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A B S T R A C T Factor XIa is a plasma protease that,
by activating Factor IX, plays an important role in the
early phase of the intrinsic pathway of blood coagulation. Four plasma protease inhibitors, a1-protease
inhibitor, antithrombin III, Cl-inhibitor, and a2-plasmin inhibitor, have been reported to inactivate human
Factor XIa, but their quantitative contribution to the
inactivation of Factor XIa in plasma has not been fully
assessed. Using purified systems, we observed that the
second-order rate constants for the reaction of Factor
XIa with a1-protease inhibitor, antithrombin III, and
Cl-inhibitor were 4.08, 10, and 14.6 M` min-' X 103,
respectively. The pseudo-first-order rate constants, at
plasma concentration of the inhibitors, were 1.86
X 10-1, 4.68 X 10-2, and 2.4 X 10-2 min-', respectively.
These kinetic data predict that al-protease inhibitor
should account for 68%, antithrombin III for 16%, and
Cl-inhibitor and the equipotent a2-plasmin inhibitor
each for 8% of the total inhibitory activity of plasma
against Factor XIa. The rate of inactivation of Factor
XIa in various plasma samples specifically deficient in
inhibitors was consistent with these predictions.
Factor XI, the zymogen form of Factor XIa, circulates in plasma associated with the contact system
cofactor, high molecular weight kininogen (HMW kininogen). Kinetic analysis indicated the existence of
a reversible bimolecular Factor XIa-HMW kininogen
complex with a dissociation constant (Kd) = 0.17 ,M.
The light chain derived from HMW kininogen decreased the inactivation rate of Factor XIa by Cl-inhibitor with a Kd of 0.08 AM for a complex of Factor
XIa and the light chain derived from HMW kininogen.
The protective effect of HMW kininogen was confirmed by the finding that the inactivation rate of Fac-

INTRODUCTION
Factor XII, prekallikrein, high molecular weight
(HMW)' kininogen, and Factor XI are plasma proteins
required for the in vitro initiation of blood coagulation
induced by exposure to a foreign surface. Purified
Factor XI, like prekallikrein, is converted to an active
serine protease by activated Factor XII (1, 2) in the
presence of the cofactor HMW kininogen (3). Since
Factor XIa is the first enzyme belonging primarily to
the coagulation cascade, and since a hemorrhagic state
can result from its deficiency, it may play a key role
in the regulation of blood coagulation. The active enzymes in the contact system, Factor XIIa, kallikrein,
and Factor XIa are subject to inactivation by several
plasma protease inhibitors. In the case of Factor XIa,
four different plasma proteins-Cl-inhibitor (4), antithrombin III (5), a1-protease inhibitor (a1-antitrypsin)
(6), and a2-antiplasmin (7)-have been found to have
inhibitory activity, whereas another plasma protease
inhibitor, a2-macroglobulin (8), does not inactivate
Factor XIa. A quantitative comparison of the kinetics
and potency of these inhibitors has not been made in
purified systems and the relative contribution of each
inhibitor to the inactivation of XIa in plasma is not
known. The cofactor, HMW kininogen, must also be
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tor XIa in kininogen-deficient plasma was increased
over normal plasma.
The present study confirms that a1-protease inhibitor is the major inhibitor of Factor XIa in plasma, and
that the formation of a reversible complex between
Factor XIa and HMW kininogen decreases the rate of
inactivation of the enzyme by its inhibitors.
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considered in evaluating the regulation of Factor XIa
inhibition by plasma protease inhibitors. Factor XI,
the zymogen of Factor XIa, prekallikrein, the precursor of plasma kallikrein, and plasma kallikrein, are
each known to form a bimolecular complex with HMW
kininogen (9-12). Furthermore, when plasma kallikrein forms a complex with HMW kininogen, a decrease in the inactivation rate by plasma protease inhibitors is observed (13). Since HMW kininogen is
capable of protecting kallikrein from inactivation, we
explored the possibility that it could also protect Factor
XIa. This study was designed to quantitate the relative
contribution of the plasma protease inhibitors of Factor XIa, as well as to examine the effect of HMW
kininogen on the inhibition of Factor XIa.
METHODS

