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ABSTRACT

Bovine plasma‘Factor V was isolated by a procedure
which involved adsorption of oxalated bovine plasma with
barium sulfate, QAE cellulose extraction of the adsorbed
plasma, polyethylene glycol precipitation of the QAE
cellulose extract and chromatogfaphy of the PEG precipitate
on deéulphated Sepharose 6B,7 Factor V was recovered from
plasma in yields of 3§%, with a specific activity of 60 U/mg,
fepresentihg an overall purification of_2400—fold."The
Faétor>V preparation appeared heterogeneous when examined by
analytical or SDS acrylamide gel electrophoresis, analytical
ultracentrifugation‘and rechromatography on desulphated |
Sepharose 6B. HoweVver, it was free of. other clotting
activities except for traée amounts of Factor VIII, This
preparation contained a single férm of Factor V with a
" molecular weight of 439,000 daltons, determined by
Sephadex G-200 gel chromatography. Factor V could be
‘activated by several énzymes, both intrinsic and extrinsic
to the coagulation_mechanism. Activation was manifest %n
Aah increase in the specific activity of Factor V and a
céncomitant reduction in i?s molecular weight f£rom 400,600
to 200,000 daltoné; The activity of Factor V was stable/
and its activatability.Was reproaﬁciblelfor up to 3 weeks

xii



xiii
when the‘preparation was ‘stored at 4°C, pH 7.5, in the
presence of 50 mM CaCl2 and 10% glycerol. |

Specifically, Factor V was activated by thrombin,
Factor Xa, aAnrotease from Russell's Viper Venom, and a-
chymetrypsin. Thrombin had the greatest specific activity
toward Factor V and Factor Xa had the least.

The mode of action of each of these reagents in
converting Factor V to a more ective form was enzymatic,
This was evidenced by chemical and physical modifications'of
the activators, and analyses of the kinetics of the activa-
'tion’reaction in each case.

Acnivationvof Factor V by thrombin was inhibited by
treatment of thrombin with DFP, TLCK, or heat. The extent
of the reaction was independent of the thrombin concentra-—
tion and was maximal at approximately pH 8.0,

Activation of Factor V by Factor Xa wes enhanced by
both‘calcium and phospholipid. The rate of activation was
independent of the‘concentration of Factor Xa but the extent
of actiyvation was proportional to it. The xeactien was
inhibited when Fector Xa &as.pre-treated with DFP or heat,
but was not affected when Factor Xa was pre—freated_witn
TLCK or TPCK. Félldwing activaﬁiQn in the presence of
calcinm only, the Factor V(a) and Factor Xa activities were
completely separable on Sephadex G-200 gel chromatography,

in the presence of calcium.



xiv

The ability of RVV-V to activate Factor V could not
be abolished by treatment with DFP or heat. However, from
kinetic measuréﬁents the activation appeared to be
enzymatic. RVV-V, labeled with ;251, could activate
*Faétor V and was separable from the Factor V(a) activity
.upon Sephadex G-200 chromatogréphy of the activation
mixture. | |

Thevinteraétion between.a—chymotrypsin and Factor V
was iﬁhibited by TECK° |

Activated Factor V was a more reactive form than
‘piasma Factor V in the prothrombinase reaction in which
prothrombin is convérted to.thrombin by a complex of Factor
Xa; Factor V, calcium, and phospholipid. Addition of Factor
Va resulted in the immediafe generation of thrombin, while
the addition of plasma Factor V to the same mixture gave
a lag beriod before thrombin activiﬁy was eyident. The
successive addition of calcium, phospholipid and Factor V
or Va, to a mixture of Factor Xa and prothrombin resulted
in aAsucéessiVely\greater ?ate and extent of'thrombin
generation. Factoran, Factor V or Va and phosphélipid(

contributed to the production of thrombin in a stoichiometric

fashion.



CHAPTER 1 -
INTRODUCTION .

Basic Mechanisms in Blood Coagulation

The ability of blood to coagulate is one of ité'most
important physiological properties in the maintenance of
hemostasis in mammals. To the cliniéian, the failure of
‘blood to coagulate rapidly enough is an acute problém in
many disease states. To the research scientist, the
phenomenological events occurring when blood clots both
normally and with prolonged clotting times, provide an
impetus for studying the origins of these mechanisms. The
blood clotting scheme piovides a most interesting ffamework
for study of protein-protein, protein-metal ion, and
protein-lipid interactions, on a molecular as well as on
a physiolégical level.

x A great deal of effort has been extended,-in the
_last.decéde, toward elucidating the interactions involved
in the.coagulation of blood. Numerous theories have arisen
to account for the gelatioﬁ of blood, some of the earliést
being postulated by Hammarsten (18991,4and separately by
‘Schmidt (1872), and by Morawitz (1905). These ‘investi-
‘gators assumed that three components in plasma, and one from
the tissues were responsible for the transformation of blood

1



from a fluid to a solid state. According to this concept,
thrombokinase, a lipoprotein liberated upon tissue injury
from platelets and damaged cells, acted upon prothrombin in
the presence of calcium to generate thrombin, Thrombin in
turn, converted soluble fibrinogen to an insoluble fibrin
clot.

Since the time of £hese early observations, many
additional plasma proteins havé been found which participate
in the coagulation mechanism. These proteins were dis-
covered mainly through a study of patients with various
. bleeding disorders, which were due to the absence of a
particular coagulation factor. Current. theories have
—attempted to order the different factors essential to the
blood clotting process, and account for the nature of their
interactiohs as well as the nature of the various stimuli
initiating clotting. Consequently, two basic pathways of
‘coagulation have been elucidated: first, the intrinsic
system, composed of faqtors solely from plasma, and second,
ﬁhe extrineic system, cpméosed of both plésma proteins and
factors from the tissues. These two pathways are illus-
trated in Figure 1. »They.differ in the nature of the |
initiating stimulus and in the ensuing series of reactions
up to the activation of Factor X to Factor Xa, at which
point they converge and continue to the ultimate formation
of a fibrin clot, Table 1 lists the several piasma proteins

which have been shown to participate in these two pathways,



INTRINSIC SYSTEM _ EXTRINSIC SYSTEM

Factor XIl—> Factor Xlia l "~ Tissue Damage
Factor XI — Factor Xla | Factor lil released
| | +
Factor X —> Factor IXa cd™, Factor VII
Factor VIII
Ca”
phospholipid

Factor X—> Factor Xa &—%—— Factor X

Factor V
Ca .
phospholipid - Factor Xl

Prothrombin ——>Factor la~——> \L
(Thrombin)
Factor Xilla

Fibrinogen —=> Fibrin ——=> Insoluble clot

Figure 1. The intrinsic and extrinsic schemes of the reactions of blood coagula-
tion. : ' ‘



Table 1. Properties of some of the well~defined coagulation factors.

Coagulation Factor

Coagulation Pathway

Roman numeral Common Extrinsic “Intrinsic .
designation name system system Molecular weight
Factor I Fibrinogen + o+ 340,000 (human and bovine)
Factor II Prothrombin + + 68,700 (human)
72,000 (bovine)
Factor III Tissue Factor + 220,000; 330,000 (bovine)
Factor IV Calcium ions + +
Factor V Proaccelerin + + 290,000-439,000 (bovine)
Factor VIL Proconvertin + 63,000 (human)
Factor VIITI. Antihemophilic + 1.1 million (human, bovine)
- factor
Factor IX - Christmas + 55,400 (bovine)
factor
Factor X Stuart factor + + 55,000 (bovine)
Factor XTI Plasma + 160,000 (human, bovine)
thromboplastin
antecedent
Factor XII Hageman factor + 90,000 (human)

82,000 (bovine)



Table 1l.--Continued

Coagulation Factor

Coagulation Pathway

Roman numeral Common Extrinsic Intrinsic

designation name system - system Molecular weight

Factor XIII Fibrin , + + 300,000 (bovine)
stabilizing ' 320,000 (human)
factor

146,000 (human platelets):

These factors have been assigned a Roman numeral (Wright, 1959). Most
investigators use the roman numeral nomenclature for Factors V through XIII while
fibrinogen, prothrombin, calcium ions, and tissue factor are generally referred

to by their common names.



and their molecular weights, as determined by various
investigators.

The intrinsic system is initiated when Factor XII,
or Hageman Factor contacts a foreigﬁ surface, which
results in.the conversion of Factor XII to an enzymne,
Factor XIIa. In. vivo this "surface" is thought to be
collagen, or vascular basement membrane,'as described by
Niewiarowski, Bankowski,‘and'RegOWicka (1965), and Cochrape,
et al. (1972), respectively. Also, several plasma enzymes
such as kallikrein, Factor XIa, plasmin, andAtrypsin can |
- activate Factor XII as shown by Wuepper (1972) and Cochrane,
Revak, and Wuepper (1973). 1In vitro this activation occurs
by contaet with glass (Donaldson and Ratnoff, 1965), celite
(Speer, Ridgeway, and Hill, 1965), fatty acids (Ratnoff and
‘Crum, 1964), or other foreign substances. With the
activation of Factor XII, a step-wise series of enzyme-
~substrate interactions is triggered. Factor XIIa activates
Factor XI to Factor XTa, also an enzyme, and Factor XIa will
activate Factor IX in the presence of calcium to Factor IXa.
Factor IXa, together With Factor VIIIT, ealcium, and
phospholipid, will convert. Factor X to its active fofm,
Fector Xa. |

The extrinsic system is initiated by the release of
tiesue factor from the injﬁred'tissues and the formation of
a cqmplex between it and Factor ViI, in the preeence of

calcium. This complex then acts directly upon Factor X,
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converting it to Factor Xa, thus bypassing the several steps
in the intrinsic system which occur prior to the activation
of Factor X.

Once formed, Factor Xa can in turn generate the
enzyme thrombin, from prothrombin, in'the presence of Factor
V, calcium, and phospholipid. Thrombiﬁ,-or Factor IIa, is
>solely responsible for the conversion or'fibrinogen to
fibrin. Fibrin monomers are'stébilized by Factor XIII, or
fibrin—stabilizing Factor, which catalyzes an intermolecular .
transamidation of adjacent fibrin strands.

"The intrinsic system is more complicatéd and is
sluégish compared to the extrinsic system., These two path-
ways provide alternate mechanisms for the actiVation of
Factor X to Factor Xa, yet both are essentiél for maintenance
of normal hemostasis. The several steps which comprise the
Qverall‘mechahism provide many points for regulation of the
extent of coagulation,

The clotting séheme as comprised of the intrinsic
and extrinsic pathways, is outlined in Figure 1, and was
called a “cascade" scheme by Macfarlane (1964) and similarly,
a "waterfall" scheme by Dayie and Ratnoff (1964). These
h?potheses viewed the clotting process as a series of
ehzymersubstrate reactions,‘the product of each actihg as
an enzyme 'on the substrate in the subsequent reaction of
the sequence. These viewpbints also served tb émphasize the

amplifying nature of the clotting sequence since the several



stages in the scheme would serve to give an increased
response to the initial stimulus., A few molecules of
Factor XIIa could act on 100 molecules of Factor XI to
generate the same number of activated Factor XI molecules
and each of thése in turn could act on 100 molecules. of
Factor IX, and so on down the sequence, creating the
momentuﬁ of an avalanche,

Macfarlane's scheme implied that every factor must

‘be activated prior to participation in the clotting scheme;

however,rHougie, Denson, and Biggs (1967) suggested fhat
Factor VIIT as‘it exists in plasma, can participate in the
activation of Factor X, and a similar conclusion was reached
by Barton, Jackson, and Hanahan (1967) for Factor V. Both
factors can be activated by thrombin torformvmore reactive
spécies in their respective reactidns,'rather than to be
converted to enzymes.

Phospholipid is required in both the intrinsic and
theAextrinsic pathways, In the exfrinsic pathway’
phospholipid.is required for-manifestation of Factor VII
activity, and is derived from the damaged tissues in the
f@rm of a lipoprotein, or‘tissue‘factor. In the intrinsic
system phospholipid is required for maximal conversion of
Factor X to Factor Xa and of prothrombin to thrombin., In
vivo this phospholipid'comes from the platelets dﬁring the
"release reaction" (MafCﬁs, 19665. In vitro it has been

demonstrated that Factor IXa and Factor VIII form a
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macromolecular coﬁpléx with phospholipid in the preSence of
calcium (Bergsagel and Hougie,‘l956; Spaet aﬁd Cintron,
1963; Lundblad and Davie, 1964). Similarly, Papahadjopoulos
and Hanahan (1964) and Jobin and Esnouf (1967) demonstrated
that Factor Xa and Factor V, in the presehce of calcium,
adsorb onto phospholipid aggregates. In these two discrete
reactions, calcium is an absolute fequirement fqr adsorption
of Factors iXa and X as well aé Factors II and Xa,'to the
phospholipid surface. 'HoWever, both Factor VIITI and
Factor V can compleﬁ with phospholipid in the absence of a
Adivalent metal ion. Complex formation between these several
proteins and éhosbholipid undoubtedly has functional
significance since the activation of:Féctor X to Factor Xa
occurs at a maximum rate in the presence of all four‘
coﬁponenté; Factor IXa, Factor VIIT, phospholipid, and
calcium, as does the‘conversion of prothrombin to thrombin
which involves Factor Xa, Factor V, phospholipid, and
calcium.

Current ideas about the interaction of the compo-
nents of the blood clottiﬁg mechanism then, suggest that
some steps‘involve complexation between proteins and lipid.
This feature requires considerable modification of
Macfarlane's ﬁcaSCade" theory depicting a sequential
transformation of inactive protein precursors to active

.enzymes products, while maintaining the essential principle
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‘ of enzyme-substrate interactions purported by the earliest

theorists on blood coagulation.

Review of Other Preparations of Factor V

In-the last decade, much progress has been made
toward understanding that reaction, central to the blood
coagulation mechanism, in which prothrombin is converted to
thrombin. This reaction is catalyzed by the prothrombinase
complex, consisting of two proteins, Factor Xa and Factor'V,
plus calcium ions and phospholipid. Prothrombin, thrombin,
and Factor Xa have beep purifiedito homogeneity in recent
vears and their individual physical characteristics
determined 1nclud1ng the molecular requirements for the
binding of prothrombin and Factor Xa to phOSphOllpld in the
presence of calcium.. Also,'the mechanism by which
prothrombin is converted to throﬁbin has been.well defined.

However,'little is known of the biochemical
propertles of Factor vV, or 1ts role in the conversion of
'prothrombln to thrombln. Factor V was discovered by Qulck
(1943); who noted the rapldlty with which its activity dis-
appeared in stored plasmafand called it "labile factor." In
1947, Owren described a patient with an abnormally long
prothrombin clotting time_which_was'shortened by the addi-
tion of normal plasma freed of prothrombin. Consequently
in 1950, Owren postulated a fifth coagulation faCtor, called

Factor V, which was required for the conversion of
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prothrombin to thrombin by thrombdpléstin (a lipoprotein
derived from tissﬁes which facilitafeé coagulation) in the
presehce‘éf calcium, Fantl anvaance:(l946) and Ware,
Murphj, and Seegeré (1947) also observed that prothrombin
- was activated more rapidly toAthroﬁbin in the presence of
Factor V.than in_its absence. Consequently they labeled
Factor V, "accéler&tor glpbulin," or briefly, "Ac—globulin,?v

Since the time of thesg'éarly observations, all
that has béen clarified about Factor V is that it has no
enzymatic activity toward prothrombin but that it does
function as.an important cofactor to greatly accelerate the
rate of conversion and the yield Qf thrombiﬁ from pro-
thrombin. This paucity of information arises from the
difficulties encountered in isolating Factor V from plasma
in?reasonab;e yields and in a stgble form,-

| Early atteﬁpts to isolate either bovine or human
_Faétor V were mainly attempts to demonstrate that it did
exist as a discrete blood clotting factor. Ware and
Seegers (1948), and Landaburu and Seegers (1961), working
with bovine‘"Ac—globulin,",and Lewis and Ware (1953),
Surgenor, Wilson,»and>Henry (1961), and Blombéck and
Blomback (i963), working with human Factor V, achievéd
partial purifiéation by similar procedures. These entailed
adsofption of bovine or human plasma with barium sulfate,
~or carbonate, followed by'ammoniﬁﬁ suifate, acid, or

alcohol precipitafion, and finally, either ion-exchange or



gel.filtratioh chiomatography. Factor V was recovered in
yields ranging from 54% (Blombick and Blombdck, 1963), to
12% (Lewis and Ware, 1953). Blombick and Blombick (1963)
noted that calcium stébilized their Factor V preparation

during storage.

Cox, - Lanchantin, and Ware (1956) isolated human
plasma Factor V according to Lewis and Ware (1953), then
activated it with thrombin and éhromatographed the activa-
tion mixture on a column of Aﬁberlite IR-400, Activated
Factor V was recovered in a yield of 50% and an overall

purification of 100-fold was realized., Protein contamina-

12

tion was revealed upon zone. electrophoresis of the prepéra~

tion,

Aoki, Harmison, and Seegers (1963) also isolated

boviné Factor V by a procedure similar to that of Lewis and

Warev(l953). They achieved a 100-fold purification in a
yield of 15% with a Specific actiyity of 1500 U/ﬁg! Their
p;eparatibn was contaminated with_traces of fibrinogen and
Factor ViIIQ Ultracentrifugal analfsis of the product

revealed some hetérogeneity but the main component had an

S20,w

= 4.2, A molecular weight of.97,400 was calculated on

the basis of amino acid analyses. A concentration of 1.4 g

hexosamine per 100 g protein was also determined. The
étability?of this preparation was enhanced when it was
stored at -60°C, pH 7.0 in buffef-containing 50% glycerol

and 0.10 M CaClZ.
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Papahadjopoulos, Hougie, and Hanahan (1964) isolated
Factor'v from bovine plasma and from bovine serum and
observed by Sephadex 6-200 chromatography that there was a
difference in the molecular size of Factor .V from £hese two
soﬁrces. Purification of Factor V entailed bariﬁm sulféte
adsorption, precipitation with ammonium sulfate between 33
and 50% saturation, and Séphadex G-200 column chromatography.
The piasma Factor V preparatioﬁ separated into three protein
peéks on the column and Factor V activity was‘recovered
quantitatively in the'fifst peak withra KD = 0,05, where
K, is defined as that fraction of the internal yolume, Vi; of
a column accessible to a solute molecule, See methods
section fof more details, A five-fold purification of
plasma Factof V was realized, and when treated with bovine
thrombin, its activity increased 10-fold. Thrombin-
activated FPactor V eluted on Sephadex G-200, with a KD =
0.18, and a 50-fold purification was realized. The serum
Factor V preparation also’eldﬁed in three protein peaks and
the Factbr V activity elu@éd in two peéks, the first with a
KD = 0.05, and the second with a KD = 0.18. Serum Factor V
was recovered in a yield'éf 30% and a five—fold purificﬁtion
was realized, Ultracentrifugation of plasmé Factor V
indicated that it was a high molecular weight protein, not
ailipoprotein,‘sinée all the Factor V activity was found at

the bottom of the tube, at a deﬂéity of 1.21 g/ml, and

contained less than 10% of the lipid phosphorus. The
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molecular weight of plasma Factor V wés estimaﬁed to be at
least 400,000, and that of 'serum Factor V, or thrombin-
activated Factor‘V,:to be approximately ZO0,000.

Eénouf and Jobin (1967) achieved considerable
purifiéation of bovine plaéma Factor V by a procedure which
ihas subsequently enjoyed widespread use. They isolated
Factor V by adsorptién of bovine plasma with barium sulfate,
batchwise_adsorption of the adsorbed plasma with TEAE
cellulose (TEAEC), and elution of Factor V'from the TEAEC
with 0.4 M sodium phosphate, pH 7.0, and finally
chromatbgraphy of the TEAEC extract on a column of
cellulose phosphate. Factor V was recovered in a yield of
50%, with a specific activity of 50, representing a
purificatioﬁ overall of 4000-fold. The molecular weight of
Factor V, determined by analytical ultracentrifugation was
290,000. The amino acid composition was determined and only
73% of the material analyzed could be accbunted for on a
weight basis in terms of amino acids and nitrogen, while
94% of tﬁe ninhydrin—detectible nitrogen applied was
recovered, The compésition of the remaining 21% was not
determined but these worke?s sﬁéculated that the affinity
of Facté: vV for hydrophobic surfaces may bé.determined by
this residual material, The electrophoretic mobility,
immunoelectrophoretic behavior and bptical rotary dispersioh

parametérs were also reported. Factor V was unstable to
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freezing, treatment with EDTA, or high salt, but its
activity was preserved when stored at -20°C in 50% glycerol.

Barton and Hanahan (1967) prepared bovine Factor V )
according to Esnouf and Jobin (1967) with some modifica-
tions, including the additionAof a secohd cellulose
phosphate chromatoéraphy step, subsequent to the first.

They prepared Factor V in a 20-45% yield with an overall
purification of 3500-8500-fold. Factor v was free of |
thrombin, perhrombin, Factor VIII, and Factor X activities
and appeared homogeneous by cellulose acetate electrophoresis
at pH 8.6. However, when Factor \ Qas chromatographed on a
column of Sephadex G-200, it eluted in two peaks of

- activity: the first and major one had an apparent molecular
weight of 350,000 and the sécond had a molecular weight of
70,000, When itvwas treated with 8.5 mm CaCl2 prior to
chromatography, Factor V eluted in one peak of activity with
a molecular weighp Qf 350,000; Thrombin treatﬁent resulted
in a 4-fold increase in Factor V activity and a decreaée in
the moleéular weight of plasmavFéctor V to 150,000 és
determined by Sephadex G-200 gel chromatography. Factor Va,
thrombin plus FéCtor Xa, calcium and phospholipid, generated
thrombin activity from prothrombin at a 3-fold faster rate

in the first 30 seconds of the reaction than did plasmal
Factor V. 'Plasma Factor V or Factbr Va, thrombin appeared

to be essential to the formationwOf ﬁhromEin frbm prothrombin

by Factor Xa,
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Human Factor V was iéolated by Kahn and Hemker
'(1970) using a procedure éimilar to that of Esnouf and -
~Jobin (1967). Human plasma was ‘adsorbed ‘with Al(OH)3 in
the preéence of 50% glycerdl followed by adéorption and
elutioﬁ of Factor V from TEAE cellulose, A 15% yield of
human Factor V was realized with an overall purification of
30—foldﬂ Glycerol and Mg2+ ionS'ﬁelped to stabilize the.
Factdr-V; | | | |

:Colmanv(1969a) extended and modified the procedure
Vof ESnouf and Jobin (1967), as folléws: bovine plasma was
'édsorbed with barium sulfate, the adsorbed plasma was
treated with TEAEC and Factor V was eluted with 0.4 M
potassium phosphate buffer, pH 7.0. TEAEC-Factor V was
'precipitated withAammonium sulfate between 25 ahd 70%‘
saturation,;followed‘by chromatography on a column of
phosphorylated cellulose, The Factor V‘activity eluted
with 0.4 M potassium phosphate, pH 7.0, in a yield of
35%, with a specific activity of 49 U/mg, representing a
purificatioﬁ of 2760-fold. This preparation was unstable
té freezing but was stable indefinitely at -50°C in 50%
glycerol (v/v). Treatment with pﬁfified thrombin resulted
in a 2—foldAincrease in Faétor V activity Within 5 minutes
at 17°C which was followed by a significant loss of
_aétivity; The rate and'exfent of activatioh by thrombin

were proportional to the concentration of thrombin added,
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Philip, Meran, and Colman (1970) .analyzed the above
preparation by analytical dise‘gel electrophoresis as well
as by Sephadex G-200 and Sepharose 4B chromatography. Disc
gel electrophoresis revealed that this Factor V contained
at least seven protein bands. By gel filtration on
Sephadex G-200, it contained two Factor V active peaks and
threersuch peaks were observed by chromatography on
Sepharose 4B, whieh were designated form 1, Qith an
apparent molecular weight of at least two million, and
contained lipid material; form A, molecular weight 310,000
which could be activated two-fold by thrOmbin; and form C,
molecular weight of 160,000, which could not be activated
by thrombin. Form A appeared to be an oligomer of form C
since the latter,vafter treatment with 50% glycerol, eluted
on a column of Sephadex G-200 with an apparent molecular
weightrof 310,000, When bovine plasma'Was collected in
sereral different anticoagulants, and even'in the presence
of DFP, and subsequently chromatographed on Sephadex G-200,
two peaks of Factor Vv actinity eluted from the column, -
corresponding to forms A and'C of the purified Factor V
preparation.v |

| Recenrly, Gnﬁprecht and Colman (1975) prepared

bovine Factor V according to Colman (1969%a), but with slight
quifications, and determined the'sialicvacidlcontent of
different preparations of Pactorwv, which ranged from 5%

to 12%. When sialic acid was removed by treatment with
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neuraminidase, the activity of asialo Factor V was 1.6 times
greater than native Factor V, which thesé workers claimed
was a statistically significant increase. Asialo Factor V
wasAestimated to be 3.8 times more stable than native
Factor V, The activity of native Factor V was enhanced
7-fold by thrombin in 6 minutes at 37°C followed by a
gradual decay. Asialo Factor V was also rapidly activated
by thrombin’but the activation'profileJWas_biphasic. The
author speéulated that this kinetic profile could result
from the presence of several forms of asialo Factor V which'
are both activated and inactivated at different rates.

Evidence that Factor V contéins carbohydrate in the
form of neutral sugars was reported by Dombrose and Seegers
(1973), thus it is not surprisihg that Faétor YV also con-
tains sialic acid. However, the observation by the aboye
workers, that the removal of sialic acid positiyvely affects
the actiyity of Factor V is unusual, since such a
,phénomenon Has not been reported for any other coagulation
factors, nearly all of which ére glycoproteins.

