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Abstract. Binding of '25I-Factor XIa to platelets
required the presence of high molecular weight kininogen,
was enhanced when platelets were stimulated with
thrombin, and reached a plateau after 4-6 min of in-
cubation at 370C. Factor XIa binding was specific: 50-
to 100-fold molar excesses of unlabeled Factor XIa pre-
vented binding, whereas Factor XI, prekallikrein, Factor
XIIa, and prothrombin did not. When washed erythro-
cytes, added at concentrations calculated to provide an
equivalent surface area to platelets, were incubated with
Factor XIa, only a low level of nonspecific, nonsaturable
binding was detected. Factor XIa binding to platelets was
partially reversible and was saturable at concentrations
of added Factor XIa of 0.2-0.4 ug/ml (1.25-2.5 MM).
The number of Factor XIa binding sites on activated
platelets was estimated to be 225 per platelet (range, 1 10-
450). Weconclude that specific, high affinity, saturable
binding sites for Factor XIa are present on activated
platelets, are distinct from those previously demonstrated
for Factor XI, and require the presence of high molecular
weight kininogen.

Introduction

Activated platelets can interact specifically with human blood
coagulation Factor XI in the presence of high molecular weight
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kininogen (1). One of the inferred, although not rigorously
proven, consequences of this high-affinity, specific, saturable
binding of Factor XI to platelets is the proteolytic activation of
Factor XI on the platelet surface in the presence of kallikrein
by both Factor XII-dependent and Factor XII-independent
mechanisms (2). It was also demonstrated that the proteolytic
cleavage products of Factor XI, i.e., Factor XIa, were associated
with the platelet pellet. Furthermore, when purified Factor XI
or Factor XIa was incubated with washed platelets or with platelet
membranes, a 5- to 50-fold potentiation of coagulant activity
was observed (2, 3). This enhanced activity, not seen with phos-
pholipids, was sedimentable and saturable and was inhibited by
incubation with anti-Factor XI antibody or with phospholipase
C (3).

These observations led us to study the requirements, spec-
ificity, and characteristics of the interaction of Factor XIa with
human platelets. Our results demonstrate specific, high affinity
binding of Factor XIa to a site on activated platelets distinct
from that for the zymogen, Factor XI.

Methods

All chemicals were the best grade commercially available. Methyl silicon
oil (1.0 DC200) and Hi Phenyl silicon oil (125 DC550) were obtained
from William F. Nye, Inc. (Fairhaven, MA). Crystallized bovine serum
albumin (BSA) (Sigma Chemical Co., St. Louis, MO)was used in buffers.
Benzamidine hydrochloride, soybean trypsin inhibitor, sodium heparin,
and cephalin (rabbit brain extract) were purchased from Sigma Chemical
Co. Diisopropylfluorophosphate was obtained from Aldrich Chemical
Co., Inc., (Milwaukee, WI). Carrier-free Na 1251, '251-labeled Bolton and
Hunter reagent, and 51Cr-labeled sodium chromate were obtained from
NewEngland Nuclear (Boston, MA). Plasma deficient in Factor XI was
obtained from George King Biomedical (Overland Park, KA). Acryl-
amide, sodium dodecyl sulfate (SDS), N,N'-methylene-bis-acrylamide,
N,N,N',N'-tetramethylethylenediamine, and cyanogen bromide-activated
Sepharose were purchased from Bio-Rad Laboratories (Richmond, CA).
Ultro Hepes was from Calbiochem-Behring Corp. (San Diego, CA). The
chromogenic substrate Pyr-Gly-Pro-Arg-paranitroanilide 2 HCl (S-2366)
was a gift from AB Kabi Peptide Research (Stockholm, Sweden).

