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Human Coagulation Factor V Purification

and Thrombin-catalyzed Activation

BJORNDAHLBACK,Department of Clinical Chemistry, University of Lund, Malmo
General Hospital, S-214 01 Malmo, Sweden

A B S T RA C T Factor V was isolated from human
plasma by barium citrate adsorption, polyethylene gly-
col fractionation, DEAE-Sepharose CL-6B chroma-
tography, ammonium sulfate fractionation, and gel
chromatography on Ultrogel 22. Degradation of Factor
V during purification was largely prevented by ample
use of inhibitors of proteolytic enzyme. The purified
Factor V was a stable, single-chain molecule with an
apparent molecular weight of 330,000. Activation of
human Factor V by thrombin resulted in a 10- to 15-fold
increase in activity. The activation pattem as monitored
by sodium dodecyl sulfate polyacrylamide gel electro-
phoresis was compared with that of bovine Factor V.
Differences in the patterns of thrombin activation were
noticed between the two species, whereas the final
products were similar. The products of human Factor V
activation are two closely spaced doublets, one with an
apparent molecular weight of - 110,000, and the other,
-72,000. An antibody was raised against the purified
protein. Crossed immunoelectrophoresis showed that
the antibody recognized Factor V both before and after
activation with thrombin.

INTRODUCTION

Factor V is a high molecular weight plasma protein. It is
an essential, nonenzymatic, component of the pro-
thrombinase complex, which also comprises phospho-
lipid, calcium ions, and the serine protease Factor Xa
(1). Factor V also occurs in platelets and is released
when platelets are stimulated by thrombin, for example
(2, 3). When released from the platelets it binds to the
platelet surface, forming part of the binding site for
Factor Xa (4-8).

Bovine Factor V is more stable than its human
counterpart, for which reason most of our knowledge
derives from studies using bovine material (9-14).
However, only recently was bovine Factor V purified to
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homogeneity, by Nesheim et al. (12) and by Esmon (13).
These investigators stressed the importance of using
quick separation techniques and of the addition of
abundant protease inhibitors throughout the purifica-
tion procedure. The Factor V obtained was a single-
chain protein with a molecular weight of 330,000 (12).
Well-defined proteolytic cleavages with concomitant
increase in Factor V activity occurred on incubation
with a catalytic amount of thrombin (13, 14).

Human Factor V is reportedly extremely labile and
only a few attempts have been made to isolate it (9). In
1975, Rosenberg et al. (15) described a four-step
procedure including isoelectric precipitation, hy-
droxylapatite batch adsorption and elution, poly-
ethylene glycol fractionation, and DEAE-cellulose
chromatography. The isolated protein gave a single
band on isofocusing gel electrophoresis but was not
characterized by sodium dodecyl sulfate (SDS)-poly-
acrylamide gel electrophoresis. When incubated with
thrombin, the Factor V activity increased only twoto
threefold, suggesting that the final product was par-
tially degraded. More recently, Bolhuis et al. (16)
described a procedure including cryoprecipitation,
polyethylene glycol fractionation, gel filtration on
Ultrogel 44 (LKB Produkter AB, Bromma, Sweden),
and adsorption of contaminating haptoglobin to
immobilized hemoglobin. It was, however, not unam-
biguously demonstrated that the isolated protein was
indeed Factor V, e.g., that the protein was cleaved by
thrombin quantitatively. In our laboratory the pro-
cedure described has not yielded a pure Factor V
preparation.

This paper reports a simple method for isolating a
stable, apparently undegraded form of human Factor V.
The molecular weight of the isolated protein was
identical with that of bovine Factor V. The activation of
human Factor V by thrombin resulted in a 10- to 15-fold
increase in Factor V activity. The activation products
were characterized by SDS-polyacrylamide gel electro-
phoresis. An antibody against human Factor V was also
raised.
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METHODS

DEAE-Sepharose CL-6B was obtained from Pharmacia Fine
Chemicals, Uppsala, Sweden. Ultrogel 22 was from LKB
Produkter AB, Bromma, Sweden, and agarose from Marine
Colloids Inc., Springfield, N. J. Bovine serum albumin,
soybean trypsin inhibitor, phenylmethanesulfonyl fluoride
(PMSF)' and diisopropylphosphofluoridate (DFP) were from
Sigma Chemical Co., St. Louis, Mo. Ortho brain thrombo-
plastin was from Ortho Diagnostics, Inc., Raritan, N. J.
Polyethylene glycol (PEG), with the mean molecular weight
of 6,000, (PEG-6,000) was from Kebo-Grave AB, Malm6,
Sweden.