Plasma
All plasma samples were collected from either healthy
volunteers or factor-deficient donors into a 1/10 vol of 3.8%
sodium citrate in plastic containers. Written informed consent was obtained before venipuncture. Factor XI-deficient
plasma, with < 0.05 U/ml Factor XI, was donated directly
to us. Kininogen-deficient plasma was donated to us by Mrs.
M. Williams (14). Plasma from a patient with typical symptoms of hereditary angioedema containing 9% Cl-inhibitor
as determined by radial immunodiffusion (15), and < 5%
as determined by a functional assay based on plasma kallikrein inhibition (16), was donated directly to us. ac-protease
inhibitor (a1-antitrypsin)-deficient plasma was obtained
from a patient at Temple University Hospital. The trypsin
inhibitory capacity of the plasma was 20% of normal pooled
plasma, as determined by a functional assay (17). Plasma
was rendered deficient in antithrombin III by passing the
plasma over a heparin-agarose column equilibrated with 20
mM Tris Cl buffer, pH 7.5, containing 0.15 M NaCl (18).
As assessed by radial immunodiffusion, the residual antithrombin III was < 5% of normal pooled plasma. Normal
plasma was purchased from George King Biomedicals Inc.,
Overland Park, KS, as a pool of 20 normal donors' plasma.

Inhibitors
a1-protease inhibitor. This was prepared by the method
of Cohen and James (19). 1 mg of this preparation completely inhibited 0.44 mg of trypsin. After reduction, the
protein migrated as a single band of M, = 54,000 on polyacrylamide gel electrophoresis in the presence of SDS and
had a single amino terminal glutamic acid by the dansyl
method (20).
Antithrombin III. This was purchased from Kabi (AB),
Stockholm, Sweden. It contained no measurable Factor XI
or XIa activity, a1-protease inhibitor, a2-macroglobulin,
or Cl-inhibitor antigens, and appeared as a single band on
SDS gel electrophoresis in the presence of f,-mercaptoethanol (21).
Cl-inhibitor. This was generously supplied as a partially
purified preparation by Dr. Milan Wickerhauser (22). This
material was subjected to chromatography on DEAE-cellulose to remove contaminating proteins. The final product
was a single band of 105,000 daltons (13) on SDS gel elec-

trophoresis (21) and contained no detectable Factor XI or
XIa activity, a2-macroglobulin, antithrombin III, or al-protease inhibitor antigen. The material was 97% active, according to the method of Levy and Lepow (23).
HMW kininogen. This was prepared by the method of
Kerbiriou and Griffin (24). The specific activity was 12 coagulant U (14)/mg protein (25). A single band of 110,000
daltons was observed on SDS gel electrophoresis (21) with
or without fB-mercaptoethanol. It contained no detectable
Factor XI or XIa activity. The light chain from HMW kininogen (HMWKL) was prepared by digestion of the HMW
kininogen with plasma kallikrein, reduction, alkylation, and
isolation, according to the method of Kerbiriou and Griffin
(24). It was a single band of Mr = 45,000 on SDS gel electrophoresis (26) with a specific activity of 30 coagulant
U/mg of light chain. It should be noted that the coagulant
activity per mole of light chain is identical to the intact
HMW kininogen, in agreement with Kerbiriou and Griffin (24).
Factor XI. This was prepared essentially according to the
method of Scott et al. (27) for isolating prekallikrein. When
the gamma globulins from plasma were subjected to SPSephadex chromatography at pH 8.1, the Factor XI bound
more tightly than the prekallikrein (6, 25). The Factor XIrich fractions were then pooled, concentrated, dialyzed, and
applied to a second SP-Sephadex column, pH 5.3, identical
to the column used for prekallikrein isolation (27). The Factor XI-rich fractions from that column were then concentrated and dialyzed vs. 10 mM sodium acetate, pH 5.3, containing 0.15 M NaCl. The final step in the purification of
Factor XI was the removal of immunoglobulin (Ig) G by
batch adsorption to 1 ml of anti-IgG-agarose that had been
equilibrated in 0.1 M Tris-Cl, pH 8.0, containing 0.15 M
NaCl. Factor XI (0.4 ml of a stock of 90 U/ml) was diluted
1:2 with buffer and then mixed with the 1 ml of equilibrated
gel in a microcentrifuge tube (1.5-ml capacity) for 5 min.
The sample was then centrifuged at room temperature for
2 min. After this procedure, IgG could not be detected by
radial immunodiffusion on L-C partigen plates (Behring
Diagnostics, Inc., Somerville, NJ). The supernate contained
40 U/ml Factor XI activity (sp act = 203 U/mg). Yields
between 40 and 55% of the original plasma concentration
were repeatedly observed. No prekallikrein or Factor XII
activity was detected by coagulation assay. The plasma concentration of Factor XI _ 0.03 AM based on a M, = 160,000
and a protein concentration of 4 Mg/ml.
Low molecular weight (LMW) kininogen. We purified
LMW kininogen from plasma by a modification of the
method of Habal et al. (28), using chromatography on QAE
Sephadex, ammonium sulfate precipitation, and gel filtration through Ultragel AcA 34 instead of Sephadex G200.
LMW kininogen eluted with 0.12 M NaCl on the first step
and had no HMW kininogen coagulant activity, but it reacted with an antibody against kininogen. The antibody was
prepared against HMW kininogen in a rabbit and adsorbed
with kininogen-deficient plasma. A single precipitin arc was
observed by immunoelectrophoresis against normal plasma,
HMW

