝑒10𝑚

[𝐸𝑚10 : 𝑇𝐹𝑃𝐼 : 𝐸ℎ𝑚5 ]

+𝑘𝑜𝑛𝑡10 𝑝𝑎𝑣𝑎𝑖𝑙10 − 𝑘𝑜 𝑓 𝑓 𝑡10 [𝐸𝑚10 : 𝑇𝐹𝑃𝐼 : 𝐸ℎ𝑚5 ]
+𝑘𝑜𝑛𝑡5 [𝐸𝑚10 : 𝑇𝐹𝑃𝐼 : 𝐸ℎ5 ]𝑝

𝑎𝑣𝑎𝑖𝑙
5

−𝑘𝑜 𝑓 𝑓 𝑡5 [𝐸𝑚10 : 𝑇𝐹𝑃𝐼 : 𝐸ℎ𝑚5 ]
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𝑑

𝑑𝑡
[𝐸10 : 𝑇𝐹𝑃𝐼 : 𝐸ℎ5 ] = +𝑘 𝑓 𝑙𝑜𝑤 ( [𝐸10 : 𝑇𝐹𝑃𝐼 : 𝐸ℎ5 ]

𝑢𝑝 − [𝐸10 : 𝑇𝐹𝑃𝐼 : 𝐸ℎ5 ]) (101)

+𝑘+
𝑇𝐹𝑃𝐼:𝑒10:𝑒ℎ5

[𝑇𝐹𝑃𝐼 : 𝐸10]𝑒ℎ5
−𝑘−

𝑇𝐹𝑃𝐼:𝑒10:𝑒ℎ5
[𝐸10 : 𝑇𝐹𝑃𝐼 : 𝐸ℎ5 ]

+𝑘+
𝑇𝐹𝑃𝐼:𝑒ℎ5 :𝑒10

[𝑇𝐹𝑃𝐼 : 𝐸ℎ5 ]𝑒10

−𝑘−
𝑇𝐹𝑃𝐼:𝑒ℎ5 :𝑒10

[𝐸10 : 𝑇𝐹𝑃𝐼 : 𝐸ℎ5 ]

−𝑘𝑜𝑛𝑡5 [𝐸10 : 𝑇𝐹𝑃𝐼 : 𝐸ℎ5 ]𝑝
𝑎𝑣𝑎𝑖𝑙
5

+𝑘𝑜 𝑓 𝑓 𝑡5 [𝐸10 : 𝑇𝐹𝑃𝐼 : 𝐸ℎ𝑚5 ]
−𝑘𝑜𝑛𝑡10 [𝐸10 : 𝑇𝐹𝑃𝐼 : 𝐸ℎ5 ]𝑝

𝑎𝑣𝑎𝑖𝑙
10

+𝐾𝑜 𝑓 𝑓 𝑡10 [𝐸𝑚10 : 𝑇𝐹𝑃𝐼 : 𝐸ℎ5 ]
𝑑

𝑑𝑡
[𝐸10 : 𝑇𝐹𝑃𝐼 : 𝐸ℎ𝑚5 ] = +𝑘𝑜𝑛𝑡5 [𝐸10 : 𝑇𝐹𝑃𝐼 : 𝐸ℎ5 ]𝑝

𝑎𝑣𝑎𝑖𝑙
5 (102)

−𝑘𝑜 𝑓 𝑓 𝑡5 [𝐸10 : 𝑇𝐹𝑃𝐼 : 𝐸ℎ𝑚5 ]

−𝑘𝑜𝑛𝑡10 [𝐸10 : 𝑇𝐹𝑃𝐼 : 𝐸 [
5ℎ𝑚]]𝑝

𝑎𝑣𝑎𝑖𝑙
10

+𝑘𝑜 𝑓 𝑓 𝑡10 [𝐸𝑚10 : 𝑇𝐹𝑃𝐼 : 𝐸ℎ𝑚5 ]
+𝑘+

𝑇𝐹𝑃𝐼:𝑒ℎ𝑚5 :𝑒10
[𝑇𝐹𝑃𝐼 : 𝐸ℎ𝑚5 ]𝑒10

−𝑘−
𝑇𝐹𝑃𝐼:𝑒ℎ𝑚5 :𝑒10

[𝐸10 : 𝑇𝐹𝑃𝐼 : 𝐸ℎ𝑚5 ]

𝑑

𝑑𝑡
[𝐸𝑚10 : 𝑇𝐹𝑃𝐼 : 𝐸ℎ5 ] = +𝑘𝑜𝑛𝑡10 [𝐸10 : 𝑇𝐹𝑃𝐼 : 𝐸ℎ5 ]𝑝

𝑎𝑣𝑎𝑖𝑙
10 (103)

−𝑘𝑜 𝑓 𝑓 𝑡10 [𝐸𝑚10 : 𝑇𝐹𝑃𝐼 : 𝐸ℎ5 ]
−𝑘𝑜𝑛𝑡5 [𝐸𝑚10 : 𝑇𝐹𝑃𝐼 : 𝐸ℎ5 ]𝑝

𝑎𝑣𝑎𝑖𝑙
5

+𝑘𝑜 𝑓 𝑓 𝑡5 [𝐸𝑚10 : 𝑇𝐹𝑃𝐼 : 𝐸ℎ𝑚5 ]
+𝑘+

𝑇𝐹𝑃𝐼:𝑒𝑚10:𝑒ℎ5
[𝑇𝐹𝑃𝐼 : 𝐸𝑚10]𝑒

ℎ
5

−𝑘−
𝑇𝐹𝑃𝐼:𝑒𝑚10:𝑒ℎ5

[𝐸𝑚10 : 𝑇𝐹𝑃𝐼 : 𝐸ℎ5 ]

𝑑

𝑑𝑡
[𝑃𝑅𝑂ℎ : 𝐸𝑚2 ] = +𝑘+

𝑃𝑅𝑂ℎ :𝑒𝑚2
𝑃𝑅𝑂ℎ𝐸𝑚2 − 𝑘−

𝑃𝑅𝑂ℎ :𝑒𝑚2
[𝑃𝑅𝑂ℎ : 𝐸𝑚2 ] (104)

−𝑘𝑐𝑎𝑡
𝑃𝑅𝑂ℎ :𝑒𝑚2

[𝑃𝑅𝑂ℎ : 𝐸𝑚2 ]
𝑑

𝑑𝑡
[𝐸9 : 𝐴𝑇] = −𝑘𝑜𝑛9 𝑝𝑎𝑣𝑎𝑖𝑙9 [𝐸9 : 𝐴𝑇] (105)

+𝑘𝑜 𝑓 𝑓9 [𝐸𝑚9 : 𝐴𝑇] + 𝑘𝐴𝑇𝑒9 𝑒9 [𝐴𝑇]
+𝑘 𝑓 𝑙𝑜𝑤 ( [𝐸9 : 𝐴𝑇]𝑢𝑝 − [𝐸9 : 𝐴𝑇])
−𝑘𝑜𝑛9 𝑝𝑎𝑣𝑎𝑖𝑙91 [𝐸9 : 𝐴𝑇] + 𝑘𝑜 𝑓 𝑓9 [𝐸𝑚∗

9 : 𝐴𝑇]
𝑑

𝑑𝑡
[𝐸𝑚9 : 𝐴𝑇] = +𝑘𝐴𝑇𝑒𝑚9 𝑒

𝑚
9 [𝐴𝑇] (106)

−𝑘𝑜 𝑓 𝑓9 [𝐸𝑚9 : 𝐴𝑇] + 𝑘𝑜𝑛9 𝑝𝑎𝑣𝑎𝑖𝑙9 [𝐸9 : 𝐴𝑇]
𝑑

𝑑𝑡
[𝐸𝑚∗

9 : 𝐴𝑇] = +𝑘𝐴𝑇𝑒𝑚9 𝑒
𝑚∗
9 [𝐴𝑇] (107)

−𝑘𝑜 𝑓 𝑓9 [𝐸𝑚∗
9 : 𝐴𝑇] + 𝑘𝑜𝑛9 𝑝𝑎𝑣𝑎𝑖𝑙91 [𝐸9 : 𝐴𝑇]

𝑑

𝑑𝑡
[𝐸10 : 𝐴𝑇] = +𝑘𝐴𝑇𝑒10 𝑒10 [𝐴𝑇] (108)

+𝑘 𝑓 𝑙𝑜𝑤 ( [𝐸10 : 𝐴𝑇]𝑢𝑝 − [𝐸10 : 𝐴𝑇])
+𝑘𝑜 𝑓 𝑓10 [𝐸𝑚10 : 𝐴𝑇] − 𝑘𝑜𝑛10 𝑝

𝑎𝑣𝑎𝑖𝑙
10 [𝐸10 : 𝐴𝑇]
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𝑑

𝑑𝑡
[𝐸𝑚10 : 𝐴𝑇] = +𝑘𝐴𝑇𝑒𝑚10

𝑒𝑚10 [𝐴𝑇] (109)

