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The strongly anticoagulant basic phospholipase A2

CM-IV) from Naja nigricollis venom has previously
een shown to inhibit the prothrombinase complex of
he coagulation cascade by a novel nonenzymatic
echanism (S. Stefansson, R. M. Kini, and H. J. Evans
iochemistry 29, 7742–7746, 1990). That work indicated

hat CM-IV is a noncompetitive inhibitor and thus it
nteracts with either factor Va or factor Xa, or both.

e further examined the interaction of CM-IV and the
rotein components of the prothrombinase complex.
sothermal calorimetry studies indicate that CM-IV
oes not bind to prothrombin or factor Va, but only to
actor Xa. CM-IV has no effect on the cleavage of pro-
hrombin by factor Xa in the absence of factor Va.
owever, in the presence of factor Va, CM-IV inhibits

hrombin formation by factor Xa. With a constant
mount of CM-IV, raising the concentration of factor
a relieved the inhibition. The phospholipase A2 en-
yme inhibits by competing with factor Va for binding
o factor Xa and thus prevents formation of the normal
a–Va complex or replaces bound factor Va from the
omplex. Thus factor Xa is the target protein of this
nticoagulant phospholipase A2, which exerts its anti-
oagulant effect by protein–protein rather than pro-
ein–phospholipid interactions. © 1999 Academic Press

1 To whom correspondence should be addressed. Fax: (65) 777-
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2 Present address: American Red Cross Laboratory, Rockville,
aryland.
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Snake venom phospholipase A2 (PLA2)
4 (EC 3.1.1.4)

nzymes induce several pharmacological symptoms in-
luding neurotoxicity, myotoxicity, cardiotoxicity, anti-
oagulant, hemolytic, edema-inducing, and platelet ef-
ects (1–5). These toxic, pharmacologically active en-
ymes share with mammalian pancreatic enzymes the
ommon catalytic activity of hydrolysis of phospholip-
ds at the sn-2 position. They also share similar pri-

ary, secondary, and tertiary structures (6–11). The
elationships between structure and pharmacological
ctivity and the mechanisms by which the venom en-
ymes induce their variety of pharmacological effects
re subtle and complex. Because of their ability to
ydrolyze phospholipids, the pharmacological activity
as initially thought to be related to the substrate

pecificity and preferential hydrolysis of specific and
ritical phospholipids, i.e., directed by PLA2 protein–
hospholipid interactions. This model could not ex-
lain several contradictory observations (for details,
ee Ref. 4). To alleviate some of these controversies, we
roposed a hypothetical model to explain the pharma-
ological effects of venom PLA2 enzymes (4). The es-
ential feature of the model is the targeting of PLA2

nzymes to specific tissues or cells due to their high
ffinity for specific “target” proteins (or glycoproteins)
n the cell surface. After the initial binding, PLA2

4 Abbreviations used: PLA2, phospholipase A2; BSA, bovine serum
lbumin; S-2238, H-D-phenylalanyl-L-pipecolyl-L-arginine-p-nitro-
nilide dihydrochloride; S-2222, N-benzoyl-L-isoleucyl-L-glutamyl-
lycyl-L-arginine-p-nitroaniline hydrochloride and its methyl ester;
DS–PAGE, sodium dodecyl sulfate–polyacrylamide gel electro-
horesis; PEG, polyethylene glycol; STI, soybean trypsin inhibitor;
la, g-carboxyglutamic acid; hsPLA , human secreted PLA . PT,
2 2

rothrombin.
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108 KERNS ET AL.
nzymes would induce their pharmacological effects by
echanisms either dependent on or independent of

hospholipid hydrolysis. Thus, the pharmacological ef-
ects of venom PLA2 enzymes are primarily determined
y protein–protein interactions (4). Some studies have
hown the interaction of venom PLA2 enzymes with
roteins in their “target” tissues (12–14). Target pro-
eins in neuronal tissue have been isolated and/or char-
cterized based on their binding of neurotoxic PLA2

nzymes (14–17). A target protein in myotubule mem-
ranes that binds two PLA2 toxins from Oxyuranus
cutellatus was isolated and cloned (18, 19). The same
rotein was also shown to be the target of pancreatic
LA2 and synovial PLA2 (20, 21). However, target pro-
eins, which determine various other pharmacological
ffects, have not yet been identified. Such studies will
ontribute much to our understanding of normal phys-
ological events and their susceptibilities to exogenous
gents and will help clarify the mechanisms of toxicity
f the venom enzymes.
We are interested in the anticoagulant effects of