Bovine as well as human thrombin was prepared essentially
according to Lundblad et al. (17). They had fibrinogen clotting
activities of 2,500 and 2,300 National Institutes of Health
U/mg, respectively, when tested according to Fenton and
Fasco (18).

Factor V assay
Factor V-deficient plasma was prepared as described (19).

Factor V activity was determined by the method of Kappeler
(20). The assay was performed in a Fibrometer Coagulation
Timer (BBL Microbiology Systems, Becton, Dickinson & Co.,
Cockeysville, Md.). The sample (0.1 ml) was incubated with
0.1 ml Factor V-deficient plasma and 0.1 ml brain thrombo-
plastin at 37°C. After exactly 30 s, 0.1 ml 25 mMcalcium
chloride was added and the clotting time measured. Samples
were diluted in 0.036 M sodium acetate, 0.036 M sodium
barbitone, 0.14 MNaCl pH 7.4, containing 1%bovine serum
albumin. Pooled human citrated plasma, stored in aliquots at
-70°C, was used as a source of Factor V in the preparation of
standard curves. 1 U of Factor V was defined as the activity
found in 1 ml of the pooled plasma.

Antisera
Antisera against the purified Factor V were raised in rabbits.

Approximately 100 ,ug of protein was diluted to a final volume
of 1 ml in 0.9% NaCl and emulsified in Freund's complete
adjuvant. Rabbits were immunized by subcutaneous injec-
tions, and booster doses with the same amount of antigen were
given every 3rd wk until the response was satisfactory.
Monospecific antisera against human albumin and pro-
thrombin were available at the laboratory.

Electrophoretic and immunochemical methods
Agarose gel electrophoresis was run at pH 8.6 in 0.075 M

barbital buffer containing 2 mMcalcium lactate (21). Crossed
immunoelectrophoresis and electroimmunoassay were per-
formed as described (22, 23). SDS-polyacrylamide disc gel
electrophoresis was done in gels containing 5% acryl-
amide (24).

Amino acid analysis
The amino acid composition of human Factor V was deter-

mined in acid hydrolysates (24 and 72 h in 6 MHCI at 1 10°C in
vacuo) with standard procedures using a single-column
program on a Kontron amino acid analyzer with a Durrum resin

1Abbreviations used in this paper: DFP, diisopropyl-
phosphofluoridate; PEG, polyethylene glycol; PEG-6,000,
polyethylene glycol (6,000 mol wt); PMSF, phenylmethane-
sulfonyl fluoride.

(DC4A, Durrum Chemical Corp., Palo Alto, Calif.). Half-
cystine was determinedl as eysteic acid after performic aciid
oxidation (25).

Purification of Factor V
All manipulations of the samples were performed on1 an ice

bath; chromatographies and centrifugations were runl at 4VC.
Blood collection. Human plasma was obtained from the

local blood bank. Approximately 400 ml blood was collected in
63 ml CPD-adenine (Travenol Laboratories, Inc., Deerfield,
Ill.). After separation of blood cells by centrifugation at 5,000 g
for 10 min the plasma was kept at 4°C for at most 1 h before the
purification of Factor V was started. Freshly frozen plasma
(-70°C) was occasionally used as starting material. The
following protease inhibitors were added to the plasma:
benzamidine hydrochloride (1 mM), soybean trypsin inhibitor
(50 mg/liter), DFP (0.5 mM), and PMSF(0.5 mM).

Barium citrate adsorption. 80 ml of I MBaCl2 was added
dropwise per liter of plasma. After the mixture had been stirred
for 1 h, the barium citrate was removed by centrifugation at
6,000 g for 10 min.

PEG-6,000 fractionation. To the supernate from the
previous step solid PEG-6,000 was added (80 g/liter). After
stirring for 1 h the precipitate was removed by centrifugation
at 6,000 g for 10 min. 40 g of solid PEG-6,000 was then adcled
per liter of supernate. The solution was stirred for 1 h, after
which the precipitate was collected by centrifugation at
6,000 g for 10 min and the supernate was rejected.