−𝑘𝑜 𝑓 𝑓10 [𝐸𝑚10 : 𝐴𝑇] + 𝑘𝑜𝑛10 𝑝
𝑎𝑣𝑎𝑖𝑙
10 [𝐸10 : 𝐴𝑇]

𝑑

𝑑𝑡
[𝐸2 : 𝐴𝑇] = +𝑘𝑜 𝑓 𝑓𝑒2 [𝐸𝑚2 : 𝐴𝑇] − 𝑘𝑜𝑛𝑒2 𝑝

𝑎𝑣𝑎𝑖𝑙
2 [𝐸2 : 𝐴𝑇] (110)

+𝑘𝐴𝑇𝑒2 𝑒2 + 𝑘 𝑓 𝑙𝑜𝑤 ( [𝐸2 : 𝐴𝑇]𝑢𝑝 − [𝐸2 : 𝐴𝑇])
𝑑

𝑑𝑡
[𝐸𝑚2 : 𝐴𝑇] = +𝑘𝐴𝑇𝑒𝑚2 𝑒

𝑚
2 [𝐴𝑇] (111)

−𝑘𝑜 𝑓 𝑓𝑒2 [𝐸𝑚2 : 𝐴𝑇] + 𝑘𝑜𝑛𝑒2 𝑝
𝑎𝑣𝑎𝑖𝑙
2 [𝐸2 : 𝐴𝑇]

𝑑

𝑑𝑡
[𝐸11 : 𝐴𝑇] = +𝑘𝐴𝑇𝑒11 𝑒11 [𝐴𝑇] (112)

−𝑘𝐴𝑇𝑒11 [𝐸11 : 𝐴𝑇] [𝐴𝑇]
+𝑘𝑜 𝑓 𝑓11 [𝐸𝑚∗

11 : 𝐴𝑇] − 𝑘𝑜𝑛11 𝑝
𝑎𝑣𝑎𝑖𝑙
111 [𝐸11 : 𝐴𝑇]

+𝑘𝐴𝑇𝐻𝑒11 𝑒11 [𝐴𝑇 : 𝐻𝑒𝑝] − 𝑘𝐴𝑇𝐻𝑒11 [𝐸11 : 𝐴𝑇𝐻] [𝐴𝑇 : 𝐻𝑒𝑝]
+𝑘 𝑓 𝑙𝑜𝑤 ( [𝐸11 : 𝐴𝑇𝐻]𝑢𝑝 − [𝐸11 : 𝐴𝑇𝐻])
−𝑘𝑜𝑛𝑒11 𝑝

𝑎𝑣𝑎𝑖𝑙
111 [𝐸11 : 𝐴𝑇𝐻] + 𝑘𝑜 𝑓 𝑓𝑒11 [𝐸𝑚∗

11 : 𝐴𝑇𝐻]
𝑑

𝑑𝑡
[𝐴𝑇 : 𝐸11 : 𝐴𝑇] = +𝑘𝐴𝑇𝑒11 [𝐸11 : 𝐴𝑇] [𝐴𝑇] (113)

𝑑

𝑑𝑡
[𝐸𝑚∗

11 : 𝐴𝑇] = +𝑘𝐴𝑇𝑒11 𝑒
𝑚∗
11 [𝐴𝑇] (114)

−𝑘𝑜 𝑓 𝑓11 [𝐸𝑚∗
11 : 𝐴𝑇] + 𝑘𝑜𝑛11 𝑝

𝑎𝑣𝑎𝑖𝑙
111 [𝐸11 : 𝐴𝑇]

𝑑

𝑑𝑡
[𝐸ℎ11 : 𝐴𝑇] = +𝑘𝐴𝑇𝑒11 𝑒

ℎ
11 [𝐴𝑇] (115)

+𝑘𝑜 𝑓 𝑓11 [𝐸ℎ𝑚11 : 𝐴𝑇] − 𝑘𝑜𝑛11 𝑝
𝑎𝑣𝑎𝑖𝑙
11 [𝐸ℎ11 : 𝐴𝑇]

𝑑

𝑑𝑡
[𝐸ℎ𝑚11 : 𝐴𝑇] = +𝑘𝐴𝑇𝑒11 𝑒

ℎ𝑚
11 [𝐴𝑇] (116)

−𝑘𝑜 𝑓 𝑓11 [𝐸ℎ𝑚11 : 𝐴𝑇] + 𝑘𝑜𝑛11 𝑝
𝑎𝑣𝑎𝑖𝑙
11 [𝐸ℎ11 : 𝐴𝑇]

𝑑

𝑑𝑡
[𝐴𝑇] = −𝑘𝐴𝑇𝑒9 𝑒9 [𝐴𝑇] − 𝑘𝐴𝑇𝑒𝑚9 𝑒

𝑚
9 [𝐴𝑇] (117)

+𝑘𝐴𝑇𝑒𝑚9 𝑒
𝑚∗
9 [𝐴𝑇]

−𝑘𝐴𝑇𝑒10 𝑒10 [𝐴𝑇] + 𝑘𝑒𝑚10
𝐴𝑇
𝑒𝑚10 [𝐴𝑇]

−𝑘𝐴𝑇𝑒2 𝑒2 [𝐴𝑇] − 𝑘𝐴𝑇𝑒𝑚2 𝑒
𝑚
2 [𝐴𝑇]

−𝑘𝐴𝑇𝑒11 𝑒11 [𝐴𝑇] − 𝑘𝐴𝑇𝑒11 [𝐸11 : 𝐴𝑇] [𝐴𝑇]
−𝑘𝐴𝑇𝑒11 𝑒

𝑚∗
11 [𝐴𝑇] − 𝑘𝐴𝑇𝑒11 𝑒

ℎ
11 [𝐴𝑇]

−𝑘𝐴𝑇𝑒11 𝑒
ℎ
11 [𝐴𝑇]

+𝑘 𝑓 𝑙𝑜𝑤 ( [𝐴𝑇]𝑢𝑝 − [𝐴𝑇])
−𝑘+[𝐴𝑇:𝐻𝑒𝑝] [𝐻𝑒𝑝] [𝐴𝑇] + 𝑘

−
[𝐴𝑇:𝐻𝑒𝑝] [𝐴𝑇 : 𝐻𝑒𝑝]

𝑑

𝑑𝑡
[𝐻𝑒𝑝] = −𝑘+[𝐴𝑇:𝐻𝑒𝑝] [𝐻𝑒𝑝] [𝐴𝑇] + 𝑘

−
[𝐴𝑇:𝐻𝑒𝑝] [𝐴𝑇 : 𝐻𝑒𝑝] (118)
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𝑑

𝑑𝑡
[𝐴𝑇 : 𝐻𝑒𝑝] = +𝑘+[𝐴𝑇:𝐻𝑒𝑝] [𝐻𝑒𝑝] [𝐴𝑇] − 𝑘

−
[𝐴𝑇:𝐻𝑒𝑝] [𝐴𝑇 : 𝐻𝑒𝑝] (119)

−𝑘𝐴𝑇𝐻𝑒10 𝑒10 [𝐴𝑇 : 𝐻𝑒𝑝] − 𝑘𝐴𝑇𝐻𝑒𝑚10
𝑒𝑚10 [𝐴𝑇 : 𝐻𝑒𝑝]

−𝑘𝐴𝑇𝐻𝑒2 𝑒2 [𝐴𝑇 : 𝐻𝑒𝑝] − 𝑘𝐴𝑇𝐻𝑒𝑚2
𝑒𝑚2 [𝐴𝑇 : 𝐻𝑒𝑝]

−𝑘𝐴𝑇𝐻𝑒9 𝑒9 [𝐴𝑇 : 𝐻𝑒𝑝] − 𝑘𝐴𝑇𝐻𝑒𝑚9
𝑒𝑚9 [𝐴𝑇 : 𝐻𝑒𝑝]

−𝑘𝐴𝑇𝐻𝑒𝑚9
𝑒𝑚∗

9 [𝐴𝑇 : 𝐻𝑒𝑝]