Purification ofproteins. Factor XI was purified from human plasma
by a modification (4) of the method of Bouma and Griffin (5). The
specific activity of the purified Factor XI was 270 U/mg. High molecular
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weight kininogen (15 U/mg sp act) was purified and converted to the
kinin-free two-chain form by the method of Kerbiriou and Griffin (6).
Prekallikrein (133 U/mg sp act) was isolated by the method of Kerbiriou
et al. (7). Kallikrein was prepared from prekallikrein as reported by
Bouma et al. (8). Prothrombin was purified as previously described (4).
Humanalpha-thrombin was a gift from Dr. J. W. Fenton II, NewYork
State Department of Health, and bovine Factor XIIa was kindly provided
by Dr. E. P. Kirby of the Thrombosis Research Center of the Temple
University School of Medicine. All proteins were >98% pure as judged
by polyacrylamide slab gel electrophoresis in SDS.

Activation ofFactorXI. Purified Factor XI was activated by incubation
with bovine Factor XIIa, as previously described (4). The appearance
of maximal coagulant activity occurred at 2 h of incubation, at which
time >95% of the protein was present in cleavage products of molecular
weight 48,000 and 32,000 (see Fig. 1).

Functional assays of coagulation proteins. Factors XI, prekallikrein,
and high molecular weight kininogen were assayed using minor mod-
ifications of the kaolin-activated partial thromboplastin time (4) with
appropriate congenitally deficient substrate plasmas. Factor XIa activity
was estimated by a similar assay carried out in siliconized glass tubes
without the addition of kaolin (4).

Factor XIa was also assayed for amidolytic activity using the chro-
mogenic substrate, Pyr-Glu-Pro-Arg-p-nitroanilide (S-2366), as previously
described (9), and for antigenic activity by radioimmunoassay using
monospecific rabbit antihuman Factor XI, as previously described (4,
9). The radioimmunoassay did not distinguish between Factor XI and
Factor XIa and could be used to measure either protein. By comparing
the results of the amidolytic assay of purified Factor XIa (127 U/ml)
with those of the Factor XI coagulation assays for purified Factor XIa
(135 U/ml) and with the radioimmunoassay for Factor XI (750 4g/ml),
we could determine a specific activity for our Factor XIa preparation
of 180 U/mg protein.

Preparation of "25-labeled Factor XIa. For binding studies, 125i
labeled Factor XI was prepared both by the procedure of Bolton and
Hunter (10) and by the lodogen method (1 1). Most of free 1251I was then
separated by passage through a l-ml G-25 column (12). The labeled
protein was further dialyzed in the presence of ovalbumin (1 mg/ml).

'25I-Factor XIa was prepared from the zymogen using Factor XIIa as
described above. The specific radioactivity of the protein obtained by
the Iodogen method was l1.1 X 106 cpm/Ag, compared with 0.5
X 106 cpm/,gg, obtained by the Bolton and Hunter procedure. More
than 85% of the clotting activity of Factor XIa was retained after ra-
diolabeling by either method. In binding experiments both proteins gave
identical results.

Protein analysis. Protein assays were performed according to the
method of Lowry et al. (13). Polyacrylamide slab gel electrophoresis in
SDSwas carried out according to the procedure of Laemmli (14).

Preparation of platelet and erythrocyte suspensions. Platelet-rich
plasma was obtained from citrated human blood and gel filtered on a
Sepharose 2B column equilibrated in calcium-free Hepes Tyrode's buffer,
pH 7.3, containing BSA, 1 mg/ml (15). Platelets were counted elec-
tronically (Coulter Electronics, Inc., Hialeah, FL). A l-ml aliquot of the
pellet, after removal of the platelet-rich plasma and the buffy coat, was
used to make red cell suspensions. To remove plasma and contaminating
platelets from the red cell suspension, it was washed five times with
Hanks' balanced salt solution by centrifugation at 150 g for 10 min and
finally suspended in Hepes Tyrode's buffer, pH 7.4, containing BSA (1
mg/ml). The red cells were counted microscopically and adjusted to
concentrations such that total surface area of the cells per milliliter in
the red cell and platelet suspensions were equivalent. Surface area for

erythrocytes was assumed to be 145 Am2 (16); for platelets, surface area
was calculated to be 18 Am2, assuming spherical shape and mean platelet
volume of 7.5 fl, as determined by electronic sizing (Coulter Electronics,
Inc.) in our laboratory.