Important observations by Day and Barton (1972)
pointed out that some of the techniques used by other
wérkers to purify Fcctér V produced artifactual forms of
Factor V. When Factor V in unfractionated bovine plasma,
or in é TEAE'extract, prepared accbrding ﬁo Esnoufvand
Jobin (1967), was gel filtered oﬁ"BiOQGel P300,.the Factor

V actiyity eluted in a single peak with a Ve/Vé = 1,11,
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However, when the ammonium sulfate precipitate of a TEAEC
extract, or the Factor V fraction obtained after.cellulose
phoéphatekchromatégraphy of a TEAEC extract were similarly
chromatographed, multiple peaks of Factor V activity were
eluted from the column. This indicated that the techniques
of dmmoniumysulfate precipitation and cellulose phosphate
chromatography produced dissociation and/or degradation
produdts, whiéh,were bf lower molecular weight and higher
specific activity than that of plasma Factor V. These
workers concluded tﬁat two of the. three forms of Factor V
.reported by Philip et al. (1970), namely forms L and C,
were artifacts of the preparative procedure, In contrast,
‘such ﬁechniques as TEAEC adsofption in the presence of
- sodium acetate buffers at neutral pH, concentration by
ultrafiitration, and chromatography on Bio-Gel P300, in the
presence of calcium, could be used withéut.altering the
native structure of Factor V, | 7

Dombrose et al. (1?72)-purified.bovine Factor V byr
a relafi?ely simple procedgfe, resultihg in a preparation
free of other clotting factors. Bovine plasma was
adsorbed with barium carbonate, the adsorbed plasma was

'recalcified with 1072

M CaCl, in the presence of non-ionic
cellulose at pH 5.9, and extracted batch-wise with QAE
cellulose, in the presence of calcium acetate buffers,

PH 7,25, Factor V was reéovered-in a yield of 180% and a

purification of 1300-fold. This-preparation was stable at
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4°C for one month, and at 25°C fof one week, at a protein
concentration of 1 mg/ml; howeVer;'i£>was not stable to
freezing. The’high vield of Faétor-v suggests that some
activation ofvplasma Factor V may have occurred during the
isolation. When Factor V was concentrated by ammonium
sulfate precipitation or dialyzed against distilled water
and stored in 10% glycerol at pH 5.6,‘the activity.i |
increased, again suggesting activation of factor V.

| Dombrose and Seegers (1973) further reported that
Factor V, prepared according to Dombrose et al., (1972) had
va molecular weight of 380,060:i;7000{ and contained 8,7%
neutral sugars, but negligible amounts of.phosﬁholipid.
Analytical disc. gel electrophgresis-at pPH 4 or 8 revealed
from 1-4 bands and SDS electrophoresis»revealed four
polypeptide constituents. Whether the SDS electrohporesis
was carried out unaer,reducing“or nonreducing conditions was
not indicated, Amino acid analyses was performed but the
iesults were not reported, .Onlyji6% of the composition of
Factor V could be accounted for as peptide and neutral
sugar, ‘
| Recently, preparations: of human plasma Factor V
have been reported'by'Giddings’(l974) and separately by
'Rosenberg, Beeleg, and Rosenberg (1975), Giddings adsorbed
fresh frozen human'plaéma with éluminﬁm hYdroﬁide followed
by ethanol precipitation, aceticwacid precipitafion, and

finally a Rivanol (acridine lactate) precipitation.‘
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Factor V was extracted with NaCl and chrOmatographed‘on
Bio-Gel A-0.5 m in Michaelis-calcium buffer, pH 7.35. It
eluted as a single peak soon after the column void volume,
and waé.recoﬁered in a yield ofu18% with a specific activity
of 2.5—6;O'U/mg, representing a 400-fold purification. The
preparation was free of other clotting factors but analytical
disc gel electrophoresis revealed two protein bands. Factor
v had a molecular weight of 300?000 determined by gel
filtration on Bio-Gel A<1l.5 m. This investigaﬁor reported
that calcium éervedlto stabilize their Factor V preparation.

Rosenberg et al. (1975) isolated human Factor V by
adsorbing plasma with barium citrate followed by precipita-
tion at pH 6.5 and then at pH 5.7, batchwise chromatography
on hydroxyapatite, precipitation with polyethylenerglycol
and chrométography on DEAE cellulose. This preparation
‘was free of other clotting factors and when examined by .
isoeleétric focusing gel electrophoresis, a single species
was observed at pH 5.1. However, only 5% of tﬁe Factof \Y
activity applied to the gel was recovered.

Recently too, preparations of Factor Va havé begn
reported. Day (1975) prepared TEAEC Factor V from bovine.
piasma according to Esnouf and Jobin (1967), as modified by
Day and Barton (1972). TEAEC Factoﬁ V was then
chromatographed twice oﬁ Sephadex 6-200, activated with
partiaily'purifiéd RVV-V (the Fdétor V activator from

Russell's Viper Venom), or Factor Xa, and subsequently
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chromatogréphed twice again on Sephadex G-200. Factor Va
was_recovered in a yield of only 3% with.a_specific activity
of 3151, repréSenting_a 4500—foldbpurification,v It had a
molecular‘weight of 213,000 determined by Sephadex G-200 gel
chromatography. A density of 1.19 + 0.0l g/ml was deter—:
mined by sucrose gradient centrifugation for bdth plasma
and activatéd Factor V, Factor Va was analyzed for both
phospho- and neutral lipid and.was found to contain only
7.2% neutral lipid. This preparation was extremely
unstable, losing 90% of its original activity upon concen-
Atration to.O.SAmg/ml by ultrafiltrationnv This investigator
indicated that precipitation of TEAEC Factor V with
polyethyléne glycol resulted in dissociation of Factoxr V
to a species of molecular weight 276,000, which was no
longer subject to thrombin or RVV?V activation, Also,
 Sephadex G-200 Factor V readily dissociated when concen-

- trated by ultrafiltration, This dissociated form of
plasma Factor V is similar to that isolated by Colman
(1969%a) and that reported by Esnouf and Jobin (1967), in
'mélecular weight and in the inabilify of these preparations
to be activated by thrombin, |

| Chulkové and Hernandez (19751 preéared thrombin-
activated Factor V by a prbcedure which involved barium
sulfate adsorption of bovine plasma, DEAE4Sephadex |
chromatography of the adsorbed piaSma} thrombihlactivation

of the DEAE-Sephadex eluate, chromatography on Amberlite
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CG-50, and finally ammonium sulfate fractionation. Factor
Va-was recovered in a'yield of 160%.with a specific activity
of 7500 U/mg, representing'an averall purification ofr
4700~-fold. By analytical ultracentrifugation, Factor Va

in 0.15 m NaCl exhibited an s = 5.9 and in 1% SDS,

20w
S20,w ='3.3. By SDS gel electrophoresis Fagtor Va appeared
as a single component with a molecular weight of 30,000,
and analytical,disc gel electrobhoresis at pH 9.5 revealed
two components, both of which Wera found to contain Factor V
activity'when eluted'from the gel. By gel filtration on
Sephadex G-200, Factor Va had an appareﬁt-molecular weight
of 100,000. The final(prepafation of Factor Va could be
furtheriactivated 10-fold by £hrombin, This feature does
not seem plausible since, onceitreated with thrombin,
Factor V has.never been showﬁ to be susceptible to addi-~
tional activation by thrombin, ‘Furthermore, the extent of
purification of Factor Va gccomplished by.this procedure is
difficult to assess since the isoiation data were not
adjustedato account for activation of Factor V midWay'
through the preparation. '

This review of the'literature on‘FactOr V- illus-
trates the fact that past attempts to isolate either plasma
or activated Factor V have consistently been hampered by
. the instability of Factor V, which implies either, an
abéolute loss of activity; or a éissociation and/or

degradation of plasma Factor V during its isolation.
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Recoveries of  greater than 100% of the iniﬁial Factor V
activity, the presencé of multiple molecular weight species
of Factor V in partially purlfled preparatlons, and the
‘inability of such preparatlons ‘to be activated by thrombin,
-are'typlcal features which can be explained in part by the
readi-dissociability of plésma Factor V. The findings of
Day and Barton'(l972) and Day (1975), have helped to clarify
much of the confusing data repérted on previous preparations
bf Factor V; To date no satisfactoryvmethods have emerged
for the isolation of Factor V in good yields and of
 reasonable stability, let alone a homogenéous prepération?
Consequently little information on the composition or
properties of native Factor V, or changes in these features
that occur when it is converted to a more actiye form by

various proteolytic enzymes, has been reported.

Activation of Factor V

During attempts to isolate Factor V,'manyAinvesti—
gators also. noted that the clotting activity of Factor V
cpuld be significantly en@anced by a number of proteolytic
enzymes.

Pas£ reports have'indicated that principally three
enzymes were capable of activating Factor V, namely,
thrombin, a prodoagulant protein from Russell's Viper Venom,
RVV—V, and Factor Xa, Further aspects of these reports are

discussed in the following sections,
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By Thrombin

It was iniﬁially observed by Waré et al., (1947), and
latér, by Ware and Seeéers (1948), that whole serum con~-
tained an accelerator globulin which facilitated the forma-
tion of thrombin from prothrombinlfaster than did Whole
plasma. Addition of thrombin to bovine plasma produced a
product indistinguishable from the sefum "accelerator
globulin." They in?oked an inaétive precursor-active
product relationship for Factor V 'in plasma versus that in
serum. .Astrup (1950) provided the names proaccelerin and
accelerin to further describe thié relationship. Lewis énd
Wafe>(l954) demonstrated that citrated human plasma was
clotted by thrombin and the.Factor v activity of the serum
measured 10-fold higher than prior to the addition of
throﬁbin. Addition of thrombin to serum Factor V resulted
in only a 3-fold increase in activity. Hijort (1957) like~-
wise observed a 10-fold increase'in fhe Factor V activity
of platelet-rich-plasma upén the addition of thrombin,

Bergsagel and Nockolds (1965) concluded that
,thrombin was the only physiological activator of'Factor v
and that "activation" was essential for its participation
in a_complete prothrombin éctivator. Mixtures of
normal serum, calcium and phospholipid were only able to
convert prothrombin to thrombin if traces of prothrombin
were initially mixed withvthem, ﬁfesumably as a source of

thrombin for activation of Factor V. They also demonstrated
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.directvactivation of Factor V by thrombin, which was
inhibited by treatment with hirﬁdin (a tﬁrombin specific
-inhibitor),'priof £o the éddition of Factor V. Cox et al.
(1956) observed that thrombin altered the retenﬁion charac-
"teriétics of human Factor V on ion-exchange chromatography
aﬁd took advantage of this behavior to isolate the activated
form of Factor Vv by'chrométography én Amberlite IR-400, aé.
discussed in a previous section. Hussain and Newcomb
(1963) observed that the elution of Factor V activity from
DEAE cellulose varied depending on prior exposure to
thrombin, as did its sedimentation behavior on sucrose
density gradient centrifugation.‘ Newcomb and Hoshida
(1965) achieved paftial purification of thrombin activated
Factor V by treating a TEAEC extract of barium sulfate
. adsorbed bovine plasma with thrombin and subsequently
chromatographing this mixture on cellulose phosphate,
Factor Va eluted thrombin on the column at a different
ppsition than native Factqr V, and the latter could‘be
agtivated 2-3-fold by thrombin while Factor Va thrombin
could not be further activated after chromatography.
Prentice, Ratnoff, and Breckenridge (1967} observed
aétivgtion of Factér V in whole plasma and in partially
§urified Factor V preparations by added thrombin; Thrombin
pretreatéd with hiruain could not activafe Factor V bﬁt if
hirudin was added after‘mixing Factor V and thfombin,

activation of Factor V still occurred. These workers
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considered that Factor Xa was a contaminant of their
preparation, 50 in a separate experiment they demonstrated
that Factor Xa could not be inhibited.by-hirudin. Conse-
quently they assﬁmed that thrombin was the exclusive
 actiVator of Factor V in these'expefiments.

These early observations were,stimulating yet no
éttempts to characterize fhe plasma aﬁd more active forms
of‘Faétor V on an& basis other fhan specific activity ox
adsorption characteristics on ion—exchangé media were made,
until Papahadjopoulos et al. (1964) observed significant
~differences in théAmoleculér size of plasma and serum
Factor V by chromatography on Sephadex G-200, and. sucrose
density gradient centrifugation. The details of their
findihgs were discussed in a previous section,

Colman (1969%a) reported his observations on
treating‘Factor V with highly purified'thrombin. After
isolating . Factor V, Colman observed that thrombin increased
~the actiyity of Factor V 2-fold within 5-10 minutes at 17,
2%; or 37°C, Activation was followed by‘a significant decay
of activity which was not prevented or retarded by the
addition of hirudin. Both the rate and extent of Factor V
activation were directly proportional to the cdncentration
of tthmbin and}inversely proportional to the coﬁcentratibn
of Factor V. Colman, Moran, énd Philip (1970) observed that
thrombin had minimal effects on the activity of forms L, A,

or C which comprised the Factor V preparation of Colman



(1969a), as described by Colman et al,V(l970).' Thrombin
enhanced the activity of form L, l.5—fold, and that of form
A to 2.7-fold, while neither fofm C norAserum Factor Vv,
‘~-coﬁld be activéted by thrombin. To determine whether
thrombin altefed the molecular size of any of these three
:forms of Factor \22 each was gel filtered on Sepharose 4B or
Sephadex G-200. Form L, both before ahd after exposure to
thrombin, eluted in the void voiume on Sepharose 4B with a

S

KD'= 0. Similarly, form A and form C eluted off both
Sepharose 4B and Sephadex G?200 in the same volume regard-
less of prior tréatment with thrombin, In summary, thrombin
did not alter the activity or the molecular size of any of
these fdrms of Factor V to a significant extent, Thege
observations are in keepihg with those of Day and Bartén
(1972) and Day (1975)'tha£ methods such as ammonium sulfate
precipitation and cellulose phosphate chromatography, both
of which were used by‘Colman (1969a), bring about dissocia-
tion and/or activatién of plasma‘Factor V to species of |
lbwer molgcular weight and higher specific activity, which
are thereby no longer susceptible to enzymatic activation
by thrombin.

Receﬁtly, Janssen and vanLeuven (1972) observed that
the Factor V activity in\plasmaiihcreased during clotting of
tﬁe same, and this was coincident in time with the initial
generation of thrombin activity“ih the same, These

~activities were measured in citrated human plasma to which
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thrombin was added to initiate clotting, or in reclacified
human plasma where thrombinVWas intrinsically generated.
They concluded that "activated" Factdr V must participate in
blood coagulation because no significant activation was
observed prior to the initial detection of thrombin activity,
at levels of thrombin demonstrated in vitro to activate
that amount bf Factor V in plasma. They speculated that
thrombin was a potential physioiogical activator of
Factor V at least on a temporal basis.

Reports by Surgenor et al., (1961} and Ferguson et
al. (1969) have disclaimed any observable activation.of
Factor V by thrombiﬁ; "Both of these studies reported only
a loss of Factor V activity upon the addition of thrombin,
indicating possibly that their Factor V preparation already
céntainéd appreciable ambunts of activated Factor V and
addition bf thrombin served only to degrade it, or that the
levels of thrombin used were relatively high compared to
the amount of Factor V, so initial activation may-have been

obscured by significant degradation of Factor V,

By RVV-V
Another enzyme that heas beeh observed to activate
Factor V is a coagulant protein from Russell's Viper Venom,
RVV-V, which is specific for Factor'V among_the clotting
factors. Although it is not a physiological activator of

Factor V, it has served as a useful tool in laboratory
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studies to generate the activated form oleactor V. Hjort
:(1957) Qbserved that a preparétion of bovine Factor V
increagéd in activity upon incubation with crude Russell's
Viper VenOm in the absence of calcium ions. Also,
Rapaport, Hjort, and Patch (1966) presented some kiﬁetic
data which éuggested that the extent of activation of
Factor V by RVV—V'wés dependent on the coricentration of
RVV-V and hence the reaction was not enzymatic but
stoichiometric. Sﬁbsequently, Schiffman, Theodor, and
Rapaport (1969) succeeded in-separatingvtwo coagulant
proteins froﬁ Russell's Viper Venom, one which specifically
activated Factor X in a calcium-dependent reaction, and the
other which specifically activated Factdr V with no other
additions. Whole RVV was fractionated by chromatography on
Sephadex G-200 with a 70-75% recovery of both proteins,

The RVV-V was further purified by rechromatography on
Sephadex G-25 to yield a total.purification of 7—fold ovexr
"whole venom, ’Activation of Factor V, as present in Al(OH)3~
adsorbed human plasma by varying amounts of RVV-V, over a
‘4;fold concentration range indicated that the yield of
.activated Factor V increased with increasing RVV-V concen-
trations.v Addition of fresh Factor V to a RVV-&—Factor\V
mixture éaw no further activation of the added Factor V.
V%ryihg thé Féctoi-v concentration at constanf RVV-V
'conéentration resulted'in increa;ing product fofmation'with

increasing Factor V concentrations, From such experiments
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these workers concluded that thé reaction between Factor V
and RVV-V was a stoichiometric one in which both were
consumed.

More recently, Kahn and Hemker L1972) demonstrated
that RVV-V could enhance the activity of bothrbovine and
human Factor V, even in the presence of hirudinn Activation
~resulted in-a reduction in the molecular weight of Factor V.
as demonstrated by Sephadex G-200 column chromatogfaphy;
.bovine Factor V decreased frém‘400,000 to 195,000 daltons
while human Factor V decreased from'480,000 to 110,000
daltons. Activation of Factor V from these same sources
by thrombin. resulted in similar molecular weight changes,

Hanahan, Rolfs, and.Day.(l972) similarly demon-
strated that partially purified RVV—V could activate Factor
V in bovine and humaﬁ plasma approximately 20-fold, while
bdvine serum Factor V could only be activated 2-4-fold,
After treatment with RVV-V, the apparent molecular weight of
plasma Factor V decreased from 400,000 to 205,000, while -
serum Faétor V had an apparent moleculér weight of 230,000
which did not change after'éxposure,to RVV-V, as défermined
by Sephadex G-200 gel chromatography. RVV-V activity wés
s£able to heat treatment a£ 95°C for 15 minutes over a éH
fange of i,O to 7.0. :

Esmon and Jackson (1973) noted that the extenf to
.whiéh Factor V, in varioﬁs prepa;ations, was activated by

crude RVV, was exactly the same as that observed with
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highly purified bovine thrombin. Factor V, iﬁ bovine
plasma was activated 14-fold, While TEAEC Factor V was
activated 12-fold, by both enzYmes. A TEAEC extract,
furthef purified on cellulose phosphate, could not be
éctivated by either enzyme. This last dbservation.is
consistent with those of Esnouf and JobinV(l967) and
Colman (1969a) who both observed that their preparations
of bovine Factor V, isolated by TEAEC extraction and
cellulose phosphateichromatography,»could not be activated
by thrombin;r_Esﬁon and Jackson (1973) also claimed that |

the Factor V activator in RVV could be inhibited by DFP,

By Factor Xa

Breckenridge and Ratnoff (1963) first suggested that
Factor V (proaccelerin) was conyerted into a "prothrombin-
COnverting'principle" by Factor Xa, in the presence of
phospholipid and calcium ions. This conclusion was based
on the effect which-a circulating antic¢oagulant, found in
a certain disease'state, ﬁad on the formation of thrombin
from prothrombin in a 2-stage thrombin generating systeﬂ.
Wheﬁ the anticoagulant was added‘to the firét étage, after
Factor X was activated by crude RVV but before Factor V
was added to form the proﬁhrombin activator, a prolonged
clotting time ﬁas observed, HoweVef, 1f the anticoagulant
was added after Factor Xa and Factor V were mixed togethef,

the thrombin clotting time was not prolonged.



33

Later, Breckenridge and Rathoff (1965) repeated
esséntially the same experiments only'using soybean trypsin
inhibitor, protamine sulfate, or polybrene, to inhibit the
Factor Xa-Factor V interaction. froionged clotting times
were'only observed when a givéh'inhibitor was added to
Factor Xd or to Factor V, before thé'addition of the other
‘féctor, so these wofkers concluded that Factor V was a
substrate for the enzymatic activity of Factor Xa and that
the activated proaccelerin formed was the substance
responsible for the conversion of prothrombin to thrombin.

However, much of this work became qguestionable whén
it was demonstraﬁed by Barton et al, (1967), and separately
by Jobin and Esnouf (1967), that Factor V alone could not
~convert prothrombin to thrombin, Each group prepared a
completé prothrombinase enzyme consiéting of Factor Xa,
calcium, phospholipid, and Factor V, then separatea out the
Factor Xa activity from the Factor V—éhospholipid moiety.
Jobin and Esnoﬁf (1967) displacéd Factor Xa from the complex
by treaﬁing it with magnesium chloride and recovered the
Factor Xa activity in the supernatent after ultracentrifuga-
tion. The pellet, containing Factor V bound to phbspholipid,
cbuid only cbnvert prothrombin to thrombin when Factér ka
was added back. Similarly, Barton et al, (1967) separated
éut Factor Xa from the prothrombinase complex, treating it
with EDTA "and by chromatographiné the mixture dh Sephadex

G-200. Factor V eluted with the phospholipid in the void
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volume (Ve/Vo =v140) and Factor Xa eluted later (Ve/VO =
2.3). Addition of the Factor V-phbspholipid fraction to
prothrombin-plué‘calcium did-not generate any thrombin
‘actiﬁity, yet when Factor Xa was also added, rapid-
thrombin activity ensued. Only Factor Xa could convert
prothrombin to thrombin'without‘thebaddition of any of the
othéi prothrombinase combonents.

- Other Enzymes Affecting the Activity
' of Factor V

Colman (1969b) investigated the effect of several
5ther protéolytic‘enzymes on the activity of Factor Vv, and
compared this to the effects of thrombin. Both plasmin and
trypsin, even at low concentrations did not activate Factor
V to ‘any extent, but only produced losses in Factor V
activity. It was reported that the présence of trypsin did
not interfere with thrombin activation of Factor V. However
it séems unlikely -that thrombin could activate a degrading
protein. Both papain and q£ude‘RVV effected activation of
Factor V;.whén édded.at low concentrations, and inactivated
Factor V when added'at relatively high concentrations.

‘Also, papain ihhibiéed the activation of Factor V by
thrombin} but crude RVV did not interfere with this reaction.
The extent of activation of Factor V by RVV or papain was
minimal--1.5 to 2,0-fold. This finding again serves to

" illustrate that this Factor V preparation, reported to
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contain dissociated forms of native Factor V, is conse-~
quently norlonger a substrate for eﬁzymaticractiVation by
thrombin.

Numerous reports attest to the fact that plasma
Factor V can be activated by a number of different enzymes.
However, the data are confusing in that the degree of
activation by any one enzyme varies from 1.0 {(no activation)
to 14-fold, and reports on the éhange in moleéular size of
Factor V upon activation vary from no change to a decrease
of appfoximately one;half. These discrepancies undoﬁbtedly_
‘feflect the varied preparations of Factor V which contain
one or several forms which are dissociation products of
native Factor V, produced as a result of the isolation
techniques used. To unequivocably elucidate changes in the
aétivity and molecular weight of Factor V upon activation,
a>preparation is required which consists only of native or
unaltered Factor V, 'under conditions in which its activity

is stable and its ability to be activated is reproducible.

Role of Factor V in the Prothrombinase Reaction

Previous attempts to determine the mode of action of
Factor V in the prothrombiﬁase reaction, have demonstrated
primarily what it does ndt do iﬂ this reaction, Factor V
albne, or~eveﬁ in cqmbinétion with phospholipid and calc;um,

cannot convert prothrombin to thrombin (Jobin and Esnouf,

1967; Barton et al,, 1967). Factor V has been reported to
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‘interact with Factor Xa, éovas to enhance its reactivity
toward prothrombin (Colman, 1970), and separately, to bind
to prothrombin, presumably rendering it more susceptible to
attack by Factor Xa (Esmon, Owen, et al.,, 1973). Factor V
may interact with both of these factors to form a ternary
complex on a phospholipid surface, thereby effecting most -
favorable conditions fqr.rapid proteolysis,

Despite these uncertainties concerning the que of
‘action of Factor V, there is no doubt that if is an
impdftant cofactor in the prothrombinase reaction. Jobin
and Esnouf (1967) observed the effect of each component of
the prothrombinase complex on the rate of conversion éf
prothrombin to6 thrombin. They demonstratéd that Factor Xa
and separately, prothrombin would bind to a number of dif-
ferent phospholipid emulsions, some active and one inactive
in coagulation assays, provided calcium was present,
However, Factor V could bind to these same phospholipids in
the absence of calcium. When Factor Xa, Factor V, calcium,
and/or pﬁospholipid were added in various combinations to
prothrombin, significant differences were observed in the
rate of thrombin generatioﬁ, Factor Xa alone slowly con-
verted prothrombin.to thrombin. Upon the addition of |
calcium, the relative rate of thrombin formation doubled
-and whén Factor Vv was added to this mixture, the relati?e
rate increased 300 times; In a'gystem containihg pro-

thrombin, Factor Xa, and phospholipid initially, the
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addition of calcium resulted in a 140-fold rate increase
and the further addition of Factor V increased the relative
rate 1640 times, Although both calcium and phospholipid
enhanced thé.activation of prothrombin by Factor Xa
considerabiy, the contribution of Factof V to this reaction
is relatively large.

Esmon, Owen,;, and Jackson (1974a), using highly
purified»clottiﬁg factors, obtéined essentially identical
results to fhose_of Jobin and Esnouf (1967). In these

studies Factor V was in the form of>Factor Va, RVV-V which
>Was'purified'as.described by Esmon (1973). The relative
rate of thrombin formation increased 50~fold when
phospholipid Was added to a mixture df Factor Xa, calcium,
‘ahd prothrombin, while the separate addition of Factor Va
to a.mixture of Factor Xa, calcium and phospholipid, pro-
 dqced a 350-fold rate increase; When both phospholi?id and -~
Factor Va were added to a mixture of_Factor Xa, calcium and
"prothrombin, a 19,000-fold increase in the rate of thrombin
evolutidn was measured. Once agéin the critical contribu=-
tion of Facfér Vé to a préthrombin activating system was
demonstrated.

Plasma Factor V Versus Factor Va in the
Prothrombinase Reaction

Many'inveétigators have attempted to distinguish
plasma Factor V and Factor Va, in terms of their respective

contributions to the rate and extent of conversion of
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prothrombin to thrombin’by a complete prothrombin con-
verting cémplex.

-Préntice et al. (1967) observed a lag period.of 35-
45 seconds before thrombin was measurable in a complete
prothfombin-gonverting mixture containing plasma Factor V.
However,rjjl an identical mixture but conﬁaining Factor Va,
thrombin formation occurred immediately after mixing the
components. Thése workers concluded that plasma Factor V
was inactive and must be altered by thrombin to become
effective in the prothrombinase reaction. When Factor Xa
and Factor V were incubated together, in the absencg of
thrbmbin, no increase'in either their actiyities was
observed so they were confident that the principal activator
of Factor»V was thrombin,

Kandéil, Akinbami, and Colman (1972), using highly'
pﬁrified clotting factors in a'two—stage thrombin generating
system, indicated that both the rate of formation and yield
of thrombin formed frdm prothrombin increased with in-
creasing éoncentrations of Factor V. They introduced
evidence that the "lag period" reported by Prentice et al.
(1967), when plasma Factor V was addedrinitially to the
prOthrombinase reaction, was an artifact due to linear
exérapolation of the thrombin standard curve below 1.0
N.IL,H. units/ml thrombin., Using their experimentally
dérived curve which waé non-linear belbw 1,0 Uﬂmi‘thrombin,

Kandall et al. (1972) saw no time lag in thrombin generétion
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in the‘presence of plasma Factor V as compared to-activated
;Factor V. Atﬁempts4to:quantitateVthrombin activity from
those non-linear régiohs of the thrombin calibration dﬁrve,
probably is not wvalid. Howevef, a difference in thrombin-
clottiﬁg timeé of 80 seconds versus 35 seconds isvsignifi—
‘cant,‘qnd some gualitative comment 'about the amount of
thrombin activity theée times indicate is in order,

| Giddings and Bloom (1975), using purified clotting
factérs from bovine plésma; investigated the effect of
thrombin on Factor V and the mechanism by which Factor Va
thrombin influences the activation of prothrombin, A
complex was prepared of Factor Xa, Factor V, calcium, and
phospholipid as demonstrated by chromatography of this
mixture on Sephadex G-~200, The Factor V and Factor Xa
activities co—eluﬁed with~phoSpholipid in ﬁhe column void
volume when the sample was eluted in the presence of calcium.
Chromatography in the absence of calcium resuited in ‘co-
elution only of Factor V and phospholipid, with the Factor
Xa-activify,eluting later, Kinetic experiments demonstrated '
' thét acﬁivétion of prothroﬁbin to thrombin requirea all four
prothrombinase components, If Factor V was pretreated with
trace amounts of thrombin, a steady-state levei of thrombin
activity was attained one minute after mixing all components,
while in the same system but containing unactivated Factor
V, 4 minutes lapsed before maximﬁﬁ thrombin activity was |

measured, Giddings and Bloom (1975) also demonstrated a
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difference in the’phospholipid binding characteristics of
plasma Factbr‘v and Factor Va, A given amount of
phospholipid became saturated with increasing concentrations
of Factor V, but after conversion of Factor V to Factor Va
by thrombin, the same amount of. phospholipid became
saturated with a lesser amount of Factor Va protein,
Consequentiy‘activation of Factor V by thrombin resulted
in an altered form of Factor V which hadran increased
affinity for phospholipid. When the concentration of
Factor Xa, Factor V was varied,rwhile maintaining the
- concentrations of the other'components constant, both the
rate of formation and yield of thrombin correspondingly
'increased.‘ Varying the concentration of phospholipid in a
similar manner also influenced the'rate and yield of
thrombin generated, but in this instancé there appeared to
be an optimum, reagent concentration. Above this level‘no
furﬁher thrombin waé formed and there was some iﬁhibition
of the reaétion.