hree PLA2 enzymes purified from Naja nigricollis
enom (22). The two neutral isoenzymes, CM-I and
M-II, are weakly anticoagulant, whereas the basic
nzyme, CM-IV, is strongly anticoagulant (23). Al-
hough blood coagulation requires the assembly of com-
lexes on phospholipid membranes, the differences in
nticoagulant potencies of the phospholipases cannot
e attributed to their ability to hydrolyze phospholip-
ds, since CM-I and CM-II are catalytically more active
han CM-IV. The functional difference appears to be
ue to the difference in their ability to inhibit various
oagulation complexes of the extrinsic pathway of
lood coagulation (24). Strongly anticoagulant CM-IV
nhibits two successive steps, the extrinsic tenase and
he prothrombinase complexes, whereas the weakly
nticoagulant enzymes, CM-I and CM-II, inhibit only
he extrinsic tenase complex. Moreover, CM-IV is a
tronger inhibitor of the extrinsic tenase complex than
oth CM-I and CM-II (25). Since only the strongly
nticoagulant enzyme inhibits the prothrombinase
omplex, CM-IV seems to be targeted to this complex.
he inhibition of the prothrombinase complex by
M-IV is not due to binding to or hydrolysis of phos-
holipids, but due to its interaction with one or more
lotting factors (26). CM-I and CM-II fail to show sig-
ificant inhibition of the prothrombinase complex,
ven after complete phospholipid hydrolysis (26).
M-IV does not compete with the substrate prothrom-
in and therefore the CM-IV inhibition of prothrombi-
ase is not due to its interaction with prothrombin or
he active site of the complex. Thus CM-IV was found
o be a novel inhibitor which interacts with factor Xa,
actor Va, or the Xa–Va complex (26).

In this paper, we examine the interaction of CM-IV

ith protein factors of the prothrombinase complex 0
sing isothermal titration calorimetry. The results pre-
ented here indicate that CM-IV binds to factor Xa and
nterferes with the binding of the natural cofactor,
actor Va. Thus, this paper demonstrates targeting of
he strongly anticoagulant PLA2 to factor Xa and con-
rms that the anticoagulant activity of this PLA2 is
aused by protein–protein interaction.

ATERIALS AND METHODS

Materials. N. nigricollis crawshawii venom, Vipera russelli
enom, and soybean trypsin inhibitor (STI) were purchased from
igma Chemical Co. PEG 8000 was purchased from Fisher Scientific.
enzamidine hydrochloride hydrate was purchased from Aldrich
hemical Company, Inc. The chromogenic substrates S-2238 and
-2222 were purchased from DiaPharma Group, Inc. (Franklin, OH).
Purification of phospholipase. The phospholipase CM-IV was pu-

ified from N. nigricollis venom by ion exchange chromatography on
arboxymethyl Bio-Gel A as described earlier (22). The enzyme was
omogeneous on both native and SDS–PAGE gels.
Purification of factor-X-activating proteinase from Vipera russelli

enom. The factor-X-activating proteinase from Russell’s viper
enom was isolated according to the method of Kisiel et al. (27),
xcept that Bio-Gel P-60 was substituted for Sephadex G-150. The
oagulant fractions collected from the QAE-Sephadex A-50 chroma-
ography step were concentrated by ammonium sulfate precipita-
ion, reconstituted in 50 % glycerol, and stored at 220°C.

Purification of coagulation factors. Activated coagulation factor
was purified from bovine plasma according to the method of Esmon

28). To obtain activated factor V, the factor V solution was incubated
ith thrombin (2 units/ml) in 0.1 M NH4Cl, 0.02 M Tris–HCl, 0.01 M
aCl2, 0.001 M benzamidine, pH 7.5, for 30 min at 37°C (28). The
ample was then applied to a column of QAE-Sephadex A-50 equil-
brated in the activation buffer. Factor Va was eluted in a linear
radient from 0.1 to 0.4 M NH4Cl. The protein was stored in 50%
lycerol at 220°C. Bovine coagulation factor X and bovine prothrom-
in were purified according to the procedure of Hashimoto et al. (29).
actor X was converted to activated factor X by incubation with
urified factor-X-activating proteinase from Russell’s viper venom,
nd activated factor Xa was isolated by DEAE-Sephadex A-50 chro-
atography (30).
Isothermal titration calorimetry. All experiments were carried