Binding experiments. In a typical binding experiment, 100 Ml of gel-
filtered platelets (2-4 X 108/ml) in calcium-free Hepes Tyrode's buffer,
pH 7.4, were incubated at 370C in a 1.5 ml polypropylene centrifuge
tube (Sarstedt, Inc., Princeton, NJ) with high molecular weight kininogen,
thrombin, and radiolabeled Factor XIa in a total volume of 115 Al. In
time course experiments, after incubation of appropriately expanded
volumes for a specified time, I00-Ml aliquots were removed and cen-
trifuged in a microfuge (model B; Beckman Instruments, Inc., Cedar
Grove, NJ) through a mixture of silicon oils (5 vol DC550: 1 vol DC200)
in microsediment tubes with narrow bore extended tips (Sarstedt, Inc.,
Princeton, NJ). The tips containing the sediments were amputated with
wire cutters and the supernatants and sediments were counted separately
in a gammacounter (model CG4000; Intertechnique, Plaisir, France).
In concentration dependency determinations, incubations were done
for 5 min, before centrifugation through oil. In experiments with platelets
labeled with 51Cr, >94% of the radioactivity was recovered in the pellet,
thus confirming that the binding assay functioned to sediment the plate-
lets. When platelets were incubated with "25I-labeled BSA to measure
trapped volume, the fraction of radioactivity that appeared in the pellet
was <0.005. When '25l-labeled Factor XIa was centrifuged over silicon
oils in the absence of platelets, the fraction of radioactivity that appeared
in the pellet was <0.001. Therefore, the procedure used was validated
as a method to separate platelets from unbound ligand.

Results

Results of polyacrylamide gel electrophoresis in SDSof purified
Factor XI and Factor XIa, under both nonreducing and reducing
conditions, are shown in Fig. 1. Radiolabeling did not affect
the electrophoretic behavior of either molecule. Both '25I-labeled
and unlabeled Factor XI and Factor XIa migrated as 160,000-
mol-wt proteins under nonreducing conditions, whereas under
reducing conditions Factor XI appeared as a single band at
80,000 mol wt and Factor XIa appeared as two bands, one at
48,000 mol wt the other at 32,000 mol wt.

The time course of binding of 1251-Factor XIa to platelets
is shown in Fig. 2. When neither thrombin nor high molecular
weight kininogen was present in the incubation mixture, <0.5
ng of Factor XIa was bound per 108 platelets. In contrast, when
both thrombin and high molecular weight kininogen were pres-
ent, Factor XIa binding progressively increased to a maximum,
at 4-6 min, of '-3.5 ng/108 platelets. In the presence of thrombin
alone, very little if any binding was observed, whereas in the
presence of high molecular weight kininogen alone, 10-60% of
maximum binding was observed in different experiments, prob-
ably reflecting partial activation of platelets during gel filtration.
WhenADP(10 ,uM) replaced thrombin in similar experiments,
Factor XIa binding was seen to occur to a lesser extent over a
slower time course (data not shown). Identical results were ob-
tained when binding experiments were carried out with CaCl2
added at concentrations of 50 1M to 5 mM, or with EDTA at
concentrations of 25-200 MM.
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Figure 1. Polyacrylamide (7.5%) gel electrophoresis in SDSof Factor
XI and Factor XMa. A total of 4-5 ug of Factor XI or Factor XIa,
prepared as described in Methods, was applied to each lane in the
presence or absence of fi-mercaptoethanol as a reducing agent. MW,
molecular weight.

To determine whether the binding characteristics of '25l-
labeled and unlabeled Factor XIa were comparable, gel-filtered
platelets were incubated with thrombin and high molecular
weight kininogen in the presence of mixtures of '251-labeled and
unlabeled Factor XIa. When the final concentration of Factor
XIa remained constant but the proportion of unlabeled to ra-
diolabeled ligand was varied, a linear relationship was observed
between the percentage of '251-labeled Factor XMain the mixtures
and the amount bound (Fig. 3). This indicated that the affinities
of radiolabeled and unlabeled Factor XIa were comparable.

