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ABSTRACT

The generation of factor X converting activity ("tenase") from factor IXj,

factor VIII and inosithin has been studied using > 95% pure preparations

of the coagulation factors.

It was found that: b

a. The three reactants mentioned above and Ca’  ions are necessary to obtain
full "tenase" activity. Factor IX; has some "tenase" activity of its own.

b. The reactants were functional in the form in which they were added.

c. The time course of the development of the tenase activity and the
dependence of "tenase" concentration on the concentration of the reactants
are compatible with the reaction scheme:

IXa il . ph kD = e IXa = Gaz==ph_lip:
VIII + ph.1ip. = VIII = phalip,
IXa = Ca = phlhips & VI = tenase
VIIT - ph.1ip. + Ca™* + IX, — tenase,

d. High phospholipid concentrations are inhibitory. At inhibitory phospho-
1ipid concentrations "tenase" forms more slowly than at non-inhibitory
concentrations. Under these conditions there is a lag-phase in the con-
version of factor X. This is suggestive of formation of tenase and of the
tenase-factor X complex by lateral movement of molecules adsorbed at the
phospholipid-water interphase.

INTRODUCTION

The enzyme that converts prothrombin into thrombin in the normal blood

* Present address: Laboratory of Blood Coagulation,
National Institute of Hematology and Blood Transfusion,
Budapest, Hungary. 303
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coagulation process of man, cow and other mammals has been shown to consist

of two proteins, factor Xa and factor V, adsorbed next to each other at a

phospholipid-water interphase (1).Factor Xa is a serine protease that contains

the active site that brings about the splitting of the peptide bonds

in prothrombin. Factor V is a protein without enzymatic properties that

contains binding sites for factor II (2) and that presumably ensures a

favourable juxtaposition of the active site of factor Xa and the vulnerable

sites in prothrombin. The evidence in favour of this model is

1. For generating prothrombinase of optimal activity the simultaneous presence
of factor Xa’ V, and phospholipid is necessary (3,4).

2. The factors Xa and V bind to phospholipids and the prothrombinase activity
is Tipid bound (5-8).

:
3. The kinetics of the formation of prothrombinase activity is compatible with

the reaction scheme:

X, + Ca™" + ph.Tip. = X, - Ca - ph.lip.
Vv + ph-lip. _— v =ph-1ip,
—
Xa - Ca - ph.lip. + V — prothrombinase
C=rphilp Ga't % e prothrombinase (9).
a o

It has been postulated that the enzyme that converts factor X into factor
Xa (tenase) in the so-called "intrinsic pathway" of blood coagulation is a
complex analogous to prothrombinase consisting of the factors IXa and VIII
adsorbed at a phospholipid-water interphase. The experimental evidence is
of the kind mentioned sub 1 and 2 (10-15). This article describes kinetic
experiments with purified coagulation factors designed to verify this
hypothesis.

MATERIALS AND METHODS
Pooled platelet free plasma of 50 healthy male volunteers prepared

as: Zins ref. 516, and stored at -70°C was used as standard normal plas-
ma. Michaelis buffer was used as a diluent unless indicated otherwise.
Clotting factor assays: one unit of coagulation factor was defined as the
amount present in 1 ml of standard human plasma. Factor X was measured in
a one-stage assay as described by Hemker et al.(16).Factor Xa was measured
in a one-stage assay analogous to the factor X assay using plasma, made
deficient in factors X and VII by Seitz filtration in combination with
phospholipid suspension (10 Hg/ml), prepared as indicated below, in lieu
of thromboplastin.

A reference curve for factor Xa was made by assaying serial dilutions

&
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of a preparation containing 10 U/ml of factor Xa‘ This preparation was

obtained by complete activation of a solution containing 10 U/ml of factor X
by means of adding 2 pg/ml of Russell's Viper venom and 10 mM Ca** (17).

Factors VIII and IX were assessed in a one-stage assay as described by
Thomson (18) using congenitally deficient plasmas (< 0.01 U/ml of the de-
ficient factor) as a reagent. Reference curves were obtained by assaying
dilutions of standard normal plasma. Factor IXa was assessed as factor IX,
but care was taken not to activate the sample and therefore no kaolin was
added and plastic tubes and pipettes were used throughout.

Purified clotting factors: factor IXa was prepared from human serum,
as described by Varadi and E16di (19). The specific activity was 15 U/mg,
and the preparation was free from other clotting factors (EEVSVIL VITT
IX,X,XI,XII) and showed only traces of contaminating proteins on polyacryl-
amide gel electrophoresis.