−𝑘𝐴𝑇𝐻𝑒11 𝑒11 [𝐴𝑇 : 𝐻𝑒𝑝] − 𝑘𝐴𝑇𝐻𝑒11 [𝐸11 : 𝐴𝑇𝐻] [𝐴𝑇 : 𝐻𝑒𝑝]
−𝑘𝐴𝑇𝐻𝑒11 𝑒𝑚∗

11 [𝐴𝑇 : 𝐻𝑒𝑝] − 𝑘𝐴𝑇𝐻𝑒11 𝑒ℎ11 [𝐴𝑇 : 𝐻𝑒𝑝]
−𝑘𝐴𝑇𝐻𝑒11 𝑒ℎ𝑚11 [𝐴𝑇 : 𝐻𝑒𝑝]

𝑑

𝑑𝑡
[𝐸10 : 𝐴𝑇𝐻] = +𝑘𝐴𝑇𝐻𝑒10 𝑒10 [𝐴𝑇 : 𝐻𝑒𝑝] + 𝑘 𝑓 𝑙𝑜𝑤 ( [𝐸10 : 𝐴𝑇𝐻]𝑢𝑝 − [𝐸10 : 𝐴𝑇𝐻]) (120)

−𝑘𝑜𝑛10 𝑝
𝑎𝑣𝑎𝑖𝑙
10 [𝐸10 : 𝐴𝑇𝐻] + 𝑘𝑜 𝑓 𝑓10 [𝐸𝑚10 : 𝐴𝑇𝐻]

𝑑

𝑑𝑡
[𝐸𝑚10 : 𝐴𝑇𝐻] = +𝑘𝐴𝑇𝐻𝑒𝑚10

𝑒𝑚10 [𝐴𝑇 : 𝐻𝑒𝑝] (121)

+𝑘𝑜𝑛10 𝑝
𝑎𝑣𝑎𝑖𝑙
10 [𝐸10 : 𝐴𝑇𝐻] − 𝑘𝑜 𝑓 𝑓10 [𝐸𝑚10 : 𝐴𝑇𝐻]

𝑑

𝑑𝑡
[𝐸2 : 𝐴𝑇𝐻] = +𝑘𝐴𝑇𝐻𝑒2 𝑒2 [𝐴𝑇 : 𝐻𝑒𝑝] + 𝑘 𝑓 𝑙𝑜𝑤 ( [𝐸2 : 𝐴𝑇𝐻]𝑢𝑝 − [𝐸2 : 𝐴𝑇𝐻]) (122)

−𝑘𝑜𝑛𝑒2 𝑝
𝑎𝑣𝑎𝑖𝑙
2 [𝐸2 : 𝐴𝑇𝐻] + 𝑘𝑜 𝑓 𝑓𝑒2 [𝐸𝑚2 : 𝐴𝑇𝐻]

𝑑

𝑑𝑡
[𝐸𝑚2 : 𝐴𝑇𝐻] = +𝑘𝐴𝑇𝐻𝑒𝑚2

𝑒𝑚2 [𝐴𝑇 : 𝐻𝑒𝑝] (123)

+𝑘𝑜𝑛2 𝑝𝑎𝑣𝑎𝑖𝑙2 [𝐸2 : 𝐴𝑇𝐻] − 𝑘𝑜 𝑓 𝑓𝑒2 [𝐸𝑚2 : 𝐴𝑇𝐻]
𝑑

𝑑𝑡
[𝐸9 : 𝐴𝑇𝐻] = +𝑘𝐴𝑇𝐻𝑒9 𝑒9 [𝐴𝑇 : 𝐻𝑒𝑝] + 𝑘 𝑓 𝑙𝑜𝑤 ( [𝐸9 : 𝐴𝑇𝐻]𝑢𝑝 − [𝐸9 : 𝐴𝑇𝐻]) (124)

−𝑘𝑜𝑛𝑒9 𝑝
𝑎𝑣𝑎𝑖𝑙
9 [𝐸9 : 𝐴𝑇𝐻] + 𝑘𝑜 𝑓 𝑓𝑒9 [𝐸𝑚9 : 𝐴𝑇𝐻]

−𝑘𝑜𝑛𝑒9 𝑝
𝑎𝑣𝑎𝑖𝑙
91 [𝐸9 : 𝐴𝑇𝐻] + 𝑘𝑜 𝑓 𝑓9 [𝐸𝑚∗

9 : 𝐴𝑇𝐻]
𝑑

𝑑𝑡
[𝐸𝑚∗

9 : 𝐴𝑇𝐻] = +𝑘𝐴𝑇𝐻𝑒𝑚9
𝑒𝑚9 [𝐴𝑇 : 𝐻𝑒𝑝] (125)

+𝑘𝑜𝑛𝑒9 𝑝
𝑎𝑣𝑎𝑖𝑙
9 [𝐸9 : 𝐴𝑇𝐻] − 𝑘𝑜 𝑓 𝑓𝑒9 [𝐸𝑚9 : 𝐴𝑇𝐻]

𝑑

𝑑𝑡
[𝐸𝑚∗

9 : 𝐴𝑇𝐻] = +𝑘𝑒𝑚9 :𝐴𝑇𝐻𝑒
𝑚∗
9 [𝐴𝑇 : 𝐻𝑒𝑝] (126)

+𝑘𝑜𝑛𝑒9 𝑝
𝑎𝑣𝑎𝑖𝑙
91 [𝐸9 : 𝐴𝑇𝐻] − 𝑘𝑜 𝑓 𝑓𝑒9 [𝐸𝑚∗

9 : 𝐴𝑇𝐻]
𝑑

𝑑𝑡
[𝐴𝑇𝐻 : 𝐸11 : 𝐴𝑇𝐻] = +𝑘𝐴𝑇𝐻𝑒11 [𝐴𝑇 : 𝐻𝑒𝑝] [𝐸11 : 𝐴𝑇𝐻] (127)

+𝑘 𝑓 𝑙𝑜𝑤 ( [𝐴𝑇𝐻 : 𝐸11 : 𝐴𝑇𝐻]𝑢𝑝 − [𝐴𝑇𝐻 : 𝐸11 : 𝐴𝑇𝐻])
𝑑

𝑑𝑡
[𝐸𝑚∗

11 : 𝐴𝑇𝐻] = +𝑘𝐴𝑇𝐻𝑒11 𝑒𝑚∗
11 [𝐴𝑇 : 𝐻𝑒𝑝]+𝑘𝑜𝑛𝑒11 𝑝

𝑎𝑣𝑎𝑖𝑙
111 [𝐸11 : 𝐴𝑇𝐻] (128)

−𝑘𝑜 𝑓 𝑓𝑒11 [𝐸𝑚∗
11 : 𝐴𝑇𝐻]

𝑑

𝑑𝑡
[𝐸ℎ11 : 𝐴𝑇𝐻] = +𝑘𝐴𝑇𝐻𝑒11 𝑒ℎ11 [𝐴𝑇 : 𝐻𝑒𝑝] (129)

+𝑘 𝑓 𝑙𝑜𝑤 ( [𝐸ℎ11 : 𝐴𝑇𝐻]𝑢𝑝 − [𝐸ℎ11 : 𝐴𝑇𝐻])
+𝑘𝑜 𝑓 𝑓𝑒11 [𝐸ℎ𝑚11 : 𝐴𝑇𝐻] − 𝑘𝑜𝑛𝑒11 𝑝

𝑎𝑣𝑎𝑖𝑙
111 [𝐸ℎ11 : 𝐴𝑇𝐻]

𝑑

𝑑𝑡
[𝐸ℎ𝑚11 : 𝐴𝑇𝐻] = +𝑘𝐴𝑇𝐻𝑒11 𝑒ℎ𝑚11 [𝐴𝑇 : 𝐻𝑒𝑝] (130)

−𝑘𝑜 𝑓 𝑓11 [𝐸ℎ𝑚11 : 𝐴𝑇𝐻]
+𝑘𝑜𝑛11 𝑝

𝑎𝑣𝑎𝑖𝑙
111 [𝐸ℎ11 : 𝐴𝑇𝐻]
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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 𝑧2 Z2 S8
Factor V 𝑧5 Z5 S8
Factor VII 𝑧7 Z7 S8
Factor VIII 𝑧8 Z8 S8
Factor IX 𝑧9 Z9 S8
Factor X 𝑧10 Z10 S8
Factor XI 𝑧11 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 PL𝑢𝑝 PLup S8
Binding site number for II 𝑁2 N2 S8
Binding site number for IIa 𝑁 ∗

2 N2* S8
Binding site number for V/Vh/Va 𝑁5 N5 S8
Binding site number for VIII/VIIIa 𝑁8 N8 S8
Binding site number for IX 𝑁9 N9 S8
Binding site number for IXa 𝑁 ∗