The effect of high molecular weight kininogen concentration
on the binding of Factor XIa to platelets in the presence of
thrombin is shown in fig. 4. A sigmoid curve was consistently
noted in this and similar experiments, with saturation occurring
at concentrations of 12-30 Ag/ml. At concentrations of high
molecular weight kininogen of 50 and 100 jg/ml, binding of
'251I-Factor XIa was diminished so that 62%of maximal binding
was observed at 100 gg/ml of high molecular weight kininogen.

The effect of various concentrations of thrombin on the
binding of Factor XIa to platelets was examined in the presence
of high molecular weight kininogen (Fig. 5). No appreciable
effect of thrombin was observed at concentrations of 0.05 U/
ml or less, whereas a plateau was observed at concentrations
ranging between 0.1 and 0.3 U/ml; at higher concentrations of
thrombin we observed progressively diminished binding.

To determine the specificity of binding of Factor XIa to
platelets, we added a variety of proteins, in 50- to 100-fold molar
excess compared with radiolabeled Factor XIa, to platelet sus-
pensions in the presence of thrombin and high molecular weight
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Figure 2. Time course of binding of '25I-Factor XI to platelets and
erythrocytes. Platelets (2.04 X 108/ml) and Factor XIa (0.6 gg/ml)
were incubated at 370C with thrombin (0.25 U/ml) and high molec-
ular weight kininogen (12.5 jsg/ml) (o); with thrombin alone (.); with
high molecular weight kininogen alone (A); or with neither protein
(A); and binding was determined as described in Methods. Alterna-
tively, washed erythrocytes (0.255 X 10'/ml; .) were incubated with

23I-Factor XIa, thrombin, and high molecular weight kininogen as
above, and binding was determined at the designated time points.
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Figure 3. Relative binding of '251-labeled and unlabeled Factor XIa to
activated platelets in the presence of high molecular weight kinino-
gen. Gel-filtered platelets (2.45 X 108/ml) were incubated for 5 min
at 370C with thrombin (0.1 U/ml) and high molecular weight kinino-
gen (12 tg/ml) in the presence of various proportions of 125I-labeled
and unlabeled Factor XIa, keeping the total concentration of Factor
XIa constant at 0. IO gg/ml. Binding was determined as detailed in
Methods, and binding of 1-labeled Factor XIa was plotted as a
function of the fraction of '25_-labeled Factor XIa added.
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Figure 4. The effect of high molecular weight (HMW) kininogen con-
centration on the binding of Factor XIa to activated platelets. Gel-
filtered platelets (2.25 X 108/ml) were incubated for 5 min at 37°C
with '251-labeled Factor XIa (0.6 Ag/ml) and thrombin (0.25 U/ml) in
the presence of various concentrations of high molecular weight ki-
ninogen. Binding was determined as indicated in Methods.

kininogen (Table I). Whena 50-fold molar excess of cold Factor
XIa was added to the incubation mixture that contained 0.45
jig/ml of radiolabeled Factor XIa, only 11% of control binding
was observed, indicating that -89% was prevented. In contrast,
when zymogen, Factor XI, was added at the same concentration
as cold Factor XIa, virtually no competition was observed. Sim-
ilar results were obtained when Factor XIIa, prekallikrein, and
prothrombin were added in a 50- to 100-fold molar excess.
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Figure 5. The effect of thrombin concentration on binding of Factor
XIa to platelets in the presence of high molecular weight kininogen.
Gel-filtered platelets (2.68 X 108/ml) were incubated with '25I-labeled
Factor XIa (0.56 zg/ml) in the presence of high molecular weight
kininogen (12.5 sg/ml) and thrombin at the concentration indicated.
Binding was determined as indicated in Methods.

