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Abstract
We recently identified an acidic-rich segment in the A1 domain of factor VIII (residues 110–126)
that functions in the coordination of Ca2+, an ion necessary for cofactor activity (Wakabayashi et
al., J. Biol. Chem. 279:12677–12684, 2004). Mutagenesis studies showed that replacement of
residue Glu113 with Ala (E113A) yielded a factor VIII point mutant possessing increased specific
activity as determined by a one-stage clotting assay. Mutagenesis at this site suggested that
substitution with relatively small, nonpolar residues was well-tolerated, whereas replacement with
a number of polar or charged residues appeared detrimental to activity. Ala-substitution resulted in
the greatest enhancement yielding an ~2-fold increased specific activity. Time course experiments
following reaction with thrombin revealed similar rates of activation and inactivation of E113A as
observed for the wild type. Results from factor Xa generation assays showed minimal differences
in kinetic parameters and factor IXa affinity for E113A and wild type factor VIIIa when run in the
presence of synthetic phospholipid vesicles, whereas factor VIIIa E113A displayed an ~4-fold
greater affinity for factor IXa compared with factor VIIIa wild type in reactions run on the platelet
membrane surface. This latter effect may be attributed, in part to a 2-fold increased affinity of
factor VIIIa E113A for the platelet membrane. Considering that low levels of factors VIIIa and
IXa are generated during clotting in plasma, the increased cofactor specific activity observed for
E113A factor VIII may result from its enhanced affinity for factor IXa on the physiological
membrane.

Factor VIII functions as a cofactor for the serine protease factor IXa in the membrane-
dependent conversion of zymogen factor X to the serine protease, factor Xa (1, 2).
Deficiency or defects in factor VIII result in hemophilia A, which is characterized by
significant reduction in factor Xa generation rates during the propagation phase of
coagulation.

Metal ions play an important role in regulating factor VIII structure and activity. Factor VIII
is inactivated by EDTA1, which facilitates dissociation of the factor VIII heavy (A1-A2-B
domains) and light (A3-C1-C2 domains) chains (3, 4). Active factor VIII can be
reconstituted by combining the isolated chains in the presence of Ca2+ or Mn2+ (5–7). While
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Ca2+ has little effect on inter-chain affinity (8), Ca2+ binding to both factor VIII chains is
required for the generation of cofactor activity (9). That latter study also demonstrated a
local conformational change in response to Ca2+ binding correlated with formation of the
active cofactor. Factor VIII activity is also reconstituted following addition of Mn2+ (5).
However, the Mn2+-binding site appeared non-identical to the Ca2+ binding site based upon
differential competition by Tb3+ (10).

We recently employed alanine-scanning, site-directed mutagenesis to identify acidic
residues within segment 110–126 of the A1 domain of factor VIII important in Ca2+ binding
(11). Results from that study identified residues E110, D116, E122, D125 and D126, which
are conserved in all known factor VIII sequences (12), as likely participating in Ca2+

coordination. Interestingly, residue E113, although not identified as contributing to Ca2+

coordination, and conserved in all known factor VIII sequences (12), was found to yield ~2-
fold increases in specific activity and affinity for either Ca2+ or Mn2+ following replacement
of the Glu residue with Ala.

In this report, we characterize this gain-of-function mutation at factor VIII E113 following
saturation mutagenesis and activity and inter-molecular affinity assays employing synthetic
and natural membrane surfaces. Results from these studies indicate that Ala represents the
optimal residue at this position yielding maximal specific activity as determined using a
plasma-based assay. A mechanism for this enhanced activity is suggested by the increased
affinity of factor VIIIa E113A for factor IXa observed during factor Xa generation assays
run on the platelet membrane surface, as well as an increased affinity of this factor VIII form
for the physiological membrane surface.