Factor VIII was prepared from human plasma (20). It was kindly
supplied by Dr.v.Mourik in the form of an ammonium sulphate precipi-
tation. The suspension contained 11 U/ml of factor VIII with a specific
activity of 7 U/mg. Before use a part of this suspension was redis-
solved in 0.05 M Tris-HC1 buffer pH 7.2. The preparation did not contain
measurable activities of other coagulation factors.

Factor X prepared from bovine plasma according to Fujikawa (7) was a
gift of Drs.M.J.Lindhout. The specific activity of the preparation was
65 U/mg. Thrombin (bovine) was obtained commercially from S.A. F.Hoffmann-
La Roche (Basel, Switzerland). Contact product was prepared according to
Nossel (21). Phospholipid suspension: a 50 mg/ml stock suspension of ino-
sithin (Associated Concentrates, USA) was made by homogenezing the material
in a glass-glass Potter Elvehjem homogenizer in 0.05 M Tris-HC1 buffer
pH 7.2. The stock suspension was stored in small portions at -20°C and
diluted before use to the desired concentrations: all materials were never

frozen and thawed more than once.
EXPERIMENTAL

In all experiments factor VIII, factor IXa, inosithin suspension, and

ca™ were added together in a first incubation mixture. After a given in-

cubation time factor X was added to a final concentration of 0.65 U/ml (1&.10_11M);
this made the second incubation mixture. Samples were taken from this second
incubation mixture and diluted 10-fold in icecold Michaelis buffer and

tested for factor Xa activity. From the rate of generation of factor Xa
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the factor X converting activity ("tenase") was estimated. One unit of
"tenase" was arbitrarily defined as the amount that formed 1 mU of factor

X3 per minute.

O—0
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tenase activity (U/ml)
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Time course of tenase activity.At zero time to a mixture of factor IX_ and
fagtor VIII inosithin and Ca*™ (20 mM) were added. Incubation temperafure
37-C

¢ — o factor IX 0.8 U/ml,factor VIII 0.4 U/ml, inosithin 10 pg/ml
0 — o0 the same &ooled to 29C at 5 min

¥ — x factor IXa 0.8 U/ml1, factor VIII 0.1 U/ml, inosithin 10 pg/ml
v— v factor IXa 0.1 U/ml, factor VIII 0.4 U/ml, inosithin 10 ug/ml
Y-—— ¥ factor IXa 0.8 U/ml, factor VIII 0.4 U/ml, inosithin 40 Hg/ml.

Full tenase activity developed in the first incubation mixture when factors
VIII and IXa were present together with inosithin and cark (Table I).

TABLE I
FORMATION OF FACTOR X ACTIVATING ENZYME

Reactants Final Concentration Composition

o3

factor IXa 0.8 U/ml
factor VIII 0.4 U/ml

+ + + -
- + - +

A

Ca 20 mM + + + +

+

+

+

+
+

inosithin 10 pg/mi st = + +
2
7

Xase activity (U/ml1) 05622065 055 0=150

:l

The reactants were added to 0.05 M Tris-HC1 buffer pH 7.2 to the final con-
centrations indicated. The first incubation was 5 min at 37°C.
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Factor IXa together with ca™ had an activity of less than 10% of that of the
complete mixture. In the complete mixture 90% of the activity appeared within
1 minute when non-inhibiting concentrations of phospholipid were present. With
high phospholipid concentrations the generation of tenase activity was slower.
After 5-7 minutes the activity in the complete mixture started to decrease.
This could be prevented by cooling it to %% (g =l

tenase activity ( )
@
S
T
L)
\\’

0 50 100

tenase concentration ( )
ElG.¢

Activity-concentration relationship of a tenase preparation. The 100% pre-
paration is the complex mixture of Table I kept at ice after 5 min of in-

cubation.
e — o activity immediately after dilution wgth ice-cold Michaelis buffer

£ — % activity after 5 min incubation at 37°C.
Preincubation of factor VIII and factor IXa did not result in an enhanced
activity nor was one of these factors activated by factor Xa or thrombin

or contact product (Table II).

TABLE II
EFFECT OF PREINCUBATION OF FACTORS IXa AND VIII

Preparation Ratio of activaties after incubation with:

incubated thrombin factor Xa cont.prod. factor IXa
0.03 NIHU/ml 0.5 mU/ml 0.32 U/ml

factor IXa

0.32 U/ml 1.04 1.10 1.08 =

Ifactor VIII
0.28 U/ml 1.01 1.00 0.94 0.97
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Factor VIII or factor IXa were preincubated for 15 min or 5-15 seconds
before the complete tenase mixture was prepared. After 1 min the activity
of the tenase was tested. The ratio of the activities with long and short
preincubation time is shown.

Once tenase had developed the concentration of tenase is proportional to
ttsactivity (fig. 2.

