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Abstract

The glycosaminoglycans (GAGS) in two marine invereee molluscs such aFidacna
maxma and Perna viridis were analyzed. Both the species was found to conviaiable
amounts of GAGs in the form of heparin biomolecudss identified by metachromatic
activity and agarose gel electrophoresis analfsiscoagulant property ofthe biomolecules
was assessed by anti factor Xa activity. Their wolEr weight was estimated as 15000 and
9000 Daltons through GPC-HPLC. THENMR analysis of heparin was used to predict
binding sites of the heparin. Structura characstion studies dearly demonstrated that
heparin is the major GAGs constituents in theaestmals.
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Introdudion
Glycosaminoglycans (GAGs) have beerf the bioactivities are attributed to the
isolated from tissues of a large number giresence of polysaccharides, particularly
vertebrate and invertebrate organisms$hose that are sulfated.
Invertebrates were first shown to contain a Heparin and heparan sulfate have been
heparin or heparan sulfate (Bursenhal., the subject of intensive study because of
1956). An exhaustive assessment showéteir well-recognized ability to bind proteins
that molluscs are particularly rich source ofhat regulate a variety of important
the sulfated polysaccharides (Nader anbiological processes. Heparin and heparan
Dietrich, 1989) and it amounts to 90% ofulfate are comprised of alternating-24
the total GAGs content ofthe molluscs. linked glucosamine and uronic acid
But the heparins isolated from molluscgesidues. Heparan sulfate is composed of
are structurally different from humanprimary monosulfated disaccharides of N-
heparin and pharmaceutical heparinacetyl-D-glucosamine and D-glucuronic
(Loganathanet al., 1990). The Phylum acid, while heparin is composed of mainly
Mollusca shows extensive species diversitirisulfated disaccharides of N-sulfoylD-
and their bi-products have received mucblucosamine and L-iduronic acid (Linhardt
attention from the beginning of 2@entury. and Toida, 1996).
Among the molluscs, some have This paper reports the isolation of
pronounced bio activities and useful in thglycosaminoglycans and their structural
biomedical arena. It is surprisingthat some
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features with special reference to hepariathanol andthen kept in vacuum desiccators
from marine bivalve molluscs. for drying the precipitate of crude GAGs
complex.

Materialsand methods
Isolation Purification
The whole organisms were blended andfter dissolving dried GAGs materials in
defatted with acetone, fitered and furthedouble distilled water, followed by
defatted with petroleum ether. The defattedentrifugation in microfuge (10000 rpm for 5
tissues were air dried at room temperaturein in cold room), supernatants were applied
50 gm of dried defatted tissues were groundn the activated SAX column. After washing
and mixed with 500 ml of 0.4 M Sodiumwith water, elutions were made using 3% and
Sulphate (NgSO,). The mixture was 16% NacCl (w/v) to get low and high sulfated
incubated at 58 for 1 hour and 30 fractions, respectively. In both eluted
minutes. The pH was maintained at 11.8ractions,  Glycosaminoglycans (GAG)
After incubation, Aluminium-di-Sulphate precipitation was made at 16% NaCl using
Al,(SOy); crystals were added to bring down85% MeOH (vAr). The recovered precipitates
the pHto 7.7 and heated to°@5for 1 hour. were desalted using Ultrafree-MC = spin
The sample was cooled and centrifuged &olumn (5000 NMWL-amicon) and freeze
2000 rpm. dried. To exclude the chondriotin sulfate
After centrifugation the supernatant wagrace, the resulting GAGs were digested by
collected and treated with Cetyl Pyridiniumchondroitin ABC lyase (EC 4.2.2.4) from
Chloride (CPC) purchased from HimedeaRroteus vulgaris (0.2 m unit/L0Qig in 50
Mumbai, India for further extraction. To themM sodium acetate, pH 8) at 37 °C for 24 h
collected supernatant, 70 ml of 3 % CPC in sealed tubes. After digestion, the reactions
0.8 M Sodium Chloride (NaCl) was added. were terminated by heating in boiling water
The mixture was stirred until thebath for 5 minutes and the digested samples
precipitaton was completed.  Thiswere desalted using microanalysis desaling
suspension was incubated at°@7for 24 spin column (Amika Cof) and freeze dried.
hours and centrifuged at°@ for one and Table 1 (resuts) shows the yield of each
half hours in a refrigerated centrifuge tdraction after the purification steps. As the
collect the crude heparin complex. Thé% eluted fractions yields are very poor so
precipitate was redissolved in 2M NaCl tove concentrated on the 16% eluted fractions
remove pyridinium salts from heparin andor doing further characterization.
centrifuged for 30 minutes at 2500 rpm in
refrigerated centrifuge. The supernatant wakable 1. Extractability of GAGs in diflerent solvents
collected and 3 volumes of 99.9% methandRm two marine molluscan spedes
were added to the precipitated crude Yield (mg)