DEAE-Sepharose chromatography. The PEG-precipitated
material was dissolved in 200 ml ice-cold 50 mMTris-HCl,
0.1 MNH4CI pH 7.5 containing benzamidine hydrochloride (1
mM), DFP (1 mM), PMSF(1 mM), and 10 mgsoybean trypsin
inhibitor. The dissolved pellet was deposited on a columni
(5 x 20 cm) of DEAE-Sepharose CL-6B (Fig. 1) Factor V
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FIGURE 1 DEAE-Sepharose CL-6B chromatography of the
8-12% PEG-6,000 fraction. The column (5 x 20 cm) was
equilibrated in 50 mMTris-HCl, 0.1 MNH4Cl pH 7.5, and 1
mMbenzamidine hydrochloride. After application of the
sample, the column was washed with the equilibration buffer
at a rate of 150 ml/h for 5-6 h (only the last part of the
breakthrough protein peak is shown). Factor V was then eluted
with a linear gradient of NH4Cl (0.1-0.35, 1.15 liter per vessel)
in the equilibration buffer containing 10 mMcalcium chloride.
The flow rate was 150 ml/h and 10-ml fractions were collected.
0, absorbance at 280 nm; 0, Factor V activity. The arrow
indicates where the gradient was started. Fractions wer e
pooled as indicated by the horizontal bars.
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FIGURE 2 Gel chromatography on Ultrogel 22. The ammonium sulfate-precipitated DEAE-
Sepharose pools A to C were separately applied to a column (1.6 x 91, 1.6 x 84, and 1.6 x 84 cm,

respectively) with Ultrogel 22 in 50 mMTris-HCl (pH 7.5), 0.1 MNH4Cl, 10 mMcalcium chloride,
and 1 mMbenzamidine hydrochloride. Fractions of 1.43 ml were collected at a flow rate of5.7 ml/h.
The figure shows the chromatography of pool A (Ultrogel A). 0, absorbance at 280 nm; 0, Factor V
activity. Fractions were pooled as indicated by the horizontal bar.

activity was measured, pooled fractions were kept on an ice
bath, and Factor V was precipitated by solid ammonium
sulfate (60% saturation).

Gel filtration on Ultrogel 22. The precipitates from the
previous step were collected by centrifugation at 10,000 g for
15 min and dissolved in a minimal volume of 50 mMTris-HCl,
0.1 MNH4Cl, 10 mMcalcium chloride pH 7.5 containing 1
mMDFP, 1 mMPMSF, and 1 mMbenzamidine hydro-
chloride. The samples were applied to a column of Ultrogel 22
(Fig. 2). The fractions containing Factor Vactivity were pooled
as indicated in the figure and dialyzed overnight on an ice bath
against 25 mMTris-HCl, 0.05 M NH4Cl, 5 mMcalcium
chloride pH 7.5 containing 0.5 mMbenzamidine hydro-
chloride, and 50% glycerol. The protein solutions con-

centrated by the dialysis by a factor of three to four were then
stored at -20°C.

Bovine Factor V was prepared essentially with the method
described above.2 The major difference between the two
species was the limit of precipitation by PEG-6,000, which
was 5-10% for bovine Factor V. Furthennore, the yield was

higher (25-30%). The isolated bovine Factor V was unde-
graded and homogeneous on SDS-5% polyacrylamide gel
electrophoresis.

Activation of Factor V by thrombin
Factor V (0.1-0.3 mg/ml) in 50%glycerol, 25 mMTris-HCl,

50 mMNH4Cl pH 7.5,0.5 mMbenzamidine hydrochloride, 5
mMcalcium chloride was kept on an ice bath. Bovine or

human thrombin (stock solution of 3,000 and 650 U/ml, respec-
tively) was then added to a final concentration of 2.5 U/ml.
Samples of the incubate (100-200 A1l) were removed at various

2 B. Dahlback and J. Stenflo, unpublished results.

intervals and added to an equal volume of 50 mMTris-HCl pH
6.8,2% SDS, 10%glycerol. No further proteolysis of Factor V,
as judged by SDS-polyacrylamide gel electrophoresis, could
be detected in this buffer. Aliquots were also drawn, diluted
1,000-100,000 times in the Factor V assay buffer and
immediately assayed for Factor Vactivity. After 20 min incuba-
tion on an ice bath, the reaction temperature was raised to 37°C
to accelerate the activation process, and after another 10-15
min additional thrombin was added (2.5 U/ml).

RESULTS

Comments on the purification of Factor V. Because
human Factor V activity in plasma is known to be very

labile, probably because of its sensitivity to proteolytic
enzymes, the isolation was performed at 0°-40C without
interruption. Several protease inhibitors were added
throughout the purification. The isolation procedure
was designed to avoid lengthy dialysis and concentra-
tion steps, as summarized in Table I.

