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Abstract-A sulphated heteropolysaccharide was isolated from a green seaweed, Caulerpa taxifdia, by extraction with 
acid and purified via its copper complex. Mcthylation analysis of both the sulphated and desulphated polwdes 
revealed the presence of l+linked xylose, 1,6-linked galactose, 1.4,Clinked mannose and non-reducing galactose end 
group units which are all devoid of sulphate groups. In addition l&linkai galactose units sulphated at C-3 8fc also 
present. Quantitative petiodate oxidation showed a consumption of 1.30 and 1.60 moles of oxidant per anhydrosugar 
unit in the sulphated and desulphated polysa&arides respectively. The oxo-polysaccharides after reduction and 
hydrolysis revealed the presence of glycerol erythritol and unoxidized gahuztose in the mol ratio 11.6: 5.1:4.9 and 
I1.2:5.0: 1.0 respectively, besides threitol (3.9 mol) in the dcsulphated polysaccharide. 

lNTRODUCllON 

Although the constituent sugars of heteropolysaccharides 
present in a number of species of the Chlorophyceae have 
been determined, only a few structural studies have been 
reported. Studies [2-4] on Coulerpa (order Siphon&s) 
spp. by several workers revealed that the major polysac- 
charide synthesized by this green seaweed is a /3-1,3-xyIan. 
In addition, a water-soluble mixture of polysaccharides 
was extracted [S-J from C.filifomtis and fractionated into 
amylopectin type glucan and a sulphated polysaccharide 
containing galactose, mannose and xylose. A soluble B-D 
glucan was reported [6, 7] from C. simpliciusculu which Is 
not commonly found in members of the Chlorophyaae. 
As far as we are aware no sulphated heteropolysaccharidc 
from Coulerpa spp. has been investigated chemically. This 
paper deals with the isolation, purification and chara~ 
terization of a sulphated heteropolysaccharide from a 
local green alga, Caulerpa taxifoiia. 

RESULTS AND DISCUSSION 

The acid-extractable polysaccharide from C. toxi/olia, 
isolated as light brown powder, contained co 65% 
carbohydrates and purified uiu its copper complex. Two 
fractions A and B were obtained. Fraction A mainly 
consisted of galactose, mannose and xylose while fraction 
B contained glucose. Hence fraction B was thought to be a 
glucan. A similar glucose-rich fraction, obtained from a 
mixture of acetylated polysaccharides of Spongomorph 
arm, was reported by O’Donnell and Percival [8]. 
Amylopectin type of glucans were separated from the 
mixture of water-soluble polysaccharides by Mackie and 
Percival [9] from C. filifomtis, C. rucemosu and C. 
setularoides. It is possible that the glucan separated during 
fractionation From C. tuxifolia might be of an amylopec- 
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tin type. Further work on fraction B was not carried out 
due to very low yield. 

Fraction A was further purified by dialysis and its 
homogeneity was checked by column chromatography on 
Sephadex G-100 and high voltage paper electrophoresis. 
The purified polysaccharide had [a&,+ 88.5“ (H,O) and 
contained 75.5 y0 carbohydrates and 11.6% half-ester 
sulphate. Acid hydrolysis of the polysaccharide gave 
galactose, mannose and xylose in mol proportion of about 
16.4 : 5.0: 1.0. The sulphated polysaccharide (S-PS) was 
desulphated using methanoLHCI which resulted in the 
removal of 73 y0 of the total sulphate. The desulphated 
polysaccharide (DIPS) contained 75.1% carbohydrates 
and 3 s sulphate, and showed galactose, mannose and 
xylose m the mol ratio 15.1:5.0: 1.0 on acid hydrolysis. 