. . nimals 9
heparin. The heparin complex was collecte Water 3%Nacl 0%

NaCl
by centrifugation at 3000 rpm at@for 30 "Tridacra
minutes in a refrigerated centrifuge. Themaxma 24 0.1 3.9
precipitate was also washed with 99.99%pPerna viridis 14 0.6 7.7
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Chemical characterization using micro elemental analyzer Carb ERBA
Azure-A assay was performed to estimatmodel 1106.
the level of sulfo group substitution of the The optical rotation of both samples was
purified GAGs. Metachromasia of the bluemeasured with Rudolph Polarimeter at a
dye on addition of negatively chargedconcentration of 5% in double distilled
GAGs results in a concentration-dependentater at 20°C.
increase in absorbance at 530 nm (Grint  The carbazole reaction which is the most
al., 1984). Carbazole assay was performeshtisfactory method for estimating uronic
to determine content of uronic acid in thecid (Bitter and Muir, 1962) was followed
GAG preparation by determining thefor the estimation of Uronic acid. The
absorbance at 525 nm (Bitter and Muirmethodology described by (Tehro and
1962). Standard Porcine intestinal hepariklaritiala, 1971) was followed to determine
was used in both cases to prepare standdie sulfate content.
graphs.

'H-NMR analysis
Anticoagulant activity NMR (Nuclear Magnetic spectroscopy) was
Heparin readily catalyzes the inactivation operformed on samples (~3 mg) dissolved in
factor Xa by antthrombin Ill. Factor XaD,O (99.96 atom %), fiteredthrough a 0.45
inactivation was used in this study to assegsn syringe filter, freeze-dried twice from
the anticoagulant activity of the GAGsD,O to remove exchangeable protons and
prepared from both mussels using a Hepartmansferred to  Shigemi tubes. One
Assay Kit (Sigma). In this assay, when bothiimensional (1D) *H-NMR experiments
factor Xa and antithromin Il is present inwere performed on a Bruker DRX-400
excess the inhibition of factor Xa is directlyequipped with NMR Nuts (PC computer)
proportional to the limiting concentration ofprocessing and plotting software.
heparin. Thus, residual factor Xa activity,
measured with factor  Xa-specificReqults
chromogenic  substrate, is inverselyThe yields of GAGs after SAX column
proportional to the heparin concentratiorlution with water, 3% NaCl and 16% NaCl
(Teienet al., 1976; Teien and Lie, 1977). for T. maxima and P. viridis are shown in

the following Table 1. The net yields of 3%
Electrophoress elution were poor than that of 16% NaCl in
Electrophoretic analysis was performed oboth cases, therefore, all the following data
agarose gel plate (7.5x5.0 cm, 0.1cm thickyas representated in 16% NacCl fractions.
prepared with 0.5% agarose in 0.IM The yield and activity of heparin in the
1,2,diaminopropane acetate buffer (pH 9.09xperimental samples by metachromatic dye
and run as described previously (Bianchinhethod were found to be 30212 IU units per

et al., 1980). kg and 116 IU units per mg respectively in
T. maxima. In the case oP. viridis, the
Physico-chemical analysis yield and activity were estimated as 23,822

Carbon, Hydrogen and Nitrogen contents ifU units per kg and 96 IU units per mg
the extracted samples were analysed hyspectively. Allthe physico-chemical
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Table2. The physico-chemical propetrties ofthe glycosaugiyoans fronT. maxima and
P.viridise

Origin Carbon % Hydrogen %  Nitrogen % Optical rotation §], Sulfate %  Uronic
= acid %

T.maxima 16 2 1 +36 18 23

P.viridis 16 2 2 +31 11 19

Table3. Molecular weight ofthe glycosaminoglycans ffdrmaxima andP. viridis.
Molecular weight (Da)

