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Summary

Background—In the extrinsic pathway, the essential procofactors factor V (fV) and factor VIII
(FVII) are activated to fVIlla and fVa by thrombin. In the contact pathway and its clinical
diagnostic test, the activated partial thromboplastin time assay (aPTT), the sources of procofactor
activation are unknown. In the aPTT, factor XII (fXII) is activated on a negatively charged surface
and proceeds to activate factor XI (fXI), which activates factor X (fIX) upon the addition of Ca2*.
F1Xa feeds thrombin generation through activation of fX. FIXa is an extremely poor catalyst in the
absence of its fVIlla cofactor, which in the intrinsic factor Xase complex increases fXa generation
by ~107. One potential aPTT procofactor activator in this setting is fXla.

Objective—We tested the hypothesis that fXla can activate fVIII and fV.

Methods—Recombinant fVII1 and plasma fV were treated with fXla and the activities and
integrities of each procofactor were measured using commercial clotting assays and SDS-PAGE.

Results—Kinetic analyses of fXla catalyzed activation and inactivation of fV and fVIII are
reported and the timing and sites of cleavage defined.

Conclusions—FXla activates both procofactors at plasma protein concentrations and
computational modeling suggests that procofactor activation during the preincubation phase of the
aPTT is critical to the performance of the aPTT. Since the aPTT is the primary tool for the
diagnosis and management of Hemophilias A and B as well as in the determination of fVIII
inhibitors these findings have potential implications in the clinical setting.

Introduction

Activation of the procofactors fVIII and fV is essential to hemostasis and a deficiency of
either is associated with a bleeding phenotype [1]. During tissue factor initiated coagulation,
the procofactors are proteolysed to their active forms principally by a-thrombin (thrombin)
[2-6]. The initial thrombin is generated by factor Xa (fXa), produced prior to the formation
of the prothrombinase complex [7,8]. The addition of fVIlla and membrane to fIXa
increases fXa generation by 1.7 x 107 over fIXa alone; the addition of fVa and membrane
increases thrombin production by 3.5 x 10° over fXa alone [9,10].

Although most studies of coagulation have focused on the tissue factor pathway, recent
studies suggest a role for the contact pathway in thrombosis [11-14]. Analyses of intrinsic
pathway function utilizing the activated partial thromboplastin time (aPTT), has been a
critical tool for the diagnosis and management of hemophilia A and B [15]. The activation
of fVIII and fV is fundamental to the intrinsic pathway [7]. During the preincubation phase
of the aPTT, fXII is activated by negatively charged surface and activates fXI to fXla in the
presence of high molecular weight kininogen (HMWK). The result of this initial step is to
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produce fXla. The clot measurement phase of the aPTT assay is post recalcification, [22]
during which fXla activates fIX to fIXap [16-21] thus continuing the cascade through fXa
to thrombin. The steps by which flXa generation results in sufficient thrombin to yield the
aPTT clot time (30-36 seconds) have not been established. FI1Xa displays a limited catalytic
activity in the absence of cofactors and the rate of fX activation by flXa [10] seems
inadequate to provide sufficient fXa and/or thrombin to drive initial procofactor activation
within the clot time interval [19]. Since flXa does not appear capable of producing sufficient
initial fXa or subsequent thrombin to activate the procofactors, procofactor activation must
occur prior to fXa generation. Potential fVI11 and fV activators in the intrinsic pathway
include fXIla, fXla and kallikrein.

FXlais a 160 kDa homodimeric serine protease [21-23] that circulates in blood at a
concentration of 30 nM in complex with (HMWAK) [24]. We tested the hypothesis that fXla
can activate fVII1 and fV and the resulting empirical data were integrated into a
computational model that describes the dynamics of the aPTT.