Résenberg et al, (1975), using purified Factors V,
Xa, and prothrombin from human plasma, also examined the
kinetics of thrombin production from prothrombin. 'They
observed that both the rate and extent of>conversion of
prothrombin to thrombin wés a function of the Factor V and
separately, the Factor Xa concentrations. The ability of
activated human Factor V to_parﬁicipate in thié reaction was

not explored,
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Esmon, Owen, and Jackson (1974b) confirmed the

péthway originally set forth by Stenn and Blout (1972) by

'Awhich prothrombin is converted to thrombin by Factor Xa and
by thrombin. Owen, Esmon, and Jackson (1974) further
demonstrated that this pathway,Was unchanged when calcium,
phéspholipid,'and Factor Va were added along with Factor Xa,
to prothrombin.' This scheme is illustrated in Figure 2.
Furthermore, Esmon and Jackson-(l974) observed that
Intermediate 2, a thrombin precursor lacking a F;agment 2
region,; is activated more rapidly by Factor Xa and calcium
than either prothrombin or Intermediate I, but, when Factor
.Va is present, prothrombin or Intermediate I arevactivéted
more rapidly than Intermediate II. Addition of Fragment 2,
or Fragment 1°2 to Intermediate II, resulted in the rapid
activation of Intermediate II by Factor V, Xa, and calcium.
Yet, addition of Fragment I to either Intermediate I or to
Intermediate 2 plus Fragment 2, had no effect on the
ability of Factor V to enhance the generation of thrombin
from these prothrombin intermediates. From these experi-
ments they concluded that Factor Va accelerates the conver-—
sion of prothrombin to thrombin by interacting with the
Fragment 2 region of prothrombin, to facilitate furtherv
attack by Factor Xa to ultimately generate’thrombin.v This
Woﬁld account for continued rapid degradation»of pfothrombin
by Eactor.Xa’wheh the caicium ana 1ipid»binding.protein

(Fragment 1) is cleaved by thrombin,
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Factor Xa and thrombin according to Esmon et al.
(1974b) , as proposed by Stenn and Blout (1972) .



Statement of the Problem

From the foregoing literature survey, it is
epparent that the isolation of plasma Factor V is a diffi-
cult task. This stems from the extreme instability of
Factor V, which is reflected in large iosses of activity
durihg attempts totisolate it. It is also extremely
susoeptibie to dissociation when subjected to certain
techniques of protein fractionation whioh ofteh involve
conditions ofbhigh ionic strength and/or removal of

calcium from the protein, Dissociation results in the
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prodUction of multiple forms of Factor V which are of lower

molecular weight ahd higher specificlactivity than that
form of Factor V which exists in plasma, and thoogh these
forms are active in the ciotting scheme, they cannot be
enzymatically converted to Factor Va by thrombin or any of
the other enzymes known to activate plasma Factor V.,

The objectives of this dissertation then, were
primarily to isolate bovine Factor V, in a form that was
reasonabiy stable and typical of that form of Féctor v
- native to plasﬁa so that it could be activated to a
‘significant extent by any one of . several enzymes,
Secondarily,»the aim was- to determine the extent to which
three principal enzymes, thrombin, RVV-V, and Factor Xa,
affect thetaotivity and the molecular size of plasma
Factor V in converting it to a.mote active form; Also, it

was of interest to determine whether the mode of action of
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eéch of these proteins was enzymatic, since Factor V
apparently can be dissociated to a more active form(s) by
nbn—enzymatic ﬁeans. Finally, it was important to determine
fthe consequence of this activation in terms of the ability
of Pactor VvV, or Va; to contribute to the formation of
thrombin from prothrombin,,by a coﬁplex also consiéting of

Factor Xa, calcium, and phospholipid. : -



CHAPTER 2
MATERIALS AND METHODS

‘Materials

QAE cellulose, 0.92 meq/gm, precycled.according to
the maﬁufacturer‘s instructioné; was a product of
Schleicher and Schuell, Iﬁc., Keene, N. H. Sephadex G-ZS,
G-150, G-200, SP-Sephadex, C-50, Sephafose 6B and Dextran
Blue 2000 were obtained ffom Pharmacia Fine Chemicalé,
Piscataway, N, J.

Sodium lauryl sulfate (SDS), Coomassie Brilliant
Blue R, bovine serum albumin, éldolase; Y-globulin, bovine
carbonic anﬁydraSe, myoglobin, soybean trypsin inhibitdr
(Type II—S)}-heparin (grade I), N-a-p-Tosyl-L-Lysine
chloromethyl ketone-HCl (TLCK), L-1-Tosylamide-2-phenylethyl
chloromethyl ketone (TPCK), 2-mercaptoethanol, tris
(hydroxymethyl) aninomethane, bovine fibrinogen (Cohn
Fraction I}, immobilized ﬁrypsin (polyacrylamide=linked
enzyme from bovine pancrase), and phosphorylaSe—a (from
Rabbit Muscle) were all products of Sigma Chemical Co.,
St, Louis, Mo, A |
' Trypsin (TypevIII), alsb frdm Sigma, was used with
no further pﬁrification, and was.made - to 10 mg/ml in
, Michaelis (Veronal-acetate) buffer, pH 7,35 and stored at 4°C.

45
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a—Chymotrypsiﬁ (47 U/mg), three times crystallized
from the activation product of the three times crystallized
xymogen, was purchased from Worthington Biochemicals,
Freehold, N. J. It was used with no further purification
and was made to 10 mg/ml in Michaelis buffer, pH 7.35, with
storage at- 4°C.

Russell's Viper Venomv(RVV), iot VR1EF, was
puréhased from Miami Serpentarium, Miami, Fla. Bovine
Topical Thrombin was a Parke, Davis and Co. product (Los
Angeles, Calif.). Human thrombin was prepared by Dr. Walter

Kisiel of this laboratory by activating human prothrombin

. with a mixture of human Factor Xa, calcium, phosphatidyl-

serine:phosphatedyl choline (PS:PC)'(lzl, w/w), and bovine
vFactor V. The human thrombin formed was isolated by
chromatography on a column of SP-Sephadex, C-50, as
described under Methods for the isolation of bovine
throﬁbin.  Human thrombin had a specific activity of 180
NIH uﬁits/mg, and was homogeneous on SDS electrophoresis
under-noﬂreducing conditions, ‘

Apoferritin was purchased‘from CalBiochem, LaJolla,
Calif. Benzamidine~HCi was an Aldrich Chemical Co.
 (Milwaukee, Wisc,) product., Barium sulfate was purchased
from Matheson, Coleman and Bell, Los Angeies,VCalif.
Pjronin Y, acrylamide and‘N, Nl—methylene bisacrylamide,
and N,N,Nl)letetramethYtenediamihe (TEMED) were obtained

from Eastman Chemicals, New York, N. Y. Acrylamide and
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bis-acrylamide were recrystallizéd'from chloroform and
acetone, respectiveiy, accordihg to Loening (1967). DNP-
glyciné was obtained from Mann Research'Labs, New York,
N. Y. PolyéthylenerGlycol 6000 (Union Carbide Corp.) was
fecrystallizéd from acetone-diethyl ether (2:1) according
to Albertsson (1962). Dialysis tubing, obtained from Van
Waters and Rogers, Los Angeles,‘Calif., was treated before .
use according to McPhie (1971), Ortho Coagulation Controi
plasma was obtained from Ortho Diagnostics, Raritan, N. J.

Phosphatidjl serine and phoséhatidyl choline were
prepared from bovine brain and hens' eggs, respectively by
Dr. M. Gamo (Department of Biochemistry, University of
Arizona Medical Center). Diisopropyi fluorophosphate (DFP)
and urea were obtained from Swartz-Mann, Van Nuys, Calif.
DPF was used as a 1.0 M solution in anhydrous 2-propanol.
All othér chemicals used wefe feagent grade and all
solutions were made with deionized water.

Factor V deficient plaéma was preparedras'déscribed
by Lewis and Ware (1953), Oxalated human plasma was aged
at 37°C until the clotting time in the Factor V assay
ekceeded 60 seconds. Factof VII.ahd X, aﬁd_Factors IT and
VII deficient plaémas were purchased from Sigma Chemical
Co., St, Louis, Mo. "Factors VII, IX, XII, and XI individual
deficient plasmas were obtained from the National Center for
Disease Control, Atlanta, Georgié. Normal huﬁah pooled

plasma was prepared by pooling-.normal citrated human plasma
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from four to five individual donors; it was storédAin small
aliquots at -20°C. |

" Human brain thromboplastin was prepared according to

Biggs (1972), with a few modifications. An acetone powder
of human brain was suspended in 0.15 M NaCl to a concentra-
tion of 1.5 g/100 ml, This mixture was warmed‘betweén
37°C and 40°C for 20 minutes with constant stirring. = The
stirring was then stopped to allow the largest particles
to settle and the suspension was decanted into glass test
tubes in 1.0 fo 2.0 ml aligquots and immediétely frozen at
-~ -20°C. This preparation retained its "thrombopiastin"
activity for periods of 2-3 weeks. -

Cephalin, ﬁsed in the routine assay of Factor X and .
Factor II) was prepared as a suspension in Michaelis
buffér,ﬁﬁH‘7.35 from a chloroform extract of a human brain
acetone poWder, according to Bell and Alton (1954);
o 125I as NaI-in 0.1 N NaOH was obtained from New
Englénd Nuclear, Boston, Mass., and radioactivity was
counted using'a Nuclear Chicago radiation counter.

Michaelis buffer (Veronal-acetate buffer), pH 7.35
was prepared.from sodium acetate trihydrate, 0.0265 M, -
sodium diethyl barbiturate, 0.0265 M, and NaCl, 0.108 M.
Mj.chaelis—-CaCl2 was prepared from Michaélis buffer with the
addition of CaCl.,-2H,0 to 0.025 M., The pPH of each of the

2 2
above solutions was adjusted to 7.35 with 1 N HCI.
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Methods
~ Analytical Methods

Protein Measurement. - All protein. determinations

were made by measuring the -absorbance at 280 nm, assuming

an E2é8 = 10.0 and correcting for Rayleigh light scattering

at 320 nm according to Shapiro and Waugh (1966) .

Preparation of Desulphated Sepharose 6B. Sepharose
6B was chemically treated to reduce the number of sulfate
. ester groups, according to the procedure outlined by

Porath, Janson, and Laas (1971).

rrPhospholipid Dispérsions° Dispersions of PS:PC
(1:1) were prepared in the following manner,  Five mg each,
of phosphaéidylserine (PS) and phosphatidyl choline (PC)
in chloroform:methanél (2:1) were takén to dryness under a
. stream of nitrogen. The residue was re—dissolved in
anhydrous-ethér and again dried under a stream of nitrogen,
This latter.ﬁrocedure was repeated twice more to remove
all tracés of-chloroform and methanol. The final residue
was taken up in 1.0 ml Michaelis buffer; pH 7.35. This
sﬁspénsion was maintained at 4°C in an ice bath and
sonicated at 5 minute intervals for a total of 25-30
'.minufes at the number 5 setting of a Bronson Modei 5110
sonifier equipped with a microtiﬁL.jThe resulting\diSw

persion was then centrifuged at 100,000 x g'for one hour
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in a Beckman L2-65 ultracentrifuge at 4°C., After centrifu-.
gation the solution was kept at 4°C until used in experi-
ments requiring phospholipid. The final phospholipid
dispefsioﬁ was analyzed for total phosphérus by thé method
of Bartlett (1959). ‘Eachbpreparation contained 9.5-10,2 mg -

phospholipidvper milliliter.

Gel Eleétrophoresis.

1. AnalYticalﬁ Analytical polyacrylamide gel electro-
| A phoresis’was perférmed according to Davis (1964)
rin a BuéhlervPoly—Analyst apparatus, A photo-
polYmerized 2.5% concentrating~gel was cast over a
chemidally polymerized 5% resolvingvgel, Samples
of 20—100 pl, containing 50-100 ug protein were
electrophoresed for tWQ to three hours at room
temperature and subsequéntly stained and destained
according to Fairbanks, Steck, and Wallach (1971).
2. SDS: Electrophoresis in the presence of sodium
dodecyl (lauryl) sulfate was carried out according
to the procedure of Swank and Munkres (1971); in
7.5% acrylamide gels (1:30, bis acrylamide:
acrylamide) containing 0.1% SDS and 8 M urea.
Samples containing!O.S—l.O mg/ml protein were
dialyzed at 4°C against 0.02 M Tris phosphate,
0.2% SDS;, pH 6.8 for 12-15 hours, The samples were

then treated with 5% (v/v) 2-mercaptoethanol, made
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8 M in urea and incﬁbated for 1 hour at 37°C. Each
saﬁple was made to 20% (w/v) in sucrose and pyronin
Y added as a tracking aye. Aliquots of each sample
containing 10-15 ul, were electrophoresed at 25°C at
a constant current of 1.5 mA/gel for 13-15 hours‘>
The electrophoresis buffer was 0.1 M Tris phosphate,
0.1% SDS, pH 6.8. Sﬁbsequent to electrophoresis fhe
gels were stained and déstained according to

Fairbanks et al. (1971).

Molecular Weight Determinations.

SDS Gel Electrophoreéis: The mobility of each
protein species on electrophoresis was determined
from é'densitometry tracing of the gels at 600 nm,
made in a Gilford Model 240 spectrophotometer
equipped with a Model 2410 linear transport
accessory. Correspohding molecular weights were
estimated from a linear éemivlog ﬁlot of molecular
weight versus mobility for reduced, standa%d Pro~
teins: bovine serum albumin (68,000), ovalbumin
(45,000), bovine carbonic anhydrase (38,600),~and
myoglobin (17,200). |

Gel Filtration: All gel filtration experiménts were
performed according to the!pfoceaure of Andrews
(1964). The molecular weight of bovine plasma

Factor V and of the activity resulting from
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thrombin, RVV-V, Factor Xa, or a~chymotrypsin
écfivation, was estimated by gelrfiltration on a
calibrated column Qf Sephadex G-200, at 4°C using

Michaelis-0.025 M CaCl., pH 7.35 buffer. A 1.6 x

2!
55 ém column was packed by gravity flow and subse—
quently maintained at a'constant flow rate of
0.18-0.20 ml/min with a Buchler polystaltic pump.
The column was calibrafed with standard proteins:
.apoferritiﬁ (443,000), y-globulin (205,000),
aldolase (160,000), and bovine serum albumin
(68,000). The void volume (v), and the internal
Voluﬁe (Vi) were deﬁermined with Dextran Blue 2000
and DNP-glycine, respectively. The élution volumes
of stahdards;and samples were determined by '
weighing the eluate obtained from the time of
application to the coiumn to the maxima of the
protein or activity peak, A calibration curve was

constructed by plotting the log of the molecularb

weight of each standard protein versus the K

D
value where Ky = Vo ~~Vo/vi’ and vV = Vg (DNP-
glycine) —-Vo. The apparent molecular weights of

the samples were determined by interpolaﬁion from

the calibration curve,
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Analytiqal Ultracentrifugation.

Examination of bovine Factor V by aﬁalyfical ultra-~
Centrifugation was performed in a Beckman Model E Ultra-
centrifuge.' Sedimentation velocity experiments were cariied
out at 4°C at a'fotbr speed of 60,000 RPM using a déuble
sector cell with saphire windows.

Samples of bovine Factor V were concentrated by
ultrafiltration (PM-10 membranei to 5 mg/ml and dialyzed

12-15 hours against 0,20 M Tris acetate, 50 mM CaCl 10%

2!
glycerol, pH 7.5, or against 1073 M Tris acetate, 50 mM
CaClzg pPH 7.5. A single concentraﬁion-of Factor V was
analyzed by this technique, but under several different
solvent cbnditions.

After -the Factor V sample(s) had been accelerated
to maximum.speéd, thé‘Sample cell was photographed at 10
minute intervals up to.50-60 minutes. The radial distance
from the center of rotation to the apexvof the boundary
pattern at each time interval‘was measured, and a plot was
made of fhe log of this functionrversus time, in minutes,
The Sloée of this line was(ﬁéed toicalculate the observed

sedimentation constant, Sobs’ according .to Eguation (1),

2,303 kd_log.x

. _ 1 dr _ )
Sobs = "2 dt 2 ac ! ()
w r 60w _ ‘
where w = angular velocity in radians/'second, and
(d log ¥) = slope of the line described above.
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Assay Methods

Factor V activity was assayed according to the
procedure of Kappeler (1955). For each assay, 0.1 ml of
Factor V deficient plasma, and 0.1 ml human brain
,thrembOplastin, were preincubated for 30 seconds at 37°C,

. followed by £he addition of 0.1 ml of test sample, diluted
in Michaelis buffer, pH 7.35, and finally, 0.1 ml of 0.025 M
CaClZ.- Samples containing calcium were assayed by adding
0,1 ml deionized water to the FactOf V deficient plasma-
thrombOplastin'mixture/ and the aseey initiated by the
Aaddition of 0.1 ml of the Factor V sample dildted in
Michaelis-0,025 M CaClz, pH 7.35, The assay was stand-
ardized with normal human pooled plasma and test solutions
were diluted so that clotting'times Were in the 20~30

second range of the calibration curve. One unit of

Factor V activity was considered as the amountnpresent in

1 ml of normal humah plasma, Specific activity was defined
as units of Factor V per unit of absOrbance at 280 nm, after
cerrectind for light-scattering at 320 nm,

Factor Xa was assayed by the procedure of Bachmann,
Duckert, and Koller (1958), but with the omission of
Rﬁésell)s Viper Venom (RVV). One unit of Factor Xa activity
waefdefined as that amount present in 1 ml of normal pooled‘
‘humah plasma'fully'acéivated by RuSsell’s~Viper Venom.

Factor II (prOthrembin)'ﬁas eSSayed by'the one-stage

method of Hjort, Rapaport, and Owren (1955). One Oxrtho unit
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Aof Factor II was defined as the amount Qf Factor II activity
in l,b ml bf Ortho Coagulation'Control_plasma, ét 37°C.

Factors XII, XI; IX, and‘VIII were assayed by the
procedure of Simone, Vanderheiden, and Abildgaard (1967).
Factor VII was assayed according to thé method of Nemerson
and Clyne (1974). Pooled human plasmas, congenitally
.deficient in each of the above coagulation factors were used
in the assay of each factozr. Nérmal human pooled plasma was
used to standardize the assay in each case,

Fibrinogen was detected according to the procedure
bf Ratnoff and Menzie (1951). |

Thrombin éctivity was assayed by its abiiity to clot
fibrinogen according to a modificatibn of the procedure of
AShapiro and Wéugh (1966) ., For this assay, 0.2 ml of
fibrinogen,'g mg/ml in 0.15 M NaCl wés pipetted into the
reaction cup of an automatic clot timer (nechrolab, Model
202?A or BBL Fibrometer), and prewarmed for 30 seconds at
37°C. Then, 0.1 ml of sample was pipetted into the cup
and the clbt timer initiatéd simultaneousiy. Thrombin
clotting times were compared to a log-log plot of clotting
times versus thrombin concentration in NIH units/ml,
pfepared from dilutions of U. S, Standard Thrombin,'NIH
‘Lot B-3, 21,7 U/mg.

The fibrindgen, used in the thrombin assay, was
purified according to Laki (195lyAfrom Cohn Fraction I,

Type I, obtained from Sigma Chemical Co, The purified
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fibrinogen, dissolved in 0.3 M KC1l, contained 97% clottable
protein and was frozen at -20°C in 2-3 ml aliquots at a
concentration of 10 mg/ml. |

RVV-V activity was assayed according to a modifica-
tion of the procedﬁre of Schiffman et al; (19695. The RVV-V
containing sample was incubated with a Factor V solution for
10 minutes at 25°C. A control,.COntained buffer in place
of the RVV-V sample. FEach sample was then assayed for
Factor V activity and the RVV-V activity calculated as the
Factor V activity in excess of that fognd in the control,

A unit of RVV-V activity was defined ég?the number of
Factor V units which é RVV-V preparation- -could generate

under these conditions,

Preparatiﬁe Methbds

1. Préparation of Bovine Plasma Factor V: In a typical
isoiation scheme, 21 liters of bovine blood were
obtained ffom a‘local.méat pécking house.v Tﬁe
blood was collected in 7-liter polyethylene
buckets, each containing 1/10 volume of 0.1 M K
osalate plus benzamidine-HCl, heparin, and soybean
trypsin inhibitor; each at 10-mg/liter blood. After
collection;'the contents of each bucket were
thoroughly. mixed by genéle inversion. Within one

hour of collection the plasma was separated out by

centrifugation at 2300 x g in a Lourdes Clinifuge



57
for 30 miﬁutes at 4°C. The supernatent was siphoned
off and centrifdged for 15 minutes at 4°C inra
Sorvall RC-3 centrifugé, using an HG-4 rotor. The
final plasma was collected and mixed with.BaSO4,
'<lOO g/liter, for 30 minutes ét room temperature with
constant'stirring, The adsorbed plasma was
separated‘outrby centrifugation at 2300 x g for 15
minutes<at 4°C. The adéorbed plasma was diluted
1:1 with deionized water and the pH adjusted to 7.0
with 1 N HCl. QAE cellulose (QAEC) was added
batchwise in an amount of 9 g per liter original
plasma, Thié mixture was stirred for 20 minutes at
room temperature, then the stirring was stopped to
allow the QAEC to settle, ‘Thé supernatent was
siphoned off and the QAEC collected by centrifugé—
tion at 2300 x g for 15 minutes at 4°C, The
cellulose pellet was washed with 0,055 M calcium
acetate, pH 7.25, until the absorbance at 280 nm of
the wash read_(),;]_O.o-r'less‘z which usuglly required
1l6+-18 liters of wash buffer, The Factor V activity
was eluted from the QAEC with 0.11 M calcium acetate,
pH 7.25. The QAEC cake was suspended in 1/10
volume of the eluting'buffer, relative to the
original plasma, and stirred intermittently for 10
minutes at room ﬁemperatﬁfe. 'The final.éxtract was

collected on a Buchner funnel (Whatman #4 filter
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paper),‘and the QAEC was washed with a small
JVOlumevof O;ll M calcium acetate, pH 7.25 and sucked
te‘dryhess. The extract was centtifuged at 5500 x g
for 10 minutes at 4°C to remove small'amounts of
barium sulfate which Were carried through the
extractidn procedure. Ptotease inhibitors
benzamidine-HCl, and soybean trypsin inhibitor, were
added to the final extract to a final concentration
of.10~3 M and 50 mg/liter, respectively., QAEC
Factor V was stored at 4°C at a protein concentra-
tion of 1.0 to 1.5 mg/ml. TFor further purification
the QAEC Factor V was precipitated with polyethylene
- glycol 6000 (PEG) and subsequently chromatographed
on a column of desulphated Sepharose 6B, Three
hundred ml of QAEC factor V were titrated with 1 N
”aeetic acid to pH 6.0 and a 50% (w/v) solution of
PEG in deionized watet was added dropwise with
continuous stirring at 4°C, to a final concentration
of 12% in PEG. Addition of PEG results in the
formation of a gelatinous precipitate in the QAEC
extract. This mixture wae'allowedito stand undis-
turbed for‘lO minutes at 4°C, then the precipitate
was collected by centtifugation'at 4000 x g for 15
minutes at 4°C in é Sorvall RC-3 centrifuge. The
supernatent was discarded and the pellet was

dissolved in 0.20 M Tris acetate, pH 7.5, 50 mM
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CaClz, 10% glycerol, containing 10—3 M, benzamidine-

"HC1 and e-NH, caproic acid, a serine protease and

plasmin inhibitor, respectively. The sample was
dialyzed at 4°C for at least five hours against the-

same buffer and applied to a column of desulphated

Sepharose 6B, 5 x 90 cm,'equilibrated with 0.20 M

Tris acetate, 50 mM CaClz, 10% glycerol, pH 7.5.
The sample was eluted af a flow rate of 0.67 ml/
min and fractions of 9-10 ml per tube were
collected. The effluentlwas assayed for Factor V
activity and the most active fractions were pooled
and stored at 4°C, at a prbtein concentration of'
0.3-0.4 mg/ml, 'A flow diagram of this preparative
procedure is shown in‘Figure 3. |

Preparation of Activated Factor V (Facfor va):
Factor Va wés prepared by activating Factor V with
RYV-V, thrombin or Factor Xa and subsequently
isolating the activated Factor V by chromatography
on Sephadex G~200, From 10-15 mg (700-1000 totél
units) of Factor V, prepared as described above,
were treated with 15 ug purified boVine thrombin,
55«65 ug purified RVYV-V, or 80-90 pg bovine FacFor
Xa at pH 7.5 for 30-40 minutes and at room tempera-—
tﬁreq The sample was then concentrated by ultra-
filtration  (PM~-10 membrahe) to 1.0 ml ahd applied

to a column of Sephadex G-200, 1.6 x 55 cm at 4°C,
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equilibrated with Michaelis-0.025 M CaCl.,, pH 7.35.

27
The sample was eluted withrthe'same buffer and 1.8~
2,0 ml1 fractions were collected. The effluent wés
assayed for Factor V activity and for protein. The
Factor Vradtivity eluting in a volume corresponding
to a molecular weight of 200,000 daltons, when

referred to a standard curve, was pooled and con-

centrated by ultrafiltration (PM-10 membrane) to a

- protein concentration of 0.2 to 0.4 mg/ml. Factor

Va was stored at 4°C for immediate use or made to

- 50% (v/v) in glycerol and stored at -20°C,

Preparation of Bovine Factor II (Prothrombin) and
Factor Xa: Bovine Factor II was purified by the
procedure developed for the isolation of human
prothrombin by Kisiel and Hanahan‘(l973), " This
method consisted of bariﬁm citrate adsorption,

DEAE cellulose chromatography and preparative disc
gel electrophoresis. The Factor II preparatioﬁs had

a specifié activity of 4 Ortho units/mg and appeared'

-homogeneous when examined by analytical disc

electrophoresis.