Periodate oxidation of the S-PS resulted in the reduc- 
tion of 0.4 mol of the oxidant, liberating 0.54 mol of 
formic acid per anhydrosugar unit in 72 hr. The oxo- 
polysaccharide, isolated in 60% yield, on reduction and 
hydrolysis yielded glycerol, erythritol and unoxidized 
gaktctose in the mol ratio 11.6 : 5.1: 4.9. Glycerol is derived 
from hexose units which are l&linked and/or non- 
reducing end units, and from 1.4-linked pentopyranose 
units. The formation of erythritol and its mol yield 
indicated the presence of 1,CIinked mannopyranose 
units and no unit has escaped periodate attack. Similar 
studies on the DS-PS showed an increase in the periodate 
consumption (1.60 mol), but with unchanged release of 
formic acid (0.51 mol) per anhydrosugar unit. The hydro- 
lysate of reduced oxo-polysaccharide yielded glycerol, 
erythritol, threitol and unoxidized galactose in the mol 
ratio 11.6: 5.0: 3.9 : 1 .O. T’hreitol is derived from 1,4-linked 
galactopyranose residues previously sulphated at position 
C-2 or C-3. 

Partial hydrolysis of the S-PS with 0.1 M HISOd 
vielded mainly one oliaosaccharide. The olinosaccharidc, 
[ml,, +44.5”-(H,O), on hydrolysis gave &ctose and 
mannose in the mol proDortion 1.0:2.1. Reduction 
of the oligomer with so&d borohydride revealed that 
mannose is occupying the reducing end. Analysis of the 
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Tabk 1. McthyIation analyais of the polysaccharidcs from C. roxijolia 

Methyl sugar 
Mole proportion in 

RR,* S-I’S DS-PS Mode of linkage 

L3,4,6-Me,-o-Gal 1.25 5.0 
L3-Mcl-BXyl 1.50 1.2 
U.CMC,-LbGfd 2.40 - 
2,3/l-Me,-o-Gal 3.38 5.8 
LbMC,-BGIII 3.66 5.2 
2,3-Me,+Man 4.84 4.9 

5.1 (W-(1+ 
1.1 +4tXylp( I + 
4.3 +4WP(l-e 
6.2 +6WWl-+ 
1.1 *3,4)-W+(1 -b 
5.1 -+4,6bManp( 1 + 

*Retention times of the corresponding alditol acetates relative to that of l,Sdi-Osatyl- 
U.4,~tetra-O-mcthyl-~~~tol on a 3 % ECNSS column at 170”. 

hydrolysate of the methylated oligosaccharide gave 2,3,4- 
tri-0-methyl-L@actopyranose, z3,6-tri-O-methyl- 
bmannopyraoose and 2,3,4,6-tetra-0-methyl+manno- 
pymnose in equal mol ratio and its structure 
was deduced as 4-O-(Dmatmopyranosyl40-BgaIacto- 
pyranosyl+mannopyranose. 

The S-PS and DS-PS were methylated, hydrolysed and 
the methyl sugars separated were characterized as their 
N-phenylglycosylamine derivatives. They were also ident- 
ified by GC (Table I). 

The formation of 2,3,4,6-tetra-O-methyl+galacto- 
pyranose indicates that cu 31% of gaIactose residues form 
the non-reducing end groups. The analysis also showed 
the presence of 1,Glinked galactopyranose, l&linked 
galactopyranose branched at C-3 or 1.3~linked galactopy- 
ranose branched at C4,1,4,6_linked mannopyranose and 
l+linked xylopyranose units. The formation of 2J&tri- 
O-methyl-bgalactopyranose from the methylated DS-PS 
and a simultaneous decrease in the amount of 2&K-O- 
methyl+gaIactopyranose is evidence for the presence of 
1.blinked galactose sulphated at C-3 which corresponds 
to the sulphation of every fourth unit in the native 
polysaccharide. 

The S-PS, after acctylation, was oxidized with CrO, 
and the sugars surviving after oxidation were estimated 
by GC (Table 2). The results suggest that the majority 
of the linkages in the native polysaazharide might be of a- 
configuration. 

The sulphated polysaccharide from C. taxi/oh ap 
pcarcd to be similar to the polysaccharides from 
C. filiformis, C. racemosa and C. sertularoides, but differs 
from the polysaccharide of another sample of C.filiformis 
(collected in a different environment) which is reported 
[9] to contain arabinose, besides galactose, mannose and 
xylose. It also differs from other green seaweed polysac- 
charides in the absence of rhamnose and uranic acid 
[8, 10, 1 l]. 