Materials and Methods

Materials

Human plasma fV and thrombin were purified as previously described [25,26]. Excipient-
free rfVI11 was a gift from Baxter Healthcare (Thousand Oaks, CA). Human fXla, human
von Willibrand factor (VWF) and human activated protein C (APC) were gifts from
Haematologic Technologies Inc. (Essex, Vermont). Hirudin was purchased from American
Diagnostica (Stamford, CT). Single-chain high molecular weight kininogen (HMWK) was
purchased from Enzyme Research Labs Inc. (South Bend, IN). HEPES buffer, polyethylene
glycol 8000 (PEG), CaCl, (Ca%*), ZnCl, (Zn%*) and NaCl were purchased from Fisher
Scientific (Pittsburgh, PA). FXI deficient plasma was purchased from George King
Biomedical (Overland Park, KS). Immuno-depleted fVIII and VWF deficient plasma were
purchased from Precision Biologic (Dartmouth, Nova Scotia). Immuno-depleted FV
deficient plasma, pooled 6-donor normal plasma, corn trypsin inhibitor, plasma-derived fXI,
and SN-13a substrate were prepared in-house. 1,2-Dioleolyl-sn-Glycero-3-Phospho-L-
Serine (PS) and 1,2-Dioleoyl-sn-Glycero-3-Phosphocholine (PC) were purchased from
Avanti Polar Lipids, Inc (Alabaster, AL). Phospholipid vesicles (PCPS) composed of 25%
PS and 75% PC were prepared as described [27]. Simplastin Excel S commercial PT reagent
and TriniCLOT Automated aPTT reagent were purchased from Trinity Biotech (Bray,
Ireland). Immobilon P, polyvinilydene fluoride (PVVDF) was from Millipore (Billerica,
Massachusetts). Murine anti-human fXI-2 and anti-human FV-17 were produced from the
Program Antibody Core Facility (Colchester, Vermont).

FXla generation in the aPTT

FXI deficient plasma reconstituted with 30 nM plasma derived fXI was incubated with aPTT
reagent for 5 minutes at 37°C in a 96 well plate. The reaction was quenched with 0.5 mg/mL
of corn typsin inhibitor (CTI) for 5 minutes. The fluorescent substrate specific for FXla
(SN-13a, 100 uM final) [28] was added and hydrolysis was measured in a Biotek (Winooski,
VT) Synergy 4 fluorescence plate reader. A calibration curve was developed by the addition
of fXla (5,10,20 and 30 nM) to citrated fXI deficient plasma containing 0.5 mg/mL CTI.
SN-13a (100 pM final) was added and the hydrolysis rates were measured.

Role of fXlain the aPTT

aPTT experiments were performed in normal 6-donor plasma as follows: 100 uL plasma
was incubated with 100 uL of aPTT reagent for 5 min at 37°C either in the presence or
absence of 0.1 mg/mL of an inhibitory fXla antibody (aFXI-2). The reagent and plasma
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mixture were then mixed with: a HEPES buffered saline pH 7.4 (HBS) control buffer, flXa
(0.001-10 nM) or 60 pM rfVIlla (all additions <5% of plasma volume) immediately prior to
recalcification.

FXla activation of fVIII/fV

Recombinant human fVI11 (1.5 nM) and human fV (20 nM) were incubated in HBS, Ca?* (2
mM), and PEG (0.1%) pH 7.4 at 37°C. Prior to the addition of fXla (10 nM), the reactions
were supplemented with ZnCl, (10.8 uM), ZnCl, and HMWK (100 nM) and in the case of
fVII1, the reaction was supplemented with ZnCl,, HMWK and VWF (10 pg/mL). Reaction
aliquots were removed at specific time points and assayed for fVIlla and fVa activity using
the aPTT and PT clotting assays respectively in a Stago 8 (Diagnostica Stago, Parsippany,
New Jersey) clotting apparatus. For the aPTT, fVII/VWF deficient plasma was pre-
incubated with the aPTT reagent for five minutes prior to addition of fVIII and initiation via
Ca?* addition. PT assays were performed in immuno-depleted fV-deficient plasma.

