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1 

SUNHARY 

Aeodes ulvoidea, a red seaweed of the Grateloupiaceae, 

yie·lded a highly sulphated polysaccharide lihi ch lias shown 

to contain D- and L-galactose, 4-0-methy-L-galactose, 

2-0-methyl - D- and L-galactose and 6-0-methyl-D-galactose, 

together with chromatographic traces of xylose and mannose. 

The sulphate was not l abile to alkali, but it lias largely 

removed with methanolic hydrogen chloride. Periodate 

oxidat ion of the polysaccharide, methylation of the de sulphated 

polysaccharide, and investigati on of fifteen oligosaccharides 

from partial hydrolysis and acetolysis studies of the 

polysaccharide, indicate that (a) the polysaccharide is 

composed of a backbone of D-galactose residues which are 

1,3- and 1,4-linked (b) at least some regions of alterna ting 

. structure do occur (c) the 2-0-methylgalactose is linked 

through the 4-position (d) the 4-0-methyl-L-galactose is 

present as single unit side chains glycos idically linked 

to the ga lactose backbone at · position 6, and (e) most of 

the 6-0-methyl-D-galactose is linked to the 4-position of 

2-0-methyl-D-gal"l.ctose. 
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1. IN'fHODUCTION. 

POLYSACC1LUUD8 SULPI-IATES OF TIlE RHODOPHYCEA8 

Most marine algae thus far examined contain sulphated 

polysaccharides, a feature absent in land plants. The 

biological fun ctions of the carbohydrate sulphates, unltke the 

carbohydrate phosphates , appear to be connected more with their 

physical properties than with their chemical reactions (1). In 

the Rhoc1ophyceae the sulphate hemi-ester groups are attached 

to galactans, while in the Chlorophyceae and the Phaeophyceae 

they are attached mainly to arabinogalactans and fucoidan 

respectively. 

The red seal1Teed galactans are mucilaginous in nature and 

occur both in the cell wall and intercellularly. Nos t of these 

polysaccharides consist of galactose or modified galactose units 

linked 0:-1,3 or /3 -1,4 in alternating sequence ( 2). These 

units may take the form of D- or L-galactose, 3,6-anhydro-D-

or L-galactose, 3,G-anhydro-2-0-methyl-L-galactose and 

2-, 3-, 4- and 6-0- methylgalactoses, with further masking of 

some of the se units \vith hemi-ester sulphate and pyruvic acid 

groups. "It would appear that the sulphated galactans of the 

red seaweeds are a f amily of related molecules, ea ch with 

properti es appropriate for a particular species gr01ving in a 

particular environment" (2) In t he discussion whi ch follo\,s • 

these galactans liill be t reated under four main headings 

viz: Agar-type, Carrageenan-type, Grateloupiaceae and 

Miscellaneous polysaccharides. 
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1.1. Agar-type polysaccharides 

1.1.1. Agar 

Agar is the polysaccharide complex synthesised by species 

of 'Gelidium, Gracilaria, Acanthopeltis, Ahnfeltia, Ceramium, 

Campylaenhora, Phyllonhora and pterocladia s pecies ; the chief 

sources are Gelidium species and the largest producer is Japan 

,,,here it has been available commercially since the seventeenth 

century . Agar is extracted by boiling the seaweed in water 

and allowing the solution to set to a gel. Commercial use 

of agar is confined mainly to its gelling properties, the 
(3) strength of the gel varying ,,,i th the source of the agar • 

The gelling properties are due to the virtually neutral 

polysaccharide complex, agarose, which constitutes the major 

"component " (but see later) of commercial agar. Agar was first 

fractionated by Araki (4) by chloroform extraction of its 

acetate, the chloroform-soluble fraction being termed agarose 

acetate (70?b ) and the insoluble fraction agaropectin acetate 

agarose 

Other methods of separation have been developed, since 

is a more desirable matrix for gel-electrophoresis (5) 

or gel-chromatography than the unfractionated B.gar. These 

include precipitation of the agaropectin with cetylpyridinium 

chloride (6) or with chitosan (7), and precipitation of agarose 

from a hot agar solution with polyethylene glycol 6000 (8). 

Early investigations on unfractionated agar established 

D-galactose as the predominant component (9,10); the chief 

hydrolysi s product of methylated agar was 2, :,!,G-tri-0-lile thyl­

D-galactose (11,12) establishing the linka~e through the 

3-positioll. No 3,6-anhydro~nlactose was reported in these 

hydrolysis stud.ies since it is very unstable to acid hydrolysis, 
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being decomposed to 5-hydroxy-2-furfuraldehyde which is further 

degraded to levulinic acid and formi c acid (13). Thus it was 

thought at the time that the main structural feature of agar 

was a chain of i3-D-galactopyranosyl units linked 1-+ 3 (14) : 

the small amount of 3,6-anhydro-L-galactose isolated from 

methylated agar was thought by some ,yorkers (15) to be . an 

artefact produced from l,4-linked L-galactose 6-sulphate units 

by desulphation (14) under the alkaline conditions of methylation. 

This vielv Ivas rejected by others (16) since the sulphate content 

of native agar is too 101'1 to account for the yields of 3,6-

anhydro-L-galactose isolated: the real presence of 3,6-

anhydro-L- galact ose in native a gar was later firmly 

established (16, 17,18,19). The mode of linlmge I\'as elucidated 

by the isolation of 2-0-methyl-3,6-anhydro-L-galactose dimethyl 

acetal from the methanolysate of methylated agar (18) 

(from G. amansii). This Ivas confirmed by the isolati on and 

characterizat i on of agarobiose (19) from a partial hydrolysis 

of agar, and by the isolation of agarobiose dimethyl acetal ( 20) 

I in 70% yield from a partial methanolysis of agar. 

I 

)----0 
HO 

all 

on 

CH(OCH3)2 
HO __ 

a 
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The isolation of agarobiose proves that the D­

galactopyranosyl residues are joined ~ -1,4 to the 3-6-anhydro-

L-galactose residues in the macromolecule, while the hi gh yield 

ind'icates that the disaccharide units cnnsti tute most of the 

macromolecule. 

The fina l link in the elucidation of the gross structure 

of agar carne with the isolation of the crystalline disa ccharide 

neoagarobiose (21) II and the crystalline tetrasaccharide 

neoagarotetraose (22) III, both '~ere derived from an enzymic 

hydrolysis of agar by Pseudomonas kyotoensis. 

II CH20H 

\ HO HO 
0 

/ 
CII2 

0 

\~here AL = 3, 6-anhydro-L-galact ose 

GD = D-gal a ctose 

0 

OH 

OH 

Thus in 1956 Araki ( 23 ) proposed structure IV for t he 

agarose "fraction" of G. arnaDsii. A similar structure was 

sugge sted by O'Neill and St ewart ( 24 ) for the unfractionated 

agar of Gelidiurn cart iIa n;inelUl), (but ,,,ith he rni-ester sulphate 

t tl I t ' d ) d b Cl ' t 1 ( 25 ) on every en' _1 r;a ac ose res~ .ne an y ~ngman ~ ~_ 

for the unfractionated agar of Gracilaria cnnfervoides ( with 

herni-ester sulpllat e on every fortieth galact osa residue ), 

indicat inp; that the po lysacclw.ricles from various u!?;D.rophytes 

and from very different locnies can have similar structur_s . 
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IV 

f---O no o 

0-
~--O 

OH 
n 

In addition to D-galactose and 3,6-anhydro-L-galactose, 

the following neutral saccharides have also been reported to 

be present to a varying extent in agar: L-galactose, D-xylose, 

4-0-methyl-L-~alactose and 6-0-methyl-D-galactose. The yield 

of 4-0-methyl-L-galactose from Q. amansii (26) was so low that 

it does not seem to have any structural significance. The 

mode of linkage of this sugar in the polysaccharide is not yet 

reported, but since it is methylated in the 4-position, it is 

obvious that this L-galactose-derived residue is not l,4-linked 

in the macromolecule. 

6-0-1·;e thyl-D .. galactose , which has long been lmown to be a 

consti tuent of porphyran (27), VTaS found to be present in eight 

agarophytes investigated by Japanese workers (28). The mode 

of linkage Ivas elucidated by the isolation of the disaccharide 

dimethyl acetal V from Ceramium boy~enii (whi ch has a very hi gh 

6-0-methyl-D-galactose ccntent). This proves that the 6-0-

me thyl-D-galact ose residues are linked in a similar manner to 

the D-galactose residues. Furthermore, although the amolmts 

of D-galactose and 6-0-methyl-D-galactose vary widely amon!!, the 

various "af'; aroscs", the total amount of these tlvO saccharides 
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always constitutes 51 - 53% of the polysaccharide. 

v 

HO 

CH20CH3 
)----0 

OH 

° 
\ 

° / 
CH 2 

CH(OCH3 )2 

_on 

This suggests that some of the D-galactose residues in the 

repeating sequence are merely replaced by the corresponding 

6-0-methyl ether. Also, the 3,6-anhydro-L-galactose content 

is always 44 - 45~~ for any agarose, and the sum of the molar 

ratios of t hese three sugars amounts to more than 95% of the 

polysaccharide mo lecule . Final lY,the L-galactose and D-xylose 

content of the polysaccharides is so low that Araki regards 

them as contaminants (28). Investigati on of the agars from six 

G "1" "(29)" G d b Olo G rac~ ar~a spec~es v~z.. e ~ ~s, • conmressa, 

G. foliifera, G. domin 'T,cnis, G. damaecornis and G. ferox gave 

similar results and a number of common trends in their 

composition were observed. Thus the molar rat io of D-gala ctose 

plus 6-0-methyl-D-galactose to 3,6-anhydro-L-galactose plus 

sulphate l,ras approximately 1: 1 for all of the polysaccharides, 

although the 6-0-methyl-D-galactose content r anged from 

2.3 - 215~. 

From all this data the general formula VI emerges for the 

neutral polysaccharide fraction of agar (after Araki (28) • 

The amount of 6-0-methyl -D-~;alactose varies widely from one 

af,arophyte species to another. 
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AL (1-+ [ 3)-GD(l-+ 4)-AL (lJ/ [3 )-IGD(l-+ 4 )-AL uJ; 3 ) -GD 

60l-1e 

VI GD = D-galactose 

AL = 3,G-anhydro-L-galactose 

Thus in G. amansii the D-g;alactose 6-0-methyl-D-galactose 

ratio is approximately 50 1 i.e. x = 50 and y = 1. Similarly 

for C. boydenii x = 3 and y = 2. Since neither D-galact ose 

nor 3,6-anhydro-L-~alactose Ivas detected in the enzymic 

hydrolysates of agar (which involved the cleavage of 

~-glycosidic linkages) , it was concluded that the polysaccharide 

chain is terminated on the non-reducing end by 3,6-anhydro-

L-galactose and on the reducing end by D-galactose. This is, of 

course, purely a hY]J othetica l f ormula since the relative positic>ns 

of D-ga lactose and 6-0-methyl-D-galactose in the macromolecule 

are unlmown. 

A f urther Ivay in which the D-galactose residues can be 

masked is by the presence of pyruvic acid : the mode of linkage 

of this acid wa s elucidatcd ( 30) by t he identification of the 

disaccharide VII, 4, 6-0-l l - ca rboxyethylidene- f3 -D - galact opyranosyl­

( 1-+4) - 3,G-anhydro-L-galactose dimethyl acetal from a partial 

methanolysate of agar. Araki (28) has sh own that th e agars 

of G. G.mansii and G. subcostantum contain about 1% pyruvic acid. 

The pyruvic acid content of the six Gracilaria species 

polysaccharides (29) mentioned above varied from 0.1 _ 2.9%. 

the hi ghest pyruvic acid content occurring when the sulphate 

content !Vas above 491, and the 6-0-me thyl--D-galactose content 

was 101'1, I>'hile 101 .. pyruvic acid content was favoured by high 

6- 0-methyl-D-galactose content. Thi s is explained if the 
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4,6-acetal is added during biogenesis at the polysaccharide 

level since the number of D-galactose residues available for 

fo rmation of this 4,6-acetal depends on the extent of 6-0-

methylation and on sulphation. 

VII 

o 
CH(OCH3 )2 

--uH 

OH 

Although discussion thus far has been centered for 

convenience around the structure of the a garose "comp onent" 

of agar, present indications ( 3,31,32,33 ) are that a~ar is 

composed of a whole spectrum of polysaccharides and not simply 

Thus the agarose and agaropectin fractions mentioned above. 

Duckworth and Yaphe (31) fractionated Difco Bacto agar 

( probably from G. cHrtilagineum ) by using the charge-dependant 

solublility of the polysaccharides in water at various 

temperatures: by washin~ the agar under varying conditions 

they obtained fractions ,;,hich varied lvidely in 3,6-anhydro-

L-ga1actose, sulphate and pyruvate content . They achieved 

a more complete fractionation of the commercial agar on a 

DEAE Sephade~c A-50 (CC ) column by stepwise elution lvi th 

NaCI solution ( Table I , after Duckworth and Yaphc (31». 

These results have been interpreted as follows : 

(i) the 1m, total polysacc1.1aride recovery is due to hi ghly 

charged ga1actans not removed in the freezing and thawing during 
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initial purification of the agar, and which are irreversibly 

bound to the column. 

TABLE I FHACTIONATION OF DIFCO BACTO AGAH BY CCLUl'iN 

Cl-moriATCGIUPHY ON DEAE SEPHADEX A-50 (AFTE~ 

DUCK~'IORTH AND YAPJ-IE (3». 

Polysacc- Eluant Yielda 3, 6-anhydro- Sulphate Pyruvic Gel b 
haride L-5alactose acid formed 
fraction O~ ) ( ~6 ( %) ( ~i,) 

a distilled 25.5 47.B 0.08 0.02 ++++ 
11ater 

b 0.2l'l NaCl 1.9 44.1 0.94 0.06 +++ 

c 0.51,; NaCl 25.5 44.0 1.07 0.09 ++ 

d O.BN NaCl 3.8 19.3 3.40 0.97 

e 1.2N NaCl 1.9 12.0 5.80 0.64 
f l.m! NaCl 0.3 9.9 6.00 0.70 

g 2.4~1 NaCl 0.3 9.0 6.00 0.50 
h 3.0H NaCl 0.3 5.0 7.00 0.50 

59.5 

(a) Total yield, 59.5% of the polysaccharide added to the colUirID; 

(b) + is indicative of gel strength of a 1% solution, - no gel 
at a concentration of 1%. 

(ii) Althongh, as would be expected, the sulphate content 

of the polysaccharides increases with the ionic strength of the 

eluant, nevertheless the pyruvate content reaches a maximum at 

0.8~1 NaCl. This indicates that the masking of the D-galactose 

resi dues with 4,6-carboxyethylidene-D-galactose residues occurs 

al1ay from the sulphated galact ose residues (ef. the six 

Gracilaria species agars mentioned above). 

(iii) The gel strengt.h decreases \vith. the increasing 

degree of sulphation and the deere D,sing 3,G-anhydro-L-galactose 

content. These observations are in agreement wi th Hees ' 



11 

concept (34 ) that the gel-for~ing capability is due to the three 

equatorial hydrogen atoms on the 3,6-anhydro-L-galactose residues 

which constrain the polysaccharide into a helix. Interaction 

of helices causes gel formation. Any replacement of a 

3,6-anhydro-L-galact ose residue by a sulphated galactose residue 

changes the conformat ion of the L-residue, thereby causing a 

kink in the helix, and impairing the ge lling ability. It is 

of interest to note that the gel strength is not dependant on 

the 6-0-methyl-D-galactose content. However , the ease with 

,~hich the gel forms, i. e. the temperature at which it forms, 

is directly proportiona l to the methoxyl content (35). 

The third fractionation method used by Duckworth and 

Yaphe (31) relies on the fact that at 10'1' pH the "sulphated" 

molecules are still fully ionized while the net charge on the 

"pyruvated " molecules is cons iderably reduced. Thus a pyruvate-

enriched sample, col lected by washing commercial agar with ,yater at 

70~ was further fractionated on DEAE Sephadex A-50 at pH 3.4 

by gradient elution with buffered NaCl solution. Although 

complete separati on was n ot achieved, pyruvate-enriched and 

sulphate-enriched fractions were obtained . On the basis of 

the above result s these workers have concluded that agar consists 

of a ,"hole spectrnm of polysaccharides varying in both the 

quantity and nature of the c'1arged groups on t he macromolecule. 

From thi s study it is concluded that there are three extremes 

of structur e for \"11101e agar 

(a) f!clltra1 R~arose i.e. a chain of alternatin~ l,4-linkcd 

3, G-anhydro-L-r;n.lact ose and l, 3-linked D-gn.lactose residues 

containing no charged groups. 
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(b) Pyruva ted agarose with little sulphation. Here 

some of the D-galactose residues are masked by substitution as 

4,6-carboxyethylidene-D-galactose, the degree of substitution 

increasing to about one in t\~enty, at which point the de gree 

of sulphation is about ~, (replacing some of the 3,6-anhydro­

L-ga lactos e r es idues with ga l a ctose sulphate). 

(c) Sulphated ~alnctan c ontainin~ no or lit t l e 3,6-anhydro­
L-r:alactose or 4 , 6-cnrboxyethylidene - D-p.;alactose 
r esicues . 

From the ext reme case (b) the c oncentration of pyruvate decreases 

as the sulphat e content i ncreas es until t he extreme of a non-

gelling sulphated galactan is reached. The r a tio of these three 

extremes of s tructure are represented in Fi gure I ; 

10 

9 

8 

? 

6 .. 5 
~ 

is 
4 

ii1 
~ 3 

'" 
2 

1 
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2nd E..,(TRENg ----7 
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;' / 

/ ' 
/ ' / TYp ica l Commercia l 

o 

1.0 

~LO 

2.5 

2 . 0 

1.0 

I o Io<:::'-_ _ ~ _________ ....:L. ___ -'-__ -""" 0 

l' 
1s t EX:Tllli~:E "n cut r nl agarosc" 

3 
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~ 
>-
" !: 
0. 

FIGUnE I : ( Afte r Duclmorth and Yaphe ( 31». The comp lexity 

of the s pect r um of polysaccharide s in Di fco Bact o agar. 

t 1 t '1'he The total shaded a r ea represen's c omp.e eagar. 
area with in the curves betllcen any lines clrm:n h or i zontal l y 
indicates the approxi mnte um ~unt of polysacc]luride having 

t hat !lumber of charp;e d groups . 
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The presence of a few charged groups in commercial agarose 

has in the past been generally accepted as being due to 

ine fficient fractionation of the neutral molecules from charged 

agaropectin, but it is now clear that agarose is merely a 

mixture of these molecules having the 101"est charge content and 

the greatest gelling ability. 

In order to elucidate further the fine structure of agar, 

Duckworth and Yaphe (32) investigated three agar fractions 

corresponding as closely as possible to the idealised extremes 

of structure ( ( a ),(b) and (c) ) mentioned above. These 

fract ions Ivere incubated lvi th an extracellular agarose from 

Pseudomonas atlantica. As the sulphate content of these 

fractions increased so did the proportion of polysaccharide 

remaining after enzyme action, indicating that the enzyme 

cannot cleave those portions of the macromolecule rich in 

sulphate . l~raction (a) yielded, as eXIJected, a mixture of mainly 

where GD=D-galactose and AL=3 ,6-anhydro-L-galactose ), 

neoagarotetraose III and neoagarobiose II in the r atio 6 : 7 : 1. 

Fractions (b) and (c) yielded a complicated mixture of neutral 

and charged oligo saccharides Ilhich were further separated on 

DEAE Sephadex A- 25 (CI-). The neutral oligo saccharides from 

both these fractions were the same as those from the agarose 

fraction (a), indicating that the uncharged portions of the 

ext reme molecule structures (pyruvated agarose and galactan 

sulphate) have regions which approximate to a garose. The charged 

oligosaccharides from the pyruvated agarose (b) consist mainly 

of a hcxasa ccharide VI I I and a tet r asaccharide IX. 
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AL-rD-AL-GD 

4,6-carboxyethylidene 

GD= D-galactose 

AL= 3 , 6-anhydro-L-galactose 

The large yield of these h/o charged oligosaccharides free of 

sulphate is yet again indicative of the occurrence of 4,6-

carboxyethylidene-D-galactose residues in regions of the 

macromolecule low in sulphate. Furthermore , the enzyme resistant 

portion of the polysaccharide was higher in sulphate and lower in 

pyruvate content than the original polysaccharide. The sulphate--

rich charged oligosaccharides had a high molecular weight. 

The charged oli gosaccharides obtained from the sulphated 

galactan (c) were also separated on DEAE Sephadex G-25 , and were 

f ound to contain sulphated and pyruvated oligo saccharides in 

the ratio 4 : 1, the two pyruvated oligosaccharides being 

identical with those from fraction (b). Again the sulpha ted 

oligosaccharides were of high molecular weight. Furthcr 

information on the sulphated region of agar was not obtained. 

In conclusion it may be s a id that the enzymic hydrolysis 

of this agar further indicates that a~ar consists of a spectrum 

of polysaccharides having the above three extremes of structure. 

Fractionation of several agars (33) rich in pyruvate indicates 

that it may be a general feature of agars that replacement of 

D-gala ctose with 4,6-carboxyethylidene-D-galactose occurs in 

those re ~ions of the macromoJ.ccule low in sulphate. 
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Similar conclusions have been reached by Izumi (36) on t he 

agar from G. amansii. The enzymic de gradation of the six 

Graci18.ria agars with P. atlanti ca gave four main neutral 

oligosacchar ides which I"ere shown to be 61-0-methylneoap;arobiose, 

neoagarobiose, 63-0-methylneoa~arotetraose and neoagarotetraose. 

Examination of the charged oli ~osaccharides confirms that 

Gracilaria agars consist of a closely related series of 

polysaccharides in which the extent of maskin~; varies. In a 

furth er investigation on these Gracilaria a gars, Duck\; orth 

et al ( 29 ) have made some interesting observations on the effect 

of the structure of agar on its gelling ability. The results 

are interpreted as follows. 

(i) The only agar which has a high gel strength is that 

fro m G. debilis ( pyruvat e < 0. 2~j ) and since a significant amount 

of the polysaccharide is eluted. by lvater from a DEAE Sephadex 

A-50 column, they use this parar.leter (Le. the percentage of the 

total polysaccharide eluted by water) as a measure of the 

gelling properties of the other unfractionated Gracilaria agars. 

(ii) The agar from G. foliifera (pyruvate < 0.29n has a 

good gel strength only after alkali treatment (sulphat e content 

drops to ca. l~ S ) and a study of its elution pattern on DEAE 

Sephadex A-50 before and after alkali treatment indicates that 

it is t he sulphate cont ent and not the G- O- methyl - D-galactose 

content vlhich affects the gel shoength of this agar. 

( iii ) The agar fr om G. C0li111reSSa (pyruvate 2. 991,) has a 

weak gel strength even afte r alkali treatment (~len sulphate 

content drops to 1.3%). Tbe bulk of this agar is eluted by 

0.5!; NaCl from a DELl.l' Sephauex A-50 column whi ch is characteristic 
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of polysaccharides 'vi th a high 4 ,6-0-( l-carboxyethylidene) -D-

galactose content. The weak gelling ability is thus cauo;ed 

by the majority of the polysaccharide molecules which approach 

the "pyruvated agarose" instead of the neutral agarose structure. 

(iv) The agars of G. ferox, G. damaecornis and G. dominr.:ensis 

form the weakest gels of all. They have a high sulphate content, 

the resistance of 'vhich to alkali indicates that most of the 

sulphate i s not located at C-6. The assumption that all the 

sulphate is attached to the L-galactose residues results in an 

anomalously high L- : D-galactose ratio for an agar , so that in 

fact some of the D-galactose residues could be sulphated. These 

agars are only partially eluted from DEAE Sephadex A-50 with 

3M NaCl. 

Thus it is clear that the ge l strength of these 

polysaccharides decreases as t he extent of masking of the basic 

agarose structure increases. 

