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Concanavalin A was employed to study the role of platelet membrane giycoproteins in platelet-fibrin 
interactions during clot formation. A rheologieal technique was used to study the interactions, measuring the 
clot rigidity and platelet contractile force simultaneously during the formation of network structure. 
Concanavalin A lowered the clot rigidity and contractile force of a platelet-rich plasma clot by a small extent. 
Plasma glyeoproteins probably compete with platelet membranes for concanavalin A binding in platelet-rich 
plasma. Both native concanavalin A (tetrameric) and succinyl concanavalin A (dimeric) lowered the clot 
rigidity and contractile force of a washed platelet-fibrin clot dramatically, almost down to those values found 
for fibrin clots. Inhibition studies with a-methyl-D-mannoside indicated that the concanavalin A effects were 
specific for the concanavalin A binding capacity to platelets. The effects of native concanavalin A on 
platelet-fibrin clots were only partially reversible, while the succinyl concanavalin A effects were completely 
reversible. The observed concanavalin A effects are probably mainly due to concanavalin A binding to 
platelet membrane giycoproteins. The concanavalin A binding site appears to play an important role in the 
fibrin binding to platelets. 

Introduction 

Platelets and fibrin are the two major compo- 
nents of a blood clot, the results of hemostasis or 
thrombosis. A fibrin network is formed by the 
proteolytic action of the enzyme thrombin on the 
fibrin precursor, fibrinogen. Polymerizing fibrin 
strands attach to the platelet membrane [1-3] to 
make a clot stable by pulling in and tightening the 
network [4-6]. The molecular basis for this plate- 
let-fibrin binding is, however, not known. Knowl- 
edge of this is crucial in understanding hemostasis, 
thrombosis and the related pathogenic mecha- 
nisms involved in atherogenesis and embolic phe- 
nomena. 
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In this paper data are presented that indicate 
platelet surface glycoproteins may play a role in 
fibrin binding to the membrane. Concanavalin A, 
a lectin, was employed in the study. Concanavalin 
A was chosen for this work because of the follow- 
ing observations, lEVI-labelled concanavalin A can 
intensely label glycoproteins IIb and III [7]. 
Glanzmann's thrombasthenia platelets, however, 
have a greatly reduced concanavalin A binding 
capacity [8]. Thrombasthemc platelets are greatly 
deficient in glycoproteins IIb and III [9]. Also the 
clot rigidities of platelet-nch plasma samples from 
thrombasthenic patients are much lower than those 
of normal platelet-rich plasma samples [4]. Fur- 
thermore, in intact platelets, concanavahn A can 
induce physical interaction between surface glyco- 
proteins IIb and III and the internal cytoskeleton 
[10,11]. 



It ~s hypothesized that concanavalin A may 
block fibrin receptors. If this is true, then in the 
presence of concanavahn A, the clot rigidity as 
well as the platelet generated contractile force wdl 
be reduced dramatically. Concanavalin A effects 
on clot rigidity as well as platelet contractde force 
were measured simultaneously using a rheologlcal 
techmque. Both native concanavalin A (tetra- 
merlc) as well as succinyl concanavalin A (dimenc) 
were employed. Clots from plasma samples as well 
as from a purified fibnnogen-washed platelet sys- 
tem were used. 

Materials and Methods 

Plasma samples. Blood samples were collected 
by venipuncture from healthy donors and anti- 
coagulated with 0.1 volume of 3.8% sodium citrate 
solution. Platelet-poor plasma and platelet-rich 
plasma were obtained by differential centrifuga- 
tion [4]. The platelet counts of platelet-rlch plasma 
samples were adjusted with platelet-poor plasma 
using a Coulter counter Model ZBI (Coulter Elec- 
tronics Inc., Hlaleah, FL). To study the effects of 
concanavalin A (native ConA from Sigma Chemi- 
cal Co., St. Louis, MO, and succinyl ConA from 
Polysclences, Warrington, PA), plasma samples in- 
cubated with the specified amount of concanavalin 
A were clotted using recalcification. 

Purified samples. Washed platelets were pre- 
pared using the differential centrifugation proce- 
dure of Mustard [12]. The washed platelets were 
resuspended m Hepes buffer (12 mM Hepes/137 
mM NaC1/2.7 mM KC1/2  mM CaC12/1 mM 
MGC12/5.6 mM glucose/0.1 mM bovine albumin). 
Purified Kabi fibrmogen (Helena Laboratories, 
Beaumont, TX) was also dissolved in Hepes buffer. 
To study the effects of concanavalin A, samples of 
washed platelets were incubated with concanavalin 
A and then clotted with the addition of fibrinogen 
and human thrombin (Sigma). Another lectin, Lens 
cuhnarls (Sigma), was also employed in this study 
for comparison of the effects of different lectins 
with sirmlar sugar binding characteristics. 

