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Concanavalin A Inhibits Tissue Factor Coagulant Activity

FRANCESANNPrrucK

From the Department of Internal Medicine, Yale University School of Medicine,
NewHaven, Connecticut 06510

A B S T R A C T Concanavalin A (con A) is a potent in-
hibitor of coagulant activity of native tissue factor. Co-
agulant activity is recovered by addition of a-methyl-D-
glucoside to inhibited tissue factor. Inclusion of a-methyl-
D-glucose during incubation of con A with tissue factor
preserves coagulant activity. These data suggest that
con A interacts reversibly with a carbohydrate residue
in such a way as to inhibit coagulant activity of the
molecule.

Purified tissue factor apoprotein has been recombined
with mixed brain phospholipids or purified phospho-
lipids (phosphatidyl ethanolamine or a mixture of phos-
phatidyl choline with phosphatidyl serine). These prepa-
rations were also completely but reversibly inhibited
by con A. Thus, purified tissue factor apoprotein
appears to donate the affected carbohydrate residue.

INTRODUCTION

Rapid initiation of coagulation occurs when tissue fac-
tor, a membrane-bound lipoprotein, is added to normal
plasma. Accumulating evidence suggests that tissue
factor is a glycoprotein derived from plasma membrane:
(a) purified tissue factor contains carbohydrate (1);
(b) tissue factor antigen is found on the cell surface
(2, 3); (c) tissue factor activity has been localized
histochemically to the plasma membrane (4); (d) tissue
factor activity can be stripped from cells in culture
without loss of intracellular material (5). We now
report another observation consistent with previous
data: concanavalin A (con A) 1 inhibits the coagulant
activity of purified tissue factor.

Con A is a plant lectin which binds preferentially to
mannosyl or glucosyl residues whose reducing termini
are blocked (6). Con A does bind certain glycoproteins
(for example, rhodopsin (7), probably through inter-
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'Abbreviations used in this paper: con A, concanavalin A;
DIP, diisopropylphosphoryl; DFP, diisopropylphosphoro-
fluoridate; IBS, 0.05 M imidazole-0.1 M NaCl, pH 7.2;
MBL, mixed brain lipids; PC, phosphatidyl choline; PE,
phosphatidyl ethanolamine; PS, phosphatidyl serine.

- action with the mannosyl or glucosyl residue in poly-
saccharide chains along the peptide backbone.

Con A inhibition of tissue factor activity of cultured
fibroblasts has recently been reported (8); data pre-
sented here show that tissue factor protein retains
sensitivity to con A after purification, suggesting that
tissue factor itself is a glycoprotein.

METHODS
The purified bovine phospholipids phosphatidyl ethanolamine
(PE), phosphatidyl choline (PC), and phosphatidyl serine
(PS) were purchased from Supeclo, Inc., Bellefonte, Pa.
a-Methyl-D-glucoside was purchased from Sigma Chemical
Co., St. Louis, Mo. Sephadex G-50, medium, and DEAE-
Sephadex are products of Pharmacia Fine Chemicals Inc.,
Piscataway, N. J.

Protein concentrations were determined by the technique
of Lowry, Rosebrough, Farr, and Randall (9). Phospho-
lipid was estimated from phosphorous content determined
by the method of Chen, Toribara, and Warner (10).

Con A was purified by the method of Agrawal and
Goldstein (11). This material was then readsorbed onto
Sephadex (0.4 g Sephadex per mg protein) and poured into
a column which was washed with 1 M NaCl. Con A was
eluted from the column with 0.1 M sucrose in 1 M NaCl.

A preparation of EDTA-washed acetone powder from
bovine brain (12) was used as a source of crude tissue fac-
tor. Tissue factor apoprotein was purified from bovine brain
according to the method of Nemerson and Pitlick (1),
modified as described in Rickles, Hardin, Pitlick, Hoyer,
and Conrad (13). Mixed brain lipids (MBL) were prepared
by method 1 of Nemerson (14). Apoprotein was relipidated
according to the general procedure described by Nemerson
(15) with a final protein concentration of 25 ,ug/ml after
relipidation. The lipid to protein ratios (micrograms per
microgram) and specific activities (units per milligram)
were as follows: MBL, 5:1, 17,600; PE, 5:1, 30,080;
PS: PC, 5: 5: 1, 20,000.

For convenience, the tissue factor assay was modified
slightly from that previously reported (14); partially puri-
fied reagents have been substituted for the barium citrate
elutate; bovine plasma depleted of factor VII and activated
contact factors was used as substrate plasma (16), and
finally, the end points were measured on a Coag-a-Mate
machine (Alphamedics Mfg. Corp., Levittown, Pa.). The
clotting times and slope of the standard curve were com-
parable with the previous assay.