1.1. 2. Porphyran 

Several Porphyra species are used as food in various parts 

of the world (e. g. "laver bread" in 11ales is made from 

P. umbilicalis). The porphyran-type of mucilage obtained from 

. this genus is also foun d in species of Laurentia and in 

Bangia fusconurpurca . Investigati on of the mucilage froln 

Porphyra c [\pel~qis (37) showed D- and L-galactose, 6-0-methyl-

D-galactose , 3,6-anhydro-L-galactose and sulphate in the rati o 

of 1 : 1 : 2 : 1. At first the presence of t he 6-0-methyl-

D-galactose Ims thonght to distinguish this type of polysaccharide 

from agnro However, it now appears that porphyran reser!lhles 

agar in containing 3,G-anhydro-L-galactose and 6-0-methyl-D-

galactose and it resembles carrageenan in containing galactose 
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6-sulphate. 

The porphY1'an obtained from P. umbilicalis was ShOlffi (38) 

to ha ve a similar compos ition to that from P. capensis (37). 

Careful degradation of the polysaccharide wi th dilute H2S04 
led to the isolation of L-galactose 6-sulphate (39 ) . but since 

the molar ratio of sulphate exceeds that of L-galactose, it 

must be assumed that other ester sulphat es are also present. 

Rees (40,41) showed that an enzyme preparation from Por"phyra 

extracts is ab le to c onvert the L-galactose 6-sulphate resi dues 

in the polysaccharide into 3,6-anhydro-L-galactosc residues 

with c oncomitant release of the su l phate : this sug~ests t hat 

(i) the L-gala ctose 6-sulphate is the biological pre cursor of 

the 3,6-anhydro-L-galactose, and (ii) that since the 3,6-anhydro-

L-galactose is usually combined in po lysac chari des through the 

4-posi tion and wi th a:-linka:~e, it is likely that the L-galactose 

6-sulphate is similarly linked. Similar results were obtained 

by el imination of the sulphate with a l kali (42). 

Rees and Commy ( 43) shO\~ed that the composition of 

P . umbilical.is varies widely with the season and locality. 

HOlvBver , although the molar percentage of 3, 6-anhydro-L­

galactose varies from 12 to 29, and that of L-galactose 

6-sulphate from 17 to 37, nevertheless the sum of tJlese two 

saccharides in any onc sample varies only between 43 and 55~. 

A similar rel~tionship exists between 6-0-methyl-D-galactose 

and D-gnlactose since the sum of their molar percentage s 

constitutes 47 - 55% of the polysaccharide irrespective of the 

variation of the amount of the individual saccharidc s . These 

rcsults arc consistent with the view of Turvey and Williams ( 44 ) 

t hat thc simplest structure of porphyr sn is a chain of alternating 

1,3·· ~~ -linJ~c d D-.gnlactose and 1,1-a:-linked L- gnlnctose units, 



18 

some of the D-galactose being 6-0-methylated and the L-gBlactose 

occuring either as the 6-s ulphate or the 3,6-anhydride. In 

support of this view Turvey and liilliams (44) have isolated the 

follO\ying disaccharides from a partial hydrolysis of porphyran : 

x 

XI 

XII 

XIII 

f'-GD(l -+ 4 )-GL 6-80 4 

6-0-He-f'-GD (1 -+ 4 )-GL 6-80 4 

cx-GL 6-804 (1 -+3 )-GD 

cx -GL 6 -804 (1-+ 3 )-6-0-f<le-GD 

GD= D-galactose 

GL= L-galactose 

Disaccharides XI and XIII differ from X and XII respectively 

only in having a methyl ether group on position 6 of the D-

galactose. Furthermore, alkali treatment of X yields agarobiose 

while XII yields neoagarob iose. 

Nethylation of alkali treated porphyran (45) gave, on 

hydrolysis of the polymer, 2, 4,6-t ri-0-methylgal a ctose and 3,6-

anhydro-2- 0-methylgalactose as the only significant products, 

confirming that the two types of D-linked units and the two types 

of L-linked units are structurally equivalent, and that there is 

no possibility of a branched structure. Nethanolysis of this 

same methylated polymer gave the usual derivatives of 

"tetramethylar-;arobiose " XIV in 90~b yield (correct ed for 

experimental losses). This confirms that t he i3-configuration of 

the 1,4-linkage is the same as in agar. Furthermore, the high 

yield of the tetramethylagarobiose indicates that the 

polysaccharide chain must consist of strictly alternAting 3- linked 

i3-D-galactosyl and 4- linked cx-L-galactosyl units. 
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The possibility of portions of the chain having tliO or more 

L (or D) units in sequence is further precluded by the absence 

of oligosaccharides which ,,,ould have been obtained from such 

portions of the chain. Hees has termed this a "masked repeating" 

structure. 

CHO 
XIV MeO 

o 

OH 

o 

He 

OMe 

In order to investi .~ate further the linkages in porphyran, 

Turvey and Christison ( 46) isolated an enzyme from a Cytopha!'1! 

species, incubation of \"hich with various galactan sulphates 

suggested that the enzyme is an agarase i.e. it is specific for 

3,6-anhydro-L-galactose residues l inked to D-galactose. When 

this enzyme was applied to porphyran (47) about 70% of the 

molecule was recovered as high molecular I.eight material even 

after prolonged action. Preliminary analysis of the 

oligo saccharides suggests that the requirements of enzyme 

specificity largely preclude scission both of the glycosidic 

linkage betIVeen 6-0-methyl-D-galactose and 3,6-anhydro-L-

galactose, and of those linkages in which the anhydride is replaced 

by L-galactose 6-sulphate, the latter giving rise to sulphated 

oligosaccharides. 
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In a more recent study Duck\yorth and Turvey (48) have 

ShOloffi that the highly purified extracellular enzyme from a 

Cyto-phafT,a species has no action on neoagarobiose, neoagarotetraose 

and their analogues containing 6-0-methyl-D-galactose residues. 

Furthermore, the preferential scission of neoagaro-octaose XV 

at position "a" to give two molecules of neoagarotetraose rather 

than scission at positions "b" or "c" implies that the interior 

i3-D- galactosidic linkages in a garose are hydrolysed faster than 

those nearest the chain ends. 

I 

A'V 
I I I 

AL -+ GD I' AL -+ GD I' AL -+ GD I' AL -+ GD 
I I 
I I I 
b a c 

AL= 3,6-anhydro-L-galactose 

GD= D-galactose 

Hydrolysis of agarose with this enzyme (49) yielded 

neoagarotetraose as the preponderant oligosaccharide. This ~laS 

also the case in the slower enzymic hydrolysis of alkali­

treated porphyran, except that almost 50S~ of the molecule "Tas 

not de gr aded . Although in the ideal case the only difference 

between agarose and a l kali-trea ted porphyran should be the 

6-0- methyl Groups, in practice the alkali-modified porphyran 

contained l.8~~ sulphate which could not be removed with alkali 

(but cf. Gra cilaria a g;ars ( 29». Duckworth and Turvey (49) 

suggest that it is this small 'lmount of sulphate ,,,h i ch prevents 

enzymic hydr olysis anywhere ncar these groups. 
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From the enzymic hydrolysis of native porphyran 

the oligos~ccharides 63-O-methylneoagarotetraose and 

they isolated 

1 6 -0-

methylneoagarotetraose in the ratio 5 : 1. Provided that the 

distribution of the 6-0-methylgalactose residues in the 

macromole cule is random, this suggests that the enzyme catalyses 

the hydrolysis of the 6-0-methyl-D-galactosidic linkage at 

about one fifth of the rate of the D-galactosidic linkage. The 

random dist ributi on of the 6-0-methyl groups on the D-galactose 

residue s in the macromolecule is suggested by the even distribution 

of these two monosaccharide residues between both the neutral 

and the sulphated oligosaccharides. 

The distribution of the sulphate groups in porphyran does 

not appear to be completely random. Although pure sulphated 

oligosaccharides were not obtained, nevertheless certain broad 

fe atures emerge. Thus the average DP of these units was 10 

and they cont a ined on average three sulphate groups and 

two 3,G-anhydrogalactose units. No oligosaccharides were 

isolated in ',hich only one s u lphate group was present: 

furthermore all the oligosaccharides had at least two 3 ,6 -

anhydrogalact ose units, sug[~esting one anhydro unit at the 

non--reducing end and one at the unit penultimate to the 

redu cing end. All these facts suggest that the sulphate groups 

occur in blocks in the macromolecu l e rather than in a random 

manner. 

1 . 1 .3. 

A galacta n similar t o porphyran 1.8 synthesised by 

Lanrnn ti<~ ni~!].atifida 
( 50 ) Although evi dence was obtained. • 

for t!'ei.nhor.lOr;cnei ty of the polysacelwride, all attempts to 
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fractionate it were unsuccessful. Acid hydrolysis of the 

polysaccharide showed the presence of D- and L-galactose 

(3 : 1 ratio), D-xylose (probably from a separate xylan), 

6-0-methyl-D-galactose and D-galacturonic acid, '''hile mercaptolysis 

yielded the dithioacetals of D- and L-galactose, 6-0-methyl­

D-galactose, 2-0-methyl-L-galactose, 3,6-anhydro-L-galactose 

and a saccharide tentatively identified as 3,6-anhydro-2-0-

methyl-L-galactose (acco\illting for about one third of the total 

anhydrosugar present). 

Partial hydrolysis of the polysaccharide led to the 

isolation and characterization of L-galactose 6-sulphate and 

to the tentative characterization of D-galactose 2-sulphate, 

while other sugar sulphates were also detected. There is also 

evidence for the existence in the galactan of sulphat e ester 

groups on both 6-0-methyl-D-galactose and 2-0-methyl-L-galactose 

residues. Further evidence on the location of sulphate ester 

groups was obtained by alkali treatment of the polysaccharide. 

Thus the total decrease in the galactose content during 

desulphation is approximately equal to the L-galactose content 

before desul~hation, sug~esting that most of the L-galactose 

units are 6-sl1lphated (provided that no D-galactose residues 

are 6-sulphated, and the authors have good reason to assume 

that they are not). Furtherr.Jore, the decrease in galactose is 

less than the increase in 3 ,6- anhydror;alactoses, '''hich is 

explained thus: the amount of 2-0-methyl-L-galactose decreases 

durinr.; desulphation and the total molar amount of L-galactose 

and 2-0-methyl-L-galactose (1. 20 mol) equals the amount of 

3,6-anhydro~alactose (1.21 mol) formed during clesulphation 

( assuming, of conrse,tllat the 2-0-methyl- L-galactose units exist 
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in part as 1, 4-linlced 2-0-methyl-L-galactose 6-sulphate). The 

authors consider that the latter sugar is the biological 

precursor of the 3,6-anhydro-2-0-methyl-L-galactose in the 

polysaccharide. 

Hethylation of the sulphated polysaccharide (51) and 

analysis of its hydrolytic products, together ,vi th the evidence 

cited above for the location of the sulphate groups , suggests 

that in the ~alactan sulnhnte both D-galacto se and 6- 0-methyl-

D-ga lactose residues are linked through position 3, I"hile 

the L-galactose and 2-0-methyl-L- p;:.t lactose residues are linked 

through position 4. Al though the a lternating sequence 

characteristic of the agar-type polysacchar ides has not been 

established in this case , the D : L ratio for all the galactose­

derived residues does suggest a basic repeating unit. It 

would, of course, be large ly masked by the ester sulphate and 

methoxyl g;roup s 0 Some evidence is given for possible 

branchin~ in the molecule. The D-galacturonic acid in the 

polysaccharide gave the 2,4-di-O-methyl ether on methylation 

indicating that it is 1,3-1inked, but no dec ision could be made 

as to whether the ne uronic acids oc cur as part of the galactan 

sulphat e or whether they occur as a discreet polymer. No 

inform:,tion h'as ; iven on the position of the D-xylose units, 

but it is possihle that they are part of a separate polymer 

since a xylan I'iH S fotmd in the semleed residue after extraction 

of the galactan. 
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1. 2. Carrageena.n-type polysaccharides 

Carrageenan (Irish moss mucilage) is the n ame given 

originally to the mucilage of Chondrus cri suus and 

Giga.rtina stellata , and although these are still the chief 

commercial sources , similar polysaocharides are found also 

in Iridophycus , Hypnea, Furcel laria, Polyides and Eucheuma species. 

Irish t·;oss mucilage has been subjected to chemical analysis 

for at least one hundred 

. Id d . 'd ( 52) Y1e e mUC1C aC1 , 

by Tollens et al (53) . 

years : oxidation with nitric acid 

the presence of galactose being confi rmed 

The surprising discovery by Haas (54) 

in 1921 tha t the polysaccharide carries sulphate hemi-ester 

groups led him to propose the formula R(OS020)2Ca for the 

polysaccharide. From methylation and desulphation studies on 

Gigartina stellata Dewar and Percival (55)conclude d t hat t he 

galactose units in carrageenan are galactopyranose residues 

linked throu~l the ~ and 3-positions and having sulphate hemi -ester 

groups at the 4-position. 

Althougl the heterogeneity of carrageenan had long be en 

suspected (56,57), it was not until 1953 that the mucilage was 

fractionated into a number of polysaccharides by the addition 

of potassium chloride (58 ,59). Thus that fraction which gelled 

at a concentrati on of O. lGN KCl was termed x-carrageenan CiO%) 

I-Ihile the soluble fraction Ivas termed A.-carrageenan ( 45~{, ). 

1.2.1. x- nnd L-carra'"eenf1.n 

Partial mercaptolysis of x-carrageenan by O'Neill (60) 

gave t he diethylmercaptals of D-galactose, 3,6-anhydro-D-

galactose, and 4-0-~-galactopyranosyl-3 ,6-anhydro-D-galncto se 

XVI, the high yield of this cnrrabiose diethylloercaptnl suggesting 
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~--O 

H o 
OIl 

OH OIl 

XVI Carrabiose 

that it is un likely that any of the 3,6-anhydro-D-galactose 

residues occur together in the chain (structure of carrabiose 

has been proven by synthesis (61». This evidence indicates 

t hat a large part of K-carrageenan consists mainly of the 

repeating sequence XVII (A). 

XVII ( A ) R = H 

J---O 

on OR 

(B) R = SO; for one seventh and 

R = H for the remainder. 

A macromolecule composed entirely of this repeating 

carrabiose sequen ce would have a galactose: 3,6-

n 

anhydrogalactose: sulphate ratio of 1 : 1 : 1. Howeve~ 

in his sample of K-carrageennn 0' 'eill (62) obtained a ratio 

of 1 : 0.83 : 1.17 respectively . Furthermore, previous 

\·/orkel's h ad reported some branch ing in tho polysaccharide (63) 
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thus in order to explain the above ratio O'Neill suggested that 

the repeating backbone mi ght be substituted with single unit 

galactose di-sulphate sidechains linked 1,6 to the galactose 

residues, with one side chain for every five carrabiose units. 

Furthe r suggest ions as to the structure of x-carrageenan have 

been made by other ,yorkers (64), but the problem has been largely 

These 'vorkers showed, by methylation resolved by Ree s 

studies (65 ,66 ), that a ll the 3-linked galactose units are 

4-sulphated, and that a proportion (probably a quarter to a 

fifth) of the 3 ,6 -anhydrogalactose units are 2- sulphated. They 

have also sho'ffi (65,67) that a s mall proportion of the galactose 

units are not 3-linked, but are 6-sulphated, and that some of 

these are i n addition sulphated at position 2. This is supported 

by the isolation by Painter (68) of D-galactose 2-, 4- and 

6-sulphate and 3,6-anhydro- D-gala ctose 2-sulphate from the partial 

acid hydrolysate of K-carrageenan , '''hile a small amount of a 

suspecte d galactose disulphate 'vas also detected. The mode 

of linkage of these sulphated galactose units and their position 

in t he macromolecule chains was elucidated in the following 

way (69). Hhen K-carrageenan was t r ea ted with al1mline 

borohydride , the fo rmation of 3,6-anhydroga lactose residues in 

the ma cromolecul e and the simultaneous release of free 

sulphate (14) changed the galactose: 3,6-anhydrogalactose 

sulphate ratio from 1 : 0 . 89 : 10 22 to 0 095 : 0.95 : 1 017. 

while the carrabi osc content of the polysaccharide increased 

simultaneously from 88~~ to 997b ( corrected ). r·lethylation of 

this alkali-modificd K-c arrageenan i ndicat ed that the structure 

I,as not branched. ~lrthcrmore, those sulphated galacto se 

residues in the native polymer wh ich may be converted into 
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3,6-anhydrogalactose are: periodate labile and therefore cannot 

be galactose 3-sulphate. The only way to explain this 

satisfactorily is to assume that the 6-sulphated galactose 

residues are 4-linked and that they occur in place of 

3,6-anhydrogalactose units at intervals along the alternating 

chain (XVIII). 

XVIII - G - A - G - G - G - A -
I 
6-8°4 

A= 3,6-anhydrogalactose G= galactose 

This indicates further that all the 3,6-anhydrogalactose 

residues are present entirely in carrabiose segments. 

recovcry (88~b ) of carrabiose from the native polymer is 

The 10\~ 

explained alvay, sj.nce mild methanolysis cleaves only A-+ G bonds . 

thus for example in the abcve structure only one anhydro-tmit 

is released as carpabiose, the carrabiose yield being therefore 

only 50;~ . Alkaline modification ~ould convert this segment 

into XIX supporting the evidence that the alkali modified 

XIX -G-A-G-A-G-A-

polymer is built up entirely of carrabi.ose units. The structure 

of the alkali modified polymer is ShOlffi in XVII (D). In the 

native polymer about 4% of the 3,G-anhydrogalactose is replaced 

by galactose 6-sulphate and about l~j by galactose 2, G-disulphate, 

Ifhich \"Iould corresp ond to an analytical ratio of 

1 : 0.90 : 1.19 ( cf. above). The strur.ture of K -carrageenan 

is thus of the "masked repeating" type (cf. porphyran) . 

EnzYElic hydrolysis of K-c['cr-l'a;:;eenan by Heigl and Yaphe (71) 

( K-carrageclIasc isolated from i' scud<?n1onas carra!';cen()vor<:~) 
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gave a homologous series of sulphated oligosaccharides with 

neocarrabiose-4-0-sulphate XX as the major degradation product, 

plus an enzyme resistant fr a ction. This confirms the position 

of the sulphate ester and the glycosidic linkage of the 

galactose and also establishes the configuration of the 

1,3-linkage. 

HO 

CH
2 

)-\'-,---0 
\ 

OH 

XX neocarrabiose-4-0-sulphate 

)----0 

OI-I 

The enzyme resistant fraction has a higher concentration of 

sulphat e than I<-carrageenan (galactos e 

3,6-anhydroga l a ctos e : Sulpha te = 1.40 

for na tive I<-carrageenan 

1.0 

1.0 

1.81 and 

1. 36 ). 

treatment liberates 19% of the sulphate lvi th concomitant 

OH 

Alkali 

formation of a further 14% 3 , 6-anhydrogalactose. This alkali-

treated fra ction can be degraded by l<-carrageenaS8. 

Thus t he enzyme r esistant regi on appeal's to be a 

biogenetically "unfinished " portion of the I<-carrageenan 

mole cule , the 3, 6-anhydrogalactose of ,,,h ich mJ.Y be forme d by 

the desulphation of 6-sulphated galact ose units (72 ) . 

In order to further investigate t he homogeneity of 

x-carrageenan , a sample from C. crisons was separatcd into 

sub-f ractions by graded precipitation f r om a queous solution by 

propan-2-o1 ( 73 ) ( Table II ). 
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TARL;:::-21. : FRACTICNATION 01;' ...: - CAHRAGEENAN FHOM Cilo~nRtrS CRISPUS 

Sample Source Analysis 4 - linked lmits (';tb) lihi ch occur ns 

G:A:SO~- (1) A (11) A-2-S04 (11i) G- 6- S0
4 

(1v) G-2, 6- d1-50. 

a 
b 

e 

c. Criptls 1 : 0 . 82 

fo~irst sub. fr. 
from a. 1 0 . 89 

Last sub. f r. 
from 8 . 1 , 0 . 67 

A :00 3,6-nnhydroga l i'\c t ose 
G • g;:). lnct ose 

1.25 70 - 80 10 - 20 8 

1.07 94 5 1 

1.20 60 25 13 

The first sub-fracti on differs markedly from the final 

o 

° 
2 

one in that the former contains far less 3,6-anhydrogalactose 

2-sulphate and galactose 6-sulphate t han t he latter. The 

authors thus conclude that K-carrageenan fro m this source 

contains a family of molecules which differ in certain details 

of structure because certain biological steps such as 

3,6-anhydl'ide formation and sulphate formation only occur 

after polymerisation of galactose to form the alternatine; 

1, 3-, 1,4-linlced backbone. This supports the above isolation (74) 

of a high molecular ."eight enzyme-resistant fracti on I~hich is 

rich in galactose 6-sulphate. Indeed, Rees ( 75) now defines 

K-carrageenan as having the structure XXI (A) Ivhere all the 

3-linked galactose residues are fully sulphated at position 4, 

11hile some of the 4-linked units are galactose 6-sulphate , but 

most are 3,6-anhydrofl;alactose , and both are partly 2-sulphated. 

The structure XXI (D) is defined as L-carrageenan where all 

the 3, 6-anhydro :~alact ose residues are 2-sulphated , and lO~~ 

of the anhydride is replaccd by galactose 2,6-disulphate. 

L-Carrageenan can be distinguished from K -carra~eenan by its 
( 75) phYE:ical pr opcrtiec • Thus it sholvs a strong band in the 

-1 infrared spcctrum at B05em Which is due to 3 ,6-anhydro-D-
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galactose 2-sulphate. Furthermore, L-carrageenan forms more 

elastic gels in the presence of K+ ions than does K-carrageenan. 

L-Carrageenan may be extracted from seaweeds such as 

Eucheuma s]1inosum and Agardhiella tenera. 

J---O 
o 

OR OR 

0-

n 

XXI (A) K -carrageenan. Mostly R = R : some of the 4-linked 
units are galactose 6-sulphate, and some are 3,6-

anhydrogalactose, and both are partly' 2-sulphated. 

(8) L-carrageenan. R = SO; , but lO~b of the anhydride 
residues are replaced by galactose 2,6-disulphate. 

Although the mole cular structure of potassium-precipitable 

carrageenan is so heterogeneous, it bears no relationship to 

A-carrageenan since '«-carrageenan and '-carrageenan do not 

contain 3-linked galactose 2-sullhate. (Studies on 6 samples 

of potassium-:rrecipitable carrageenan from various sources show 

that virtually all 3-linI~ed units are present as galactose 

4-sulphate). HOlvever there is a relationship between 

K-carrageenan and ~-carrageenan (see later). 

1.2.2. Structnres of A- [1!l d. ~.-cClrrc\ 'jec:man 

A -Carrageenan (59) is the n H'TI~ that has long been given to 

the soluble polysa cchrll-- ide(s) obtained f r om a solution of 

carrar;eenan aft.er- remov[~ l of the K-comnonent wi t.h potassiulll ions. 



31 

HOlvever, present i ndications are that this "KCl-soluble" 

fraction may contain two distinct polysaccharides, depending 

011 the source. 

The reCI-soluble component is a highly sulphated galactan 

(~. 35~b sulphate) comprising D-galactose, 3, 6-anhydro-D-

galactose and L-galactose. The composition of KCl-soluble 

carrageenan varies I"ith the source e.g . samples isolated from 

C. crispus cont a in little 3, 6-anhydro-D-galactose, I"here as 

those isolated from G. stellata contain appreciable amounts 

of this sugar . 

Acetolysis of t he KCI-soluble comp onent (76) led to t h e 

isolation of 3-0- ex - D-r,alactopyr an osyl-D-galacto s e XXII i n high 

yield. The presence of 1,4-1inlcage s in the polysacchari de is 

evident from the isolation (77) of ca rrabiose di ethy l 

di th ioacetal XVI (4-0- (3 -D-galactopyranosyl-3 , 6-anhydro-D­

galactos e diethyl di thioa cetal) from a partial me r captolys is 

of alkali - t reated reCl - soluble carra geenan . 