After dilution tenase attains a lower level of activity (fig. 3).

100f=

50f= ————8- ‘T—t

tenase activity ()

] ] ]

0 0 10 20

time (min)

FIG.3

Time course of tenase activity after dilution. The 100% preparation og
fig. 2 was twice diluted with ice-cold Michaelis buffer and kept at 2°C
(e — @) or with buffer at 37°C and kept at that temperature (0 — o).

The Km of tenase was found at 0.11 U/ml (2.4*10'13M) of factor X (fig.4).

In order to see whether tenase was generated secondary to an interaction
between factor VIII or IXa separately with phospholipid, each of these
factors was preincubated with phospholipid. iNext the complete reaction
mixture was reconstituted by adding the two preincubation mixtures. As
a control factors VIII and IXa were preincubated together and phospho-
lipid was added next in order to start the first incubation step.

From fig. 5 is can be seen that preincubation of the separate factors
with phospholipid tends to inhibit the formation of tenase.
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1/tcr\ase(U/m];

el

10 20

1/X (U/ml)

FI1G.4

The K of tenase. The complete tenase as in Table I was diluted 1:2
and 174 and tested at various factor X concentrations.

100 =
:vu 50 b= /
/‘/
o—" — 1 1
0 5 10 15
second incubation time (min)
FIG.5
Preincubation of factors VIII and IXa with phospholipid. =
® — o preincubation mixture: factor VIII and factor IXa and Ca = tested
5 min after addition of phospholipids
Y — v the same tested 0.5 min after addition of phospholipid =
0 — o preincubation mixtures a: factor VIII, phospholipid and C

b: factor IX_, phospholipid and Ca * tested
5 min aft@r adding a) to b)
* — x the same tested 0.5 min after adding a) to b).
The final concentrations were the same as in the complete mixture of Table I.
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The amount of tenase generated depended upon the concentration of
factors VIII, IXa and phospholipid as shown in figs. 6-8. For the two
proteins and low concentrations of phospholipid there is a hyperbolic
relationship between concentration and tenase activity. High amounts
of phospholipid appear to be inhibitory.

L tenase (U/m1)

Yyrr qu/m)
F1G.6.

Relation between tenase activity and factor VIII concentratjons. The
reaction mixture consisted of factor IXa: 0.6 U/ml, inosithin:10 pg/m]
catt: 20 mM.

L tenase (U/ml)

1 1 | | |

Yix (u/m)
FIG.7

Relation between tenase activity and factor IX concentration. The
reaction mix;gre consisted of factor VIII: 0.3 U/ml, inosithin:
10 pg/ml, Ca ": 20 mM.
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0.5

l/tenase (U/ml )

=
=

0 ) 1.0

]/inosithin (pg/ml)

o
o
L

1/tenase (U/ml)

1 1
0 10 20 30 40

inosithin (pg/ml)

F1G.8

The relation between tenase activity and inosithin concentrations.
Lower curve: linear scale: upper curve: inverse scale.

Reaction mixture: factor VIII: 0.3 U/ml; factor IX: 0.6 U/ml.

This inhibitory effect of an excess phospholipid is observed even when
both first and second incubation time are chosen so as to find a maximum
rate of factor X conversion (fig. 8). It is independent of two other
phenomena also observed at high 1ipid concentrations:

a. The generation of tenase activity from the complete mixture is
slow (fig. 5).

b. There is a lag time in factor Xa production after the addition of
Factor X (fig=—9);

1]
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50

generated in U/ml

a

X

second incubation time (min)

F1G.9

Effect of inhibiting concentrations of inosithin on factor X conver-
sion. Reaction: mixture: factor IXa: 0.8 U/ml; factor VIII: 0.4 U/ml;
inosithin: 40 pg/ml (o — ®); 60 Pg/m1 (x — %); 120 Pg/ml (v — V).

DISCUSSION

The reaction mechanism proposed for the formation of tenase is
(12,13):

X+ Ca't + ph.lip. =y e P
a — a
VIII + ph.1ip. =z =411 - ph.1ip.
-
iX - Ca-phlip. # VIII —  tenase
s ke N
VIIE - ph Tips + 68 — * IX === fenase
a =

In these equations phospholipid standsfor a binding site at the
surface of a phospholipid micelle. Tenase is thought to be generated
when factor IXa and VIII bind next to each other at adjacent binding
sites. The binding of factor IXa is by means of a catt fon. The
binding of factor VIII is presumably hydrophobic. It was our aim to
see whether the kinetics of the formation of tenase is compatible wi’
this reaction scheme.

