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ABSTRACT 

The behavlour towards perIodate of the brown-algal polysaccharlde sargassan 
before and after partial hydrolysis, alkah treatment, and methanolysls has been 
studled Evidence is thereby provided that the sargassan backbone IS composed of 
(l-+4)-hnked &D-&tCUrOIUC acid and /3-D-mannose residues Heteropolymenc, 
partially sulphated branches are attached to the backbone, and these branches 
compnse various proportlons of (1+4)-hnked B-D-galactose, j?-D-galactose 6-sulphate, 
and /3-D-galactose 3,6-dlsulphate residues, (1+2)-linked a-L-fucose 4-sulphate 
residues, and (1+3)-linked B-D-xylose residues 

INTRODUCTION 

We have reported1 on the lsolatlon from the brown alga Sargassum l~nrfohnr of 

a new sulphated heteropolysaccharlde, sargassan, composed of D-ghIcuronIc acid, 
D-mannose, D-galactose, D-xylose, and L-fucose rewdues, as well as a protem moiety 
Evidence was obtalned’ which indicated that the carbohydrate part of sargassan 

mvolves a backbone composed of D-glUCUrOniC acid and D-mannose residues, with 

side chams contammg readues of D-galactose, D-xylose, and L-fucose, and havmg 
sulphate groups attached to some galactose and fucose residues We now report 
further on the constltutlon of the polysaccharlde part of sargassan 

General - Paper chromatography (p c ) was performed on Whatman No 1 
paper with the followmg solvent systems A l-butanol-ethanol-water3 (40 11 19), 
B I-butanol-pyndme-water4 (3 1 1 1 5), C ethyl acetate-acetlc acid-water’ (3 1 3) 
DetectIon was effected with amhne hydrogen phthalate, alkalme sliver nitrate, and 
amhne-xylose reagents6 Ash content was determmed by heatmg the polysacchande 
sample to constant weight at 800” Protem was estimated by the method of Lowry 

et al 7 Complete, acid hydrolysis of polysacchande matenal was performed \wth 
sulphunc acid’ Determmatlon of sugars m the acid hydrolysates was done, after 
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descendmg p c (solvent A) for 48 h, accordmg to the method of Wllsong, with the 
appropnate correctlons Total carbohydrate content was determmed by the phenol- 
sulphunc acid method lo The total morgamc sulphate liberated by hydrolysis with 
hydrochloric acid ’ 1 was determmed by banum chloramlate” All solutions were 
concentrated m vacua at 40” m a rotary evaporator 

Sargassum Zzmfohrlm was the brown-algal species used m the present work It 
was collected by the Edfina Co for Preserved Foods from the Alexandnan coast 
durmg 1969 The algae were washed with running water to remove foreign substances, 
and then air-dried and milled 

Preparatron of purzfed sargassan - The preparation was performed as 
previously described’ 3, Bvmg material having [c&’ -78 5” (Found total carbo- 
hydrate, 78 2, ash, 12 2, SO;- 17 68, protein, 3 85%) On complete, acid hydrolysis, 
sargassan afforded (p c , solvent A), D-glucuromc acid, D-galactose, D-mannose, 
D-xylose, and L-fucose, m the molar ratios of 4 57 8 40 1 00 2 48 2 53 

Degradatzon of sargaman - Portlons (1 g) of sargassan were hydrolysed with 
40 ml of 0 5~ oxahc acid at 100” for 1 and 2 h, respectively, and with 20 ml of N oxahc 
acrd at 100” for 5 h Each hydrolysate was cooled and dlalysed agamst dlstdled water 
(4 x 300 ml) The contents of the dlalysls sacs were then centnfuged, and the super- 
natants were lyophlhzed to afford products A, B, and C, respectively, for which the 
followmg data were obtamed A (0 3 g) (Found SO:-, 7 14%), on complete 
hydrolysis with acid, gave (p c , solvent A) glucuromc acid, galactose, and mannose, 
In the molar ratios of 3 25 0 85 1 00 B (0 2 g) (Found SO:-, 3 42%), on complete 
hydrolysis with acid, gave (p c , sokent A), glucuromc acid, galactose, and mannose, 
m the molar ratios of 3 20 0 48 1 00 C (0 05 g) contamed a negh@ble amount of 
sulphate and, on complete hydrolysis with acrd, afforded (p c ) only glucuromc acid 
and mannose, m the molar ratio of 2 8 1 0, and a trace of galactose 