FXla proteolysis of fVIII/fV/fVa: SDS-Page and NH,-terminal sequencing

Human recombinant fVII1 (1.5 uM), human fV (1.5 uM) or thrombin derived human fVa
(quenched with the addition of hirudin) were treated with fXla (100 nM) in HBS, Ca%* (2
mM), PEG (0.1%) pH 7.4 at 37°C. Aliquots were removed at specific time points for 8-18%
SDS-PAGE analysis under reducing conditions and assayed for fVIl1a/fVa activity as
described above. Due to the complexity of the cleavage pattern seen in SDS-PAGE, the fV
heavy and light chains were separated on a BioCAD perfusion chromatography workstation
(Applied Biosystems, Foster City, CA) and individually treated with fXla as above. The
fragments generated when fXla cleaved the separated chains of fVa, yielded a collection of
peptide analogous to that observed when the intact molecule is proteolyzed thus facilitating
sequencing. For NH,-terminal sequencing, the proteins were subjected to 8-18% SDS-
PAGE under reducing conditions and subsequently transferred to a PVDF membrane and
stained with coomassie brilliant blue. NH,-terminal sequencing of rfVIIl, and fV HC/LC
fragments from PVDF membranes was performed as described [29] in the laboratory of Dr.
Alex Kurosky (University of Texas Medical Branch, Galveston, TX)

Computational Model

A mathematical model of the aPTT assay was constructed by integrating a set of reactions
describing a fXla-initiated pathway to fXa formation with a previously described model of
tissue factor-initiated thrombin generation [30]. The reaction dynamics represent events that
in the empirical assay take place post recalcification, with the concentrations of all modeled
proteins set at 30 % of their mean physiologic values to reflect the 3 fold dilution of citrate
plasma in the assay. The catalytic sequence leading to the formation of fXla upon mixing
equal volumes of citrate plasma and activator reagent is not modeled. A second order rate
constant of 1.9 x 10M~1s™1, the average of several published values [31-33], was used for
fXla activation of fIX; a rate constant of 5700 M~1s71 [10] was used for fIXa activation of
fX; a rate constant of 1 x 108 M~1s™1 [4] was used for fXa activation of fVIII; a rate
constant of 0.1 x 108 M~1s71 [34] was used for fXa activation of fV; and a rate constant of
600 M~1s71 [35] was used for reaction of fXla with antithrombin. Second order rate
constants for fXla activation of fV and fVIII were determined in this study. The
computational output is athrombin generation over time with time to 2 nM a-thrombin used
as a computational representation of clot time.
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Results

The role of fXla in the intrinsic pathway

The initial rate of fXla hydrolysis of the SN-13a substrate in CTI citrate plasma was used to
construct a standard curve for measuring the development of fXla activity in plasma (data
not shown). From the rate of substrate hydrolysis, the estimated concentration of fXla
generated during the preincubation with the aPTT reagent was 18 nM, which represents 60%
activation.

APTT clotting experiments were designed to distinguish the contribution of fXla to fIX and
fVI1I1 activation in the contact pathway. Normal pooled plasma clotted in 30 £ 2 sec. The
addition of 0.1 mg/mL of a fXla inhibitory antibody, afXI-2, extended the clot time to 74
sec which is consistent with a loss of fXla activity and comparable to that observed in fXI
deficient plasma. In the presence of the fXI-2 inhibitory antibody, the addition of 10 pM
fIXa resulted in a 72 sec clot time. When the level of flXa was raised to 100 pM, the clot
time was reduced by only 10 sec to 64 sec which indicates that these levels of fIXa are
insufficient to drive normal thrombin generation. In the presence of fXI inhibitory antibody,
normalization of the aPTT clot time required the addition of 10 nM flXa. In contrast to fIXa,
addition of thrombin activated rfV1lla to fVIII deficient plasma showed that the amount of
rfV1l1a required to normalize the aPTT clot time is approximately 20 pM, representing
activation of only 1.5% of the total fV111 pool. In the presence of the fXI inhibitory
antibody, the addition of small amounts of exogenous fVI1lla in addition to exogenous flXa,
reduced the amount of flXa needed to normalize the aPTT by 20-fold. Due to the high levels
of fIXa required to achieve normal aPTT function in the absence of fXla, these data rule out
both fXlla and prekallikrein as fVI1I activators and suggest fXla as the initial activator of
fVIIIin the aPTT.