Components Polydispersity

RI uv UV/RI
Tridacna maxima 15000 - 111
Perna viridis 9000 - 1.44

properties of the isolated compounds arfast moving heparin, as identified with

presented in Table 2. standard (Figure 3). The molecular weight
was obtained in the GPC-HPLC system by

0.4 i , : : using the UV and RI detectors with column
3 » Standarcheparin TSK G2000 SW and TSK G3000 SW
; 0g A T.maxima //ff I joined series are presented in Table 3. The
) 0 P.viridis molecular weight forT. maxima and P.
2 0o %—{ | viridis was determined as 15000 Da and
s . 9000 Da respectively when using RI
§ 01 L | detectors. But at th_e same time, no peaks
201 W have been detected in the UV detectors were

= used.
0.0 T T T T N . ) ,
0 5 10 15 20

{ng heparin) Absorbance (525nm)

. . - ® Standard Hepari
Figure 1. Azure A assay of. maxima andP.viridis  0.100| —e— T “maxima *

Glycosaminoglycans. —=— P. viridis

Chemical characterization by Azure A%075]
and carbazole assays (Figures 1-2) showed
that T. maxima contained approximately g gsg
more than the half of negative charge found
in a standard porcine heparin. The uronic
acid content  of the  isolated®%%]
glycosaminoglycans from both the clam and
mussel estimated as 23 and 19imaxima
andP. viridisrespectively. 0 1520

The electrophoretic pattern of heparin in Heparin {g)

the two species indicates the presence 6ifjure 2. Catbazole assay for GAGs from two
molluscs T. maxima andP. viridis).

I Ll A}
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Anticoagulant activity ofl. maxima and 20¢
P. viridis as measured by factor Xa
amidolytic assay, showed significantly {P
0.05) lower activity (20.6 £ 3.2 and 12.05 +
2.6 1U/mg) in comparison with heparin ;, - 5
standard from porcine mucosa (120.5 £23.5
IU/mg) was presented in Figure 4.

CHS 0 - L
Standar« T. maxima P. virdis
Heparin
DS Figure 4. Comparison of anti-factor Xa activities of
heparin from porcine intestine (Standard)jdama
; g maxma and Perna virdis. (Values of bars are mean
" +SEM ofat least5 times determinations).
fm hep

sm hED. ili IS zll I3 .’IZ ; EI] pprnI

Figure 5. H-NMR spectroscopy of GAGs from

Unitmg hepari

St. P.r T.m Tridacna maxima
-< = =

Figure 3. Agarose gel elecrophoresis with 1, 2-
diaminopropane buffer (St.= GAGs standards, P.m
P. viridis, T.m= T. maxima, sm= Slow moving
heparin, fm= Fast moving heparin, DS= Dermatai
sulphate, CHS= Chondroitin sulphate).

'H-NMR analysis (Figures 5-6) revealec® ,
the presence of signals comresponding €gure’s. 'H-NMR spectroscopy of GAGS fom
GIcNAc (N-acetyl methyl at 1.99 ppm andperna viridis
H-1 at 5.4 ppm) in both samples, which is
more prominent inP. viridis than T. signals are not apparent i viridis. The
maxima. At 4.48 and 3.35 ppm, there argresence of H-1 and H-2 signals of GIcN S
very clear H-1 and H-2 signals of GlcAat 5.5 and 3.25 ppm, respectively, and the
respectively inT. maxima. These two small signal of N-acetyl methyl signal of
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GIcNAc show that the glycosaminoglycansulphate show posttive optical rotation
isolated fromT. maxima is more sulfated whereas other group of galactoaminoglycans

than that ofP. viridis. viz, Chondroitin sulphate and Dermatan
sulphate exhibit the negative optical rotation
Disausson (Bartolucci et al., 1995). Further, heparin