XXII 

on 
o 

on OH 

Furthermore, since the alkal i -treate tl r;:Cl-solnble carragecnan 

close l y resemble s K -carrageen an , it is evident that a larc;e 

proportion of the e;ulactose is 4-1 t n"0d . 

1 : 1 r at :i.o fOl' l , 3- and l, 1-lill lcar~l's was established by the 
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isolation in similar yield of 2,4,6- and 2,3,6-tri-O-methyl-

D-galactose from the hydrolysate of methylated desulphated 

KCl-soluble carrageenan : no evidence for any other linlmge 

(or branching) was obtained. 

Since the mode of linkage of the galactose-derived residues 

is now firmly established , it only remains to establish the 

position of the sulphate hend-ester groups. Rees (77) has 

shown that alkali treatment of reCl-soluble carrageenan 

(from C. crispus) releases one third of the sulphate groups 

lvi th concomitant formation of 3, 6-anhydro-D-galactose residues. 

Those units which give rise to the 3,6-anhydrogalactose residues 

(i. e. the " ~)recursor lmi ts ") consti tute 40~'~ of the structural 

units and are l,4-linked (since the only other linkage in the 

polysaccharide is 1,3). That they can also exist mainly as the 

XXIII is evident from the following 2,6-dlsulphate 

facts (77,78) : ( i ) 3-0-methyl-D-gal actose was isolated as 

the major component from the hydrolysate of methylated native 

reCl-soluble can'ageenan , I':hich further sug<;ests that, 

XXIII 

-0 

oso; 

( ii) the sulphate which is released during: the for:nation of the 

3,6-anhydro~alactose residues is located mainly at position 6 

and not at posit.ion 3. ( iii) D-galactose 6-sulphate was 
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isolated from a partial acid hydrolysate of the native polymer. 

(iv) Since the 1,4-linkages are resistant to pcriodate 

oxidation and there is no bran ching in the polymer, the group 

protecting the vicinal hydroxyl groups appears to be sulphate 

at postion 2 (the removal of this acid-labile ester with hot 

dilute acid leaves the glycol group unprotected, when it can 

be oxidised with periodate). (v) The evidence for the 

2-sulphnte vlaS further strenr;thened by the isolation of a 

substance with the expe cted properties of 3,6-anhydrogalactitol-

2-sulphate from a Smith degradation of the alkali-treated 

KCI-soluble polysac charide. (vi) The rate of removal of 

the sulphate from the polysaccharide during acidic hydrolysis 

is consistent Iv i th the existence of 2, 6-disulphated units. 

In order to obtain further evidence for the location 

of the sulphate ester, the native RCI-soluble polysaccharide 

was methylated (78). As already mentioned , the major 

hydrolysis product was 3-0-methyl-D-galactose I<lhich arose from 

the 1,4-linked 2,6-disulphate units. After correction for the 

proportion of 6-sulphate, I,hich underwent elimination during 

the methylat ion, the yield of the 3- 0-methyl-D-galactose 

corresponded Ivi th the estimated proportion of l,4-linl{ed lmi ts 

in the polymer (i. e. 45 .- 58S'o), indicating a 1aro.0 amount of 

the 2,6-disulphate. The other methylated saccharides in the 

hydr olysate l'lere 4, 6-di-O-methyl-D-galactose (3l:~ ), 2,4, G-tri­

O-methyl-D-gal actose (13 ~/) , and 2, 6-di-O-methyl-D-?;alactose (8%). 

The 3,6-di-O-methyl-D-galactose is considered to have urisen 

from 1,3-linked 4-sulphate units rat her than 1,4-linl:ed 

3- s ulphate units, since the former sugar lVas also present in 

the hydrolysate of ~ethylated alkali-treated ReI-soluble 
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carrageenan. The 2,4 ,6 -tri-0-methyl-D-galactose was obviously 

derived from 1,3-linked units , while the 4,6-di-0-methyl-D-

galactose was derived from 1,3-linked galactose 2-sulphate. 

The above facts are consistent with structure XXIV for the 

KC1-soluble component of carrageenan. 

CH?OH CH OSO-2 3 .. 
0 0 

0 

0-

OR OS03 

XXIV R usually SO; and less frequently H 

I;'hen R = SO; , Rl = H 

n 

lilien R = H , Rl = usually Hand less frequently 

A survey of a number of samples of the RCI-soluble 

comp onent has sholn! (2,79 ) that in addition to the above 

structural comnonents XXIV , some 3,6-anhydro-D-galactose is 

also present and, when the concentration of this sugar is low, 

the concentration of 4-sulphate is also low. Dolan and 

80-
3 

Rees (78) thus consider that the 3,6-anhydro-D-galactose and the 

D-galactose 4-sulphate are structural features more characteristic 

of I< - than A -carrar;eenan. They therefore define A-carrageroman 

as a molecule XXV devoid of these two minor components and 

consider it as but one extreme of a spectrum of polysaccllarides 

of varying composition (cf. 'l(;ar ) . TIle strictly alternnting 

sequence of 1,3- and 1,4-1inka~es is indicated by the (corrected) 

carrabi osc content of 95 j:, fo]' allmli-moclified A.-carrageenan (65). 
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XA'Y R usually S03' and l es s frequent l y H. 

o 

OR 

ICH20S03' 

)-- -0 

OS03' 

0-

The other structural features of the polysaccharide 

complex (i.e. the 3,6-anhydro-D-galactose and the galactose 

4-sulphate ) are thus thought to const i tute a third component 

of carrageenan which, although not precipitated by potassium 

ions, has some structural similarity to x-carrageenan. I n 

n 

order to investigate this heterogeneity further , the KCI­

s oluble fraction of C. crispus ( SO) was treated with alkaline 

borohydride to convert the 4 - linked galactose 6-sulphate 

residues into 3,6-anhydrogalactose residues XXVI. On 

addition of KCl to the modified polysaccharide solution, a 

precipitate P (10~ ) and a soluble polysaccharide Q (87~~ ) 

were ohtained. Hydrolysis of methylated P gave 2 , 6-di-

O-methylgalactose and .3, 6-anhydro-2-0- methylgalactose while 

hydrolysis of methylated Q gave 4,6- di-0-methylgalactose and 

2,4,B-t r i-O-methylgalactose but neither of the saccharides 

that P gRve. rfJ ethanolysis of both P an d Q gave carrabiose 

dimethyl acetal in such yields as to confirm that tho polymers 

are ma de up enti r ely of carrabiose segments. 

In Q 70% ( from quantitative data) of the galactose units 

are 2-sulpllUted, while virtually all tho 3, 6·-anhydrog;a l act ose 



IWl-soluble carrageenan (C. crispus) 

p('eci'pitnte 
'V : P (10;;) 

1 

(1) methylate 
(2) hydrolyse 

~,G-di-O-~othyl-~alactose 

:3 ,G-,:1I1r.y<1ro-2-0-mcthyl­

,7.;:.llnctose 

traces 

( 4,6-di-O- methYl­

i g·'lnctosc 
(2)4,6-tri-O-~ethyl­

( g~lnctosc 

L 

Thus P is 

CH
2

0fi 

-0_50 
o I 

}--o 

OH 

o 

W rnethanolysis 
carrabiose dimethyl acetal 
in theoretical yield for 
'o('-carrr.gcer.an 

CH2 

A:--o \ 

° Lo-

OR 

n 

XXVI Struc.tures P and Q are thus of the "r:msked repcntingll type. 

(1) alkali treatment : 4 - 1inked galactose 

G-sulphnte -+:3, 6- anhydrogalactose 

(2) KCl solution 

soluble polysaccharide 

1
(1) methylate 
(2) hydrolyse 

4,6-di-O-methyl-galactose 
2,4,G-tri-O-methyl-galactose 

but none of the major 

products of P. 

Thus Q is 

Q (87l!) 

j (1) methylate 
(2) oxidative 

hydrolysis 

:3,6-anhydrogalactonic 

acid but little of 
the 2-mct~yl ether. 

}-----o ~o 
HO o 

0503 (70%) oso-
3 

0_ 

n 

CA 
O'i 
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residues are sulphated, since oxidative hydrolysis of 

methylated Q gave 3,6-anhydrogalactonic acid and almost none 

of the 2-methyl ether. Before modification with alkali , Q 

therefore corresponds to XXV which is b y definition A-carrageenan. 

S ince the main hydrolys is product of methylated P is 

2 , 6-di-O-methylga lactose, the galact ose residues in P must be 

largely 4 -sulnhated, while oxidative hydrolysis gave 3, 6 -

anhydro -2-0-methylgalactonic acid with little 3,6-anhydro­

galactonic a cid, indicating that the 3,6- anhydride is largely 

nonsulphated . Furthermore, those samples which gave a high 

yield of 2 , 6 -di-O-methylgalactose after methylation and 

. / 

I 

I 
hydrolysis and which were therefore rich in the precursor of I 
P, also had high contents of native 3,6-anhydrogalactose. This 

sug~ests that the 3,6-anhydride, present b e fore alkali 

modification of the KCl-soluble fraction, occurs i n the precureDr 

of P. TIle precursor of P thus has the structure XXVII and is 

termed J.L - carra geenan . The replacement of galactose 6-sulphate 

with 3,6-anhydrogalactose is variable and dependent on the 

source. Hees (1) has suggested that J.L-carrageenan might very 

well be a biologica l precursor of x-ca rrageenan. fl-Carrageenan 

has net yet been isolated as such . 

CH20II CH2OS03 
0 --0 

-0 SO 
:3 0 

/(1 
0-

0 ,!·1" ., on 
n 

XXVII 

I 

I 

I 

I 
I 
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In order to further prove the above repeating structure 

for ~-carrageenan, Lawson and Rees (81) subjected KCl­

'soluble carrageenan from C. crispus ( approximating 

~-carrageenan in structure since it was low in 3 ,6-

anhydrogalactose) to acetolysis , and isolated the following 

oligosaccharides: 3-0-a-D-galactopyranosyl-D-galactose, 

4-0- [3-D-galact.opyranosyl-D-galactose, O-a -D-galactopyranosyl­

(1-+ 3 ) - O-[3-D-ga lactopyranosyl-(1-+ 4 )-D-galactose , O- [3 -D­

galactopyranosyl-(1-+ 4)-0-a-D-galactopyranosyl-(1-+ 3)-D­

galactose, and 0-a-D-galactopyranosyl-(1-+3)-0-[3 -D­

galactopyranosyl-(1-+ 4) -O-a-D-galactopyranosyl-(1-+ 3)-

D-galactose. Al l these aceto l ysis products are consistent 

with a polysaccharide structure having alternately a -l, 3-

and [3-1,4-linked galactose residues. 

The relationship betlyeen K- and fL ·-carrageenan is best 

illustrated as follows. The presence of galactose 6-sulphate 

has a marked effect on the gelling strength of K-carrageenan . 

Thus the removal of even as little as 0.5% of the sugar !i i th 

the concomitant formati on of 3,6-anhydrogalactose increas es 

the gelling strength markedly in spite of a certain amount of 

alkal ine degradation. This is because removal of the "kinks" 

caused by the difference in conformation betlveen the galactose 

6-sulphat e and 3, 6-anhydrol~filact ose i ncreases the gel strength 

(cf. agar). The gel framework is caused by cross -linking; of 

chains in double helices and 6-sulphate residues represent 

impediments in the cross-linking i.e. "ki nks" in the helix 

strand. These kinlw regulate the extent of helix formation 

and therefore the physical and hi010l';ical properties of the 
(70) macr0molecule. Rees has recently isolated an enzyme 
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from Gip;artina stellata, I"hich when applied to fl.-carrageenan 

(essentially K-carrageenan IVhich is very rich in kinks) resulted 

in the formation of 3, 6-anhydrogalactose to an extent of 149(, 

relative to the native anhydride. It is not clear IVhether 

eliminati on occurs at the 6-sulphate or 2,6-disulphate 

resi dues or both (the 2-sulphated units hardly effect the 

shape of the macromolecule so that the formation of the helix 

is not hindered). Rees thinks that "if this dckinking occurs 

in the living p l ant , it might provide a means of adaption, 

for example, t o increased severity of tidal action" 0 

1.2. 3. Other carrar;eenan-type polysaccharides. 

1.2.31. K- Carr ngeeDfln from Gir.;artina skottsbergi i S. et G. 

The K-carrageenan from this seaweed ( 82 , 83 ) was net 

precipitated diffusely but yi elded four distinct s ub-fractions 

at KCl concentrations of 0.1, 0.4, 0.6 5 and 0.75r l. The 

combined fraction at 0.65 - 0.7 5M was postulated as containing 

a structural unit composed of a backbone of four galactose 

r esidues, t hree 3,6-anhydrogalactose re sidues and five sulphate 

este r groups (two as 3,6-anhydroga l actose 2-sulphate, two as 

galactose 4-sulphate and one as galactose 6-sulphate). For 

the fraction precipitatcd at 0.3 - 0.4N KCl a structure was 

postulated I"hich contains, for every ten 3-1inked galacto se 

r esiuues, s ix 4-linked 3,6-anhydrogalactose res idues and tC!I1 

sulphat e groups ( five as 3,6-alO.hydrogalactose 2-sulphate and 

five as galactose 2-sulphate). However , I consider the 

evi den ce for these structl!res to be r athe r tenuous 

the position of the 804 ( a key factor i n the above structures ) 

is assigned sulely on the basis of IR s~ectra and reaction 

r ates for hydr'o lys is of 3, G-anhycl!' o(!,Q l actose linlm(..;es [lnd 
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sulphate ester linkages , lihile, for example , no supporting 

evidence from so powerful a tool as methylation analysis is 

given (cf. ref (69)). Furthermore, the large proportion of 

3,6-anhydrogalactose 2-sulphate in, for example, the 0.65 -

0 . 75M fraction (82) should give rise to a stron~ band in the 

IR at 805cm-l (73) and since only a weak shoulder is present 

in t his re gion , it is certainly unlikely that 60~~ of the 

3,6-anhydrogalactose residues are sulphated in the 2-position. 

1.2. 32. Furce1laran. 

Furcellaran (Danish Agar ) is extracted on a commercial 

scale from Furcellaria fastiRiata. It has [ a] + 75 0 and 
D 

was shown to contain galactose ( 46~b ), 3, 6-anhydrogalact ose, 

ester sulphate and tra ces of xylose. Hydrolysis of the 

methylated de sulphated (by acetylation) polysaccharide yielded 

2, 4-di-0-metbyl-, 2,4,6-tri-0-methyl- and 2 ,3,4,6- tetra-0-

methyl-galacto se suggesting a b ackbone of 

residues I",ith s ome branching on C6 ( 84). 

1,3-linked galactose 

Painter (85) has further 

shown the simi lari ty betl,reen 1<-carrageenan and thi s 

polysaccharide by precipi tati on lvi th potassium chloride . The 

po lymer thus purified had galactose 43%, 3,6-anhydrogalactose 

309; and ester suJ:phate 20';& ( c f. 1< -carrageenan 26%). Partial 

mercaptolysis ( 85) gave 4-0-i3-D-galactopyranosyl-3 , 6-anhydro-

D-galactose diethyl 
( 68 ) po lysaccharide 

mercaptal. Autohydrolysis of the 

affor ded D-galactose, and its 2-, 4- and 

6-sulphate, 3,6-anhydro-D-galact ose and its 2-sulphate, and 

carrabiose (cf. 1<-carrageenan p.24). Large amounts of 

unidentified sulphated oligosaccharides I"ere also present . 

Enzymic hyurolysis ( 86) indi cntes that 5G '," of the polysaccharide 



41 

is composed of a K-carrageenan-type polymer . Thus this 

polysaccharide has a simi l ar but less strictly alternating 

sequence than ~-carrageenan ( XXI (A)) , the difference being 

that ·only half of the 3-linked galactose residues are 

4-sulphated (34). 

1.2.33. Gi~artina tenella 

The polysaccharide extracted from Gir.:artina tenella 

\vas separated into K-carrageenan and lCCl-soluble ca1'rageenan-

type polysaccharides by potassium chloride . Hydrolysis 

and methanolysis of the K-polysaccha1'ide sho\\' t he main 

c omponents to be D- galactose, 3,6- anhydro-D-galactose and 

e ster sulphate i n the molar ratio 1 : 0.98 : 1.17 

(c f. K-carrageenan). Small amounts of L-galactose and 

D-xylose \'o'e1'e als o obtained, but it has not yet been determined 

whether or not these 1-lere due to contaminants. Partial 

methanolysis gave a 65~ yield of carrabiose dimethyl acetal 

indicating that the disaccharide constitutes a repeating unit 

in t he polysaccharide . 

1.2. 31. Hypnen. snecies polysaceharide§.o 

( 87 ) Hypnea sTJecifera yields a sulphated polysaccharide 

which is precipitated by potassium ions o It afforded 

D-gnlnctose, 3,6-anhydro-D-galactose and ester sulphate in 

the molar ratio 1.4 : 101 : 1 .0 0 From the results of 

methylation of both native and desulphated polysaccharides 

it apnsors that the galactose is 1,3-linked witll hemi-ester 

sulphate on position 4. The isolation of the disaccharide 

3, G-anhydro-1-0-r3 -D-~[\ l [\ctopyrr.1nosyl-D-'f.,:'l<:lCtosc (XVI) fror~ 

a partial methanolysflte of the polysilcclwridc c:staLlishes the 
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linkage of the 3,6-anhydrogalactose, while the hil1;h yield of 

the disaccha ri de indicates that the molecule is lar~ely built 

up of this unit. 

Enzymic hydrolysis (86) established the presence of 87% 

of \( -carrageenan-type material in Hypn~.£ .musciformis. 

1.2.35. Eucheuma species polysaccharides 

The mucilages of Eucheuma muricatum (88) and 

E. spinosum (89 ) a lso contain polysaccharides with properties 

similar to \(-carrageenan, although that from E. spino sum 

resembles ~-carrageenun more closely. 

1.2.36. Mucilage of Irideae laminarioides 

The mucilage of Irideae laminarioides contains a 

sulphate d galactan (90). r· jethylation establi shed that the 

galactan is l,3-linlced (91), \'lhile the sulphate was placed 

at the 6-position (92). Using the technique of enzymic 

hydrolysis Yaphe (86) showed that 36~'o of the polysaccharide 

consists of \(-carra~eenan-type material. 

1 0 3. Gra telouniaceae Polysaccharides. 

1 .3.1. Acodes orbitosa 

Hot water extraction of this seaweed yielded 

sulphated (27.5% sulphate) polysaccharide, aeodan 

a hir;hly 

( 93 ) , 
which was sho~rn to contain D- and L.-r;alactose , 2.·-0-methyl­

D-galactose, 1-0-me thyl-L-p;a lactose ( 94 ), G-O-wethyl-D-

galactose, D-xylose Hnd glyeorol, the ratio galactose : 

mono -O-wethyl~alactose : sulphate ester being 12 : 2 : 9 • 

Alkali trentrnent liberated 16% of the sulphate 

Iv:ith conconJitant formutioil of ::;',~ 3,6-anhyc1ro?;al a ctoFJe, 
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i ndicating that most of the 1,4-linked residues are sulphate-

free. Native aeodan c onsumed 0.21 moles periodate per 

s ulphate-free anhydrohexose unit indi cating (together with 

further evidence stated hereunder) a l arge number of 1 , 3-links 

in the ma cromole cule. Hydrolysis of the resulting 

oxopolys a cchari de showed t hat galactose and the O-methylgalactoses 

had sur vived t he oxidat ion , there was no trace of xylo se 

indicating tha t i t is 1,2- or 1 , 4-linked. The 6-0-

methylgalactose is t hus 3-linked. 

Hydrolysis of methylated desulnhated ae odan afforded 

2,3, 4 ,6-tetra-0-methylgalact os e, 2,3,6- and 2,4,6-tri-0-

methyl -D- gal act ose (major fraction) and some di-O-methylgalactoses. 

The high yield (80 9'0 ) of the tlvO tri -O- me t hylga l a ctoses indicates 

t he predominance of 1,3- and 1 , 4-linkages in a eodan. · From the 

r esults 

authors 

of the hydrolysis of methylated native aeodan the 
(93) sugi;est t hat some of t he l ,3- linked uni ts a r e 

sulphated at position 2 (s in ce 4,6-di-0-methyl-D-galactose i s 

pre sent in t hi s hydrolysate but little is present in t he 

hydrolysate of methylated desulphated ae odan). 

From a partial hydrolysis of aeodan \lere i s olated 4-0-\3-

D-ga l actopyranosyl-D- r;alactose, 3-0-D-galactopyr anosy l -D­

gala ctose ( 94 ) and 4-0-\3-D-ga lactopyranosyl-L-~alactose ( 95 ), 

thus establishing t he configuration of some of the linkages 

in aeodan. 

1.3 .2. Phyllymenia ce rnea 

The highly sulphat ed (20\0) polysaccharide , phyllymennn, 

fr om Phyllymeni a cornea (06; contains D-R31actose , 2,·-O-l'lcthyl­

D-galactosc, 6-0-mcthyl-D-galactose, ester sulphate and smal ler 
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amounts of L-galactose , 4-0- methyl-L-galactose , 3,6 -

anhydrogalnctose, xylose and pyruvi c acid (isolated as the 

2,4-dinitrophenylhydrazone ) , the proportions being galactose, 

43% and total mono-O-methylgalactoses 26%. Very little of the 

sulphate is alkali-labile. Periodate oxidised only 0.16 mole 

of sulphate-free anhydrohexose units. This suggests (\"ith 

evidence cit ed later) a large proportion of 1 , 3-links in the 

macromolecule. Reduction of p2rioda te by native phyllymenan, 

desulphated phyllymena n and partially de sulphated phyllymenan 

\"las approxir~ately the same in each case, indicatin~ that 

desulphation of the polymer does not produce new ex - glycol 

groups . Since the sulphate is not alkali-labile, t his inclLoaLe3 

tha t only those residues which are 1 , 3-l inked carry sUlphate. 

The presence of 6-0-methylgalactose in the oxopolysacchari dc 

indicates that it is 1 , 3-linked. 

Partial hydrolysi s of phyllyr.lenan afforded 4-0-fl-D-

galactopyranosyl-D-galactose, 4- 0-fl-D-galactopyranosyl-2-0-

methyl-D-galact ose ( in high yield), 3- 0-a-(2-0-methyl-

D-galactopyranosyJ.) -D-r:;llJ.act ose and 4-0-( G-O-methyl-D-

galactopyranosyl )-2-0-1lI.:.thyl-D-ga lactose, thus establishing 

the configuration of some of the glycosidic linka(!;es in the 

polymer. 

From t he hydrolysate of methylated dasulphated 

phyllymenan ( 07 ) were obtained 2,:3,4 , G-tctra-O-metlly1r;alact osa, 

2,4,6- and 2,3,5-tri-O-methyl-D-~alDctoscs in tllD molar ratio 

of 1.6 : 10.1 :8.7. \{hen combinerl \-lith t,he above facts, t.hese 

results can be interpreted as follows . The 2,3,G-t J'i -O-mcthy]·-

D-galactose is considered to havD arisen from 1, 4-linked 

D-r;ala ctosc and 1 ,4-1in kcu 2-0-mGthyl .... D-r;alD.cto[',~ rc(d.duC8 1.n 
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the polymer. The 2,4,6-tri-O-methyl-D-galactose is considered 

to have arisen from 1,3-linked D-galactose and 1,3-1inked 

6-0-methyl-D-galactose residues in the polymer. 

Hydrolysis of methylated native phyllymenan afforded 

2,3,4,6-tetra-, 2,3,6- and 2,4,6-tri-, 2,6- and 4,6-di-, 

and 2- and 4-mono-O-methyl-D-galactose . Treating these results 

'vith some caution the authors (97) conclude the following 

The 4,G-di-O-methylgalactose could only have arisen from 

1,3-linked D-galactose 2-sulphate. The 2,4,6-tri-O-

methylgalactose indicates that not all the 1,3-1inks are 

sulphateu. The 2,3,6-tri-O-methylgulactose comes from 

1,4-1inkeu D-g .:. lactose and 2-0-methyl-D-galactose residues in 

phyl lymenan. The mono-O-methylga lactoses and D-galactose are 

probably due to undermet hylation, although some of the 2-0-

methyl-D-galacto se could have arisen from pyruvic acid attached 

as the 4,6-acetal to 1,3-linked D-galactose. 