FXla treatment of rfVIll

FVII1 is secreted as a 2-chain glycoprotein (NHo-terminal residues 1-1649; COOH terminal
1650-2332) that circulates at a concentration of approximately 1.5 nM [36]. Thrombin
activates fVIII via cleavages at R372, R740 and R1689 yielding a heterotrimeric cofactor
(M, =50, 43 and 73 kD respectively). The cofactor is unstable due to spontaneous
dissociation (T1/, ~ 100 s) of the 373-740 fragment [37,38], complicating estimates of
fVIlla cofactor activity. Time course analyses of the activation of fVIII by thrombin showed
a maximum increase in fVI1I clotting activity of 43-fold achieved within 60 seconds. This
level of cofactor activation was defined as maximal and was used to estimate the extent of
activation of rfVIII by fXla.

Experiments were performed at plasma concentrations of fVIII (1.5 nM) and fXla 10 nM
(Fig 1) [36]. The functional fVIlla level reached a maximum of 60 pM in 90 seconds. When
the reaction was performed at 10 nM fXla in the presence of physiologic zinc levels (10.8
uM) the rate and highest level of cofactor activity achieved were approximately doubled.
The addition of 100 nM single-chain HMWK with Zn2* resulted in an additional 3-fold
increase in the rate and maximum level of functional fVIlla. HMWK in the absence of fXla
had no effect on fVI11 activity under the same conditions. The fVIII/HMWK/Zn2* reactions
were repeated in the presence of 10 ug/mL VWF. The addition of VWF had little effect on
peak fVIlla activity, however it decreased the rate of activation 2-fold. Once peak activity
was achieved, VWF appeared to buffer the activated product leading to a preservation of
fVIlla activity. The addition of the direct thrombin inhibitor hirudin had no effect on the
activities of any of these reactions. A second order rate constant (3.9 x10* M~1s71) was
estimated from the initial rate of fXla activation of fVIII.
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FXla treatment of rfVIIl: SDS-PAGE analysis

Apparent mass analyses of products were performed using SDS-PAGE (Fig 2). The fVIII
procofactor displays products at M, = 200000 corresponding to the heavy chain and B-
domain fragment of fVII1 (1-1649), and a lower molecular weight band M, = 80000
corresponding to the light chain (residues 1650-2332). Within 5 minutes of incubation with
fXla, 60% of the heavy chain is cleaved generating fragments at M, = 170000, 90000, 50000
and 45000. The heavy chain is completely cleaved within 25 minutes, producing a band
pattern similar to that seen with thrombin. However, several low molecular weight bands are
also evident: a species at M, = 28000 and doublet at M, = 22000/20000 appear concurrent
with heavy chain depletion. A single band M, = 30000 appears throughout the time course;
consistent with the fXla light chain. The fVIII light chain appears to undergo negligible
proteolysis with a slight shift in mobility similar to that seen after cleavage at R1689 by
thrombin (see figure 3).

Model of fXla cleavage of fVIII

A model of fXla cleavage of rfVIII was constructed (Fig 3). FXla initially cleaves at R740
and R372 in the heavy chain. Further proteolysis of the A2 domain follows with sequential
cleavages occurring at sites upstream from the COOH-terminus, with proteolysis of this
region possibly contributing to a reduced fVIlla cofactor activity. FXla makes several A3
cleavages most notably at R1652 and R1721. Fragments with the SDS-PAGE mobility of
the thrombin derived light chain also suggest a cleavage at R1689; however this could not be
verified by NH,-terminal sequencing. The cleavages made by fXla in the heavy chain at
R740 and R372 are identical to those seen with thrombin. Thrombin cleaves the light chain
at R1689, which serves to release fVII1 from von Willebrand factor [4]. The fXla cleavage
at R1721 may also lead to the release of VWF along with a significant portion of the A3
NHo-terminus.