Materials and Methods
Reagents

Phospholipid vesicles containing 20% phosphatidylserine (PS), 40% phosphatidylcholine
(PC), and 40% phosphatidylethanolamine (PE) were prepared using octylglucoside as
described previously (13). Washed gel-filtered human platelets were prepared according to a
modification of a previously published method (14), and were maintained at 37°C and used
within 3–4 hours after isolation. The reagents α-thrombin, factor IXaβ, factor X, and factor
Xa (Enzyme Research Laboratories, South Bend, IN), hirudin and phospholipids (Sigma),
the chromogenic Xa substrate S-2765 (N-α-benzyloxycarbonyl-D-arginyl-glycyl-L-arginyl-
p-nitroanilide-dihydrochloride; DiaPharma, West Chester, OH), and D-Phe-Pro-Arg
chloromethyl ketone (Calbiochem) were purchased from the indicated vendors. The B-
domainless factor VIII (FVIIIHSQ) expression construct HSQ-MSAB-NotI-RENeo was a
gift kindly provided by Dr. Pete Lollar and John Healey. The thrombin receptor
hexapeptide, SFLLRN-amide, was synthesized using (9-fluorenyl)- methoxycarbonyl
(FMOC) chemistry on an Applied Biosystems 430A Synthesizer and reverse phase HPLC
purified to >99.9% homogeneity.

Construction, expression and purification of wild type and Glu113Ala factor VIII
Glu113Ala and wild-type factor VIII forms were constructed as a B-domainless factor VIII
forms, stably expressed in BHK cells, and purified as described before (11). Resultant factor
VIII forms were typically >90% pure as judged by SDS-PAGE. Specific activity of the
factor VIII proteins were determined by one-stage clotting assays (see below) to measure
activity and a combination of ELISA (see below) and direct protein determination by dye
binding (15), densitometry scans of stained gels, and A280.
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Saturation mutagenesis and the transient expression at Glu113 of factor VIII
Factor VIII possessing a mutation at Glu113 to every amino acid was constructed as
described (11) and transiently expressed in COS-7 cells. The factor VIII expression vector
constructs were transfected in exponentially growing COS-7 cells with ~80% confluency
using FuGene6 (Roche, Indianapolis, IN) for 1 day on 6 well tissue culture plates. Medium
was changed to AIM-V (Invitrogen) and the conditioned medium was collected after 2 days,
spun at 13,000 rpm for 10 min and factor VIII activity was measured by one-stage clotting
assay.

Enzyme-Linked Immunoadsorbant Assay
A sandwich ELISA was performed to measure the concentration of factor VIII proteins (16).
The procedure employed ESH8 (anti-factor VIII light chain antibody; American
Diagnostica) as a capture antibody and biotinylated R8B12 (anti-factor VIII A2 domain
antibody; Green Mountain Antibodies) as the detection antibody. Thus, the epitopes for
these antibodies are far-removed from the sites of mutagenesis. The amount of bound factor
VIII was determined optically using a streptoavidin-linked horse radish peroxidase
(Calbiochem) with the substrate, Ophenylenenediamine dihydrochloride (Calbiochem), as
previously described (16). Purified commercial recombinant factor VIII (Kogenate, Bayer
Corporation) was used as the standard to determine the concentration of the samples.

One-stage clotting assay
One-stage clotting assays were performed using substrate plasma chemically depleted of
factor VIII (17) and assayed in a Diagnostica Stago clotting instrument. Plasma was
incubated with APTT reagent (General Diagnostics) for 6 min at 37°C at which time a
dilution of factor VIII was added to the cuvette. After 1 min the mixture was recalcified and
time to clot formation determined and compared to a pooled normal plasma standard.

Thrombin activation assay
Wild type or E113A factor VIII (10 nM) was activated by thrombin (5 nM, 0.6 units/ml) in
20 mM HEPES, pH 7.2, 0.1 M KCl, 0.01% Tween 20, 0.01% BSA, 5 mM CaCl2. At
indicated times aliquots were removed and treated with hirudin (2 units/ml). After
appropriate dilution (1:100~1:5,000) activity was measured by clotting assay.