kininogen, or LMW kininogen.

Fresh frozen plasma. Protein purification was performed
on plasma generously supplied by the American Red Cross,

Philadelphia, PA.

Other reagents. Bovine serum albumin (crystalline) was
purchased from Sigma Chemical Co., St. Louis, MO; polystyrene test tubes (10 X 75 mm) and polypropylene microcentrifuge tubes (0.5 and 1.5 ml capacities) from Walter
Sarstedt, Inc., Princeton, NJ; SDS, A5M, and molecular
weight standards from Bio-Rad Laboratories, Rockville Cen-
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DEAE-cellulose from Whatman, Inc., Clifton, NJ:
QAE Sephadex, SP-Sephadex, and G-200 from Pharmacia
Fine Chemicals, Div. of Pharmacia Inc., Piscataway, NJ:
Anti-IgG agarose from Miles Laboratories, Inc., Elkhart, IN:
and Bolton-Hunter reagent from New England Nuclear,
Boston, MA. All other reagents were of reagent grade.
Activation of Factor XI. Factor XI was activated with
trypsin by the method described by Mannhalter et al. (29).
The activation was monitored by the appearance of Factor
XIa coagulant activity. When the Factor XI was completely
activated, the trypsin was neutralized by the addition of a
twofold excess of soybean trypsin inhibitor. The activated
Factor XI (Factor XIa) was then chromatographed on a 1ml column of QAE-sephadex (equilibrated with 20 mM Trischloride, pH 8.0, containing 0.05 M NaCI) to remove the
soybean trypsin inhibitor. The breakthrough fractions contained Factor XIa activity, without appreciable dilution.
Radiolabeling of Factor XIa. Factor XIa (40 ug/ml) was
labeled with 1251 by means of the Bolton-Hunter method
(30). The specific radioactivity was 20 uCi/Mg. The labeled
Factor XIa was gel filtered on an A5M column to remove
any unbound radioactivity.
Stability of Factor XI. Factor XI or XIa was stored for
> 6 mo at 4°C with no loss of coagulant activity. Factors XI
and XIa activity was also found to be stable in SDS between
0.1 and 1% in the absence of reducing agents. SDS could also
be used to remove any Factor XI or XIa that was arbsorbed
to the plastic storage tube.
Assay of Factors XI and XIa. Coagulant activity of Factor XI was determined with a partial thromboplastin time
assay with Factor XI-deficient plasma as the substrate in the
presence of kaolin (31). Factor XIa was assayed as above,
with 0.15 M NaCl substituted for kaolin.
Inhibition of Factor XIa. All incubations were performed
in 0.5-ml polypropylene microcentrifuge tubes at 23 or
37°C. To minimize both the adsorption of Factor XIa onto
the test tube surface and its consequent inactivation, bovine
serum albumin (5 mg/ml) was incubated in the tube for 5
min. Next, Factor Xla was added and incubated for 5 min.
HMW kininogen or buffer was then added, and, finally, inhibitor was added. At various times, 10 Ml was removed and
assayed for Factor XIa activity as described above. The data
are expressed as percentages of initial Factor XIa activity.
SDS slab gel electrophoresis. Samples were applied to
10% polyacrylamide gels (10 cm X 10 cm X 1.5 mm) according to either Laemmli (21) or Weber and Osborn (26).
ter, NY;
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FIGURE 1 Purity of Factor XIa. Radiolabeled Factor XIa
chromatographed on an A5M column (1.25 X 57 cm)
equilibrated in 37.5 mM Tris-Cl, pH 8.8, containing 0.1%
SDS at 23°C. The column was standardized with IgG, bovine
serum albumin, ovalbumin, and Factor XI (assessed by coagulation activity). The inset represents Factor XIa (3 Mg)
subjected to electrophoresis in SDS, and molecular weight
standards (200, 130, 94, 68, and 43 X 103) stained with Coomassie Brilliant Blue R-250.
was