ut using an Omega titration calorimeter (Microcal, Inc., North-
ampton, MA). The experimental temperature was 25°C and the
uffer was 20 mM Hepes, pH 7.4, 0.15 M NaCl, 2.0 mM CaCl2. The
eference cell of the calorimeter contained water plus 0.01% sodium
zide. In a typical experiment, 12 or 15 aliquots (10 ml) of ligand were
njected into 1.396 ml of protein solution rapidly mixing at 400 rpm
ith 4-min intervals between injections. Protein concentrations are
iven in figure legends. Numerical integration and data analysis
ere performed using software supplied by the manufacturer. The
roteins used in the studies were dialyzed extensively against iden-
ical buffer, filtered to remove particulates, and degassed by vacuum.

Measurement of prothrombinase activity in the absence of phospho-
ipid. Assays were performed in the presence of 20 mM Hepes, 0.15

NaCl, 2 mM CaCl2, 0.1% PEG, pH 7.4. Protein concentrations are
iven in figure legends. In the absence of the other prothrombinase
omponents, the factor Xa concentration was 50 nM. In the presence
f factor Va, the factor Xa concentration was reduced to 1 nM to give
omparable rates of thrombin production as for factor Xa alone.
rothrombin was incubated with factor Va and inhibitor (CM-IV), if

ncluded, for 15 min prior to the addition of factor Xa. At various time
oints, aliquots were either measured immediately or the reaction
topped by addition of 1/10th volume of 20 mM Hepes, 0.15 M NaCl,

.1% PEG, 50 mM EDTA, 1 mg/ml STI. STI inhibits the low amidase
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109TARGETING OF ANTICOAGULANT VENOM PHOSPHOLIPASE TO COAGULATION FACTOR XA
ctivity of factor Xa on S-2238 but does not affect the activity of
hrombin on the substrate (31). Spectroscopic measurements of dA/
in at 405 nm were performed on a Shimadzu UV-160 recording

pectrophotometer and initiated by addition of an aliquot to a cuvette
ontaining 20 mM Hepes, 0.15 M NaCl, 0.1% PEG, 50 mM EDTA,
.24 mM S-2238 in a final volume of 200 ml. Measured rates of
hange in absorbance over time were related to the concentration of
hrombin using a standard curve showing the rate of S-2238 hydro-
ysis by known amounts of bovine thrombin in an identical assay.

Factor Xa amidolytic assay. Factor Xa (25 nM) in 0.05 M Tris
uffer, 0.1 M NaCl, 5.0 mM CaCl2, pH 7.5, was incubated with
arious concentrations of CM-IV from 0 to 8 mM for 10 min. The
actor Xa amidolytic activity was measured by transfer of an aliquot
f the mixture to a cuvette containing 0.05 M Tris buffer, 0.1 M NaCl,
mM CaCl2, pH 7.5, and 250 mM S-2222. The hydrolysis of S-2222
as measured on a Shimadzu UV-160 recording spectrophotometer
t 405 nm.

ESULTS AND DISCUSSION

pecificity of Inhibition of the Prothrombinase
Complex

In our previous studies, we used a systematic dissec-
ion approach to determine the specificity of inhibition
f different coagulation complexes by N. nigricollis
LA2 enzymes (24). The prothrombinase complex is

nhibited by only the strongly anticoagulant CM-IV,
hereas the weakly anticoagulant enzymes, CM-I and
M-II, do not significantly inhibit this complex (24,
6). Subsequently, we determined that the basic PLA2

rom N. nigricollis venom, CM-IV, inhibits the pro-
hrombinase complex by a novel nonenzymatic mech-
nism, even in the absence of phospholipids (26). The
esults also indicate that the inhibition of the pro-
hrombinase complex by CM-IV is not due to either
inding to or hydrolysis of phospholipids, but due to its
nteraction with the protein clotting factor(s) (26).