Factor Xa generation assays
The rate of conversion of factor X to factor Xa was monitored in a purified system (18) and
performed at room temperature according to methods previously described (8, 9). Activity
was determined as the amount of factor Xa generated (nM) per minute and converted to a
value per nM factor VIII. The specific activities of factor VIII forms were determined using
a modification of this assay. A factor VIII standard was made by diluting pooled normal
plasma in 20 mM HEPES, pH 7.2, 0.1 M KCl, 0.01% Tween 20, 5 mM CaCl2, 0.01% BSA
and 10 mM PSPCPE vesicles with factor VIII deficient hemophilic plasma (George King
Biomedical Inc., Overland Park, KS) mixed to adjust the final concentration of total plasma
in the reaction to 10%. Factor VIII wild type and E113A samples were prepared in the same
manner. Factor VIII activation and subsequent Xa generation reactions were initiated by 0.5
nM thrombin, 10 nM factor IXa, and 100 nM factor X at 37°C. After 15 minutes the samples
were reacted with the factor Xa chromogenic substrate (0.46 mM, S-2765), 50 mM EDTA,
and 2 units/ml hirudin for 30 minutes at 37°C and optical density at 405 nm was measured
by Vmax microtiter plate reader (Molecular Devices, Sunnyvale, CA).
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Factor VIII cofactor parameters in the presence of synthetic phospholipid vesicles
Indicated concentrations (0–15 nM) wild type or E113A factor VIII were activated by
thrombin (20 nM, 2.4 units/ml) for 1 minute followed by the incubation with 1 nM factor
IXa for 2 minutes in 20 mM HEPES, pH 7.2, 0.1 M KCl, 0.01% Tween 20, 0.01% BSA, 5
mM CaCl2, and 10 μM PSPCPE vesicles. The activity of formed factor Xase complex was
measured by factor Xa generation assay as described above and was plotted as a function of
factor VIII concentration. The data were fitted to the quadratic equation shown below by
non-linear least square regression and affinity to factor IXa was estimated.

eq. 1

where A is activity (nM/min/nM factor IXa), IXa is the applied factor IXa concentration (1
nM) in the reaction mixture, VIII is the factor VIII concentration, Kd is the dissociation
constant, and k is a constant. Michaelis-Menten constants for factor Xase were estimated as
follows. Wild type or E113A factor VIII (20 nM) was activated by thrombin and incubated
with 1 nM factor IXa for 1 min. Reactions were initiated by addition of factor X (0–300
nM). Data were fitted to the Michaelis-Menten equation shown below by non-linear least
square regression and factor Xase enzyme parameters were estimated.

eq. 2

where A is activity (nM/min/nM factor IXa concentration), [FX] is the factor X
concentration, Vmax is the maximum reaction velocity, and Km is the Michaelis-Menten
constant.

Factor Xa generation in the presence of platelets
Factor VIII (0–40 nM for factor VIIIa titration and 12 nM for factor X titration) in the
presence of factor IXa (1 nM) was activated by thrombin (10 nM, 1 unit/ml) at 37°C for 2
minutes. Thrombin was inhibited by subsequent addition of hirudin (6 units/ml),
immediately before reactions were added to platelets (5 × 107 platelets/ml). Where
indicated, platelets were activated by 50 M SFLLRN-amide at 37°C for 5 minutes in
HEPES-Tyrodes-BSA buffer and 5 mM CaCl2. Reactions were initiated by addition of
factor X to the final concentrations indicated in the figure legends and stopped after 2
minutes at 37°C by addition of 10 mM EDTA. Progress curves were fit to the Michaelis-
Menten equation (eq. 2).

Measurement of factor VIII/VIIIa binding to activated platelets
Wild type and E113A factor VIII were radiolabeled with Bolton-Hunter reagent to a specific
activity of ~600–1,000 cpm/ng and were characterized structurally and functionally as
described previously (14). Platelets (3–4 × 108 platelets/ml) were incubated in HEPES-
Tyrodes buffer supplemented with BSA (2 mg/ml), 5 mM CaCl2, and mixtures of labeled
and unlabeled factor VIII proteins as previously described (14). All binding experiments
were performed in 1.5 ml Eppendorf plastic centrifuge tubes at 37°C for 20 minutes. After
incubation, aliquots (100 μl) were removed and centrifuged at 12,000 × g in a Beckman
Microfuge E, through a mixture of silicone oils (Dow-Corning 500 and Dow Corning 200
mixed 4:1, vol:vol) to separate platelets from unbound proteins (19). The 125I constant in
both the platelet pellets and the supernatants was determined by counting gamma-emission
in a Wallac Gamma Counter (Gaithersburg, MD) using the 125I energy window. The number
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of binding sites and Kd values were estimated by non-linear least square regression using the
equation.

eq. 3

where B is a concentration of bound factor VIII or VIIIa converted from radioactivity,
[FVIII] is the factor VIII or VIIIa concentration, Bmax is the maximum factor VIII
concentration able to bind to platelet surface, and Kd is the dissociation constant. Binding
capacity was estimated by multiplying the Bmax value by Avogadro s number and dividing
by the number of platelets.