Sargassan (2 g) dissolved m water (20 ml) was converted mto the free-aad form 
with Lewatlt S-100(Hf) resin The resultmg solution was dralysed agamst stirred, 
dlstllled water at 100” The dlalysate was replaced by fresh, dIstIlled water after 1, 3, 
and 5 5 h Thereafter, the solution remammg m the dlalysls sac was neutrahsed wth 
ammoma and freeze-dned to gve D (0 32 g) (Found SO:-, 8 42%) Complete, acid 
hydrolysis of D gave (p c ) glucuromc acid , galactose, and mannose, m the molar 
ratios of 3 01 1 36 100 

Desdphatzon of sargassatz - Sargassan (1 61 g) was treated with sodium 
hydroxide accordmg to the method of Rees14 Thereafter, the alkalme solution was 
neutrahsed with Lewatit S-100&I’) resm, dlalysed for several hours agamst dIstIlled 
water, and then freeze-dried to give E (1 2 g) (Found SO;-, 4 46%) On complete, 
acid hydrolysrs, E gave (p c ) glucuromc acid, galactose, mannose, xylose, and fucose, 
in the molar ratios of 3 73 3 97 1 00 1 14 2 45 

Sargassan (1 g) was shaken with 0 1~ methanohc hydrogen chloride3 (50 ml) at 
room temperature for 26 h The readual, undissolved material was drssolved m water, 
dlalysed against dlstdled water, and then freeze-dned to give F (0 61 g) (Found SO:-, 
4 51%) On complete hydrolysis wth acid, F gave (p c , solvent A) glucuroruc acid, 
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galactose, mannose, xylose, and fucose, m the molar ratios of 2 29 4 17 1 00 0 75 I 20 
Perrodate omdatron of sargassan and the mod~jiedpolysacchar~des A-F - (a) In 

buffered solutron Sargassan (400 mg) was dissolved in 0 2~ acetate buffer (pH 3 7, 
125 ml), 0 32~ sodmm metapenodate (125 ml) was added, and the mixture was set 
aside at 2” m the dark At intervals, alrquots (3 ml) were removed and the reduction 
of penodate was measured’ ’ 

(6) In unbufired so&ton Sargassan and polysaccharrdes A-F were separately 
oxldlsed with I~IIIM sodium metapenodate (250 ml) at 2” m the dark3 Ahquots 
(5 ml) were wlthdrawn at Intervals and used for the determmatlon of consumed 
periodate’ 5 and released formic acid l6 At the end of the oxldatlon process, the 
released formaldehyde was determmed 1 ’ 

Reductron of the perrodate-oxldrsed matevals3 - At the end of the oxidation 
process, the residual perrodate was reduced with ethylene glycol and, after 2 h, the 
solution was dialysed against several changes of distilled water and concentrated to 
- 100 ml To this solution, potassmm borohydrlde (1 g) was added and the mixture 
was kept overnight Thereafter, excess borohydride was decomposed with acetlc acid 
and the solution was treated with Lewatlt S-100(Ht) resin, neutrahsed with ammomum 
hydroxide, and concentrated The polyalcohol was precipitated by the addition of 
4 vol of ethanol 

Hydrolyses of the polyalcofzols - Hydrolysis was effected by the method of 
Drummond et nl I8 Each hydrolysate was treated with Lewatlt S-lOO(H+) resm and 
subjected to p c (solvents A, B, and C), usmg the appropriate reference compounds 

RESULTS AND DISCUSSION 

No significant difference was noted bet-11 zen the efficiency of oxldatlon of 
sargassan by periodate m buffered or unbuffered solution The data for unbuffered 
condltlons are recorded in Table I The data mdlcate that oxldatlon of sargassan with 
periodate stopped after 24 h and the reduction of periodate was then 0 58 mole per 
“anhydro-sugar” uml The low reduction of periodate IS partly due to sulphated 
residues and also indicates the presence of (l-,3)-hnked umts and branch pomts 

From the amount of formaldehyde and formic acid released durmg the 
oxldatlon, average degrees of polymerlsatlon (d p ) of 52 9 and 8 4 for the whole 
sargassan molecule and each of Its branches, respectively, were calculated Since xt 
has been demonstrated earher’ that the carbohydrate part of sargassan mvolves a 
backbone composed of D-glucuromc acid and D-mannose residues, the release of 
formaldehyde provides evidence that mannose 1s the aldehydlc end of the sargassan 
molecule On the basis of the d p of sargassan and Its monosaccharide composition, 
It may be deduced that the backbone IS composed of 12-13 glucuromc acid residues 
and 3-4 mannose residues, whereas 25 galactose, 7 xylose, and 7 fucose residues are 
incorporated into the branches An average number of 4-5 branches for each sargassan 
molecule may be deduced by dlvldmg the total number (39) of galactose, xylose, and 
fucose residues by the average d p (8 4) of each branch 
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TABLE I 