9 N9* S8
Binding site number for X/Xa 𝑁10 N10 S8
Binding site number for XI 𝑁11 N11 S8
Binding site number for XIa 𝑁 ∗

11 N11* S8
Rate of unactivated platelets adhering to SE 𝑘+

𝑎𝑑ℎ
kadh S14

Rate of activated platelets adhering to SE 𝑘
+,∗
𝑎𝑑ℎ

kadh1 S14
Rate of platelet activation by platelet in solution 𝑘𝑎𝑐𝑡

𝑝𝑙𝑡
kact𝑝𝑙𝑡 S14

Rate of platelet activation on SE 𝑘
𝑎𝑐𝑡 ,∗
𝑝𝑙𝑡

kact*𝑝𝑙𝑡 S14
Rate of platelet activation by thrombin 𝑘𝑎𝑐𝑡𝑒2 kact𝑒2 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 𝐾𝑀 KZ7mE10M S9

𝑘𝑐𝑎𝑡
𝑧𝑚7 :𝑒10

KZ7mE10CAT S9
𝑘−
𝑧𝑚7 :𝑒10

KZ7mE10MI S9
Rates of activation of fX by TF:VIIa 𝐾𝑀 KZ10E7mM S9

𝑘𝑐𝑎𝑡
𝑧10:𝑒𝑚7

KZ10E7mCAT S9
𝑘−
𝑧10:𝑒𝑚7

KZ10E7mMI S9
Rates of activation of fIX by TF:VIIa 𝐾𝑀 KZ9E7mM S9

𝑘𝑐𝑎𝑡
𝑧9:𝑒𝑚7

KZ9E7mCAT S9
𝑘−
𝑧9:𝑒𝑚7

KZ9E7mMI S9
Rates of binding of fVII/fVIIa to TF 𝑘𝑜𝑛7 K7ON S9

𝑘
𝑜 𝑓 𝑓

7 K7OFF S10
Rates of activation of TF:VII by fXa 𝐾𝑀 KZ7E10M S10

𝑘𝑐𝑎𝑡
𝑧7:𝑒𝑚10

KZ7E10CAT S10
𝑘−
𝑧7:𝑒𝑚10

KZ7E10MI S10
Rates of activation of TF:VII by fIIa 𝐾𝑀 KZ7E2M S10

𝑘𝑐𝑎𝑡𝑧7:𝑒2 KZ7E2CAT S10
𝑘−𝑧7:𝑒2 KZ7E2MI S10

Rates of activation of TF:VII by fIXa 𝐾𝑀 KZ7E9M S10
𝑘𝑐𝑎𝑡𝑧7:𝑒9 KZ7E9CAT S10
𝑘−𝑧7:𝑒9 KZ7E9MI S10

Rates of activation of fV by fIIa 𝐾𝑀 KZ5E2M S10
𝑘𝑐𝑎𝑡𝑧5:𝑒2 KZ5E2CAT S10
𝑘−𝑧5:𝑒2 KZ5E2MI S10

Rates of activation of fVIII by fIIa 𝐾𝑀 KZ8E2M S10
𝑘𝑐𝑎𝑡𝑧8:𝑒2 KZ8E2CAT S10
𝑘−𝑧8:𝑒2 KZ8E2MI S10

Rates of activation of fIX by fXIa-fXIa 𝑘+𝑧9:𝑒11 KZ9E11P S10
𝑘𝑐𝑎𝑡𝑧9:𝑒11 KZ9E11CAT S10
𝑘−𝑧9:𝑒11 KZ9E11MI S10

Rates of activation of fIX by fXIa-fXI 𝑘+
𝑧9:𝑒ℎ11

KZ9E11P S10

𝑘𝑐𝑎𝑡
𝑧9:𝑒ℎ11

KZ9E11CAT S10

𝑘−
𝑧9:𝑒ℎ11

KZ9E11MI S10

Rates of activation of fXI by fIIa 𝑘+𝑧11:𝑒2 KZ11E2P S10
𝑘𝑐𝑎𝑡𝑧11:𝑒2 KZ11E2CAT S10
𝑘−𝑧11:𝑒2 KZ11E2MI S11

Rates of binding of fX/fXa to plt. surface 𝑘𝑜𝑛10 K10ON S11
𝑘
𝑜 𝑓 𝑓

10 K10OFF S11
Rates of binding of fV/fVa to plt. surface 𝑘𝑜𝑛5 K5ON S11

𝑘
𝑜 𝑓 𝑓

5 K5OFF S1
Rates of binding of fVIII/fVIIIa to plt. surface 𝑘𝑜𝑛8 K8ON S1

𝑘
𝑜 𝑓 𝑓

8 K8OFF S1
Rates of binding of fIX/fIXa to plt. surface 𝑘𝑜𝑛9 K9ON S1

𝑘
𝑜 𝑓 𝑓

9 K9OFF S11
Rates of binding of fII/fIIa to plt. surface 𝑘𝑜𝑛2 , 𝑘𝑜𝑛,∗

2 K2ON, K2SON S1
𝑘
𝑜 𝑓 𝑓

2 , 𝑘𝑜 𝑓 𝑓 ,∗
2 K2OFF, K2SOFF S11

Rates of binding of fXI/fXIa to plt. surface 𝑘𝑜𝑛11 , 𝑘𝑜𝑛,∗
11 K11ON, K11SON S11

𝑘
𝑜 𝑓 𝑓

11 , 𝑘𝑜 𝑓 𝑓 ,∗
11 K11OFF, K11SOFF S12
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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 𝐾𝑀 KZ5mE10mM S12

𝑘𝑐𝑎𝑡
𝑧𝑚5 :𝑒𝑚10

KZ5mE10mCAT S12
𝑘−
𝑧𝑚5 :𝑒𝑚10

KZ5mE10mMI S12
Rates of activation of fV by fIIa on plt. surface 𝐾𝑀 KZ5mE2mM S12

𝑘𝑐𝑎𝑡
𝑧5:𝑒𝑚2

KZ5mE2mCAT S12
𝑘−
𝑧5:𝑒𝑚2

KZ5mE2mMI S12
Rates of activation of fVIII by fXa on plt. surface 𝐾𝑀 KZ8ME10MM S12

𝑘𝑐𝑎𝑡
𝑧8:𝑒𝑚10

KZ8ME10MCAT S12
𝑘−
𝑧8:𝑒𝑚10

KZ8ME10MMI S12
Rates of activation of fVIII by fIIa on plt. surface 𝐾𝑀 KZ8ME2MM S12

𝑘𝑐𝑎𝑡
𝑧8:𝑒𝑚2

KZ8mE2mCAT S12
𝑘−
𝑧8:𝑒𝑚2

KZ8mE2mMI S12
Rates of activation of fX by TEN on plt. surface 𝐾𝑀 KZ10mTENM S12

𝑘𝑐𝑎𝑡
𝑧𝑚10 :𝑇𝐸𝑁

KZ10mTENCAT S12
Rates of activation of fII by PRO on plt. surface 𝐾𝑀 KZ2mPROM S12

𝑘𝑐𝑎𝑡
𝑧𝑚2 :𝑃𝑅𝑂

KZ2mPROCAT S12
Rates of activation of fXI by fIIa on plt. surfaces 𝑘+

𝑧𝑚11 :𝑒𝑚2
KZ11mE2mP S12

𝑘𝑐𝑎𝑡
𝑧𝑚11 :𝑒𝑚2

KZ11mE2mCAT S12
𝑘−
𝑧𝑚11 :𝑒𝑚2

KZ11mE2mMI S12
Rates of activation of fIX by fXIa-fXIa on plt. surface 𝐾𝑀 KZ9mE11mP S12

𝑘𝑐𝑎𝑡
𝑧𝑚9 :𝑒𝑚11

KZ9mE11mCAT S12
𝑘−
𝑧𝑚9 :𝑒𝑚2

KZ9mE11mMI S12
Rates of formation of TEN on plt. surface 𝑘+

𝑒𝑚8 :𝑒𝑚9
KE8mE9mP S12

𝑘−
𝑒𝑚8 :𝑒𝑚9

KE8mE9mMI S12
Rates of formation of PRO on plt. surface 𝑘+

𝑒𝑚5 :𝑒𝑚10
KE5mE10mP S12

𝑘−
𝑒𝑚5 :𝑒𝑚10

KE5mE10mMI S12
Rates of inhibition of fXa by TFPI 𝑘+

𝑡 𝑓 𝑝𝑖𝑎:𝑒10
KTFPI_E10_P S13

𝑘−
𝑡 𝑓 𝑝𝑖𝑎:𝑒10

KTFPI_E10_M S13
Rates of inhibition of TF:VIIa by TFPIa 𝑘+

𝑡 𝑓 𝑝𝑖𝑎:𝑒𝑚7
KTFPIa_E7m_P S13

𝑘−
𝑡 𝑓 𝑝𝑖𝑎:𝑒𝑚7

KTFPIa_E7m_M S13
Rates of inhibition of fVa by APC on plt. surface 𝐾𝑀 KE5mAPCM S13