On the basis of the above evidence the part ia l structure 

XXVI II is presented. 

CH20H 

0 -0 
H -0 

Ol-I 0-

t I " 
OR OR 

n 

XXVIII ({here 

R = II and less frequently elI"". 
, u 

H = so:; and less freq uently H. 
" u 

R = CIl3 and less freq\1ently Ho 
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The linear alternating sequence is sholm , not because an 

alternating sequence has been conclusively proved, but because 

of the presence of approximately equal proportions of 1,3-

and 1 , 4-linkages in de sulphated phyllymenan, and because the 

isolation of the trisaccharide O- ~-D-galactopyranosyl-

(1-+ 4) -O-cx-( 2-0-methyl-D-galactopyranosyl ) -( 1-+ 3) -D-galactose 

indicates that at least some regi ons of alternating str.:cture 

do exist. 

1.3.3. . pachymenia carnosa 

Pachymenia carnosa mucilage Ivas shown to contain (9 8 ) 

D-galact ose, 2-0-methyl-D-galactose, 6-0-methyl-D-galactose, 

4-0-methy l-D- and L-galactose, xylose and ester sulphate (30%) 

in the molar ratio 6.1 : 1 . 0 : 0.5 : 0.2 : 0.03 : 6 . 6. Only 

1% 3 , 6-anhydrogalactose was formed on alkali-treatment of the 

polysaccharide. 

Partial hydrolysis of the polysaccharide gave the foll cnving 

disaccharides : 4-0-~-D-galactopyranosyl-D-galactose, 4-0-~-D­

galactopyranosyl-2-0-methyl~ -galactose, 3-0'-cx-(2-0-methyl-D­

galactopyranosyl)-D-galactose, 4-:0- fJ­

(6-0-methyl-D-galnctopyranosyl )-D-galactose , 4-0-fJ-(6-0-methyl-

D-galacto:;JyrRnosyl) -2-0~·r:,ethyl-D-r.alnctose , and ( 2-0-r.lethyJ-

galactosyl)-6-0-methylgalactose. 

The position of some of the sulphate residue is proved by the isolation of 

D-galactose 6-sulphate from the acidic fragments of the partial hydrolysate. 

TIle mai n products from the hydrolysis of the methylated 

de sulphated polysaccharide were 2,3,6- and 2 , 4,6-tri-O-methyl -

D-l,alactose ill. approxir.l:ltcly 1 : 1. ratio, sllpporting the above 

evidence for 1. ,3- Ilnd l, 4-1inlcu/T,cs in the polysacc!luJ'ide. 
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The relatively large amount of 2,3 , 4,6-tetra-0-methylgalactose 

is considered to have arisen from the short degraded chains in 

the desulphated molecule, while the small amount of di-O­

methylgalactoses present are considered to be undermet hylation 

products. 

Periodate oxidation studies (combined with the partial 

hydrolysis evidence above) indicate that the 6-0-methyl-D­

galactose is l,3-linlced, and that the 2-0-methyl-D-galactose 

is l,4-linl(ed. All the 4-0-methylgalactose is cleaved by 

lleriodate (cf. Aeodes ulvoidea (100»). Those galactose units 

which are 1,3-linked are obviously also immune to periodate. 

Acetolysis of the 1l01ysaccharide (99) led to the 

identification of 16 oligosaccharides, includinF, those already 

mentioned in th(~ partial hydrolysate. All seven trisacchar ides 

were found to contain both 0:-1,3- and f3-1,4-linkages, and the 

only tetrasaccharide had alternating 0:-1,3- and f3-1,4-linka~cs. 

Since methylation studies on the de sulphated polysaccharide 

indicat e equal quantities of 1,3- and 1,4-links, the evidence 

for an alternating sequence is quite strong. 

Aeodes ulvoidea 

The sulphated polysaccharide from Aeodes ulvoidea (100) 

was shown to contain D-galactose, 4-0-methyl-L-~alactose and 

2-0-methyl-D-c;alactose in the mo lar ratio 10.5 : 1.1 : 1.0, 

together with traces of 6-0-me thyl-D-galactose, xylose and 

mannose. This polysaccharide thus differs from the oth"r 

Grate 1 onniacF!pe ]l01ysacc1lnride s in that the 4-0-methyl-L-

gal.actose is a major constituent. TIle susceptibility of 

this s accharide to oxidation by periodate indicates that it is 

ei ther present as non-reducing end-t~rou]l or else 1, 6-linl,;:cd 
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the latter possibility being ruled out hOl"ever by the absence 

of 2,3,4-tri-0-methylgalactose in the hydrolysate of methylated 

de sulphated polysaccharide. On the other hand, the presence 

of 2,3,4,6-tetra-0-methyl-L-galactose (1 : 1 ratio with the 

D-isomer) in the same hydrolysate supports the case for 

end-group linkage of the 4-0-methyl-L-galactose (no other 

L- sugar has been found in the polysaccharide). 

Comparison of the ratios of D-galactose : 2-0-methyl­

D-galactose in the polysaccharide before and after oxidation 

by periodate, together with the fact that no 2,3,4-tri-0-

methylgalactose was found in the hydrolsate of methylated 

desulphated polysaccharide, indicates that the majority of 

the 2-0-methyl-D-galactose residues must be either 1,3-

and/or 1,4-linked. The IO~1 reduction of 0.3 mole of periodate 

per anhydrohexose unit by all the 4-0-methyl-L-galactose 

residues and some of the D-galactose residues suggests that at 

least one half of the D-galactose residues are 1,3-linlced and/or 

a large proportion of the galactose residues contain other 

glycosidic linkaGes so as to render them immtme to periodate. 

The 101" percentage of alkali-labile sulnhate in the 

polysaccharide precludes the possibility of a large proportion 

of l,4-linked D-galactose residues protected from periodate 

attack by sul)Jhate hemi-ester groups at positions 2 and/or 3. 

Hydrolysis of the methylated desulphated polysaccharide 

yielded 2,3, G- and 2,~ .. \ G-tri-O-methyl-D-gal.actose as the 

major components, indicatinG a large proportion of 1,4- and 

1, 3-linlut~e8 respectively in the polysaccharide. The small 

amount of ;~,3,4,6-tctI'a-0·-methyl-D-gCllilctose obtained is 

considered to have arisen mnilily from D-galactose and possibly 
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some 2-0-methyl-D-galactose end groups. In addition, trace 

quantities of 2-0-methylgalactose and some di-O-methylgalactoses 

were obtained. 

1.4. ~Iiscellaneous Polysaccharides 

1 .4 .1. Anatheca dentata 

Hot water extraction of Anatheca dentata afforded a highly 

sulphated (35:~ ) polysaccharide (101), which Ivas sholom to 

contain D- and L-galact ose (ratio 1.6 1), D-xylose and 

est er sulphate in the molar ratio 6.0 1.0: 6.B respectively. 

Small amounts of pyruvic acid and D-glucuronic acid were also 

obtained. The mode of linkage of the galactose was elucidated 

by the isolation of the fo llowing methylated saccharides from 

the hydrolysis of methylated desulphatcd polysaccharide : 

2,3,4,6-tetra-0-·methyl-D- and L-galactose, 2,3, 6-tri-0-mcthyl­

L-galactose ( with a little of the D-isomer) and 2,4,6-tri - 0-

methyl-D-galactose (the two tri-O-methylgalactose s being in 

2 : 1 ratio). This indicates that most of the L-galactose 

and some of the D-galactose residues are 4-linked, I,hi le 

unbranched D-galactose residues are 3- linke d : also both 

D- and L-gnlactose may occur as non-reducing end-group. The 

xylose gave only 2,3, 4-tri-D-methylxylose indicating that 

all the xylose is present as non-reducing end-group. This 

ap plie s also to the uronic acid since only 2 ,3, 4-tri·-O­

methyl-D-glucu·roni c acid lvaS obtained : furthermore 4-0-ct-D-

glucuronosyl-L-galactose was isolated from tbe acidic fra~ments 

of a partial hydrolysa te of t he native polysaccharide. 

From these acielic fragments t he follol1ing pyruvate 

containing saccharides were isolated: 4 ,G -O (1' -carbo .·yethlidenc ) -
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D-galactose and 4-0- i3-[4,6-0(l'-carboxyethylidene)] -D­

galactopyranosyl-L-galactose, indicating the same site for 

the pyruvic acid as in agar VII. The presence of pyruvate 

in this polysaccharide as well as in a gar and members of the 

Grateloupiaceae (Aeodes orbitosa (101) and Aeodes ulvoidea (102)) 

suggests that pyruvate may well be more I-Jidespread in the red 

seaweed polysaccharides than has previously been thought. 

The sulphate hemi-ester groups in the polysaccharide are 

essentially non-alkali-labile and some were placed by the 

isolation of L-gala ctose 3- and 6-sulphate. Since all the 

L-galactose residues are 1, 4-linked this 3- or 6-sulphate 

would be alkali-labile, and since the polysaccharide does not 

contain alkali-labile sulphate, those L-galactose residues 

which carry the sulphate must be either the site of branch-

points in the macromolecule or else trisulphated. In support 

of this, periodate oxidation of the native polysaccharide 

cleaves 10;1, of the galactose residues ',hich are t here fore 

1,4-linked and not sulphated at position 6, while in the 

de sulphated polysaccharide periodate c leaves about half of 

the galactose residues, showing that during desulphation of 

the polysaccharide sulphate must have been removed from the 

1,4-linl:ed residues at either position 2 or 3 or else fr om 

both positions. It is also interesting to note that the molar 

ratio of L-galnctose to sulphate ester groups in the 

polysaccharid~ is 1 : 3. Thus the evi dence fo r trisulphated 

L-galactosc in the macromolecule is very strong. 

Further evidence for the mode of linkage of the gal actose 

in the macromolecule was obtained by tl lC isolation of the 

following olig o saccharides from a partial hydrolysate 

4-0-p-D-gaI act opyranosy l-L-r-;alact ose , 3-0-a-L-,p;Cllact oTJyranosyl-
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D-galactose, 4-0-~-D-galactopyranosyl-D-galactose, O-~-D­

galactopyranosyl (1-+ 4) -O-a:-L-galactopyranosyl( 1 -+ 3 )-D­

galactose, and O-~-D-galactopyranosyl( 1-+ 4) -O- a:-L­

galactopyranosyl( 1-+ 3 )-O-D-galactopyranosyl( 1-+ 4 )-L-galactose. 

Thus a substantial part of the molecule is made up of a:-l,3-D-

and ~-1,4-L-galactose residues. The presence of 4-0-~-D-

galactopyranosyl-D-galactose is not surprising since there are 
-

more D- than L-galactose residues in the polysaccharide, and 

thus D-galactose must replace some L-galactose in the 

saccharide sequence. 

Although a repeating sequence for the macromolecule as 

a whole has not been proven, nevertheless the above results 

indicate that at least some parts of the macromolecule resemble 

agar in having a repeating sequence of a:-l,3-D- and 

/3-1, 4-L·-galact ose residues, al thou::;h the polysaccharide rese p.!b les 

A-carrageenan in respect of its high sulphate content and absence 

of 3,6-anhydro-galactose. It is interesting that Anatheca 

dentata belongs to the same family (Solieriaceae) as the 

Eucheuma species discussed above and which structurally resemble 

the carrageenans. 

1.4.2. Corallina officinali s. 

Decalcification of the calcareous red alga Corcllio! 

offic inalis (103) led to the isolation of a sulphated 

polysaccharid~ consistin [,; of r;alactosc, D-xylose and ester 

sulphat e in the mo lar ratio of 4.2 : 1.9 : 1.0. Niid 

hydrolysis yielded hlo glllc.ctose monosulphates viz. L-galactose 

6-sulphate and galactose 4-sulphate. The polysaccharide 

contains no 3 ,6 -anllydror;alactose. Periodate oxidation of the 

polysaccharide indicates that only a fel" galactose residues arc 



52 

3-linked, since most of the L-galactose re sidues and about 

two-thirds of the D-galactose residues are oxidised by periodate. 

The xylose residues are all oxidi sed by periodate and must 

there fore be linked through either position 2 or 4. 

1.4.3. Dilsea edulis 

The sulphated galactan from Dilsea edulis (104) 

( [0:] + 47° ) contained 20 - 24% sulphate. ~lethylati on of 
D (105) 

the de sulphated polysaccharide gave a high yield of 

2,4,6-h'i-0-methyl-, some 2,3,4 ,6-tetra-0-methyl- , and a trace 

of 2,3,6-tri-O-methyl-D-galactose indicating a 1,3-linked 

galactose backbone. This I~as confirmed by the oxidation of 

only 0.2 moles of galactose residues by periodate. I~drolysi3 

of the mucilage (106 ) yielded D-galactose, xylose, g lucurone, 

ester sulphate and traces of 3, 6-anhydro-D-g;alactose and 

hydroxymethylfurfuraldehyde, the latter as a degradation product 

of the anhydride. From repeated Barry degradation (107 ) on the 

polysaccharide the authors (106) concluded that the xylose is 

1,3-linked, and that it and the glucurone are probably present 

in peripheral side-chains: also, some of the galactose" is 

1,4-1101;ed and also occurs in side-chains. Rees (108 ) 

has mO)'t! recently shown t.hat there ex ist two dissimilar regions 

of the polysa ccha ride which may be in the same or in different 

molecu l e s. The ma jor component is a chai.n of 1,3-linl:ed 

galactopyran ose residues, some of which carry sulphate at 

position 4. The other region consists of an alternating 

sequence of 1,3- and 1,4- lin ked gala ctopyranose residues, with 

some of the I, 3 - 1inked unit s perhaps carryine; sull hate at 

position 4 and so me of the 1,4- 1inked units occurrillg as the 

6-sullDlat e or 3,G-anhydri de. He cons1.<lers th e xylose to be 
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part of a contamina ting polysaccha ride. 

1.4.4. 

The 

Dumontia incrassata 

'109) 
polysaccharide ~ 

(cf . + 47 0 for D. edulis) and 

has an [a] + 53
0 

D 
forms a high ly viscous solution 

but does not gel. The mucilage cont a ins galactose, sulphate 

and a uronola ctone in the ratio of 9 : 4 : 1. Periodate 

oxid ises one unit in 6 i.e. 5 units are 1,3-linked for every 

unit not so linked. The ratio of sulphate to sugar (2 : 5) 

in this polysaccharide is hrice as hi gh as in D. edulis (1 : 5). 

1.4 .5. Funoran 

The muc i l age of Gloiope1tis furcata has [ex] 
D 

o - 21 , 

contains 19% sulphate and form s a viscous solution but does 

not gel. ~!ethanolysis (110) yielded 3, 6-anhydr o-L-galactose 

dimethy l acetal and methyl D- and L-ga l actosides in t he molar 

ratio of 8 : 1 2 : 1. Partial methanolysis (lll) afforded, in 

addition, agarobiose dimethyl acet a l (in v e ry high yi e ld) and 

a trace of methyl D-xyloside. Thus the authors are of the 

opinion that if one disregards the s ulphate ester groups, 

then agarobiose is the chief r epeating unit of t he mucilage 

molecule. This polysaccharide may therefol'e 

t hird extreme of the ~gar polysa ccharide ( 3 1) 

approach the 

c omp lex. The 

xylose is c onsidered to be due possibly to a contaminating 

xylan. 

1 .4.6. Polysiphonia fnsti~iata 

The hydrolysate of the mucila ,~e of Pol;vsi.nhonia 

f t ' 't ( llZ) ( . .as 1;1a a afforded D- and L-galactose rat lo 2 : 1), 

6-0-methyl-D- and L-hCllactose ( rati o 9 : '7 ) and 3,6-anhydro-

D- and L-gnlactose ( ratio 1 : 1). A sugal' sulphate was also 
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obtained which \1las tentatively identified as a mixture of D­

and L-galactose 6-sulphate. From the methylated 

polysaccharide a mixture of 2,4-di-O-methyl-D- and L-galactose 

\ias obtained as the chief hydrolytic product. The di-O­

methylgalactose probably arose from 3-linked galactose 

6-sulphate r esidues. No further work has be en published on 

this complex polysa ccharide. 
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Evaporation of solutions was carried out below 45° at 

reduced pressure using a rotary film evaporator. Specific 

rotations were measured in I~ater, most of them on a Perkin-

Elmer 141 automatic polarimeter. Paper chromatogralJhy '.~as 

carried out on hThatman No.1 paper, using the follol~ing solvent 

systems: (1) ethyl acetate : acetic acid: formic acid: 

water (18 : 3 : 1 4)9 ( 2 ) butan-l-ol : pyridine water 

(9 : 2 : 2), (3) butan-l-ol : ethanol: water (40 11 : 9), 

(4) but anone saturated lYi th liater containing 1% 0.88 ammonia, 

(5) ethyl acetate : pyridine : lYater (8 : 2 : 1) and (6) 

butanone : ethanol : water (9 : 1 : 2) saturated Hith boric 

acid (81). Rgal values refer to chromatographi c mobilities 

relative tu galactose in solvent 1, while Re;g values refer to 

chrornat o6raphi c mobilities relative to 4-0-B-D-gaJ.actollyranosyl-

D-galactose in sO].vent 6. 1'hj.n-layer chr omatography ('l'LC) Ims 

carried out on glass plates coated with silica gel G containing 

calcium sulphate as bin.der, employing butanone : vlBter (85 : 7) 

as solvent. RTi'lG values of methylated sugars refer to the 

rates of travel of methylated sugars relative to 2,3,4,3-tet1'a-

O-methyl-D-ga lactose 011 thin layerplat ese Tile spray reagents 

used for paper an(; thin-layer cllromatography were (f!) .l2.-anisicine 

hydrochloride (1J.3), (!:!.) ['.!liHne : diphenylamine : phosphoric 

acid (1l4), (~) 10'~: sulphuric acid in ethnnol and (d) 

t . I ] t t ., ' J 1 . 0. (115) G l' , d h t ' r1pleny . . e'razo •. 1 urn Cl 01'1 e • as- 1qU1 c r oma ograpny 

( GLC) for thp. C[llEtntitative uctcl'i1lin(;.tion of sl.H~ar s as their 

aldi tal d.cetates,) ""'"H.S c fl.? ... riGd ou.t on a D(lC'kmtl.rt GC-4 gas 

and nitl"o [.~en o s ea.'ricl" g n i; .. The colum;:l packing l..lsed \lfas 
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20% Apiezon ~l supported on Chrorr.osorb \-, (80 - 100 mesh, acid 

washed and dimethylchlorosilane treated) at an operating 

temperature of 175 0
• GLC of the methyl glycosides of the 

methylated sugars "as carried out on a Perkin-Elmer 900 gas­

chromatograph using a flame ionization detector and nitrogen 

as carrier gas. The column packing used was 20;; butan-

1,4-diol succinate polyester (Applied Science HIEFF - 4BP) 

on Gaschrom P (80 - 100 mesh) at an operating temperature 

of 190 0
• Retention times T are relative to that of methyl 

2,3,4,6-tet.ra-0-methyl-i3-D-glvcopyranoside. The T values 

obt.ained for standard saccharides were met.hyl 2,3,4,6-tctra­

O-methylgalactosides (T 1.61), methyl 2,3,6-tri-O­

methylgalactosides (T 2.80, 3.42, 3.66 and 3.95), methyl 

2,4,6-tri- O-methylgalactosides (T 3.55 and 3.97), methyl 

2,3,4-tri--O- rnet.hylg;alactosides (T 5.87) and methyl 2,3-

di-O-methylgalactosides (T 8.38 and 11.44). Values given 

in parentheses are for peaks which are incompletely resolved 

and therefol'e assic;ned to more than one component. Infrared 

spectra were recorded on a Beclanan IR - 8 spectrophotometer 

using Imr discs. Sulphate determinations were carried out 

using the 4'-chlorobiphenyl-4-ylamine method (116, 117). 
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Aeodes ulvoidea is easily recognised by its broad, flat 

fronds which often have an endophyte (belongin~ to the green 

algae) grOl-ling on them, and, during the processi.ng of the ,,,eed, 

great care was taken to remove all visible traces of this 

endophyte so as to ensure as homogeneous a product as possible. 

2.1. Isolation and purification of the polysaccharide 

Wet Aeodes ulvo i de a (2.5 kg) was half covered with water, 

and glacial acetic acid was added to pH 3-4. Steam was 

passed into the mixture, the acetic acid aiding in the complete 

disintegration of the weed. The pH rose to between 6 and 7 

during the process. The extract ,,'as centrifuged hot, and the 

product was precipj.tated with ethanol (5 volumes). The 

crude polysa ccharide was washed with ether and dried at 50 0 

under reduced pressure (10% yield on a ,,,et-weight basis). 

Purification of the polysaccharide was effected by dissolutio~ 

in water , centrifugation, and precipitation with ethanoJ. 

After three such cycles, the polysaccharide ,,,as ,,rashed with 

ether and dried at 50° under reduced pressure (Found : 

34 0
; 3,6-anhydrogalac tose (l18), 1.4; N,004; OI'le,2.07; 

SO~- (ref o lI9), 19.9%)0 Both t h e sodium and the ammonium 

salts of the polysaccharide gave a peal, in the infrared at 

-J 1 1240cm ' ; on l y a broa d sh ou l der was present in the 800 - 8GOcl1l-

region (120 ). 
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2.2. Separation and characterization of the components of 

the polysaccharid~ 

The polysaccharide (20 g) was hydrolysed with O.5~1 

sulphur ic acid (100 ml) on a boiling water-bath overnight. 

The solution was neutralised (BaC03 ), centrifuged, and 

evaporat ed to a hygroscopic, solid foam (11.6 g). Paper 

chromat ography (solvents 1, 3, and 4) of the solid revealed 

the presence of three sugars with Rgal 2 0 15, 1,75 and 1.00 

(solvent 1), cor responding to 2-0-methylgalactose, 4-0-

methylgalact ose and galactose (maj or sugar), re spectively. 

The solid Ivas applied to a cellulose column (54 x 430 mm), 

and the monosaccharides ,;ere eluted with butan-l-ol 

water ( 95 : 5). Fractions (50 ml) 'vere analysed by paper 

chromatography and combined into six ma jor fr a ctions. 

Fraction I. The syrup (274 mg), after l'ecrystallisation 

from ethyl a cetate : methanol, yielded 2-0-methyl-D-galactose, 

m.p. and mixed m.p. 147- 148 0
; [o:J~8 + 52 (5 min)-+ 

+ 920 (c 0.58); lit.(93) m.p. 148-1490
, [o:J16 + 84.9 0 ( final) 

D 
(.£ 0.53 ). The infrared spectrum of this sugar was identical 

with t hat of authentic 2-0-methyl - D-galactose . 

Demethylation (121) of t he sugar ( 5 mg ) by heating on a boiling 
\ 

water-bath wi t h 46)~ IIBr (1 ml) gave (paper chromatography) 

galact ose and a tra ce of 2-0-methyl galactose o Later 

invest igation of the .mother li quor f rom which the 2-0-methyl -

D-galactose had crysta llis{) (( showeo. the presence of a trace 

of 6-0-methylgalactose (paper Cill'Omatogl'aphy , so lvents land 

5, and sprays a and ~). 
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Fraction II. A syrup (440 mg) ~"hich was shown by paper 

chromatography to be a mixture of 2-0-methylgalactose and 

4-0-methylgalactose (solvents 1, 2 and 4). 

Fraction III. The syrup (370 mg) was chromatographical ly 

identical with 4-0-methylgalactose (solvents 1, 2 and 4). 

After recrystallisation from methanol, it yielded large, 

ColoUl'less crystals of m.p. 200-202 0
; [0:] - 65 (5 min)-+ 

o D 0 
- 83 (c 0.42). The m. p. 11IaS depressed to 192 on admixture 

with 4-0-methyl-D-galactose. Araki et al (26) reported 

m.p. 202-203 0
; [o:J13 - 74.8 (27 min)-+ - 85.1 0 (24 h) 

D 
(£ 2.70), for authentic 4-0-methyl-L-galactose. 