Factor VII was partially purified by DEAE-Sephadex
chromatography of a serum eluate from barium sulfate
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TABLE I
Con A Inhibition of Crude Tissue Factor

Buffer
Con A alone Reversal by aMG* Protection by aMG control

Con A Units Inhibition Units Recovery Units %Control Units

yg/ml % % %
0.1 135 31 150 77 170 87 195

10.0 29 86 160 78 155 76 205
50.0 17 91 165 85 150 77 195

EDTAbrain (300 U/ml, 1.5 mg/ml) was incubated at 370C for 50 min with buffer alone (no con A
or aMG*), con A alone, con A alone for 25 min before the addition of aMG(reversal), or aMGand
con A together for 50 min (protection). All samples were then assayed directly for tissue factor
activity.
* aMG, a-methyl-D-glucoside.

using a salt gradient of 0.05 M Tris-0.12 M NaCl to 0.05 M
Tris-0.6 M NaCI, pH 7.5. Factor X was purified in a
similar manner from bovine plasma. The factor VII specific
activity was 608 U/mg; factor X specific activity was 4,480
U/mg (1 ml plasma contains 100 U of each factor). The
two preparations were stored separately in 50% glycerol at
-20'C and aliquots were used as needed. Before assay, the
two factors were mixed in the ratio of 38 U (84 /.kg) factor
VII per ml and 4.5 U (1 /Lg) factor X per ml. Equal
volumes (20 Al) of the factor VII: X mixture, tissue factor,
and 0.025 M CaCl2 were incubated exactly 1 min at 370C
before the simultaneous addition of 50 1l of each factor VII-
depleted plasma and 0.025 M CaCl2. With these amounts
of factors VII and X, the assay was insensitive to added
amounts of either factor but dependent upon the amount of
tissue factor added. Tissue factor activity is reported in
terms of the EDTA brain standard used in this laboratory
(14); 100 U EDTA brain standard contains 0.5 mg pro-
tein and 0.5 mgphospholipid.

To study the inhibition of tissue factor activity by con A,
a series of tubes was set up for incubation at 370C. In one
tube, 0.1 ml of an appropriate dilution of the tissue factor
sample was further diluted with 0.3 ml of 0.05 M imida-
zole-0.1 M NaCl, pH 7.2 (IBS); this sample is designated
"buffer control." In another tube, 0.2 ml a-methyl-D-gluco-
side (200 mg/ml) was added to 0.1 ml tissue factor and
0.1 ml con A was then added. This sample is referred to
as "protected." These two sets of controls were incubated
for 50 min. To 0.1 ml tissue factor in the third and fourth
tubes was added 0.1 ml con A. After 25 min incubation,
0.2 ml IBS ("inhibition") or a-methyl-D-glucoside ("re-
versal") was added, and the incubation continued for an-
other 25 min. All samples were then placed in melting ice
and assayed directly without further dilution. The samples
were gently mixed before assay so that any particulate mate-
rial was resuspended.

RESULTS
Inhibition of crude tissue factor by con A. The

results presented in Table I show that increasing con-
centrations of con A result in greater inhibition of
tissue factor coagulant activity, and that at 50 pg/ml,
activity is 91% inhibited. If a-methyl-D-glucoside is
added to inhibited tissue factor, the activity approaches
full recovery compared to the sample which contained

a-methyl-D-glucoside at the beginning of the incubation
with con A.

Effect of con A on factors VII and X. To demon-
strate the con A was reacting specifically with tissue
factor rather than with factors VII or X in the ac-
tivity assay, the factor VII: X reagent was preincu-
bated with con A at 10 isg/ml for 1 min (the time of
exposure during assay) before the addition of calcium
and tissue factor. No difference in clotting time (26 s)
was observed when compared with a buffer control.

Sensitivity of purified tissue factor to con A. Crude
tissue thromboplastin contains a variety of proteins and
lipids, including gangliosides; activity, however, is de-
pendent upon the protein moiety (12, 13, 15). Thus,
it was necessary to determine that the effect of con A
on tissue factor activity was a result of binding to
glycoprotein and not to glycolipid. Accordingly, we
relipidated the apoprotein with a crude preparation of
MBL or with purified phospholipids. Relipidation with
PE results in a more active lipoprotein than when
MBL are used. PS: PC relipidation produces a lipo-
protein with activity equivalent to the sample relipi-
dated with MBL, although greater amounts of lipid
are required. The activity of this preparation is greater
than the activity generated using the same amounts of
the individual lipid components (Pitlick, unpublished
data).