𝑘𝑐𝑎𝑡
𝑒𝑚5 :𝐴𝑃𝐶

KE5mAPCCAT S13
𝑘−
𝑒𝑚5 :𝐴𝑃𝐶

KE5mAPCMI S13
Rates of inhibition of fVIIIa by APC on plt. surface 𝐾𝑀 KE8mAPCM S13

𝑘𝑐𝑎𝑡
𝑒𝑚8 :𝐴𝑃𝐶

KE8mAPCCAT S13
𝑘−
𝑒𝑚8 :𝐴𝑃𝐶

KE8mAPCMI S13
Rates of inhibition of fIIa by TM on plt. surface 𝑘𝑜𝑛

𝑇𝑀
KTMP S13

𝑘
𝑜 𝑓 𝑓

𝑇𝑀
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+

𝑒5ℎ𝑚𝑒10𝑚 KE5HME10MP S10
𝑘−
𝑒𝑚5 :𝑒𝑚10

KE5HME10MMI S12
Rates of activation of II by PROh on plt. surface 𝐾𝑀 KZ2MPROHM S10

𝑘𝑐𝑎𝑡
𝑧𝑚2 :𝑃𝑅𝑂ℎ

KZ2MPROHCAT S12

𝑘−
𝑧𝑚2 :𝑃𝑅𝑂ℎ

KZ2MPROHMI S12

Rates of activation of fV-h by IIa on plt. surface 𝐾𝑀 KE5HME2MM S10
𝑘𝑐𝑎𝑡
𝑒ℎ𝑚5 :𝑒𝑚2

KE5HME2MCAT S12

𝑘−
𝑒ℎ𝑚5 :𝑒𝑚2

KE5HME2MMI S12

Rates of activation of fV-h by IIa in fluid 𝐾𝑀 KE5HE2M S10
𝑘𝑐𝑎𝑡
𝑒ℎ5 :𝑒2

KE5HE2CAT S12

𝑘−
𝑒ℎ5 :𝑒2

KE5HE2MI S12

Rates of binding of fV-h by TFPI on plt. surface 𝑘+
𝑇𝐹𝑃𝐼:𝑒ℎ𝑚5

KTFPIE5HMP S10

𝑘−
𝑇𝐹𝑃𝐼:𝑒ℎ𝑚5

KTFPIE5HMMI S13

Rates of binding of fV-h by TFPI in fluid 𝑘+
𝑇𝐹𝑃𝐼:𝑒ℎ5

KTFPIE5HP S10

𝑘−
𝑇𝐹𝑃𝐼:𝑒ℎ5

KTFPIE5HMI S13

Rates of binding of fXa by TFPI on plt. surface 𝑘+
𝑇𝐹𝑃𝐼:𝑒𝑚10

KTFPI_E10M_P S10
𝑘−
𝑇𝐹𝑃𝐼:𝑒𝑚10

KTFPI_E10M_MI S13
Rates of binding of PROh by TFPI on plt. surface by binding fXa 𝑘+

𝑇𝐹𝑃𝐼:𝑃𝑅𝑂ℎ :𝑣10
KTFPIPROHV10P S10

𝑘−
𝑇𝐹𝑃𝐼:𝑃𝑅𝑂ℎ :𝑣10

KTFPIPROHV10MI S13
Rates of binding of PROh by TFPI on plt. surface by binding fV-h 𝑘+

𝑇𝐹𝑃𝐼:𝑃𝑅𝑂ℎ :𝑣5
KTFPIPROHV5P S10

𝑘−
𝑇𝐹𝑃𝐼:𝑃𝑅𝑂ℎ :𝑣5

KTFPIPROHV5MI S13
Rates of inactivation of fV-h by APC on plt. surface 𝐾𝑀 KE5HMAPCM S10

𝑘𝑐𝑎𝑡
𝑒ℎ𝑚5

KE5HMAPCCAT S13

𝑘−
𝑒ℎ𝑚5 :𝐴𝑃𝐶

KE5HMAPCMI S13

Rates of inactivation of fV-h by APC in fluid 𝐾𝑀 KE5HAPCM S10
𝑘𝑐𝑎𝑡
𝑒ℎ5

KE5HAPCCAT S13

𝑘−
𝑒ℎ5 :𝐴𝑃𝐶

KE5HAPCMI S13
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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 𝑘𝐴𝑇

𝑒𝑚9
KE9MATIII S13

Rates of inactivation of fXa by AT on plt. surface 𝑘𝐴𝑇
𝑒𝑚10

KE10MATIII S13

Rates of inactivation of IIa by AT on plt. surface 𝑘𝐴𝑇
𝑒𝑚2

KE2MATIII S13

Rates of inactivation of fXIa by AT on plt. surface 𝑘𝐴𝑇
𝑒𝑚11

KE11MATIII S13

Rates of inactivation of fIXa by AT in fluid 𝑘𝐴𝑇𝑒9 KE9ATIII S13
Rates of inactivation of fXa by AT in fluid 𝑘𝐴𝑇𝑒10 KE10ATIII S13
Rates of inactivation of IIa by AT in fluid 𝑘𝑒2

𝐴𝑇 KE2ATIII S13
Rates of inactivation of fXIa by AT in fluid 𝑘𝐴𝑇𝑒11 KE11ATIII S13
Rates of binding of AT by Heparin on plt. surface 𝑘+

𝐴𝑇:𝐻𝑒𝑝
KATBHEPMI S13

𝑘−
𝐴𝑇:𝐻𝑒𝑝

KATBHEPMI S13
Rates of inactivation of fIXa by ATH on plt. surface 𝑘𝐴𝑇𝐻

𝑒𝑚9
KE9MATH S13

Rates of inactivation of fXa by ATH on plt. surface 𝑘𝐴𝑇𝐻
𝑒𝑚10

KE10MATH S13

Rates of inactivation of IIa by ATH on plt. surface 𝑘𝐴𝑇𝐻
𝑒𝑚2

KE2MATH S13

Rates of inactivation of fXIa by AT on plt. surface 𝑘𝐴𝑇𝐻
𝑒𝑚11

KE11MATH S13

Rates of inactivation of fIXa by ATH in fluid 𝑘𝐴𝑇𝐻
𝑒9 KE9ATH S13

Rates of inactivation of fXa by ATH in fluid 𝑘𝐴𝑇𝐻
𝑒10 KE10ATH S13

Rates of inactivation of IIa by ATH in fluid 𝑘𝐴𝑇𝐻
𝑒2 KE2ATH S13

Rates of inactivation of fXIa by AT in fluid 𝑘𝐴𝑇𝐻
𝑒11 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
(5).

Platelets 2.5×10−7 cm2/s a
Proteins 5×10−7 cm2/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). (l) From (15, 16). (m) Number of fV molecules released per activated platelet (17). (n) Maximum concentration of
platelets in a 2 𝜇m high reaction zone assuming that 20 platelets can cover a 10𝜇m-by-10𝜇m injured surface (18). (o) From
(19). (p) Refer to heparin dosage calculation in later section of supplemental material.

Prothrombin 1.4 𝜇M a
Factor V 0.01 𝜇M b
Factor VII 0.01 𝜇M a
Factor VIIa 0.1 nM c
Factor VIII 1.0 nM a
Factor IX 0.09 𝜇M a
Factor X 0.17 𝜇M a
Factor XI 30.0 nM a
TFPI 0.5 nM d
Protein C 65 nM e
Platelet count 2.5(10)5/𝜇l f
𝑁2 1000/plt g
𝑁 ∗

2 1000/plt g
𝑁5 3000/plt h
𝑁8 450/plt i
𝑁9 250/plt j
𝑁 ∗

9 250/plt j
𝑁10 2700/plt k
𝑁11 1500/plt l
𝑁 ∗

11 250/plt l
𝑛5 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) 𝑘cat
𝑧𝑚7 :𝑒10

= 5.0 sec−1 and 𝐾𝑀 = 1.2 · 10−6 M (20). (b) 𝑘cat
𝑧𝑚7 :𝑒2

= 6.1 · 10−2

sec−1 and 𝐾𝑀 = 2.7 · 10−6 M (20). (d) 𝑘cat
𝑧10:𝑒𝑚7

= 1.15 sec−1 and 𝐾𝑀 = 4.5 · 10−7 M (6). (d) 𝑘cat
𝑧9:𝑒𝑚7

= 1.15 sec−1 and
𝐾𝑀 = 2.4 · 10−7 M (21). (e) 𝐾𝑑 = 1.0 · 10−10 M (22).