Demethylation (121) gave (paper chromatography) galactose and 

a trace of starting material. The infrared spe ctrum of the 

sugar was identical with that of its enantiomorph. The derived 

4-0-methyl-N-phenyl-L-galactosylamine had m.p. 167.5- 1680
; 

lit. (26) m.p. 167-1680 • 

Fraction IV. A syrup (92 mg), ShOl1lll by paper 

chromatography (solvents 1, 2 and 4) to contain traces of 

galactose, mannose (Rga1 1.30), xylose (Rgal 1.65) and 

4-0-methylgalactose (Rgal 1.67). 

Fr-act i on V. An amorphous solid ( 4.7 g) I"hich , after 

recrystallisation fro m ethanol, y ielded D-ga lactose, m.p. 

and mixed m.p. 160- 162°, [o:J:7 + 116 (5 min)-+ + 85° (£ 0.52). 

The sugar was oxidized by heating for 1 h 11i th nitric acid 

(1 ml of 1 : 1 nitric acid : water) at 1000 to give mucic 

. d d ." d- ~10 ')1,,0 aCl , m~p . all mlxe m.p o ~ -~ ~ ~ 
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Fract ion VI. This fraction, a hygroscopic solid (2.7 g), 

was eluted from the column with aqueous ethanol and ethanol, 

and not furt her investigated. 

2 0 3. Quantitative determination of the hexose residues in 

the polysaccharide 

The method used for the quantitative determination of the 

sugar residues in the polysaccharide, de sulphated polysaccharide 

and periodate oxidized polysaccharide was similar to that used 

by BOIvker and Turvey (122). To polysaccharide ( 50 - 100 mg) 

I"as added a known quantity (1 - 2 ml) of a standard erythritol 

solution (7.34 mg/ml) and 0.51>1 sulphuric acid (10 ml). The 

solut ion Ivas heated on a boiling I"ater-bath for 6 h, co oled, 

neutralised with saturated barium hydroxide solution to 

pH 5-6 and centrifuged. Sodium borohydride (200 mg) was adde d 

and t he solution allowed to stand for 24 h. It was then 

neutralised carefully 'ith 0.5H sul phuric acid, evaporated te 

a solid and uried over phosphorus pent oxide at 30%.1 mm. 

Acetylation mixture ( 5 ml) containing acetic anhydride (50 ml) 

and sulphuric acid (1 ml) lyaS added to the solid and heated 

at 80 0 for 6 h. The solution was cooled, neutralised with 

sodium bicarbonat e to pH 5 anll extracted tlYice wi th chlorofor':;] 

(10 ml). The chloroforr:1 layer was dried U1gS04) I and after 

sui table adjustment of the concentrat ion, 1 [11 samples liere 

injected into the gas chromato!~ral1h. Since the response 

of the detect or varies from one glycitol acetate to anotller, 

the molar reS110nse of the glycitol <lcetate of each sup;ar 
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present in the polysaccharide was determined relative to 

erythri tol acetate. This was done by reducing a solution 

of a Imown Iveight of erythritol and a Imol'i'Il weight of the 

sugar to be de termined with sodium borohydride, and then 

acetyla t i ng as outlined above. The concentration of each 

sugar was estimated from its peale area, i.e. peak hei ght x 

width at half height. 

2.4. Desulnhation of the p olysacchari de 

Polysaccharide 

chloride (123 ) (500 

(16 g ) and 0.15M methanolic hydrogen 

ml) liere shaken for 48 h. Insolub le 

mat eria l was then filtered off, \-lashed IVjth a little dry 

methanol, and re-treated with fresh, 0.15M methanolic 

hydrogen ch loride (500 ml). The in s oluble materia l (11.0 g ) 

was filtered off, l"rashed I"li th ethano l and dried at 55 0
/ 0.1 mm 

( Found: N, 1; SO~-, 6. 2% ). The combined , methanolic 

filt rRtes were neutra li sed (Ag2C0
3
), centri fuged , and evaporated 

to a syrup. Paper chromatography of a neutralised , acid 

hydrolysate showed the presence of galactose, 4-0-methylga l act.o se , 

and 2-0-methylgalactose. Paper chromatography of a neutralised, 

aci d hydrolysate of the desulphated polymer revealed that the 

4-0-methylgalact ose spot ( spray ~) Ims less intense t han the 

2-0-methyl galactose spot. Al thour;h exact measurement s !"lere 

not possible, GLC studies showed that the ratio of galactose 

4-0-methylgalactose : 2-0-methylgalnctose was 35 : 1 : 2. 
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2.5. Alkali-treatment of the polys accharide 

To the polysaccharide (1. 5 g) in I,ater (200 ml) was 

added sodium borohydride (42 ) (0.5 g) and the mixture was 

stored for 48 h at room temperature. Aqueolls sodium hydroxide 

(40~ , 50 ml) and sodium borohydride (1.5 g) were then added, 

and the mixture Ims heated at 70_.75 0 for 7 h, I,ith additions 

of sodium borohydride (0.5 g) every hour. This process I>Jas 

repeated in a second exneriment , hut with the water bath 

maintained at 80 + 10. The solutions were dialysed, the 

dialysate s were centrifuged and concentrated, and the 

polysaccharides lVere isolated by freeze-drying (1.1 g in e ach 

case) Found : 1st experiment; [Q J 26 + 43 0 (£ 0.7); 

3,6-anhydrogalactose , 2.7; ~, O.OP SO~- , 17.5~; 2nd experiment; 

[ aJ26 + 53 0 (c 1.3); 3,6-an}iydro:?;nlactose , 3.5; 80;-, 17.9;~ • 
D 

2.6. Periodate oxidatj.on of polYsa ccharide and desulnhated 
> 

lJolysaccho.ri de 

To the rolysaccharide (19.2 mg) and desulphated 

polysaccharide (l9.6 mg; so~-, 6.2 ~ ) in water (5 ml) were 

added c'luRl volumes of 29. 8mt·l sodi UI'1 metaperiodate anel the 

oxidat ions were followed sge ctrophotometrically (l24 ) 

(Table III). The solutions \\Ter e then treate d IVith excess of 

ethylene glycol, dialysed, and concentrated. Pa.per 

chroma tography (solvents 1 and 2) of a neutralised, a cid 

hydrolysate shoh'ed only galactose and 2-0- nwthylgal.nctose in 

each casco In order to obtain s ufficient oxopolysaccharidc 

for furtllcr examination, the polysaccharide ( 387 mg ) in water 

(50 ml) Ims treated 11i tCl. a n >9 c;un l volume of 59.'lrnN sodium 
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metaperiodate. the reduction of periodate being followed 

titrimetrically (125) (,rable III). After 150 h, the solution 

(now reduced to 35 ml; 65 ml having been used for the 

titrimetry) was treated with excess of ethylene glycol and 

dialysed. The oxopolysaccharide (40 mg) I'las isolated by 

concentration of the solution to a suitable volume and 

freeze-drying . Paper chromatography of a neutralised, acid 

hydr olysate of the oxopolysaccharide indicated galactose and 

2-0-methylgalactose, but 4-0-methylgalactose and xylose were 

not detected. GLC (conditions outlined earlier) showed 

that the molar ratio of D-galactose to 2-0-methyl-D-galactose 

in the oxopolysaccharide was 6.1 : 1, a peak corresponding 

to 4-0-methyl--L-galactose lvaS not detected. 

2.7. /·;et.bJ.:l ati.on of desulllhated polysaccharide 

To a solution of desulphated polysaccharide (9.0 g; 

SO~-, 6. 29~) in methyl sulph oxide (150 ml) Ivas added solid 

sodium hydroxi.de (60 g) and methyl sulphate (30 ml ) over a 

period of 6 h with vigorous stirring. The mixture was then 

stirred overni g;ht 0 This treatment \'las repeated, after \,hich 

the residual methyl sulphate was destroyed by heatin~ on a 

boilinR water-bath for 1.5 h. ~ater was added to dissolve 

the solids, nnd the alkaline solution was partially neutralised 

in t he cold ~ith 2.5M sulphuric a cid, the neutralisation being 

coml) leted I,Uh cl.ilute acetic acid. TIlis solution (1 .5 1) was 

dialysed, concentrated to a sllitable volume , and freeze-dr ied 

to a solid fo am (12 .6 ~). After a secend meLhylation , the 

methylated polymer \vas extracted into chloroform in the usual 
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way, yielding a glassy foam (A) (1.1 g), which had no i.r. 

band f0r hydroxyl groups. Paper chromatography (solvents 

1 and 5, spray ~) of a neutralised, acid hydrolysate showed 

2,3,6- and 2,4,6-tri-0-methylgalactoses, with smaller amounts 

of 2,3,4,6-tetra-0-methylgalactose, some di-O-methylgalactoses, 

and 2-0-methylgalactose. In view of the difficulty of 

methylating on a l a rge scale with Purdie's reagents (126), 

a small quantity of A (35 mg) was exhaustively methylated by 

stirring in methyl iodide (1::>. ml) with freshly prepared silver 

oxide (2 g a dded in portions over 4 days). The mixture was 

filtered and. concentrated to a glass, and the above methylation 

procedure was repeated. Finally, the polymer was given two 

more treatments as above, the silver oxide (3 g each) being 

added \'Ihile the solution was under reflux, to yield a glass 

(B, 24 mg). Paller chromatography (solvents 1 and. 5) of a 

neutralised, acid hydrolysate of B showed all the sugars 

present in the hydrolysate of A. The infrared spectrum of B 

sholied no hydroxyl peak (Found: m~e, 37. 49~ ). 

2.8. ll,ydrolysis of the methylated, desu l Dha t ed nolysaccharide 

The methy l ated, desulphated polysaccharide (1 g; so~-, 

6. 2~;) described above was hydrolysed by the formic acid -

dilute suJ.nhuric a cid method (127 ), to yield a syrup which 

lvaS ar)'plied to a charcoa l - Celite (1 : 1) column (45 x 500 mm). 

The methylated su'"!;ars liere eluted by aPTJlyins a linear o;radient 

of 0-5~ but anone in water over a volwne of 12 1. F'ract i OIlS 

( 30 ml ) clere collected, anRlysed by puper chroma to?-;rflphy, and 

comhined into the follc'.'line; fractions. 
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Fraction I. The syrup contained minute traces of 

galactose and was discarded. 

Fracti on II. The syrup (130 mg) Ivas further 

fractionated by paper chromatography (solvent 5) into 2(~) 

a syrup (60 mg) chromat ographically (solvents 1 and 5, 

sprays a and Q) identical with 2-0-methylgalactose; and 

2(b) a syrup (60 mg) which Ivas shown by paper chromatography 

(solvents 1 and 5, sprays a and d) to be a mixture of di - O-

methyl galactoses; this fraction was not further investigated. 

Fraction III. The syrup (20 mg) Ivas sholm by paper 

chromatography (solvents 1 and 5) to be 2,4,6-tri-0-

methylgalactose containing traces of di-O-methylg;al"ctoses 

and 2,-0-methylgalact ose . 

Fraction IV . The syrup (147 mg), l'lhi ch \-ias 

chromatographical ly identical with 2 ,4,6-tri -0-methyl-D-galactose, 

had [ex] 19 + 82 0 (£ 0.98) and yielded an "anilide" which, after 
D 

two recrystallisations from ethanol, had m.p. 171-172° alone 

and in admixture wi t Il 2,4, 6- tri - 0 - methyl -N-pheny1-D-. 

galactosylamine (93)0 

Fraction V. The syrup (210 mg) was shOlm by paper 

chromato.~raphy (solvents 1 and 5) to be a mixture of 2,3,6-

and 2,4,6-tri-O-methylgalactose. 

Fract i on VI. The syrup (117 mg) I'laS sholvu by paper 

chromator;ra>;lhy ( solvents 1 and 5 ) to be 2,3,6-tri.-0-m<!thylg;n1actose 

cont vi nin::; traces of 2 ,4,G- tri - 0-me thyJ ga1a ctose and 2,3,4,6 -

tetra- O-methylga lnctose o The derived 2.,3,G-tri-0-methyl-])-

gaiactonolllctone (188), after recrystllllisation from dry ether, 



66 

o had m.p. and mixed m.p. 97-98 • 

Fraction VII. The syrup (105 mg), [ex] 20 + 74 0 (.£ 1.18), 
D 

was sholm by paper chromatography (solvents 1,4 and 5) to be 

pure 2,3,6-tri-0-methyl-D-galactose. 

Fraction VIII. The syrup (68 mg), [ex] 19 + 20 (.£ 3.1), 
D 

was sholm by paper chromatography (solvents 1,4 and 5) to be 

2,3,4,G-tetra-0-methylgalactose. The aniline derivative, 

after several recrystallisations from ethanol, had m.p. 179- 180° , 

which could not be increased by further recrystallisations. 

The mixed m.p. (ui th authentic 2,3,4,G-tetra-0-l'1ethyl- N--phenyl-

D-galactosylamine of m.p. 189-1900
) Ivas 181 0

• This m.D. 

behaviour of the "anilide", together with the optical rotation 

of t he syrup, suggests that this fr action is a mixture of 

approximately equal parts of tetra-O-rnethyl -D- and -L-ga laci; os;os. 

Fraction IX. The syrup (53 mg) contained de~radation 

products arising from the hydrolysis and VJa s not further 

investip;ated. 

2.9. Partial hydrolysis . of the PolysacchRrice 

In order to determine the optimum conditions for the 

formation of oli go saccharides during partial hydrolysis of 

the native snlphated polysaccharide, three quantities of 

polysaccharide (1 g each) were heated \;1th 0.25, 0 0 375 and 

A1iquots (1 ml) were 

dra"'l1 off at rc~ular intervals, neutralized (DaC0 3 ), ccntri f:.~ :::Jc , 

concentrated ancI examined by paper chroroat o,;raplly (sol Ir(,n t 1, 
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spray a) 'l'he maximum concentration of oligosaccharides Ivas 

found after 2 h hydrolysis \Vith 0.375~1 H2S04 • Polysaccharide 

(20 g) \Vas hydrolysed for 2 h with 0.375t·l H2S04 (250 ml), 

neutralized (BaC03 ), centrifuged, and evaporated to a syrup. 

The syrup, after dissolution in water (200 ml), Ivas deionized 

by passage first through a column (250 x 35 mm) of Amberlite 

IR - 120 (Ir+) resin, the COlUlllil being washed Ivith distilled 

water ( 400 ml) until the eluant was only just positive to 

Molisch reagent. This solution was then applied to a column 

(250 x 35 mm) of Amberlite IRA 400 in the acetate form. The 

column \Vas l\Ta shed with distilled 'vater (300 ml) until the 

eluant \Vas free of carbohydrate. The solution thus obtained 

was evaporated to a neutral syrup (7.5 g). This syrup was 

applied to a charcoal-Celite column (1 : 1 w/w; 560 x 55 lOrn), 

and eluted with water and aqueous ethanol (0 - 16% ethanol 

in water) using the gradient technique. Fractions (EE,. 30 Inl) 

were collected and sorted by paper chromatography into 15 

major fractions. 

Fra ction I. A syrup (2.52 g), eluted with l;Tater (3.9 1), 

was sho'ill by paper chromatography to be predominantly galactose, 

together lVith small traces of 4-0-methylgalactose and four 

fast running saccharides (spray .~) 0 

Fracti on II. The crystalline solid (190 mg), eluted I\lith 

water (1.2 1), Ivas shOlm by paper chromatography to be mostly 

4-0-methylgalactose with some ga l actose . 

Fraction III. TIle ha lf-crystallised syrup (900 mg), 

elut ed with water (4.2 1), contained mostly 4-0-methylgalactose 
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and 2-0-methylgalactose together with traces of two fast 

moving saccharides. 

Fra ction IV. The white solid (136 mg) , was eluted with 

1 % aqueous ethan ol (1.2 1) and was shown by paper chromatography 

(solvents 1 and 5 , sprays a and d) to contain 2-0-

methylgalactose (major component), 4-0-methylgalactose and 

6-0-methylgalactose. This fraction lVa.S further fractionated 

on 'o1hat man No. 1 paper using solvent 5. Extraction of the 

relevant p or tion of the papers llith hot water: ethanol 

( 1 : 1) yielded a syrup (tv 2 mg ) l-lith [o:J ~.+ 30 0 (.£ '" 0.2, 
D 

murky solution). The chromat ographically pure syrup IvaS 

chromatographically identica l with 6-0-methylgalactose (solvents 

1 and 5, sprays!! and g). The low but positive specific 

rotation indicates that at lea st the D-isomer is present . 

Fraction V. The "Ihite solid (140 mg), eluted "'ith ?~~ 

aqueous ethano l (1.3 1), '''a s shOl-lll by paper chromatogr aphy 

( solvent 1, spray!!) to contain three oligosaccharides with 

Rgal 0. 21, 0.33 and 0.36 . The mixture was further fr action a ted 

on llhatma n 3 l·tI panel' using solvent 1. 

Oligose.cchr,ride 1. The syrup (16 mg ) ,·ms chromatographica lly 

pure 

D.P. 

(solvent s 1 

(l ')9) 2.1. 

and 5) and had [o:J25 + 11 (c 0. 58 ) . R 1 0. 21 , 
D - 'ga. 

The oligosaccharide \'las reve1l1ecl as a pink 

spot \;,hen a chromator;ram was s prayed with spray £. Comp lete 

and partial hydl' olysi s for this and all further oj ip;osacchariues 

was performed as follows. Oligosaccharide (1-2 mg) was 

heat ed ,dtll 0.40 - 0 .51·1 1\)30" (~. 1 1111) on a boiling \Vater bath 
oJ 1 

(time dependent on de gree of hydrolysis rcqui i'e d ) . The 

hydro l ysate "as neutro lized ( BaCO::), centri fU i:;cd , dei onized Oll 
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a small mixed bed resin column (Amberli te IR 120 (H+) and 

Amberlite IRA 400 in the acetate form) and evaporated to a 

syrup under reduced pressure. Examination of the hydrolysat e 

of oligosaccharide 1 by paper chromatography (solvents 1 and 5) 

revealed the presence of only galactose, Ivhile partial 

hydrolysis shOl,ed galactose and starting material. 

Oligosaccharide 1 was methylated by a modified Hakomori (130,131) 

procedure as follol.,s 0 Oligosaccharide (2 mg) was dissolved 

in dimethyl sulphoxide (1.2 ml) and sodium hydride (40 mg ) 
added to the solution which was then ultrasonicated for 30 min 
under nitrogen. The cloudy solution was cooled in ice, and methyl 
iodide (o.6ml) was added slowly . Ultrasonication was continued 

for a further 20 min under nitrogen, When a clear light yellow 
solution lias obtained. Chloroform (5 ml) \Vas added and the 

solution extracted twice with Iiater ( 2 ml). The chloroform 

fraction was dried (I(a2304 ) and evaporated to a yello~v syrup . 

Hydrolysis of the syru]1 (0. 5?l H2S04 , 2 ml) followed by 

neutrali ~ation (BaC03), deionization on a small mixed bed resin 

column (A mberli te IH 120 un and Ambel'lite IRA 400 in the 

acetate form) and evaporation to dryne s s under reduced pressure 

afforded a clear syrup. Examinati on of the hydrolysat e by 

paper chromatography and 1'LC revealed spots "ith the 

mobilities of 2,3,4,G - tetra-0-methylgalactose, 2 ,3,4-tri­

O-methyl :r,a lactose and some de p;raded material (the thin-layer 

chromatop;raphic pattern for this hydrolysate was identical 

lvi th that of a similar hydroly sate obtained fro m methylat ed 

oligosacchar ide 4 )0 The hydrolysate Ims methanolysed by 

refluxinr; I!ith HI methanolic hydrogen chloride (3 ml) for 

4 h, foll owed by neut r alization (Ag2C03), centrifugat ion and 

concentration o Examina tion of the methylt';lycosidcs by 

GLC showed p0.alcs corre sponc1inf, to methyl 2 , 3 ,'1 ,G-tetrn-0-
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methylgalactoside (T 1.58 ), methyl 2,3,4-tri-0-rncthylgalactoside 

( T 5.81) and the degradat ion peak with T 3.71. Oligosa ccharide 

1 is thus 6-0- ~-D-galactopyranosyl-D-g~lactose, the 

~-configuration being assume d from the optical rotation. ( The 

hydrolysat e of the oligosaccharide ha d a positive rotation 

indicating only D-galactose). 

The oli gosaccharide Reral 0.33 I,as chromatographical l y 
o 

identical with 4-0-~-D-galact opyran osyl-L-galactose , but it 

IYas only present in tra ce quantity and \Vas lo s t on the l{hatman 

3 MN paper. The oligosac chari de I"i th Rga l 0.36 lYas 

chromatographically identical with oligosaccharide 2. 

Fra ction VI. The semi-crystalline syrup (780 mg), was 

eluted I"i th 3); ethanol. Paper chroma tography shol!ed that the 

fraction consisted mainly of oli gosaccharide 2 IYith trace s of 

oligosaccharide 4. 

Olig osac charide 2. The saccharide crys tallized r eadily from 

aqueous methano l, and a fter r ecrystallization ha d 

( 5 min ) ->- + 64 0 (c 0 .66 ), m.p. ( de c ompositi on ) 203 

[
0: ] 20 + 

D . 
o - 204 • 

Rgal 0. 36. }lixed m.p. with authentic 4-0-~-D-galact opyranosyl­

D-galactose of m.p. 196 0 was 199 - 201°. Complete hydrolysis 

follOl"ed by paper chromatography shOlted ga l a ctose only, I"lhi Ie 

partial hydro lysis showe d galactose and the original material . 

The oligosaccharide was met hylated by the modified Halwmori 

method (130 ,131 ) outlined for oligosaccharide 1 . Examination 

of the hydrolysate of the methylated oligosa ccharide by paper 

chromator,raphy (spray .§!.) and TLC (sprays Q and s) shOlved only 

t HO Sllots Ivi th the chromatop;raphic mab i Ii ties of 2 , 3,4, 6-tetra­

O-methylgala ctose nnd 2,3,G-tri-O-methylgnlactose. 

gxamination of a mcthnnolysate of thc hydrolysed methylated 
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oligosaccharide by GLC sho\~ed peaks corresponding to methyl 

2,3,4,6-tetra-0-methylgalactoside (T 1.59) and methyl 

2,3,6-tri-0-methylgalactoside (T 2.74, 3.27, 3.58 and 3.86). 

The infrared spectrum of this oligosaccharide was identical 

with that of authentic 4-0- i3-D-galactopyranosyl-D-galactose. 

Fraction VII. The syrup (250 mg), eluted with 5% ethanol, 

was ShOlffi by paper chromatography to consist of a mixture of 

mainly oligosaccharides 2 and 4 with a trace of oligosaccharide 

5. It was further fractionated on lihatman 3 NH paper using 

solvent ~. 

Oligosaccharide 4. The syrup (50 mg ) I~as obtained by extraction 

of the relevant portions of the papers with hot aqueous 

methanol. It was chromatographically pure in solvents 1 and 

2 (spray ~), and had [o:J25 - 69 0 (c 1.18), Rgal 0.47. It 
D 

gave a strong pink spot with spray .9., indicating that the 

oligosaccharide is not 1,2-linked. Hydrolysis of the 

oligosaccharide gave galactose and 4-0-methylgalactose (paper 

chromat ography , solvents 1 and 2) while partial hydrolysis 

afforded galactose, 4-0-methylgalactose and the original 

material. Oligosac charide (2 mg) in water (0.5 ml) was 

reduced with sodium b orohydride ( 20 mg) for It h. The reduced 

saccharide l,ras hydrolysed with 0.5N H2S04 (5 m!) for 2 h, 

neutralized (BaC03 ) and evaporated to dryness under reduced 

pressure (boric acid removed by codistillation with methanol). 

Paper chromatography ( solvent 1) shO\~ed only 4-0-methylgalactose. 

The ol igosaccharide ~las methylated by a modified 

lIakomori (130, 131) procedure (see oligosaccharide 1). 

