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Part I

(a) Uater-soluble polysaccharide mixture

After removal of chlorophyll and other colouring matter from the
green seaweed, Canlerm filifartals. aqueous attraction yielded a mixture of
polysaccharides which contained the following relative solar proportions of
sugar residues!

Galactose t Glucose « Mannoae t Arabinoae t Xylose t Rharanose
2,3 8.4 1.1 0.5 1.1 0.2

This extract had ♦ 12CP, sulphate 7.5, ash 13.5, sulphate in
ash 3.8, H, 2.6, uronic anhydride 5-9% and gave a positive test for keto and/or
anhydro sugar.

(b) f| rtnh mlnuunhftrtda i

Addition of an aqueous solution of eetyltrlaetiylaamaniisa hydroxide
(C.T.A.-OH) to a boric acid solution of the "Water-eolnbXe polysaccharide mixture"
deposited a sulphated complex leaving a neutral glucan in solution. The poly¬
saccharides which were regenerated from the C.T.A-ooaplex were digested with
salivary <* -amylase which relieved virtually all of the raaaining glucan. The
resulting sulphated galactose-rioh polysaocharldes contained the following
relative molar proportions of sugars!

Galactose I Maanose t Arabinoae s Xylose % Rhacmose
4.9 2.3 0.9 1.9

and had D*L ♦ 12.8°, sulphate 17.6, ash 15.2, M, 1.6$. Perlodate oxidation
led to the reduction of one mole perlodate for every 606.g. polysaccharide
material from which it follows that few of the sugar residues contain ois
glycol groups.

The separation of a small quantity of galactose sulphate by IE 45 (Gil)
resin provided evidence that seme at least of the galactose units are sulphated.
The sulphated galastose-rich material was partially fractionated into two main
fractions, visi

Fraction Galactose Mannose Arabinose Xyloss
I 4.6 2.5 0.69 2.1 trace
II 6.2 1.2 1.2 1.3

At least two polysaccharides, one containing galactose and arabinose
and the other mannose and xylose are apparently present in this extract.

SasUZ A gtofrrfrTf MTgaOTtarMf

Enzyaio and metfaylation studies on the neutral polysaccharide from
the C.T.A.—OH fraotiooation showed that this was an <*-1,4'-linked gluean of
the amylopectin type. Hydrolysis of the methyl ether gave 2,3,4,6-tetra-O-
mettaylgluBose teg. 1 part), 2,3,6*trl-0<«etfaylgluoo8e (gg. 22 parte), 2,3-di-0-
methylglucose (£&• 1 part), 2,6 and 3,6-di-O-acthylglucose (s§. 1 part).
Digestion of the unmethylated glucan with salivary -amylase gave an apparent
conversion to maltose (Pm) of 90 while fb -amylase gave a % value of 57 am
83$ respectively, before and after digestion with the de-branching enzyme, iso-
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One mole periodate vaa reduced per anhydro glucose unit and fro®
the release of formic acid an average chain length of jgg. 21 was obtained*
Isothermal distillation measurements on the derived methyl ether and viscosity
measurements on the raaethylated polysaccharide Indicated that the molecule
contained % anhydro glucose units* Wo such polysaccharide has been isolated
previously from the green algae*

m

tm% 18 A wQm
After aqueous extraction the weed residues were treated with sodiua

chlorite and then extracted at room temperature with S sodium hydroxide*
Acidification of this extract afforded a crude xylan « -28° containing jgg*
10% glucose units. Purification was effected by exhaustive washing with water*
hydrolysis of the derived methyl ether of the partially purified xylan (glucose
1$) gave 2,3,4^tri-0-methylxylcse, (2.9%). 2*4-di-0-oethylxylose (95*2%) and a
mixture of 2 and ^Haoacsaethylayloae (1*9%)* These results, together with the
lav reduction of periodate y. mole per 14 xylose units) and the negative rotation,
provided proof that the polysaccharide was a -1,3 '-linked xylan* Partial
acid hydrolysis yielded a homologous series of 1,3 '-linked xylose oligosaccharides,
further evidence for a xylan containing 1,3'-linkages only* This is the first
time a l,3Llinkod xylan has beenisolated and characterised*

In addition to the ae thylayloses separated from the hydrolysate of the
methylated xylan a small quantity of 2,4,6-trl-CMaethylglucose was characterised
and the presence of 2,3,4*6-totarn-0-«)iethy3glufiO9e and 4,6-di-O-aetijylglucooa
was detected chromatographically. These methylated sugars could only have arisen
from a 1,3 '-linked glucan resembling the laminarin aynthesised by the brown alga®.