Activation
(of -, by -)

(TF:VII,fXa) 𝐸10, 𝑍𝑚
7 𝑍𝑚

7 : 𝐸10 𝐸𝑚
7 𝑘+

𝑧𝑚7 :𝑒10
=5.0 · 106 𝑘−

𝑧𝑚7 :𝑒10
=1.0 𝑘cat

𝑧𝑚7 :𝑒10
=5.0 a

(TF:VII, fIIa) 𝐸2, 𝑍𝑚
7 𝑍𝑚

7 : 𝐸2 𝐸𝑚
7 𝑘+

𝑧𝑚7 :𝑒2
=3.92 · 105 𝑘−

𝑧𝑚7 :𝑒2
=1.0 𝑘cat

𝑧𝑚7 :𝑒2
=6.1 · 10−2 b

(fX, TF:VIIa) 𝐸𝑚
7 , 𝑍10 𝑍10 : 𝐸𝑚

7 𝐸10 𝑘+
𝑧10:𝑒𝑚7

=5.0 · 106 𝑘−
𝑧10:𝑒𝑚7

=1.0 𝑘cat
𝑧10:𝑒𝑚7

=1.15 c

(fIX, TF:VIIa) 𝐸𝑚
7 , 𝑍9 𝑍9 : 𝐸𝑚

7 𝐸9 𝑘+
𝑧9:𝑒𝑚7

=9.4 · 106 𝑘−
𝑧9:𝑒𝑚7

=1.0 𝑘cat
𝑧9:𝑒𝑚7

=1.15 d

Binding
(of -, with -)

(fVII, TF) 𝑍7, 𝑇𝐹 𝑍𝑚
7 𝑘on

7 =5.0 · 107 𝑘off
7 =5.0 · 10−3 e

(fVIIa, TF) 𝐸7, 𝑇𝐹 𝐸𝑚
7 𝑘on

7 =5.0 · 107 𝑘off
7 =5.0 · 10−3 e
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S10 Table. REACTIONS IN THE PLASMA (a) 𝑘cat
𝑧7:𝑒10 = 5.0 sec−1 and 𝐾𝑀 = 1.2 ·10−6 M (20). (b) 𝑘cat

𝑧7:𝑒2 = 6.1 ·10−2 sec−1 and
𝐾𝑀 = 2.7 · 10−6 M (20) (c) 𝑘cat

𝑧5:𝑒2 = 0.23 sec−1 and 𝐾𝑀 = 7.17 · 10−8 M (23). (d) 𝑘cat
𝑧8:𝑒2 = 0.9 sec−1 (24) and 𝐾𝑀 = 2 · 10−7 M

(25). (e) 𝑘cat
𝑧11:𝑒2 = 1.3 · 10−4, 𝐾𝑀 = 50nM (26). Rate constants apply also for thrombin-activation of XIa-XI. (f) 𝑘cat

𝑧9:𝑒ℎ11
= 0.21,

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

Reaction Reactants Complex Product M−1sec−1 sec−1 sec−1 Note

Activation
(of -, by -)

(fVII, fXa) 𝑍7, 𝐸10 𝑍7 : 𝐸10 𝐸7 𝑘+𝑧7:𝑒10 =5 · 106 𝑘−𝑧7:𝑒10 =1.0 𝑘cat
𝑧7:𝑒10 =5.0 a

(fVII, fIIa) 𝑍7, 𝐸2 𝑍7 : 𝐸2 𝐸7 𝑘+𝑧7:𝑒2 =3.92 · 105 𝑘−𝑧7:𝑒2 =1.0 𝑘cat
𝑧7:𝑒2 =6.1 · 10−2 b

(fV, fIIa) 𝑍5, 𝐸2 𝑍5 : 𝐸2 𝐸5 𝑘+𝑧5:𝑒2 = 1.73 · 107 𝑘−𝑧5:𝑒2 =1.0 𝑘cat
𝑧5:𝑒2 =0.23 c

(fVIII, fIIa) 𝑍8, 𝐸2 𝑍8 : 𝐸2 𝐸8 𝑘+𝑧8:𝑒2 =2.64 · 107 𝑘−𝑧8:𝑒2 =1.0 𝑘cat
𝑧8:𝑒2 =0.9 d

(fXI-fXI, fIIa) 𝑍11, 𝐸2 𝑍11 : 𝐸2 𝐸ℎ
11 𝑘+𝑧11:𝑒2 = 2.0 · 107 𝑘−𝑧11:𝑒2 = 1.0 𝑘cat

𝑧11:𝑒2 = 1.3 · 10−4 e
(fIX, fXIa) 𝑍9, 𝐸ℎ

11 𝑍9 : 𝐸ℎ
11 𝐸9 𝑘+

𝑧9:𝑒ℎ11
= 0.6 · (10)7 𝑘−

𝑧9:𝑒ℎ11
= 1.0 𝑘cat

𝑧9:𝑒ℎ11
= 0.21 f
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S11 Table. BINDING TO PLATELET SURFACES (a) For fIX binding to platelets, 𝐾𝑑 = 2.5 · 10−9 M (13), and for fX binding
to platelets, 𝐾𝑑 has approximately the same value (11). For fX binding to PCPS vesicles, the on-rate is about 107 M−1sec−1 and
the off-rate is about 1.0 sec−1 (29) giving a dissociation constant of about 10−7 M. To estimate on- and off-rates for the
higher-affinity binding of fX 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 𝐾𝑑 for
fVIII binding with platelets is taken from (12). We set the off-rate 𝑘off

8 for fVIII binding to platelets equal to that for fV binding
to platelets, and calculate the on-rate 𝑘on

8 . (e) For prothrombin interactions with platelets, 𝐾𝑑 is reported to be 5.9 · 10−7 M (30).
We choose 𝑘off

2 and set 𝑘on
2 = 𝑘off

2 /𝐾𝑑 . (f) Estimated as described in the text of the Supplementary Information. (g) 𝐾𝑑 = 10 nM
(31). (h) 𝐾𝑑 = 1.7 nM (16).

Reaction Reactants Products M−1sec−1 sec−1 Note

Factor IX 𝑍9, 𝑃9 𝑍𝑚
9 𝑘on

9 =1.0 · 107 𝑘off
9 =2.5 · 10−2 a

Factor IXa 𝐸9, 𝑃9 𝐸𝑚
9 𝑘on

9 =1.0 · 107 𝑘off
9 =2.5 · 10−2 a

Factor IXa 𝐸9, 𝑃∗
9 𝐸

𝑚,∗
9 𝑘on

9 =1.0 · 107 𝑘off
9 =2.5 · 10−2 b

Factor X 𝑍10, 𝑃10 𝑍𝑚
10 𝑘on

10=1.0 · 107 𝑘off
10 =2.5 · 10−2 a

Factor Xa 𝐸10, 𝑃10 𝐸𝑚
10 𝑘on

10=1.0 · 107 𝑘off
10 =2.5 · 10−2 a

Factor V 𝑍5, 𝑃5 𝑍𝑚
5 𝑘on

5 =5.7 · 107 𝑘off
5 =0.17 c

Factor Vh 𝐸ℎ
5 , 𝑃5 𝐸ℎ𝑚

5 𝑘on
5 =5.7 · 107 𝑘off

5 =0.17 c
Factor Va 𝐸5, 𝑃5 𝐸𝑚

5 𝑘on
5 = 5.7 · 107 𝑘off

5 =0.17 c
Factor VIII 𝑍8, 𝑃8 𝑍𝑚

8 𝑘on
8 = 5.0 · 107 𝑘off

8 =0.17 d
Factor VIIIa 𝐸8, 𝑃8 𝐸𝑚

8 𝑘on
8 = 5.0 · 107 𝑘off

8 =0.17 d
Factor II 𝑍2, 𝑃2 𝑍𝑚

2 𝑘on
2 = 1.0 · 107 𝑘off

2 =5.9 e
Factor IIa 𝐸2, 𝑃2 𝐸𝑚

2 𝑘
∗,on
2 = 1.0 · 107 𝑘

∗,off
2 = 0.2 f

Factor XI 𝑍11, 𝑃11 𝑍𝑚
11 𝑘on

𝑧11 = 1.0 · 107 𝑘off
𝑧11 =0.1 g

Factor XIa 𝐸11, 𝑃∗
11 𝐸𝑚

11 𝑘on
𝑒11 = 1.0 · 107 𝑘off

𝑒11 =0.017 h
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S12 Table. REACTIONS ON PLATELET SURFACES (a) 𝑘cat
𝑧𝑚5 :𝑒𝑚10

= 0.046 sec−1 and 𝐾𝑀 = 10.4 · 10−9 M (32). (b) The rate
constants for thrombin activation of fV on platelets are assumed to be the same as in plasma. (c) 𝑘cat

𝑧𝑚8 :𝑒𝑚10
= 0.023 sec−1 and

𝐾𝑀 = 2.0 · 10−8 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 𝐾𝑑 = 1.0 · 10−10 M (33).
(f) 𝑘cat

𝑧𝑚10 :𝑡𝑒𝑛 = 20 sec−1 and 𝐾𝑀 = 1.6 · 10−7 M (34). (g) 𝑘cat
𝑧𝑚2 :𝑝𝑟𝑜 = 30 sec−1 and 𝐾𝑀 = 3.0 · 10−7 M (35). (h) 𝑘cat

𝑧𝑚11 :𝑒𝑚2
= 1.3 · 10−4,

𝐾𝑀 = 50 nM (26). Rate constants apply also for thrombin-activation of Plt-XIa-XI. (i) 𝑘cat
𝑧𝑚9 :𝑒ℎ,𝑚

11
= 0.21, 𝐾𝑀 = 0.2𝜇M (27, 28).