A linear relationship was observed between the pseudofirst-order reaction rate constant, k', and inhibitor concentration (Fig. 2, insets). Second-order rate constants
(k") for the inhibition of XIa at 23°C were calculated
from the insets of Fig. 2 and found to be 4,000 (alprotease inhibitor), 10,000 (antithrombin III), and

15,000 (Cl-inhibitor) M-l min-'.
Effect of HMW kininogen on the inhibition of
Factor XIa. Since HMW kininogen is known to form
a complex with Factor XI, prekallikrein, and kallikrein
in plasma (9-12), we tested the hypothesis that like
kallikrein, Factor XI might be protected by HMW
kininogen from inhibition. When various concentrations of HMW kininogen were added to Factor XIa
at 23°C, before addition of inhibitor, the rate of inhibition was decreased in a concentration-dependent
fashion when compared with the inactivation rate of
Factor XIa in the absence of HMW kininogen (Fig.
3). We assumed a model represented by the expression:

Purity of Factor XIa. 100 1l of radiolabeled Factor
XIa, after removal of unbound radioactivity (see Methods), was chromatographed on a Bio-Rad A5M column
in the presence of 0.1% SDS (Fig. 1). One major peak
E
IEI,
of radioactivity was observed, eluting with a M, of
k+1
150,000. Factor XIa was also electrophoresed on a slab
E+C=EC,
(2)
gel (20) in the presence of SDS without a reducing
k_,
agent (Fig. 1, inset). It migrated as a single band of
for the inhibition of Factor XIa in the presence of
-180,000.
Inhibition of Factor XIa by plasma protease inhib- HMW kininogen (where E is Factor XIa, I is inhibitor,
itors. The inhibition of Factor XIa by al-protease C is HMW kininogen, and EI the irreversible enzymeinhibitor, antithrombin III, or Cl-inhibitor (Fig. 2) inhibitor complex). The second-order rate constant (k")
exhibited pseudo-first-order kinetics when the inhib- is the reaction between E and I, and the dissociation
itor was present in a molar excess of 10- to 100-fold. constant (Kd) of the reversible EC complex is k+l/lk-.
+
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FIGURE 2 Kinetics of inactivation of Factor XIa by purified
protease inhibitors from plasma. Various concentrations of
inhibitors (MM) were incubated with 0.03 MM Factor XIa at
23°C, as in Methods. The inset is a plot of the pseudo-firstorder reaction rate constant (k') vs. the inhibitor concentration. (A) a,-AT, (B) antithrombin III, and (C) Cl-inhibitor.
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FIGURE 3 (A) Kinetics of inactivation of Factor XIa in the presence and absence of HMW
kininogen. Increasing concentrations of HMW kininogen were incubated at 23°C with 0.03
,uM Factor XIa in the presence of 7.5 ,uM a,-protease inhibitor. a, 0.4 AM; b, 0.2 MM; c, 0.1
AM; d, 0.04 AM; e, 0 HMW kininogen. (B) Conditions as in (A). Inhibitor, 5,uM antithrombin
III. a, 0.4 ,M; b, 0.2 MM; c, 0.1 MM; d, 0 HMW kininogen. (C) Conditions as in (A). Inhibitor,
0.44 MM Cl-inhibitor. a, 0.4 MAM; b, 0.2 MM; c, 0.1 MM; d, 0.04 MM; e, 0 HMW kininogen.