/
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INTRODUCTION



SEAWEED POLYSACCHARIDES

It is not; generally accepted that the first living organisms

were to be found in the sea, possibly as single living cells. Those

cells which contained chlorophyll and with it the ability to synthesise

their own food material, may very well have evolved into the complex

plant kingdom of today#

The algae consist of primitive plants existing in forms which

have changed little through the passage of time. They are aquatic plants

and, although there are many fresh water forms, the vast majority live in

the sea where they are more commonly known as seaweeds. Indeed they are

responsible for the whole of the fixation of carbon dioxide in the Oceans.

It is not surprising, therefore, that they have been widely used for human

consumption in countries such as China and Japan which are dependent on

the sea for a large proportion of their food supply. Their value as an

animal feeding stuff has been realised for generations on the Western

coasts of Scotland and Ireland.

On the industrial side the importance of seaweeds has fluctuated

considerably. In the 18th and 19th Centuries, iodine, potash and soda were

extracted on a large scale in Scotland, Ireland and France but with the

discovery of alternative and cheaper sources of these materials the industry

soon collapsed. During the Second World War, however, when supplies of

Japanese agar were cut off, the seaweed industry was revived (1) and since

then its development has been rapid, particularly in the utilisation of the

carbohydrate extracts. Today these extracts have many applications in the

food, cosmetic, pharmaceutical, textile, brewing and paper industries, while
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the presence of trace minerals and plant hormones makes the weed invaluable

as a fertilizer and an animal feeding stuff.

The algae may be conveniently divided into 4 main groups, depending

on the principal colouring pigment presents

SEAWEEDS

Phaeophyceae
(Brown)

Yellow pigment:
Fucoxanthin

Rhodophyceae
(Red)

Red pigment:
Xanthophyll

Cyanophyceaa
(Blue-green)
Blue pigments

Phycocyanin

Ghlorophyceae
(Green)

Green pigment:
Chlorophyll

All groups contain chlorophyll although its presence may be rassked

by the other pigment. Of these groups, the red and the brown algae are by far

the most common and consequently they have been more fully investigated, both

chemically and commercially. At the present time the chemistry of the Cyano¬

phyceaa and Chlorophyceae is in its infancy and even in the case of the red and

the brown weeds, few generalisations on the polysaccharide constituents can be

made. Nonetheless, as many of the polysaccharides are so radically different

from those of land plants it is evident that there must be present some

enaymic system peculiar to this group of plants.

In seaweed extracts, sulphate ester groups are found often in

association with galactose or fucose polymers. Their presence adds to the

normal difficulties met with in polysaccharide studies. The sulphate ester

groups cannot be hydrolysed off without the simultaneous destruction of the

inter-residue glycosidio linkages. As complete methylation, or acetylation,

of such polysaccharides is sterically hindered, any interpretation of the

results obtained must be made with this in mind.
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Jronic acid-containing polysaccharides are frequently found (c.f.

Qm exudates) but progress in their investigation has been slow because the

strong acid required to break the uronosyl linkages causes extensive

degradation of the products#

In addition, protein contamination is often considerable, especially

in the green algae (20-25% in Cladophora rapeatrls (2)). It cannot b©

completely removed without extensive degradation of the polysaccharide.

It is noteworthy that cellulose, the characteristic structural

polysaccharide of land plants, is often absent and, if found at all, is present

only in small amounts. This is not unexpected as seaweeds are supported to

a large extent by the surrounding water, and do not require the same rigidity.

Their highly flexible, mucilaginous nature could be due to the sulphated

polysaccharides which act more as a membrane thickening material (3). In

addition, food reserve polysaccharides are normally found as glucose polymers,

as will be evident from the following discussion. For convenience the poly¬

saccharides have been grouped as polyuronides, sulphated polysaccharides,

glucans and pentosans, the majority of which belong to the brown and red weeds.

A summary of the work done on the green weeds is given, but few generalisations

can be made at this early stage of their investigation.
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I POLYURONIDES

ALGINIG ACID

Alginic acid was discover-ed by Stanford in 1883 (4-) in the

(Brown algae) and since 1910 it has been the basis of the

alginate industry in this country. It has been known for many years

that D-mannuronic acid residues (II) constitute a large part of the

molecule but as strong acid is required to break the uronosyl link the

yield of hydrolysis product, D-mannurono-lactone, seldom exceeds 50$ (5).