First we verified whether the reactants participated directly
in the formation of tenase and if the tenase activity measured could
be used to quantitate the amount of tenase formed. These experiments

yielded the following results:
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a. The coagulation factors were functional in the form in which they
were added. The tenase forming potency of factor IXa was not en-
hanced by preincubation with contact product, known to convert
factor IX into factor IXa (22). Nor was the potency of our pre-
paration of factor VIII enhanced by incubation with thrombin
(Table II) (23-25).

b. Under our conditions tenase activity is linear proportional to
tenase concentration (figs. 2 and 3).

c. The substrate was present in excess since the K was 0.11 U/ml
and the concentration employed was 0.65 U/ml (fig. 4). We did
not find that factor IXa or factor Xa enhanced the activity of
factor VIII as was reported by others (26,27)(Table II).

The following pieces of evidence can be brought forward in favour

of the validity of the reaction scheme proposed:

1. A1l four reactants are necessary for optimal tenase activity. This
might alternatively be explained by the action of one of the
factors to convert the other into an active tenase (24,27). This
is unlikely, however, as a small amount of tenase was generated
rapidly upon incubation with a small amount of one factor and a
large amount of the other. When one factor enzymatically con-
verted the other into an active tenase one would have expected -
slow generation of large amounts of tenase. Furthermore, pre-
incubation of the factors VIII and IXa did not result in an
enhanced formation of tenase (Table III).

2. When factor VIII and factor IXa are allowed to bind phospholipid
separately before they are incubated together, the tenase generates
more slowly and is less active than when the proteins are allowed
to bind to the same phospholipid micelle (fig. 5). The tenase that
develops can be ascribed to the redistribution of the factors
over the micelles. On basis of other experiments others reached
the same conclusion for the prothrombin complex (5) as well as
for the tenase complex (11).

3. The reaction mechanism proposed for tenase formation is completely
analogous to the formation of prothrombinase from the factors V,
Xa’ phospholipid and Gar (12). The same type of reaction kinetics
will therefore hold and the dependence of tenase concentration upon
the concentration of factors VIII, IXa and phospholipid will be:
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1/c=p/k(1/n+1/p+k'/n.p)(1/e+1/p)(1/e+1/p+k"/e.p) (1)
where c=concentration of tenase, p=concentration of phospholipid, n=concen-
tration of factor IXa, e=concentration of factor VIII, k,k' and k" are con-
stants.

When the concentration of factor IXa or factor VIII is varied and all
other concentrations are kept constant, the formula predicts a linear relatio
ship between 1/c and the inverse of the factor concentration. Figs. 6 and
7 do not refute this prediction.

When the relationship between ¢ and p is to be examined, the
formula is best written in the form:
1/c=(p+1/p)(n+k')(e+k" )+(n+e+k'+k")1/n.e.k. (2)

At small concentrations of p the first term will become neglegible
compared to the second one so that a linear relationship between 1/c and
1/p is found. At high concentrations of p the second term will become
neglegible and 1/c will be a linear function of p. The observed relations
are compatible with the prediction from the proposed model (fig. 8).

Also compatible with the proposed model is that after dilution of a
concentrated tenase preparation the activity initially is a proportional
fraction of the original activity but next declines to a lower level. This
may be due to dissociation of the tenase complex (figs. 2 and 3).

Not immediately apparent from the proposed reaction mechanism is the
fact that at inhibitory phospholipid concentrations the tenase activity
forms more slowly. The proposed mechanism explains inhibition by high
concentrations of phospholipid by the fact that at a large phospholipid-
water interphase the chance for a molecule of factor VIII to adsorb next to
a molecule of factor IX is small. In formula 2 p will dominate over 1/p
and 1/c will grow, i.e. c will decrease. No interactions between the two
proteins are postulated. It is known that proteins at a lTipid-water inter-
phase can have a lateral mobility (28-31). So the two factors can attain
a favourable juxtaposition after having been adsorbed. When we postulate
a (weak) interaction between the factor VIII and IXa, the complex will,once
formed,not readily drift apart. This mechanism could explain the slow format
of tenase activity. The enzyme substrate complex is a ternary complex of the
factors IXa, VIII, and X. The protein-protein interaction in the enzyme-
substrate complex may be higher than that in the tenase complex. This would
explain the enhanced formation of tenase activity after addition of the sub-
strate (fig. 5).
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We conclude that the kinetics of the formation of tenase activity from
purified coagulation factors do not refute the model that predicts the activity
as arising from factor IXa and factor VIII adsorbed next to each other at a
phospholipid-water interphase.

The kinetic effects studied here are difficult to compare to those from
Fujikawa et al.(23) as the latter have been obtained at a phospholipid
concentration of «~ 70 pg/ml which is in the inhibitory range (fig. 8)
and hence will show the anomalous features discussed above.
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