Bovine Factor Xa was prepared in a similar
manner, Factor Xa was generated from DEAE cellulose
purified Factor X by the action of RVV-X, the
Factor X activator from ﬁﬁssell‘s Vipeerenom, or

by immobilized trypsin, and subsequently purified
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by preparative disc eleétrophoresisv(Kisiel_and
Hanahan, 1973). Factor Xa was homogeneous by
analytical disc and sodium dodecyl sulfate gel
electrophoresis, and the specific activity of
repeated pfeparations'fanged from 600-1000 U/mg.
Preparatién of RVV-V: RVV-V was prepared by a
modification of the method of Esmon, Jackson, and
Lowery (1973). Five hundred mg crude Russel's
Viper Venom (RVV) were dissolved in 2-3 ml of 0,05 M
sodium acetafe, 0.5 M NaCl}va 5.0. The sample was
centrifuged at 30,000‘x g for 15 minutes at 4°C and
the supernatent appliéd to a column of Sephadex
G-150, 2.6 x 80 cm, at a flow rate of 0.3 to 0.4
ml/min. Fractions of 4 ml were collected. The
effluent was assayed for RVV-V activity and the most
~active fractions were pooled, concentrated by
ulﬁrafiltration (UM~2 membrane) to a volume of
8-~10 ml, and dialyzed 4-5 hours against 0.05 M
éodium gcetate, 0.5 M NaCl, pH 5.0. The retentate
was charged on a column of suifoyl propyl (SP}
Sephadex, C-50, 1,6 x 46 cm, The column was waghed
with 75-100 ml of eqﬁilibrating buffer, and theﬁ a
linear gradient was applied, consisting of 100 ml
each of_O;OS M sddium'acetate, 0.5 M NaCl, pH 5.0,
and 0.05 M sodium acetate, 1.0 M NaCl, pH 5.0.

RVV-V eluted in a broad peak of activity starting
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at 0.7 M in NaCl, and the most active fractions were
pooled, concentrated'by ultrafiltration (UM-2

membrane) to 1.0 mg/ml, and dialyzed against 0.1 M

Tris-HCl, pH 7.5. The RVV-V concentrate was then

. portioned in 0.5-1.0 ml aliquots which were stored

frozen at -20°C, When examined by SDS elec-

trophoresis under reducing conditions, the RVV-V

»pfeparation contained a single band which had a

mobility corresponding to a molecular weight of
26—28,000 daltons.

Iodination of RVV—V{ RVV-V wae iodinated according
to the procedure of Greenwood and Hunter (1963),
with a few modifications., Purified RVV-Y, in 0,1 M
Tfis—HCl, pH 7.5, at a concentration of 6 mg/ml, was
treated with 100 ul of Na'®>I in 0.02 N NaOH (0.4
mCi) followed by 20 pl‘Of chloramine T (2 mg/ml).
This mixture was shaken intermittently for one
minute at room temperatﬁre, then 20 Ul of disodium
eulfite, 5 mg/ml were added followed by 20 Ml KI,
20 mg/ml, The complete mixture was allowed to

stand for 2-3 minutes at room temperature and then

chromatographed on a column of Sephadex G-25

4(Coarse), 0.9 x 20 cm, at 4°C, to separate the

1251 labeled RVV—V‘from the reaction mixture. The

sample was eluted w1th 0 l M Tris- HCl pH 7 5, at a

flow rate of 0.5 ml/mln and 0.5 ml fractions were
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coilected.‘ Five microliters of selected tubes |
across the chromatogram were counted for one
minute'each in a Nuclear Chicago Scintillatipn
Counter. A peak of radioactivity at the column
void vélumeAwas taken as the l25I—labeled RVV-V
and was pobled, The'pool was concentrated 3-fold
by placing it in a dialysis bag'surrounded by solid
sucrose for 20 minutes ét room temperature. The

concentrate was dialyzed against 0.1 M Tris-HC1,

pH 7.5 to remove the sucrose and stored frozen at

- ~20°C.

~ Purification of Bovine Thrombin: Bovine thrombin

(Factor IIa) was‘purified-according to a modifica-—~

tion of the procedure of Lundblad (1971). Two vials

of Parke-Davis bovine thrombin, containing 10,000

NIH units eaéh, were reconstituted in 10 ml of
0.1 M sodium phosphate, pH 6.5, dontaining g—amino
caproic acid to 10—3 M, to prevent any degradation
6f thrombin by plasmin. The sample was dialyzed
12415 hours against the same buffer and then |
centrifuged for 15 minutes at 4°C and 30,000 x g to
clarify the sample. The superﬁatent waé Charged on
a coiumn of SP-Sephadex, C-50, 2,6 x 20 cm,

equilibrated withio.l M sodium phosphate, pH 6.5,

“at a flow rate of 0,5 ml/min, and 4 ml fractions

were collected, The column was washed with 20-50 ml
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equilibrating buffer, then fhe buffer was changed to
0.25 M sodium phosphate, pH 6.5 to elute the
thrombin activity{ The column effluent was assayed
for_thrombin clotfing activity and protein and the
Amost active thrombin fractions were pooied, éon~
centrated by ultrafiltrétion (UM-2 membrane) and
stored at ;20°C in the buffer of isolation at a
protein concentration of 0.3 mg/ml; assuming an
Eégo = 19;5. The ﬁurified thrombin had a specific
activity of 2400 U/mg, and on SDS gel electrophoresis

this preparation appeared to contain both o and 8

forms of thrombin with the o form predominate,

Activation of Bovine Factor V

Changes in the activity of Factor V, or formation

" of activated Factor V, were measured by assaying the

activity of Factor V after treatment with several different

reagents under the following conditions: From 1-5 units of_‘

- Factor V, in 0.20 M Tris acetate, pH 7.5, 50 mm CaClz, 10%

glycerol were treated with one of the reagents listed below

in the presénce of 5 mM CaCl2 at pH 7.5 and 25°C. In each

case the final volume of the activation mixture was diluted

to 1.0 ml with 0.05 M Tris acetate, pH 7.5, 0,10 M NacCl,

bovine serum albumin, 1 mg/ml. The éddition of the

activator was taken as zero timéﬁthereafter which aliquots
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were removed at specific time intervals to assay for
Factorlv activity.

When Factor V was treated with a particular reagent

the following additional conditions were met,

Thrombin. Factor V was incubated with 0,36-1.4 ug of
bovine thrombin or with 10«15 ug of human thrombin as

described above.

RVV-Y. From 2.5-10 ug of RVV-V were added to

Factor V under the conditions described above.,

‘Factor Xa. Factor V was treated with 12 ug (7,2
Ortho units) Factor Xa, or with 3-4 nug (2,4 Ortho units)

Factor Xazplué 0.05 ug PS:PC (1:1, w/w).

o-Chymotrypsin, Trypsiﬁ, or Pronase, Factor V was

mixed with 3.0-6.2 ug of a-chymotrypsin, or with 0,1-1.0 ug
of trypsin, or with 0.1+<10 ug pronase'according to the

conditions described above,

Thrbmbin Generation Experiments

The formatioh of thrombin was accomplished by
trééting bovine prothrombin with various combinations of
Factor Xa, Factor V orFFactor Va, calcium; and PS:PC (131,
w/w). 'A prothrombin activator was pfepafed by mixing one ;
of.more of these reagents at 255C~as follbws: Factor V or

Va, 0.25 ug/ml (0.32 units/ml), 0,92-1.84 ug/ml Factor Xa,
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25 pg/ml PS:PC (1:1 2/2) and ld mM CaCl,. To this mixture
was immediately added 123 ug/ml (7.4 Ortho unité/ml)
prothrombin, and the final volume was brought to 1.0 ml
with 0.01 M Tris acetate, 0,08 M NaCl, pH 7,5. The addition
of prothrombin was taken as zero time thereafter which
aliquots were removed for~estimatiqn of thrombin aétiyity at
specific time intervals up fo 30-40 minutes, Samples were .
diluted for assay in 0,01 M Trié acetate, 0,08 M NacCl,
pH 7.5,

Factor Va was prepared by treating plasma Factor V
With thrombin, RVV-V of Factor Xa,l For some experiments
Factor Va was isQléted from the activation mixture by
Sephadex;G-ZOO gel chromatography as described in a previous

section.
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RESULTS

Isolation of Bovine Plasma Factor V

The yield, fold purification, and the extent to
which’Factor V could be éctivated by RVV-V Lactivatability)'
at each step of the isolation procedure are given in
Table 2.

During a routine preparation, bovine Factor V was
isolated from 14—18 liters bovine blood collected in a
1/7th volume of 0.1 M K oxalate as an anticoagulant, and
protease inhibitoré, benzamidine—HCl,.heparin, and soybean
trypsin inhibitor, to prevent any degradation of Factor V'
early in the work—uvtp‘I '

After tﬁe plasma was separated from the cellular .
components of the bloéd, it was adsorbed with barium
sulfate to femove Factors II, VIi,'IX} and X, in orxder to
réduce the chances of degrgdation‘of Factor V¥ by either
Factor Xa, or thrombin, which cduld‘be generated from
Féctor X or prothrombin, réspectively, dufing the isolation.
Ali of the plasma Factor V activity was recovered in the
adsorbed plasma, | |

The adsorbed plasma was deluted 2-fold with
deionizedlwater to reduce the prbtéin concentration, and

68



Table 2. Purification scheme for bovine plasma Factor V.

Activata-
' ' , bility
: Total : (fold in-
Volume S activity Specific % Purif. crease in
Fraction (ml1) Units/ml (units) activity recovery (fold) activity)
plasma 11,205 1.82 20,393 0.0284 - 100 1.0 ‘ 20
BaS0y4
adsorbed
plasma 11,000 1.66 18,260 . 00,0295 90 1.04 --
QAEC - ) : ‘
extract 1,200 . 11.7 14,040 7.77 69 274 - 10
PEG o -
precipitate 42 270 11,340 13.4 56 472 10
Desulphated
Sepharose
6B 432 18,2 7,862 66.7 39 2349 10

69
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fhe pH titrated fromAapprOXimately 7.7 to 7.0 with 1N HCI1,
in order to faciiitate batchwise adsérption of Factor V to
QAE cellulose. Washing of the QAEC with Q,055 M calcium
acetate, pH 7.25, served to remove all of the pigménted
materials adsorbed to it. HoWevér, washing until the A280
reading of the wash buffer was»nearly zero could lead to
losses of 5—10% of the Factor V acﬁivity initially adsorbed.
Elution.of the QAEC with 0.11 M calcium acétate, pH 7.25
recovered 61% of the plasma Factor V activity. The QAEC

exfract was treated with benzamidine-HCl, and soybean
tfypéin inhibitof, again to prevent any proteolytic
degradation of Factor V. This was important since only

part of the QAEC extract was generally worked up immediately
through the entire isolation procedure, the remainder being
stored a£ 4°C, up to one month at a protein concentration

of 1.0 to 2,0 mg/ml. This preparation was not frozen since
losses of 50% or greater resulted. . When an aliquot of QAEC
Factor V, cqntaining 20+30 units, was chromatographed on a
column Qf Sephadex G-200 in the presence of Michaelis~ :

0.025 M CaCl,, pH 7.35 buffer, the Factor V activity eluted

2/
in a single peak close to the coluﬁn void Volume, to give
ﬂaﬁ apparent molecular weight of 439,000 daltons., Also,
QAEC Factor V could be aétivated 10fl4;f01d by RVV-V,

In order to reduce the volume of the QAEC extract

for subsequent gel filtration onwa column of desulphated

Sepharose 6B, it was precipitated with polyethylene glycol
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6000."This providéd a rapid means of concentrating QAEC
. Factor V and achieved a 2;fold purification with a recovery
" of 56% of the Factor V activity ofrthe starting plasma.
» The PEG precipitate was dissolved in 0.20 M Tris
.‘acetate, 50 mM CaClé, 10% glyéerol, pH 7.5, containing
proteolytic inhibitors behzamidine—HCl and e—NHz-caproic
acid, to eliminate possible proteolytic degradation of
Factor V during subsequent dialfsis for 4<5 hours priox to
gel filf;atién.

Chromatography of PEG Factof V on a column of
desulphated Sepharose 6B resolﬁed this preparation into
‘three protein peaks, as shown in Figure 4, The first peak,
eluting at the column void Volume? éppeared opaéue and
probably contained a concentrétidn of low and very low
density lipoproteins. The second, a relatively smaller and
very broéd peak, contained the Facﬁor V activity. This was
’followed'by a large protein peak which contained 50% or more
of the total protein applied to the column, The Factor V
activity Was recovered in a yield of 30~40% with a specific
activity of 50-70 U/mg, representing a 1000-2000-fold
purification overall. |

| Theipreparative Sepharose 6B column was eluted with
, : :
0,20 M Tris acetate, 50 mM CaClz, 10% glycerol, pH 7.5, A
moaerately high ionic strength was chosen in order to
minimize any ionic interactions between the sampie and the

Sepharose matrix, Calcium was included here as well as at
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Figure 4.

72

FACTOR V ACTIVITY (units/ml
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Elution profile of PEG-Factor V on desulphated
Sepharose 6B 2 Five hundred mg of QAEC Factor V
were precipitated with PEG 6000, redissolved in
10 mI of 0.20 M Tris acetate, 50 mM CaCl2, 10%
glycerol, pH 7.5, and applied to a 5 x 90 cm
column of desulphated Sepharose 6B. The column
was eluted with the same buffer at a flow rate
of 0.7 mI/min and 10.0 ml fractions were
collected and analyzed for Factor V activity
(A———A) , and protein (e——-°) .
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previous steps of ﬁhe isolation scheme because of its
stabilizing éffect on Factor V fBlombéék and Blomback,

‘ 1963;"Greenquist, Dolan, and Colman, 1972), as was glycerol
because of its stabilizing effect on oligomeric proteins
(Bradbury and Jakoby, 1972; Shifrin and Parrott, 1975).

This isolation procedure provedAto be higth
reprodﬁcibleiand resulted in an‘extremely stabié preparation
of bovine Factor V, The Factor V activity from the
desulphated Sephérose 6B column was pooled and stored at
4°C for 2-3 weeks at.a protein cbncentrationkof 0,340.4
mg/ml. When stored ‘at -20°C in the buffer of isolation
containing glycerol to 50% (V/v), this preparation was
stable‘for several months. However, Factor V lost 50% or
more of its activity when frozen at -20°C and thawed after

one day.

In . order to determine the effects of sevefal
proteolytic enzymes on the activity and molecular éize of
bovine plasma Factor V, if was necessary to prepare Factor
~V in high yields and in a stéble»form, while preserving the
molecular integrity of the protein, The procedure developed
in this study fulfillé these requirements. Since this
preparation differs'fiom other published preparative
‘schemes, it was necessary to partially characterize the

Factqrqv prepared by this method.



Analyses of Factor V for Other Clottlng
Activities

The Factor V preparation was examined for the
presence of Factors XII, XTI, IX, VIII, VII, X, Xa, II and
fibrinogen, by‘classical clotting assays as described iﬁ
- Methods. Factor V was free of other clotting factors
except for trace amounts of Factor VIII, Approximately
0.03 pnits/ml Factor VIII activity were measured which is
3% of that level present in plasﬁa, namely 1.0 unit/ml,
EstimatiOn‘of the Uniformity of Composition
of Factor_v

Factor V was assessed for chromatographic
-homogeneify by‘rechromaﬁography on an anélytical column
- of deéulphated Sepharose 6B, An aliquot of the activity
pooled from a preparative column of desulphated Sepharose
6B was chromatographed on anAanalytical column of the séme

gel filtration medium, As seen in Figure 5, the protein
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and Factor V activity profiles were not coincident, and the

specific activity (S.A.) across the peak was not constant,
indicating that Factor V’qu not chromatographically
homogeneous,

Analytical disc gel electrophoresis of Factor V
revealed 6 major staining protein bands, To localize the

Factor VW activity, two identical Factor V samples were

electrophoresed simultaneously; one was stained for protein

while the companion gel was sliced in 2-3 mm'sections which



Figure 5.
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Rechromatography of Factor V on desulphated
Sepharose 6B -- Five mg of Factor V were con-
centrated by ultrafiltration (PM-10 membrane) to
1.0 mlI and applied to a 1.6 x 55 cm column of
desulphated Sepharose 6B at 4°C at a flow rate of
0.17 mi/min. The column was eluted with 0.20 M
Tris acetate, pH 7.5, 50 mm CaClz2, 10% glycerol
and 2.0 ml fractions were collected and analyzed
for Factor V activity (0---0) and for protein

(=== -
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were individually suspended in 0,4-0.5 mliMichaelis—0.0ZS M
CaClz} pH_7735 énd gently macerated to facilitate'diffusion
of protein cut_of the gel. The slices were left to stand
at 4°C for 4-8 hours and then assayed for activity. Factor
v was'located in a moderately staining band near the top of
the resolvinéigel and no activity was detected in the
concentrating gel, when the position of the localized
activity was referred to the dﬁplicate gel stained for
protein (see Figure 6) .

Thé protein banding pattern of Factor V was un-
changed whenﬁ£he preparation was subjected to varying condi-
tions of ionic strength prior to analytical disc electro-
phoresis. S%ﬁples of\Factor V were dialyzed 12-15 hours at
4°C against 6101 M Tris acetate, pH 7.5, containing NaCl
from 0.0 to 0.14 M, After dialysis each was electrophoresed-
and subsequenfly stained for protein with,Cbomas§ic Blue,
The distribution of stainable protein‘bands was éssentially
the same for each sample. In a separate experimént, one
sample of Factox V‘was diélyéed against 0,20 M Tris acetate,
SO M CaC12, 10% glycerol, pH 7.5 (buffer of isolation),
and a second one against the same buffer minus calcium,
followed by analytical disc electrophoresis. Again thé
protein banding pattern was the same in each case. Although
calcium is required for the stabilizétion of Factor V

ractivity, reduction of its concentration by dialysis prior



Figure 6.

FACTOR V
ACTIVITY

Analytical disc gel electrophoresis of Factor V
-- Fifty yg of Factor V were electrophoresed on
the combination of a 2.5% concentrating and a
5% resolving polyacrylamide gel. After
electrophoresis the gel was stained with
Coomassie Blue. Protein migration is from the
top (cathode) to the bottom (anode).
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to electrophoresis did not have any perceivable effect on
the~protein‘band distribution of the Factor V preparation.

| SDS electrophoresis of Factor V under nonreducing
conditions revealed 5 major protein bands, with a concentra-

tion of stainable material at the very top of the gel

B v 0w PR

ind{catiné;several proteins too large;to enter the 7.5%
aprylamide matrix. Major bands were apparent at 120, 000

86 000, 80,000, 57,500, and 50 000 daltons. Electrophoresis

s

of Factor V treated w1th 2vmercaptoethanol to reduce

K

dlsulflde bonds revealed 13- 14 stainable protein bands,
%

w1th major bands at 120, 000,493 500 80,500, 75,000, and

e

51 200 daltons. Both gels are plctured in Flgure 7,

WS v s

To further estlmate the heterogenelty of the

*

Factor v preparatlon, sedlmentatlon velocity experiments

Ay e B A A

were conducted under condltlons 31mllar to those under

R

£

whlch Factor V was isolated. : Sedimentation of Factor V

S

if 0.20 M Tris acetate, pH 7.f5 ‘50 mM CaCl,, 10% glycerol;
saw a‘sharp peak form, as maxlmum speed was attained, whlch
spread slowly over the next 50 mlnutes runnlng time. When
the concentration of Tris was reduced to 10 -3 M and glycerol
omitted from the sample buffer, sedimentation of Factor V
again saw a single sharp peak when maximuﬁ speed was - |
attained, which began to spread over the next-40f50 minutes.

A smaller second peak appeared at 40 minutes running time,

which sedimented slower than the first,



Figure 7.
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SDS acrylamide gel electrophoresis of bovine
Factor V — Fifty yg of Factor V, in 2% SDS and
8 M urea were electrophoresed under (A) non-
reducing conditions and (B) reducing conditions.
The gels were stained with Coomassie Blue
following electrophoresis. Migration of the
bands is from the top (cathode) to the bottom

(anode).
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From velocity sedimentation analysis of Factor V an
observed sédimentation coefficient of 80 was calculated, as
deséribed in Methods. This‘value is guite high indicating
a rather large protein or protein aggregate. The observa-
tion that the peak spread rapidly after maximum speed was
reached coﬁld be interpreted as‘indicating a polydisperse
or'héterogeneous.preparation. On ﬁhe basis of these
obsérVations, a more rigorous ahalysis of Factor V by this

technique was not justified.

Moieculdr Weight_Esﬁimations of Factor V

The molecular weight of Factor V was determined on a
calibrated column of Sephadex G-200., Desulphated Sepharose
6B Factor V were concentrated by ultrafiltration (PM-10
membfane) to 1.0 ml and applied to a column of Sephadex
G-200, The Factor V eluted as a single activity peak-in a
- volume corresponding to a Ky = 0.03, as shown in Figure 8.
When interpélated on a calibration éurve, prepared as
described in Methods, this value corresponded to an apparent .
molecular weight of 439,006 daltons, similar to QAEC
Factor V.

Because Factor V eluted from Sephadex G-200 close to
the column void volume; the molecular weight of Factor V waé
also estimated on § calibrated column of desulphated
Sepharose 6B, Eighty units of Factor V were concentrated

by ultrafiltration (PM-10 membrane) to 1.0 ml, and applied
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Elution profile of desulphated Sepharose 6B-
Factor V on Sephadex G-200 — Eighty units of
the Factor V eluate of Figure 4 was applied to

a 1.6 x 55 cm column of Sephadex G-200 at a flow
rate of 0.17 ml/min. The column was eluted with
Michaelis-0.025 M CaClz2, pH 7,35 and 2.0 ml
fractions were collected and analyzed for Factor
V activity (=———<), and for protein (o---0),

The void volume was 54 ml.
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to a column of desulphated Sepharése 6B. Aléo, a sample of
Factor V, containing 50 units, was activated with 20 pg of
RVV%V as deséribed in Methods, concentrated to 1.0 ml and
separately appiiéd to the same column. The column was
calibrated with standard proteins, thyroglobulin, apoferritin
and y—-globulin, Factor V eluted from the column in a volume
corresponding to a Ve/VO ratio of 1.40, which when inter-
polated on a calibration curve gave an épparent molecular
weight of 538,000 daltons. Factor VaRVV'-V elutéd in a
volume to give a Ve/VO f%tio of 1,58 and‘arcorresponding
molecular weight of 298,000 daltons. The eluFion profiles

' of Factor V and Factor val'’v Vv

are illustrated in Figure 9.
And,'in Figﬁre 10 is shown the calibration curve for this
column, with the placement of the Ve/VO ratios for Factor V

and Factor VaRVV_V. The apparent molecular weights of

Factor V and VaRVV';v on this column are considerably greater
than those determined on a calibfated column of Sephadex
G%200. Factor V,FFactor VaRVV_v, and/or the standard
protéins used to éalibrate.the column, may elute late due

to atypically some type of repulsion between the proteiﬁs

and the Sepharose gel.

Activatability of Factor V
Selected fractions from a préparative column of
desulphated Sepharose 6B were tested for activation by RVV-V.

Generally all the Factor V activity eluting from the column
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Figure 9. Elution profile of Factor V and Factor Va on
desulphated Sepharose 6B — Factor V was applied
to a column of desulphated Sepharose 6B, 1.6 X
55 cm at 4°C, at a flow rate of 0,17 ml/min.
Four hours later a sample of Factor va”VV-V was
applied to the same column and both samples were
eluted with 0.20 M Tris acetate, pH 7.5, 50 mM
CaClz2, 10% glycerol. Two ml fractions were
collected and assayed for Factor V activity:
Factor V (=———e¢e), and Factor VaRVV~v (0---0),
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Figure 10.

THYROGLOBULIN

FACTOR V

APOFERRITIN

RV V-V
FACTOR Va

VelVo

Standard curve for the estimation of the
molecular weights of Factor V and Factor vVann"/
on desulphated Sepharose 6B -- Standard proteins
(0 were dissolved in 0.20 M Tris acetate, 50 mM
CaCl2f 10% glycerol, pH 7.5 to a final concentra-
tion of 5-10 mg/ml. Factor V samples (0) were
in the same buffer. Both samples were applied
in a volume of 1.0 ml to a 1,6 x 55 cm column

of desulphated Sepharose 6B at a flow rate of
0.17 mil/min and 2.0 ml fractions were collected.
The ratio of the elution volume of the proteins
to the column void volume (Ve/V0O) was plotted
versus the log molecular weight of each standard.
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could be;@étivated 8-10-fold by RVV-V, and this was verified
by activaﬁi;g an aliquot of the Factor V activity pooled
from thééé{Same tubes. In-éddition, Factor V could be’
activatéa;£b the same extent by thrombin and by Factor Xa,
as wés.dbéerved with RVV-V,

Several of the techniques used to physically
lcharacterize Factér V following its isolétion have indicated
that this preparation was heterbgeneous. Consequently, a
thorough characterization of the éhysiCOvchemical properties
bf bovine Factor V was unwarranted. However, this prepara—r
tion was essentially free of other clotting factors. Since
it consisted of a -single molecular weight species upon gel
filtrafion and could be activated reproducibly by several
enzymes,.it was concluded that Factor V had been isolated
essentially unaltered from plasma. Consequently, a study
of the changes in activity and moleéular size of Factor V
by several enzyme activators was feasible, as was an
investigation of the role of Factor V in the formation of a
prothrombin;converting principle, tﬁe.profhrombinase

complex,

Activation of Boviné Plasma Factor V

Factor V was activated by bovine or human thrombin,
bovine Factor Xa, the Factor V actiVath present in
Russell's Viper Venom, RVV-V, or_ g-chymotrypsin. In each

case, this activation took the form of a 7-10-fold increase
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in FPactor V activity, and a .significant decrease in the
molecular weight of Factor V as determined by Sephadex
G-200 gel chromatography. The "degreé of activation" was
expressed guantitatively by the ratio of the Factor Vv
activity, in total units, of an "activated" sample, to the
Factor V actiVity present before the éctivator was added,
Some evidence for changes in'the subunit structure of .
Factor V upon activation was obtained by 8DS gel
electrdphoresis of samples.befbre and after activation by
. thrombin, RVV-V, ana Factor Xa. These and other features

of these activation studies are detailed below,

By Thrombin

In order to investigate in detail the various
aspects of therinteractionbof Factor V with thrdmbin, it
was necesséry to isolate bovine thrombin in a highly
~purified form. Bovine thrOmbih was purified from Parke,
Davis and Co, Topical Thrombin, to homogeneity on a column
of SP Sephadex, as described under Methods. Thrombin‘eluted
in a sharp'peak from the éolumn in 0.25 M sodium phosphate,
PH 6.5 buffer, as shown in Figure 11, This preparation had
a specific activity‘bf 2400 U/mg and when. examined by SDS
gel electrophoresis under reducing conditions, it appeared
to.contéin both a.and B thrombin,'with the o form pre-

-dominate..
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Figure 11. Elution profile of boyine thrombin on SP-

Sephadex -- Ten thousand NIH units of bovine
thrombin, in 0.1 M sodium phosphate, pH 6.5,
were applied to a 2.6 x 20 cm column of SP-
Sephadex, C-50. Thrombin was eluted as a single
peak (fractions 39-46) with 0.25 M sodium
phosphate, pH 6.5, The elution buffer was
changed at fraction 20, The column eluate was
analyzed for thrombin clotting activity (o—0)
and for protein (o—o0)
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When Factor V was treated with purified bovine
thrombin its activity increased 11-12-fold over the basal
level in 7-8 minutes, which was folloWed by a gradual
décline in aétivity over the next 10-15 minutes, asAillﬁs~
‘trated in Figure 12(A). |

Incubation of Factor V with human thrombin resulted.
in,éle—fold increase in Factor V activity within 15 minutes
and was'followed byva decline in activity over the next
10—15 minutes, as observed after activation by.bovine
thrombin, and indiéated in Figuré 12(a). The activity of
the same amount of Factor V, diluted with buffer to a final
concentration of 5>mM CaCly in a volume of laOle, did not
éhange,appreciably over the same»incubation period.