Investigations into the constitution have been hindered as methylation is

difficult and considerable degradation occurs on hydrolysis of the methy¬

lated ether. Nonetheless, Hirst, Jones and Jones (6) isolated 2,3-di-O-

raethylmannuronic acid (l) and so confirmed the presence of l,4.'-linked
raannuronic acid units (II).

acid Chanda, Hirst, Percival and Ross (7) isolated from the hydrolysate,

2,3-di-O-methylmannose in an amount which indicated that the chain of

alginic acid was over 100 units long. Recently Fisher and Dbrfel (8)

provided evidence for the presence of L-guluronic acid units (III) in

addition to D-mannuronic acid in the hydrolysate of alginic acid. Drummond

and Percival (9) have confirmed its presence and have shown that the units

COOH

By reducing the methyl esters of the methylated degraded alginic
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are 1,4.'-linked. The alglnie acid ws oxidised with sodium periodste and

bromine, in that order, and the oxidised product on hydrolysis gave rise to

(meso-) and {>) tartaric acid. The isolation of the optically active

together with the meso form of tartaric acid is evidence for the presence

of 1,4.'-linked (L+)-guluronic acid in addition to 1,4.'-linked D-raannuronic
acid units in the polysaccharide.

coon

r— O-

— 0-

COOH C00H

COOH

OH OH

O —
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Further investigations must be carried out to determine the

inter-relationship of guluronie and aannuronic acid units in alginic acid,

assuming that it is, in fact, a single polysaccharide.

II SULPHATE!) POLYSACCHARIDES

The presence of sulphuric acid ester groups was first reported

in seaweeds by Haas in 1921 (10). They are often found in association

with galactose polymers and may be represented by the general formulas

R = sugar residue
(R.0.S02.M)n where M = metal ion (Na,K,Mg)

n is unknown

These esters undergo normal hydrolysis in acid solution but they are

exceptionally stable to alkali. From studies on monosaccharide sulphates

(11) it has been shown that hydrolysis by alkali occurs if an adjacent (OH)

group is in a "trans" configuration to the sulphate group or if the removal

of the sulphate group can result in the formation of a 3,6-anhydride (?).

In the former case hydrolysis normally results in epoxide ring formation (VII)

CH

OMjl HO OKa.

OH

V

Methy1-/5 -galactopyranoside 6-sulphate (IV) with a frso cis (OH)

group on gives rise to me thy1-3,6-anhydro-/3 -D-galac topyranoside (V) while

l,6-anhydro-^3-D-galactose 2-sulphate (VI) with an adjacent (OH) group in the
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"trans" configuration to the sulphate, hydrolases to 2,3-l,6-diar&ydro-/3 -D-

talopyranose (VII)

C Ha.-

oso4OH

V l V II

As the sulphate ester groups of the aeawev»u polysaccharides are

stable to alkali it is assumed feat they are in such positions that no

anhydro or epoxide rings can be formed. As mentioned previously, this very

stability has led to much difficulty in the investigations of these poly¬

saccharides.

(a) Carrageenin

Carrageenin is a gel-like mucilage which is obtained by aqueous

extraction of many red alga© (for example* Chondrua crispus. Chondrus

ocellatus. and Gigartina stellata). It is widely used in food preparations

and as a semi-solid cultural medium for growing micro-organisms. On hydro¬

lysis 30-40$ of D-galactose and 30$ sulphate are obtained, and in addition

smaller amounts of L-galactose and 3>6-mihydro-£-galactose (3) (13) 04).
a

D- Galactose has long been known to be/constituent but 3,6 anhydro-D-

galactose has only recently been identified (13) (14). Early studies by

the methylation method (15)(16)(17) showed that galactose was involved in

linkages through fee and C3. This evidence, together with the stability

of carrageenin sulphate to alkaline hydrolysis, pointed to repeating units
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of 1,3-linked galactose residues with, the sulphate attached to 0^.
However, subsequent isolation of 3,6-srihydro-D-galac tose pointed to a

more complex structure for carrageenin.