Rheologwal measurements. The clot rigidity and 
contractile force were measured using a Fluids 
Rheometer (Rheometrics Inc., Union, N J). The 
details of this rheological testing have been de- 
scribed earlier [5,13]. Clotting of a 2 ml test sample 
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was initiated either by recalcificatlon or by 
thrombin addition and the sample was im- 
mediately loaded between two parallel plate 
platens. A small amplitude, forced-sinusoidal oscd- 
lation was then applied continuously to the lower 
platen. The frequency of the oscillation was 6 Hz 
and the peak torsional shear strain was 5%. Stress 
developed by this movement was transrmtted to 
the upper platen by the test sample and the re- 
sultant shear strain on the upper platen was moni- 
tored by a transducer. From the phase difference 
and the amplitude ratio (analyzed at 1-min inter- 
vals dunng clot formation) the clot rigidity (dy- 
namic shear elastic modulus (G')) could be calcu- 
lated, using linear viscoelasticity theory. The con- 
tractile force generated by the clot was measured 
directly by a normal force transducer. All mea- 
surements were done at 25°C. 

Biochemtcal assays. Assays for platelet aggrega- 
tion, release and lysls in the presence of con- 
canavalin A were carried out under conditions 
similar to those in which the rheolog~cal measure- 
ments were made - -  no agitation of the samples. 
Aggregation was monitored by decrease in platelet 
count. Release was measured by using 14C-radio- 
labelled serotonln winch was actively taken up 
into platelet dense granules [14]. Lysis was mea- 
sured by monitoring level of a cytoplasmic en- 
zyme, lactate dehydrogenase, in the platelet sus- 
pending buffer. 

Concanavalin A effects on fibrin cross-linking 
mediated by factor XIII were studied using the 5 
M urea clot solubility test [15] and SDS-poly- 
acrylamide gel electrophoresis [16]. 

Results 

Typwal rheologwal data 
Normalplasma samples. Typical rheological data 

of plasma are presented in Fig. 1. The data shown 
are the clot rigidity (dynamic shear elastic mod- 
ulus (G')) as well as the contractile force devel- 
oped by normal platelet-poor plasma and 
platelet-rich plasma samples during the clotting 
process. 

The initial G' for either a platelet-poor plasma 
or platelet-rich plasma sample is about 1 d y n / c m  2 
(Fig. 1A). The G' value will rise abruptly after a 
lag time following recalcification, with the onset of 
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Fig. 1. Clotting curves of normal plasma for both the clot 
rigidity modulus (G') and contractile force/unit area Platelet- 
rich plasma with 300000 cells/#l and platelet-poor plasma 
with less than 2000 cells/#l (the lowest possible count by a 
Coulter Counter) were prepared from otrated plasma. At time 
zero, 2 ml samples of platelet-rlch plasma or platelet-poor 
plasma were recalclfled with 22 mM CaCl 2 (final concentra- 
tmn) to imtmte clotting for the theological measurements The 
instrument settings were 0 58 mm gap width, 37 7 rad/s oscdla- 
tion frequency and 5% maximum shear strata The samples 
were kept at a constant temperature of 25°C throughout the 
clotting process. The plasma samples are indicated as follows 
© and - - ,  plate-rich plasma, • and . . . . . .  , platelet-poor 
plasma 

the fibrin polymerization.  The lag time is shorter 
for a platelet-rich plasma sample than that for a 
platelet-poor plasma sample. The platelet-poor 
plasma sample m Fig. 1A at tained a plateau maxi- 
m u m  G'  (G 'ax)  of 800 d y n / c m  2. The Gma x of 
platelet-poor plasma samples studied ranged from 
500 to about  1000 d y n / c m  2, depending  on the 
f ibrinogen concentrat ion.  The platelet-rich plasma 
sample in Fig. 1A at tained a G~a x of 5000 d y n / c m  2 
and  then declined slowly. The platelet-rich plasma 
sample had a platelet count  of 300000/#1.  The 

G ' ~  of platelet-rich plasma samples studied ranged 
from 4000 to 6000 d y n / c m  2, depending  mainly  on 
the platelet concentrat ion.  

The shapes of the contractde force curves are 

similar to the G'  curves (Fig. 1B). The platelet-rich 
plasma sample at ta ined a max imum contractde 
force of about  1500 d y n / c m  2 and  then declined. 
The value of this max imum contractile force de- 

pends on the platelet concentrat ion.  The platelet- 

poor  plasma sample, on the other hand,  had a 
baseline contractile force of about  100 d y n / c m  2. 