Citrated human plasma, kept at 37°C, rapidly lost its
Factor V activity, and after 6 h it had -30% of that
originally found, while bovine plasma kept under
identical conditions still had -60-70%. When freshly
frozen plasma was used as starting material without
added DFP, the final product contained not only un-

degraded Factor V, but also several lower molecular
weight forms representing partially degraded Factor V.
The barium citrate adsorption of plasma was included
to remove the vitamin K-dependent proteins and
reduce the risk of formation of small amounts of

Purification and Thrombin Activation of Human Factor V
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TABLE I
Purification of Factor V

Total Factor Specific
Fraction Volume Total protein V activity activity Purification Recovery

ml Absorbance units U U/mi/Am, X-fold %
at 280 nm

Plasma 1,770 101,000 3,800 0.038 1 100
Barium citrate supernate 1,800 100,000 3,000 0.03 0.8 79
8-12% PEG-6,000 precipitate 200 12,720 1,800 0.14 3.7 47
DEAE-Sepharose CL-6B 35

Pool A 148 115 444 3.9 102
Pool B 250 39 650 16.7 439
Pool C 208 27 250 9.3 244

Ultrogel 22 6
A 15 1.05 54 51 1,350
B 11.5 1.04 104 100 2,630
C 11.5 0.51 58 114 3,000

thrombin or other active coagulation factors during sub-
sequent steps. When this step was excluded, the limits
of precipitation of Factor V in the following PEG-6,000
fractionation were higher (- 12-18% instead of 8-12%)
and electroimmunoassay showed a considerable amount
of prothrombin (30-50% of that in plasma) in the
dissolved precipitate. The PEG-6,000 precipitation
gave a fourto fivefold purification and rapidly reduced
both the volume and the total amount of protein. The
dissolved precipitate proved suitable for direct applica-
tion to the DEAE-Sepharose CL-6B column (Fig. 1).
This step was concluded -16-20 h after the blood had
been collected and produced a 30-fold (pool A) to 120-
fold (pool B) purification with a recovery of -60%.
Factor V was bound very firmly to the column and was
eluted late in the gradient. Factor V precipitated by
60%ammonium sulfate at this stage of purity could be
stored at 40C for weeks without any significant loss of
activity. Pools A to C from the DEAE-Sepharose were
separately chromatographed on a column with Ultrogel
22 (abbreviated Ultrogel A to C, see Table I). The
chromatogram obtained when DEAE-Sepharose pool
A was applied to the column with Ultrogel 22 is shown
in Fig. 2. DEAE-Sepharose pools B and C gave
chromatograms similar to that of pool A. After dialysis
against glycerol/ buffer and 4 moof storage at -20°C no
loss of Factor V activity or degradation was noticed, as
judged by SDS-polyacrylamide gel electrophoresis.
The specific activities in the best Factor V preparations
were 50-100 U/ml per absorbance unit at 280 nm, and
on incubation with thrombin they were as high as
500- 1,500 U/ml per absorbance unit at 280 nm.

Characterization of Factor V by SDS-polyacryl-
amide gel electrophoresis. The Factor V obtained
after chromatography on Ultrogel 22 of DEAE-
Sepharose pool A was nearly homogeneous (Fig. 3).
Analysis on 10% gels showed no additional protein

bands. The molecular weight of human Factor V was
estimated relative to that of bovine Factor V, which is
reported to be 330,000 (12). Before and after reduction
of disulfide bridges, mixed human and bovine Factor V
appeared as a single band on 5% polyacrylamide gel
electrophoresis, with SDS indicating also that the
molecular weight of human Factor V was 330,000.
Factor V obtained after chromatography on Ultrogel 22
of DEAE-Sepharose pools B and C contained several
electrophoretic components with lower molecular
weight (components B and C, Fig. 3). Like single-chain
Factor V, these bands disappeared completely upon
activation with a catalytic amount of thrombin,

3 3 0 K - M_ - A

220 K - -3- ' _

160 K - C

67 K - - alb

1 = 3 4 5 6

FIGURE 3 SDS-5% polyacrylamide gel electrophoresis of
human Factor V obtained from Ultrogel A to C. Samples 1-3
were unreduced and 4-6 reduced. The relative molecular
weights of the components are indicated at the left. Samples 1
and 4, from Ultrogel A; samples 2 and 5, Factor V from Ultrogel
B; samples 3 and 6, Factor V from Ultrogel C. Approximately
15 ,g protein was loaded on gels 1, 3, 4, and 6 and 25-30 pg
protein on gels 2 and 5. The tracking dye is seen as a band at the
bottom of each gel.
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indicating that they represented partially degraded
Factor V. In Ultrogel B and Ca small amount of Factor V
activity was eluted earlier than the main Factor V peak.
On SDS-polyacrylamide gels, this material gave a
pattern identical with that of the protein of the mean
peak in the same column, and probably represented an
aggregated form of Factor V.