EXPERIMENTAL 

Plant material. Caulerpn mxifolio, a local green aim was 
alkctcd in March. 1982 from station 111 of Visakhapatnam 
CoIIst The alga was washed with H,O, airdricd and milled. 

General mnhods. The homogeneity of the polysaazharide was 
tcstcd by paper ekctrophorcsis (7.2 V/cm) using borate buKer 
(0.2 M) at pH 10.8. PC on Whaunan No. 1 and 3 MM papers in 
the solvent systems (A) n-BuOHC,H,N-H,O, 6:4: 3. (B) upper 
laycrofn-BuOH-EtOH-H,O,4: I:%(C) EtOAcC,H,N-HIO, 
10:4:3. and (D) butanonc-H,O azeotropc. Detection was ef- 

Tabk 2. Analysis of 00, oxidation products of the S-PS 

Time (hr) Inositol Galactoac Mannoac Xylosc 

0 100 26.9 8.5 1.9 
I 100 25.0 7.1 1.8 
2 100 24.9 6.9 1.8 

fcctcd with (I) alkaline AgNO, and (2) panisidine HCI. Total 
carbohydrate content and the sugars in the acid hydrolysate were 
determined by the PhOH-HISO, method [ 121. Neutral sugars 
in the hydrolysatc were converted into their corresponding 
alditol acetates and analyscd by GC using a column of 3% 
ECNSS on Gas Chrom Q (l&200 mesh) at tcmps ranging from 
170 10 190”. Sulphate was estimated by the method using barium 
cbloranilate [ 133. Reductions were carried out with NaBH, in aq. 
soln. Excess borohydride was destroyed. sodium ions were 
removed with Ambcrlite IR-I20 (H+) rain. and boric acid by 
distillation with McOH. Hydrolysis of mcthylatcd polysac- 
charidcs wascarried out in scakd tubes with90% (w/w) HCOoH 
[ 141 and 72% (w/w) H,SO. for IO hr at loo”. R, values were 
measured in solvent B and R, values in solvent D. 

lsokation ojtk polysocchcuidr. The alga (100 g) was extractal 
with dil. HCI @H 304.0, 2 x I I.) with stirring for 1 hr at 70”. 
After filtration the combined extracts were neutralized with 0.1% 
Na,CO, soln and poured into 1 vol. of EtOH. The ppt was 
collaztcd ar the centrifuge, redissolved in Hz0 (50 ml), dialyscd 
and freeze-dried (9.1 g). 

Fracriomafion ojrhe polysuccharidc. The acid-extractable poly- 
saccharidc (5 g) was dissolved in Hz0 (2OOml) and 10% 
Cu(OAc), soln (2Oml) added dropwisc to the soln. EtOH 
(100 ml) was then added until the precipitation wascompktc. The 
ppt (A.4.1 g)formcd wascolkctcd byccntrifugationandasacond 
vol. of the reagent added to thcccntrifugatcfollowcd by su&icnt 
EtOH (200 ml) to obtain a pp1 (B, 10 mg). The fractions A and B 
were washed with cold EtOH containing 5% (v/v) cone HCI 
separately, dialyscd after redissolving in minimal amount of 
Hz0 and frcaedricd. A soln of A (1.1 g) in Hz0 (25 ml) was 
added to a column (3 x 35 cm) of Scphadcx G-100. After 
allowing the polysaccharidc soln to percolate in. the column was 
clutcd with HzO. The carbohydrate content in each fraction was 
monitored by PhOH-H2S0. reaction. 

Desulphation oft/~ S-PS. The S-PS (950 mg) was suspended in 
0.05 M dry McOH-HCI (25Oml) in a stoppered bottle and 
agnatcd on an automatic shaker a( room temp. for 20 hr. The 
insoluble material was collaztcd by centrifugation, dissolved in 
H,O, dlalyscd and freezedried (550 mg). 