Recently, Smith and Cook (18) fractionated carrageenin into two

components, X-carrageenin (40%) and X -carrageenin, the former being

precipitated from an aqueous solution with potassium chloride, leaving

the latter in solution. It was found that the K fraction contained D-

f-alactoee, 3»6-anhydro-D-galactoae and sulphate residues in the approxi¬

mate ratio 6 { 5 • 7» whereas X -carrageenin contained D-galactose and

sulphate residues with only a trace of 3j6"-anhydro-D-galactose (probably

as an impurity) (19)* By applying partial mercaptolysis to ^sarrageenin
O'Neill has Isolated the diethyl dithioacetal of a disaccharidc

which contains D-galactose glycosidically linked to Gz of 3,6- Jihydro-D-

galactose (20) (VIII).

c h4oH c Ha-

ho

oh

oH

V I 11 ^
Thi3, and evidence obtained from methylation data, led O'Neill to propose

a branched structure for }£carrageenin, the main chains of which consist of

alternating residues of 1,3'"linked--D-galactopyranose 4-sulphate and

CX~ 1,4*-linked 3,6-anhydro-D-galactopyranoae. The branch points are

believed to occur at every 5th D-galactopyranose 4-sulphate unit, to the



of which is attached D-galaetose 3,4-or 3,6-di-salphate or a non-

reducing terminal residuei

G SS

3 G S U AG1 3 GS1 A AG1

n

GSS a D-galaetopyranose 3,4-- or 3,6-di-sulphate.

GS = D~galaotopyrano39-4.-sulito.te.

AG = 3,6-anhydro-D-galactopyranose

Further evidence which supports the proposed structure has been

obtained by Araki and Hirase (21). By partial methanolysis of the un-

fractionated polysaccharide of C. ocellatua. the dimethyl acetal and methyl-/®
glycoside of the above disaccharide (VIII) were obtained. Although sulphate

ester groups are probably attached to C^, the alkali stable position, no

direct evidence for this has yet bean obtained.

X.
Further investigations must be carried out before a definite

structure can be proposed. From previous methylation data on the unfraction-

ated degraded carrageenin, it is likely that this molecule consists of 1,3-

linked D-galactose units with possible branching on C^. The sulphate ester
group would be expected to be attached to C^ as for }£carragesnin.
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(b) Agar

Agar, another j el-forming polysaccharide, is obtained by-

aqueous extraction of Geildiua sp., Graoilaria sp., etc. (Red algae).

It has been shorn to contain D-galactose, 3,6-anhydro-L-galactose (22)(23)

pyruvic acid (24) and occasionally sraall amounts of L-galactose and D-

glucuronic acid (24) (25). The sulphate content is low and may vary from

0.3 - 1.4% depending on the source of the agar (26). Early aethylation

studies by Percival (26) and by Peat (22) led to the isolation of 2,4,6-

tri-O-raethyl-D-galactose in 65$ yield together with 2,4r^l-0-methyl-3,6-

anhydro- ft -L-methy1 galactoside suggesting -that a large part of the molecule

consisted of D-galactose residues linked through the 1 and 3 positions. It

xms not then certain whether the 3,6-anhydro-L-galactose pre-existed in the

original agar molecule or whether it ma formed by alkaline hydrolysis of

L-galactose-6-sulphate during methylation. Jones and Peat (27) suggested
Z

that the latter possibility was more likely but Percival et alia (22) believed

that the anhydro sugar was an integral part of the agar molecule, and this has

been confirmed by the isolation of the diethyl dithioacetal of 3,6-anhydro-L-

galactose by mercaptolysis of commercial agar (28).

Araki has provided evidence that crude agar is a mixture of at

least two polysaccharides, the methyl ethers of which can bo separated by

chloroform into a chloroform soluble fraction (agarose methyl ether) and a

chloroform insoluble fraction (agaropectin methyl ether). Agarose is

composed of D-galactose and 3,6-anhydro-k-galactose and it is practically

free of sulphate. Evidence as to the nature of the two units in the molecule

has been obtained by partial hydrolyses ofagar, whereby the disaocharide (iXa)
was obtained (29). More recently the diethyl dithioacetal (Kb) and dimethyl
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acetal (lie) have been obtained by partial marcaptolysis and partial

oeibaiDly3l3 respectively (30).

C H a°H

Lcfi R = c HO,

(b) R- =ch(sc,hs)4
(c.~) R

A*

The disaccharide has been fully characterised as 4-0- /3 -C-galactopyranose-

3,6-anhydro-L-galactose.