Examination of a hyclrolysate of the methylated oligosaccharide 
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by TLC (sprays band .£) showed spots corresponding to 

2,3,4,6-tetra-0-methyle;alactose and 2,3,4-tri-0- methylgalactose 

with some degradation product, I"hile paper chromatography 

(solvent 5) showed 3 spots with spray ~ correspondin~ to those 

observed on the TLC; \,hen a similar paper Has sprayed with 

spray.!! only a faint pink spot due to the degradation product 

was observed. The hydrolysate was refluxed Ivith HI 

methanolic hydrogen chloride f01' 4 h, neutralized (Ag2C03), 

deionized and concentrated. GLC of the methanolysate ShOHCd 

three peaks with retention times corresponding to methyl 

2,3,4,6-tetra-0- methylgalactoside (T 1.60), methyl 2,3,4-t ri­

O-methylgalactoside (T 5.85) and the unidentified peak at 

T 3.76 (cf. oligosaccharide 1). Oligosaccharide 4 is thus 

6-0- ex-( 4-0 - methyl-L-galactopyranosyl)-D-galactose. The 

ex-configuration is assumed · from the optical rotation. 

Fraction VIII. The syrup (246 mg) , eluted with 5 - 10t :~ 

aqueous ethanol, l,ras shOlm by paper chromatography to be a 

mixture of oligosaccharides 2,4 , 5,6 and 7 , and it was further 

fractionated on ~;'hatman No. 1 paper using solvent 1. 

Oligosaccharide 5. The syrup (12 mg ) lVas extracted from the 

relevant portions of paper usin !?; hot aqueous methanol, and \Vas 

chromatogr aphica lly pure (solvent s 1 and 5). 

1000 (c 0. 40). R 1 OoGl. - 'ga Examination of a 

It had [ex ] 25 
D 

hydrolysate by 

-;-

paper chromatography shoHerl galactose and 2-0-methylgalactose . 

Reduction of t lw oligosa ccharide l11th sodium borohyclride 

follo wed by hydrolysis of the reduced saccharide sho~ed only 

2-0-methyl ~;alactose ( paper chromat op;raphy , solvent 1). The 
. 

oligosaccha ride is chromatographic a lly identical (solvents 1 
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and 5) Ivi th oligosaccharide 5 ol.Jtained from the acet olysis 

of the polysaccharide. 

Fraction IX. The syrup (270 mg), eluted with 10t;~ 

aqueous ethanol, ",as shOlm by poner chromatography to be 

almost pure oligosaccharide 7. The syrup crystallized on 

triturati on with methano l and after recrystallization had 

m.p. and mixed m.p. 211 - 214°, Rgal 0.89 (lit. m.p. 213 -

214°) for authentic 4-0-!3-D-galactopyranosyl-2-0-methyl-

D-galactose). The oligosaccharide failed to give a pink 

spot Id th spray d. Paper chromatographic examination 

(solvents 1 and 3) of a hydrolysate of the oligosaccharide 

ShOl{ed galactos e and 2-0-methylgalactose, while a partial 

hydrolysate revealed galactose, 2-0-methylgalactose and the 

origina l material. Reduction of the oligosaccharide followed 

by paper chromatofiraphi c examination of its hydrolysate 

sho lved ga l actose but no trace of 2-0-methylgalactose. The 

infrared spectrum of the oligosaccharide was identical to that 

of authentic 4-0-f3-D-ga lact 011yranosyl-2-0-methyl-D-galact ose. 

Fraction X. The syrup (95 mg), eluted ~iith 15)~ aqueous 

ethanol , lias shown by paper chromatography to consist of tlVO 

slow moving oligosaccharides, and further fractionation was 

achieved on ;,hatman No. 1 paller using so lvent 1. Neither 

oligosaccharide l1as obtained pure , but paper chromategraphic 

examination of hydrolysates of each sub-fraction sholved only 

galactose (solvent 1). '1'ho chromato g;raphic mf)bi lit i es of 

the se t :/o oli~osaccharides ( solvent 6) are tIle same as those 

of oli~osaccharides 9 and 10 obtained from the acetolysis 

of the polysaccharide. 
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Fraction XI. The syrup (180 mg), eluted with 16% 

aqueous ethanol, 'vas shOlm by paper chromatography to consist 

of a number of oligosaccharides (traces) with one 

oligosaccharide in a relatively higher concentration. The 

mixture was further fractionated on l-lhatman No. 1 paper using 

solvent 1. 

Oli,;osacchari de 13. The syrup (39 mg) was obtained by 

extraction of the relevant portions of the papers with hot 

aqueous methanol. It was chromat06 raphically pure (solvent 1) 

and had [~JD21 - 32
0 

(£ 0.41), Rgal 0.15, Rgg 0.55. Paper 

chromatographic examination (SOlvents 1, 2 and 6) of a hydrolysate 

shOlved galact ose and 4-0-methylgalactose , while partial 

hydrolysis showed original material, galactose, 4--0-

methylgalactose and oligo saccharides 2 and 4. Oligosaccharide 

(duplicate experiment) was reduced with sodium borohydride 

and hydrolysed with O. 25~1 H2S04 for 7, 30, 75 and 180 min at 

Examination of the hydrolysate by paper chromatoc;raphy 

showed galactose and 4-0-methylgalactose but no trace of either 

of the disaccharides 2 and 4 (both of which are r elatively 

stable to acid hydrolysis). ~:ethylation of the olig osaccharide 

by the modified IIakomori procedure (130, 131), followed by 

hydrolysis , mcthanolysation and examination of the methyl 

glycosides by GLC, sholVed only one large peal; with retenti on 

time corresponding to ~ethyl 2,3,4,6-tetra-O-methyl~alactosides 

(T 1.60). The only other peaks present were very much 

smaller mid had relative retention times of T 2.00 , 2.80 , 

3.2~, 3.67 a n d 3.95. 

The oligosaccharide is assi~ned th e structure 0-a-(4-0-
. r 

mcthyl-L-!~alac topyranosyl) - (1 -+ G) -0- : f' -D-~alactopyranosyl-
'--, 

(1-+4) j -D-ga lactose. 
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Fracti on XII. The syrup (100 mg), eluted \vith 16;~ 

aqueous ethanol , was shOlm by paper chromatography to be a 

mixture of slow moving oligosaccharides and one very fa s t 

moving oligosaccharide (R~al 1.85). 
'" 

The mixture \vas further 

fractionated on \vhatman No.1 paper using solvent 1. 

Oligosaccharide 8. The syrup ( 35 mg) was obtained from the 

relevant portions of the papers by extraction with hot aqueous 

methanol. It was chromatographically pure in solvents 1 and 

5 and had [0: J~2 + 150 
(£ 0. 83 ), Rgal 1.85. Complete 

hydrolysis follOlved by paper chromatography revealed 6-0-

methyl galactose and 2-0-methylg;a l actose (solvents land 2), 

~lhile partial hydrolysis afforded 6-0-methylgalactose, 2-0-

methylgalactose and the original material. Oligosaccharide 

was reduced with sodium borohydride : hydrolysis of the non­

reducing syrup, follOl"ed by paper chromatography (solvent 2), 

revealed 6-0-methylgalactose and a very small t race of galactose 

(demethylation product), but no trace of 2-0-methylgalactose. 

The oligosaccharide \'las methylated by the method of Haq and 

Percival (132). Oligosaccharide (1 mg ) was dissolved in 

redisti lled N$N-dimethylformamide (0.3 ml) and redist illed 

methyl iodide (0.3 ml) and dry freshly prepared sj_lver oxide 

(0. 25 g ) added at 0 0
• The mixtl'.re \vas shaken in a sealed 

ampoule in the dark for 6 h. TIle completely methylated 

oligosaccharide was extracted with chloroform ( 3 ml) and 

the solution evaporated to dryness. Complete aci d hydrolysis 

of the permethylated oligosaccharide follo~ed by paper 

chromatograTlhy (solvent 5, spray a) showed S1)ots correspondin g 

to 2 , 3,4,6-tetra-0-methylgalactose and 2,3 , B-tri-O-

methyl galactose. GLe of tile metllsnolysed hydrolysate reve led 
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peaks with retention tices corresponding to methyl 2,3,4,6-

tetra-O-methyl!;.'llactosidc (T 1.63) and methyl 2,3,6-tri-O­

metbylga lactoside (T 2.78, 3.34, 3.64 and 3.91), the two 

s accharides being in a 1 : 1 molar rat io. The oligosaccharide 

is thus assi,;ned the structure 4-0-13-(6-0- r:lcthyl-D-

galactopyranosyl )-2-0-methyl -D-l1;alactose. The (:3 -confif;uration 

is assumed from the oli~osaccharide's low positive op tica l 

rotation. 

Fraction XIII. The rest of the material (500 m~ ), eluted 

wi th up to 50~b aqueous ethanol was a mixture of 

oligosaccharides with very low chromatographic mobility , and 

was not further investigated. 

Freeze-dried polysacchari:l.e (30 g) lias added to a mi xh,re 

of acetic an;1ydride (160 ml), acetic acid (120 ml) and 

sulphur ic acid (16 ml ) with continuous s t irring over a period 

of 10 min. The mixture "as shaken for lCO 11 at room 

temperature, and then decanted from the precipitate . l rne 

c lear solutim! "'la s mixed '.,ith ice-cold wo.i:er (1.6 1) and 

neutraliz ed ',>lith sodi m1 bicarbon3t~ until neutral to congo 

r ed (E. pI: 5) . The s olution was filtered a"1d the pred,pittcte 

di ssolve d i n c: loro f or~. 111C clear filtrate 'ms extracted 

with c h loro.r:or:;: ( e c. c~t ~OO ml uqneous 301~Jtion extrDc:-.ed l,·;ith 

were driz:i !ii ~~, .s cd iu iil s u l i .... het c- L1nd ev;.i.~) orated tc a s :.rr t:.1), 

whiC~1 ';;;:' 5 dis :3o .lvc d in \ifatcr a n d f r ee z e - dj.""' i e- d (19 0 .1 ;) . 
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The acetylated oligosaccharides were deacetylated by the 

addition of sodium methoxide (1.0 g sodium in 200 ml methanol) 

to a solution of the saccharides in methanol (200 ml) I.ith 

vi gorous stirrinr;, 11hich was continued for 5 h at room 

temperature. TIle stoichiometric quantity of acetic acid 

in water (400 ml) was added to neutralize the sodium hydroxide. 

Deionization of the so lution was effected by passing the 

solutio first throug;h an Amberlite IR - 120 (H+) column 

(34 x 670 mm) and then through a colmm (34 x 480 mm ) of 

Amberlite Il~ 400 in the acetate form. The neutral eluant 

was evaporated to a syrup and the oligosaccharides isolated 

by freeze-drying (9.2 g)o 

The oligosaccharide mixture I"laS applied to a charcoal-

celite colu::m (51 x 730 mm; 1 : 1 Idw) and eluted with Ivater 

(15 1) and aqueous ethanol (74 1 of 0 - 1796 ethanol in l-later ) 

using the gradient technique. Fractions (~. 450 m!) lVere 

collected and sorted by paper chromatography into 13 major 

fractions. 1The column Ivas finally washed Hi th 40\~ ethanol 

( 34 1) and then wi th 1O ;~ butanone until essentially free of 

carbohydrate . 

Fractions I to 1110 The Hhite solids (1.94, 0.58 and 

1.21 g resncctive]y), eluted with water and 1.5\~ aqueous 

ethanol (26.5 1), I":ere shOlm by paper chromator-;raphy to be 

predoLli nantly ~a lactose, with s maller quantities of 4-0-

methylgal a cto s e and 2-0-rr:ethylgalactos e and traces of four 

saccha ridcs \c'ith R"' ~l> 10 
0 '.:..1. 

111e fractions were not further 

investi gated. 
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Fraction I V. The syrup (67 mg) , eluted wi th l.5~'o aqueous 

ethanol (1.7 1), was s hown by paDer chromatography to be a 

mixture of mostly 4 - 0-methylgalactose and 2-0-methylgalactose 

with traces of galactose, 6-0- methylgalactose and an 

ol igosaccharide with R 1 0.3. ga 

Fraction V. The syrup (1.45 g), eluted wi th 7 9~ aqueous 

ethanol (15.7 1) was sholm by pa~er c h romato graphy to be a 

mixture of mono - and oligo-saccharides. Half of this fraction 

was fractionated on dhatman No. 1 paper using solven t 5. 

Oli~osaccharide 3. Extraction of the relevant portions of 

the ?9.';1ers ',i th hot a ql1eous methanol yie l ded a syrup (440 mg) 

which appeared to be more than 95% chromatographically pure 

[ J25 0 
i n solvents 1, 5 and 6 . It had IX D + 1 24 and Rg&l 0 . 35 . 

Complete h.drolysis of the oligosaccharide (see oligosaccharide 

1 from partial hydrolysis of polysaccharide) gave only 

galactose, while ~aper chromatography of a partial hydrolysate 

gave galactose 

was methylated 

and the ori~inal material. The oligosaccharide 

(130 131) by the modified Ha.~omori method ' 

outlined for oligosaccharide 1. Examination of the hydrolysate 

of the methylated oli~osacc~aride by paper chromatography 

(spray a) :md TLC (sprays band !:.) sholved two spots with the 

chrofJatogrD.-;J:hic mobilities of 2 , 3,4,6-tetra-O-methylgalactose 

and 2,4,6-tri-O-methyl~~lactose . Gas chromatographic 

examination of a methanolysate of t he hydrolysed methylated 

oli gosa~chario. e ShO ;,TCd ~ea~~s correstl0nding to methyl 2,3,4,6-

t etra-0-'llc thyl,?,alc.cto&ides (1' 1.60), methyl 2,4,6- tri-O-

methyl~alDct osides (T 3.55, 3.92) and the peak at T 3.72 

(due to th'? prO(: ',ct o~ '9Clrtj a l aE:ali dcq;ra.dntion of the 

1, 3-1 i. r.ka~e The ~res_nce of a sm~ll peak at T 2.78 
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is ascribed to a small amount of contaminating oligosaccharide 

with 1,4-linkage, since T 2.78 is the first and largest peak 

of methyl 2,3,6-tri-0-methylgalactosides. The oligosaccharide 

is thus assigned the structure 3-0-a -D-galactopyranosyl-D-

galactose. The a-configuration follol,s from the specific 

rotation. 

Fraction VI. The syrup (175 mg), eluted liith 8% aqueous 

ethanol (3.6 1), lias ShOlffi by paper chromatography to be a 

mixture of mainly oligosaccharides 3,5,6 with small traces 

of three saccharides liith Rgal ;;' 10 It was further 

fractionated on lfhatman No.1 paper using solvent 5. 

Oligosaccharide 5. The syrup (31 mg), obtained by extraction 

of the relevant portions of the papers liith hot aqueous 

methanol was chromatographically pure in solvents 1 and 5 

and had Rgal 0.61, [ aJD25 + 1300
• The oligosaccharide gave 

a pink spot with spray d. Paper chromatographi c examination 

of a neutralized hydrolysate showed galactose and 2-0-

methylgalactose, 11hile partial hydrolysis revealed galactose, 

2-0-methylgalactose and starting material. Reducti on of the 

oligosaccharide lvi th sodium borohydride follOlved by hydrolysis 

and paper chromatography revealed only 2-0-methylgalactose . 

Hethy l ation of the oligosacchari de by two methods (130,131, 132) 

follolved by examination of the methanolysate by gas 

chromatography shoi·;ed peaks corresponding to methyl 2,3,4,6-

tetra-O-methylgalactosides (T 1.60) and the alkali degradation 

peak a t T 3.75. There were only slight shoulders on this 

peak corres{londing to the tlVin peaks of the methyl 2,4,6-tri-

O-methylgalactosides . However, this oligosaccharide is 

chromatographically identical lVith one of the partial hydrolysis 
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products of oligosaccharide 12, where the linkage has been 

established as 1,3 by methylation of the trisaccharide. 

Oligosaccharide 5 is thus assigned the structure 3-0-0:­

(2-0-methyl-D-galactopyranosyl)-D-galactose. The 

0: -configuration is assumed from the optical rotation. 

Oligosaccharide 6. The syrup (24 mg), obt ained by extraction 

(hot aqueous methanol) of the upper half of what appeared to 

be a single saccharide band on the papers , was chromatographically 

pure in solvents 1 and 5 and had [a:J~5 - 330
, Rgal 0.74. 

Hydrolysis of the oligosaccharide follo\1cd by paper 

chromatography revealed galactose and 2-0-methylgalactose, 

I"hile hydrolysis of the reduced oliF,osaccharide shm-led ' only 

galactose. The oligosaccharide failed to give a pink spot 

with spray.2:,. Separation of the hydrolysis products of the 

oligosaccha ride by paDer chromatography (s olvent 1) gave 

D-galactose [; ~20 + 47 0 (.£ 0.131) and 2-0-methyl-L-galactose 

[a:J 20 - 44° (c 0.133). The oligosaccharide \1aS methylated 

by ~ modified Hakomori method (130, 131), followed by hydrolysis 

and TLC and paper chromatographic examination. Spots 

corresponding to 2,3,4,6-tetra-0-methylgalactose and 2,3,6-tri-

O-methylgalactose I. ere observed. Exa mination of a 

methanolysa te of this hydrolysa te by GLC shmved peaks \'lith the 

relative retention times of methyl 2,3,4,6-te1:ro.-0-

methylgalactosides (T 1.61) and methyl 2,3,6- tri-0-methyl-

galactoside (T 2.79, 3.38, 3.67 and 3.96). Oligosac charide 6 

is thus assigned the structm'e 4--0-i3-D-galact opyranosyl-2-0-

met hy l --L- gfl l a cto s e. 

The Im"er half of the s a cchuri llc band (the top ha l f of 

I"hich had yie l ded o l i ~; o snc charide 6) gave a syr up (12 m[l; ) 
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which appeared to be almost chromatographically pure 

(solvents 1 and 5) and had [aJ~5 + 280
, Rgal 0.74. Paper 

chromatographic examination of a hydrolysate sholved galactose 

and 2-0-methylgalactose while a hydrolysate of the reduced 

oligosacchar ide showed only galactose. Separation of the 

hydrolysate by paper chromatography gave D-gala ctose 

+ 44 0 (£ 0.095) and 2-0-methylgalactose [~J 20 _ 7 0 

D 

[ex] 20 
D 

(£ 0.106) showing that the 2-0-methylgalactose is a mixture 

of the D- and L-isomers. Nethylation of the original syrup 

and examination of a methanolysate by GLC showed peaks 

corresponding to methyl 2,3, 4,6 -tetra-0-methylgalactosides 

(T 1.63) and ' methyl 2,3,6-tri-O-methylgalactosides tt 2.83 

3.42, 3.66 and 3.99). These results indicate that the syrup 

is a mixture of oligosaccharides 6 and 7. 

Fraction VII. The syrup (18.2 mg), eluted Ivith 9~b 

aqueous ethanol (3.6 1), was ShOloffi by paper chromatography 

to be a mixture of mainly three saccharides with Rgal 

0.81, 1.16 and 1. 43 ( solvent 5) with traces of oligosaccharides 

3, 5 and 6 and oligosaccharides with Rgal <0.3. The mixture 

was further fractionated on ~{hatman No. 1 paper using solvent 5. 

Extracti on of the portions of the papers at R 1 0.89 ga 
(solvent 5) yielded a chromatographically pure syrup (45 mg) 

The chromatographic mobility 

was identical with that of ol igosaccharide 7 in several solvent 

systems. Hydrolysis of the syrup, follol,ed by paper 

chr omat ography revealed galactose and 2-0-methylgalactose, 

while hydrolysis of the reduced oligosaccharide gave galactose 

only. All these facts indicate t hat the sugar is identica l 

.' 
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with oligosaccharide 7, isolated from the partial hydrolysis 

of the polys accharide i.e. 4-0- !3-D-galactopyranosyl-2-0-

methyl-D-galactose . 

Extraction of the relevant portions of the papers at 

R 1 1.16 (solvent 5) yielded a chromatographically pure ga 
syrup (9 mg) IVith [o:J25 + 1100 • Hydrolysis of the syrup 

D 
follOl,ed by paper chromatography revealed only galactose. 

Nethylation of the syrup by the modified Hakomori 

method (130, 131 ), followed by hydrolysis , methanolysis and GLC 

examination , shotved a large peale at T 1.61 (methyl 2,3,4,6-

tetra-O-methylgalactosides ) \-lith much smaller peaks at T 2.01, 

2.47, 2.80, 3.22 and 3.95 (cfo oligosaccharide 13). The 

saccharide was not further investiga ted. 

1'ho third saccharide at Rgal 1.43 (solvent 5) !vas obtained 

as a chromato::;raphically pure syrup (4 mg) by extraction of 

the relevant portions of the papers with hot aqueous methanol. 

It had [o:J~5 + 4°, was completely degraded on acid hydrolysis 

(paper chromatography), and l,ras not further investigated. 

Fraction VIII. TIle syrup (718 mg), eluted with 11% 

aqueous ethanol (7 0 5 1), was Sh01W by paper chromatography 

to be a mixture of three oli gosaccharides with R 0.44, 0 . 51 gg 

and 0.640 The mixture was separated on !-[hatman No. 1 paper 

using solvent 6 to give 01igosaccllarides 9 and 10 . 

'rhe syrup (133 rug ) , obtained by extraction 

of the relevant portions of the papers with hot aqueous methanol, 

[N] 25 lVas chromatop;raphically pure in solvents 1. and 6, and had " 
1) 

Paper chromatographic examinat i on of a 

hych'olysate of the oligosaccharide showecl only galactose, while 
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partial hydrolysis gave galactose, oligosaccharide 2, 

oligosaccharide 3 and starting material. Reduction of the 

oli gosaccharide (NaBII4) followed by partial hydrolysis and 

paper chromatography revealed galactose and oligosaccharide 2, 

but no trace of oligosaccharide 3. Hethylation of the 

(130,131) oligosaccharide by a modified Hakomori procedure 

(cf. oligosaccharide 1), followed by hydrolysis and paper 

chromatography shOlved spots corresponding to 2,3,4,B-tetra­

O-methylgalactose, 2,3,B-tri-0-methylgalactose arrd 2,4,6-

tri -O-methylgalactose. \vnen the hydrolysate was methanolysed 

and examined. by gas chromatography, it showed peaks corresponding 

to methyl 2,3,4,B-tetra-0-methyJgalactosidas (T 1.63), methyl 

2,3,B-tri-0-methyl galactosides (T 2.78, (3. 42), (3 0 6B) and (3.95) . 

methyl 2,4,5-tri-0-methylgalactosides (T (3.95) and 3.93) 

and the peale at T 3.74 (degradat ion product). Oligosaccharide 

9 is thus assigned the structure O-j3-D-galactopyranosyl­

(1-+ 4 )-O-o:-D .. galactopyranosyl -(l-+ 3 )-D-galactose. 

Ol i gosaccharide 10. Extraction of the relevant portions of 

the above papers with hot aqueous methanol afforded a 

chromatographically pure syrup (290 mg) which crystallized 

readily, and orr J'ecrystallization from aqueous ethanol had 

, 
a hydrolysate of 

[0: ] 25 + 125 0 ~ Rgg 0.54· . Ex amination of 
D 

the oligosaccharide by paper chromatography 

revealed galactose, ~lile a partial hydrolysate revealed 

galactose, oligosaccharides 2 and 3 a~d startiD ~ material. 

Reduction of the olie;osaccharide (NaDH,) f011oIV.:od by parti,, ]. •• 
hydrolysis and paper chromatography, slJo\\'ed galactose and 

oliL~OSacd13_ride 3, but no trace of oli[';osa('.char:i ... ~ e 2. 

~lethylation of thc oli gosacchai:'1.cl.e by a modified E:1komOl 'i 
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procedure ' (130,131) follolved by hydrolysis and paper 

chromatography showed spots corresponding to 2,3,4,6-tetra-

O-methylgalactose, 2,3,6 -tri-O-methylgalactose and 2,4,6-

tri-O-methylgalactose. IYhen the hydrolysate was methanolysed 

and examined by gas chromatography it sholved peaks 

corresponding to methyl 2,3,4, 6-tetra-0-methylgalacto sides (TI.54), 

methyl 2,3,6-tri-0-methylgalactosides (T 2.79, (3.42), (3.66) 

and (3.95) ) and methyl 2,4,6-tri-0-methylgalactosides (T 3.57 

and 3.96). Oligosaccharide 10 is thus assigned the structure 

0-0: -D-galact opyranosyl- ( 1 .... 3) -O-fl-D-galactopyranosyl-(l .... 4)-

D-galactose. 