Activation of Factor V by bovine thrombin did not
appear to require calcium, Following its isolation in
buffer containing 50 mM CaCl,, Factor V was dialyzed against
0,20 M Tris acetate, 10% glycerol, pH 7.5 foxr 12-15 hou;s
at 4°c, tb reduce the calcium concentration in the sample.
:Aé a result, approximately 50% of the Factor V activity.
measured prior to dialysis was lost..vHowever, when 1-5
units of the Factor V remainihg activity were treated with
0.7 ug/ml bdvine thrombin, activation of Factor V ehsued
to the same extent and at the same rate as that in the
presence of 5 mM CéCl2. -

Inasmuch asAphoépholipithas é significént effect on

the conversion of prothrombin to thrombin and also on the



Figure 12.

Time course of Factor V activation by bovine and
human thrombin, RVV-V, and Factor Xa -- (A) Five
units of Factor V were incubated at 25°C with 0
0.6 png bovine thrombin (o0—80), 10 pg human
thrombin (A——A), or buffer alone (o—o0) to a
final concentration of 5 mM CaClp, in 1.0 ml
total volume, after the addition of enzyme
aliquots of the mixture were withdrawn at the
indicated time intervals to assay for Factor V
activity. (B) Five units of Factor V were
incubated at 25°C with 10 ug RVV-V (o—-a0) or
with buffer (o—o0), other conditions were as
described in A. (C) Five units of Factor V were
incubated at 25°C with 11.4 pg Factor Xa and

5 mM CaCly (o—=B8) or with 4 pg Factor Xa,

0.05 mg/ml PS:PC (1:1, w/w) and 5 mM CaCl,
(A——A), or with buffer alone (o——o0), other
conditions are as described in A.

&
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activation of Factor V by Factor Xa, as discussed in a
later section, activation by bovine thrombin was also
‘examined in £he pre;énce of phospholipid. When Factor V,
in amounts of 1-5 units was treated withvthrombin in the

27

it was éctivated to the same extent and at the same raté

presence -of 0,05 mg/ml PS:PC (1:1, w/w), and 5 mM CaCl

as that in the absence of added phospholipid. Thrombin
.does not bind tb phoépholipid'in the presence or absence of
calcium ions (Papahadjopoulos and Hanaﬁan,'l964; Barton

et al,, 1967; Jobin and Esnouf, 1967), . These facts,
-together with the observation in this study that the
addition of phospholipid to a Factor V-calcium-thrombin
activétion mixture, has no effect on the rate or the extent
of activation, indicates that the complexation of Factor V
with phospholipid, per ig,'does not serve to increase the
'suscéptibility of Factor V to activation by thrombin, at
~least in vitro,

As noted in thlS study and also by Colman (1969&),
’thrombln not only activates but will destroy Factor V
activity, espec1ally when thrombin is added in excess of
that amount needed for activation only., In order to examine
the effect of varying amounts of boyine thrombin on the
rate and extent of activation of Factor V, concentrations
of thrombin no greater than 0.7 ug/ml were used. At this
concentration, a minimal decrease in Factor V activity was

observed following activation. However, at greater thrombin
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concéntrations, significant losses of Factor V activity
.occurred, and often obscured the extent of the initial
activation. So, Factor V, at a constant.amount of 3.5
units, was incubated With bovine thrombin from 0.19 fo
0.76 ug/ml, in the'presence of 5 mM CaClz, pH 7.35 and
25°C,,which\resulted in a corresponding increase in the
raté of activation. However, the extent of activation
observed was the same in each cése, These results would
be predicted for a typical enzyme-substrate reaction,

In andther experiment, the addition of a secbnd
identical aliquot of Factor V to a thrombin activation
mixture after the Factor V adtivity had maximized, or lO.~
minutes after the two proteins were mixed, resulted in a
slight increase in the Factor V activify of the total
mixture, but not to the same extent as observed in the
initial activation, Since thrombin can inactivate ox
degrade Factor V as well as activate it, these observations
may be ambiguous in that they reflect opposing actions of
thrombin‘on Factor V., Thus it is difficult.to évaluate:
this second "actiﬁation,"

Several different experiments were undertaken to
détermine whether the enzymatic activity of thrombin was a
requirement for activation of Féctor V. Thrombin was
treated with a number of active site inhibitors, previouély
: demonstratea by other workers,towébolish its clbtting

activity.
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Asvé typical serine ?rotease, thrombin is réadily
inhibited by DFP (Gladner and Laki, 1956). So, an aliquot
of £hrombin was treated with a 1000-fold molar excess of
diisopropylfluorophosphate (DFP) in isopropanol. To a
control thrombin was added'an'equal aliguot of isopropanoliA
alone. Both samples were incubated at 25°C for one hour,
then dialyzed for 12-15 hours at 4°C against 0.25 M sodium .
‘phosphate, pH 6.5, to remove éxéess DFP., After dialysis, -
the samples were assayed for- thrombin activity, In the
sample treated with DPF, the thrombin activity had been
ctotally inhibitéd; while the control thrombin retained up
‘to 90% of the activity of thé originél thrombin preparation.

When Factor V was treated with DFP-thrombin, no
activation enéued; treatment of Factor V with the same
amoﬁnt of cdntrol—thrombin resulted in at least a 7-fold
activation as shown in Figufe 13. |

- Thrombin was also treated‘with TLCK,. which has been
shown to mbdify a histidine residue in the active site of
thrombinb(Glover and Shaw, 1971). An 0.1 M solution of
TLCK in 0.1 M Tris-HC1, pH 7.5 was added to thrombin, at
750 U/ml, to a 1000-fold m~lar excess. To a control-
" throﬁbin was added an identical aligquot of buffer only.,
Both samples were then processed ekactly as described for
the treatment of thrombin with DFP. Similar.to DFP, TLCK
completely. abolished alquhrombiﬁ activity, aé Well as its

ability to activate Factor V.
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Time course of Factor V activation by DFP
treated bovine thrombin — Five units of Factor
V were incubated at 25°C with 1.2 yg of bovine
thrombin (#-¢€), or 1.2 yg of thrombin
previously treated with DFP (0-—--0) 1in the
presence of 5 mM CaCl2. Factor V activity was
assayed in this mixture periodically as
described in Methods.
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The éctivity of'thrémbin was also inhibited when it
was physically denatured by heat treatmeﬁt. A sample of
Ythrombin éontaining 750 U/ml was heated in a boiling water
bath for 10 minutes, while a cohtrol—thrombin was maintained
at room temperature, After heating, both samples were
centrifuged at 2000 RPM in an International Centrifuge,
Model HN, f6r~10 minutes, to collect fhe'condensation which
ﬁad accumulated on the sides of the tube during heating.
‘Assay of theée samples for thrombin activity revealed that
heat-treated thrombin lost all of its clotting activity and
was able to activate Factor V to only 20% of the level of
'the COntrol—thrombin, after 8 minutes incubation. In
COntfast the Factor V activity had increased to greater than
8-fold in 8 minutes when treated with the control-thrombin
undef identical conditions,

The éctivétion of Factof V by bovine thrombin
appeared'ﬁb be both a temperature and a pH dependent
reaction. When_Factdr V was incubated with thrombin, in
~ the presénée‘of 5 mM CaCl, and 37°C, or under identical
conditions éxcept at 25°C, its aétivity increased at a )
gréater rate at 37°C, yet the extent of activation at both
températures eventually increased to the same level, When
the séme'reactioﬁ was conducted at different pH values;
‘with.othér”cohditibhs maintained the same, a marked differ-
ence in the eétent of activation by thrombin was observed,

Factor . V was mixed with thrombin and the volume of the
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mixture was adjusted to 1.0 ml with 0.05 M Tris acetate,
0.1 M NaCl, bovine serum albumin, 1 mg/ml, at pH 6, 7, 8, or
9. »At each pHistudied,,the extent of Factor V activation
was determined relative to the activity of the same amount
of Factor V diluted to 1.0 ml in buffer alone at that pH.
-This'control Factor V was maintained at 25°C for a period
of 20-30 minutes, similar to the thrombin treated sample.
ConseQuently, activation. of Factor V was markedly reduced
at pH 6.0_andlatva 9.0, but was significantly great at
pH 7.0 and 8.0. When the maximum activation in units was
‘plotted against the pH at which that amount of activation
was measured} a bell-shaped curve resulted., As seen)in
Figure 14, activation of Factor V by thrombin was optimum
at'pH,8.0, approximately,

- Activation of Factor V by thrombin also resulted in .
arsignifieant reduction in the molecular weight ovaactor
V. Tnis was observed by‘treating Factor V boyine throﬁbin
‘ fer,20r30 minutes at room temperature or until 10-=fold
‘activation was measured. The samp;e was‘then concentrated
by ultrafiltration'(PM—lo nembrane), to 1,0 mi, and_applied
to a calibrated column of Sephadex 6-200, A control or
untreated sample of Factor V was,applied in 1.0 ml to the

same column approximately four hours preyious, The elution

thrombin

profiles of Factor V and Factor Va are shown in
-Figure 15(A), Factor VathromblnMeluted in a volume to give
a KD = 0,139 while untreated Factor V gave a KD = 0,03,



Figure 14.
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Time course of Factor V activation by bovine thrombin at pH 6.0, 7.0,
8.0, and 9.0 -- 3.5 units of Factor V were incubated at 25°C with 0.3
pg bovine thrombin. The sample was brought to a final concentration
of 5mM CaCl2, with 0.15 M Tris acetate, bovine serum albumin, 1 mg/ml,
at pH 6.0 (A-——A), pH 7.0 (0-—-0) , pH 8.0 (=———#) , or pH 9.0 @© D).
The inset shows a plot of the maximum degree of activation versus the
pH at which that activation was measured.



Figure 15.

Elution profile of plasma Factor V, Factor
vathrombin = 5h3 Factor vaRVV-V on Sephadex
G-200 -- (A) Fifty units of Factor V were
incubated with 14 ug of bovine thrombin
(e——e), or with buffer alone (o—o0), for

20 minutes at 25°C and pH 7.5, in a final
volume of 1.0 ml. Each sample was applied
Separately to a column of Sephadex G-200, and
eluted with Michaelis-0,025 M CaCl,, pH 7.35,
at a flow rate of 0.17 ml/min. Two ml
fractions were collected for estimation of
Factor V activity. (B) Forty units of Factor
V were incubated with 20 pg RVV-V (e—e)
before being applied to a column of Sephadex
G-200 as described in A.
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When these values were interpolated on a standard curve as
-shown in Figure 16 an apparent‘molecular weight of
443,000 andA239,099 daltons were determined for Factor V

and Factor Vathrombln,Arespectively.

.-.By RVV-V |

Prior to an investigation of that reaction in which
Factér'v is converted to a-more active form by RVV-V, it
was necessary to purify the venom protein. Esmon, Jackson,
and'Lowery (1973) described a purification‘scheme for this
-enzyme and the RVV-V used in the current study was prepared :
by a slight modification of this method.

RVV-V was purified to homogeneity by gel filtration
on Sephadeﬁ G-150 followed by ion-exchange chromatography on
SP—Sephadex. The RVV-V activity was recévered quantitatively
“in é sharp‘peak’from the Sephadex_column. However,‘RVV—V
eluted from the‘SP—éephadex column as a very broad activity
‘. peak, ‘beginning at 0.7 M NaCl in 0,05 sodium gcetate, pH
5.0, which was coincident with a spreading proteiﬁ!peak, as
shown in Figure 17. Desorption of RVV-V required a
higher ionic strength than reported by Esmon, Jackson,
and Lowery (i973), They eluted RVV‘V activity beginning
at’0,25vM NaCl and in g shaip peak; Howeyer, they used
" sulfoyl eﬁhyl (SE) Sephadex, and the résults in this report
may reflect a difference in the adsorptive properties

between SE and SP Sephadex. A small pool of the RVV-V
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Figure 16.
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Standard curve fTor the estimation of the
molecular weights of Factor V and Factor Va, as
formed by thrombin, RW-V, or Factor Xa on

Sephadex G-200 -- Standard proteins (0) were
dissolved in Michaelis-0.025 M CaClz, pH 7.35,
to a final concentration of 5-10 mg/ml. Plasma

and activated Factor V samples were in the same
buffer. Both samples (@ were applied in a
volume of 1,0 ml to a 1.6 X¥*55 cm column of
Sephadex G-200, at a flow rate of 0,17 ml/min
and 2.0 ml fractions were collected. The KD was
plotted versus the log molecular weight for each

protein standard.
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Elution profile of RW-V on SP-Sephadex, C-50 — Approximately 140 mg
of Sephadex G-150 purified RW-V, 1in 0.05 M sodium acetate, 0.5 M
NaCl, pH 5.0 were applied to a 1.6 x 50 cm column of SP-Sephadex,
C-50, equilibrated with the same buffer at 4°C. A gradient from 0.50
to 1.0 M NaCl, in 0.05 M sodium acetate, pH 5.0 was applied to the
column at tube 25. The column eluate was assayed for RW-V activity

(=---e) and for protein (0---0) . RW-V active fractions, 52 through
62 were pooled.

ocoT
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activity from the SP-Sephadex column was collected and when
ﬁhe prebaration was examined by SDS gel disc electfophoresis,
undér reducing conditions, a single protein band was -
observed. When-the migration distance of this band was
interpolated on é standard plot as described'in Methods, it
corresponded to a molecular weight of'25,000‘daltons. This
RVV-V preparation was stable for at least 6 months when
stored frozen’atr—20°C, |

When Factor V was incubated with RVV-V, in the
preseﬁce of 5 mM CaCl2 a lO—fold increase in its activity
-occurred in 10-15 minutes and was generally followed by a
gradual decline ih activity, as shown in Figure 12(B) and
. when Factor V was incubated with buffer alone, in the
presence of 5.mM'CaCl2 it was observed to ﬁaintain a stable
level of activity fbr upwards ofb25—30 minutes,

The activation of Factor V by RVV~V was not
absolutely dependent on the presenée of calcium ions.,.
Factor V, originally prepared in the presence of 50 mM
CaCl,, was dialyzed against 0,20 M Tris acetate, 10%
glycerol, - pH 7,5 to reduée the concentration of calcium,

As a result 50% of the original Factor V actiyity was lost
.bﬁt when the }emaining activity was treated with RVV-V,

“its activity increased 7-10 fold in 10-~15 minutes incubation
time. . |

The effect"of phdspholipid on the activéfion of

Factor V by RVV-V was also investigated. Factor V were
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mixed with 0.05 mg/ml PS:PC (1:1, w/w) and with RVV-V, in
the presence of 5 mM CaCl2. VA Factor V control wastprepared
similarly, only an aliquot'of buffer, 0.05 M Tris acetate,
0.1 M NaCl, bovine serum albumin, 1 mg/ml; pH 7.5, was
added in place of the phospholipid. There was no signifi-
»cant difference in the rate or the extent of activation,
whether the reéaction mixture contained phospholipid or not..

Activation ofrFactor \Y by varying amounts of RVV-V,
from 1.2 to 9.6 g, resﬁlted in a corteSponding increase in
the final extent of activation after 10~15 minutes incuba-
.tlon time, yet the observed rate of activation was essen;
tially the same in each case., When a plot was made of the
maximum degree of activation versus the concenttation of
RVV-V added, a linear relationship resulted, as seen in
Figure 18. Schiffman et al, (1969).observed the same
phenomenon when Factor V was activated with similar amounts
'of a partially purified RVV-V preparation. These investi-
-.gators interpreted these results as indicating'that RVV-V
was consumed in the reaction. |

Activation of varying amounts of Factor V, from 5.5
to 22.0 U/ml by the same quantity of RVV~V, namely 9.6 pg/ml
‘resulted in a,correspondiﬁg increase in the extent of
activation,-but the rate of activation was the same in each
case. These experiments suggest that RVYV-V was acting in a
enzymatic manner. This conclusion was supported by a

separate experiment in which a second aliquot of Factor V



Figure 18.

L 2 3 4 5
RVV-V (ug/ml)

TIME (min)

Time course of Factor V activation by varying amounts of RW-V -- Two
units of Factor V were incubated at 25°C with 1.2 yg (#--—-e), 2.4 yg
(A-—A) , or 4.8 yg of RW-V (@---0), in the presence of 5 mM CaClz2,
in a final volume of 1.0 ml. The incubation mixture was assayed for
Factor V activity as described iIn Methods. The inset shows a plot
of the maximum degree of activation measured versus the concentration
of RW-V used to achieve that amount of activation.

€0T
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was added'to a‘mixtﬁré consisting of Factor v, calcium, and
RVVHV, a£ that time when the initial activation had maxif
'rmized'wi£h the'result that a similar increase in activity
' was'subsequently observed, as illustrated in Figuré 19.

Following activation'by RVV-V, a gradual decline in
Factor V activity resulted. In order to determine whether
this was due‘to further prbteolysis by RVV-V, a second
aliquot of RVV-V was added to the activation mixture at
that time When the Factor V activity had peaked, or 10-15
minutes incubation time. No accelerated decrease in the
Factor V activity of the total mixture occurred, but
instead, it remained essentially unchanged. Perhaps the
observed loésesfin Factor V activity'after activatioh
are due to an inherent instability of Factor VaRVV—V
relative to plasma Factor V, under'these éonditions.

To ascertain whether the action of RVV-V on Factor V
was enéYﬁatic in nature, an additional series of experi-
ments was undertaken; "In confirmation of ‘a previous report
.by Hanahah et al. (1972), RVV-V was stable to heat treat-
ment in its ability to activate Factor V. Stock RVV-V, at
a cohcentration of 0.96 mg/ml in 0,1 M Tris-~HCl, pH 7.5 was
piaced in a béiling water bath for lOvminutesE in a
‘polycarbonate tube capped with a marble to minimize
evaporation., After heating, the sample waé'placed in an
ice bath for 5-10 minutgs to cool and theh centrifuged at

2000 RPM for 10 minutes to collect the condensation formed
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Factor V
added

TIME (min)

Figure 19. Time course of the activation of two samples of
Factor V added successively to RW-V — Three
units of Factor V were incubated at 25°C with
2.7 pg of RW-V for 10 minutes. At 11 minutes
incubation time, a second aliquot containing 3
units of Factor V, was added to the Factor V-
RW-V mixture and incubation was continued.
Factor V activity of the mixture was assayed
periodically as described in Methods.
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during heating. An RVV-V control waé maintained at 4°C
during the heating process. Heat-treated RVV-V was able to
activate Factor V to 76% of the level of the control RVV-V.

Alsoﬁpqhancement of Factor V activity by RVV-V
appeared to Bé a‘témperature dependent prbcess. When 1-5
units'ofrFactor V were treated with 10 ug/ml RVV-V in the
presence of 5_mM CaCl2 at.37°C, or at 25°C, activation
proceéded at a faster rate, at 37°C. However, the same
final extent of activatioh was‘attained at both tempera-
tures, 7

‘Esmon and Jackson (1973) reported that RVV-V has
properties of a serine protease Since'if could be inhibited
by DPF. However, efforts in this current study to destroy
ability of RVV-V to activate Factor V with DPF were un-
successful, When RVV-V was tréated with DFP, at the levels
reported by Esmon and Jackson (1973) to be sufficient to
inactivate RVV-V, namely 10_37M, or up to 10“‘l M, for 24
hours at 37°C, it could still activate Factor.V to 78% of
- the ieveirof a control RVV-V, ‘The control was ﬁreated with
an aliqubt of isopropanol alone; énd subsequently:maintained
under conditions similar to the DFP-treated sémple.

After Factor VAwas éctivatéd with RVV-V the subse-
quent addition of a second Factor V‘activator;other than
RVV~V did not result in any further increases in Factor V-
activity. Factor V was ihcubatéa initially wifh RVV-V, in

the presence of 5 mM CaClz, and after maximum Factor V
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activity was ﬁeasured in 10-15 minutes, an aliquot of
bFactOr Xa was added to the mixture. Factor V activity was
monitored for an adaitional 25-30 minutes and as shown in
Figure 20, no significant'changeéAwere observed. When the
same experiment was repeated except that Factor Xa was
added first, no further changes were measured in the Factor
v activityAupon the subsequent addition of RVV~V. Both
RVV-V and Factor Xa seem to effect the same changes in
Factor Vvsince the successive addition of thesevenzymes did
not produce'any inéreaseior‘deCrease in Factor V activity.

In addition to modifying‘the'activity of Factor V,
RVV-V also.brought about a change in the apparent molecular
weight of Faétor V. PFactor Vv waé activated with RVV-V,-
concentrated to.l.O ml and applied to a calibrated column
of Sephadex G-200. Figure 15(B) - depicts the elution profile

RVV-V

of Factor Va and that of a control or untreated Factor

RVV-V

V sample on Sephadex G-200. Factor Va eluted in a

volume to give a KD = 0.13 and when this value was
interpolated to a standard curve of the log molecular

weight versus K, for a series of standard proteins, as

illustrated in Figure 16, it gave an apparent molecular

weight of 250,000 + 4000 daltons. As described in a previ-

RYV-y

ous section, the molecular weight of Factor Va ‘was also

estimated on a column of desulphated Sepharose 6B; As

indicated in Figure 10, Factor va’’ v gave an apparent



Figure 20.

Factor Xa
added

B 21 26
TIME (min)

Time course of the activation of Factor V by RW-V followed by
Factor Xa -- Two units of Factor V were incubated at 25°C with 10 yg
RW-V for 19 minutes; at 21 minutes incubation time, 40 yg of bovine
Factor Xa was added to the Factor V-RW-V mixture and the total
mixture was i1ncubated an additional 26 minutes.

80T
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ﬁolecﬁiar Wéight of 298,000 daltons on'thié gel filtration
mediﬁm. | :

Efforts to locate RVV-V activity in the effluent
from fhe Sephadex G;QOO column after élution of the Factor
V-RVV-V activation mixture wére unsuccessful . Novprotein
peak appeared in the effluent in a volume corfesponding to
a-molecular weight of 25,000fdaltons, as expected for RVV-V,
Attempté tohassay for RVV-V activity wereralso unsuccessful,
since no peak'Of such activity was localized outside ﬁhat
volume in which the Factor VaAeluted. In those fractions
‘containing Factor Va-activity, RVV-V could not be assayed
since apparent increases in the activity of native Factor V
to which éliquots'bf such fractions were added, were
obscured-by the Factor V actiyity also present in these
aliquots.

Cohsequently, in ordér»to ldcalize the RVV-V
activity aftef activation of Factor V, RVV—V was labeled

125

with I although the iodination procedure decreased the

Factor V activating ability of RVV-V by 20-30%, Significant

enhancement of Factor V activity was still observed upon
incubation with 125I4RVV—V, and, as shown in Figure 21,

125

after Factor V was treated with I-RVV-V and the activa-

tion mixture chromatographed on a column of Sephadex 6-200,

125

the Factor V activity and I-RVV-V eluted in sepérate

volumes. l25I—RVV—V eluted in ééymmetrical near the

inclusion volume which was the same elution volume in which
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Figure 21, Elution profile of Factor V activity and I-
RW-V on Sephadex G-200 - Twenty units of

Factor V were treated with 20 yg of

for 20 minutes at 25°C and pH 7.5, and the
sample was applied to a column of Sephadex
G-200, 1.6 x 55 cm, at a flow rate of 0.17
ml/min at 4°C. Two ml fractions were collected
and analyzed for Factor V activity (e———<) and
radioactivity (©--—-0).
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a sample of non-labeled RVV-V elufed on thé Same cqlumn.
Approximatély 90% of the radioadtivity applied as 1251—
RVV-V was recovered in a single peak (tubes 48-58) from the
column. No significant radioactivity waé detected in the
‘region‘where'Factbr V or Factor Va eluted from the coluﬁn.
The Factor V activity eluted_ih two peaks, one coming near
the void volume and the‘secdha in a volume corresponding to
Factor Va, ARVV—V and Factorlv.(or va), then, do not bind
tbgether as a result of their interaction and thus RVV-V
is not "used up"‘in.the‘activé#ion of Factor V, at least
in the sense of forming an inactive complex with its
sﬁbstrate, or with fhe product of the reaction. Further
évidence to Support this caﬁe from fhe-obServation that the
125I-RVV—V activity pooied from tﬁe G~200 column was able
to activaté a fresh aliquot of Factor V. Four units of
nétive Factof V were incubated with ah‘aliqﬁot of the
6-200-1221-Ryv-v pool and after 10-15 minutes activity had
increased 4-5-fold.

Since it was observed by Jackson and Hanahan (1968)
that the convérsion,bf Factor X fo Factor Xa was auto-
catalytic under certain conditions, the possibility was
é#plored tha£ Factor Va can perpetuate its own formation
from piasma Factor V under conditions- similar to those under
which the activation of Factdr V'was Obsérved. Three
samples of Factor V, each contaiﬁing 2-3 units; were

incubated with different amounts of Factor VaRVV—V, in the
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presence 6f 5 mM CaClz. Factor VaRVV—V_was érepared as
described in Methéds. In each case the average level of
Factor V activity assayéd was only l.5-fold greater than
could be accounted for on the basis of the amount of Factor

RVV-V activity initially mixed together,

V plus Factor Va
However, as shown in Figure 22, no obvious trend in the
activity in any of the samples was obser&ed over the total
incubation time. It was concluded that Factor Va did not
alter-the activity of plasma Factor V when the tWo were
incubated together under those conditions where activation
of Factor V by thrombin, Factor-Xa, or RVV-V was usually
observed,

However, activation of plasma Factor V by Factor Xa,

RVYV-V-

in the présence of added Factor Va did not proceed to

the same extent as that observed in the absence of added

Factor VaRVVrV. Factor V was treated with Factor Xa alone,

or with Factor Xa plus Factor’VaRVV—v, in a final volume of
1.0 m1 and in the presence of 5 mM CaClz. The Factor \
activity was monitored over a period of 20 minutes and as

shown in Figure 23, activation of Factor V proceeded to only

45% of that extent observed in the ahsence of Factor Va.

By Factor Xa
Previous to this current study no direct effect of
Factor Xa on the activity and/or structure of Factor V,

per se, has been elucidated, In an investigation of the
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TIME (min)

Time course of Factor V activity in the presence
of Factor Va n 2.2 units of Factor V were
incubated with 3.6 units (©---0), 5.22 units
(A-——A), or 26.1 units of Factor va"VvVv-V

(>——<=) or with buffer alone @@O--0). After
addition of Factor VaRVV*“v, aliquots of the
mixture were removed periodically to assay for
Factor V activity.



Figure 23.

TIME (min)

Time course of Factor V activation by Factor Xa in the presence of
Factor VaRVV-v — 2.7 units of Factor V were incubated with 5.2 pg
of bovine Factor Xa (©---0), or with 5.2 Pg of Factor Xa and 5.22
units of Factor VaR™ “v (=—--*) , In the presence of 5 mM CaClz2.
After the addition of Factor Xa, the mixture was periodically
estimated for Factor V activity.