Statistical Analysis
Nonlinear least-squares regression analysis was performed by Kaleidagraph (Synergy,
Reading, PA) to obtain parameter values and standard deviations.

Results
Saturation mutagenesis at position E113

In a recent report we showed that a point mutation at A1 domain residue E113 to Ala
(E113A) yielded a factor VIII form with an ~2-fold increased specific activity as determined
by one-stage clotting assays (11). In order to determine whether Ala represented the optimal
residue at this position for activity, we performed saturation mutagenesis at this site. Factor
VIII constructs were prepared in which every amino acid was encoded at position 113.
Factor VIII point mutants were transiently expressed in COS cells and factor VIII activity in
the conditioned media was assayed using a one-stage clotting assay. A wild type control was
expressed with each set of mutations and its activity value was set at unity. Results
presented in Figure 1 showed that factor VIII:E113A possessed the apparent greatest
increase in activity relative to wild-type (~3-fold). Levels of the expressed proteins were
insufficient to accurately quantitate factor VIII concentration, hence specific activity values.
Thus the following observations are limited by this constraint. Substitution with Gly, Asn or
Met at this position yielded a modest activity increases (<50%), whereas several
substitutions including Leu, Ile, Val, Pro, Cys and Arg showed little if any effect. On the
other hand, a number of residues including Lys, Gln, Trp, Tyr, Pro, His, Asp, Phe, Ser, and
Thr appeared to be somewhat detrimental to activity. Given the limitation in this analysis,
these results tend to suggest that while substitutions at position 113 are not typically well-
tolerated, selected mutations appear to result in modest increases in cofactor activity. Thus
residue 113 appears to contribute, directly or indirectly to factor VIII function.

Functional characterization of factor VIII:E113A
Further analyses of factor VIII:E113A and comparisons to wild type factor VIII used
purified proteins obtained from stable expressing BHK cell lines as described in Methods.
Factor VIII:E113A concentration and subunit composition were equivalent to wild type as
confirmed by SDS-PAGE analysis and Coomassie staining (results not shown). Specific
activity, as determined by one-stage clotting assay and ELISA, was rigorously tested over a
range of factor VIII concentrations (0.1 to 2 nM) and for several separate preparations of the
proteins. Results indicated that enhanced specific activity values, 9.8 ± 0.9 units/μg
compared with 4.8 ± 0.5 units/μg for E113A and wild type factor VIII, respectively (this
study and (11)), were observed for all preparations of E113A and at all concentrations tested
(data not shown). Interestingly, kinetic data obtained in our earlier study (11) examining
Ca2+ affinity by factor Xa generation assays performed in the presence of synthetic
phospholipid vesicles suggested the E113A mutant possessed a modest (~10%) activity
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increase compared with wild type. Indeed, determination of specific activity values
substituting the chromogenic, factor Xa generation assay for the one-stage clotting assay
yielded values of 11.3 ± 1.8 and 10.9 ± 1.7 units/μg for E113A and wild type, respectively,
confirming that the activities assessed by this method showed little if any difference.

Thrombin activation and activity decay of factor VIII:E113A
E113A and wild type factor VIII forms were activated by thrombin and changes in activity
were monitored over time using a one-stage clotting assay (Figure 2). Both forms were
activated ~40-fold which occurred over a similar time course. Furthermore, at all time points
factor VIIIa derived from the E113A factor VIII possessed about twice the activity as wild
type factor VIIIa. In addition, both activated forms decayed at similar rates suggesting that
this mutation did not alter in the affinity of the A2 subunit within the factor VIIIa molecule.

Kinetic parameters for factor Xa generation in the presence of synthetic phospholipid
vesicles

Factor Xa generation assays performed using purified reagents were used to assess kinetic
and binding parameters for the E113A and wild-type factor VIII forms. Titration of factor
IXa (1 nM) and saturating (see below) factor X (300 nM) with variable concentrations of the
factor VIIIa forms were performed to yield functional Kd values to assess affinity of factor
VIIIa for factor IXa in forming the factor Xase complex. Results from these experiments
showed maximal rates of factor Xa generation (Vmax) were not significantly greater using
factor Xase comprised of the E113A factor VIIIa form (Figure 3A, Table 1). The derived
affinity values for the factor VIIIa-factor IXa interaction suggested no difference for the
E113A factor VIIIa and wild type factor VIIIa forms (Table 1). Using fixed concentrations
of factors VIIIa and IXa in the presence of phospholipid vesicles and titrating factor X, we
determined a modestly increased Km value for E113A compared to wild type (Table 1).