This value is close to the sensitivity and stability 

limit of the normal  force transducer employed in 

the measurements.  The G' and contracti le force 

data are strongly coupled [5]. 
Thrombasthemc plasma samples. Rheological 

data  were taken on plasma samples from a Glanz-  
m a n n ' s  thrombasthenia  pat ient  whose platelets 
have earlier been shown to be greatly deficient in 
glycoprotems l i b  and III  [17]. The results are 
presented in Fig. 2. The thrombasthenlc  platelet- 
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Fig. 2. Clotting curves of Glanzmann's thrombasthema plasma 
clot rigidity modulus (G') and contractde force/unit area The 
platelet count was 300000/#1 for the platelet-nch plasma 
sample and less than 2000/#1 for the platelet-poor plasma 
sample. Time zero was the instant of recalclflcatlon with 22 
mM CaC12 (final concentration). The instrument setlmgs for 
the theological measurements were 0 58 mm gap width, 37.7 
rad/s oscillation frequency and 5% maxamum strain. The 
plasma samples are indicated as follows: O and - -  
platelet-nch plasma, • and . . . . . .  , platelet-poor plasma 
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rich plasma sample had a platelet count  of 
300000/V1, the same as the normal  platelet-rich 
plasma sample in Fig. 1. 

The thrombasthenic  platelet-poor plasma sam- 
ple had a G'ax of  880 d y n / c m  2 and a baseline 
maxamum contractile force of  about  100 d y n / c m  2. 
These data do not differ significantly from those 
of  the normal  platelet-poor plasma sample. The 
thrombasthenic  platelet-rich plasma sample, how- 
ever, is greatly different f rom the normal  platelet- 
rich plasma sample. The thrombasthenic platelet- 
rich plasma attained a G'ax of 1300 d y n / c m  2 and 
only baseline contractile force, compared  to the 
G'ax of 5000 d y n / c m  2 and maximum contractile 
force of  1500 d y n / c m  2 for the normal  plasma 
sample m Fig. 1. Actually, the rheological data  of  
thrombasthenic  platelet-rich plasma are not much 
different f rom those of  platelet-poor plasma. 
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F~g. 4. Effects of tetramenc concanavahn A on platelet-poor 
plasma clot ng~day (G'). 1.9 ml of platelet-poor plasma sam- 
ples were incubated with 0.1 rrd of concanavahn A m Hepes 
buffer for 2 nun. At time zero, the samples were recalofied 
w~th 22 mM CaCI 2 (final concentratmn) to start the clotting for 
rheologtcal measurements. The tetramenc concanavalin A con- 
centratmns are in&cated as follows: •, 0 /~g/ml; ©, 100 
/zg/ml, II, 250/xg/ml; zx, 500/tg/ml. 
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F~g. 3. Effects of tetramenc eoncanavahn A on the platelet-nch 
plasma clot ri~&ty (G') and contractile force/unit area. 1.9 ml 
of platelet-nch plasma samples were incubated w~th 0.1 ml of 
varying amount of concanavahn A m Hepes buffer for 2 nun 
The samples were then recalclfied with 22 mM CaC12 (final 
concentration) to start the clotting for rheological measure- 
ments. All platelet-nch plasma samples had a platelet count of 
300000//~1. The concanavahn A concentratmns are m&cated 
as follows. • and , 0 /~g/ml, O and . . . . . .  , 250 
/~g/ml, zx and . . . . .  , 500/~g/ml 

Effects of concanaoahn A on plasma samples 
Figs. 3 and 4 show the effects of  native con- 

canavalin A (tetrameric) on plasma dots .  Tetra- 
meric concanavalin A lowered the maximum clot 
rigidity (Gm~x) of platelet-rich plasma samples (Fig. 
3A). Concanaval in  A concentrat ions of  250 v g / m l  
and 500 /~g/ml  lowered the G'~x f rom 4000 to 
3620 and 3580 d y n / c m  2 (10% and 13% reduction). 
Concanaval in  A effects on the contractile force 
were more significant, leading to 20 and 40% 
reduction in the maximum contractile force for the 
two concanavalin A concentrat ions (Fig. 3B). 

Tetrameric concanaval in A decreased the rate 
of  platelet-poor plasma clotting kinetics (Fig. 4). 
However,  concanaval in A did not  appear  to affect 
the extent of  fibrin polymerizat ion as concanaval in 
A had no effect on  the final value of  G ' ~ .  All 
samples in Fig. 4 attained a G~a x of  550 d y n / c m  2. 
Also all samples had a negligible baseline contrac- 
tile force of  about  100 d y n / c m  2 (data not  shown). 