PERIODATE OXIDATION OF SARGASSAN AND THE SAMPLES’ OF DEGRADED AND DESULPHATED 
POLYSACCHARIDE 

Tune (h) 
Pertodate redwed (mole/’ anhydro-sugar” met) 

Sargassan Sample A B c D E F 

1 0 205 
2 - 
3 0 270 
5 0 340 
6 - 

7 0 380 
8 - 

9 0444 
10 0481 
24 0 580 
48 0 580 

0 475 - 
0 567 054% 
- - 

0717 0 725 
- - 

0 779 0 815 
- - 

0 858 0 906 
- - 

0 930 1040 
0 930 1 040 

- 0 259 
0471 - 
- 0 388 
0 634 0 582 
- - 

0865 - 

- 0 711 
1022 - 
- - 

1 100 0 906 
I 100 0 906 

0 269 0 279 
0385 - 
- 0 419 
- 0 488 
0561 - 
- - 

0 619 0 620 
- - 

- - 

0 677 0 837 
0 677 0 837 

“A and B obtamed by treatment of sargassan wth 0 5~ oxahc acid at 100” for 1 and 2 h respectwely 
C obtamed by partlal bydrolysls of sargassan wth N oxahc acid at 100” for 5 h, D autohydrolysed 
sargassan, E alkah-treated sargassan, F methanolysed sargassan 

Reduction of the sargassan polyaldehyde w&h potassmm borohydnde, followed 
by hydrolysis and paper chromatography, revealed the presence, zzzler aha, of 
erythromc acrd, glycerlc acid, glucuromc acid, erythntol, and mannose The formatlon 
of erythromc acid demonstrated the presence of (1+4)-hnked glucuromc acid residues, 
whereas the detectlon of glycerrc acid Indicated the presence of glucuromc acid as the 
non-reducmg end of the backbone The formatzon of erythntol demonstrated the 
presence of (1+4)-linked mannose residues, and the detection of glucuromc acid and 
mannose m the polyalcohol hydrolysate mdzcated that some of the sugar residues m 
the backbone are reszstant towards oxldatlon by perxodate 

Threltol was also detected m the hydrolysate of the polyalcohol, suggesting that 
(1-4)~hnked galactose residues are present m the sargassan molecule, and the for- 
mation of glycohc aldehyde m the hydrolysate provided substantzal evidence for the 
presence of (1-4)~lmked glucuromc acid, mannose, and galactose residues 

ConsIderable amounts of galactose, xylose, and fucose were also detected III the 
polyalcohol hydrolysate, mdlcatmg that high propornons of these sugar residues are 
reslstant towards oxldatlon by perIodate The resistance of some galactose residues 
may be due to the presence of sulphate groups This result, together with the demon- 
stration of the presence of (l-+4)-hnked galactose rendues, provzdes evidence for the 
presence of galactose 3,6-dzsulphate residues m the branches The presence2 of 
sulphate-free xylose m the branches and the resistance of a hzgh proportlon of the 
xylose residues towards periodate oxldatzon suggest the presence of (l-3)-hnkages 
between such sugar units The traces of glycerol detected m the polyalcohol hydro- 
lysate Indicate that mannose IS the reducing termmus of the sargassan molecule 
and/or the presence of a smaIl number of (l-+4)-hnked xylose residues The resistance 
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towards oxldatlon by penodate of a high proportlon of fucose residues IS attributed to 
the presence of sulphate, possibly on C-4 On treatment of sargassan with alkali, there 
was no dlmmutlon m the fucose content, thus demonstratmg that the fucose residues 
cannot be linked through HO-4 since this would necessitate the attachment of sulphate 
groups on C-2 or C-3, both of which would be alkah-lablle (vlcmal, trans-hydroxyl 
groups are necessary for alkali labUy’g) These results are consistent with the 
presence of (l-+2)-linked fucose residues However, the minute proportion of propane- 
1,2-dlol detected m the sargassan polyalcohol hydrolysate indicated the possible 

presence of a small proportion of sulphate-free, (1+4)-lmked fucose residues 
The product (A), obtained by partial hydrolysis of sargassan with 0 5N oxahc 

acid for 1 h at loo”, reduced 0 93 mole of periodate per “anhydro-sugar” unit 
(cf 0 53 mole for sargassan) This result may be attributed to the partial removal of 
branches contammg penodate-reslstant xylose, sulphated fucose, and sulphated 
galactose residues, and also to the increased exposure of the backbone units to 
oxidation The amount of formaldehyde and formic acid released was consistent with 
average d p values of 21 and 1 22 for A and each degraded branch, respectively From 
the monosaccharide content of A, it IS concluded that there are 13 glucuronrc acid 
residues and 4 mannose residues m the backbone and 4 galactose residues in the 

degraded branches Consequently, about 3 branches are present m degraded 
sargassan A 