Perdate oxidation and reduction of the dcriwd polyaldehyde. oligomcr was performed using Kuhn’s method [ 171 and the fully 
Both the SPS (25.1 mg)and DSPS (20.2 mg) wcreoxidixcd with mcthylatcd product, [a]g + 16.7” (c 1.0; CHCl,) was bydrolyscd 
0.01 M NaIO, in H,O (10 ml) in the dark. Aliquots (0.1 ml) were as usual. Tbe bydrolysatc was analyscd by PC (solvents B and D) 
withdrawn at intervals and the extent of oxidation was measured and by GC of derived aIdit aatatcs. 
[lS]. The reaction was complete in 48 br in both cases and the CrO, oxitfutfon of the S-PS. TIE SPS (100 mg) dispersal in 
excess periodate was destroyed with etbylmc glycol. The poly- DMF (8 ml) and C,H,N (15 ml) by stirring vigorously for 1 hr. 
aldehyda were reduced to the polyalcobol with NaBH, (yield Ac,O (15 ml) was added and stirred for 70 hr at room temp. The 
75 %). Aliquotsof the polyalcohol were hydrolyscd with 2 M HCI reaction mixture wasadded toan equal vol. of H20, dialyscd and 
and the hydrolysatcs analyscd by PC (solvents A and B) and by the polysacchariie isolated by freezedrying CrGs oxidation was 
GC of the derived alditol acetates. carried out using the method of ref. [26] with myo-inositol as 

Methyt’ation ojthe polysacchari&s. Dried samples of the SPS internal standard. 
(1.2 g) and DS-PS (75Omg) were mctbylatai by Hakomori 
method [Hi] followed by Kuhn [ 173 and Putdie [ 181 methods. Acknmv&&etnents-The authors thank Prof. M. U. Rao, 
The methyls&d polysaccbaridcs were extracted into CHCls Department of Botany, Andhra University for identiIication of 
(3 x 15001) from the reaction mixture, drial (NarSG.) and the seaweed, Dr. N. Roy and Dr. B. P. Cbattcrjce, Department of 
cvapd to dryness. The metbylated polysaccharidcs were hydro- Macromolaulcs, IACS, Calcutta for the GC results and the 
lyscd. and tbt mctbyl sugars so obtained were rcsolvod by prep. CSIR, New Dclbi for financial assistancz. 
PC (solvents A and 8) on Whatman No. 3 MM sheets. Five 
fractions (I-V) were thus obtained. 

Prepuraion of N-phenylglycosylamin [19]. Methyl sugar REFRRENCES 

fraction (10 mg) was dissolved in 0.5 ml of MeOH-HI0 (8: 1). 1. Prasada Rae, N. V. S. A. V, Sastry, K. V. and Vcnkata Rae, E. 
pNitroanilint (15 mg) and glacial HOAc (0.1 ml) were added to (1984) Phytochemdstry X3.2531. 
the soln and boiled under reflux for 5 min. The rat&on mixture 2 Tomoo, M, Inki, Y. and Suzuki, T. (1960) Ncrure lgT,82. 
was stored at 0” overnight and the crystalline product collected, 3. Ma&ii I. M. and Percival, E. (1959) J. C&m. Sot. 1151. 
washed with EtOH, Et,0 and dried. 4. Inki, Y. and Suxuki, T. (1962) Chew. Abstr. 57,7622 

Characterization o/methyl etherjkat&ns. Fraction 1.23.4,b 5. Mac&k, I. M. and PerchaL E. (1960) 1. Chrm. See. 2381. 
Tetra-0-methyl-&galactosc. Syrup (JOmg), R, 0.88, R, 0.70, 6. Howard, R. J., Wright, S. W. and Grant, B. R. (1976) PIcurt 
[a]g + 109” (c 0.5; H,Ok ~3,4,~tct~-0-methyl-ff-phenyl-~ Pkysiul. s& 459. 
galactopyranosylamine: mp 190-191” [20]. 7. Hawthronc, D. B, Swayer. W. H. and Grant, B. R. (1979) 

Froctkm II. 2,3-Di-O-methyl-D-xylosc. Syrup (10 mg), R, 0.74, Carb&y$r. Res. 7l, 157. 
R, 0.58, [a]“,” + 28.1” (c 0.5; HsO); 2,3di-0-methyl-N-phenyl-B 8. O’DonncU, J. J. and Percival, E (1959) J. Citeas. Sue. 2618. 
xylop~~osy~min~ mp 125” [21]. 9. Mackic, 1. M. and PcrcivaI, E. (1961) 3. Cfnn Sot. 3010. 