FXla treatment of fV/Va

In contrast to fVIII, fV is secreted as a single chain glycoprotein which circulates in plasma
at a concentration of 20 nM [39-41]. Thrombin activates fV with cleavages at R709, R1018
and R1545, which release the B-region producing a fVa heavy chain M, = 105000 (1-709)
and a light chain M, = 74000/72000 (1546-2196) [42]. APC inactivates fVa by proteolysis
of the heavy chain at R306, R506 and R679, leading to the dissociation of the A2
domain[43]. When 1.5 uM fV is treated with 10 nM thrombin, complete activation occurs
within 15 min, and the cofactor activity is stable for at least an hour. With activation by
thrombin, an apparent 20-fold increase in activity is observed when measured in a
prothrombin time (PT) assay in fV-deficient plasma. Relative cofactor activity of the fXla
cleaved fVV/Va was calculated on the basis of a thrombin-derived fVa standard curve.

FV activation measurements were performed at physiologically relevant concentrations of
fV (20 nM) and fXla 10 nM (Fig 4). FVa activity reached a maximum of ~0.65 nM (2%) in
150 seconds and remained relatively constant over the 5 minute time course. When the
reaction was performed at 10 nM fXla in the presence of physiologic zinc (10.8 uM) the rate
and highest level of cofactor activity achieved were unchanged (data not shown). A second
order rate constant (6000 M~1s™1) was estimated from the initial rate of fXla activation of
fV. The addition of 100 nM single-chain HMWK resulted in a decrease in relative fVa
activity compared to fV alone. HMWK in the absence of fXla had no effect on fV activity
under the same conditions (data not shown).

J Thromb Haemost. Author manuscript; available in PMC 2011 July 1.
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FXla treatment of fV/Va: SDS-PAGE analysis

Coomassie blue staining of the fXla proteolysis time course of fV is presented in figure 5.
Intact fV is completely cleaved in 30 minutes with several intermediate fragments evident
above M, = 150000. A trace amount of a species with the mobility of thrombin-derived fVa
heavy chain (M, = 105000) appears after 5 minutes. A species with the mobility of the light
chain is evident at 5 minutes and suggests a cleavage at R1545. Three species of M, =
52000, 50000 and 48000 are observed at 5 minutes and their relative levels remain constant
after intact fV has disappeared. A lower molecular weight M, = 30000 fragment steadily
increases over the time course.

The SDS-PAGE analysis of fXla treatment of fVVa was performed (data not shown).
Significant proteolyses of fVa heavy and light chains were observed, with the heavy chain
being completely consumed in 20 minutes. Light chain proteolysis occurs more slowly with
approximately 10% intact light chain remaining after 60 minutes. Three species with M, =
520000/50000/48000 are observed. A M, = 30,000 band is generated over the time course as
seen with fXla proteolysis of fV.

Model of fXla cleavage of fV

A model of the proteolytic process for fV is presented in figure 6. FVVa heavy chain
proteolysis occurs via two paths with several intermediates, with initial cleavage either at
R510 or at a residue COOH-terminal to R306. Western blotting (data not shown) suggests
that the cleavage at R510 is preferred with the alternate cleavage immediately following.
The fragment cleaved at the A1-A2 junction runs at M, = 50000, but does not immuno-react
with a fV heavy chain antibody af\/-17 which recognizes an epitope between R307 and
R506. This leads to the conclusion that fXla cleaves COOH-terminal to R306, possibly at
the fXa/plasmin cleavage site, R348. However, attempts at trapping this fragment for NH,-
terminal sequencing were not successful. Nevertheless, it appears that this fragment is
further processed at R510 and R679. FXla makes a single cleavage in the fVVa light chain at
R1765.

Numerical Simulation of the aPTT

In order to explore the potential the role of fXla activation of fVIII and fV in the aPTT, we
modified our computational model of tissue factor-initiated thrombin generation [30] to
display the dynamics of thrombin generation in the aPTT subsequent to the preincubation
phase which provides Xla and (hypothetically) fVIlla and fVa. Thus, the model reflects the
concentrations of proteins and the dynamics seen upon recalcification and describes a
pathway initiated by fXla activation of fIX with limited amounts of fVIlla and fVa
generated during the activation phase.