Effect of tetramertc concanavahn A on purified sam- 
ples 

Since most  coagulat ion factors and many  other 
proteins in the plasma are glycoproteins [18], they 
may  compete with the platelets for the binding of  
concanaval in A. Fig. 4 strongly supports  this pos- 
sibility. To avoid this competit ive binding prob- 
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Fig 5 Effects of tetramenc concanavahn A on the clot rigidity 
(G') and contractile force/uni t  area of washed platelet-fibnn 
clots 1 ml of washed platelets was incubated with 0 1 ml of 
concanavahn A m Hepes buffer for 2 man At time zero, 0 9 ml 
of f lbnnogen m Hepes buffer and 10 #l th rombm were added 
to start the clotting for rheologlcal measurements  All samples 
had a final platelet count of 300000/#1, f ibnnogen concentra- 
tion of 3 m g / m l  and thrombin concentraUon of 0.25 NIH 
un l t /ml .  The tetramenc concanavahn A concentrations are 
indicated as follows. • and - - ,  0 p.g/ml;  © and . . . . . .  , 
50 pg/ml, zx and . . . .  , 100 p .g/ml  

lem, rheological measurements were done with 
purified samples of fibrinogen and washed plate- 
lets instead of plasma samples. 

Fig. 5 shows the effects of tetrameric con- 
canavahn A on these platelet-fibrin clots. The G~a X 
of a platelet-fibrin clot decreased with increasing 
concanavalin A concentration (Fig. 5A). A con- 
canavalin A concentration of 100 # g / m l  lowered 
the G'ax from 7300 to 2500 d y n / c m  2. The G'ax of 
a corresponding purified fibrin clot without plate- 
lets was about 1800 d y n / c m  2. 

An even more dramatic effect on the contractile 
force was observed (Fig. 5B). At a concanavahn A 
concentration of 100 # g / m l ,  the contractile force 

at 120 min after the initiation of clottmg was 
lowered from about 1000 d y n / c m  2 to about 200 
d y n / c m  2. The contractile force at 120 mm was 
chosen for convenience; the maximum force was 
attained at about 200 mln, and not all samples 
were run this long. The actual maximum contrac- 
tile force of the platelet-flbrin clot in Fig. 5 was 
about 1700 d y n / c m  2. The baseline contractile 
force for a corresponding fibrm clot was about 100 
d y n / c m  2. 

A three-dimensional fibrin network formation 
is necessary for the development of rigidity and 
contractile force of a platelet-fibrin clot. The G' of 
a washed platelet sample without fibrinogen is 
about 1 d y n / c m  2 either m the presence or absence 
of thrombin (0.25 N I H  umt /ml ) .  The correspond- 
ing contractile force lS of baseline value. 

The results of experiments similar to Fig. 5 are 
summarized in Table I. A dose-response effect of 
tetrameric concanavahn A on platelet-fibrin clots 
is indicated. A 100% decrease means that the G'a~ 
and contractile force of the platelet-fibrin clots are 
equal to those values for a fibrin clot without 

TABLE I 

T E T R A M E R I C  CONCANAVALIN A EFFECTS ON THE 
M A X I M U M  G'  A N D  C O N T R A C T I L E  F O R C E  OF 
PLATELET-FIBRIN CLOTS 

The de fmmon of 7o decrease in G~a ~ and contractile force are 
as follows 

% decrease in Gma x = (1 G~-on A - G~g ] × ' ^  

7O decrease in force = (1 FcFC°nA - Fvg ] × 1 0 0 1  - FFg ] 

The subscripts Control, Fg, and ConA indicate the control 
platelet-fibrm sample, f ibnn sample and platelet-flbrm sample 
with concanavahn A present, respechvely G'  and F m&cate 
the sample G~a X and contractde force at 120 mln The contrac- 
tde force at 120 nun after ruination of cloning is chosen for 
convemence; the maximum force takes about 200 nun to attain 

ConA 7o decrease 7o decrease m 
concn m Gma ~ contractile force 
( # g / m l )  ( F )  

0 0 0 
50 30 64 

100 8 6 + 9  9 6 + 3  



platelets (Gig, FFg ). At a concanavalin A con- 
centratlon of 100/xg /ml ,  the G'~x and contractile 
force were reduced to values close to those of a 
fibrin clot w~thout platelets. 

A variation of concanavalin A incubation time 
from 0 to 10 min was carried out. No noticeable 
difference in the concanavalin A effects on plate- 
lets was found due to incubation time; the extent 
of the reduction of clot rigidxty and contractile 
force was about the same. This agrees with the 
observation [10] that the re&stribution of glyco- 
proteins IIb and III  is partially completed within 
15 s after concanavalin A addition. An incubation 
time of 2 min was chosen for most experiments 
presented here to allow for more than enough time 
for maximal concanavalin A effects on platelets. 

Possible concanavalin A effects on thrombin 
were also investigated. Incubation of platelets with 
concanavalln A was done in the presence as well 
as in the absence of thrombin. Also concanavalin 
A incubation after the platelet incubation with 
thrombin (under no agitation) for 1 min was also 
examined. No differences in the concanavalin A 
effects on Gm~ x and contractile force were found in 
any of these cases. 