Vit
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méchanism by which prothrombin is coriverted tq thrombin, by
Factor Xa, calcium, phospholipid aﬁd Vactor V, it was
observed here that somé enhanéement of the‘activity of
Factor V occurred in mixtures with Factor Xa and calcium.
At this time Factor V was isoléted by a modification of the
procedure of Esnouf and Jobin (1967) through the TEAEC
extraction step. However, activation by Factor Xa was also
observed with.more purified Faétor V preparations as
described below,

As shown in Figure 12(C) treatment of Factor V with
.-,bovine Factér Xa, in the presence Qf calcium, resulted in a
lO—fold.inqrease in activity in 12-14 minutes. In the
presence of calcium and PS:PC (1:1, w/w), thé aétiVity of
Factor V was enhanced 8-fold by Factor Xa in 10-12 minutes,
~The activity of Factor V in the presénce of the same amount
of calcium and phospholipid but norFactdr Xa did not change
appreciably over the same time period, When Factor V was
activated by Factor Xa and calcium, approximately  three
times mofe Factor Xa were required to achieve actiyation at
the same rate as that observed in the presence of phos-
pholipid, If the level of calcium in the Factor V sample
was reducéd’by dialysis prior to the addition of Factor Xa,
no activation occurred over a period of 30 minutes incuba-
tion time,

Theiéoncentratioﬁ of Faééor Xa, calciuﬁ and PS:PC

(1:1, w/w) were varied individually in this reaction to
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determine their effect on the fate and the extent of
activation of Factor V. When the concentration of calcium
was varied ffom 5-20 mMAin é mixture containing Factor V
and Factor.Xa, both the apparent rate and the extent of the
activation bf Factor V were greatest at 5-10 mM CaCl,. This
reaction was not éarried out at concentrations of calcium
less than 5 mM sé it can only be coﬁcluded that levels of
‘caicium greater than 10 mM did ﬁot maximallylenhance aétiva—
tion by Factor Xa.  The effect of varying amounts of calcium
in a Factor -V-phospholipid-Factor Xa activation mixture,
:was not examined, In a-similar set of experiments, the
_concentration of PS:PC (1:1, w/w) was yvaried over a range-
of 0.04-0,12 mg/ml phospholipid. Optimum activation of
Féctor V by Factér Xa was observed at 0.05 ﬁg/ml phos-
pholipid in the presence of 5 mM CaClZ.

"Although PS:PC (1l:1, w/w) was used almost exclu~
‘siQelyvin.these réactiohs, thé ability of cephalin to
sﬁbstitute for PSEPC was explored. When cephalin- in amounts
from 0.06 mg/ml to 0.175 mg/ml was used in place of PS:PC,
no appreciable activation of Fadtor V was observed at any
concentfation in this range.

The conéentratién of‘Factor Xa>was also Varied, from
6-24 U/ml, or 10-40 ug/ml, at a constant level of 5 mM
CaCl,, 0.05 mg/ml PS:PC, and 1-5 units of Factor V, Under
}these'coﬁditions the appérentvréﬁe of aCtiVatidn of Factor

V was nearly the same at each concentration, yet the final
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extent bf activation increased With increasing amounts of
Factor Xa, These.observations would not be predicted for
an enéyme acting on a substrate in a.tofally aqdeous
environment. However, this reaction occurs at a phos-
pholipid surféce, similar tolthe qctivation of érothrombin-
by the complex ofrFactor Xa, calcium, phospholipid and
Fadtor V; in which it has been observed that the amount of
any one compénent, be it the acfual enzyme, Factor Xa, or
- a "cofactor" such as calcium, phospholipid or Factor V,
affects not only the initial réte'of‘fhe reaction but the
‘ultimate yield as well, |

‘However, Factor Xa did not appear to be consumed in
thé process of'activating Factor V. When a second aliquot
of.Factor V was added to anvactivation mixture consisting
of Factor V, calcium and Factor Xa, after the initial
~activation of Factor V had reached a maximum level, a
seéond burst of Factor V activity occurred, to the same
extent as measured fof the initial activation, This is
illustraﬁed in Figure 24. Although it is nbt illustrated,
this same phenomenon was aléo observed iﬁ an adtivation
mixture containing Factor V, Factor Xa, calcium, .and
PS:PC (1:1, w/w). | |

:In contrast tO'thfombin, FactorAXa did not appear to
degrade of ihactivate Factor V. After an initiagl activa-~
tioﬁ was observed, in the preséﬁée of Factor Xa and:

calcium, addition of a second aliquot of Factor Xa,
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Factor V
added

16 20 24 28
TIME (min)

Time course of the activation of two samples of
Factor V, added successively to Factor Xa — Two
units of Factor V were incubated at 25°C with

12 yg of Factor Xa for 15 minutes. At 17
minutes incubation time a second aliquot, con-
taining 2.0 units of Factor V, was added to the
Factor V-Factor Xa mixture, and the total
mixture was incubated an additional 15 minutes.
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equivalent}to that used to‘initiate the activation, did not
produce any sﬁgnificant'increéée, of decrease in the
Factor V acfivity of‘the tofal mixture, as seen in Figure 25.

Simidar to those Studies’COnducted on the activation
of Factor V by thrombin, Factor Xa was chemically or
physicallyﬁmodified,30‘55 to eliminate‘ifs clotting activity,
and subsequently tested for its ability to activate
Factor V. | | |

It hés been well documented that Factor Xa is
inhibited by DFP (Titani et al., 1972; Fujikawa, Legaz, and
'Davie,>l972), although not as readily aé'thrombin
(Mégnusson; 1971)., A sample of Factor Xa containing 600
U/ml, was treated with a 1000-fold molar excess of DFP in
isopropanol, and a FactorAXa control was treated with the
same aliquot.of iso?ropanol alOné. Both samples were
:inCubatedvat 37°C for twoihours; Aftexr the incubation
period, both were dialyzed for 12-15 hours at 4°C to remove
excess DFP. Assay of DFP-Factor Xa revealed that-at least
90% of the control~Factor Xa activify was lost, Subsequent
treatment of Féctor V with DFP-Factor Xa, in the'preéence |
of 5 mM CaCl2, did not producé any measurable increase in
Factor ¥ activity, upwards of 18-minutes.‘ The control- .
Factor Xa hbwever, as shown in Figure 26, activated Factor V
nearly 8vfold after the same périod of time, -

Inasmuch as Factor Xa is a serine protease, an

experiment was conducted to determine whether its clotting



Figure 25.

Factor Xa
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Time course of Factor V activation by two samples of Factor Xa added
in succession — Three units of Factor V were incubated at 25°C with
10 pg of Factor Xa for 15 minutes. At 16 minutes incubation time, a
second aliquot, containing 10 Pg of Factor Xa was added to the

Factor V-Factor Xa mixture and incubation was continued for 10
minutes.
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Figure 26.

121
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Time course of Factor V activation by DFP-
Factor Xa — 3.8 units of Factor V were
incubated at 25°C with 11 yg of Factor Xa
(0——-0), or with 11 yg of Factor Xa previously
treated with DFP (=——-¢e) 1in the presence of

5 mM CaCl2. Each sample was separately assayed
periodically for Factor V activity.
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activity éould'be inhibited by TLCK, as had been observed
with thrombin. Factor Xa, at 600 U/ml, wés incubatea with
a 1000-fold molar excess of TLCK in 0.1 M Tris-HC1l, pH 7.5,
or with an equal aliquot of buffef}é}one,‘undéx the same
conditions as-described above for'bff.treatment of Factor
Xa. The TLCKIand cqntrol—Factor Xa samples assayed at the
same level of'clotfing activity, Cbﬁsequently, TLCK-

Factor Xa did not differ significantly from the control-
Factor Xa in its abiiity to activate Factor V. - Both

samples enhanéed the activity of Factor V, 8-10-fold in the
’éresence of 5 mM'CaClz,Aafter 20 minutes.

| Similarly, TPCK, normally an inhibitor specific for
a~chymotrypsin (Ryéh and Feeney, 1974), had no effect on the
'clottinglactivity of Factor Xa or on its ability to activate
Factor V.'.TPCK.was made in methanol to 10”0 M and Factor Xa
was treated with it undér the same conditions described for
the DFP and TLCK treatments. |

Similaf to thrombin, Factor Xa was sensitive to heét

treatmenf. Four hundred units of Féctor Xa were heated
egactly as desc;ibed for heat treatment of bovine thrombin.
.A control-Factor Xa was maintained at 25°C during the
vheating period. - Consequently, all of the Factor Xé clotﬁing
activity was abolished and when 10 pg of heat-treated
Factor Xa were added to a sample of Factor V, containing
4 units, in the presencé of 5 mMMCaClé, no activation

occurred. In éontrast, 10 ug of control-Factor Xa were able
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to activate thé'same amouht of Factor V; 8—10—fold_after 10
minutes; | |

| When the activation of Factor V by Factor Xa was
carried dut at different temperatures, the apparent rate
varied as a function of temperature. Activation ét 37°C in
the presence of 5 mM'CaCl2 proceeded at a faster rate but
'éventually to the éame extent as that normally conducted at
25°cC,. |

The actual role of Factor V, or Factor Va, in the

conversion of prothfbmbin to thrombin, has not been clearly
'determined. Colman (1970) indicated that Factor V can |
affect the reactivity of Factor Xa toward its substrate,
prothfombin, since the~faté of ester hydrolysis by Factor
Xa in the presence of Factor V, calcium, and phospholipid,
but in the.ébsence of prothrombin, was 3-fold greater than
that in the presenée of calcium and phospholipid, only. If
Factor V has a role in modifying the actiyity of Factor Xa,
perhaps one consequence of its activafion is to generate a
species ﬁore reéctive toward Factor Xa and this might be
reflected in. an increase in the Factor Xa activity of a
Factor V activation mixture, as well as an increase in the
éctivity of Factor V. To examine this possibility, Factor
Xa clotting activity in a mixture of Factor Xa, Factor V
'and calcium; was monitored over the same period of time and
under the same conditions‘under‘Which activation of Factor V

had been observed, Although the basal Factor Xa activity
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assayed was greater than the calculated amount added
initially, the Factor Xa activity did not increase or
decrease substantially over a 20f30 minute incubation
period.

As observed with thrombin, activation by Factor Xa
resulted in a decrease in the molecular weight of Factor V.
Factor V was tfeated with Factor Xa in the presence of
50 mM CaC12 for 30~40 minutes. 'After 30-40 minutes an 8-10-
fold activity‘increase was measured, and the samplé was then
concehtrated by ultrafiltration (PM~-10 membrane) to 1.0 ml
and aéplied to a calibrated éolumn of Sephadex 64200,

Factor V activity elutea in a volume corresponding to a Ky =
0.131, whiéh interpolated on‘a standard curve to an apparent
molecular weight of 246,000 + 4000 daltons, as shown in
Figure l6. The Factor Xa and Faétor Va activities were
completely separated on the column as iilustrated in

Figure 27, When 5 units of naﬁi?e Factor V, iﬁ the presence
of 5 mM CaCl,, were incubated with a fresh aliquot of

Factor Xa, in an amount of 5,88 units per ml, or, with 3,88
units/ml of the Factor Xa activity recovered from the G-200
vcoiumn, a measurable activation occurred in each case} withv
6%200 Factor Xa the activity of Factor V increased to at
léast 65% of thét level observed with a fiesh or "unused"
ampunt'bf-the same'Factor>Xa preparation, after 15 minutes

at 25°C and pH 7.35,
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Elution profile of Factor Vaxa and Factor Xa on Sephadex G-200 --
Forty units of Factor V were incubated with 40 yg of Factor Xa for
twenty minutes in the presence of 25 mM CaC”. The sample was applied
to a Sephadex G-200 column, 1.6 x 55 cm at 4°C at a flow rate of 0.17
ml/min. The sample was eluted with Michaelis-0.025 M CaClz2, pH 7.35,
and 2.0 ml fractions were collected and analyzed for Factor V

activity (e———e) , Factor Xa activity (A -A) , and protein G--D .
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Activation of Factor V by Factor Xa in the presence
of both Qaléium.ions and phospholipid followed by
chromatography on the. Sephadex G-200 column described above,
resultéd in a different elution profile of clotting
gactivities. Factor V and Factor Xa elured together with
phospholipid,.in the void volume in this case, Gel filtra-
tion of the same mixture in thé abseﬁce of calcium or after
treatment of the complex with EDTA, resulted in the separa-
tion’of Factor Xa from the Factor V-phospholipid complex,
Siﬁilarrobservatidns were made by Barton et al. (1967). As
a result, chramatography.of this typé of Factor V activation
mixture did not indicate any changes in the molecular weighr
of Factor V, since both Factor V and Va bind to phospholipid,
in the absence of calcium and theSe cgmplexesreluté in the
void voiume of a Sephadex G—200’column;'

SDS Gel Electrophoresis of Factor V and Factor Va-
Thrombin, Factor Xa and RVV-V

In order to determine whether any changes in the
subunit composition of Factor V occurred upon activation by
Factor Xa,‘thrombin or RVV—V,;samples of Factor V were
treated with one of these-activators and then subjected to
SDS electrophoresis underrredUCing conditions, together
with a control or untreated sample of Factor V. Factor V
was incubated with 5-10 ng of either Factor Xa, thrombin
or RVV-V at 25°C and pH 7.5 fbrﬂlovlS minutes along with a

Factor V control to which no additions were made. Also a
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second sample of Factof VaRVVfV»was prepared as described,
but after the incubation}period Factor Va was isolated from
the activation by  Sephadex G—QOO gel chromatography. The
samples were tﬂén heated in a boiling water bath for 10
minufes to ihactiVate the enZYme(s) and subsequently pre-
pared for électrophéresis iﬁ the presence of SDS.and urea
as described in Methods.

After staining and desfaining the gels, a multi-
plicity of bands, ranging in mélecular weight from 100,000
to 25,000 daltons, were observed in the gels, Wﬁen a semi~
quantitative assessment was made of the relative amounts of

. 4
each protein species in the_gel by integrating the area of

each peak; those gels containing both‘Factor VaRVV—V samples
showed a quéntitative increase in two protein components of
molecular weight 85,000 and 30}000 dalténs, with a decrease
in a protein baﬁd of approximately 105,000 daltons, when
compared to the electrophoretic pattern of natije Factor Vv,
as shown in Figure 28, 'The banding patﬁern obsérfed in thosé'
samples;activdted by Factor Xa prior to electrophoresis
appeared essentially the same as the control, And the
electrbphoretic pattern of Factor Vathrombin showed several
bands of molecular weight 20—50,0007daltons and a con-

siderable diminuation of all bands greater than 80,000

molecular Weight,lcpmpared to the control.



Figure 28.
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Molecular weight

<—105,000

f— 85,000

<-30,000

SDS acrylamide gel electrophoresis of Factor V
and Factor VaRvV~-v — Fifty yg of (A) Factor V,
and (B) Factor VaRVvV*“v, purified by Sephadex
G-200 column chromatography, both in 2% SDS, and
8 M urea, were electrophoresed on 7.5%
polyacrylamide gels containing 0.1% SDS. The
samples were reduced with 2-mercaptoethanol
(&%) prior to electrophoresis. The gels were
stained with Coomassie Blue after electro-
phoresis. Migration of the bands is from the
top (cathode) to the bottom (anode).
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Activation of Factor V by Othér Proteases:

Tt was found in this study that Factor V could be
'modified-in its activity by a-chymotrypsin, with results
'simila; td those obsérved for activation by thrombin, RVV-V,
.dr Factor Xa. Tfeatment of Factor V with o-chymotrypsin saw
a 6—fbld’ihcrease in Factor V activity over a period of 15
minuﬁés, activation was generally followed by a decided
decrease in activity as illuétréﬁed in Figure 29,

In order to determine whether the proteolytic
activity of'a—chymotrypsin was required for it'to effect
activation of Factor V;4the enz?me was treated with TPCK, a
specific active éite inhibitbr (Ryan énd Feeney, 1974), A
solﬁtion of TPCK in methanol was added to a sample of o-
chymotrypsin to a 1000-fold moiar excess. A control enzyme
- received an identical aliquot of methanol alone. Both
'Samplés were incubated-at 37°C for one hour, after which
time both were. dialyzed against a 1000-fold volume excess of
Michaelis buffer, pH 7.35, at 4°C for .12-15 hoﬁrs.to remove
excess TPCK. As a result, TPCK-a-chymotrypsin, in an amount
of 3bug/ml, Was unable to activate Factor V when incubated
tbgether'fof at least 20 minutes.

Activationbby o-chymotrypsin also resuited in a
;changé in the.molecular.weighﬁ of plasma Factor V. Factor V
_wefe treated with a-chymotrypsin.at 25°C and pH. 7.35, for

25-30 minutes, and a 13-15-fold increase in Factor V



DEGREE OF ACTIVATION

Figure 29.

TIME (min)

Time course of Factor V activation by a-
chymotrypsin -t 2.5 units of Factor V were
incubated at 25°C with 3.13 yg (m——m) , 6.25
P (A-——A), 12.5 yg (*-—e), 25 yg (@-—-a),
50 yg (0——-0), of a-chymotrypsin, or with
buffer alone (@--0) , Iin the presence of 5 mM
CaCl2. Each sample was assayed periodically
for Factor V activity.
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activity was obserﬁéail The sample was concentrated to 1.0
ml (PM~10 membrane)'and.applied to a calibrated column of
' Sephadex G-200. An identicélvsample.Of Factor V was
'appiied, without further treatment, to the same column, but
four hours previous to the Factor V activation mixture.
The elution profiie of the control Factor V activity and that
treated with u~chymbtrypsin are éhown in Figure 30, The
control Factor V eluted in a'Voiume to give a KD = 0,04 and
a corresponding molecular weight of 439,000 daltons, while
Factor Va (archymotrypsin) eluted to give a Ky = 0.17
‘indicating a moiecular weight‘of 238,000 daltons, when
' compafed to a calibrétion curve.

Colman Ll969b) observed that bovine trypsin only
inactivated bovine Factor V. . And when Factor V was treated
with.trypsin, in this study, the results were similar.
Treaﬁment of 3-5 units of Factor V, with trypsin in amounts
ranging from 0.1 to 1.0 ug, resulted in eithexr no change or
a decided loss of Factor V activity over a period'of 15~30
minﬁtes. |

Pronaée had'éffects similar to trypsin on the
activity of Factor V. Incubation of Factor V with 0.1 to
0;5 Hg/ml pronasé.saw.essentially no change in activity over
a péfiod of 20«30 minutes., At greater concentrations of
pronase, up to ld.ug/ml, the Factér V activity rapidly

‘declined within 8-10 minutes after addition of the enzyme.
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ELUTION VOLUME (ml)

Figure 30. Elution profiles of Factor V and Factor Va
(cx-chymotrypsin) on Sephadex G-200, Twenty
units of Factor V (0---0) were applied with no
further treatment, or after incubation at 25°C
with 6.25 yg of a-chymotrypsin in the presence
of 25 mM CaClp (e——-#), to a column of
Sephadex G-200, 1.6 x 55 cm. The samples were
separately eluted with Michaelis-0.025 M CaC”r
pH 7,35 and the eluate assayed for Factor V
activity.
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Generation of Thrombin from Prothrombin in the Presence

..................

Factor V or Va

Optimum~thrombin generatidh, in terms of both the
appArent rate and the final yield,; was observed When pro-
thrombin was tréatéd with thencompiete prothrombinase
enzyme, consisting of Factor.Xé, Factor V, calcium, and
phospholipid.b When taken individually, only Factor Xa was
dapable of converting some prothfombin to thrombin; addition
of either-célcium, or calcium plus phosthlipid, or calcium,
phospholipid, énd Factor V (oi Va) markedly increased both
the initial raté of convérsionias well as the maximum amount
of thrombin génerated from prothrombin,

| As shown in Figure 31,.minimal ﬁhrombin activity
developed when prothrombin was incubated with Factor Xa and
calcium, ofer a period of 36 minutes incubation time.
However, thrombin generation was slightly enhancea over the
same time_péfiéd by the further addition of PS:PC (1:1,
w/w). ‘And, when:either'Factor v, §r Va, which was formed.
by the aétion of RVV-V, thrombin or Factor Xa, were also
added to such a mixture, thrombin activity was generated
very rapidly, réaching a maximum level in only 20-30 minutes.
In tﬁis case the yield of thrombin activity was 60-65 times
thelamdunt observed in any of the other thrombin generating
ﬁiktures described above, Factor V, Factor Va alone, or

each in combination with calcium and phOSphOliPid-Could not
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Figure 31.
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Time course of thrombin generation by various
mixtures of Factor Xa, calcium, PS:PC and
Factor V or Va — (@A) 123 yg of prothrombin were
incubated with 1.84 \ig of Factor Xa, 0.05 mg/ml
PS:PC (1:1, w/w), 10 mM CaClz2 and 0.25 pg Factor
VaRVV-V (e-—#); (@B As (A except 0.25 yg
Factor va”VVv-V (& —A) in place of Factor V;

© As (B except buffer in place of Factor V;
® As (© only buffer in place of PS:PC. After
the addition of prothrombin, in each case
aliquots of the mixture were removed to assay
for thrombin activity.
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geherate anyvmeasurable-thrombin activity from prothrombin
over 30-40 minutes time at 25°C and pH 7.5.

A difference in the fate of thrombin generation was
observed when prothrdmbin was treated with a Complete pro-
thrombinase complex containing Factor V, compared with that
cohtaining the same amount of Factor Va protein, In the
presehce of Factor Va, an immediate burst of thrombin_
activity occurred within 15 seéonds of mixing all the
components. rThis was the shortest‘time in which an assay
for thrombin activity could be initiated. Howeyer, in the
4presence of natiﬁe Factor V a brief "lag time" of 30+60
seconds was observed before measurable thrombin activity
' waé detected, After the "lag period," however, the rate of
formation of thrombih approached that observed in a similar
mixture but initially containing Factor Va instead of native
Factor V. These observ££iéns are shown in Figure 32, where
Factor Va was generated by RVV-V activation, Identical
resulﬁs were obtained in this reaction when Factor Va was
formed by the action of thrombin or Factor Xa. This differ-
enée in tﬁe initial rate of thrombin generation was also
observed when only phosphdlipid was omitted from the thrombin
forming system. When'prothrombin was treated with Factor Xa,
calcium and either Factor V or Va, a more obvious differ- |
ence'was observed in'the’rate as well as the extent of
thrombin generation. As shown in Figﬁre 33, thrombin

activity was detectible within 4-5 minutes after prothrombin
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Figure 32.

136

10
TIME (min)

Time course of thrombin generation by Factor Xa,
calcium, PS:PC, and either Factor V or Factor
VaRVV-V = 123 Mg of prothrombin were incubated
with 1.84 Mg Factor Xa, 10 mM CaClz2, 0.05 mg/ml
PS:PC (1:1, w/w), and either 0.25 Mg Factor V
(o-—-0) or 0.25 Mg Factor Va”~V-V " —@) .
Further details are described in Figure 31.
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15 20
TIME (min)

Figure 33. Time course of thrombin generation by Factor Xa,
calcium and either Factor V, or Factor
Vathrombin — 100 yg of prothrombin were
incubated with 1.84 yg Factor Xa, 10 mM CaClz,

and either 0.25 pg Factor V (e-—-<), or 0.25 ug
Factor Va”~hrombin (3-—-®),
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was treatédbwith'Factor Va piﬁs calciﬁm and Faétor'Xa,
whereas in the same system, but>containing Factor V,
thrombin activity appeared bnly after 20 ﬁinutes incubation.
The yield of thrombin after 31 minutes incubation time was
appfoximately 6.5 times greater in the reaction mixture
containing Factor Va, relative to that containing native
Factor V. However, if the reaéﬁions had been followed for,b
. a longer period_of time, thé fihdl yield of thrombin may
have been the séme in both,

Con&ersion of prothrombin to thrombin by a complete
prothrombinase.énzyme contaiﬁing Factor Va proceeded at |
esSentially'the same rate'and’to the same extent regardless
of how the aCtivated Factor V was prepared, In the current
study,,Factor V was activated by RVV-V, thrombin or Factor

Xa'and‘the.Factor Va was subsequently isolated from the
activétion mixture by gel filtratiqn on Sephadex 6-200,
Previoué workers exploring thrombin formation in the
presence of Factor Va, have generated the active form Qf
Factor V.by adding the activator, namely thrombin, to fhe
cémplete prothrombin—forming system, but in small enough
qudntities so as not to shorten the clotting time of the
mixture in the thrombin assay. Consequently, a comparison
was made of prothrombin acti?ation by a prothrombinase
compiex containing Factor Va, either activated'by'thrombin,
which was subsequently separated»from the activation

mixture by gel filtration, or that activated by a minimal
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amount of thrombin which was not separated from the activa-
tion mixture before being added to the prothrombinase
. reaction. When profhrombin was incubated with Factor Xa,
calcium,APS:PC (1:i,‘w/w) and 0.25 uyg/ml G-200 purified

thr(.)_mbln,'or with the same quantity of Factor Va

Factor Va
plus thrombin, thrombin activity developed rapidly over a
period of 20-30 minutes, at eésentially the same rate and to
the same extent in each case;AlThe calculatable amount of |
thrombin actually added to the thrombin-forming mixture as
part of the Factor Va sample, was < 0,003 N.I.H. units/miq
.This activity wés esseﬁtially undetectable in the thrombin
clotting aséay since?it did not clot a solution of
fibrinogen in less than three minutes.

| When the.cqn§ersion Qf prothrombin to thrombin was
accomplished'by a complefe prothrombiﬁase containing
Factor V, or an equivalent amount of protein which had been
converted to Factor Va by one of the aboye mentioned
activators, only a difference in the rate of thrombin
generatibnvwas observed; fhe yield of thrombin was the same
in each case, When the same reactibn mixtures were pre-
pared, only with Factor V and Va present at the samé level
of Factor V activity, a large difference in both the rate
and the extént of activation of prothrombin was observed,
In this case the raté and the extent of thrombin generation
were considerably depresséd in the presence oleactor Va, at

approximately 1/20th the protein concentration but the same
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-amount of activity as native Factor V and, as shown in
'Fignre 34 when the initial amount of Factor Va protein was
varied upwards from 12 5 ug/ml to 0,25 pg/ml, both the
initial rate and extent of thrombin formation were pro-
gressively increased, Apparently native Factor V and Va
are not equivalent in the total prothrombinase reaction at
an equal level of Factor V activity, and the total amount
of Factor V protein, whether it'consists of Factor V or Va,
affects the overall yield as well as the rate of thrombin
formation. . |

In addition, the initial concentration of Factor Xa
or of phospholipid each determined both the rate and the
extent of prothrombin conversion to thrombin,

When prothrombin was treated with increasing
amoqnts of Factor Xa,'at a constant amount of Factor
Vathrombin’ calcinﬁ, and PS:PC, the initial‘rate of forma-
tion and the final yield of thrombin varied in the same
direction, as shown in Figure 35,

Likewise, when a single concentration of prothrombin'
was treated with a constant amount of Factor Xa, calcium
and Factor Vathromblé, but withrincreasing.amounts of
- phospholipid, namely PS:PC (l:1, w/w), both the initial
rate of formation and the final yield of thrombin again
evaried accordingly, as shown in Figure 36,

Only the amount of calcium in the reaction mixture

did not contribute to the reaotion'in a stoichiometric



Figure 34.
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Time course of thrombin generation from prothrombin by Factor Xa,
calcium, PS:PC, and either Factor V or varying amounts of Factor
Vathrombm — 123 pg of prothrombin were incubated with 1.84 yg
Factor Xa, 10 mM CaCl2, 0.05 mg PS:PC (1:1, w/w), and 0.25 ua
Factor V. (@®---®), or with 0.2 yg (A---A), 0.125 yg (@--0) ,

0,0625 yg (s=-——=), 0.025 yg =A), 0.0125 yg Factor vathrombin
(o= 0), See text for further details,

T
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THROMBIN ACTIVITY (units/ml)

TIME (min)

Figure 35. Time course of thrombin generation by Factor
ya rom m” calcium, PS:PC, and varying amounts
of Factor Xa 123 pg of prothrombin were
incubated with 0.25 pg Factor vathrombin
10 mM CaCl2, 0.05 mg PS:PC (1:1, w/w) and
9.2 Yga (O___O) ’ 1.84 Y9 (A___A)s 0.92 Y9
() 0), or 0.46 yg (--@®) Factor Xa.