Kinetic parameters for factor Xa generation in the presence of platelets
We also performed factor Xa generation assays to assess kinetic and binding parameters for
the E113A and wild-type factor VIII forms in the presence of activated and non-activated
platelets. Surprisingly, E113A factor VIIIa affinity for factor IXa, while similar to that
observed for wild-type factor VIIIa on the synthetic membrane vesicles, was 3–4-fold higher
than that observed for wild type factor VIIIa when measured on either activated or non-
activated platelets (Fig. 4A, Table 1). E113A factor VIIIa showed a slightly higher Km value
(~30 %) compared with wild type when factor Xa generation assays were performed in the
presence of activated platelets (Table 1). A greater apparent increase in this parameter (~3
fold) was observed for E113A factor VIIIa compared with wild type on the unactivated
platelet. However, the relatively large standard deviation of the experiment, likely resulting
from low signal to background values, failed to show a statistical difference. The Vmax value
obtained by titrating E113A factor VIIIa into 1 nM factor IXa was not significantly different
compared with that for wild type factor VIIIa. The Vmax estimations in Figure 4B obtained
by titrating substrate factor X were performed at cofactor concentrations (12 nM) below the
Kd for factor IXa interaction with wild type factor VIIIa. Thus the greater apparent Vmax
values observed with the E113A factor VIIIa (14.7 and 1.2 nM/min on activated and non-
activated platelets, respectively) compared with wild type factor VIIIa (10.4 and 0.4 nM/min
on activated and non-activated platelets, respectively) are likely a reflection of a higher
concentration of factor Xase due to the higher affinity of E113A factor VIIIa for factor IXa.

Factor VIII:E113A binding on activated platelets
Binding parameters for wild type and E113A factor VIII/VIIIa on activated platelets were
assessed using 125I-labeled proteins. Binding affinities of the E113A proteins for platelets
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were increased ~2-fold compared with the wild type proteins (Figure 5, Table 2) and this
difference was significant for the factor VIIIa forms. While the mean number of binding
sites appeared somewhat greater for the factor VIIIa forms compared with the unactivated
cofactors, we observed no significant differences as a result of mutation at E113. High factor
VIII/VIIIa concentrations (>8 nM) resulted in apparent decreases in the observed maximal
binding capacity (<15% of maximal values), and this effect was more pronounced for the
E113A proteins. The reason(s) for this observation is (are) not known.

Discussion
We have recently mapped a Ca2+-binding site within residues 110–126 of the A1 domain of
factor VIII (11). This region was identified following site-directed mutagenesis of candidate
acidic residues within this segment, expression and purification of the recombinant factor
VIII forms, and functional assay assessing affinity for Ca2+. Results from that study
identified several acidic residues that contribute to Ca2+ coordination, and showed that
occupancy of this site was necessary for maximal factor VIII specific activity. Mn2+ also
binds near this region yielding a similar effect to that seen with Ca2+. While the mechanism
for metal ion-induced increase in activity is not fully understood, we proposed it resulted
from stabilizing the conformation in and around the A1-C1 interface, thereby facilitating
functional alignment of factor VIIIa A domains with factor IXa in the intrinsic factor Xase.

The glutamate residue at position 113 (E113), which is conserved in all known species of
factor VIII, does not appear to directly contribute to coordinating the calcium or manganese
ions (11). However that study determined that substitution at position 113 with alanine
increased the affinity for either ion by ~2-fold. One possible explanation for this effect is the
negative charge at residue 113 may tend to compete for the divalent cation, weakening its
binding at the desired position. Thus elimination of this charge may facilitate binding of the
divalent cation to its appropriate coordination site. This hypothesis is supported by the
mutation, E113D that yields a hemophilic phenotype (mild or severe) as indicated in the
Hemophilia A database (12). Consistent with the database, we observed a >50% reduced
activity with factor VIII E113D relative to wild type factor VIII. This result is not predicted
given the conservation of charge with the Glu to Asp substitution. One possible explanation
for this phenotype is that the smaller Asp residue may position its carboxylic group
somewhat further removed from the site for Ca2+ coordination, in effect drawing the ion
away from its requisite binding pocket. Since occupancy of this site is required for maximal
cofactor activity (11), this competition may destabilize the coordination site leading to
incorrect and/or weakened binding of the metal ion.