Occasionally the Factor V preparation contained a
contaminant, which was rendered on reduced gels only
(component alb in Fig. 3), and had an apparent
molecular weight of 66,000 after reduction of disulfide
bridges. On agarose gel electrophoresis it migrated like
albumin, to which it is also immunochemically related.
It was probably albumin molecules linked together by
disulfide bridges. In most preparations this polymeric
albumin was not visible, and in no other preparation
was it as obvious as in Factor V from Ultrogel B, shown
in Fig. 3.

Amino acid composition. The amino acid composi-
tion of human Factor V is shown in Table II, together
with the composition reported for bovine Factor V. The
composition of our bovine Factor V preparation (not
shown) was in good agreement with that reported by
Nesheim et al. (12). The carbohydrate content of human
Factor V was assumed to be identical to that of bovine
Factor V (12), which gives a molecular weight of the
apoprotein of 279,000. The major difference in amino
acid composition between the two species was the

TABLE II
Amino Acid Composition of Human Factor V

Amino acid* Human Bovinet

Aspartic acid 252 299
Threonine§ 161 121
Serine§ 245 204
Glutamic acid 305 293
Proline 144 199
Half-cystine 83 24
Glycine 161 146
Alanine 142 131
Valinell 135 108
Methionine 61 43
Isoleucinell 102 124
Leucine 252 240
Tyrosine 81 94
Phenylalanine 91 88
Lysine 139 148
Histidine 62 71
Arginine 108 110

Total 2,524 2,443

* Composition expressed as residues per molecule assuming
a molecular weight of the apoprotein of 279,000.
4 Data from Nesheim et al. (12). The composition of bovine
Factor V is shown for comparison.
§ Extrapolated to zero-time hydrolysis.
"72-h hydrolysis value.

higher half-cystine content in human Factor V. This
difference was found in two preparations.

Activation of Factor V by thrombin. The con-
clusion that the products of the purification procedure
were indeed Factor V was based on the high specific
activity of the protein and on the finding that activation
with both human and bovine thrombin resulted in
complete conversion of the protein to lower molecular
weight products. Catalytic amounts of thrombin were
used, and the reaction mixtures were kept on an ice
bath to facilitate identification of early activation inter-
mediates. After 10 min the temperature was increased
to 37°C, and after another 10 min an additional aliquot
of thrombin was added. The Factor V activity was
followed and the reaction products were examined
with SDS-polyacrylamide gel electrophoresis (Fig. 4).
The pattern obtained was compared with that of
thrombin-catalyzed activation of bovine Factor V, and
the nomenclature of Nesheim and Mann (14) was used.
Activation of human Factor V by human and by bovine
thrombin gave identical patterns on SDS-polyacryl-
amide gels. The high molecular weight form of Factor V
(component A) was quickly cleaved even at the low
initial temperature, and electrophoretic components Al
and D (and to some extent, also component B) were
formed with a concomitant fivefold increase in Factor V
activity. Component D, which on reduced gels
appeared as a closely spaced doublet, was stationary
throughout the incubation and appeared to be an end
product. After increasing the temperature to 37°C there
was an additional twoto threefold increase in activity.
Component A, (and B) disappeared at the same time as
component E and F appeared. The gel pattern was the
same when the reaction temperature was 37°C through-
out the experiment, although early intermediates were
less easily seen.

Thrombin activation of Factor V obtained from the
more heterogeneous Ultrogel B fraction was also fol-
lowed to determine whether the electrophoretic com-
ponents B and C, which were not easily observed
during activation of intact Factor V, were indeed
related to Factor V. Both bands B and C disappeared
during the activation, and it therefore appears that
these components were partially degraded Factor V.
During the activation of intact Factor V, electrophoretic
component B was seen as a faint band, whereas com-
ponent C, in our system, could not be demonstrated as
an intermediate. After completed activation the
patterns were identical whether homogeneous high
molecular weight Factor V or partially degraded Factor
V was used. The Factor V activities found are also
shown in Fig. 4. The increase in Factor V activity
during thrombin activation was the same whether
Factor V from Ultrogel A or B was used, whereas the
more degraded Factor V from Ultrogel C increased only
two- to threefold in activity.