Further details are exactly as described in
Figure 31,



Figure 36.
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Time course of thrombin generation by Factor Xa,
calcium, Factor Va, and varying amounts of
PS:PC -- 123 yg prothrombin were incubated with
1.84 yg Factor Xa, 10 mM CaCl2, 0.25 yg Factor
Va (thrombin) and 200 yg (o---0), 100 yg
(A——A), 50 yg - 0O), or 16.5 yg (@®-—-®)

PS:PC (1:1, w/w). Further details were

exactly as described in Figure 31.
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fashion. When the caiciﬁm concentration was varied, at
constant amounts of éll the other prothrombinase components,
a maximum yield of thrombin was measured in the presence of
10 mM CaCl2; Cdnsiderable inhibition of both the rate and
extent of thrombin>formation was obserﬁed in the presence of

20 and 40 mM CaCl In the presence of 5 mM CaCl, the

2
reaction proceeded a# the saﬁe initial rate, but resulted
vin'thy about 50% of.that yield of throﬁbin'generated in the
preéence of 10 mM‘C§Clé, after 30 minutes‘incubation time.
If the reaction had beenAmonitored for a longer time the
thrombin acﬁivity may have approached the éame level in both
cases.

Finally, when the concentration of the substrate
prothrombin was increased‘at a constant'amount of Féctqr Xa,
calcium, phospholipid, and'Fa¢tor.Vathrombin, the initial
raté of thrombin formation was the same in all casés, yet a
‘ corresponding increase in the amount of thrombin activity
~generated after 30 minutes incubation £ime was obséived, as

illustrated in Figure 37, Prothrombin behaved as a typical

substrate in an enzyme catalyzed reaction.
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Figure 37, Time course of thrombin generation from varying
amounts of prothrombin, by Factor Xa, calcium,
PS:PC, and Factor Va — 1.84 yg of Factor Xa,
10 mM CaCl2, 0.05 mg PS:PC, and 0.25 yg Factor
Va (thrombin) were incubated with 246 yg
(0-——-0), 123 yg O—-—0O , 61.5 yg (A-——A), or
31 yg of prothrombin (@---»). Further details
are as described in Figure 31.



CHAPTER .4 .
DISCUSSION

Isolatién of Bovine Plasma Factor V

Bovine plasma Factor V was isélated in géod yields
and in a stable form by a scheme which consisted of : barium
sﬁlfate adsorption of oxalated boviﬁe plasma, QAE cel%glose
adsorption éﬁd elution of plasma Factor V, polyethylene
glycol precipitation of the QAEC extract and chromatography
of PEG. Factor V on a column of desulphated Sepharose 6B,

In ordér to extract Factor V ffom bovine plasma with an
anion exchange adsorbent, blood must be collected iﬁ

either sodium or potassium oxalaté. It is not extracted to
a great extent when the blood is collected in sodium
citrate, abmbre commonly used anticoagulant in the collection
of blood. Since the solubility of-calcium citrate, 0.85 g/
100 ml, isicénsiderably gréater than that of calcium
oxalate, 0,0067 g/100 ml, the formef anticoagulant may
remove calcium from the Factor V molecule as well as that in
solution in the blood, to a.greater extent than the latter.
Consequéntly, more negative charges may be exposed which
would facilifate the adsorption of Factor V to an anion

eichange adsorbent such as QAE cellulose,

146
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Soon after the plasma is separated from the
cellular componehts of the blood, it is important to treat
it with barium sulfate immediately, to adsorb out Factors
‘II, Vii, IX, and X. Factors Il and X are‘the precursors
of two proteases, thrombin and Factor Xa, each of which ls
oapable of activating Factor V; so their'early removal from
‘the preparation will lessen the chances for proteolytic
conversion of_plaema Factor V to its activated form,

Extraction of Factor V from the barium sulfate
,adsorbedfplasma with QAE cellulose is a procedure originally
’reported by Dombrose et al. (1972). QAE cellulose has a
‘greater capacity for adsorbing FactorJV than TEAE cellulose,
- used originally by Esnouf and dobin (1967), -and separately
by Colman (l969a),.to prepare bovine Factor V. After
Factor V was adsorbed:to the‘QAE cellulose, greater purifica-
tion was subseduently realized when the calcium acetate
buffers of Dombrose et al. (1972) were used to wash the
cellulose ahd elute Factor V than the sodium phosphate
buffers descrlbed by Esnouf and Jobin (1967). Furthermore,
the inclusion of calcium in this isolation.step stabilized
the Factor V activity and undoubtedly accounted for the
greater recovery of QAEC Factor V prepared according to the
,scheme developed in this stﬁdy compared to TEAEC Factor V
prepared according'to Esnouf and Jobin (1967). QAEC Factor
'V was recovered in a yield of 76% while TEAEC Factor V was

recovered in a yield of 50%.



148

‘Dombrose et al. (1972) recalcified their barium
citrate‘adsorbed plasma with non-ionic cellulose, at pH
5.9, iﬁ'ordérvto étabilize Factor V prior to the QAEC
adsorption'step. However, in the course of developing the
present procedure, it was found that recalcification
resulted in an increase in the Factor V activity of the ‘

» adsofbed plasma. Factor V subseqﬁently extracted from the
recalcified plasma with QAEC gé&e multiple peaks of activity
wheﬁ chromatdgraphed on a column of Sephadex G-200. The
activity pooled from the column could be activated only 2-4-
'fold by RVV~V, whereas the QAEC Factor v btepared according
to the present procedure could be activated 10-13-fold

, under the same conditions. So, by omitting the recalcifica-
tion step and ex£racting Factor V at neutral pﬁ, a very
stable preparation of Faéfor V was obtained, which con-
sisted of a single molecular weight form when the preparation
was chromatographed on Sephadex-GTZOO“

During subsequent steps in the isolation of Factor V,
the properties of activatability. and molecular Weighﬁ were
monitored along wifh recoveries of total Factor V activity
andAprotein, in order to evaluate the extent to which
purificétion of Factbr V in its native or precursor form was
successful.  These cfiteria were satisfied when QAEC Factor
- V.,was précipitated'wifh polyethylene giycol and chromato-
graphed on a column of dééﬁlphaﬂéd Sepharose 63. Poly-

ethylene glycol precipitation was used successfully by
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Schmer et al. (1952).to purify bovine plasma Factor VIII, a
large brotéin similarVin functioh to Factor V but in the
activationAof Factor,X‘to Factor Xa in the coagulafion
- scheme. Day (1975) cléimed that PEG'precipitation of
TEAEC Factor V resulted in non-enzymatic dissociation to a
species of molecular. weight 276(000 daltons. However, at
no point did he cafry out his isolation scheme in the
presence of protease inhibitorsito ﬁievent any enzymatic
VproteolySis of Factor V whichvcould easily occur in
- concentrates of pa?tially purified_Factor V such as the PEG
.precipitate.  However,rin this study, QAEC Factor V did not
appear to dissociate to lower molecular weight species upon-
PEG precipitation since PEG Factor V could be aqtivated 10~
fold by bovine thrombin and it eluted from a column of
Sephadék Gf206 in a single peak of actiVity close to the
colﬁmn void vdlumé.

-The PEG precipitation-étép was employed primarily to
Irrapidly concentrate Factor V.for application to'a-prepara—
tive colﬁmn of desulphated Sepharose 6B, When QAEC Factor V
was concentrated by ultrafiltration there was freéuently and
>'sporadically-dn increase in Facﬁor V activity which was
' grgater than could ke accounted for by the degree of
éoncentration alone. This phenomenon was noted also by
quA(l975).when he concentrated his Sephadex G-200 Factor V
preparatioﬁ~by ultrafiltration pfior to its activation by

RVV-V. Since ultrafiltration was also very time consuming,
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this method éf concentrating large volumes of QAEC Factor V
was unsatisfactory.

PEG Factor V was purified an additional 4-5-fold by
chromatography on a column of Sepharose 6B which‘had been
treated chemiéally to remove sulfate ester gréups attaéhed
to the carbohydrate backbone, as described by Porath et al.
(1971). Chromatography on'Sepharose 6B without pfior
chemical treatment to remove sﬁlfate groups, did not achieve
- much additional purification of PEG Factor V. Factor V
eluted from this column in multiple peaks of activity which
vspread over such a large volume, that it was nof well
resolved from the-buik of the eluting protein, as shown in
Figure 38. However, when the same Sepharose was first
treated to fémove ionizable sulfate groups, subsequent
chromatography of PEG Factor V saw é fairly symmetfical
.elution profile of Factor V activity, in a reasonable
yvolume, and with considerable separation from contaminating
proteins so that additional purification of Facfor V was
realized, as shown in Figure 39. In addition Factor V was
recovered from desulphated Sepharose 6B in a yield which was
KEO% greater than that obtained from the untreated agarose.

Desulphatéd Sepharose 6B Factor V was similar to
'PEG‘and,QAEC Factor V in that it consisted of a single
leecular ﬁéight species when chromatographed on
Sephadex G-200, as well as rechfdmatographed on desulphated

Sepharose 6B, Also, upon isolation it could be readily
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Figure 38. Elution profile of PEG-Factor V on Sepharose
6B — Thirty ml of QAEC Factor V were precipi-
tated with PEG 6000, dissolved in 1 ml of 0.20 M
Tris acetate, 50 mM CaClz2/ 10% glycerol, pH
7.5, and applied to a 1.6 x 55 cm column of
desulphated Sepharose 6B at a flow rate of
0,17 ml/min. Two ml fractions were collected
and analyzed for Factor V activity (e——#)
and for protein &-—-D -
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Figure 39. Elution profile of PEG-Factor V on desulphated
Sepharose 6B -- Sample and conditions were
exactly as in Figure 38 except that desulphated
Sepharose 6B was used in place of Sepharose 6B.
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activated 8—10—fold by thrémbih, Factor Xa, RVV-V, or
chymotrypsin and when stored in the isolation buffer, 0.20 M
rTriS.acetate, 50 mM CaClz; 10% glycerol, pH 7.5 at 4°C at a
protein cOncentfation of 0.3 to 0.5 mg/ml for 3-4 weeks
5nly 10-15% of the original activity was lost.and Factor V
could still be activated 8-10-fold by RVV-V, Because of
its‘Stability and the fact thét Factor V was recovered in
good-yields (39%) by this proceaure, the preparation lends
itself to further purification éf Factor V when newer or
~ more unique techniqﬁes of protein iéolaéibn become available.
| The procedure for isolating bovine Factor V
- developed in this study could accommodate varying amounts of
plasma_foriWorkFup. Generally 15-18 liters of bovine
plasma were processed through thé QAEC step in one day,
followed by PEG precipitation and desulphated Sepharose 6B
chromatography on the next,. Within three days the isolation
could be completed. Work-up of large amounts of plasma was
hampered only by ﬁhe time required for centrifugation of
“whole bléod'to obtain £he plasma, and by the amount of
material applicable to thé desulphated Sepharose 6B column
as one sample, |

| Bovine Factcor V prépared in this manﬁer was free of
other'clotting-activities but was not homogeneous with
'respeét to protein as evidenced by analytical disc and
-SDS ééryiamide.gel electrophbreslé as wéll as sédimentation

velocity ultracentrifugation, and'rechromatography on
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aesulphated Sephafose 6B, Efforts to furthér purify Factor
v using‘conventional techniques of protéin isolation such as
ion—exchangé chromatography, preparative disc gel electro-
phoresis and isoelectric focusing were unsuccessful., When
QAEC Factor V was subjected to ion-exchange column
chromatography on DEAE or CM cellulose, DEAE-Biogel, o£
QAE-Sephadex, further purification was not realized due to
"large losses of Factor V activity and the anoﬁoloué manner
in which Factor V eluted from any one of these ion-exchange
columns. When the ionic strength of the eluting buffer was

.increased either stepwise, or gradually by applying a
gradient, the Factor V activity desorbed in a broad peak
which'tailed‘throughOut the column effluent., In addition,
the bulk of the sample protein co—eluted with the activity
SO thatrFactor V was not well resolved from contaminating
proteins. The activity recovered could not be activated
by any of the enzymes observed to activate native Factor Vv,
"and when applied to a calibrated column of Sephadex @-200
any of these Factor V preparations eluted in a volume
corresponding.to an apparent molecular weight of approxi-
-mately 206,060 dalﬁons, a value characteristic of activated
rather than plasma Factor V, Identical problems were
jeanuntered with the other purification techniques tried,
such.as_preparati?e polyacrylamide gel electrbphoresis,
isoelectric'focusing,‘qr adsorpﬁion to and elution of

Factor YV from phospholipid aggregates,
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Dissociation of Factor V during these isolation
procedures may be a cdnsequence of the'high ionic strength
required to.desorb it from ion-exchange columns, or the
alkaline_pH to which Factor V was exposed for long periods
of time (15-20 hours) duriné preparative polyacrylamid
‘electrophoresis, Even when calcium was included in the
column or electrophoresis buffers in these procedures, great
losses of Factor V activity wefe still incurred and the
elution behaﬁior of both‘thé Factor V activity and
accompanying proteihs remained -anomolous.

| Conéequently, in order to prepare Factor V in its

native or precﬁréor form, so that a study could be made of
its activation by variéus proteolytic enzymes, absolute
purificatibnlhad to be sacrificed except for the éxclusion

of othef clotting factors from the final preparation.,

Properties of Bovine Factor V
Bovine PFactor V was isolated wiﬁh a specific

activity of EO'U/mg in a yield of 39% representiné a 2400~
fold purifiéétion'relati&e to the starting plasma. The
specific activity of this preparatioﬁ was slightly greater
than that of Esnouf and Jobin (1967) or Colman (1969%a) who
reported a value of 50 U/mg and 49 U/mg.with an overall
purification of.4OQO and 2800, respectively. However, their
pieparations probably represent a lesser degree of purifica-

tion since they both isolated a species of Factor V with a
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molecular weight of 300,000 whiCh is a_diésociative form of
plasma Factor V having a higher specific activity than
piasma~Factér V, according to Day and Baftoﬁ (1972).
Inasmuch as nearly all of the published preparations
contaih mﬁlﬁiplevarms of Factor VvV, of ﬁarying intrinsic
specific activities, it is difficult to compare the degree
~ of purificatioh claimed in thése preparatiqns with the
preparation of Factor V reporﬁea in this study.

The molecular weight of‘Facﬁor VY, determined by
| Sephadex G-200 gel chromatography waé 439,000 + 4000 daltons.
No other mplecular weight forms of Factor V were detected in
this preparétion° This value agrees well with those
reported for:partially purifiea bovine Factor V By
Papahadjopoulos et al. (1964) of approximately‘400,000;
‘Dombrose and Seegefs (1973) of 380,000 + 7000; Kahn and
Hemker (1972) of 400,000; and Hanahan et al, (1972) of
400,000, '

Philip et al. (1970) found that bovine plasma,
éollected in the presence of DFP, résolved into two peaks
.0of Factor VAactivity when chromatographed on Sepharose 4B,
These corresponded to forms A and C, with a molecular weight '
‘of,30Q,006 and 38)000, reSpectively, of the preparation ofr
Coiman'(l969a). However,‘it,waé found in this study that
. chromatography of unfractionated bovine plasma on a
calibrated column of Sephadex G-200 gévé only one peak of

Factor V activity which eluted close to the void volume to
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give an apparent molecular weight‘of 400,000 daltons.
Consequently’ the isolation procedure for bovine Factor V
reported in this study wes developed-to preserve thie form
as representative of native or plasma Factor V,

The molecular weight of Factor V estimated by
chromatoéraphy on a-calibrated column of desulphated
Sepharose 6B was'538,000 daltons aﬁd that of Factor VaRVV‘Y
was 298,000 daltons. These Valﬁes'were reproducible and
are significantiy higher than those determined en Sephadex
G-200. Faefor V is almost excluded from the dextran matrix
of Sephadex G-200, but can easily penetrate that of-
‘Sepharose 6B. Alﬁhough Seéharose gels have a lower charge
deheity than Sephadex gels, the fact that Factor V is able
to penetrateythe Sephardse matrix provides an opportunity
for greater interaction with it; Moreover, Sepharose
contains ioni%able sulfate and carboxyl groups which.tend
to repel a negatively charged protein applied to such a
column. Although the Sepharose used in the experiments
reportedAhere was altered.to remove the sulfate groups, no
steps were taken to mask the carboxyl groups., Furthermore,
it is_likely’tﬁat Facﬁor v end Factor Va were negatively
charged under the cliromatographic conditions at which their
molecular weights were determined since human Factor V was
reported by Rosenberg et al. (1975) to have a pI of 5,1 to
5.4, Conéequently.both Factor V and Factor Va:may have been

excluded early from the Sepharose column due to ionic



158
repulsion betweenAthe protein and negati&ely charged
’groups-én thé cqlﬁmn even though the ionic strength of the
‘column buffer was made to 0.35 to minimize any such inter-
acﬁions.v Aithough'the denéityiof sulfafe groups on

Sepharose 6B was not quantitated either before or after they

't were chemically removed, this modification appeared to

represent a sufficient change in the matrix to significantly.
sharpén fhe elution profile of Factor V from this column,
HoWeveré it may not be an adequate gel filtration medi@m:
for estimation of the molecular weights of these prqteins,
'Crbne (1974)'observed that two acidic proteins were excluded
eérly from a column of Sepharose.4B at low ionic strength,
He attributed this to repulsion between the anionic
p:éteins and similafly chafged groups' on the gel, However
when the iqnic strength of the elutidn buffér-was-increased
the Volumes‘in whcih these same proteins elutéd increased,
corresponding to lower molecular weightsn. |

One other explanation for the high molecular
weighfé of Factor V and Factor VaRVVAV on desulphated
Sepharose 6B, is ﬁhat these proﬁeins were aggregating during
gel chromatography with the resﬁlt that they were excluded
early'frém the column. However, this seems unlikely since
in any one experiment no more than 0.5 mg/ml protein eluted
fpom'the-cblumn. | | |

. Several techniqués used to analyze thistactor v

preparation indicated that it was heterogeneous,
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Sedimentation velocity analyses of Factor V'revealed a
rapidly sedimenting and'polydisperse system. A sedimenta-
'tion coefficient of 80, determined for Factor V, is quite
high and thereby indicates that protein aggregation may have
occurred during the ultracentrlfuge run.
Analytical disc gel electrophoresis indicated that
, there were at least six.major components in the Factor V
preparation, and the Factor V activity was localized in a

single, moderately staining band:near the top of the

resolving gel. Due to non—specific staining of the
Coonassie Blue dye throughoutfthe‘gel, it was difficult to
make a densitometric scan toldetermine the relative amount
of Factor V protein in this preparation. However, a visual
1nspection of the relative staining intenSities of the
bands indicated that Factor V was not the major protein
constituent of this preparation. ‘This protein pattern was
not  altered when the preparation-was subjected to conditions
‘of "ionic strength varying from 0,01 to 0,50. Assuming that
therstructure of the proteins comprising the Eactor A%
. preparation Was not altered during analytical disc gel
electrophoresis, regardless of the prior conditions of ionic
strength, the molecular integrity of these proteins was
apparently not affected by the concentration of positive or
negative charges in their molecular environment,

In contrast, vanMourik et al, (l974L'observed that

Factor VIII dissociated at low ionic strength and was stable
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in high ionic buffers at neutral pH activity. Analytical
vacrylamide gel electrophoresis éf Factor VIII at an ionic
strength of 0.01 M revealed multiple bands of increasing
mobility relative to a sample prepared ét an ionic strength
of 0.14 M; which cbntained 1-2 bands of low mobility. In
additibn, réducing the ionic strength of a Factor VIIT
sample saw a significant loss 6f activity. These workers
concluded that Factor VIII dissbciated at low ionic strength
due to eleétrostatic repulsion between its subunits and that
the existencé of Factor VIII in an aggregated state was
prémoted by a medium bf high ionic strength to neutralize
these iﬁtramolécular repulsive forces,

* - Electrophoresis of Factor V in the presence of SDS
and urea under nonreducing conditions revealed 5+-6 major
prétein banas whilé under reducing conditions. approximately
13-14 bands were observed. Since this preparation of Factor
'YV was heterogeneous it is difficult to make any conclusions
on a possible subunit structuré for Factor V.

. An important feature of this Factor V preparation
.was its actiVatabili‘tyn The clotting activity of Factor V
could be readiiy enhanced 8—lO—fold.by Several different
>énzymes, and thié was a consistent feature of the prepara-
tioﬁ° This characteristic and the molecular weight deter-
mined for Factor V on Sephadex GvZOO were two properties
‘which weré preserved in the prqéédure by which'Féctor V was

isolated from plasma, and were considered characteristic of
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the moleéulaf‘ihtegrity of Factor V in its precursor or
plasma form.,

In épite of thévphysical heterogeneity of‘this
preparatibn of’Factér Vv, it did not-contain any other
clotting activitieé, except for trace amounts of Factor
VIII. This featureAfacilitated a study of the direct
effects ofvseverél proteolytic ehzymes, some extrihsic and .
some intrinsic to the blood élotting.scheme, on the activity
and molecular size of Factor V, as well as the effect of
_Faétor v, Egﬁ se, on the conversion of ?rothrombin to

_thrombin.

Activation of Bovine Plasma Factor V

Several purified proteolytic enzymes were observed
to affec£ the activity, and in some cases the molecular size
of Factor V. Bovine and human thrombin, Factor Xa, RVV-V,
and.anchymotrypsin all served to enhance the clotting
activity of Factor V 8-10-fold at pH 7,5; and 25°C over a
period of 10-~20 minutes. Among these actiyators, bovine
- thrombin had the greatest specific activity toward Factor V
and Féctor Xa had the least, when this latter activator
was supplemented only by calcium, Activation of FaCtor V by
human thrombin required appfoximately 10-fold more protein
thénrréquired for activation by bovine thrombin,‘ This
difference probably refleéts ﬁhendifferent species sources

of thrombin,



162

" The specific activity of the Factor V formed by the
aétion of‘these prbteases was the same in each éase.
Although activation gave a'ld-fold increase in the clotting'
activity of plasma Factor V, when activated Factor V, in
each case,'waé isolated by chromatography of the activation
mixturé_én Sephadex G-200, it had a specific activity 20
times greater than that of its precursor. As can be seen
in Figure 27, less than 50% of fhe sample protein co-eluted
with the Factor Va activity peak from tﬁe column, The bulk
of the protein remained at the columnvvoid volume, This
material is prébably composed of protein contaminants in the
Factor V preparafion‘but it could also be an inactive
precursor form of plasma Factor V which is>not susceptible
" to activation by any of the above enzymes,

| Trypsin ana pronase.either did not alter the
activity of Factor V or prdduced large losses of activity.
. Table.3 suhﬁariZes the effects 60f the various proteolytic
enzymes tested, on the.activity of Factor V, prepared
according to the procedure déscribed in this study,

- Actiyation by any of these proteolytic enzymes was
generally carried oﬁt in the presehce of calcium because of
'the greater stability of Factdr V under these conditions.
However,_actiyation of Factor V by thrombin or by RVV-V did
not require either calcium or phospholipid, as‘did that by
Factor Xa, Removal, or at leasfureduction of the level of

calcium in a Factor V sample by dialysis saw a 50% loss of
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Table 3. The effect of various enzymes on bovine Factor V.

Final Conc.

(per ml)& Activateb Tnactivate®
Bovine Thrombin S 0.36 ug ) X X
Human'Thrombin : 6.0 pg X A X
Factor Xa . (+ PL) 4 ug X
12 ug
RVV-V / 2.5 ug' X
a-chymotrypsin A 3.1 ug o X X
Trvypsi'n_ 0,1-1.0 ug X
‘Pronase 7 O,l—lO ug X

SThree to five units/ml- of Factor V were treated
with each enzyme, at that concentration indicated in the
table, in the presence of 5 mM CaCl,, at pH 7.35 and 25°C.

bActivate: A 7-10-fold enhancement of the initial
level of activity of Factor V over a period of 10-20
minutes under the conditions described.

CInactivate: A decline in the initfal level of
activity of Factor V immediately after mixing with a given
reagent or after-a 7-10-fold increase in the same activity
had been observed, under the conditions described..
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‘activity but the‘remaining Féctor V was apparently intact
‘since it was still a viable substrate for subsequent
actlvatlon by thrombln or by RVV-V.

The addition of PS:PC (1:1, w/w) to a Factor V
-acfi&atlon mixture containing thrombin or RVV=~y did not
affect the rate or the extent of activation.A Factor V can
bind to phdspﬁolipid even in the ébsencé of calcium
(Papahadjopoulos and Hanéhan, 1964; Jobin and Esnouf,

'1967), but evidently this association did not render it more
susceptible to activation by thrombin. And, since thrombin
cannot bind to phospholipid with or without calcium (Barton
and Hanahan, 1969), the presence or absence of calcium and
phospholipid would not be exéected to affect the reactivity
_of this enzYme, EE; se, toward Factor V.

Activation of Factor V by a-chymotrypsin was not
investigated in enough detail to determine the effect of
calcium or phospholipid on this interaction,

Activation by Factor Xa did require cglcium and was
significéntly enhanced by the further addition of phos-
pholipid The contribution of these cofactors to the
5 actlvatlon of Factor V mimics those ~ond1tlons under Wthh
4prothromb1n is converted to thrombin by Factor Xa, However,
- some activation of Factor V brobably does occur even in the
absence ofacalcium} as has been observed for the activation
 of pfothrombin by Fgctor>Xa, butwat such a'slowArate that

the activity of Factor V would prbbably have to be monitored
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for one hour or lbnger in order to detect a significant
change. 1In the presence of calcium the extent to which
Factor V was activated reached a maximum within fifteen
to twenty’minufesvat 25°C, and when the reaction was
carried out in the presence of ‘added phospholipid, the
initial concentration of FactorlXa could be reduced at least
3-fold to échieve a similar degree of activation within the
,Same;time ﬁeriod; The concentfation of the enzyme, Factor
Xa, contributed to this reactibn in a stoichiometric manner.
" Increasing amounts of Factor Xa, added to’a constant amount
Aof Factor V, calcium and phospholipid, gave a corresponding
increase in thevrate and the»eXtent of activation of Factor
V. These observations are inconsistent with the behavior
expected for a typicai enzyme, In a simple enzyme
-cataiyzed reaction, increasing the initial enzyme concen-.
tration affects only the rate of the reaction while the
extent of the reaction, or the amount of product formed, is
the . same in each case., Yet, the extent to which Factor V.
was acti&ated by Factor Xa was dependent on the initial
concentratioﬁ’of the énzyme. Factof Xa then may have a
regulatory role as well as a catalytic one in this réaction,

~Activated Factor V produced by Factor Xa action was
relatively stable especiaily.when,the reaétion Waé carried
out ‘in’ the presence of both caléium and phospholipid,
Addition of excess Factor Xa in the presence of calcium

alone or with calcium and phospholipid did not result in a
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large loss of Factor V activity indicating that Factor Xa
probably is. capable only of limited proteolysis of Factor V.