To establish whether the inhibition of the prothrom-
inase complex is specific to CM-IV or merely due to its
asic nature, we examined the effect of some other
asic PLA2 enzymes from snake venoms and other
asic proteins. They were caudoxin from Bitis caudalis,
otexin from Notechis scutatus scutatus, pseudexin B
rom Pseudechis porphyriacus (all kindly provided by
r. John Middlebrook, U.S. Army Medical Research
enter, Fort Dietrich, Maryland), lysozyme, and cyto-

hrome c. The isoelectric points and the inhibitory po-
encies of these proteins as compared with CM-IV are
hown in Table I. Only CM-IV strongly inhibits the
rothrombinase complex. Caudoxin shows about 50%
f the potency of CM-IV. We compared the amino acid
equences of caudoxin (37), notexin (38), and pseudexin

(39) with the predicted anticoagulant site of venom
LA2 enzymes (23). This region in caudoxin contains

hree of the four Lys residues of the predicted antico-
gulant region, unlike the other basic PLA2 enzymes
ested. This probably explains the ability of caudoxin to
nhibit the prothrombinase complex. There is no corre-

ation between the isoelectric points and the inhibitory s
otencies of the proteins (Table I). Thus, the inhibition
f the prothrombinase complex is a specific effect of
M-IV and is independent of the overall basicity of the
rotein. The specific location of the basic residues, and
ot the overall basicity of the PLA2, determines the
harmacological effects of the enzyme (23). This idea
as confirmed by site-directed mutagenesis (40). Inada

t al. replaced Asp 59 and Ser 60 of pig pancreatic PLA2

ith Arg and Gly, respectively. The mutant enzyme
howed 5- to 10-fold increased inhibition of the pro-
hrombinase reaction, whereas the catalytic activity
as unaffected (40). Thus, the basic residue at position
9 appears to have an essential role in binding of the
LA2 to the prothrombinase complex. Recent studies
y our group (32) as well as Mounier et al. (41) have
hown that the synthetic peptides based on the pre-
icted region exhibit anticoagulant effects.

nteraction of CM-IV with Factor Xa

Previous kinetic studies indicated that CM-IV binds
o either factor Va or factor Xa, or both, to inhibit the
rothrombinase complex (26). To identify the protein
arget of CM-IV, we utilized isothermal titration calo-
imetry, which detects macromolecular interactions by
irectly measuring changes in heat due to these inter-
ctions. At first we examined for the binding of factor
a to factor Va as a positive control. As shown in Table

I, we obtained a Kd value of 1.2 3 1026 and a stoichi-
metry of 0.98. This is in agreement with the published
d values, which range between 4.0 3 1027 and 2.7 3
026 M (42, 43). Earlier kinetic studies (26) showed
hat CM-IV does not bind to prothrombin and thus it is

good negative control. As expected, no significant
hanges in heat could be measured by the addition of
rothrombin, indicating that it did not interact with
M-IV (data not shown). We then titrated individual

actors, factor Va or factor Xa, with CM-IV. CM-IV

TABLE I

Effect of Basic Venom PLA2 Enzymes and Other Basic
Proteins on the Activity of the Prothrombinase Complexa

Protein pI % Inhibitionb

. nigricollis CM-IV 10.1 78
. caudalis caudoxin 10.2 44
. scutatus scutatus notexin 9.2 0
. porphyriacus pseudexin B 9.9 0
ysozyme 10.8 0
ytochrome c 10.6 0

a Data from Ref. (45).
b The prothrombinase complex was reconstituted in 0.05 M Tris–

l, 2 mM CaCl2, 2% polyethylene glycol, pH 7.5. The percentage of
nhibition was compared with 5 mg of each basic protein added to 22
M of factor Va, 23 nM of factor Xa, and 1.23 mM prothrombin.
howed interaction with factor Xa (Fig. 1), but it did
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110 KERNS ET AL.
ot bind to Factor Va (data not shown). As shown in the
inding isotherm of the titration of factor Xa with
M-IV, the binding was saturable. We obtained a Kd

alue for the interaction of 5.0 3 1027 M and a stoichi-
metry of 1.3 (Table II). These experiments directly
emonstrate that CM-IV binds to factor Xa but not
actor Va or prothrombin. Human secreted PLA2

hsPLA2) also interacts with factor Xa with a Kd of
.3 3 1027 M and a stoichiometry of 0.95 (41). Thus,
M-IV, similar to hsPLA2 (41), targets factor Xa in the

TABLE II

Isothermal titration calorimetry data for the detection of
macromolecular interactions

Protein Ligand Kd (M) DH (kcal/mol) n

actor Va Factor Xa 1.2 3 1026 18.9 0.98
rothrombin CM-IV .1024 n.d.a n.d.
actor Va CM-IV .1024 n.d. n.d.
actor Xa CM-IV 5.0 3 1027 34.4 1.3

Note. Protein concentration was typically 5 to 20 mM. Ligand
oncentration was typically 50 to 300 mM. n, stoichiometry of protein
o ligand.

a n.d., not detectable.