Assays for platelet aggregation, release and lysis 
were carried out under conditions similar to our 
rheological experiments - -  no agitation after the 
initml mixing. Aggregation, release and lysis were 
negligible for all tetrameric concanavahn A and 
dimeric concanavalin A concentrations used in 
this paper (data not shown). Also at these con- 
centrations, concanavalin A had no effect on 
ADP-induced aggregation (2 ~tM ADP final con- 
centration). 

Succmyl concanavahn A effects 
Succinyl concanavalin A (dimeric) was also em- 

ployed in this study. The succinyl concanavalin A 
(from Polysciences, Warrington, PA) was prepared 
by modification of concanavalin A with succinyl 
anhydride, and the purity was confirmed by ap- 
pearance of a single component  in disc gel electro- 
phoresis [19]. Comparing the effects of the two 
forms of concanavalin A is interesting because 
tetrameric concanavalin A induces membrane gly- 
eoprotein rearrangement  while dimeric con- 
canavalin A does not [19]. 

The G'ax of a platelet-fibrin sample decreased 
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Fig. 6. Effects of succlnyl concanavahn A on the clot neo&ty 
(G') and contractile force/unit  area of washed platelet-fibrm 
clots 1 ml of washed platelets (300000 ceUs/#l final con- 
centrauon) was incubated with 0 1 ml of succmyl concanavalin 
A for 2 nun. At time zero, 0.9 ml of fibrinogen (3 mg/ml)  and 
10 /~1 thrombm (0.25 NIH umt /ml )  were added to start the 
clotting for rheologmal measurements. The succmyl con- 
canavalin A concentrations are indicated as follows: • and 
- - ,  0 /~g/ml;  O and . . . . . .  ,400 #g /ml ,  t, and . . . .  , 
800 t*g/ml. 

with increasing dimeric concanavalin A concentra- 
tion (Fig. 6A). A dimeric concanavalin A con- 
centration of 800 # g / m l  lowered the G'ax from 
about 7100 to about 2700 d y n / c m  2. The corre- 
sponding fibrinogen solution attained a G~a x of 
1800 dyn. A similar effect on the contractile force 
was seen (Fig. 6B). A dimeric concanavalin A 
concentration of 800 # g / m l  lowered the contrac- 
tile force from 1000 to 120 d y n / c m  2 at 120 min 
after clotting was initiated. 

Result of sinular expenments are summarized 
in Table II. A concentration dependent effect of 
dimeric concanavalin A is indicated. A dimeric 
concanavalin A concentration of 800 # g / m l  re- 
duced the G'~x and contractile force of a platelet- 
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TABLE II 

DIMERIC CONCANAVALIN A EFFECTS ON THE MAX- 
IMUM G' AND CONTRACTILE FORCE OF PLATELET- 
FIBRIN CLOTS 

The defimtlons of % decrease m Gma x and contractde force are 
the same as those m Table I 

Dtmenc % decrease m % decrease m 
concanavahn A G~x contractde 
concn, force 
(t,g/ml) (F) 

0 0 0 
100 6 36 
300 51 66 
400 63 85 
500 60 86 
800 79 94 

fibrin clot close to those values found for a f i b n n  
clot. 

Effects of concanavahn A on fibrmogen samples 
Concanaval in  A effects on fibrin clots without  

platelets were also measured. 0.1 ml of concanava-  

lin A in Hepes buffer  was added to 1.9 ml of 
purified f ibr inogen solution and  the sample was 

clotted immediately by 10 /al of thrombin.  The 
final f ibrinogen concent ra t ion  was 3 m g / m l  and 

the th rombin  concentra t ion  was 0.25 N I H  u n i t / m l .  
Varying amounts  of concanaval in  A were used. 

Tetrameric as well as dimeric ConA was em- 
ployed. 

Tetrameric concanaval in  A concentra t ions  of 50 
and 1 0 0 / ~ g / m l  lowered the G'ax of a f ibrin clot 
by 2% and  36%, respectively. A dimeric con- 
canavahn  A concent ra t ion  of 2 5 0 / ~ g / m l  lowered 
the G'ax of a f ibrin clot by 8% but  a dimerlc 
concanaval in  A concentra t ion  of 500 /~g /ml  in- 
creased the G'~x by 18%. Concanava l in  A had no 
effect on the fibrin clot contracti le force, as all 
f ibrin samples had a baseline contracti le force of 
about  100 d y n / c m  2. 