Rate constants apply also for activation of platelet-bound IX by Plt-XIa-XIa.

Reaction Reactants Complex Product M−1sec−1 sec−1 sec−1 Note

Activation
(of -, by -)

(V, Xa) 𝑍𝑚
5 , 𝐸𝑚

10 𝑍𝑚
5 : 𝐸𝑚

10 𝐸ℎ𝑚
5 𝑘+

𝑧𝑚5 :𝑒𝑚10
=1.0 · 108 𝑘−

𝑧𝑚5 :𝑒𝑚10
=1.0 𝑘cat

𝑧𝑚5 :𝑒𝑚10
=4.6 · 10−2 a

(V, IIa) 𝑍𝑚
5 , 𝐸𝑚

2 𝑍𝑚
5 : 𝐸𝑚

2 𝐸𝑚
5 𝑘+

𝑧𝑚5 :𝑒𝑚2
=1.73 · 107 𝑘−

𝑧𝑚5 :𝑒𝑚2
=1.0 𝑘cat

𝑧𝑚5 :𝑒𝑚2
= 0.23 b

(Vh, IIa) 𝐸ℎ𝑚
5 , 𝐸𝑚

2 𝐸ℎ𝑚
5 : 𝐸𝑚

2 𝐸𝑚
5 𝑘+

𝑧𝑚5 :𝑒𝑚2
=1.73 · 107 𝑘−

𝑧𝑚5 :𝑒𝑚2
=1.0 𝑘cat

𝑧𝑚5 :𝑒𝑚2
= 0.23 b

(VIII, Xa) 𝑍𝑚
8 , 𝐸𝑚

10 𝑍𝑚
8 : 𝐸𝑚

10 𝐸𝑚
8 𝑘+

𝑧𝑚8 :𝑒𝑚10
=5.1 · 107 𝑘−

𝑧𝑚8 :𝑒𝑚10
=1.0 𝑘cat

𝑧𝑚8 :𝑒𝑚10
=2.3 · 10−2 c

(VIII, IIa) 𝑍𝑚
8 , 𝐸𝑚

2 𝑍𝑚
8 : 𝐸𝑚

2 𝐸𝑚
8 𝑘+

𝑧𝑚8 :𝑒𝑚2
=2.64 · 107 𝑘−

𝑧𝑚8 :𝑒𝑚2
=1.0 𝑘cat

𝑧𝑚8 :𝑒𝑚2
= 0.9 d

(X, VIIIa:IXa) 𝑍𝑚
10 , 𝑇𝐸𝑁 𝑍𝑚

10 : 𝑇𝐸𝑁 𝐸𝑚
10 𝑘+

𝑧𝑚10:𝑡𝑒𝑛=1.31 · 108 𝑘−
𝑧𝑚10:𝑡𝑒𝑛=1.0 𝑘cat

𝑧𝑚10:𝑡𝑒𝑛=20.0 f

(X, VIIIa:IXa∗) 𝑍𝑚
10 , 𝑇𝐸𝑁 ∗ 𝑍𝑚

10 : 𝑇𝐸𝑁 ∗ 𝐸𝑚
10 𝑘+

𝑧𝑚10:𝑡𝑒𝑛=1.31 · 108 𝑘−
𝑧𝑚10:𝑡𝑒𝑛=1.0 𝑘cat

𝑧𝑚10:𝑡𝑒𝑛=20.0 f

(II, Vh:Xa) 𝑍𝑚
2 , 𝑃𝑅𝑂ℎ 𝑍𝑚

2 : 𝑃𝑅𝑂ℎ 𝐸𝑚
2 𝑘+

𝑧𝑚2 :𝑝𝑟𝑜= 1.03 · 108 𝑘−
𝑧𝑚2 :𝑝𝑟𝑜=1.0 𝑘cat

𝑧𝑚2 :𝑝𝑟𝑜=30.0 g

(II, Va:Xa) 𝑍𝑚
2 , 𝑃𝑅𝑂 𝑍𝑚

2 : 𝑃𝑅𝑂 𝐸𝑚
2 𝑘+

𝑧𝑚2 :𝑝𝑟𝑜= 1.03 · 108 𝑘−
𝑧𝑚2 :𝑝𝑟𝑜=1.0 𝑘cat

𝑧𝑚2 :𝑝𝑟𝑜=30.0 g

(XI-XI, IIa) 𝑍𝑚
11 , 𝐸𝑚

2 𝑍𝑚
11 : 𝐸𝑚

2 𝐸ℎ𝑚
11 𝑘+

𝑧𝑚11:𝑒𝑚2
= 2.0 · 107 𝑘−

𝑧𝑚11:𝑒𝑚2
= 1.0 𝑘cat

𝑧𝑚11:𝑒𝑚2
= 1.3 · 10−4 h

(IX, XIa) 𝑍𝑚
9 , 𝐸ℎ𝑚

11 𝑍𝑚
9 : 𝐸ℎ𝑚

11 𝐸9 𝑘+
𝑧𝑚9 :𝑒𝑚11

= 0.6 · 107 𝑘−
𝑧𝑚9 :𝑒𝑚11

= 1.0 𝑘cat
𝑧𝑚9 :𝑒𝑚11

= 0.21 i

Binding
(of -, with -)

(VIIIa, IXa) 𝐸𝑚
8 , 𝐸𝑚

9 𝑇𝐸𝑁 𝑘+ten=1.0 · 108 𝑘−ten=0.01 e
(VIIIa, IXa∗) 𝐸𝑚

8 , 𝐸𝑚,∗
9 𝑇𝐸𝑁 ∗ 𝑘+ten=1.0 · 108 𝑘−ten=0.01 e

(Vh, Xa) 𝐸ℎ𝑚
5 , 𝐸𝑚

10 𝑃𝑅𝑂ℎ 𝑘+pro=1.0 · 108 𝑘−pro=0.01 e
(Va, Xa) 𝐸𝑚

5 , 𝐸𝑚
10 𝑃𝑅𝑂 𝑘+pro=1.0 · 108 𝑘−pro=0.01 e

S13 Table. INHIBITION REACTIONS (a) From (19). (b) From (36). (c) For inhibition of fVa by APC, 𝑘cat
𝑒𝑚5 :𝐴𝑃𝐶 = 0.5 sec−1 and

𝐾𝑀 = 12.5 · 10−9 (37). We assume the same reaction rates for the inhibition of fVIIIa by APC. (d) From (38). (e)From (39). (f)
From (40). (g) 𝐾𝑑 = 0.5 nM and [𝑃𝐶] = 65 nM (41). (h)From (42). (i) 𝑘𝑃𝐶:𝑇𝑀:𝑒𝑒𝑐2

= 0.167 sec−1 , 𝐾𝑀 = 0.7 · 10−6 M (43).
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Reaction Reactants Product M−1sec−1 sec−1 sec−1 Note

Inactivation
(of -, by -)