mentally unproven, assumption that EC does not react
appreciably with I. If this is so, a Kd for the XIa-HMW
kininogen complex can be calculated from Eq. 3, and
is found to be 0.17±0.028 ,uM SD in the presence of
a1-protease inhibitor, 0.22±0.056 ,uM in the presence
of antithrombin III, and 0.19±0.07 ,M in the presence
of Cl-inhibitor. These data indicate the existence of
a reversible XIa-HMW kininogen complex. As predicted, the Kd is independent of the inhibitor concentration in the reaction.
Effect of LMW kininogen on Factor XIa inhibition. To ascertain which domain of the HMW kininogen molecule was responsible for the protective
effect, LMW kininogen (530 ug/ml), which is similar
to the heavy chain of HMW kininogen, was added to
Factor XIa before addition of a1-protease inhibitor.
No effect on the rate of inhibition, as compared to
buffer, was observed, which suggests that the heavy
chain of HMW kininogen was not responsible for the
protective effect that was observed in Fig. 3.

Effect of HMWKL on Factor XIa inhibition.
HMWKL was added to Factor XIa before the addition
of Cl-inhibitor at 23°C (Fig. 4). A striking decrease
of the inactivation rate of Factor XIa was observed.
A Kd of 0.086 gM was calculated for the Factor XIaHMWKL complex, which indicates that HMWKL protects Factor XIa from inhibitors via complex formation, and that HMWKL has a greater affinity for Factor
XIa than does intact HMW kininogen.
Relative contribution of plasma protease inhibitors
of Factor XIa. The relative contribution of plasma
848
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protease inhibitors against Factor XIa was calculated
by first determining the k" for each inhibitor at 370C,
and then multiplying that value by the plasma concentration of each inhibitor, previously tabulated by
Harpel (33) (Table I), using the equation k' = k" (I).
The values for k' were tabulated for a1-protease inhibitor, antithrombin III, and Cl-inhibitor from this
study, and for a2-plasmin inhibitor from the report of
Saito et al. (7). From these data we predicted that
al-protease inhibitor would be responsible for 68% of
the inhibitory activity in plasma against Factor XIa.
Antithrombin III was estimated to be responsible for
16%, and Cl-inhibitor and a2-plasmin inhibitor were
each responsible for 8% of the total inhibitory activity

against Factor XIa.
Although the rate of inhibition was increased approximately threefold at 370C, as compared to 230C,
similar results were obtained for the relative contribution of inhibitors when the k' was calculated from
data derived at either temperature (Table I). In agreement with Harpel (8), no inhibition by a2-macroglobulin, another major protease inhibitor, was noted at
a concentration of 200 ,ug/ml, nor did a2-macroglobulin protect Factor XIa from inhibition by al-protease
inhibitor. These data indicate that al-protease inhibitor is the major inhibitor of Factor XIa at plasma
concentration.
Inactivation of Factor XIa by plasma. To test this
hypothesis, we measured the inhibition of Factor XIa
at 23°C by normal plasma, as well as by plasma samples deficient in various inhibitors or in HMW kini-
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FIGURE 5 Inactivation of Factor XIa by Plasma. Factor XIa
(0.03 MM) was incubated with 20 Ml of various plasma samples at 230C in a final volume of 150 Ml, as follows: a, alprotease inhibitor deficient (20% of normal) (-); b, antithrombin III deficient (0); c, a2-plasmin inhibitor deficient
(a); d, Factor XI deficient (X); e, normal pooled plasma
(A); f, Cl-inhibitor deficient (M); g, HMW kininogen deficient (A).

nogen at a final dilution of plasma equal to 1:7.5 (Fig.
5). HMW kininogen-deficient plasma exhibited a 20% The antithrombin III-deficient plasma demonstrated
increase in the inhibitory activity of normal plasma 80% of normal inhibitory capacity. Cl-inhibitor-deagainst Factor XIa under the conditions employed. ficient plasma showed 95% of normal .activity and a2a1-protease inhibitor-deficient plasma, which con- plasmin-inhibitor-deficient plasma was virtually identained 20% of normal a1-protease activity, exhibited tical to normal plasma (Table II). Therefore, a1-proonly 53% of the inhibitory capacity of normal plasma. tease inhibitor is the major inhibitor of Factor XIa in
TABLE I
Relative Contribution of Plasma Protease Inhibitors of Factor XIa
Percentage