Table I. Specificity of Binding '25I-Factor XIa to Platelets

Amount of Factor XIa bound
Protein added in 50- to '251-Factor as a percentage of
100-fold molar excess XI bound control

ng/l08 platelets

None 3.31 100
Factor Xla (22.5 Ag/ml) 0.37 1 1
Factor XI (22.5 Ag/ml) 3.11 94
Factor XIIa ( 11.3 Aig/ml) 3.31 100
Prekallikrein (22.5 gg/ml) 3.68 111
Prothrombin (20.2 uig/ml) 2.37 72

Gel-filtered platelets (2.27 X 108/ml) in Hepes Tyrode's buffer, pH
7.4, were incubated at 370C with '251-Factor XIa (0.45 Aig/mI) in the
presence of thrombin (0.25 U/ml), high molecular weight kininogen
(12.5 Ag/ml), and the purified proteins indicated. After 5 min, sam-
ples were centrifuged through silicon oils for measurement of bound
and free ligand as indicated in Methods.

These results indicate that the binding of Factor XIa to platelets
is specific and that the binding site is distinct from that for
Factor XI.

To examine further the specificity of this interaction, the
characteristics of radiolabeled Factor XIa binding to red cells
(added at a concentration calculated to provide a surface area
equivalent to that of platelets) were determined in the presence
of thrombin and high molecular weight kininogen (Fig. 1). The
time course of binding to platelets is shown in the figure; the
low level of binding to red cells was similar to nonspecific binding
to platelets. Fig. 6 demonstrates saturable binding of Factor XIa
to platelets at various ligand concentrations, whereas nonsa-
turable, nonspecific binding to red cells was observed.

To study the reversibility of binding, gel-filtered platelets
were incubated with radiolabeled Factor XIa in the presence of
high molecular weight kininogen and thrombin, and after a
plateau was achieved at 4 min of incubation, a 50-fold molar
excess of cold Factor XIa was added to the incubation mixture
to determine whether reversal of binding would occur (Fig. 7).
Rapid dissociation of bound ligand was observed, and 10 min
after addition of cold Factor XIa, 35-40% of the bound ligand
was displaced. No further reversal of binding was observed when
incubations were carried out to 30 min.

To determine whether the binding of Factor XIa to platelets
was saturable and to estimate the number and affinity of binding
sites for Factor XIa, Factor XIa binding to thrombin activated
platelets in the presence of high molecular weight kininogen
was measured as a function of total concentration of Factor
XIa (Fig. 6). Nonspecific binding was measured in the presence
of excess cold Factor XIa, and similar results were obtained in
the absence of both thrombin and high molecular weight ki-
ninogen, or when erythrocytes (added at a concentration cal-
culated to provide equivalent surface area) replaced platelets in
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Figure 6. Binding of '25I-Factor XI to platelets (2.2 x 108/ml) as a
function of Factor XIa concentration. Incubations were carried out
and binding was determined as in Fig. 2 in the presence of 0.1 U/ml
thrombin and 12 ,ug/ml high molecular weight kininogen (o), or in
the absence of thrombin and high molecular weight kininogen (A).
Nonspecific binding was measured in the presence of thrombin, high
molecular weight kininogen, and 14 Ag/ml unlabeled Factor XIa (.).
Specific binding is indicated by the dashed curve. Alternatively
washed erythrocytes (0.25 X 108/ml) were substituted for platelets
and incubated with thrombin and high molecular weight kininogen,
and binding was determined as above (A).
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incubation mixtures that contained both thrombin and high
molecular weight kininogen. Specific binding (defined as the
difference between total binding and nonspecific binding) is
indicated by the dashed curve. Since 60%of Factor XIa binding
is irreversible, we did not analyze our binding data assuming
equilibrium between bound and free ligand. Alternatively, we
have estimated, from six experiments similar to that illustrated
in Fig. 6, the concentration of added Factor XIa at which all
sites are occupied to be 0.2-0.4 ig/ml (1.25-2.5 nM). Our cal-
culations from Fig. 6 and five similar experiments suggest that
the amount of Factor XIa bound is -6 ng/108 platelets (range
3.0-11.5) and that the total number of specific binding sites on
activated platelets is therefore -225 per platelet (range 1 10-
450). Whenthe data presented in Fig. 6 were plotted as Factor
XIa bound vs. the logarithm of free Factor XIa as suggested by
Klotz (17), a sigmoid curve resulted, indicating that at the con-
centrations of ligand added, saturation of binding sites was ap-
proached.