The mechanism for the increase in cofactor activity observed for E113A factor VIII is not
likely related to its enhanced affinity for Ca2+ (or Mn2+), since saturating levels of Ca2+were
included in reaction buffers. While this factor VIII retained a ~2-fold greater specific
activity following activation by thrombin, the apparent rate of its activation and subsequent
rate of decay of activity appeared similar to the wild type protein, suggesting that the
mutation did not affect either interaction with the activating enzyme or dissociation of the
A2 subunit from factor VIIIa. In addition, wild type and E113A showed equivalent stability
of factor VIII activity at 50°C, inter-factor VIII heavy chain-light chain affinity, binding
affinity for von Willebrand factor and effects on the fluorescence anisotropy of fluorescein-
Phe-Phe-Arg-factor IXa in the presence of synthetic vesicles (data not shown). Furthermore,
when we measured the functional affinity for factor IXa and Km for factor X, as judged by
factor Xa generation assays in the presence of synthetic phospholipids, we found virtually
no differences. However, when we performed factor Xa generation assays in the presence of
platelets, E113A exhibited a 3–4 fold increase in factor IXa binding affinity compared with
wild type.
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Comparison of factor Xa generation rates on the synthetic phospholipid vesicle and platelet
membrane surfaces revealed significantly reduced reaction rates on the latter surface. This
observation likely reflects limiting sites on the platelet surface for factor Xase assembly with
more sites available when the platelet is activated compared to non-activated (see Ref. (20)
for review). This limitation is not the case with the synthetic membrane surface where a
Vmax concentration of vesicles allows for essentially complete utilization of the input factors
VIIIa and IXa. Hence this surface does not appear to allow for subtle discrimination of
factor IXa affinity exhibited by the E113A and wild type factor VIIIa forms. Thus we
speculate that under conditions leading to low concentrations of factor Xase, that is,
complex formation on the platelet surface, as well as in a one-stage clotting assay due to low
levels of factor IXa formed, factor Xase formation is facilitated by the relatively higher
inter-protein affinity demonstrated by the E113A mutant. An alternate explanation, that of a
plasma-derived contaminant that is also present in the platelet preparation, responsible for
enhancing the activity of E113A factor VIIIa in the clotting and platelet assays is not likely
since dilution of wild type and E113A factor VIII in hemophilic plasma yielded similar
results in factor Xa generation assays using synthetic vesicles (data not shown).

One mechanism for this observed increase in factor IXa affinity shown for E113A factor
VIIIa may result from the observed increased affinity of this factor VIIIa form for the
platelet surface, since the inter-protein affinity value is a membrane-dependent parameter.
The reason for the enhanced affinity of E113A factor VIII for platelets is not currently
known. Clearly, the E113A mutation occurs in a site (A1 domain) far removed from regions
of factor VIII involved in membrane binding. While significant evidence implicates residues
within the C2 domain as interacting with the membrane surface (21, 22), the recent x-ray
structure of the factor Vai A1/A3-C1-C2 dimer (23) suggests C1 may also contact the
membrane surface. Interestingly, the E113A mutation occurs in a region of A1 involved in
Ca2+ coordination that appears to juxtapose the C1 domain (24) and occupancy of this
coordination site modulates the structure of factor VIII to yield the active conformation (9).
Thus one potential effect of the mutation could be an alteration in conformation in and
around this Ca2+ site that is transduced into C1, subsequently affecting a membrane-binding
site.

Extensive studies on factor Xase assembly and function on the (activated) platelet surface
have defined unique coordinate effects related to component binding affinity and number of
sites (20). Thus the E113A mutation may possess either enhanced interaction for a specific
membrane structure and/or membrane-bound factors IXa and/or factor X. One or more of
these properties may be responsible for the ~2-fold increase in specific activity measured for
E113A factor VIII in the one-stage clotting assay compared to the equivalence of this
mutant with wild type factor VIII when assayed in the factor Xa generation assay using
vesicles. The reason(s) for this activity disparity is (are) not known, but likely reflect
differences in the assays used to measure cofactor activity. Assay disparities between the
plasma-based and factor Xa generation (chromogenic) assays, especially as noted for B-
domainless factor VIII forms, are a source of controversy (25). Indeed, we observed that
factor VIII wild type yielded a specific activity value in the one-stage assay that was ~50%
that observed in the chromogenic assay. On the other hand, specific activity values obtained
for E113A showed minimal assay-dependent differences, suggesting that the E113A
mutation substantially reduced discrepancies in the two activity assays.