IG. 1. Isothermal titration calorimetry trace showing the binding
f CM-IV to factor Xa at 298 K. (Top) The heat signals for 15
njections of 10-ml aliquots of CM-IV (100 mM) in 20 mM Hepes, pH
.4, 0.15 M NaCl, 2.0 mM CaCl2. The reaction vessel contained 1.396
l of 10 mM factor Va in the same buffer stirred rapidly at 400 rpm.

Bottom) Integrated heat of each injection after correction for the
eat of dilution. The molar ratio is calculated as the ratio of ligand
CM-IV) to protein (factor Xa). This figure was produced using Mi-
procal ORIGIN for ITC software provided by the manufacturer.
rothrombinase complex. The interaction of factor Xa
ith CM-IV does not affect its enzymatic activity on
oth chromogenic substrate S-2222 and macromolecu-
ar substrate prothrombin (data not shown).

nhibition of Thrombin Formation by CM-IV in a
Factor Va-Dependent Manner

In the presence of factor Va, CM-IV inhibits the
rothrombinase reaction (Fig. 2A). CM-IV causes a
oncentration-dependent decrease in the rate of throm-
in formation in the presence of factor Va (see also, Ref.
26)). Thus, CM-IV has no direct effect on the catalytic

IG. 2. (A) Effect of factor Va on thrombin formation at various
oncentrations of CM-IV. The data is representative of five separate
xperiments. The concentration of CM-IV was 0 mM (■), 0.72 mM (F),
r 3.5 mM (Œ). The concentrations of prothrombin and factor Xa were
.0 mM and 1 nM, respectively. (B) Effect of factor Va on inhibition of
hrombin formation by CM-IV. Inhibition was calculated by compar-
ng the rate of thrombin formation in the presence of CM-IV to that
n its absence at the same concentration of factor Va. The concen-
ration of CM-IV was 0.72 mM (h) or 3.5 mM (E). (C) Effect of CM-IV
n the binding interaction of factor Va with factor Xa. The lines are
rawn according to values obtained by linear regression analysis of
he data. The concentration of CM-IV was 0 mM (■), 0.72 mM (F), or
.5 mM (Œ).
roperties of factor Xa, but it inhibits the cofactor
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111TARGETING OF ANTICOAGULANT VENOM PHOSPHOLIPASE TO COAGULATION FACTOR XA
ctivity of factor Va. Although there is no inhibition of
hrombin formation in the absence of factor Va, at a
onstant concentration of CM-IV, the percentage of
nhibition decreases as the factor Va concentration in-
reases (Fig. 2B). This suggests that CM-IV and factor
a compete for binding to factor Xa. Therefore, we
xamined the effect of CM-IV on the affinity between
actor Xa and factor Va. We calculated the Kd value
rom the x-intercept of the plot of reciprocal rate versus
eciprocal cofactor concentration (Fig. 2C) (44). In the
bsence of CM-IV, the Kd value for interaction between
actor Va and factor Xa was found to be 8.3 3 1028 M.
M-IV increases the Kd for factor Xa–factor Va inter-
ction to 1.3 3 1027 and 8.1 3 1027 M at 0.72 and 3.5
M concentrations, respectively (Fig. 2C). Thus a 10-

old decrease in the affinity for factor Xa–factor Va
nteraction was observed in the presence of CM-IV.
ince CM-IV binds to factor Xa (Fig. 1) without any
ignificant effect on prothrombinase reaction, CM-IV–
actor Xa interaction results in inactive complexes.
his will invariably reduce the apparent Vmax. As
hown Fig. 2C, a two- to threefold reduction in the
pparent Vmax was observed in the presence of CM-IV.
his suggests that CM-IV binds to factor Xa and either
revents factor Va binding or disrupts an existing
a–Va binary complex. Since increasing amounts of

actor Va (Fig. 2B) or factor Xa (45) neutralizes the
nhibition of the prothrombinase complex by CM-IV,
e suggest that CM-IV competes with factor Va for
inding to factor Xa and reduces the effectiveness of
he cofactor.