Purification and Thrombin Activation of Human Factor V 587



Thrombin-catalyzed activation of bovine Factor V
was also studied (Fig. 5) to facilitate comparison of the
products with those of human Factor V. In the experi-
ment presented in Fig. 5 the reaction temperature was
37°C. No difference in the pattern of thrombin
activation could be detected if the reaction mixture
initially was kept on an ice bath. Our activation pattern
of bovine Factor V seemed identical to those on record
(13, 14), and the nomenclature of Nesheim and Mann
(14) was adopted. There were distinct differences
between the two species in the activation pattern,
although the final products were similar. As previously
mentioned, the dominating intermediate in human
Factor V activation was component A,, whereas in the
activation of bovine Factor V, components B and C
were predominant. These components closely re-
sembled the additional electrophoretic components B
and C in partially degraded human Factor V. The cause
of this difference between the activation of human
Factor V in the pure system and of the proteolysis that
had occurred during the purification is not clear, but it
may be due to cleavage of human Factor V by some
protease other than thrombin during purification.

The molecular weight of single-chain bovine Factor
V has been determined by Nesheim et al. (14) to
330,000 by sedimentation equilibrium analyses. When
the logarithms of this value and the reported molecular
weights of the bovine Factor V activation products (14)
were plotted against the relative mobilities (on reduced
SDS-5% polyacrylamide gels) of the corresponding
protein bands, a straight line was obtained. This plot
was used as molecular weight standard curve in the
determination of the apparent molecular weights of the
human components (Table III).

Following activation of human Factor Vby thrombin,
aliquots were removed and stored at 220, 40, and at
-20°C to determine the stability of the factor Va ac-
tivity. No differences in stability between the aliquots
stored at the three temperatures could be noticed. After
24, 48, and 72 h of storage -70, 30, and 7%, respec-
tively, of the original Factor Va activity was retained.
A parallel aliquot, 20 mMin EDTAand stored at 40C,
retained 30%of its activity after 3 h, 7%after 24 h, and
1% after 48 h, indicating that human Factor Va, like
bovine Factor Va (13), requires calcium ions to retain its
biological activity.

-~_Immunochemical studies. Crossed immunoelec-

FIGURE 4 Activation of intact human Factor V by thrombin.
HumanFactor V from Ultrogel A (10 U/ml) was incubated with
bovine thrombin (2.5 U/ml). The reaction mixture was kept on

an ice bath; after 20 min (first arrow) it was equilibrated at 37°C,
and after 34 min (second arrow) an additional aliquot of

thrombin (2.5 U/ml) was added. At the times indicated aliquots
were removed and subjected to SDS-5%polyacrylamide gel
electrophoresis. (a) Factor V activity, (b) gels with unreduced
samples, and (c) reduced samples are shown. Components
and relative molecular weights are indicated. Approximately
15 ,ug protein was loaded on each gel. The tracking dye is seen
as a band at the bottom of each gel.

588 B. Dahlback

&

46

I i



. .

:t ,--A

- B

- c

_ _-

_>- alllil _1

_m&
Odm

,w6 _i-_. 4d

-D

- E. F

0 5 10 15 20 30

T I M E (min)

FIGURE 5 SDS-5% polyacrylamide gel analysis of the
activation of bovine Factor Vby thrombin. Bovine Factor V (40
U/ml) was incubated with bovine thrombin (2.5 U/ml) at 37°C.
After 17 min an additional aliquot of thrombin (2.5 U/ml) was
added. At various intervals samples were drawn, reduced, and
subjected to SDS-5% polyacrylamide gel electrophoresis.
Approximately 20 ,ug protein was loaded on each gel. The
tracking dye is seen as a sharp band at the bottom of each gel.

trophoresis of Factor V was run both before and after
activation by thrombin (Fig. 6). Before activation,
Factor V migrated to a position just behind the a,-
antitrypsin band, whereas after activation it migrated
more anodally. The surface under the immunopre-

TABLE III
Molecular Weight of Human Factor V

and Its Activation Products

Bovine Factor V

Component Nesheim and Mann Esmon Human Factor V

mol wt

A 330,000 280,000 330,000
Al 280,000
B 205,000 210,000 220,000
C 150,000 Not reported 160,000
D 94,000 115,000 110,000
E 74,000 73,000 74,000
F 71,000 71,000

The apparent molecular weights of human Factor V and its
activation products were determined by electrophoresis on
5% SDS-polyacrylamide gels after reduction of disulfide
bridges. The bovine Factor V activation products with the mo-
lecular weights given by Nesheim and Mann (14) were used
to construct the calibration curve. The data of Esmon (13)
are also included for comparison.