In any compound, the structural variations isthich has positive optical rotation is capable
ascertained by the concentration of threef forming salts with metals and has uronic
major elementsiz, Carbon, Hydrogen and acid, sulfate and glucosamine components
Nitrogen because the bonding pattern dflorpes, 1939; Jaques, 1967). This is the
these elements are responsible for theason why the measurement of optical
structural conformation and properties. rotation and the estimation of uronic acid,
Carbon, Hydrogen and Nitrogensulfate and glucosamine have been attempted
percentage in glycosaminoglycans is 16.5i this study.
(©), 293 (H) and 1.11 (N) im.maxima and In the present study the optical rotation of
1602 (C), 208 (H) and 2.10 (N) inheparin and heparin sulfate in both the
P. viridis, as against 13.0-24.6% (C), 2.0molluscan samples is as +36° and +31T.in
5.3% (H) and 0.6-45% (N) in (Kavanaghmaxima and P. viridis respectively. This
and Jaques, 1973). Fromthe above resultsrdtation is lesser than that of porcine mucosal
could be seen that the carbon, hydrogen améparin (+538) (Kim et al., 1996), the lobster
nitrogen levels ofl. maxima andP. viridis  Homarus americanus (+46° to +8C°) and that
are lying within the range of elements in thef the commercial beef liver heparin (#1
commercial heparin. This is further(qovingh and Linker, 1982). Similarly
substantiated in the anticoagulant activity odositive rotation value is +50° for the un-
heparin complex isolated from molluscsfractionated heparin and low molecular
similar to the commercial heparin. heparin and +48° for oligo-heparin produced
Previous reports have recorded differenfgom opocrin (Bianchiniet al., 1995). Thus
percentage of elements-C,H,N are 23.5, 3tfe positive optical rotation as shown by the
and 2.4 per cent respectively KatelySa neparin and heparin-ike glycosaminoglycans
opima (Somasundaram, 1990) and they angas been recorded with heparin components
235, 4.67 and 2.4 iremifusus pugilinus  from molluscan samples in the present study.
(Benny, 1996). Further the heparan sulphate can be
The seaweedAcanthophora spicifera distinguished from other glycosaminoglycans
showed intermediate values of 12.8, 2.1 an; their saccharide composition and optical

0.5 per cent respectively. The variation ifotation (Griffin et al., 1995; Kim et al.,
the C, H and N content may be due to thgggs)_

variation of disaccharide pattemn present in Heparin and heparan sulphate

the heparin complex isolated from diffefenblycosaminoglycans have a more

sources. _ _ heterogeneous structure due to sulfated
Optical rotation is a tool for the regions digtributed along the chain. They are

identification of different sulfated composed of disaccharides aofi(1-4)-

polysaccharides. The COMMON jnked-L-iduronic acid -2  sulphate-D-
glycosaminoglycans, heparin and heparan
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glucosamine -N, 6-disulphate (Casu, 1988). The present electrophoresis observation
This is to clarify that the heparin or heparain the two species reveals migration of the
sulphate are mainly composed of iduronibeparin is closely similar to that of the fast
acid/glucuronic acid, sulfate and glucosaminenoving heparin. In the case of anticoagulant
The concentration or percentage of suchctivity both the clams showed the limited
contents in this prevailing disaccharide varieasctivity t may due to the starting material.
depending on heparin type (Linharet al., The differences found in anticoagulant
1988). In the case of heparin, the structuraktivity for the two mollusc heparins and
characterization and their properties depermdammalian heparin seems to be related to
on the concentrations uronic acid and sulfatehe different molecular weight of the
Hence, their biological activities vary withcompounds. But both the clams showed the
concentrations. intermediate molecular weight.

The sulfated acidic mucopolysaccharide is In the 'NMR (Nuclear Magnetic
entirely accounted for the uronic acid, sulfat&pectroscopy) analysis the isolated heparin
and other elements (Cassaro and Dietricand heparin-like glycasoaminoglycans from
1977). The quantitative determination of théhe species of bivalves showed the same
small amounts of sulfate present irbasic structure consisting of separate
glycosaminoglycans is  important  indisaccharides units- GIcCUA, IdoA and
polysaccharide chemistry (Terho and Hartial&GlcNAc- comparable to standard heparin

1971). and heparan sulfate. However, further
In the present findings, the uronic acidlifferentiation between heparin and heparan
and sulfate content aresulfate is difficult, since the analyses made

23.0 % and 18.2 % im.maxima and 19.0 % for both the structural and functional criteria
and 11.0% inP. viridis respectively. In the are inadequate to separate the two forms of
glycosaminoglycans dflemifusus pugilinus glycosaminoglycans in this study.
the sulfate content is 9.91% and uronic acid,
26.9% (Benny, 1996), whereas in the\cknowledgements
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