ovel Mechanism of Inhibition of the Prothrombinase
Complex by CM-IV

A schematic model (Fig. 3A) summarizes the mech-
nism of inhibition of the prothrombinase complex by
he strongly anticoagulant PLA2 enzyme. During nor-
al coagulation, factor Xa binds to factor Va to form

he prothrombinase complex. The prothrombinase in-
ibitor, CM-IV, binds to factor Xa at a domain that is

nvolved in the interaction between factor Xa and fac-
or Va. Because of the competition, CM-IV retards the
nteraction of factor Xa and factor Va. By binding to
actor Xa in the complex, CM-IV disrupts the binding of
actor Va and thus the prothrombinase complex itself.
nlike factor Va (Kd value 8.8 3 1026 M; Ref. 43),
M-IV does not interact with prothrombin (Kd value .
024 M, Figs. 3B and 3C). This could explain the in-
bility of CM-IV to enhance the prothrombinase activ-
ty of factor Xa. Thus, factor Xa is the target protein in
he coagulation cascade to which only the strongly
nticoagulant PLA2 binds with a high specificity.
herefore protein–protein interactions, rather than
rotein–phospholipid interactions, cause the anticoag-

lant effect of CM-IV. Since CM-IV and factor Va com- a
ete to bind to the same site, we expect that these
nteraction sites on CM-IV and factor Va are similar, if
ot identical in their properties. Thus, further studies
f the domain of CM-IV that interacts with factor Xa
hould provide insight into a specific domain in factor
a that interacts with factor Xa. The use of the anti-
oagulant region of CM-IV to gain information about
he factor Xa–factor Va interaction offers the advan-
ages that CM-IV is much smaller than factor Va,
ontains only one rather than two chains, and does not
nteract with the prothrombin substrate as does factor
a. These advantages coupled with the known crystal
tructures of related PLA2 molecules should help in
nderstanding the structure–function relationship of
he interaction.

The inhibition of prothrombinase by hsPLA2 was
hown to be independent of the presence of phospho-
ipids but required the presence of factor Va (46). The

IG. 3. A model showing the mechanism of inhibition of the pro-
hrombinase complex by the strongly anticoagulant PLA2, CM-IV.
M-IV binds to factor Xa with a Kd value 5 3 1027 M. It can replace

actor Va in the normal prothrombinase complex (bottom left), re-
ulting in an inactive CM-IV-factor Xa complex (bottom right). In-
eraction of the substrate prothrombin (PT) with normal prothrom-
inase complex (B) or with factor Xa–PLA2 complex (C) is shown.
actor Xa–PLA2 complex binds to prothrombin with the same affin-

ty as factor Xa and PLA2 does not interact with prothrombin. This
xplains the inability of CM-IV to interfere in the prothrombinase
ctivity of factor Xa.
nticoagulant effect of the enzyme was not observed on
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112 KERNS ET AL.
actor V-deficient plasma, but only on normal and fac-
or X-deficient plasma. Thus, the authors initially con-
luded that the inhibition of the prothrombinase com-
lex by hsPLA2 involves the inhibition of factor Va.
owever, their recent studies indicate that hsPLA2

inds to factor Xa (41). These results are consistent
ith the model of inhibition presented above.
Several anticoagulant proteins have been isolated

rom venom sources and the mechanisms of their an-
icoagulant effects investigated (47–49). Some of these
roteins bind to Gla domain of factors X and IX and
nterfere in their binding to phospholipid surfaces (48,
9). Bothrojaracin, a protein closely related to Ca21-
ependent lectins, is a thrombin-specific inhibitor (50).
t binds to exosite 1 and perhaps to exosite 2, but not to
he active site of thrombin (51). Other anticoagulant
roteins are proteinase inhibitors that inhibit an active
roteinase in the coagulation cascade. For example,
ntistasins and hirudins from leeches inhibit factor Xa
52) and thrombin (53), respectively. The hookworm
ncylostoma caninum has very specific anticoagulants

hat bind to factor Xa and the factor VIIa/tissue factor
omplex. These inhibitors belong to the category of
erine proteinase inhibitors (54). Unlike all these an-
icoagulants, CM-IV binds to factor Xa and competes
ith the natural cofactor, factor Va, for the same site
n factor Xa. This anticoagulant inhibits blood coagu-
ation by interfering in the formation of a coagulation
omplex. Because of its novelty in inhibiting the stra-
egic prothrombinase complex, further studies of this
nhibitor should contribute to our understanding of the
nteractions involved in the formation of the normal
rothrombinase complex.
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