Equivalent amounts of tissue factor activity (about
100 U/ml) were incubated with con A (Table II). Be-
cause the sample relipidated with PE had higher spe-
cific activity than the samples relipidated with MBL
or PS: PC, it was used at a lower protein concentra-
tion. In these experiments, a-methyl-D-glucoside and
con A together appeared to stabilize activity during in-
cubation as compared with buffer alone (column 6 vs.
column 8).

With all three lipoproteins, total inhibition of activity
is observed at a con A concentration of 10 gsg/ml; with
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TABLE I I
Con A Inhibition of Purified Tissue Factor

Buffer
Con A alone Reversal by aMG* Protection by aMG control

Con A Units Inhibition Units Recovery %Units Control Units

pg/mI % % %
MBL

0.1 60 0 58 97 70 117 60
1.0 28 69 74 82 96 107 90

10.0 0 100 44 73 86 143 60
PS/PC

0.1 50 7 49 91 70 130 54
1.0 14.5 80 35 49 66 92 72

10.0 0 100 44 81 86 159 54
PE

0.1 37 26 45 90 66 132 50
1.0 17.5 70 44 76 60 103 58

10.0 0 100 33 66 82 164 50

Purified tissue factor was relipidated with several types of phospholipid. The lipid to protein ratio,
protein concentration, and activity at the dilution incubated were as follows: MBL, 5 mg/mg, 780 ng
(110 U)/ml); PS/PC, 5 mg: 5 mg/ mg, 780 ng (125 U/ml); PE, 5 mg/mg, 390 ng (94 U/ml). All
incubations were at 370C for 50 min. Tissue factor was incubated with buffer alone (no con A or
atMG*), con A alone, con A alone for 25 min before the addition of aMG(reversal), or aMGand
con A together for 50 min (protection). All samples were then assayed directly for tissue factor
activity.
* aMG, a-methyl-D-glucoside.

con A at 1 Ig/ml, nearly an equivalent weight, about
70% inhibition is observed. At the lowest concentration
tested, 0.1 ug/ml con A, the PE lipoprotein appears to
be more sensitive to inhibition, losing 26% of its
activity.

When a-methyl-D-glucoside is added to the inhibited
samples activity returns. In the samples containing con
A at 10,ug/ml, the activity after reversal is at least 40%
of the activity of samples containing a-methyl-D-glu-
coside at the time of addition of con A. Similar results
are obtained when the con A concentration is increased
to 50 /&g/ml and the a-methyl-D-glucoside concentration
is reduced to 25 mg/ml, indicating that a maximum
effect is achieved with the experimental conditions used
in this study.

If the con A inhibition effect was due only to the
binding of glycolipids, the lipoprotein containing MBL
would be inhibited by con A, while the other two
preparations would retain tissue factor activity. Such is
not the case, however, since all three samples are rela-
tively equally susceptible.

Time-course of inhibition. Activity begins to de-
crease immediately upon the addition of con A, the
reaction approaching completion at 2.5 min (Table
III). Incubations were continued for a longer period of
time in the experiments to assure complete inhibition.

DISCUSSION

Tissue factor lipoprotein specifically interacts with fac-
tor VII which then becomes capable of activating fac-
tor X, thus initiating coagulation. While the complete
complex appears to be necessary for coagulant activity
(12, 17), the factor X converting site appears to reside
in the factor VII molecule (18, 19). In the bovine
system, diisopropylphosphorofluoridate (DFP), the
seryl protease inhibitor, blocks the coagulant activity
of the complex and is incorporated into the factor VII

TABLE III
Time-Course of Con A Inhibition

Time Units

min

0 110
0.5 105
1.0 72
2.5 34
4.0 31
5.5 22

Relipidated tissue factor (5 ng PE/mg TF, 390 ng TF/ml) was
incubated with con A (10 jug/ml) at 37°C and assayed for
coagulant activity at the times indicated.
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molecule (12, 18, 19); there is no evidence that tissue
factor hydrolyzes factor VII during complex formation
(19). In native bovine plasma, factor VII incorporates
DFP (diisopropylphosphoryl [DIP]-factor VII). Al-
though biological activity is inhibited, DIP-factor VII
still forms a complete (inactive) complex with tissue
factor (19). This observation excludes the possibility
that complex formation is mediated by proteolytic attack
of factor VII on tissue factor. The data of 0sterud,
Berre, Otnaess, Bj~rklid, and Prydz (17) suggest that
the activation of factor VII is reversible and that the
complete tissue factor lipoprotein is necessary for full
recovery of coagulant activity. Thus, although the mo-
lecular determinants of the tissue factor-factor VII in-
teraction have yet to be defined, it appears that tissue
factor lipoprotein presents a very specific surface for
binding of factor VII, resulting in its ability to activate
factor X.