(IXa, AT-III) 𝐸9, AT 𝐸9 : 𝐴𝑇 𝑘𝐴𝑇𝑒9 =4.8 · 102 a
(Xa, AT-III) 𝐸10, AT 𝐸10 : 𝐴𝑇 𝑘𝐴𝑇𝑒10 =3.5 · 103 a
(IIa, AT-III) 𝐸2, AT 𝐸2 : 𝐴𝑇 𝑘𝐴𝑇𝑒2 =1.4 · 104 a
(XIa, AT-III) 𝐸11, AT 𝐸11 : 𝐴𝑇 𝑘𝐴𝑇𝑒11 =2.4 · 102 a
(XIa:AT, AT-III) 𝐸11 : 𝐴𝑇 , AT 𝐴𝑇 : 𝐸11 : 𝐴𝑇 𝑘𝐴𝑇𝑒11 =2.4 · 102 a
(IXa, ATH) 𝐸9, ATH 𝐸9 : 𝐴𝑇𝐻 𝑘𝐴𝑇𝑒9 =5 · 105 b
(Xa, ATH) 𝐸10, ATH 𝐸10 : 𝐴𝑇𝐻 𝑘𝐴𝑇𝑒10 =1.3 · 106 b
(IIa, ATH) 𝐸2, ATH 𝐸2 : 𝐴𝑇𝐻 𝑘𝐴𝑇𝑒2 =5.3 · 106 b
(XIa, ATH) 𝐸11, ATH 𝐸11 : 𝐴𝑇𝐻 𝑘𝐴𝑇𝑒11 =1 · 104 b
(XIa:AT, ATH) 𝐸11 : 𝐴𝑇 , ATH 𝐴𝑇𝐻 : 𝐸11 : 𝐴𝑇𝐻 𝑘𝑖𝑛

𝐴𝑇:𝑒11
=1 · 104 b

(APC, Va) 𝐴𝑃𝐶, 𝐸𝑚
5 none 𝑘+

𝑒𝑚5 :𝐴𝑃𝐶
= 1.2 · 108 𝑘−

𝑒𝑚5 :𝐴𝑃𝐶
= 1.0 𝑘cat

𝑒𝑚5 :𝐴𝑃𝐶
= 0.5 c

(APC, VIIIa) 𝐴𝑃𝐶, 𝐸𝑚
8 none 𝑘+

𝑒𝑚8 :𝐴𝑃𝐶
= 1.2 · 108 𝑘−

𝑒𝑚8 :𝐴𝑃𝐶
= 1.0 𝑘cat

𝑒𝑚8 :𝐴𝑃𝐶
= 0.5 c

Binding
(of -, with -)

(TFPI, Xa) 𝑇𝐹𝑃𝐼 ,𝐸10 𝑇𝐹𝑃𝐼𝑎 𝑘+
𝑡 𝑓 𝑝𝑖𝑎:𝑒10

=1.6 · 107 𝑘−
𝑡 𝑓 𝑝𝑖𝑎:𝑒10

=3.3 · 10−4 d
(TFPI, Vh) 𝑇𝐹𝑃𝐼 , 𝐸ℎ

5 𝑇𝐹𝑃𝐼 : 𝐸ℎ
5 𝑘+

𝑡 𝑓 𝑝𝑖:𝑒5ℎ = 0.05 · 109 𝑘−
𝑡 𝑓 𝑝𝑖:𝑒5ℎ = 0.0045 e

(TFPI:Xa, Vh) 𝑇𝐹𝑃𝐼𝑎, 𝐸ℎ
5 𝐸ℎ

5 : 𝑇𝐹𝑃𝐼 : 𝐸10 𝑘+
𝑡 𝑓 𝑝𝑖:𝑒5ℎ = 0.05 · 109 𝑘−

𝑡 𝑓 𝑝𝑖:𝑒5ℎ = 0.0045 e
(TFPI:Vh, Xa) 𝑇𝐹𝑃𝐼 : 𝐸ℎ

5 , 𝐸10 𝐸ℎ
5 : 𝑇𝐹𝑃𝐼 : 𝐸10 𝑘+

𝑡 𝑓 𝑝𝑖𝑎:𝑒10
=1.6 · 107 𝑘−

𝑡 𝑓 𝑝𝑖𝑎:𝑒10
=3.3 · 10−4 d

(Xa:Vh, TFPI) 𝐸10 : 𝐸ℎ
5 , 𝑇𝐹𝑃𝐼𝑎 𝐸10 : 𝐸ℎ

5 : 𝑇𝐹𝑃𝐼 𝑘+
𝑡 𝑓 𝑝𝑖𝑏𝑝𝑟𝑜ℎ𝑣5 = 0.05 · 109 𝑘−

𝑡 𝑓 𝑝𝑖𝑏𝑝𝑟𝑜ℎ𝑣5 = 0.0045 e
(Xa:Vh, TFPI) 𝐸10 : 𝐸ℎ

5 , 𝑇𝐹𝑃𝐼𝑎 𝑇𝐹𝑃𝐼 : 𝐸10 : 𝐸ℎ
5 𝑘+

𝑡 𝑓 𝑝𝑖𝑏𝑝𝑟𝑜ℎ𝑣10 = 1.6 · 107 𝑘−
𝑡 𝑓 𝑝𝑖𝑏𝑝𝑟𝑜ℎ𝑣10 = 3.3 · 10−4 d

(TFPIa, TF:VIIa) 𝑇𝐹𝑃𝐼𝑎,𝐸𝑚
7 𝑇𝐹𝑃𝐼𝑎 : 𝐸𝑚

7 𝑘+
𝑡 𝑓 𝑝𝑖𝑎:𝑒10

=1.6 · 107 𝑘−
𝑡 𝑓 𝑝𝑖𝑎:𝑒10

=3.3 · 10−4 f

(TM, Thrombin) 𝑇𝑀, 𝐸𝑒𝑐
2 𝑇𝑀 : 𝐸𝑒𝑐

2 𝑘on
𝑇𝑀

= 1.0 · 108 𝑘off
𝑇𝑀

= 5.0 · 10−2 g

(AT-III, Heparin) 𝐴𝑇 ,𝐻𝑒𝑝 𝐴𝑇𝐻 𝑘+
𝐴𝑇𝐻

= 1.0 𝑘−
𝐴𝑇𝐻

= 2.77 · 107 h

Activation
(of -, by -)

(PC, TM:E𝑒𝑐
2 ) 𝑇𝑀 : 𝐸𝑒𝑐

2 𝐴𝑃𝐶 𝑘+
𝑃𝐶:𝑇𝑀:𝑒𝑒𝑐2

= 1.7 · 106 𝑘−
𝑃𝐶:𝑇𝑀:𝑒𝑒𝑐2

= 1.0 𝑘cat
𝑃𝐶:𝑇𝑀:𝑒𝑒𝑐2

= 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−1sec−1 sec−1 Note

Unactivated platelet adhering to SE 𝑃𝐿, SE 𝑃𝐿𝑠
𝑎 𝑘+adh=2 · 1010 𝑘−adh=0 a

Activated platelet adhering to SE 𝑃𝐿𝑣
𝑎 , SE 𝑃𝐿𝑣

𝑎 𝑘+adh=2 · 1010 𝑘−adh=0 a
Platelet activation by platelet in solution 𝑃𝐿, 𝑃𝐿𝑣

𝑎 2𝑃𝐿𝑣
𝑎 𝑘act

𝑝𝑙𝑡
= 3 · 108 b

Platelet activation on SE 𝑃𝐿, 𝑃𝐿𝑠
𝑎 𝑃𝐿𝑣

𝑎 , 𝑃𝐿𝑠
𝑎 𝑘act

𝑝𝑙𝑡
= 3 · 108 b

Platelet activation by thrombin 𝑃𝐿, 𝐸2 𝑃𝐿𝑣
𝑎 𝑘act

𝑒2 =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 ∗ 10−7𝑀 = 253𝑛𝑀
For the LMWH, since the molecular weight of LMWH varies based on different product (51), we use 5kDa as its molecular
weight. Therefore, the concentration of heparin at 100% is determined by:
0.0038𝑔/𝐿 ∗ 1/5000𝑚𝑜𝑙/𝑔 = 2.53 ∗ 10−7𝑀 = 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
𝑡>𝑡1𝑛𝑀

( 𝑑 [thrombin]
𝑑𝑡

/[thrombin]).

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 𝑚𝑖 (𝑥 𝑗,𝑦%) 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:

𝐿𝑆𝑖𝑗 =
|𝑚𝑖 (𝑥 𝑗,150% − 𝑚𝑖 (𝑥 𝑗,50%)) |

max𝑘 ( |𝑚𝑖 (𝑥𝑘,150% − 𝑚𝑖 (𝑥𝑘,50%)) |)
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.

S32 Manuscript submitted to Biophysical Journal



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 S4: Thrombin generation time courses under different TFPI levels (0 nM and 0.5 nM) plotted in linear scale. TF level is
varied by 2.5 fmol/cm2 (A) and 10 fmol/cm2 (B). Shear rate is fixed at 100/s.
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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:VIIa 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/cm2 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 𝑓 𝑚𝑜𝑙/𝑐𝑚2. 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 fmolcm% (A,C,E,G) and 10 fmol/cm2 (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/cm2, and shear rate is fixed to 100/s.
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