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Effects of different glycosaminoglycans on myosin ATPase activity in platelets 

(Received 13 March 1990; accepted 29 August 1990) 

Heparin is well known for increasing microvascular bleeding the release reaction, clot retraction and interaction with 
and capillary permeability [l]. Heparin also affects many actin is widely known 171. Myosin-actin interaction produces 
functional characteristics of platelets, such as agonist- kinetic energy, cytoplasmatic consistency and celhtlar 
induced aggregation, platelet adhesion [2], release of protrusions as a consequence of G-actin quick poly- 
serotonin, thromboglobulin and PF4 [3]. Furthermore, merization [8]. Here we report studies performed on the 
heparin induces t~ombocyto~nia [4], prolongs the ATPase activity of washed platelets in the presence of 
bleeding time in patients and has antithrombotic activity heparins having different molecular weights, native and 
[51. desulfated dermatans and heparans. ATPase activity is 

Myosin is present in platelets [6], and its importance in determined in the presence of endogenous ATP. 
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Materials and Methods 

Preparation of platelets. Blood was withdrawn from 
Sprague-Dawley male rats (300g) (supplier: Nossan, 
Correxxana-Milan), usually fed on Altromin MT and tap 
water ad lib. Animals were housed in Makrolon cages and 
kept at constant temperature (22”). 

The washed platelets (WP) were prepared as described 
by Sobel and Adelman [9]. Before the assay, platelets were 
lysed with 1: 10 bidistilled water. Lysate was quickly 
centrifuged at 2500 g for 2 min and supematant recovered 
and stored at 0”. 

Myosin ATPase activity. Myosin ATPase activity was 
determined by luminometric procedure and calculated on 
A mVolts recorded on the first minute of reaction, and 
expressed as nmoles of hydrolysed ATP/min x 100 & of 
lysate (2.5 pmol of ATP standard = 10 mvolts). 

Glycosaminoglycans. Opocrin glycosaminoglycans puri- 
fied from different sources, were dissolved in 0.9% NaCl 
saline solution. (a) Natural heparin from beef mucosa, 
molecular weight 10.6 kD; (b) low molecular weight 
heparins chemically degraded (2.9, 2.4, 1.7 and 1.3 kD); 
(c) heparan sulfate from beef spleen (23.3 kD, ~2.9 s.e.); 
(d) dermatan sulfate from pig mucosa (36.0 kD, +3.0 s.e.); 

Table 1 
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(e) chemically desulfated dermatan from beef mucosa 
(5.45 kD). 

We tested also depolymerized heparin (with heparinase 
and heparitinase I) and depolymerixed dermatan sulfate 
(with chondroitinase ABC). Enzymatic hydrolysis was 
performed according to Yoshida etal. [lo]. The constitutive 
disaccharide profiles of enxymatically degraded heparin 
and heparan sulfate (Table l), native and desulfated 
dermatan (Table 2) were measured by HPLC according to 
Linhardt et al. [ll]. The retention times (RT) and 
percentage of disaccharides are reported. 

Results and Discussion 

Tests carried out in the presence of increasing 
concentrations of ouabain exclude the possibility of effects 
of glycosaminoglycans on Na+-K+-dependent ATPase 
activities. 

The percentage of inhibition of myosin ATPase activity 
by different natural and modified glycosaminoglycans is 
reported in Table 3 which shows the effect of sulfate/ 
carboxyl ratio. 

ATPase activity is also inhibited in proportion to the 
increase in concentration of glycosaminoglycans (Fig. 1). 
The enzymatically depolymerixed hepatin (60% of 
trisulphated disaccharide) is an inhibitor of ATPase, while 
the enzymatically depolymerized dermatan sulfate (80% 
of disaccharide-4-S) does not inhibit this activity. 

Natural heparan sulfate and dermatan sulfate are 
inhibitors of ATPase, but to a lesser extent than natural 
and low molecular weight heparin. Desulfated dermatan 
does not inhibit this enzyme. These highly polymerized 
compounds bearing ionic groups are able to affect ATPase 
activity.Thepercentageofinhibitionincreasesinproportion 
to the content in sulfate groups per disaccharide (Fig. 2). 

Heparin impairs the catalytic center of the ATPase. 
Tests carried out on purified myosin ATPase indicate a 
competitive inhibition (increase of Km in presence of heparin 
without change of V,,,,). Therefore, glycosaminoglycans 
compete with ATP for the catalytic site. Sulfate groups of 
polysaccharides are very important in this interaction. ATP 
is known to interact on the catalytic site of ATPase by 
hydrogen bonds. One of these bonds links y-phosphate 

Table 3 

Molecular weight Sulfate/carboxyl % Inhibition of 
(kD) ratio myosin ATPase’ 

Heparins 
10.6 
2.9 
2.4 
1.7 
1.3 
Enzymatically degraded 

Heparans 
23.3 
23.3 

Dermatans 
36.0 
Enzymatically degraded 

Desulfated dermatan* 

2.05 
1.95 
1.95 
2.03 
2.00 
- 

0.88 
0.95 

1.14 
=l.OLl 

=O.OO 

45.0 
47.5 
42.0 
49.0 
47.0 
38.0 

25.0 
25.0 

20.0 
2.5 

5.0 

* Twenty-five micrograms of glycosaminoglycans were tested as inhibitors in 
600 PL final volume containing 100 & of platelet lysate. 

a) 10,6 KD heparin 
h) 1,7 KD heparin 

pg of glycosaminoglycans 

Fig. 1. Inhibition of myosin ATPase activity by increasing amounts of different natural and modified 
glycosaminoglycans. One hundred per cent myosin ATPase activity is referred to 0.9% NaCl incubated 

myosin. 