Earlier, we noted that tissue factor protein contained
carbohydrate (1). The purpose of the current experi-
ments was to ascertain whether con A interaction with
tissue factor would inhibit coagulant activity. Accom-
plishment of this objective required studying purified
tissue factor, to exclude possible glycoprotein contami-
nants, and to relipidate with purified phospholipids in
order to exclude the possibility that con A interaction
with glycolipids in crude phospholipid preparations
could account for the observed effects.

Preliminary experiments suggested that tissue factor
apoprotein contains mannose (Y. Nemerson, unpub-
lished data). Accordingly, we chose to test for a pos-
sible effect of con A on tissue factor activity. Con A
preferentially binds mannosyl or glucosyl residues in
which the reducing terminus is linked to another sub-
stituent (e.g., a-methyl mannoside or glucoside, sucrose,
dextrans such as Sephadex, the mannosyl or glucosyl
residues in glycoproteins, and, through their surface
glycoproteins, various cell types) (20, 6, 11, 21-24).
In neutral solutions, con A is a tetramer with four bind-
ing sites (25-27). Thus, if a polysaccharide presents
more than one binding site aggregation occurs, much
the same as in an antibody-antigen complex. Binding
to an oligosaccharide is freely reversible by addition
of another saccharide for which con A has an affinity
(6).

Con A inhibition of crude tissue factor is completely
relieved by the addition of a-methyl-D-glucoside. At
high concentrations of con A, recovery of activity of
purified tissue factor is incomplete (about 50% of the
activity of the protected sample, which contained as
much con A but included a-methyl-D-glucoside from
the beginning). Although jack bean meal does contain
a variety of hydrolytic enzymes, we cannot attribute
the loss to known functions of possible contaminants

of the con A preparation. Since a-methyl-D-glucoside
prevents loss of activity in the presence of con A, it
appears that degradation is not due to proteolysis. This
preparation of con A does not hydrolyze p-nitrophenyl-
a-mannoside or p-nitrophenyl-,8-N-acetyl-glucosamine,
and thus is free of two of the most likely glycosidase
contaminants (28, 29). Since the crude tissue factor
preparation contains 2,000-4,000 times as much protein
in the incubation, it is not unexpected that any losses
would be magnified with the purified preparation. The
point remains, however, that a-methyl-D-glucoside addi-
tion to the inhibited sample does result in an increase
in activity, suggesting that con A itself is inhibiting
tissue factor activity.

That the effect of con A is due to a reversible bind-
ing to tissue factor is borne out by experiments in
which con A-Sepharose binds tissue factor activity.
Upon specific elution with a-methyl-D-glucoside, a 10-
fold increase in specific activity is achieved.

There are several mechanisms by which con A could
interfere with coagulant activity, but the experiments
reported here cannot discriminate among the possi-
bilities. Con A is a multivalent molecule and can there-
fore form large aggregates, thereby limiting diffusion of
factor VII to internal sites, and resulting in an ap-
parent loss of activity. Con A could also form intra-
molecular bridges over the active site and block access
to factor VII. If the carbohydrate residue is close to
the factor VII binding site, the bulk of the con A
tetramer could be sufficient to interfere with an ade-
quate fit of factor VII on the tissue factor lipoprotein
surface. Finally, the binding of con A to the carbo-
hydrate would alter the ionic environment in the im-
mediate region of the carbohydrate, possibly inducing
conformational changes unfavorable to factor VII
binding.

We have previously demonstrated that tissue factor
apoprotein stains positively for carbohydrate in acryl-
amide gels, suggesting a glycoprotein nature (1). Fur-
thermore, the lipophilic nature of the molecule is con-
sonant with membrane constituents, evidence which has
been substantiated by antigenic localization (2, 3) and
factor VII binding sites (4). The results reported here
offer additional indirect evidence for the membrane
localization of this activity. The carbohydrate portion
of a glycoprotein probably serves to orient the mole-
cule in relation to the aqueous phase surrounding the
membrane. The fact that con A readily inhibits the
biological activity suggests that the coagulant site of
the molecule might be in close proximity to extracellu-
lar fluid phases, although normally protected in vivo.

'Pitlick, F. A. Manuscript in preparation.
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