Also concanaval in  A effects on fibrin cross-lin- 
king mediated by factor XIII  were studied by 
SDS-polyacry lamide  gel electrophoresis.  The  
amounts  of 7-dimers and a-polymers present  were 
approximately the same, regardless the amoun t  of 
tetrameric concanaval in  A present (Fig. 7). As 
much as 200 pg/ml  of concanaval in  A was used 
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Fig 7. Effects of tetramenc concanavahn A on the cross-hnk- 
mg of fibrin clots 2 ml samples of fibnnogen (3 mg,/ml) were 
clotted wtth thrombm (0 25 NIH unlt/ml) m the presence of 
varying amount of concanavahn A for 4 h The clots were 
washed with sahne and centrifuged They were then dissolved 
by overnight incubation m 9 M urea, 3% SDS, 3% 
mercaptoethanol, 10% glycerol solutmn at 37°C 10-~1 samples 
were electrophoresed for 4 h m 7 5% polyacrylamlde gels and 
stained with Coomass~e blue Lane S, molecular wetght stan- 
dards, lane P, platelet-poor plasma sample; lane A-E, fibrin 
samples with the following concanavalln A concentrations, lane 
A, 0 pg/ml, lane B, 50 ~g/ml; lane C, 100 #g/ml, lane D, 150 
/tg/ml; lane E, 200 pg/mi. 

in the experiments shown. Concanava l in  A ap- 
pears to have little effect on the extent of cross-lin- 
king of a f ibrin clot. This was further confirmed 
by 5 M urea clot solubili ty test - -  the fibrin clot 
did not  dissolve in 5 M urea even in presence of 
the highest concentra t ion  of concanaval in  A. 

Inhibttton studws 
a-Methyl -D-mannoside  binds  to concanaval in  A 

and  can be used as an inhibi tor  of concanaval in  A 

effects on platelets. Reversal of either dsmeric or 
tetrameric concanavahn  A effects on rigidity in- 

creased with increasing concentra t ion  of m a n n o -  
side (Fig. 8). The tetrameric concanaval in  A ef- 
fects on platelets were only part ial ly reversible; the 
% inhib i t ion  was always higher for the experiments 
when the mannos ide  incuba t ion  was carried out 
before the concanaval in  incubat ion.  The d imenc  
concanaval in  A effects on platelets were, however, 
completely reversible. The inhibi t ion  curves were 
the same regardless of the incuba t ion  sequence of 
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Fig 8 Inhlbmon of the concanavahn A effects on the washed 
platelet-fibrm clot rigidity by a-methy-D-mannostde 1 ml sam- 
ples of platelets (300000 cells/pl fnal  concentration) were 
incubated with 0 1 ml of concanavahn A for 2 nun and 0 1 ml 
of mannos~de for 2 nun w~th the incubation sequence indicated 
as follows, o, mannos]de frst ,  concanavahn A second, ©, 
concanavahn A first, mannomde second 0 8 ml of fibrmogen (3 
mg/ml )  and 10 t~l thrombm (0 25 NIH umt /ml )  were then 
added to imtmte the clotting for rheologmal measurements. The 
tetramenc concanavahn A concentration was 100 p g / m l  and 
dlmenc concanavahn A concentration was 500 /~g/ml for all 
mh~bmon experiments Tetramerlc concanavahn A expenments 
are indicated by ( . . . . . .  ), and dlmerlc concanavahn A expen- 
ments are indicated by ( ) The % mtubmon ts defined as 
follows, 

lnhlb]tlon = ( G~nan -- G~-on A ) / (  G~- . . . . .  I - -  Gg~onA ) X 1 0 0  

where 
G~o.A = G'ax of platelet-flbrln clots with either tetramenc con- 
canavahn A (100 #g /ml )  or &menc concanavahn A (500 

#g /ml )  present, 
G~.~n = G'ax of clots wtth both concanavahn A and mannoslde 
present, 
G~ontro I = G'~x of control clots (no concanavahn A, no man- 
noslde) 

&meric concanavalin A and the mannoslde. Also 
for the same mannoside concentration, tetrameric 
concanavahn A effects were inhibited to a lesser 

extent than dlmeric concanavahn A effects. Simi- 
lar intubition curves of concanavalin A effects on 
the contractile force of washed platelet-fibrin clots 
were observed (data not shown). 

Sirmlar mhibition experiments were done for 
samples of fibrinogen only. In the presence of 0.01 
M a-methyl-D-mannoside, the small dimeric con- 
canavahn A effect as well as the tetrameric con- 
canavalin A effect on fibnn clot G'ax were com- 
pletely eliminated. The reversal of concanavalin A 
effects was equally effective regardless of the in- 
cubation sequence of concanavalin A and manno- 
side with the fibrinogen solution. 