Figure 7a presents a model analysis which compares thrombin formation with and without
the preactivation of fVI1I and fVV. Without procofactor activation prior to recalcification, the
time to 2 nM thrombin is 48 seconds, while including the limited preactivation predicted by
the empirical study achieves a clot time of 27 secs.

FXa, a low efficiency activator of both V111 [4,44] and fV [34], is not considered an
important activator of the procofactors during tissue factor-initiated thrombin generation
[34]. The potential for procofactor activation by fXa (activated by flXa) was evaluated;
however this model only shortened the “clot” time to 47 seconds. When the preactivation
phase of the aPTT was modeled producing both fXla and the low amounts of empirically
determined cofactors (e.g. 4.5% fVIlla (20.3 pM) and 1.8% fVa (105 pM)), these
modifications shortened the “clot” time to 27 seconds, consistent with empirical aPTT
values for plasma from healthy individuals.

J Thromb Haemost. Author manuscript; available in PMC 2011 July 1.
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Figure 7b presents a comparison of predicted and measured clotting times in a fVII1 aPTT
titration. For the case in which the preincubation step generates 12 nM fXla, along with
4.5% of the fVIII present as fVIlla and 1.75% of the fV present as fVa, the empirical and
model predicted clotting times across a similar range of factor V11l concentrations show
excellent agreement. When either preactivation of fVI11 (squares) or fV (diamonds) is
excluded, the modeled titration does not match the empirical aPTT data. Thus the
computational analysis predicts that the performance of the empirical aPTT assay is
dependent on not only activation of factor XI during the preactivation step activation, but
also on the production of low levels of fVa and fVIlla prior to recalcification.

Discussion

These studies define the mechanistic order and dynamics of procofactor activation by Xla
and support an essential role for fXla-derived procofactor activation in the aPTT. In purified
systems, fXla activates both fVI11 and fV procofactors with cleavages similar to those
observed with thrombin activation, however several cleavage sites related to the inactivation
of the cofactors appear unique to fXla (see figures 3 and 6). Empirical and computational
aPTT data suggest that the presence of fVIlla prior to recalcification is necessary for
sufficient fXa generation. Factor Xla is the likely source of procofactor activation as aPTT
experiments performed in the presence of an inhibitory fXI antibody ruled out fXlla or
kallikrein as potential activators.

The addition of plasma concentrations of zinc and HMWK increase the rate and maximum
level of fVIII activation 4-fold. VWF decreased the rate of activation; however it appeared
to stabilize the generated fV1lla product. The level of fVIlla produced (~60 pM) is
equivalent with that required to normalize the aPTT in fVIII deficient plasma. FXla
activation of fV proceeds at a slower rate resulting in half the relative extent of activation
(~1.8%) versus (~4.5%).

While thrombin is probably the major activator of both procofactors in the contact pathway,
computational modeling of the aPTT is consistent with the need for limited activation of
both procofactors prior to recalcification. Both empirical and computational analyses of the
dynamics of the aPPT suggest that a small level of thrombin-independent procofactor
activation is essential to produce the clot endpoint of the assay.

Potential functions for the contact pathway per-se, remain obscure [13,14]. FXII,
prekallikrein or HMWK deficiencies are not generally associated with bleeding phenotypes
and X1 deficiency (hemophilia C) phenotypes vary widely depending on the hemostatic
challenge [45-52]. Other than its role in the contact pathway as the activator of fIX and its
role in the extrinsic pathway via thrombin feedback activation under certain conditions,
additional roles for fXla remain to be seen [19,53,54]. Picomolar levels of fXla have been
detected in the blood of patients with acute and stable coronary artery disease [55]. Recent
findings by Cushman et al. suggest that among the procoagulant factors 1X, X, XI, XII and
X111, only X1 was independently associated with an increased risk of vascular
thromboembolism [56]. Whether or not fXla procofactor activation plays an important role
in these diseases remains to be elucidated.
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Figure 1. FXla proteolysis of fVII1