FIGURE 6 Crossed immunoelectrophoresis of human Factor
V. Factor V from Ultrogel C (a), Factor V from Ultrogel B
(b), Factor V from Ultrogel A (c), and human Factor V from
Ultrogel A after (d) and before (e) activation with human
thrombin (2.5 U/ml) at 37°C are shown.

cipitate was larger after activation by thrombin, a find-
ing suggesting that the activated protein had lost anti-
genic determinants. When plasma was analyzed by
electroimmunoassay with the antiserum against Factor
V, a rocket-like precipitate could clearly be seen,
whereas it was faint and barely visible when serum was
used.

DISCUSSION

The extreme lability of human Factor V in plasma, used
in preparing Factor V-deficient plasma by aging, is the
main reason why isolation procedures yielding an un-
degraded product have not been reported previously
(9, 15). The lability can presumably be explained by the
high susceptibility of Factor V to proteolysis during
blood collection as well as during the initial purifica-
tion steps. The successful purification of the somewhat
more easily handled bovine Factor V (12, 13) drastically
improved the prospects of successful purification of
human Factor V. The isolation procedure for human
Factor V described in this paper uses fresh plasma,
several protease inhibitors, and a low temperature
(0°-4°C). The initial steps are quick and performed
without interruption. The final product is stable for >4
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mo. It was also observed that the Factor V activity after
the DEAE-Sepharose chromatography was stable for
days when stored at 4°C. This indicates that human

-Factor V, once separated from proteases and their
zymogens, is not an intrinsically labile protein.

Though strict precautions were taken to minimize
proteolysis, some of the material obtained was partially
degraded, probably due to proteolysis during blood
collection or the first purification steps. In this context it
should perhaps be pointed out that the starting material
contained -2 U of Factor V per milliliter, indicating
that when obtained from the blood bank the plasma
Factor V was already partly activated. If the local
conditions allow human blood to be collected directly
into anticoagulant containing protease inhibitors, the
final product will probably contain a smaller amount of
degraded Factor V. The partially proteolyzed material
was eluted from the ionic exchange column at higher
salt concentration than undegraded Factor V, as has
also been reported for bovine Factor V (13).

The final yield of the purification was low. This may
have been caused in part by premature activation of
Factor V and rapid subsequent loss of activity. When
bovine Factor V was isolated with essentially the same
procedure, the yield was higher and comparable to
those previously reported (12, 13). Furthermore, there
were no partially degraded forms of the bovine factor.

The activation of human Factor V, followed by SDS-
polyacrylamide gel electrophoresis, differed from that
of bovine Factor V. Thus, component A, could not be
demonstrated on bovine Factor V activation; and com-
ponent C, although present in the partially degraded
human Factor V, was apparently not an intermediate in
the activation of human Factor V in our system. The
final activated products were, however, similar. Human
component D, which on reduced SDS-polyacrylamide
gels appeared as a doublet, has a somewhat higher
molecular weight (110,000) than bovine component D
(94,000) (12), whereas human and bovine components
E and F have virtually identical molecular weights
(74,000 and 71,000, respectively).

The possibility of isolating human Factor V will ad-
vance our understanding of the role played by human
Factor V in the prothrombinase complex and as part of
the platelet Factor Xa receptor. Furthermore, the avail-
ability of a monospecific antibody will be useful in the
development of methods to supplement the conven-
tional clotting assay in the evaluation of various dis-
orders affecting the coagulation system.

ACKNOWLEDGMENTS

The author wishes to thank Dr. Johan Stenflo for generous
support throughout this investigation. The expert technical
assistance of Bergisa Hildebrand is greatly appreciated.

This investigation was supported by a grant to Johan Stenflo

(Swedish Medical Research Council project B80-03X-04487-
06A) and by grants from the Swedish Society of Medical
Sciences, Svenska Sallskapet for Medicinsk Forskning, Kungl
Fysiografiska Sallskapet, and Malm6 Sjukvardsstyrelses
Forskninsfonder.

REFERENCES
1. Suttie, J. W., and C. M. Jackson. 1977. Prothrombin,

structure activation and biosynthesis. Physiol. Rev. 55:
1-70.

2. Breederveld, K., J. C. Giddings, J. W. Ten Cate, and A. L.
Bloom. 1975. The localization of factor V within normal
human platelets and the demonstration of a platelet-factor
V antigen in congenital factor V deficiency. Br. J.
Haematol. 29: 405-412.