Fraction IX. The syrup (98 mg), eluted with 12~~ aqueous 

ethanol (5.0 1), Ivas shOlm by paper chromatography to be a 

mixture of oligosaccharides Ivith Rgg 0.44, 0.51, 0 0 64 and 0.88 , 

the l att er in only a trace amount., 

further investigated. 

'l.'he mixture ,,"'as not 

Fraction X. The syrup (426 mg), eluted Ivi th 14;b 

aqueous ethanol (9.0 1), lVas shown by paper chromatography to 

be a mixture of slow moving oligo saccharides chromatographically 

identical lVith those from fraction XI. together with an 

oligos accharide with Rgg 1.06. The mixture I"as fractionated 

on \~hatlilan No.1 paper usine; solvent G. 

Oligosaccharide 11. Extraction of the relevant portions of 

the papers with hot aqueous methanol afforded a syrup (17 mg) 

which Ims essentially chromatographically pure in solvents 5 

and 6 and had [ex] 25 + 126 0
, R ,LOG. Hyd.rolysis of the 

D gg 
oligosaccharide follol,ed by paper chromat ography revealed 

galactose and 2,-0-r;:ethyl&;alactoRe, I"hile reduction of the 
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oligosaccharide followed by hydrolysis and paper 

chromatography showed only galactose. Paper chromatographic 

examination of a partial hydrolysa te of the oligosaccharide 

showed galactose, 2-0-methylgalactose, oligosaccharides 3 and 

7 and starting material. Hethylation of the oligosaccharide 

by the modified Hakomori procedure (130,131), followed by 

hydrolysis, methanolysis and gas chromatographic examination 

of the derived glycosides, showed peaks corresp onding to 

methyl 2,3,4,G-tetra-0-methylgalactosides (T 1059), methyl 

2,4,6-tri-O-methylgalactosides (T 3.51 and 3 .91) and methyl 

2,3,6-tri-0-methylgalactosides (T 2.76, (3.42), (3.66) and 

(3.95) ). Oligosaccharide 11 is thus assigned the structure 

O-a":D-ga lactopyranosyl-(l-.. 3) -O-i3-D-galact opyranosyl·-(l-+ 4)-

2-0-methyl-Do-gE~ lact ose. 

FractioI}..1f.I· The syrup ( 445
0 

mg), eluted with 15% aque cus 

ethano l (6.5 1), l<las shOlm by paper chromatography to be a 

mixture of oli gosaccharides with Rgg 0.19, 0.25, 0.29 and 0.41. 

The mixture was fractionat ed on lihatman No. 1 paneI' u sing 

solvent 6. 

Oligosaccharide 14. Extraction of the relevant portions of the 

papers with hot aqueous me thanol aff orde d a syrup ( 3 mg) Ivhich 

was chromatograph ically pure in solvents 1 end 6 and had 

[ 
l 25 0 lX-t - 60 ,Rgg 0 .19. Hydrolysis of the oligosaccharide 

(0.51·j H2S04 ) follOlved by neutralization (BaC03 ), centrifugation, 

deioni zation on a mixed bed of Amberlite IH 120 (H+) and 

Amberl i te HU. 400 (CII3COO-) resins, and evapora.t j on under 

reduced pressure a fforded a clear syrup, v!hic.h was sn.OIm by 

paper chromato~raphy to con tain only galactose . r;GCtSl1remcnt 
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of the optical rotation of the syrup gave [ex] 25 + 50 + 30 
D 

(c 0.057) indicating that the galactose is present as a 

racemate. Partial hydrolysis of the oligosaccharide followed 

by neutralisation (BaC03), centrifugation, deionization and 

paper chromatography showed two trisaccharides (the faster 

one I"i th the mobility of O- (3 -D-galactopyranosyl-( 1-+ 4)­

O-ex-L-galactopyranosyl-(l-+ 3) -D-galactose) and one disaccharide 

spot with the same mobility as 4-0-(3 -D-galactopyranosyl -L­

galactose and 3-0-ex-L-galactopyranosyl-D-galactose (which 

have the same mobility in solvent 6). No saccharides with 

the mobilities of oligosaccharides 2 or 3 were observed, 

indicating that there are no contiguous D-galactose links in 

the 'oligosaccharide which can therefore have only one of 

three structures viz. : D-L-D-L, L-D-L-D or D-L- L-D where 

Land Dare L- and D-ga lactose respectively. Since a spot 

with the mobility of the D-L- D trisaccharide was observed in 

the partial hydrolysis, it is likely that the structure is 

represented by one of the first hlo alternatives. An 

oligosaccharide O.- (3-D-galactopyranosyl.- ( 1-+ 4) -0-0: -L­

galactopyranosyl-( 1-+ 3 )-O-D-galactopyranosyl-( 1-,. 4)-

L-galactose from Al1athec~ dentata (101) had [ex] _ 66 0 • 
' . D 

Oligosaccharide 15. This oligosaccharide Ivas 

obtained as a chromatographically pure syrup (lSO mg) by 

extract i on of the relevant portions of the papers mentioned 

above. It had [ex ~5 + 153 0 and Rgg 0.29. Hydrolysis of 

the oligosaccharide, followed by neutralization, deionization, 

concentration and paper chromatography revealed galact ose only , 

I"hilo a partial hydrolysate on similar treatment revealed 

galactose, oligosaccharide! 2, 3, 9 and 10 (i.e. 
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f3-Gn ( 1-+ 4) -Gn , ex-GnCI·->-;) -Gn , i3-GD( 1-+ 4 )-a-GD(l-> 3)-Gn and 

cx-GD(l-+ ;)-[3-GD(l-+ 4)-GD respectively, lihere G = galactose) 

and starting material. The oligosaccharide was reduced 'IIi th 

sodium borohydride, followed by hydrolysis (0.51-1 H
2

S04 ; 10 min), 

neutralization (BaCO;), deionization (mixed bed resin), 

concentration and evaporation of the boric acid with methanol. 

Paper chromatography of the clear syrup revealed galactose and 

oligosaccharides 2, 3 and 10, but no trace of oligosacchari de 9. 

Thus the tetrasaccharide is assigned the structUJ~e O-ex--D-

galactopyrC'.nosyl-( 1-> :3 )-O-[3-n-galactopyranosyl- (l-> 4) -0-0:­

D-galactopyranosy1-(1-+ 3)-D-galactose (LeA a-GD0-+ 3)-[3-

GD(l-+4)-ex-GD(1 .... 3)-G
D 

I-lhere G = galactose ). 

Fraction XII. The syrup (227 mg), eluted Ivith 17\; 

aqueous ethanol (9.9 1), lVas shown by paper chromatography 

to be a mixture of oligosaccharid~s with Rgg 0.19, 0.25, 

0 .29 , 0.41, ca. 1.0 and 1.49. The mixture '.vas separated 

on IVhatman No. 1 paper using solvent 5. 

Oli~osaccharide 12. The oligosaccharide lias obtained as a 

chromatographically pure syrup (38 mg) by extract ion of the 

relevant porti ons of the papers 1-'1 th hot aqueous methunol o 

It had [aJ25 + 109 0 and R 1.49. 
D gg 

Hydrolysis of the 

o ligosaccllHride followed by paper chromatography revealed 

galact ose and 2-0-n.ethylga10_ctose, the latter spot appearing 

twice as intense as tIle former (spray ~). Reduction of the 

oligosaccharide follOi-led by hyclrolysis and paper 

chromatogr.::tphy revealed galt:.ct ose and 2.-0-methylr;alact osc, the 

spots nO\-l lJeing; of almost eC; '~al int ens ity. '1'he olif~osaceharidc 

£ailed to gi ve a pink spot wi t11 spra y.<1. Partii11 hydro lysis 

of the oli g osaccllnride fo] l o\~et1 by j) flper ch romatogr aphy revc'lled 
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galactose, 2-0-methylgalactose, oligosaccharides 5 and 7 

(i.e. cx-2D-(1-,3)-GD and f3-GD(1-->4)-2D respectively, where 

G = galactose and 2 = 2-0-methylgalactose) and starting 

material. Reduction of the oligosaccharide (NaBH4 ) follol.ed 

by hydrolysis and paper chromatography revealed galactose, 

2-0-methylgalactose and oligosaccharide 5, but no trace of 

oligosaccharide 7. Methylation of the oligosaccharide by 

the modified Hakomori procedure (130,131) followed by hydrolysis, 

methanolysation and gas chromatographic examination of the 

methyl glycosides, showed peaks corresponding to methyl 

2,3,4,6- tetra-0-methylgalactosides (T 1.59), methyl 2,4 ,6-

tri-O-methylgalactosides (T 3.52 and 3.92) and methyl 2,3,6-

tri-O- methylgalactosides ( T 2.76, ( 3.42), (3.66) and (3.95) ). 

Reduction of the oligosaccharide, follol-led by methylation by 

the modified Hakomori procedure (130,131), hydrolysis, 

methanolysis and gas chromatographic examination of the derived 

methyl g l ycosides shO\,red peaks corresponding to methyl 2,3,4,6-

tetra-O-methylgalact osides (T 1. 62), methyl 2,4, 6-tri - 0-

methylgalactosides (T 3.51 and 3.93) and a peak at T 2.38 which 

is considered to have arisen from the permethylated alditol. 

This est ablishes the 1,3-linlwge on the non-reducing end of 

the trisaccharide, which in turn estaulishes the linkage of 

oligosaccharide 5. Oligosaccharide 12 is thus assigned the 

structure O- cx- ( 2- 0- methyl-D-galactopyranosyl) - (1--> 3 ) - O- f3-D­

galactopyr anosyl-( 1--> 4 )-2- 0-methyl - D-galact ose. 

Fract i on XI I I. The syrup (1.56 g) was eluted fl'om the 

column Iii th 17 - 4·09; e t hanol in water (34 1) usinr; the gradient 

techni que, foll 0\1ed by elut i on \1ith 10% butanone in h'a ter unti l 
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the column was essentially free of cnrbohydrate. The 

fraction contained high molecular weiKht material and 

was not further investigated. 
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3. DISCUSSION 

Aeodes ulvoidea ( Schmit z), a red seaweed belonging to the 

Grateloupiaceae family, lyaS found growing in the intertidal 

range at Palmiet (~. 130 miles east of Port Elizabeth). 

The large, broad, flat fronds are greenish-red in colour, 

and were harvested in January 1967. 

Hot water extraction of the fresh weed, followed by 

centrifugation and precipitation of the mucilage into ethanol, 

afforded a sulphated polysaccharide which was contaminated 

with nitrogenous material. The crude polysaccharide lvaS 

purified by dissolution in water and centrifugation of the 

solution, followed by precipitation into ethanol. After 

seve~al such cycles the thoroughly dried polysaccharide was 

subjected to ultracentrifuge examination and shol'led Ii large, 

sharp peak, indicating that it is .probab ly an extended type 

of molecule; in addition the presence of a very small peak 

showed th a t the polmer was not completely pure. The polymer 

had [aJ:3 + 34°, failed to precipitate in potassium chloride 

soluti on, and gave a faint positive Seliwanoff reaction. 

The infral'ed spect rum of the polymer (Figure II ) showed the 

characteristic sulphate ester absorption band at 1240 cm-l , 

but only a broad shouldel' in the 800 - 850 cm-l region, 

thus giving no indication of the type of the sulphate ester 

groups present (73, 120). 

Fractionation of a neutralised, acid hydrolysate of the 

polysaccharide, by cellulose-column chromatography, resulted 

in the isoJ.ation OL crystallinc D-g;a l act osc, 4-0-methyl-L-

galactose and 2-0-rnethyl--D-galaetosc o These saccharides l'Iere 

characterised by their optical rotations, melting po i nts and 
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mixed meltinr; points Ivith authentic samples where available, 

and by the preparation of suitable derivatives. Very small 

quantities of L-galactose and 2-0-methyl-L-ga lactose Ivere 

isolated from oligo saccharides obt a ined after acetolysis of 

the polysaccharide (see later). In addit i on, paper-

chromatographic evidence for the presence of traces of xylose , 

mannose and 6-0-methylgalactose Ivas obtained ; the latter was 

isolated in trace quantity from the partial hydrolysis of the 

polysaccharide , and opt i cal rot ation measurements i ndi cat e 

that at least the D-isomer is present. 

The main component sugars in the polysaccharide were 

estimated quantitatively by GLC of their derived aldHol 

acetates (122). Since there is a va riation in the rel&tive 

molar responses af alditol acetates I"hen using a fl ame 

ionization detector , this parameter had to be determined by 

means of standard solutions of each monosaccharide component, · 

using the internal standard method. Erythri tol Ivas chosen 

as the internal standard since neither it nor erythrose 

lyaS a constituent of the polysaccharide , and since the derived 

acetate has a sui table retention time on the gas chronmtogra;;h. 

The molar propol'tion of gGlact ose: 4-0-met!.\yJ.gal aetose : 

2-0-methylga l a ctose, was 10.5 : 1.1 : 1.0. This gives the 

sulph[,ted polysaccharicle a theoretical In8thoxyl content of 

2.46% , Ivhich is slightly higher 

experimentally using the Zeise l 

than the 2.07% 
( 133) method • 

obtainecl 

The sulpha te contcnt of the polysaccha ride ( SO~-- , l909~, ) ',. , 
Ivas determined by the 4 -chlorobi phenyl-4-. ylamine 

method (lIG, II?). This involve s cOllverting the sulphate 

hemi-ester groups in the polysDcnharide into ionic sulphate 
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which is complexed with the above reagent. The absorbance 

of the above reagent is measured on a UV-spectrophotometer 

both before and after complexing with the sulphate, whence 

the amount of sulphate present can be readily determined 

from a standard graph. 

Alkaline elimination of sulphate hemi-ester groups attached 

to both monosaccharides and polysaccharhles can occur only 

under certain conditions. Thus 11hen the sulphate hemi-ester 

group is attached to the 6-p osition of a hexose moiety with 

the 3-posi tion free, or vice_~ , elimination of sulphate 

c an take place with concomitant formation of a 3,6-anhydride. 

Alternatively, if the sulphate hemi-ester group is adjacent 

and :traps to a free hydroxyl group, then elimination (using 

sodium methoxide) can take p l ace with the intermediate 

formation of an epoxide ring, follOlved by attaclc of methoxide 

ion on eitller side and trans to t~e epoxide oxygen, to form 

monomethyl sugars. Depending on steric fac tors, Walden 

inversion mayor may not take place. This reaction can thus 

be used to help locate the positions of the sulphate ester 

groups, especially if potassium borohydride is added to 

minimize de[:,radation of the polysaccharide chain (42). I'hen 

this method was applied to Aeodes 111voi(".ea polysaccharide, 

only .£2.. lO~~ of the sulphate '-:as lost, resulting in the formation 

of an equivalently small amount of 3,6-anhydro~alactose . 

Thus although t he polysaccharide contains a large amount of 

sulphate. it 11uSt be situated in such a ,,ray that sui table 

hydroxyl groups are blocked by glycosidic linkages, methyl 

ethers and/ OJ' sulphate ester (L e. multi sulphated uni ts). 

In this respect the polysaccharide resemhles the other 
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Gratcloupi1'lceae polysaccharides thus far examined (93, 96, 98) 

although in the case of aeodan slightly more sulphate was 

eliminated ( 93 ). 

Further information on the positions of the sulphate 

hend -ester groups can be obtained. by comparative periodate 

oxidation and methylation studies on the native Rnd de sulphated 

polysaccharides , and desulphated polysaccharide tlaS prepared 

with this end in view. Thus the polysaccharide was 

desulphatcd by shaking with methanolic hydrogen chloride for 

48 h, after I"hich the solid was removed by filtration and 

retreated with fresh methanolic hydrogen chloride. This 

afforded a considerably degraded, de sulphated polymer 

(SO~- , 6.2); ) in 6'3'/0 yield calculated from sulphated starting material. 

Paper clJro!1lat o ~raphy of a neutralised, acid hydrolysate 

of the methanol-s olub]e material showed that desullJhat ion 

had removed some galactose, 2-0-methylgalact ose and 4-0-

methylgalactose residues. Paper chromat ography of a 

neutralised , acid hydrolysate of the desulphated polymer 

shO\;Ted that the 1-0-methy1galactose spot Kas less intense than 

the 2-0-methyl~_;alact ose spot, I'lherea s, for the Ufdllodified 

polysaccharille the into118i ties of the spots we r'e clearly :cevel's e1 , 

This 1'lC;' S confirmed by GLC studie s of t he derived aldi-col 

acetates et Although exact measnrements I'lCl'e n ot pOf; siblc, the 

esti~ ~t ed molar ratios of galactose : 4-0- methy l galnctose : 

2-0- methylgalact or.e ".rerc 35 : 1 : 2 (c f.. corresponlling r.101al'~ 

ratios of 10.5 : 1.1 : 1.0 in the unmodi fi e d polysaccharide ) . 

TIlis lndicates that cither t he linkaces of the 

monO!nctllyl~a ]. nctoses are more 8osiJ.y· s]Jlit ·than the gaJ.actosa 

linkap.;e::.~ or else ( morc l iJ(cly) thnt tbe mononJ(d:hyl ::;:; lactos0s, 
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and especially the 4-0-methylgalactose , occur at positions 

in the molecule lvh ich Rre more susceptible to bond cleavage 

under the reaction conditions e.g. at or near terminal units 

on the macromolecule (see later). Oxidations of 

polysaccharide and desulphated polysaccharide with sodium 

metaperiodate vlere follOlved spectrophotometrically (124 ) 

to completion (Tab le III) 0 Although the desulphated 

polysaccharide consumed~. 50% more peri odate than the 

polysaccharide, t his is readily explained by the extensive 

degrada tion which took place during desulphation of the 

polysaccbaride. Paper chromatography of neutralised, acid 

hydrolysates of the oxopo lysaccharides derived from beth 

polysaccharide and desulphated polysaccharide revealed galactose 

and 2-0-methylgalactose, but no trace of 4-0- methylgalactose. 

TABLE III PERIODATE REDUCED ( I'INOLES ) PER 
"ANHYDROHEXOSE" UNIT. 

Time (11) 5 10 24 48 

Polysaccharide a 100 228 246 

Polysaccharideb 194 229 263 280 

Desulphated 
polysaccharide 

(S0 2-
4 9 6.2%)a 295 361 395 

aSpectrophotometric dete rmination . 

bT"t" J " 1 -r:une Gl'lC determinat i on . 

72 96 1 50 

----
264 26-4 

288 300 300 

430 430 

----
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In order to obtain sufficient oxopolysaccharide for 

further examinati on, a second experiment Ivas performed in 

I.hich the oxidation with sodium metaperiodate was follol.ed 

titrimetricully (125) (Table III). GLC studies of this 

oxopolysaccharide, using the same technique as mentioned 

earlier, shOlved no trace of 4-0-methylgalactose, the molar 

ratio of galactos e : 2-0-methylgalactose in the 

oxopolysaccharide being 6 0 1 : 1. If all the 4-0-methyl-L-

galactose re sidues in the polysaccharide are oxidised by 

p eriodate, they must be either ( a ) 1,6-linked or (b) linked 

only through either position one or six 1.. e. the 4-0-methyl-

L-galactose must be present as either non-reducing or 

reducing end group. The possibility of linkar;e through 

position six only is ruled out by the molar ratio of' 4-0-

methyl-L- galactose residues to total anhydrohexose residues, 

i.e. ~o 1 : 10, since an absolute requirement of this would 

be an average DP of 10 for the polysaccharide o The possibility 

of 1,6-links is ruled out by the absence of 2,3,4-tri-0-

methylgalactose in the hydrolysate of methylated, de sulphated 

polysaccharide (see later ). On the other hand, the presence 

of 4-0-methyl-L-galactose as non-reducing end-group could 

account, in pur4 for its ready removal during desulphation of 

the polymer. 'The mode of linkage of 4-0-methyl-L-galactose 

in tlVO oligosaccharides, isolated from a partial hydrolysate 

of the polysaccharide, ha s been proven conclusively ( see later)o 

The molar ratio of gala ctose to 2-0-methylgalactose in 

the oxopolysaccharide is also signifi cant. The reduction of 

0 0 3 mole of periodate per "anhydrohexose" unit by all the 

4-0- methyl - L-galactose and part of the galactose in the 
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polysaccharide would leave the molar ratio of galactose : 

2-0-methylgalactose at .£l!;. 7 8: 1, which is of the order 

of the rati 6 found. Hence, it appears that the 2-0-

methylgalactose is largely immune to periodate attack. The 

majority of the 2-0-methylgalactose re sidues must therefore 

be either 1,3- and/or 1,4-linked. The possibility of 1,6-

linked 2-0-methylgalactose, either w:i.thout sulphate or 

sulphated in either position 3 or 4, is further ruled out 

by the absence of 2,3,4-tri-0-methylgalactose in the 

hydrolysate of the methylated, desulphated polysaccharide 

(see later). The mode of linkage of the 2-0-methylgalactose 

in four disaccharides and t,,,o trisaccharides has been proven 

conc lusively (see later). Finally, the 10\. reduction of 

periodate ( 0 .3 mole of periodate) suggests that at least 

one half of the galactose res idues are 1,3-linked and/or 

a large proportion of the galactose res:i.due s contain other 

glycosidic linkages so as to render them immune to per-iodate. 

The 1m. percentage of alkali-labile sulphate in the 

polysaccharide precludes the possibility of a large proportion 

of 1,4-linked galactose residues protected from periodate 

attack by sulphate ester groups at positions 2 and/or 3. 

The classical procedure for the determination of the 

glycosidic linkages in a polysaccharide, is methylation of 

all the free hydroxyl groups in the polysaccharide , follOlved 

by examination of the per-methylated saceharides in the 

hydrolysate. HO'-lever, difficulties arise when this procedure 

is applied to sulphated galactans . Thus "'hen the permethylated 

saccharides, f1'om a hydrolysate of a fully methy l ated sulphated 

polysaccharide, are examined, it :i.s impossible to establish 
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which of the free hydroxyl groups were involved in either 

glycosidic or sulphate hemi-ester bonds. This difficulty can 

be partially overcome by comparing the permethylated saccharides 

obtained fro m hydrolysates of methylated fully sulphated and 

de sulphated polysaccharides. HO\vever a great deal of caution 

is still necessary since (a) considerable glycosidi c bond 

scission takes place during desulphation of the polysacchfld.de 

and (b) highly sulphated polysaccharides are notoriously 

difficult to fully methylate, due to sterie and other factor s. 

Since some difficulty was experienced in the methylation of 

even partially de sulphated A. ulvoidea polysaccharide 

(80:- , 6.2')1, ), no att e!!lpt ,"as made to methylate the fully 

sulphated polysaecharide. 

l'iethylation of the de sulplwted polysaccharide ( SO~- ~ 6.27;) 

was effected by a number of adeli tions of soliel sodium hydl'oxide 

and dimethyl sulphate to a solution of the polymer in dimethyl 

sulphoxide. Paper chromatography of a neutralised, acid 

hydl'olysate showed mostly 2,3,6 - and 2,4 ,6-tri-O-methylgalaetoses, 

with smaller proportions of 2,3,4,6-tetra- O-methylgalactose, 

some di-O-methylg;alactoses, and 2-0-metltylgalactose. In vie .. 

of the difficulty of methylating polysaccharides on a large 

scale with Purdie's reagents ( 126 ), only a snlall quantity of 

the methylated, desulphated. polysaccharide (A) was 

exhaustively methylated in this way. The derived solid foam 

eB) showed no hydroxyl peak in the infr~ll'ed, and had a 

rnethoxyl content of 37 .4~~. Paper chromatography of a 

neutralised , acid hydrolysa te of B showed all tile saccharides 

present in A, inciliding tile meno- and di-O-methylgnlactoses in 

much the sallie concentration as for 1::.. It was therefore ~eeided 
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not to treat the bulk of A with Purdie's reagents, since it 

appeared to be already fully methylated. 

