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Blood coagulation, essential for hemostasis, is a complex physiological process that ensures clot formation upon 
blood vessel injury, preventing excessive bleeding and maintaining normal blood flow under physiological 
conditions. Hemostasis involves a cascade of enzymatic reactions, with multiple target proteins belonging to 
the S1A sub-family of serine proteases, collectively referred to as coagulation factors. Figure S1 provides a 
concise overview of the basic coagulation mechanism. The complex coagulation process is operated through a 
cascading mechanism, subdivided into three smaller pathways, namely the intrinsic pathway, extrinsic pathway, 
and common pathway. The intrinsic pathway is triggered by blood vessel injury, while the extrinsic pathway is 
triggered by tissue injury. Downstream propagation of the intrinsic pathway involves the conversion of FXII to 
FXIIa, FXI to FXIa, and FIX to FIXa, while the extrinsic pathway propagates through the conversion of FVII to 
FVIIa with the assistance of tissue factor (TF). These two pathways merge into a common pathway, converting FX 
to FXa, and continue downstream with the conversion of to thrombin, ultimately leading to fibrillation or fibrin 
clot formation. FIXa and FXa are indicated by red enclosing boxes in Figure S1, illustrating how FIXa selectively 
regulates the intrinsic pathway without affecting the extrinsic pathway.

Direct and Indirect Regulation : The earliest therapies used as anticoagulants for thromboembolic disorders are 
heparin and warfarin, but these agents regulate the coagulation process through the indirect pathway and have 
limited use due to their bleeding risk [1–3] and in the event of emergencies. Therefore, the better therapeutic 
strategy has emerged in the form of Direct Oral AntiCoagulants (DOACs), which are also known as Novel Oral 
AntiCoagulants (NOACs) or Non-vitamin K mediated Oral AntiCoagulants (not indirect).

Descripton of long activesite and long ligand : The inhibitor binding sites or active sites in FIXa and FXa 
are considerably long. To facilitate the study and analysis of structure-activity relationships (SAR) and their 
pharmacological behavior, the long active site is divided into several subsites, specifically denoted as S1, S2, S3, 
and S4. Similarly, the extended ligand that binds to this active site and extends from the S1 subsite through S2 and 
S3 up to the S4 subsite, is also segmented into corresponding fragments denoted as P1, P2, P3, and P4.
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Figure S1. The cascading mechanism of blood coagulation process. The figure shows that FXa is in the first step of common pathway
and FIXa in under the intrinsic pathway. The Activated and inactive factors are marked in green and orange, respectively.
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Figure S2. RMSD profiles of protein Cα (Red) and ligand heavy atom (Black) during entire trajectory of 3 replicated 100ns MD
simulations ( 0-1000 : Run 1, 1001 - 2000 : Run 2, 2001-3000 : Run 3). All structure aligned to protein Cα atoms of first frame, and then
calculated RMSD.
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(a) The RMSF plots of the FIXa complexes.
Figure S3. The average RMSF plots with standard deviation of heavy chain during 3 replicated 100 ns simulations.
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(b) The RMSF plots of the FXa complexes.
Figure S3. The average RMSF plots with standard deviation of heavy chain during 3 replicated 100 ns simulations.
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Table S1. The highest top 10 residues of residual contribution energy between 11 ligands and FIXa.
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Table S2. The highest top 10 residues of residual contribution energy between 11 ligands and FXa.
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Figure S4. Average protein-ligand binding free energy on last 10ns simulation of 3 replicated 100ns simulations. The binding free
energy between of ligand and FIXa marked in yellow, FXa marked in green.

Figure S5. Average binding site volume of FIXa (Yellow) and FXa (Green) of 3 replicated simulations on each system.
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Table S3. The protein-ligand interaction of FIXa and FXa complex during the dynamics.

Table S4. The protein-ligand interaction of co-crystal structure from Kundu et. al. (2021) [3].
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Table S5. The protein-ligand interactions of FIXa complex more than 40% occupancy during the dynamics. The highlighted color
blocks represent interaction type (Green: Common interaction with all ligands, Yellow: common interaction with active ligads, Oragne:
Interaction with only selective ligands, Blue: Interaction with active ligands without selectivity).

* represent that the compound has the co-crystal structures.
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Table S6. The protein-ligand interactions of FXa complex more than 40% occupancy during the dynamics. The highlighted color
blocks represent interaction type (Green: Common interaction with all ligands, Yellow: common interaction with active ligads, Oragne:
Interaction with only selective ligands, Blue: Interaction with active ligands without selectivity).

* represent that the compound has the co-crystal structures.
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Figure S6. The crystal structure and ligand binding site of Factor IXa and Factor Xa. (a) The crystal structure of FIXa (Yellow, PDB
5TNT) and FXa (Green, PDB 2P16). (b) Superimposed binding site residues of FIXa (Yellow) and FXa (Green). (c) The binding site
residues of FIXa and CFM-184 (Orange). (d) The binding site residues of FXa and Apixaban(Tan).
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Figure S7. The selected atoms for ligand dynamic analysis. The red, green and yellow circle indicated ligand atoms of P1, P2 and P4,
respectively.
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