3. Osterud, B., S. J. Rapaport, and K. K. Lavine. 1977. Factor
V activity of platelets: evidence for an activated factor V
molecule and for a platelet activator. Blood. 49: 819-834.

4. Miletich, J. P., C. M. Jackson, and P. W. Majerus. 1977.
Interaction of coagulation factor Xa with human platelets.
Proc. Natl. Acad. Sci. U. S. A. 74: 4033-4036.

5. Miletich, J. P., C. M. Jackson, and P. W. Majerus. 1978.
Properties of the factor Xa binding site on human platelets.

J. Biol. Chem. 253: 6908-6916.
6. Miletich, J. P., D. W. Majerus, and P. W. Majerus. 1978.

Patients with congenital Factor V deficiency have de-
creased Factor Xa binding sites on their platelets. J. Clin.
Invest. 62: 824-831.

7. Dahlback, B., and J. Stenflo. 1978. Binding of bovine co-
agulation factor Xa to platelets. Biochemistry. 17: 4938-
4945.

8. Tracy, P. B., J. M. Peterson, M. E. Nesheim, F. C. McDuf-
fie, and K. G. Mann. 1979. Interaction of coagulation factor
V and factor Va with platelets. J. Biol. Chem. 254:
10354-10361.

9. Colman, R. W., and R. M. Weinberg. 1976. Factor V.
Methods Enzymol. 45B: 107-122.

10. Smith, C. M., and D. J. Hanahan. 1976. The activation of
factor V by factor Xa or a-chymotrypsin and comparison
with thrombin and RW-Vaction. An improved factor V
isolation procedure. Biochemistry. 15: 1830-1838.

11. Saraswathi, S., R. Rawala, and R. W. Colman. 1978.
Subunit structure of bovine factor V. J. Biol. Chem. 253:
1024-1029.

12. Nesheim, M. E., K. H. Myrmel, L. Hibbard, and K. G.
Mann. 1979. Isolation and characterization of single chain
bovine factor V. J. Biol. Chem. 254: 508-517.

13. Esmon, C. T. 1979. The subunit structure of thrombin-
activated factor V. J. Biol. Chem. 254: 964-973.

14. Nesheim, M. E., and K. G. Mann. 1979. Thrombin-
catalyzed activation of single chain bovine factor V.J. Biol.
Chem. 254: 1326-1334.

15. Rosenberg, J. S., D. L. Beeler, and R. D. Rosenberg. 1975.
Activation of human prothrombin by highly purified
human factors V and Xa in the presence of human anti-
thrombin.J. Biol. Chem. 250: 1607-1617.

16. Bolhuis, P. A., T. B. M. Hakvoort, K. Breederveld, J. A.
Mochtar, and J. W. Ten Cate. 1979. Isolation and partial
characterization of human factor V. Biochim. Biophys.
Acta. 578: 23-30.

17. Lundblad, R. L., R. C. Uhteg, C. N. Vogel, H. S. Kingdon,
and K. G. Mann. 1975. Preparation and partial charac-
terization of two forms of bovine thrombin. Biochem.
Biophys. Res. Commun. 66: 482-489.

18. Fenton, J. W., and M. J. Fasco. 1974. Polyethylene glycol
6,000 enhancement of the clotting of fibrinogen solutions

590 B. Dahliback



in visual and mechanical assays. Thromb. Res. 4: 809- 22. Ganrot, P. 0. 1972. Crossed immunoelectrophoresis.
817. Scand. J. Clin. Lab. Invest. 29(Suppl. 124): 39-47.

19. Bloom, J. W., M. E. Nesheim, and K. G. Mann. 1979. A 23. Laurell, C-B. 1972. Electroimmuno assay. Scand. J. Clin.
rapid technique for the preparation of factor V deficient Lab. Invest. 29(Suppl. 124): 21-37.
plasma. Thromb. Res. 15: 595-599.

20. Kappelar, R. 1955. Das Verhalten von Faktor V im Serum 24. Laemmli, U. K. 1970. Cleavage of structural proteins dur-
unter normalen und pathologischen Bedingungen. Z. ing the assembly of the head of bacteriophage T4. Nature
Klin. Med. 153: 103-113. (Lond.). 227: 680-685.

21. Johansson, B. G. 1972. Agarose gel electrophoresis. 25. Moore, S. 1963. On the determination of cystine as cysteic
Scand. J. Clin. Lab. Invest. 29(Suppl. 124): 7-19. acid. J. Biol. Chem. 238: 235-237.

Purification and Thrombin Activation of Human Factor V 591