Most methylat e d polysaccharides are insoluble in hot 

aqueous solution and therefore cannot be hydrolysed with 

dilute mineral acid. It is also important that the 

demethylation and degradation that take place during the 

hydrolysis should be kept at the lowest possible level. One 

way of achieving this is by partial formolysis, followed by 

hydrolysis of the resultant formate ester in aqueous mineral 

acid (134). This method was used for the above methylated 

polysaccharide, A. Separation of the hydrolysate by elution 

from a charcoal-Celi te column Ivi th a linear gradient of 0 - 5% 

butanone in water, gave 2,3,6- and 2,4,6-tri-O-methyl-D-

galactose as the major components, together with a smaller 

amount of a mixture of 2, 3,4, 6- tet ru-O-methyl-D- and -L­

galactose in the rati o of ca. 1 : 1 (inferred from an [ex] 
In addition, a mixture of methylated 

D 

saccharides, identified by paper chromatogr.aphy as 2-0-

methylga lactose and a number of di -O-methylgalactoses, all 

in trace quanti ties, ,.as obtained. TIle presence of 2,4, 6-

tri-O-me thyl-D-galactose as a major saccharide in the hydrolysate 

support s the evidence cited earlier for 1, 3--linked galactose 

residues , I<Ihile the presence of 2,3,6-tri-O-methyl-D-galactose 

as the other major saccharide indicates a high proportion of 

1,4-links in the macromolecule. The 2,3,4,6-tetra-O-metlIyl-

D-gnlactose is considered to have arisen mainly from D-

galactose and possibly from some of the 2-0-methyl-D-galactose 

end-groups. The presence of 4 - 0··mcthyl-L-galactose as 

non-reducing end-group in the desulphated polymer accounts for 
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the presence of 2,3,4,6-tetra-0-methyl-L-galactose in the 

methylated, desulphated polymer. The contribution of 

L-galactose and 2-0-methyl-L-galactose in this connection is 

negligible since they are present only in trace quantity 

( see later). The presence of the 2-0-methylgalactose in the 

hydrolysate of the methylated polymer can be explained as 

follows. A. ulvoidea polysaccharide has been shown to contain 

pyruvic acid (135), and since its mode of linkage in algal 

polysaccharides (30, 102) has always been a.s the 4,6-acetal 

on anhydrohexose residues, VII, it is reasonable to assume 

that it is similarly linked in the present polysaccharide. 

Furthermore, since the acetal is sufficiently stable for it 

to be present linked to disaccharides isolat e d from acidic 

partial hydrolysatcs of polysaccharides (102), and since 

the conditions of desulphation of the present polymer were 

not very forc ing , it is likely tha t at least some of the 

pyruvate "/Quld have survived desulphation conditions. If 

the hexose 4,6-acetal is glycosidtcally linked through the 

3-position (as it is in agar (30»9 then methylation of thC'se 

uni ts would give only 2-·0-methylgalactose. 

Partial hydrolysis of the polysaccharide with dilute 

mineral acid,. followed by neutralisation and dcionization, 

afforded a neutral syrup which was fractionated by elution 

from a charco a l-Celite column using aqueous ethanol. A 

total of 15 ma,jor fractions were collected, and where 

necessary the se \"e1'e fractionated by paper chromatography 

us ing a sui t.i~lJ Ie so 1 vent. 

In addition to tlw monosc.ccharides already mcntioneli, 

five disaccharides PBd Qnecrisaccharide lITere charhcteriseo. 
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Only t,.o of the oligosaccharide s obtained 'vere crystalline, 

Y!&. 4-0- f3-D-galactopyranosyl-D-galactose (2), and 4-0- [3-D-

galactopyranosyl-2-0-methyl-D-galactose (7). The other 

oligo saccharides were obtained as chromatographically pure 

syrups and have be en identified as 6-0-[3-D-galactopyranosyl­

D-galactose (1), 6-0-ex -(4-0-methyl-L-galactopyranosyl)-D­

galactose (4), 4-0- [3- (6-0-methyl-D-galactopyranosyl )-2-0-

methyl-D-galactose (8) and 0-ex - (4-0-methyl-L-galactopyranosyl)­

(1-+6) - 0-[ [3-D-galactopyranosyl-(1-+4 ) ] -D-galactose (13) . 

Oligosaccharide 13 : OH 

H3CO 

CHZOH 

0 0 

I 
HOCH2 

CH2 
0 0 

HO ° OH 
OH 

OH 

The general methods used for the identification of these 

oligosaccharide s were as follows. The component sugars in 

the oligosaccharide were determined by hydrolysis of the 

oligosaccha r ide followed by neutralisation, centrifugation, 

deionization and paper chromatography of the derive d syrup. 

For those oligosaccharides ~lhich consisted of more than one 

sugar, reduction of the oligosaccharide (sodium borohydride) 

fol lol<!ed by hydrolysis and paper chromatography, using a 

spray reagent '''hich revealed only reducing saccharides, clearly 
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indicated which saccharide ,,,as on the reducing end of the 

oligosaccharide. Oligo saccharides ,,,i th DP> 2 ,,,ere also 

subj ected to partial hydrolysis, and reduction and partial 

hydrolysis, thus enabling the order of linkages in the 

oligosaccharide to be established. The position of the 

glycosidic linkage in the disaccharides was determined by 

methylation of the 

Hakomori 

Percival 

procedure 

(132 ) 
• 

oligosa ccharide using either a modi f ied 

(130,131) or els e t.he method of Haq and 

In the former , a mixture of the oli gos accharide, 

dimethyl s ulphoxide and sodium hydride were ultras onicated 

for 30 min under nitrogen, fo l lovled by addition of methyl 

iodide and ultrasonicat ion to a clear solution. In all 

cases, one tre a tment was suffi c i ent to ensure a fully 

methylated product while degradation was kept to a min imum . 

The permethylated ol i gosaccharides ,,,ere hydrolysed and t he 

hydroly sate examined by paper chromatography and TLC. The 

remaining hydrolysate ,,,as methanolysed and the derived methyl 

glycosides examined by GLC. 

Oli go s accharide s having 1,3- or I,G-linkages on the 

reducing end are difficult to methylate since considerable 

alkali degradation takes place under the highly alkaline 

conditions of methylation. Rees ( 81 ) has shovm that 

oligo saccharides containing galactose with a 1,3-linkage on 

the reducing end, are completely degraded when dissolved in 

saturated cal cium hydroxide s olution and left in an 

atmo sphere of nitrogen , while 4-0-fj-D-galactopyranosyl-D-

galactose survived this treatment, at least in large part. 

This indicates that it is t he alkaline conditions which cause 

the degradation, rather tban the methylating conditions as such. 
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One l,ay of overcoming this difficulty would be to reduce the 

oligosaccharide with sodium borohydride prior to methylation, 

the derived alditol being stable to the methylation 

conditions (128). However in the case of ga lactose, it 

then becomes impossible to distinguish betlveen 1,3- and 

l,4-linkages, unless of course reduction is carried out with 

sodium borodeuteride and the methylation products examined 

by mass spectrometry (128). The degree of alkali degradation 

of 1,3-linkages varies from one methylation procedure to 

another (99), and the modified Hakomori procedure (130,131) 

was adopted for the present work both for the 101, degree of 

alkali degradation and for its simplicity. All 

oligo saccharides which have been thus far examined in this 

laboratory and which contain 1,3- or 1,6- linkages on the 

reducing end, produce only one main degradation product l,hich 

manifests itself as a peak on GLC of a methanolysate of the 

hydrolysed, methylated oligosaccharide, and with a relative 

retention time of T 3.72. This is all the more unfortunate 

since T 3.72 occurs midway between the peaks of methyl 2,4,6-

tri-O-methylgalactosides (T 3.55 and 3.97) so that if 

degradati on has been considerable then these peaks are all but 

obliterated. 

A further disadvantage in the use of methyl glycosides 

is that anyone methylated saccharide may produce several 

peaks on the GLC, corresponding to the various anomeric and 

ring forms of the saccharide. Interpretation of a 

chromatogram (especially in the quantitative sense) becomes 

rather di fficult '·Jhen two or morc methylated saccharides 

have similar retention times, with consequent overlapping 
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and masking of their many peaks. Conversely, this same 

multiplicity of peaks makes the identification of anyone 

saccharide that much more positive. For example, methyl 

2,3,6-tri-O-methylgalactose produces four GLC peaks, and 

in the identi fication of this saccharide the relative 

retention times of all four can be established. Some 

workers (99) have suggested that the ratio of these peaks 

is dependent on the method of methylation and time of 

methanolysis , and to a certain extent is characteristic of 

the parent sugar . HOI.ever the present work indicates that 

(within the compass of the sixteen oligosaccharides studied) 

this is not so, provided that the parent permethylated 

ol igosa ccharide is hydrolysed to its free component sugars 

prior to methanolysis. In this case the peak area ratios 

would be determined by the relative thermodynamic stabilities 

of the various anomeri c and ring forms of the glycosides. 

The anomeric configuration of the oligo saccharides follows 

from the specific rotations. 

The isolation of oligosaccharide 4 is especially 

interes ting since it establishes, for the first time, the 

mode of linkage of 4-0-methyl-L-galactose in a red algal 

polysacchar ide. The structure of oligosaccharide 13 I.as 

elucidated as follows. Partial hydl'olysis of the oligosaccharide 

gave, in a dditon to galactose and 4-0-methylgalactose, 

oligo sa cchar ides 2 and 14. This immediately establi.shes that 

the structure must be either that suggested or else linear 

whe r e 4r = 4-0-methyl--L-
~ 

galacto8o and GD = D-galactose). Heduction of tho 

oligosa ccharicl e followed by par tial hydr olysis (under a ~lide 
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range of conditions) gave galactose and 4-0-methylgalactose 

but no trace of either oligosaccharides 2 or 4. T'nis 

indicates that the branched structure is the correct one. 

Methylation of the oligosaccharide followed by hydrolysis 

and methanolysis gave methyl 2,3,4,B-tetra-0-methylgalactoside 

as the only GLC peale \vi th no trace of methyl 2 , 3-di-0-

methylgalactoside, nor any tri-O-methylgalactosides. The 

most likely explanati on of this is that the 1,B-linkage 

causes the reducing end of the branched oligosaccharide to 

degrade under the alkaline methylation conditions so that 

only 2,3,4,B-tetra-O-methylgalactose is formed from the tlw 

non- reducing end groups. The methylation results preclude thE 

possibility of the linear structure for the oligosaccharide 

since, if it is linear, 2,3,4- and 2,3,B- tri-O-methylgaIBctosides 

should. be present in the methanolysate of the hydrolysed 

methylated oliGosaccharide, since a 1,4-linkage at the 

reducing end of an oligosaccharide survive s the alkaline 

methylation conditions. The structure of oligosaccharide 13 

is highly significant. Thus perj.odate oxidat ion studies on. 

the native polysaccharide and methylation of the deslllphated 

polysaccharide (see later)9 have determined that the 4-0-

methyl - L-galactose occurs as non-reducing end-group in til<." 

polysaceharide. These f a cts, coupled \vi th the structure for 

ol igosaccharide 13, establish the fact that the 4-0-methyl­

L-galactose exists as singlc unit side chains glycosidically 

linked to galactose at position 6 in the polysaccharide chain. 

Oligosa ccharide 1 establishes the presence of D- galactose 

resi.ducs l inked through the 6 positiono 

The significance of the other oligosaecharides isolat(~cJ. 
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from the partial hydrolysis study will be discussed Ivi th those 

from the acetolysis of the polysaccharide. 

It is known that aqueous hydrolysis and acetolysis have 

different selectivities for the various types of glycosidic 

linkage. Thus Rees (81) has shown that during partial 

hydrolysis the 1,3-linkage s in A-carrageenan are spli t 

much more rapidly than the 1,4- linkages so that 3-0-a­

D-galactopyranosyl-D-galactose could not be readily detected 

as a product: acetolysis of the same polysaccharide, however, 

afforded the 1,3-linked disaccharide in almost five times 

greater yield than the 1,4-linked isomer. The 1,6-linkages (81) 

in dextran and yeast mannan are hydrolysed less rapidly than 

the co-occurring linkages but acetolysed more rapidly. It 

was thus decided to perform an acetolysis on A. ulvoidea 

polysaccharide in order to obtain further information about 

its fine structure. 

Acetolysis of the native polysaccharide I.as effected by 

shaking it with a mixture of acetic anhydride, acetic a.cid 

and sulphuric acid for 100 h. The acetylated oligosaccharide s 

were extracted I"ith chloroform, evaporated to a syrup, and 

deacetylated I-d th sodium methoxide. Charged material Ivas 

removed by passing a solution of the oligo saccharides through 

a column of Amberlite IR 120 (H+) resin, follOl.ed by 

The neutral oligo saccharides 

were applied to a charcoal-Celite column and eluted with water , 

followed by aqueous ethanol (0 - 17%) using the gradient 

technique. Fractions Ivere collected, sorted by paper 

chromatography, and recombined into 13 major fractions. 

Further fractionations I;'ere achieved by paper 

.. 
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chromatography. Thirteen oligosaccharides Ivere obtained 

pure, including some of those already isolated by the 

partial hydrolys is study . These are listed in Table IV. 

Oligosaccha ride 10 was the only one obtained in the 

crys talline form. Significantly, disaccharides with 

1,3- linkages were obtained in hi gher yield than those with 

1,4-linkages, whi le no oligosaccharide with a 1,6-linkage 

I"as obtained. Of the four tri saccharides iso l ated only 

one had a 1,3-linkage on the reducing end. The only 

tetrasaccharide, containing only D--ga l a ctose , which was 

isolated (15 ) corroborates the fi ndings of Ree s (81) and 

confirms the selectivity of acetolysis. It is interest ing 

to note that the only tetrasaccharide i s olated from 

Pachymcnia E2£!.l~ (136 ) (this polysaccharide has a basically 

similar structure to A. ulvoidea) \Vas 0-I3-D-galactopyranosyl-

(1 -+ 4) -O-IX~D-galactopyranosyl- ( 1-+ 3 ) -O-I3-D- galactopyranosyl-

(1-+ 4) -D-galactoseo lihen this 

latter oligosaccharide Ivas sub jected to paper. chro" atography 

along with oligosaccharides 14 and 15 (Rgg 0 019 and 0029), 

it had a mobility intermediate between oligo saccharides 14 

and 15 and corresponded to the trace oligosaccharide with 

Rgg 0.25 present in fraction XI. Since ol igosaccharide 15 

is about 30 times more abundant than the Ilext most abundant 

tetrasaccharide from Ao ulvoidea, and since oligosaccharide 15 

is the only tetrasaccharide isolated by Rees (81) from 

acetolysis of A-carrageenan , it is t empting to specul at e on 

the reason(s ) IvIly aceto lysis of P . carno sa yielded the 

te trasaccharide it did, and not oli r;osacchari.de 15. In this 

connection it should be noted that nei ther Ao ulvoidea 



TABLE IV OLIGOSACCBARIDES FROM A. ulvoidea 

Total Partial Partial Hydrolysis or rnethanolysis 

Oligosaccharide Hydrolysis Hydrolysis Hydrolysis products of methylated 
products Products Products (after oligosaccharide 

reduction) 

(1) GD ~ (l-+ 6)GD G G A, D 

(2) GD~(1-+4)GD G G A, C 

(3) GDa (l-+ 3)GD G G A, B 

( 4 ) 4L"(1-+6)GD G,4 G,4 4 A, D 
(5) 2D

a (1-+ 3)GD G,2 G,2 2 A, B 
(6) GD 0(1-+4)2L G,2 G,2 G A, C 
(7) GD0(1-+4)2D G,2 G,2 G A, C 

(8) 6DU(l-+ 4)2D 2,6 2,6 6 A, C 
(9) GDR(1-+ 4)GD"(1-+3)GD G G,(2),(3) G, (2) A, B, C I-' 

(10) GD ~ (l-+ 3)GD~(1-+4)GD G G,(2),(3) G, (3) A, B, C 0 

'" (11) GDa (1-+ 3)GDP(1-+ 4)2D G,2 G,2, (3), (7) G, (3) A, B, C 
(12) 2Da (1 -+ 3)GDP(1-+ 4)2D G,2 G,2,(5),(7) G,2,(5) A, ·B, c 
(13) 4L"(1-+6) 

\ 
GD r (1-+4) -GD G,4 G,4,(2),(4) G,4 See discussion p. 105 

(14) G-G-G-G G(D,L 1:1) discussion p.109 
( 15 ) GD,,(l-+ 3)GDr (1-+ 4)GDa(1-+ 3)GD G G,(2),(3),(9),(lO) G,(2),(3),(1O) 

Key G Ga lactose A 2,3,4,6-tetra-O-mcthylgalactose 

2 2-0-methylgalactose B 2,4,6-tri-O-methylgalactose 
4 4 -0-methylgalactose C 2,3,S-tri-O-methylgalactose 
6 6-0-methylgalactose D 2,3,4-tri-O-mcthylgalactose 
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polysaccharide nor A.-carrageenan were de sulphated prior to 

acetolysis, while the polysaccharide from P. carnosa I~as 

partially de sulphated (SO~- , 11.5%) . 

The presence of oligosaccharide 14 establishes the 

hitherto unexpected existence of L- galactose in the 

polysaccharide, since a hydrolysate of the oligosaccharide 

sholved that the galactose was present as a racemate. 

Part ial hydrolysis of the oligosaccharide indicates that it 

probably has an alternat ing sequence of D- and L-galactose 

lll1itso \Vhether this is true or not, it is interesting 

that no tetrasaccharide containing a D- and L- galactose 

ratio of 3 : 1 l'laS found, since this is the tetrasaccharide 

which would have been expected had the L-galactose been 

randomly distributed thr.oughout the polysaccharide chain. 

This suggests that the L-galactose is either concentrated 

in some portion of the polysaccha ride chain, or that it 

exists in a contaminating polysaccharide with an alternating 

sequence of D- and L- galactose residues. 

Oligosaccharide 6 establishes the presence of 2- 0-

methyl-L-galactose i n the p olysaccharide , and shows that it 

is linked in the same way as the D-,isomer. 

Oligosaccharide 6 ,I1as also isolated from P. carnosa but 

insufficient material was avai lable for full characterization. 

Oli gos a ccharide 12, Khich contains a D- galactose to 2-0-

methy l-D--galactose rat io of 1 : 2~ lVas obtained in much 

higher yield t han any otber trisaccharide containi ng 2-0-

methyl-D-galactose. Thi s indicates that there are regions 

of the I,olysllcclw.ri.de which are comparatively rich in 

2-0-methYl-D-galactose. An altcl'native explanation is that 
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the presence of the 2-0-methyl-D-galactose stabilizes 

the glycosidic linkages to acetolysis , thus greatly increasing 

the yield of this oligosaccharide. The existence of a 

separate polysaccharide containing D-galactose and 2- 0-

methyl -D-galact ose in strictly alternating sequence is 

ruled out by the presence of oli gosaccharide 11 in the 

acetolysate. 

The presence of oligosaccharide 8 in the partial 

hydrolysate of the polysa ccharide raises a number of interesting 

points. The amount of free 6-0-methylgalactose which c ould 

be isolated from this partial hydrolysate I"as only about one 

fifth of the amount of oligosaccharide 8 obtained. Furthermore, 

if the 6-0- methylgalactose Iyere distributed randomly in the 

polysacc!1aride ch.ain then the chances of it being l inked to 

galactose rather than 2-0-methylgalactose are .9_~ . 10 : 1 

(i.e . the ratio of galacto s e : 2-0-methylgalactose in the 

polysaccharide). No oligosaccharide containing 6- 0-

methylgalactose and galactose was found. All these facts 

suggests that the majority of the 6- 0-methylgalactose residues 

are i3 - 1,4-1inked to 2-0-methylgalactose residues in the 

polysaccharide. 

A number of broad features emerge from the rest of the 

oligosaccilarides isolated from the partial hydrolysis and 

the acetolysis. Periodate oxi dation studies and methylation 

of the dosulphated polysaccharide have establ i shed (see earlier) 

that t here are approximately an equal number of 1,3- and 

1,4-linkages in the polysaccharide. All the trisa cchnrides 

contain both of these linkages ( except oligosaccharide 13) 

and t he only tetrasaccharide containing only D-r;alactose had 

.. 
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these linkages in alternating sequence, '''hich supp()rts the 

case for an alternating sequence of 1,3 and 1,4-·1inlmges in 

the polysaccharide. The presence of oligosaccharide 1 does 

not necessarily interrupt this sequence, since it is possible 

that there are single galactose residues linked 1,6 as braneh 

points on the polysaccharide chain (Ef. linkage of the 

4-0-mcthyl-L-galactose). This is supported by the absence 

of 2,3, 4-tri-0-methylgalactose in the hydr olysate of 

methylated de sulphated polysaccharide. 

In all those oligosaccharides in which 2-0-methyl-D-

and -L--galactose occur, this saccharide is linked through 

position 4, and on the redUCing-end it is always a-l,3-1inked. 

The gross features of the polysaccharide from A. ulvoi(1.ea, 

are very similar to those of the other Grate louniaccae ----
polysaccharides "hich have been investigated (,'efs. 93, 94. 

96, 97, 98, 100, 136 and 137). Thus the macromolecules 

consist of a backbone of mainly D-p;alactose in which most of 

the residues are a-l,3- and ~-1.4-linked. 

Table V lists the galactoses and monomethylgalactoses 

found in the Gl'f~L~J- ouR.iaceae polysaccharides. The presence 

of L-ga lactose and 2-0-methyl-L-galactose in A • ..l!.lYg:i.clca , 

of L-galactose in P. corno~, and of 2-0-methyl·-L-galactose in 

P. c~osa, ",as not suspected until these t race saccharides 

were detected in oligosaccharides obtained from solvolysis 

of the respective polysacchar ides. It is very difficult to 

estab lish the presence of a trace saccharide in a 

polysaccharide when its enantiomcr is present to a far greater' 

extent. Thus it seems highly likely , that if sufficiently 

sophisticated methods could be employed, then both the D- and 
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L-isomers of galactose and the three monomethylgalactoses 

would be found in all five of the Grateloupiaceae 

polysa ccha rides. All five polysaccharides are highly 

sulphated, and the sulphate is largely alkali stable. 

TABLE V 

Aeodes 
ulvoi dea 

GD,GL 

2D,2L 

4L 

6D 

SACCHARIDES FOUND IN THE GRATELOUPIACEAE 

POLYSACCHARIDES 

Aeodes 
orbitosa 

GD~GL 

2D 

4L 

6n 

Phyllymenia 
cornea 

GD ,GL 

2 n 

4L 

6n 

Pachymenia 

carnosa 

Gn 

2D,2L 

4D,4L 

6D 

Gr at eloupia 
elliptica 

GD,GL 

2L 

4D 

Key G = galactose , 2 = 2- 0-methylgal actose, 

4 = 4-0-methylgalacto se and 6 = 6- 0 -methylgalactose. 

Only in Go ell:l.ptica. have significant amounts of 3,6-anhydro­

D-galactose, and traces of 3,6-anhydro-L-galactose been f ound. 

The only positive evidence for branching is the 1,6- linke d 

4-0-methyl-L-galactose in Ao ulvoidea. 

As an indication of t he fine structures of the 

polysaccharides the following oligosaccharides have been 

isolated : ( i ) from fl.. orbitosa, oligosaccharide 2 a.nd 

3-0-D.-~;alaet opyral1osyl-D-galactose? ( ii ) from P. cornea, 

oligosaccharidcs 2,7,8 and 4-0-fl-D-galact opyranosyl-L-galactosc 
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(iii) from P. carnosa, oligosaccharides 2,3,5,6,7,8,9,10,11, 

12 plus seven other oligosaccharides. 

No unique structure can be proposed for A. ulvoidea 

polysaccharide, since there is much masking of the basic 

D-galactose backbone, and because the position of the ester 

sulphate has not yet been determined. 
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