Effect of Lens culmarts on purr fred samples 
Lens cuhnans has the same sugar specificity as 

concanavalin A [20]. Experiments similar to those 
used for studying concanavalin A effects .were 
carried out. Lens cuhnarts (up to 1000/~g/ml) had 
no noticeable effect on the G'ax and contractde 
force of either platelet-fibrin clots or fibrin clots. 

Discussion 

The data presented here indicate that con- 
canavalin A receptor on platelet membranes may 
be important in the platelet-fibrin interactions. 
Tetrameric concanavahn A lowers the G'ax and 
contractile force of a platelet-rlch plasma sample 
significantly (Fig. 3). The effects, however, were 
not as dramatic as expected. This may be due to 
the possibility that other plasma glycoproteins may 
compete for the concanavalin A m its binding to 
platelet membranes. Most coagulation factors are 
glycoprotems [18]. It has been observed that the 
amount of [3H]concanavalin A which combines 
with platelets in plasma is about 200-times less 
than that binding to washed platelets [21]. The 
data on concanavalin A effects on platelet-poor 
plasma strongly support this possibility of compe- 
titwe binding; the kinetics of platelet-poor plasma 
clotting are delayed (Fig. 4). This also agrees well 
with the observation [22] that concanavalin A can 
delay the partial thromboplastin time of normal 
human control plasma. This inhibitory effect is 
due to its capacity to interact with the carbohydrate 
portion of blood clotting factors [22]. 

To bypass this problem of competitive binding 
by plasma factors, a purified system of washed 
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platelets and purified fibrinogen was used for the 
study. Both tetrameric and dimerlc concanavalin 
A greatly lower the clot rigidity as well as the 
contractile force generation of a platelet-fibrin clot, 
almost down to those values of a purified fibrin 
clot (Tables I and II). 

The changes in the rheological parameters of 
washed platelet-fibrin clots may be due to con- 
canavalin A effects on any one of the three major 
components of the purified clots - -  thrombin, 
fibrin, and platelets. Concanavalin A effects on 
thrombin are unlikely. No difference in the clot 
rigidity and contractile force was observed when 
concanavalin A incubation of platelets was done 
either in the presence or the absence of thrombin. 
Also concanavahn A does not affect the thrombin 
time of a purified fibrinogen clot [22]. Further- 
more, it has been demonstrated that partial re- 
moval of the oligosaccharides of the thrombln 
molecules by exoglycosidases has no apparent ef- 
fect on the following thrombin activities: flbrino- 
gen clotting, binding to polymerized fibrin and 
stimulation of platelets [23]. 

Concanavalin A effects on fibrin network for- 
mation appear to be minimal. Concanavahn A 
does not have any significant effect on the extent 
of formation of 7-dimers and a-polymers of fibrin 
clots (Fig. 7). This agrees well with the observation 
[24] that the thrombln time is not affected by the 
presence or absence of the carbohydrate moieties 
of fibrinogen. Also, tetrameric and dimeric con- 
canavalin A do not alter the baseline contractile 
force of purified fibrin clots. However, these lectms 
do have small effects on the clot rigidity. Tetra- 
meric concanavalin A slightly lowers the Gma x 

while dimerlc concanavalin A slightly increases the 
G'na x of a fibrin clot. These effects can be com- 
pletely reversed by 0.01 M a-methyl-D-mannoslde. 
These small concanavalin A effects on the fibrin 
clot rigidity can be explained by the concanavahn 
A binding to the carbohydrate moiety of fibrino- 
gen and subsequent slight alteration of the fibrin 
conformation or its ability to interact with other 
fibrin molecules to form fibrin strands. The in- 
creased negative charge on succinyl concanavalin 
A may be the reason for the different effects on 
the fibrin clot rigidity by the two forms of con- 
canavalin A. 

Both tetramerlc and dimerlc concanavalln A 

lower the Gm~ , and contractile force of a platelet- 
fibrin clot dramatically The effects of tetramenc 
concanavalin A are only partially reversed by 0.01 
M a-methyl-D-mannoside. Therefore it seems the 
effects observed in platelet-fibrin clots are mainly 
due to concanavalin A effects on platelets. The 
mannoside inhibitions of concanavahn A effects 
on platelet-fibrin clots indicate that the con- 
canavalin A effects are specific to binding interac- 
tions. Nonspecific effects, such as cell poisoning, 
are unlikely. It has been observed by gel overlay 
experiments [11] that tetramerIc concanavahn A 
and succlnyl concanavalin A bind to the same 
receptor on the platelet surface. Tables I and II 
indicate that a higher succlnyl concanavahn A 
concentration is required to attain the same effects 
on platelet-fibrin clot rigidity and contractile force 
generation when compared to tetrameric con- 
canavalln A This can be explained by the slightly 
lower binding capability of succinyl concanavalln 
A, probably because of its decreased valence and 
increased negative charge [11]. 