Inhibitor

ai-Antitrypsin
a,-Antitrypsin
Antithrombin III
Antithrombin III
Cl-Inhibitor
Cl-Inhibitor
a2-Plasmin inhibitor
a2-Plasmin inhibitor

Temperature'

k'

[lIt

k'f

°C

M-l min-'

UM

min-'

45.5
45.5

0.59
0.18

4.7
4.7
1.7
1.7
1.1
1.1

0.14
0.047
0.068
0.025
0.066
0.025

37

23
37
23
37
23
37
23

1.3
0.4
3.0
1.0
4.0
1.5
6.0
2.3

X 104

X
X
X
X
X
X
X

104
104
104
104
104
10411
1041

of total

68
65
16
17
8
9
8

9

' Second-order rate constant at either 37 or 23°C.
t Plasma inhibitor concentration (31).
§ Pseudo-first-order reaction rate derived by multiplying the k' by [I].
"From Saito et al. (7).
¶ On the assumption that the k' is equal to the k' for Cl-inhibitor (7).
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TABLE II
Inhibition of Factor XIa by Plasma Deficient in Protease Inhibitors
or HMW Kininogen
Deficient plasma

a,-Antitrypsin deficient (20% of normal))
Antithrombin III deficient
Cl-Inhibitor deficient (<5% of normal))
a2-Plasmin inhibitor deficient
HMW kininogen deficient

Predicted inhibitory
activity

Observed inhibitory
activity

48
83
91
91
118

53
80
95
100
120

The inhibitory activity was measured in plasma diluted 1:7.5 (see Fig. 6).
pooled plasma used as a reference.

4 Normal

plasma, in agreement with the conclusions of Heck
and Kaplan (6).
DISCUSSION

In this study, we have investigated the quantitative
contribution of each inhibitor of Factor XIa, both in
purified systems as well as in plasma. a,-protease inhibitor, antithrombin III, and Cl-inhibitor each inhibited Factor XIa coagulant activity while exhibiting
pseudo-first-order kinetics when present in a 10- to
100-fold molar excess. No kinetically demonstrable
reversible enzyme-inhibitor complex was observed,
similar to the mechanism that we recently reported
for the inhibition of kallikrein by Cl-inhibitor (13).
It is possible, however, that more rapid detection methods, necessitated by high inhibitor concentrations,
might reveal the existence of a transient complex.
The results of the inhibition of Factor XIa by various
diluted plasma samples agreed well with our predicted
values calculated from the inhibition of Factor XIa in
a purified system (Table II). It therefore appears that
the existence of another major Factor XIa inhibitor
can ue ruled out.
In addition to the role of each inhibitor, it is necessary to consider the influence of HMW kininogen on
the inactivation rate of Factor XIa. HMW kininogen
decreased the rate of inactivation of Factor XIa by
each inhibitor tested, similar to what we observed with
kallikrein inhibition (13). Kinetically, the complex of
Factor XIa and HMW kininogen is more resistant to
the effect of inhibitors than uncomplexed XIa. In
agreement with the results in a purified system is the
observation of increased inhibition of Factor XIa by
kininogen-deficient plasma. It can be calculated from
the data in diluted plasma that HMW kininogen would
reduce the rate of inactivation of XIa in undiluted
plasma by 80%, since the Kd 0.17 ,M and the plasma
concentration of HMW kininogen is 0.75 ,IM.
850
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The site of complex formation on the HMW kininogen molecule was also probed. HMW kininogen
(Mr = 110,000) is cleaved by kallikrein into a heavy
chain (Mr = 65,000) and a light chain (Mr = 45,000)
with the release of the peptide bradykinin (Mr = 1,500)
from the heavy chain (24, 34). Upon reduction, the
two polypeptide chains are separated. LMW kininogen, which is antigenically similar to the heavy chain
of HMW kininogen, and does not exhibit coagulant
activity (35), did not modulate the inhibition of Factor
XIa. In contrast, the light chain, which contains the
coagulant activity of HMW kininogen (24, 35), as well
as a binding site for Factor XI (34), decreased the rate
of inhibition of Factor XIa by a,-protease inhibitor.
Therefore, the light chain domain of HMW kininogen
is involved in complex formation.
The dissociation constant for the Factor XIa-HMW
kininogen complex was found to be 0.17 ,uM, which
is lower than 0.75 ,uM determined for the kallikreinHMW kininogen complex (13). These results are qualitatively similar to those of Thompson et al. (35), who
found a lower dissociation constant for Factor XIHMW kininogen (0.002 AM) than for prekallikreinHMW kininogen (0.028 ,uM). The large difference in
Kd between the data of Thompson et al. (35) and our
present data may be due to either a higher affinity of
HMW kininogen for the zymogens in that study than
for the enzymes in our study. Alternatively, it may
reflect the difference between functional kinetic determinations in the fluid-phase vs. physical binding
measured in the presence of a plastic surface (36). The
affinity of the proteins itself for the surface especially
at low concentrations (37) might lead to lower calculated dissociation constants. It is noteable that binding of Factor XIa to the light chain of HMW kininogen
(Kd = 0.086 ,uM) is tighter than to the intact HMW
kininogen molecule (Kd = 0.17 ,uM). This indicates
that the heavy chain of HMW kininogen may sterically
interfere with access of Factor XIa to the light chain