BP 41:6/7-O' 
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Fig. 2. Correlation between per cent inhibition with sulfate/carboxyl ratio of different sulfated and 
desulfated glycosaminoglycans. 

DS dssulfrtrd 
I 

and hydrogen of the hydroxyl groups of a threonin residue 
(121. The same residue could interact with one of the 
sulfate group of the hexosamine belonging to disaccharide 
units. This interaction is likely involved in hindering the 
ATPase catalytic center to ATP. Studies on plasma rich in 
platelets and on washed platelets revealed evident heparin 
uptake by platelets, its metabolism and release [13]. 
Therefore heparin and its depolymerized product could 
probably interact with myosin ATPase of the platelet acto- 
myosin system. 

Studies on vascular smooth muscle cells revealed the 
binding and internalization of heparin (141 and this vascular 
component is very important in haemostasis [15]. Besides, 
the promotion of bleeding heparin appear also to be related 
to the competitive inhibition of myosin ATPase activity on 
smooth muscle cells of vessel wall. 

’ Opocrin S.p.A. Research 
Lobs 

Cod0 
Modena, 
$ Chair of Biological 

Chemktry 

Ntcou VoLPt* t 
PIETRO BIANCHINI* 

LDRENZO BOLOGNANIS 

Dept. of “Biologia Animale” 
University of Modena 
Italy 

REFEwxcxs 

1. Blajchman MA, Young E and D’Amore PA, Effects 
of unfractionated heparin, dermatan sulfate and low 
molecular weight heparin on vessel wall permeability 
in rabbits. Ann NY Acad Sci 556: 245-254, 1989. 

2. Davies JA and Menys VC, Effects of heparin on 
monolayer adhesion, aggregation and production of 
malondialdehyde. Thrombosis Res 26: 31-41, 1982. 

3. Cofrancesco E, Colombi M, Cristoforetti G and 
Pogliani EM, Selective PF4 release in uifro induced by 
heparin and related glycosaminoglycans (GAG@. 

t To whom correspondence should be addressed at 
Gpocrin S.p.A., Via Pacinotti 3. tirlo, 41100 Modena, 
Italy. 

Correlation with FTG release and platelet aggregation. 
Thromb Hacmost 51: 105-107, 1984. 

4. Huisse MG, Guilhn MC, Bezeaud A, Toulemonde F, 
Kikis M and Andrea&an B, Hcparin-associated 
thrombocytopenia. In oitro effects of different 
molecular weight heparin fractions. Thrombosis Res 
27: 485-490,1982. 

5. McKenna JVR, Ofosu FA, Gray E, Hirsh J and 
Buchanan MR. Effects of dermatan sulfate and heparin 
on inhibition of thrombus growth in Go. Ann NY 
Acad Sci 556: 304-312, 1989. 

6. Adclstein RS and Conti MA, The characterization of 
contractile proteins from platelets and tibroblasts. Cold 
Spring Harbor Symp Quant Bio137: W-606, 1972. 

7. Fox JEB and Phillips DR, Role of phosphorylation in 
mediatingtheassociationofmyosinwiththecytoskeletal 
structures of human platelets. I Biol Chem 287: 4128- 
4126, 1982. 

8. Pollard TD, Cytoplasmic contractile proteins. / Cell 
Biol Chem 251: 41m126, 1982. 

9. Sobel M and Adelman B, Characterization of platelet 
binding of heparins and other glycosaminoglycans. 
Thrombosis Res SO: 815-826, 1988. 

10. Yoshida K, Miyauchi S, Kikuchi H, Tawada A and 
Tokuyasu K, Analysis of unsaturated disaccharides 
from glycosaminoglycans by HPLC. Anal Biochem 
177: l-6.1989. 

11. Linhardt RJ, Rice KG, Kim YS, Lohse DL, Wang HM 
and Loganathan D, Mapping and quantification of the 
major oligosaccharide components of heparin. Biochem 
/ 251: 781-787, 1988. 

12. Pagani R, “Biochimica del tessuto muscolare”. In: 
Quademi di Biochimica (Ed. Piccin), Vol. 33. Padova, 
Italy, 1984. 

13. Shanberge JN, Kambayashi J and Nakagawa M, The 
interaction of platelets with a tritium-labelled heparin. 
Thrombosis Res 9: 595-609, 1976. 

14. Castellot JJ, Wong K, Herman B, Albertini DF, Wright 
RL. Hoover RL and Kamowsky MJ, Binding and 
intemaliaation of heparin by vascular smooth muscle 
cells. I Cell Biol97 (Part 2): 1625, 1983. 

15. Crux WO, The significance of a smooth muscle 
component in haemostasis. Proc Sot Exp Biol Med 
119: 876. 1%5. 