The tetrameric concanavahn A effects on plate- 
let-fibrin clot rigidity and contractile force are 
only partially reversible. Since tetrameric con- 
canavalln A is a multimeric llgand, it can cause 
glycoprotein cross-linking. The observed irreversl- 
bility of tetrameric concanavalin A effects is prob- 
ably partially due to post-binding glycoproteln 
rearrangement. Succlnyl concanavahn A, with a 
lower valence, has similar effects on platelet-fibrln 
clot rigidity and contractile force to those of tetra- 
meric concanavahn A except that they are com- 
pletely reversible. Rearrangement of surface glyco- 
proteins after binding of succlnyl concanavalin A 
is, therefore, unlikely. This agrees with the ob- 
servation [19] that succlnyl concanavalin A does 
not Induce cap formation of its receptors m 
lymphocytes. Hence the observed concanavahn A 
effects on platelet-fibrin binding cannot be a tm-  
buted purely to rearrangement of glycoprotelns 
and subsequent masking of the fibrin receptor. 

Another possible explanation for the observed 
concanavalin A effects is that concanavahn A 
activates the platelet contractile mechanism before 
the fibrin binding. This is unlikely because of the 
following observations. Both tetramerlc con- 
canavalin A and succlnyl concanavalin A effects 
can be reversed by an inhibitor (a-methyl-D-man- 



nostde) even when the concanavalin A incubation 
is before the mannoside incubation. Furthermore, 
succinyl concanavalin A does not induce physical 
interaction between surface glycoproteins and the 
mternal cytoskeleton (contractile mechanism), even 
though tetrameric concanavalin A can [11]. There- 
fore the observed concanavalin A effects are prob- 
ably mainly due to its binding to the surface 
glycoprotems. It appears as ff the concanavalin A 
receptor and the fibrin receptor are the same one, 
or very closely related on the platelet surface. 
Therefore the concanavalin A receptor may be 
important in platelet-fibrin interactions. 

Even though Lens cuhnarts has a similar 
carbohydrate specificity to that of concanavahn A, 
tt does not have any noticeable effect on either the 
clot rlgtd~ty or the contractde force generation of a 
platelet-fibrm clot. The dtfference between Lens 
cuhnarls and concanavalin A effects may be due to 
the fact that the Lens cuhnarls binding affinity ts 
about 50-times smaller than that of succmyl con- 
canavahn A [20]. Another possibility for the dif- 
ference between the two lectins may be due to a 
subtle difference m thetr binding spectfiClties 
[25,26]; they probably recognize distract glycopro- 
teins on platelet membranes. Lens cuhnarts was 
found to bind preferentially to glycoproteln l ib as 
tdenttfied by SDS-polyacrylamide gel electro- 
phoresis of platelet membranes followed by staln- 
mg with 125I-labelled Lens culmarts [27]. On the 
other hand, 125I-labelled concanavahn A was found 
to label glycoprotems l ib and III  intensely [7]. 

Even though it cannot be deduced solely from 
the concanavalin A data presented here, the hy- 
pothes~s that the glycoprotein complex l ib and III 
lS the fibrin receptor is appealing because of the 
following observations. Concanavalin A binds to 
the platelet surface glycoproteins l ib and III  [7] 
and this in turn can induce physical interaction 
between the surface glycoproteins and the internal 
cytoskeleton [10,11]. Glanzmann's  thrombasthenia 
platelets have a greatly reduced binding capacity 
for concanavalin A, when compared to normal 
platelets [8]. Thrombasthenic platelets are greatly 
deficient in glycoprotelns l ib and III  [9,17]. Rheo- 
logical measurements  indicated the throm- 
basthenlc platelet-rtch plasma samples had greatly 
reduced clot rigidity (G~ax) and basehne contrac- 
ttle force (Fig. 2). Hence tt appears that glycopro- 
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terns I Ib  and III  may be the bridge between the 
fibrin strands and the internal platelet contractile 
apparatus necessary to transmit a force from the 
actin filament to the fibrin network. These glyco- 
proteins may be the fibrin receptor on the platelet 
membrane exterior surface. It has been reported 
that the glycoprotein I Ib  and III  complex acts as a 
fibrinogen receptor [28,29] and it is often assumed 
that the membrane fibrinogen receptor also served 
as the mediator between platelet and fibnn. 

In conclusion, the concanavalin A receptor on 
platelet membranes appears to play a role in 
platelet-fibrin binding. Whether glycoprotems IIb  
and III  play any role in platelet-fibrin binding 
cannot be answered until further work with mono- 
clonal antibodies to glycoproteins IIb and III  is 
carried out. However, the use of rheological tech- 
niques such as those described above will prove to 
be a useful additional tool to mvestigate the details 
of the complex interactions between internal 
platelet microfilaments and the external fibrin net- 
work. 
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