Fraction 111.2.3.4Tri-O-methyl-r@actosc. Crystalline pro- 10. Percival, E amI WoJd, J. K. (lM3) J. Chmr Sot. 5459. 
duct (4Omg),mp8485”,R,0.64.R,0.36,[a]~ + 154” + 117” (C 11. McKinncl, J. P. and Percival, E. (1962) 1. C&n. Sue. 3141. 
1.9 H,O). Tbe anilidc bad mp 169” 1223. 12. Duhois, M, Giics. K. A., Hamilton. J. K., Rehem, P. A. and 

Fraction IV. 2,3-Di-0-methyl-o-mannosc. Syrup (31.5 mg), R. 
0.54, R, 0.22, [a]: - 16” (c 1.0; HsO), [&‘-+S.6o (c 1.0; 

Smith, F. (1956) Anaiyt. Chum 2& 350. 
13. Batolacini, R. J. and Barney, J. E (1958) Anuiyt. Char. 30, 

MeOH). The anilide bad mn 134135” I’231. 202. 
F&ion V. Z,bDi-0-methyl-~galactose.-Crystalline product 14. Bouvmg, H. 0, Kicssling, H., Lindbcrg, B. and McKay. J. E. 

(36.5 mg), mp 129”. R, 0.44. R, 0.13, [a]g + 49” + +87” (c 0.5; (1962) Acta Chem Suuaf. 16,615. 
H,O). The anilidt bad mp 120”[24]. 15. Dixon, J. S. and Lipkin, D. (1954) Anaiyt. C/tent. 26,1092. 

Besiia the above fractions, one more fraction was obtained 16. Hakomori, S. I. (1964) J. Btcchem. (Tokyo) 55,2%. 
from the DS-PS. It was charactaixed as 2,3,btri-O-methyl-r+ 17. Kuhn, R, Triscbman, H. and Low, 1. (1955) Angew. Char 
galactosc, syrup (15.3 mg), R,0.71. R, 0.48, [a]; + 77” + +%” 67.32. 
(c 0.5; H,O) [ZS]. The identity of the methyl sugars obtained 18. Purdie, T. and Irvine, J. C. (1903) 1. Char Sot. 83, 1021. 
from both the S-PS and DSPS was further confirmed by GC 19. Honcytnan, J. (1963) Met/t& CarbdtJdr. Chart. 2,95. 
analysis after converting them into the corresponding alditol 20. Nunn, 1. R. and Parohs, H. (1968) Carboh& Res. 6 I. 
acetates. 21. Gossclin,G. C.. Holt, A.and Lowe, P. A. (1964)J. Chem. Sue. 

Partiul hydrolysis. The SPS (1.58) was stirred with 0.1 M 5877. 
H,SO, (175 ml) for 1 hr at 60”. The hydrolysate was neutralii 22. Hint, E. L. and Jotte, J. K. N. (1939) J. Chn Sot. 1482. 
(BaCO,), frltcrcd, dcionixui and coned fa wcuo. Prep. PC on 23. Robcatson, G. J. (1934) J. CJtcm. f&x. 330. 
Whatman No. 3 MM sbcets (solvent A) yielded mainly one 24. Dcwar, E. 7. and Percival, B. G. V. (1947) J. Ckm. Sac. 1622. 
oligosac&aride in addition to component sugars. 25. Stivstava, H. C., Singb, P. P. and Subha Rao. P. V. (1968) 

Theoligosaccbaridc was a syrup (30 mg, RHO.58 in solvent A), Ctxrbohydr. Res. 6,361. 
[a]g +44.5” (c I.& H,O) it was raioccd with NaBH., hydro- 26. Hoffman, J, L.indbcrg, B. and Svcnsson, S. (1972) Acta Chun 
lyscd and the products identified by PC. Mcthylation of tbc sconi. M 661. 

Sulpbatcd polysa&aride from a green seaweed 1647 

Pm?0 25:7-I 