To characterize the bound Factor XIa, platelets were in-
cubated with high molecular weight kininogen and thrombin
and centrifuged through 20% sucrose to isolate bound ligand.
When the experiment was done without added platelets, the
fraction of radioactivity recovered in the pellet was <0.001.
Platelet pellets were solubilized in 2% SDSand were analyzed
both by 7.5% polyacrylamide gel electrophoresis in the presence
of SDS and by later radioautography. More than 95% of the
1251I was solubilized and applied to the gel. The bound radioligand
migrated as a 160,000-mol-wt protein on nonreduced gels and
was indistinguishable from added Factor XI (data not shown).
On reduced gels the bound Factor XIa migrated as two poly-
peptides of 48,000 and 32,000 mol wt and was again indistin-
guishable from free Factor XIa (Fig. 8). This experiment provides
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Figure 7. Reversibility of Factor XIa binding to activated platelets in
the presence of high molecular weight kininogen. Gel-filtered platelets
(3 X 108/ml) were incubated for 4 min with '25I-labeled Factor XIa
(0.375 Ag/ml) in the presence of high molecular weight kininogen
(12.5 ug/ml) and thrombin (0.2 U/ml). At 4 min, 18.8 ,ug/ml of un-

labeled Factor XIa (e) or of buffer (o) was added. Binding was deter-
mined at the indicated time points as indicated in Methods.

48-

Figure 8. Autoradiograms of reduced
f* 7.5% polyacrylamide gel electrophoreto-

grams of '25l-labeled Factor XIa (lane 1),
'25I-labeled Factor XI (lane 2), and
bound '25-labeled Factor XIa (lane 3).
Gel-filtered platelets (4.5 X 108/ml) were
incubated for 8 min at 37°C with '251-la-
beled Factor XIa (2.5 gg/ml), high mo-
lecular weight kininogen (20 ug/ml), and
thrombin (0.1 U/ml). After centrifugation
through 20% sucrose, the platelet pellet
was solubilized in 2.0% SDS containing 1
mMdiisopropylfluorophosphate, 1 mM
benzamidine, and 1 mMEDTA, and ap-

2 3 plied to the gel. MW, molecular weight.
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no evidence for the formation of high molecular weight covalent
complexes or for proteolytic degradation of Factor XIa by plate-
lets.

Discussion

The present studies support the conclusion that the enzyme,
Factor XIa, interacts specifically with a platelet membrane
binding site that is not present on erythrocytes and that is distinct
from that previously demonstrated for zymogen, Factor XI (1).
Binding of Factor XIa to platelets requires the presence of the
cofactor with which Factor XI circulates in plasma, high mo-
lecular weight kininogen (18), is enhanced by platelet activation
with thrombin, and is unaffected by the addition of CaCl2 at
concentrations of 50 ,sM to 5 mMor of EDTAat concentrations
of 25-200 ,uM.

As a part of our attempts to define the mechanism by which
high molecular weight kininogen promotes the binding to plate-
lets of both Factor XI and Factor XIa, we have carried out
binding studies with radiolabeled high molecular weight ki-
ninogen (not reported here). A possible mechanism is that Factor
XIa forms a noncovalent complex with high molecular weight
kininogen in plasma (18, 19), and that the two proteins bind
coordinately to platelets as a complex, such as has been dem-
onstrated for Factor Xa and Factor Va (20). However, we have
been able to demonstrate only a low level of nonspecific, non-
saturable association of high molecular weight kininogen with
platelets in the presence of Factor XIa under the conditions
employed here. In the presence of ZnCl2, specific, saturable
binding of both Factor XI and high molecular weight kininogen
to activated platelets can be demonstrated (21). In the absence
of ZnCl2, binding of Factor XIa, but of neither high molecular
weight kininogen nor Factor XI, can be demonstrated. Wein-
terpret this fact, and the observation reported here that Factor
XI fails to compete with Factor XIa for binding to platelets, as
evidence that the binding sites on activated platelets for these
two ligands are distinct. Our data further suggest that the in-
teraction of Factor XIa and high molecular weight kininogen
in a soluble-phase, noncovalent complex (18) is required for
Factor XIa binding to activated platelets. Furthermore, the con-
centration range (12-30 qg/ml) of high molecular weight ki-
ninogen that affects the extent of Factor XIa binding (Fig. 4)
is lower than its normal plasma concentration (80 ytg/ml), which
could therefore be expected to regulate the binding of Factor
XIa to platelets. However, further studies will be required to
define the exact mechanism by which high molecular weight
kininogen promotes Factor XIa binding and to identify the
nature of the binding site on activated platelets.