of HMW kininogen. Similar results have been noted
for complexes between the HMWKL and kallikrein (38).
The regulation of the inhibition of Factor XIa and
kallikrein greatly differs. The second-order rate constant for the inhibition of Factor XIa by each of its
plasma protease inhibitors is very similar. Therefore,
it is only the concentration of each inhibitor in plasma
that dictates which will be the most effective inhibitor
of Factor XIa. This observation contrasts with the k"
that was calculated for each inhibitor of kallikrein (38).
The reaction of kallikrein and Cl-inhibitor is 5,000fold greater than the k" for the reaction of kallikrein
and a1-protease inhibitor. In contrast, as previously
observed (6), a1-protease inhibitor is the major inhibitor of Factor XIa. Quantitatively it accounts for 68%
of the inhibitory activity of plasma, whereas Cl-inhibitor, a major inhibitor of kallikrein, accounts for
only 8% of the inhibitory activity of Factor XIa. a2macroglobulin, the other major inhibitor of kallikrein,
does not inhibit Factor XIa. Although the k' for the
inhibition of kallikrein by Cl-inhibitor, at plasma concentration of Cl-inhibitor, is 10 times greater than the
k' for Factor XIa-a1-protease inhibitor complex at the
plasma concentration of a1-protease inhibitor, HMW
kininogen protects Factor XIa fourfold more effectively than it protects kallikrein against inactivation.
Antithrombin III accounts for 17% of the plasma
inhibitory activity against Factor XIa. Damus et al.
(5) have reported that heparin greatly accelerates the
inactivation rate of Factor XIa by antithrombin III,
suggesting the possibility that in the presence of heparin, antithrombin III might become the major inhibitor in plasma of Factor XIa. Since Busch and Owen
(39) have recently found that the vascular endothelium
catalyzes the thrombin-antithrombin III reaction in a
manner analogous to free heparin; it is possible that
the major inhibitor of Factor XIa in vivo is antithrombin III bound to the endothelium. However, we have
recently demonstrated (40) using both amidolytic and
coagulant assays in purified systems and plasma that
heparin (1 U/ml) failed to accelerate the inactivation
rate of Factor XIa while dramatically increasing the
inhibition of thrombin. Thus, it appears unlikely that
antithrombin III plays a major inhibitory role in
plasma against Factor XIa.
Since both Factor XI and prekallikrein are activated
by the same enzyme (Factor XIIa) in the presence of
the same cofactor (HMW kininogen), it is clear that
both the differential effect of plasma protease inhibitors on the two enzymes and the quantitative differences in the protection offered by HMW kininogen
may serve as major regulators of these enzymes in
plasma. Variations in enzyme, inhibitor, or HMW kininogen concentration may direct the contact system,
after Factor XII activation, toward coagulation via

Factor XIa, or toward fibrinolysis and vasodilation via
kallikrein action.
Finally, a1-protease inhibitor is usually considered
an inhibitor of tissue proteases such as elastase and
trypsin. A role for this inhibitor in plasma, where it
accounts for almost 5% of the total plasma protein, is
not surprising. It is possible that in the familial deficiency of a1-protease inhibitor, or in the acquired deficiency of that inhibitor resulting from smoking cigarettes (41, 42), the decrease of inhibition of Factor
XIa could result in the localized fibrin formation that
might play a role in the pulmonary diseases associated
with this deficiency.
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