There is significant interest in using recombinant DNA technology to develop superior
factor VIII therapeutics that may improve secretion, reduce antigenicity and
immunogenicity, prolong circulatory half-life, and resist inactivation due to subunit
dissociation and/or proteolysis (see Ref. (26) for review). The E113A factor VIII reagent
described in this report offers a further addition to this repertoire; that of possessing

Wakabayashi et al. Page 8

Biochemistry. Author manuscript; available in PMC 2011 June 21.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



increased specific activity due to a point mutation within a Ca2+ binding site that yields
enhanced factor Xase formation on physiological membrane surfaces.
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Figure 1.
Clotting activity following saturation mutagenesis at E113. Factor VIII expression vector
constructs (HSQ-MSAB-NotI-RENeo) for the indicated point mutations were transfected
into exponentially growing Cos-7 cells and the expressed factor VIII was collected and
activity was measured using a one-stage clotting assay. Activity is presented relative to a
transfected wild type control normalized to a value = 1.
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Figure 2.
Factor VIII activity following activation by thrombin. Factor VIII E113A (closed circles)
and wild type (open circles) (10 nM each) were activated by thrombin (5 nM, 0.6 units/ml)
and activity was monitored by one-stage clotting assay over the indicated time course.
Activity is expressed as a ratio to the non-activated factor VIII activity at time 0. Data points
represent the average of two separate determinations.
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Figure 3.
Factor VIII activity determined by a factor Xa generation assay in the presence of
phospholipid A) Titration of factor IXa with factor VIIIa. Indicated concentrations of factor
VIII:E113A (closed circles) or wild type (open circles) were activated with thrombin (20
nM, 1 unit/ml) and reacted with factor IXa (1 nM) and phospholipid vesicles (10 μM).
Factor X (300 nM) was added and rates of factor Xa generation were measured. B) Titration
of factor Xase complex with factor X. Reactions were as described above using factor IXa
(1 nM), factor VIIIa form (20 nM), and phospholipid vesicles (10 μM). Reactions were
initiated with the indicated concentration of factor X.
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Figure 4.
Factor VIII activity determined by a factor Xa generation assay in the presence of platelets.
A) Titration of factor IXa with factor VIIIa. Indicated concentrations of factor VIII:E113A
(closed symbols) or wild type (open symbols) were activated with thrombin (10 nM, 0.6
units/ml) and reacted with factor IXa (1 nM) and activated (triangles) or non-activated
platelets (circles). Factor X (250 nM) was added and rates of factor Xa generation were
measured. B) Titration of factor Xase complex with factor X. Reactions were as described
above using factor IXa (1 nM), factor VIIIa form (12 nM), and activated (triangles) or non-
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activated platelets (circles). Reactions were initiated with the indicated concentration of
factor X.
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Figure 5.
Equilibrium binding of labeled factor VIII forms on activated platelets. The results shown
represent specific binding of factor VIII (Panel A) and factor VIIIa (Panel B) to activated
platelets as described in Methods, where open and closed circles represent specific binding
of factor VIII wild type and factor VIII E113A, respectively.
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Table 2

Binding constants for factor VIII reagents to activated platelets

Ligand Number of Binding Sites (per platelet) Apparent Kd (nM)

wild type FVIII 627 ± 48 1.68 ± 0.43

E113A FVIII 750 ± 46 (p>0.05)* 0.86 ± 0.23 (p> 0.05)

wild type FVIIIa 963 ± 75 2.51 ± 0.55

E113A FVIIIa 1083 ± 59 (p>0.05) 1.20 ± 0.25 (p<0.05)

Parameter values were estimated by nonlinear least square regression of the data shown in Figures 5A and 5B.

*
Statistical significance of the difference of the values between wild type and E113A was calculated by Student s t-test.
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