Reduction of A with potassium borohydnde, followed by hydrolysis, gave (p c ) 

erythromc aad, threltol, galactose, and glycerol m proportlons higher (determmed by 
visual exammatlon of chromatograms) than for sargassan Thus, hydrolysis of 
sargassan with oxalic acid removes some branches, so that more glucuromc acid 
residues m the backbone become susceptible to oxldatlon by perrodate In addltlon, 
perlodate-reslstant residues of xylose, sulphated fucose, and sulphated galactose were 
also detached from some branches, leaving some unsubstltuted galactose residues at 
the ends of these branches The presence of unsubstltuted galactose residues m 
sargassan branches has been demonstrated earher’ Such changes brought about by 

partial, acid hydrolysis of sargassan Increased the susceptlblhty of the degraded 
product (A) towards oxldatlon by periodate and hence led to higher proportions of 
erythromc acid, threitol, and glycerol m the hydrolysate of the correspondmg poly- 
alcohol 

The above results were further confirmed by mvestlgatlon of the product B, 

obtained by partial hydrolysis of sargassan with 0 5N oxalic acid for 2 h at 100” 

B consumed 1 04 mole of perlodate per “anhydro-sugar” umt, mdlcatmg complete 
cleavage of all sugar residues The formaldehyde and formic acid released indicated 
average d p values of 17 50 and 1 16 for B and for each degraded branch, respectively 
Thus, B comprises a backbone of 12 glucuromc acid and 4 mannose residues, 
respectively, together with 2 galactose residues as 2 degraded branches Traces of 
glucuromc acid, mannose, and galactose were, however, detected m the hydrolysate of 
the polyalcohol derived from B 

Partial hydrolysis of sargassan with N oxahc acid for 5 h at 100” afforded 
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product C, which consumed 1 1 mole of periodate per “anhydro-sugar” umt, m- 
drcatmg the absence of branch pomts The amounts of formaldehyde and forrmc acrd 
released mdrcated a hnear cham composed of 11-12 umts Thus result mdrcates that a 
mannose resrdue IS the reducmg end of the sargassan molecule The hydrolysate of the 
polyalcohol denved from C contamed traces of glucuromc acrd and mannose 

Autohydrolysrs of sargassan gave a product D whrch consumed 0 906 mole of 
penodate per “anhydro-sugar” umt The average d p values of D and of each 
degraded branch were 22 and 1 4, respectrvely Consequently, the backbone of D 
comprises 12 glucuromc acrd and 4 mannose restdues, respectrvely, and 4 degraded 
branches composed of 6 galactose resrdues The hydrolysate of the polyalcohol derrved 
from D contained higher proportrons of resutant, and lower proportrons of oxrdatron, 
products than for the partrally hydrolysed sargassan A 

The alkali-treated sargassan sample (E) consumed 0 677 mole of perrodate per 
“anhydro-sugar” umt, and was more susceptible towards perrodate than the parent 
polysacchande Tins result mrght be due to the alkalme degradahon of the sargassan 
The average d p values for E and each branch were 37 and 5, respectively The 
hydrolysate of the polyalcohol derrved from E contamed a hrgh proportron of fucose 
This result IS mdlcatrve of the presence of alkah-resrstant sulphate groups at C-4 of 
some fucose resrdues 

Desulphatron of sargassan by methanolysrs gave a product (E) whrch consumed 
0 84 mole of penodate per “anhydro-sugar” resrdue The increased susceptlblhty 
towards penodate could be due to the appearance of addmonal glycol groups on 
galactose and fucose resrdues consequent on desulphatron and/or to the loss of some 
of the reswtant xylose resrdues The average d p values of E and of each branch were 
50 and 4, respectrvely. The hydrolysate of the polyalcohol derrved from F contained 
small proportrons of fucose and galactose, mdrcatmg that methanolysls condrtrons 
were sufficrent to desulphate most of the sulphated fucose and galactose resrdues m the 
sargassan molecule 

The results of the present and prevrous studies* mdrcate that the polysaccharrde 
part of the sargassan molecule appears to be constructed of a backbone composed of 
(144)~lurked /I-D-.@ ucuromc actd and /Lo-mannose resrdues To this backbone, 
heteropolymeric, partrally suiphated branches are attached, comprrsmg various 
proportrons of (L-+4)-hnked /3-D-galactose, fi-o-galactose 6-sulphate, and B-D- 

galactose 3,6-drsulphate residues, (1 *2)-lurked cr-t-fucose 4-sulphate rewdues, and 
(l-+3)-hnked /SD-xylose resrdues The fucose and xylose residues appear to be nearer 
to the penphery of the branches, whereas the galactose residues are nearer the 
backbone of the polysacchande 
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