Activation by fhrombin, RVV~-V or d;chymotrypsin was
geﬁerally followedrby a loss of Féctor V activity. Losses
were least in the preSence of va—v,bthe Factor V activity
. declining only 20% after maximum activation was observed.
"Additioh of an excess of RVV-V toAFactor‘V did not
accelerate the rate or extent‘of inactivation so these
actiﬁity losses were most likely due to an inherent in-
stability of Factor Va compared to its.plaSma form rather
fhan_to further.proteolysis by théén'zyme°

However, inactivation by thrombin is probably due
to unrestricted proteolysis of thé Factor V molecule since
the addition of excess thrombin to Factor V enhahced both
the rate-and extent of the activity loss. It was noted by
Colmén (1969a) that the loss of Eactor'v activity aftex
thrombin actiﬁation could not be prevented by the addition

thrombin

of hirudin, suggesting that Factor Va is inherently

unstable just as Factor VaRVVPV

was observed to be,
>\In view of this dual effect of thrombin on Factor Vo
it is tempting to speculate that the action of thrombin on
Factor V re?résentsva céntrol mechanism for the generation
and'destructidn'of this‘ééaéﬁlant acﬁiVity in the intrinsic
coagulation pathway. .
Thrombin Wés reported b&nLegaz et al, (1973) also to

activate and destroy the activity of Factor VIII and these
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workers speculated thét'this may be a mechanism for
regulatiné‘theféoagulantracti?ity of Factor VIII.

| Inactivatioﬁ'of Factor V was most pronounced in the
presence of.a—chfmotrypsin. The interaction of o=
~chymotrypsin and Factor V was not studied in great detail
s0 it is difficult to conclude why inaétivation as well as
“actiVation_OCCurs in the”presence of this enzyme, other
Athaﬁ to advance £hose reasons cited above, namely the
instability of Factor Va relative to plasma Factor V, and
extensivé'proteolysis of Factor V by the enzyme,

‘Activation of Factor V by each of the four enzymes
listed above also resulted in a considerable reduction in
the molecular size of plasma Factor V, as estimated by gel
filtration on Sephadex G~200. _ActiVatibn of plasma Factor
V, with an_ap?arent molecular Weight of 439,000 daltons,
produced a new, more active species of Factor V with an
apparent molecular weight of 240-250,000 daltons., Table 4
‘lists thé moleéular weight of Factor Va.as produced by the
action 6fj£hfdmbin, Factor Xa; RVV-V, and a-chymotrypsin.

thrombin determined

The molecular weight of Faqfor Va
in this study agreés well with that reported by
Papahadjop0ulqs et él. (1964) for bovine Factor V and‘the
values reported by Kahn and Hémker1(l972), who found

similar changes in both bovine and human Factor V upon

actiVation‘by'thrombin.
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Table 4;' Molecular weights of Factor Va formed from plasma
: Factor V by various proteolytic enzymes, as
determined by Sephadex G-200 gel chromatography.

Form of Factor Va ‘ Molecular weight (daltons)
Factor vatlrombin . 239,000 + 4000
Factor va ' ¥ 250,000 + 4000
Factor va 2 - 246,000 + 4000

Factor va¥ Chymotrypsin 238,000 + 4000
RVY -V

The molecular weight of Factor Va reported in

this study is very similar to values reported by Kahn and

Hemker (1972) for both human and bovine Factor VaRVV‘V,

and by Hanahan et al. (1972) for bovine Factor VaRVV_V.

| A report.by Day (1975) indicated that Factor Xa
could alter the molepular weight of plasma Factor V. He
prepared Factor Va by activation of a TEAEC extract of
bovine plasma Faétor V with Factor Xa, and as a résult, he
observed»a_changé in the molecular weight of plasma Factor

YV by Sephadex G-200 gel chromatography, essentially identical

: to that observed in the current study.
The activation'of Factor V by a-chymotrypsin is
;7uniqﬁe to this study also and no comparative values are

available on the molecular weight of Factor Va generated

from itS'plasma precursoxr by this enzyme,
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Activation of'Factor V by thrombin, RVV—V; Factor
Xa, or aQChymofrypsin, probably occurs by proteolysis of the
'rnatiQé protein, but the lack of a hombéeneous preparation of
vFactor V made it difficult to correlate activation with
épecific structural changes in the Factor V molecule. SDS
~acrylamide gel electrophoresis of plasma Factor V revealed
'13-14 protein bands ranging in molecular weight from 105,000
to 30,000 daltons while the eleétrophoretic pattern of
Sephadex G-200 pﬁfifiedvFactor VaRV,V‘_V revealed a similar
distribution of prdteih bands, but changes were apparent in
the intensity of a few discrete bandsg A band of 105,000
daltons appeared to‘decrease,in intensity while bands of
85,000 and 30,000 daltons appeared to increasevin intensity.
But, because of the uncértainfy as to which bands comprise
the Factor V molecuie and which are merely contaminants, it
is difficult to conclude that ﬁhe relative changes in the
eleétrophoretiq pattern of Factor Va’RVVPV actually reflect
alterations in the subunit structure of plasma Factor V as
a result.of activation. Because RVV-V appears to be
specific for Factoer, among the coagulation proteins, it
is possible that these-changes are indicative of pioteolysis
df,Facth'V upon activation by.RVV?V, However, conclusions
on_the-subunit structure of Factor V or on those molecular
events which occur when plasma Factor V is converted to
activated.Eactor V must await the ayailability of a

homogeneous preparation of plasma Factor V.
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. In addition to altering the specific activity of
Factor Vv, és well as its molecular weight, thrombin,
- . Factor Xa, RVV-V and a-chymotrypsin appeared to exert their
~action on Factcr‘V in an enzymatic mahner° A number of
- kinetic and Chémicél data‘on'the activation of Factor V- by
each of these enzymes support this conclusion and these are

discussed in the following section.

Mode of Activation of Factor V

Each of the'enz?mes shown to activate Factor V in
- this study were chemically treated with inhibitors which
haVe been demonstrated torinactivate seriné proteases. When
' éither thrombin or Factor Xa was treated with DFP both of
_ their‘individual clbtting activities were inhibited as was
their ability to activate Factor V. Thrombin was inhibited
relatively easily while Factor Xa was inhibited only after
prolonged exposure toihigh concentrations of DFP. Since
' DFP has been éhownvfo specificélly.label a serine residue
in the active Site of these enzymes withéut causing any
gross stfuctural alterations, these experiments un-
equivocably demonstrate that the activation of Factor V by
 tthmbiq§br%by Factor Xa is an enzymatic process.

'In addition both of these enzymes were inactivated
by éénditions>of,extreme heat; Thié treatment results in a

phyéicaifdenaturation of the enzymes so it was .not
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unexpected,thatithey Were subSequehtly unable to activate
Factor V. In contrast RVV-V was not inhihited-by either -
DFP,‘or.heat'treatmeht in its,ability to activate Factor V,
This is an extremelyAStable enzyme as was noted by Hanahan
et al. (1972), who reported that partially purified RYV-V
was stable to heating at 95°C over a pH range of 1.0 to
7.0. However»the resistance of RVV-V to inactivation by
DFP is in Gohtrast to the reports of Esmon and Jackson
(1973) and Esmon, Oweh, et al. (1973) who reported that
RVV—V'activity in the’crhde Vehom and in highly purified
preparations was inhibitable,bj DFP. It is unfortunate
that RVV—V was not inhibited by DFP since such a
phenomenon would serve to eldssify RVV-V as a serine
protease together with the other enzymes shown to activate
Faotor V in this study, and would directly demonstrate that
 the action of RVV-V on Factor V was enzymatic.,

Thrombin was also inhibited by TLCK, which has been ‘
demonstrated to modify a histidine residue in the active |
site of this enzyme {(Glover and Shaw, 1971). ‘Both the
clotting activity of thrombin and its ability to activate
Factor V were abolished by TLCK. in contrast the activity
of Factor Xa was not affected by TLCK or by TPCK, in agree-
ment with the previous observations.of Fujikawa et al.
(1972). As a result of these observations the specificrty

of thrombin and Factor Xa are to some degree differentiated,
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Thé abilify of o-chymotrypsin to activate Factdr \%
was inhibifed by‘TPCK which has been demonstrated to modify
a histidine residue specifically in the active site
(Schdeilmann.and Shaw,§1963). Activation of Factor V with
uQChymotrypSin was;very reproducible'yet a similar serine
protease, typsin, only inactivated Factor V presumably as
the,resﬁlﬁ of réndqm proteolyses. These bbservations
cbntrast with thése of McKee, Aﬁdersen, and Switzer (1975)
who found that the activity of human Factor VIII was not
altered by low‘concentrations, or was only diminished by
high concentrations of trypsin. It is likely that Factor
VIIi and Factor V are structufaily related since they have
similar functions in tﬁe coagulationlschemen It is likely
then that they would be activated by a common mechanism but
the reportedly opposing effects of u—éhymotrypsin and
trypsin on these-two proteins may indicate somewhat differ-
ent feqﬁiréﬁénts for their activation.

' further evidence supporting an enzymatic mode of
action of these several proteases in activating Factor V
cdmes”from avnumber of kinetic data obtained for each of
these interactions,

| Activation of a second aliquot of Factor V added to
a mixtﬁre of Factor V and either‘thrombih, RVV-V, or
Factor Xa after activation of the ihitial Factor V was
complete, saw a secondvenhancemeﬁf of Factor V éctivity

which proceeded to the same extent as the first in each case
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exceptrfor that with thrombin. Here degradation of Factor V
: may have obs;ured the second activation., These obseryvations
wouldlindicate‘that’the enzyme in each case was. not
inactiyéted but was still viable after activation of the
first amguﬁt-of Factor V, to subsequently activate the
_secondf |
| _In'the‘éasé of thrombin activation, the addition
of increasing amounts of thrombiﬁ,to a constant amount of
Factor V reéulted in a corresponding increase in the
- apparent fafe of activation but the extent of activation of
:Factor V was the same regardless of the initial concentra—b
tion of thrombin., And in the case of activation by RVV-V,
the addition of a constant amount of RVV-V to varying
amounts of Factor V saw the samé apparent rate of activa-
tion in eaéh case yet the extent of activation increased in
‘proportion to ﬁhe initial amount of Factor V added. These
" sepgrate obseryations indicate that both thrombin and RVV-V
are each behaving as a true enzyme in activating Factor V.
When Factor V was treated with Factor Xa or with
RVVrV in‘the.érésence of calcium and the activated Factor V
formed was subsequently isdlétéd ffom the activation mixture’
by chromatography on SephadexééPZOO, the activator in each
case was well separated from Factor Va. -
Factoﬁ Xa ﬂot only eluted in a volume separate from
Factor Vaxa but aléo in one ﬁhicﬁ:was essentially the same

as that in which a sample of Factor Xa alone eluted from the
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same'celumn. Moreover nearly 80% of the Factor Xa activity
~applied on the colﬁmn was recovered and when it was pooled,
concentrated,aed.sﬁbsequenElY’mixed with a fresh aliquot
of Factor V, at least a five-fold activation ensued.

125

Similarly I-RVV-V was quantitatively recovered in

a single peak well separated from both Factor V and Factor

VaRVVﬁV on a similar column of Sephadex G-200. Furthermere

the 125I—RVV—V eluted in a volume near the column inclusion
volume which was cOmparabie to that in which unlabeled
ﬁ&v—v elﬁred on the ‘same column. And when the lZSIfRVV~V
f was peoied and‘added to a fresh aliquot of Factor V signifi-
i;}cent activation was'obserVed. Frem each of these experi-
hriments it is obvious that neither Factor Xa nor RVV~-V form a
&reomﬁlex with Facror V as a result of activating it.
;-Furfhermore neither‘enzyme is consumed in this reaction
since they can be quantitatively recovered from their
individual reaction mixtures, AAnd, the enzymatic function

of each was not appreciabiy altered since both were fully

cqpable of additional activation of fresh substrate.

Generation of Thrombin from Prothrombin in the
Presence of Factor Xa, Calcium, Phospholipid,
and Either Factor V or Factor Va

'Enhancement of the clotting activity of Factor V
implies that it is a more reactive participant in the scheme
of blood coagulation, However, the significance of the

conversion of plasma Factor V to a more active form was
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determined by compafing the effect of plasma Factor Vv
versus Factor Va on the rate and extent of conversion Of
prothrombin to‘thréﬁbin in an in‘vitr§ system containing
‘highly pUrifiéd clotting factdrs,

Previdus ihVestigators (Jobin'énd Esnouf,; 1967;
Barton.et al., 1967; Esmon et al.; 1974a, 1974b) observed
that the conversion of prothfombin to thrombin 6ccurs at
~ the fasteét rate and to the gréateSt extent .in the presence
of a complete prothrombinase,enzyme consisting of Factor
Xa, calcium, phospholipid and Féctoﬁ,v. Only oné component,
namely Factor Xé, Cah convert prothrombin to thrombin alone;
neither calcium, phospholipid, nor Factor V alone, or when
“in coﬁbinatioh, cannot effect the production of thrombin
activity from prothrombin.

In:this stﬁdy similar observations were,made: The
rate of convefSion of prothrombin to thrombin by Factor Xa
was enhanced 2-fold by the addition of calcium, while the
subsequeht addition of phospholipid enhanced the reaction
‘about 50~fold, The further addition of Factor V of
' Facﬁor Va treménddusly enhanéed bdth the apparent rate and
the extent of fhrombin formation approximately 1000-fold,
yet'héither forﬁ of Factor V-élone was capable of generating
thrombinffrom prothrombin. If plasma Factor V was added to
a mixture of Eactdr Xa, calcium and phosphlipid (PS:PC)
Hfollowed immediaﬁely by the addition of prothrdmbin, a

brief lag period of 30-60 seconds was observed before
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thrombin activity was detectable. However when factor Va,
as formed by the action of Factor Xa, thrombin or RVV-V, waé
added‘in place of plasma Factor V, thrombin acfivity was
' measurable immediately. These observations were similar to
thoééjof Prentice et al. (1967) who subsequently concluded
that plasma'Faétor V was inactive and had to be altered by
thrombin to participate in the prothrbmbinase reaction.
However, Giddings and Bloom (1975) demonstrated that for a
‘given amounf‘of phospholipid, less protein in the form of
Factor Va was fequiféd to satufate it than was observed for
-the same amount of protein in.the form of Factor VvV, If this
| indicates a‘greater affinity of Factor Va for phospholipid
‘as compared with.plaéma Factor V, then the brief lag period
observed here'aﬁd by previous investigators may reflect a
time dependent orientétion of plasma Factoxr V on thé
phospholipid'surface which is not required for Factor Va
because of its greater intrinsic affinity for phospholipid.

If this ldg period reflects the time required for
- Factor V to be actiyated by thrombin, then some thrombin
musf'be generated before Factof V can participate in the
_prOthrombinase reaction, and consequently, this step would
be a‘bottieneck in,the formation of the prothrombin
activaﬁor, 

Activation of Factor V by thrombin constitutes a
feedback mechanism which not oni§ stimulates its own

formation by converting plasma Factor V to Factor Va, but
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alsQ-limits this reaction by subsequent degradation of
Factor V. Since tﬁroﬁbin cannot bind to phospholipid in
vitro, it must be released into solutibn from the pro-
thrombinase cqmplex as it is'genérated from prothrombin.
Thérefore it must diffuse back to the surface where Factor V

~1is adsorbed in'order to activate and/or inactivate it.
Howéver it was demonstrated in.this study for‘the first
time that Factor Xa can activaté Factof V, and this
reéction occurs most efficiently in vitro under the same
conditions where Factor Xa converts‘prothrombin to thrombin.
.Activation of Factor V in the preSence of calcium and

- phospholipid required approximately three times less

Factér Xa relative to Factor V than that used in formation
of‘the prothrOmbin*conﬁérting principle, Maximal activatibn
of Factor V-under the former conditions required 10-15
miputes at 25°C but ifAfhe amognt of Factor Xa in this
réacfion was increased‘So that the relative proportion of
Factor Xa to:Factor V was the same as in the thrombin
generation experiméhts, one would expeét activation of
Factor V to be coﬁpleted,much faster., <Consequently it is
not unreasonable that the lag periéd represents that time
réquired for éétivation Qf Factor‘v; not by thrombin, but
by'FactOr.Xa, ,And‘once‘it is activated, Factor V may or
may not require a time depéndeht re~-orientation on the
phoséholipid surfaée, This reaction not only cbnstitutes'a

new interaction in the blood coagulation scheme but also
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prévides a.féed—forward type of mechanism to accelerate the
formation of thrombin, which in turn converts fibrinogen to
fibfin.: IntvieW‘of.the‘role of phospholipid, to accelerate
- the actiVatién of Factor V és Well as prothrombin by Factor
Xa, therapparent céndifions under which Factor V and
thrdmbinnwoﬁid interact in vivo, make for a sluggish
reéption by coﬁparison.,‘Consequéntly the extent to which
this reacfion would occur in vi&d; where Factor V is bound
t6~the sﬁrface of the plateléts, seems remote,

The interaction of Facfor Xa and thrombin with
.Faétor V,'in the framework of the prothrombinase xeaction is
illustrated iﬁAFigﬁre 40,

The difference in thé rate of thrombin generation
wheﬁ plasma Factor V was initiéily present compared to that
when Factor Va. was initially present, is similar to that |
reaction in which Factor X is converted fo Factor Xa in the
intrinsic sysﬁem by Factor IXa, calcium, phospholipid, and
eifher féétOr VIIT, or Factor VIITa. It was obserxved by
Rapaport.aﬁd?his associates (1963, 1966) that Factor Xa
activity eﬁbived'at‘a faster rate when Factor ViII was pre; \
, treatéd with thirombin before it was mixed with Factor IXa,
céidium'ana phospholipid, than when Factor VIII was added in
its natiVe~f6rm. These workers concluded that Factor VIII
asisuch; iS<eSSentially inactive in coagulation and thrombin
mddification ié required.for itémparticipation.in the

intrinsic scheme and it may be that Factor IXa, analogous
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FACTOR (439,000)

FACTOR Xa

FACTOR Va

(245,000)
PHOSPHOLIPID

© © OO

PROTHROMBIN > THROMBIN

Figure 40, The interaction of Factor Xa and thrombin with
Factor V, iIn the framework of the prothrombinase
reaction.
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te Factor Xa in the prothrombinase reaction,»can connert
Factor VIII to Factor VIlIa.A

"When the eonttibutien of.Factor.V and Factor Va were
compared in'the~absence of.added“pnospholipid, a more
significantvdlfference‘was observed in the rate and extent
of thtombin‘formationf A lag period'occurred in both
rreactlons before thrombln activity was observed but it was .
only 4 5 minutes when Factor Va was added lnltlally, com+—
pared to 21 minutes when plasma Factor V was added
1n1t1ally.and once thrombln formation ensued, it occurred
at a greater rate and to a greater extent in the presence-
of Facter:vgfthan in the presence of Factor V, From these
.observations;it seems that each.form of Factor V must have
some.directleffect on either Factor Xa or prothrombin, or
both. ‘However;‘separate attempts to demonstrate complex
formatlon between Factor V, or Factor Va and Factor Xa, or
between Factor V, or Factor Va and prothrombln were unw<
successful.~tAs discussed in a prev;ous section, when
Factor Vaand"Factor:Xa are mixed in the presence of calcium
and subsequently chromatographedbon'a column of Sephadex
© G=200 in the présence of calcium, the two activities are
cempletely separable, Similarly when Factor V or Factor Va .
is mixed with prothrombin in the presence of calcium and
snbsequently'chromatographed under the same conditions as
the Factor V-Factor Xa mixture, the Factor V and pro—'

_thrombin activities elute separately from the column.
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However, when phosbholigid is added to the Factor V—Ca2+-
Factor Xa mixfuré or to‘tﬁe Factér V—Ca2+—prothrombin
mixture, prior to chrbmatography, both proteins in each
case elute in thé same Volume éﬁd together with the
phospholipid a£ the column void volumé°
~ These experiments indicate that neither Factor V and
Factor Xa, nor Factor V and prothrombin have a strong
éffinity EEEAEE for each othef,:at least in an in vitro
system, . Phospholipid ﬁhenAmﬁst serve as the cohesive force
between them, providing a surface for the local concentra-
fion of these proteins in order to react in a most efficient
manner., This feature is undoubtedly important when exten-
7 siVeZCOagulation occurs in vivo and the platelet membrane is
alfered in such a way so as to expose, or ﬁake available a
phoépholipid surface for adsorption and thereby interaction
of the prOéoagulant proteins. |
In‘spite of what the actual role of Factor V or Va
might be in the prothrombinase reaction, Factor Va appears
to be a more efficient cofactor than Factor V in this
reéction, Whether Factor V must be activated before it can
participate in the prothrombinase reaction, is sfill a
méttér for'speculati'onE If this isvthe case, 1t occurs
very ?apidly'in &itro,.wﬁthin 30-60 seconds as observed in
thislétudy}'if not, plasma Factor Y is less reactive than
Factof Va only during this initial time period,Aéince

thereafter the rate and extent of thrombin formation are
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théxéame whether élasma Factor V or Va was initially added
" to the reaction. | |
HbWever wheﬁ Féétor V and Va were compared on an
equal,activity basis, that is, when the same number éf units
' of Factor V or Factor Va were added to a prothromﬁin—
forming.system,“Factor Va’was found to be considerably less
' efficiéntiin enhancinq the forﬁation of thrombin than plasma
FacforHV.  As fhe amount of Facfor Va initially added was
increased from ;/20thvof that amount of Factor V used in the
‘same reaction, to an equivalentvamounﬁ of Factor V, on a
-proteiﬁ;basis, boﬁh the rate and the extent of'thrombin
bformation progressively increased. Although Factor Va has
a specific activity twenty times greater than plésma Factorx
"V, these findings suggest that Factor Va is not twenty times
more reactive in the prothrombinase.reaction. Instead,
“the mass of Factor V added to the reaction is important
since it has a fole'ih determining both the rate and the
'éxtéﬁt df~thrombin'formation, reéafdléss of whether it is
initialiyAinvthe form of Factoxr V or Factor Va. Factor V
then participates in this reaction in a stoichiometric
fashion, Likewise, both Factor Xa and phospholipid
partigipate in the formation of thrombin from prothrombin
in é stoi¢hidmetric faShioﬁ, When ﬁhe initial cbncentration
of Factor- Xa or phospholipid was varied, independently of
the other»prothrombinaéé'componeﬂts, both the rate and

extent of thrombin formation varied accordingly, and,
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regardless of the initial amount of prothrombin substrate
added td a constant amount of the prothrombinase enzyme
complex, the faté of thrombin formation was constant:but
the amount ofiﬁhrombin formed varied accordingly.

These‘obsefvations indicate that the amount of
thfbmbin genefated from a given amount of prothrombin by a
complete prothrombinase enzyme complex can vary with the
individual cdncentration of Fac£or Xa, Factor v and
phospholipid, initially added to thé reaction mixture,
Similar observations were made by Giddings and Bloom
(1975), and separately by Rosenberg et al. (1975). The
. effective concentration of both Factor Xa and Factor V in
the reaction is determined by the number of binding sites
‘available for each protein on the phospholipid surface, or
on the extent to which each factor can saturate these sites,
Phos?holipid fhén enhances the éonvérsion of prothrombin to
thrombin not oniy by providing a surface to effect the local
concentration of prothrombin, Factor Xa, and Factor V, but
also confrols the rate and extent of thrombin formation by
limiting the amount of each of these factors which can bind
to it ahdkthereby partiCipate'in.the reaction,

How Factor V or Va exerts éuch a tremendous effect
on the prothrOﬁbin-convergion reaction remains a provocative
qyestion,. Factor V may'enhance this reaction by increasing
the reactivity of Factor;Xa toward its substraﬁe, pro-

thrombin. If so, this interaction is mediated only in the
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prééencé of phospholipid sincebit was observed’in the
present study that Factor V (Va) and Factor Xa do not form
a complek in the presence of calcium only. However, Colman
(lq70) demonétrated that Factor Xa could attack a synthetic
ester at a 3-fold greater rate in the presence of Factor V,
caicium énd phbsphoiipid, but in the absence of prothrombin,
than it could with only added calcium and phospholipid.

The degree of this rate énhanceﬁent is not very great, so
it ié'not veryAconVincing that Factor V only affects the
reacti&ity of Féctor Xa toward prothrombin, Or Factor V
(Va) could interact with prothrombin to render it more
susceptible to proteolysis by Factor Xa, However, it was
observed in the current study that Factor V or Va when
mixed with prothrombin in the presence of calcium and the
mixture Subseqdently chromatographed on Sephadex Gf200 in
the presence of calcium, the fwo activities eluted on the
column in completely separate yolumes. In addition, it was
obéer?ed that when Factor .V or Va was miﬁed with pro-
thrombinlin the presence of phoépholipid, but no calcium,
and the mixture subsequently chromatographed on Sephadex
G-200 in the absence of calcium, Factor V or Va eluted in:
the column void volume with the phospholipid, and pro-
thrémbin eluted later in é separate‘vélume. So if Factor V
doés interact with prothrombin EEE.éEJ this interaction must
likewisé be mediated_by phosphOiipid“ By this-technique>

then, Factor V or Va and prothrombin do not appear to have
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“an affinityAfof each other, in the presence of calqium or
phospholipid alone.r‘However,.Esmon et al. (1974a) reported
thaﬁ‘Faétor V would bind specifiéélly to prothrbmbin when it
was atta¢héd to an inéoiuble matrix, in the presence of
céléium. ‘Furthermére, Esmon et al. (1974a) reported
kinétic evidence that FaCtor V interacts specifically with
Intermediate IT, a‘degradétive_product of prothrombin,
formed during.its conversion‘tdjthrombin>(Figure 2). So,
although ﬁo diréct‘evidence‘has,been reported that Factor
V or Va can férm a complex with Factor Xa or with Facfor iI
(prdthrombin);'the several ihdirect findings that it does
affect one or the other, suggest that Factor V (Va) may
contribute to the prothrombinasé reaction by interacting
with!both Factor Xa and Facto:;II; which are concentrated on
thg phospﬂolipid sﬁrface. .And by causing a conformational
change in FaCtér Xa to render it more reactive toward
prothrombin as'wellras positioning prothrombin so that those
bonds sugcepfible to proteolysis are situated in fhe active
site of FaCtor Xa, Factor V would4facilitate a most
efficient reaction between the two, reflected in a burst of
thrombin aCtiViFy. |

| For future investigdtion of -the role of Factor V in
this reaction it would be of value to determine the composi-
tidn of the prothrombinase complex, that is, the minimal
amount of phospholipid which can bind a known -amount of

Factors Xa and V to form an active prothrombin-converting
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principle. This problem cbuld be approached by using short-
'chéin fatty aéid phospholipids, which can exist in monomeric
form and can bind to Féctors Xavand v, andrprothrombin as
well. It also would be helpfﬁl'in this regard to determine
.the egtenf to which a molecule of each of these proteins
binds to phospholipid° It haé been well demonstrated by
several invesfigators that the calcium and phospholipid
binding region of prothrombin ié localized near the N-
terminal portion of the molecule. A similar study éould be
initiatéd on the Faétor Xa molecule. However to dgtermine
-either the stoichidmetry or the extent of binding of
Factor V in the prothrombinase complex, it must be purified
to homogeneity. Although this is still a formidable task,
the preparation of Factor V developed in this study is a
good one with which to start toward fhis end since it is
very. stable and can be readily-converfed to its active form,
Factor Va by a number of enzymes. In addition, a
homogeneous preparation of Factér V would make possible
an inyestigation of the structural composition of this
intriguing protein as well as the mdlecular mechanisﬁ by
- which it is converted to‘Factor,Vé by any one of the
eﬁzymes obsérﬁed in this study to acéomplish.this. Further~
more the étructﬁralbdeterminants for the binding of Factor V
tao phospholipid could be exploréd in much the same way
that the calcium and phospholipid binding regidn of pro-

thrombin was elucidated (Benson and Hanéhan, 1975) .
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The elucidétion of almost any aspect of the néture
of Factor V and its role in the prothrombinase reaction
'.WOuld be a tremendéus contfibutionftoward an ﬁnderstanding

of the basic mechanisms of blood coagulation,
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