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Abstract:

Fibrinogen (Fbg) is a heterodimeric coagulation protein critical for clot formation. Fibrinogen is converted to fibrin by thrombin, which causes fibrin to
aggregate into a fibrous “soft clot” via noncovalent interactions.! Coagulation Factor XIIl (FXIII) is a calcium-dependent transglutaminase present in
plasma and cells such as platelets, macrophages, and osteoblasts. FXIII crosslinks reactive glutamines and lysines between fibrin and other anti-
fibrinolytic proteins. The resulting fibrin clots are resistant to fibrinolysis and able to retain red blood cells, which increases clot size.2 FXIII activity on
clots contributes to hemostasis, but unfortunately exacerbates the development of deep vein thrombosis (DVT).3 In plasma, FXIII is activated
proteolytically by thrombin in the presence of Ca2* (FXIII A*), while cellular FXIII is activated non-proteolytically in the presence of Caz* (FXIII A®).47
Prior work has shown that FXIII A* is more conformationally flexible and catalytically active than FXIII A°.8 Significant decreases in fibrinolysis and an
increase in red blood cell retention is linked to FXIII activity toward the fibrinogen aC region (Fbg Aa 221 - 610).2.° This Fbg Aa region contains several
FXIll-reactive glutamines (Q) and lysines (K)°, as well as a binding site for FXIIl A* (Fbg aC 389 — 402) that includes a key binding residue, Fbg aC
E396"1-13,

In the current studies, Fbg aC 233 — 425, a “model” aC system that contains three reactive glutamines (Q237, Q328, and Q366) and the FXIII binding
site (Fbg aC 389 - 402), was recombinantly expressed and purified. A series of mutations and truncations were subsequently introduced to the aC
FXIII binding site region to observe how crosslinking was affected. FXIII A activity was monitored by measuring the crosslinking of lysine mimic glycine
ethyl ester (GEE) to aC reactive glutamines over time via MALDI-TOF MS."* The effects of Fbg aC 389 - 402 on aC crosslinking catalyzed by FXIII
A* versus FXIII A® were examined. FXIII A* activity was significantly more reduced than FXIII A° in mutants where key aC residue E396 was removed
(E396A) or the full FXIII binding site was lost altogether (truncated aC 233 — 388). Fbg aC 389 — 402 was thus found to primarily enhance FXIII A*
activity toward Fbg. aC, but not FXIII A°.'9 The potential impact of Fbg aC E395 was subsequently explored. aC E395 was proposed to complement
aC E396 in binding FXIII A* via a salt bridge with R158 in FXIIl A*.13 However, substituting E395 with residues of various chemical properties (i.e.
E395A, E395K, E395S) only had a minimal impact on FXIII A* activity. Further work then explored aC D390 and W391 as residues within Fbg aC 389
- 402 that could enhance aC FXIII A* activity. Prior molecular modeling studies' had suggested D390 could form a favorable salt bridge with FXIII A*
K156. Additionally, W391 could provide critical hydrophobic contacts with FXIII A* that increase binding affinity. Alanine substitution mutations on these
residues significantly reduced aC crosslinking, which identifies D390 and W391 as additional key residues for promoting FXIII A* activity. However,
double substitution mutants E396A/D390A and E396A/W391A did not significantly further reduce crosslinking. These results suggest that contributions
of D390, W931, and E396 toward promoting FXIII A* activity may not be cumulative, and additional key binding regions have yet to be identified. In
summary, Fbg aC 389 — 402 was demonstrated to solely benefit FXIII A* activity. In addition, D390 and W391 were identified alongside E396 as key
aC residues that promote FXIII A* activity. The work from this study seeks to aid further drug design towards the treatment of DVT via therapeutic
inhibition of FXIII activity on fibrin.
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