Schmaier et al. (22) have recently presented evidence that
high molecular weight kininogen is present in platelets and can
be secreted from platelets exposed to various agonists. The
amount of high molecular weight kininogen present in platelets
is -60 ng/ 108 platelets, which comprises -0.23% of the plasma
level of 80 ,ug/ml, assuming a platelet concentration of 3 X 108

platelets/ml (22). Since the amount of high molecular weight
kininogen required for half-maximal Factor XIa binding in our
experiments is 10-15 qg/ml, it is clear that the amount of this
protein released from platelets would not suffice. However, the
local concentration of high molecular weight kininogen on the
platelet surface during secretion has not been determined. Ad-
ditional work will be required to ascertain the possible role of
platelet high molecular weight kininogen in Factor XIa binding.

The binding of Factor XIa to platelets is rapid, reaching a
plateau in 4-6 min, and is partially reversible thereafter, with
-60-65% remaining bound to platelets after a 10-min incu-
bation with a 50-fold excess of unlabeled ligand. Derivation of
the number of binding sites and the affinity of ligand-receptor
interaction by Scatchard analysis is based on the assumption
that the interaction between ligand and receptor is reversible
and that equilibrium between free and bound ligand can be
demonstrated (23). As an alternative to such an analysis, we
have estimated the concentration of added Factor XIa at which
saturation of platelet sites appears to occur in a direct plot of
bound vs. free ligand (Fig. 6). The impression that we had ap-
proached saturation of binding sites was confirmed by the
method of Klotz (17). In a total of six similar experiments, the
Factor XIa concentration at which all sites are occupied was
estimated as 0.2-0.4 ,Ag/ml (1.25-2.5 nM). Whenthe data were
plotted according to the method of Scatchard (23), a dissociation
constant of 3.24 nMwas calculated for the data shown in Fig.
6. Thus, since the concentration of Factor XI in human plasma
is 25-38 nM (5, 24), if 5-10% of the Factor XI were converted
to Factor XIa, all the sites on activated platelets would be oc-
cupied. Our calculations, based on direct plots of data as shown
in Fig. 6, suggest that the number of specific binding sites on
activated platelets is -6 ng/108 platelets (range 3.0-11.5). When
the number of binding sites is calculated by Scatchard analysis
for the data in Fig. 6, the result is 8.25 ng/108 platelets, compared
with 6.0 ng/ 108 platelets by direct estimate. Therefore, the total
number of specific binding sites on activated platelets is -225
per platelet (range 110-450).

Characterization of bound 125I-labeled Factor XIa by poly-
acrylamide gel electrophoresis in SDS and by subsequent au-
toradiography (Fig. 8) provides evidence that the ligand bound
to platelets was Factor XIa and not a contaminant. This and
four similar experiments provide no evidence for the formation
of high molecular weight covalent complexes or for proteolytic
degradation of bound Factor XIa by platelets, since bound Factor
XIa migrates on both reduced and nonreduced gels, identically
to unbound Factor XIa.

Previous studies indicate that platelets can promote the pro-
teolytic activation of Factor XII (2), Factor XI (2), Factor X
(25), prothrombin (20, 26), and possibly also Factor IX (2, 3).
Furthermore, the kinetics of the Factor XIa catalyzed activation
of Factor IX suggest that this may be a physiologically relevant
reaction (4). Therefore, it will be particularly important to define
the physiological consequences of Factor IXa binding to platelets
by direct studies of Factor IX activation.
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