Recombinant fVIII (1.5 nM) was incubated with fXla (10 nM) + ZnCl, (10.8 uM) and
HMWK (100 nM) (@) or + ZnCl,, HMWK and VWF (10 pg/mL) (A) in HBS/PEG/Ca?*
at 37°C and aliquots were removed every 30 seconds for fVIII activity analysis. Samples
were diluted to 75 pM fVIII in 100 pL of fVIII/VWEF-deficient plasma and subjected to an
aPTT clotting assay. Clot times were transformed into relative fVI11 concentrations based on
a fVI1II standard curve and normalized to percent activation compared to thrombin activated
fVII1. Data represent mean +/— SEM for three independent experiments.
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Figure 2. FXla proteolysis of fV111: SDS-PAGE analysis

Recombinant fVI11 (1.5 uM) was incubated with fXla (100 nM) in HBS/PEG/Ca2* for 65
min at 37°C. Reaction aliquots were removed every 5 minutes and run out on 8-18% SDS-
PAGE followed by coomassie blue staining. Lane 1 and 16: molecular weight standards;
Lane 2: rfVIII (T=0); Lanes 3-15: FXIla proteolyzed rfVIIIl (5-65 min).
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Figure 3. Model of fVII1 cleavage by fXla

A schematic representation of fVIII cleavages made by fXla. Arrows indicate cleavages
identified by NH,-terminal sequencing. The asterisk at R740 indicates an implied cleavage
based on the mobility of thrombin-derived fragments that could not be confirmed by NH,-
terminal sequencing.
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Figure 4. FXla proteolysis of fV: activity analysis

Human fV (1.5 nM) was incubated with fXla (10 nM) (4) in HBS/PEG/Ca?* at 37°C and
aliquots were removed every 30 seconds for fV activity analysis. Samples were diluted to
0.5 nM fV in 100 uL of fV-deficient plasma and subjected to a PT clotting assay. Clot times
were transformed into relative fVa concentrations based on a fVa standard curve and
normalized to percent activation compared to thrombin activated fVVa. Data represent mean
+/— SEM for two independent experiments.
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Figure 5. FXla proteolysis of fV: SDS-PAGE analysis

Plasma derived fV (1 uM) was incubated with fXla (100 nM) in HBS/PEG/Ca2* for 55 min
at 37°C. Reaction aliquots were removed every 5 minutes and run out on 8-18% SDS-
PAGE followed by coomassie blue staining. Lane 1: molecular weight standards; Lane 2: fV

(T=0); Lanes 3-13: fXla proteolyzed fV (5-55 min).
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Figure 6. Model of fV cleavage by fXla

A schematic representation of fV cleavages made by fXla. Arrows indicate cleavages
identified by NH,-terminal sequencing. Thick arrows denote the preferred pathway as
determined by SDS-PAGE. The asterisks at R709 and R679 indicate an implied cleavage
based on an SDS-PAGE-based comparison to thrombin and APC-derived fragments that
could not be confirmed by NH,-terminal sequencing.
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Figure 7. Computational simulation of thrombin generation in the aPTT

A. Computational simulation of thrombin generation in the aPTT in the presence and
absence of procofactor activation by fXa and fXla. No procofactor activation by either
protease (A ) Procofactor activation by fXa post recalcification (e) Procofactor preactivation
by fXla prior to recalcification (o). Time to 2 nM thrombin for each curve is indicated by
the arrows. B. Empirical aPTT data (A ) was obtained by performing a fVII1 titration in
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fVII/VWE deficient plasma reconstituted with 10 pg/mL VWEF. Data represent mean +/—
SD for two independent experiments (N=2). Computational simulations of thrombin
generation in the aPTT in the presence or absence of procofactor preactivation by fXla:
FVIII (4.5%) and fV (1.75%) preactivation by fXla prior to recalcification (o);fV
preactivation only (m); fVII1 preactivation only (4p).
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