Furthermore, ensynsic hydrolysea of agar by Pseudomonas kyotoensis

(31) produced a series of neoagaro-oligosaccharldes, the disaccharid© of uhich

has been identified as 3-0-(3,6 anhydro-^~L-galactopyranosyl)-D-galactose (X)

C Ha.0H

HO <y H

oH

Araki has postulated that agarose is a linear polysaccharide, consisting of
j i

alternating 1,3-linked [i -D~galactopyranose and oi -1,^linked 3,6-anhyaro-Ir-

galactopyraaos9 units. The chain is believed to be terminated at the

reducing end by a D-galactoae residue and at the non-reducing end by 3,6-

anhydro-L-galactose residue.
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i.Ha0H

Ho
c

\

— O-

CH»OH

O H OH

A Cr A Ko&e.

Agaropectin on hydrolysis gives rise to D-galactose, 3,6-onhydro-

L-galactose and sulphuric acid and in addition, D-glucuronic acid and pyruvic

acid. Little is known about its structure, although it is believed to be

more complex than agarose. By partial methanolysis of commercial agar

the dimethyl acetal of a disaccharide linked in ketal form to pyruvic acid

(XI) has been obtained. This derivative has been characterised as 4,6-0-1'-

carboxyethyUdene- -D-galactopyranosyl- (1—> 4)-3 j6-anhydro-L-galaotose
dimethyl acetal.

c H-%
r\ ^ i i

°-Vk
C H foCH^

OH

X I

Although it is now generally accepted that D-galactose and 3,6-

anhydro-L-galactose occur as alternate units in agar, the mode of linkage of

sulphate ester groups has not been established. Furthermore the variation in

sulphate content is considerable (e.g. agar from Gelldltro cartilaginium is
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salphated to the extent of 1 in 10 galactose units (34) whereas the

corresponding value for agar from Qraeilaria confervoides is 1 in 40 (35)).

(c) Funorin

Funorin is extracted from seaweeds of the Gloioeltis family

(Rod algae). Hilike agar and oarrageenin this polysaccharide does not

possess the characteristic jelling property but it does form highly viscous

solutions. Recently, Hirase and Araki isolated the dimethyl acetal of 3,6-

aahydro-L-galactose together with methyl D-galactoside after complete

mothanolysis of funorin, and the dimettiyl acetal of agarobiose (He) after

partial methanelysis. Despite the higher sulphate content the organic part

of the molecule appears to be essentially similar to "agarose" of agar in

consisting of alternating residues of 1,3 '-linked- /3-D-galactopyranose and

oi -l,4,-linked 3,6-er±ydro-I*-galactopyranoss.

(d) Galactan from Dilsea (Red alga)

This D-galaetose polymer resembles funorin in its ability to form

highly viscous solutions. It is sulphatod (£&• 11%) and it has been shown to

contain D-galactose (ca. 70%), D-glucuronic acid (ca. 10%), D-xylose (7%)

together with small amounts of 3,6-anhydro-D-galaatoso (37) (38). Methylation

of the sulphate-free, degraded, acetylated material has provided evidence for

a D-galactose polymer linked mainly through C-^ and Cj and to a lesser extent
through the and C^ (39).

This view has been confirmed by Barry and McCormick (40) who have

applied the Barry degradation procedure to the oxidised polysaccharide (see

Cladophora runestris page A3). It appears to consist of a core of 1,3'-linked

D-galactose residues to which are attached, highly sulphated D-galactose chains,
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containing both 1,3'- and 1,4'- linkages. Barry and hie colleagues

suggested that the D-xylose and D-glucuronic acid residues are integral

units of the polysaccharide, D-xylose, linked through the 1 and 3 positions,

and D-glucuronic acid as a terminal residue in the form of the 6—»3 lactone.

(e) Fuooidin

Fucoidin, the characteristic sulphated polysaccharide of the brown

algae xms first described fcy Kylin in 1913 (41). It has been shown to be a

highly sulphated polymer consisting of 6-deosy-L-galactose (fucose) units.

Small amount® of galactose, xylose, and uronie acid residues are also normally

present (probably contaminants) (42). As the sulphate content is high <£a. 38$)

it is evident that each fucose unit must carry at least one sulphate ester group.

Metiylation of the polysaccharide, followed by aethanolysis, gave rise to methyl

3-0-methyl-L-fucoside (ca. 51%)$ methyl-L-fucoside (ca. 20$) and methyl 2,3-di-

0^aethyl-L-fuco3ide (ca. 20$) (43). It was suggested that the isolation of

3-O^etbyL-L-fucose as the principal sugar residue was indicative of a repeating

sequence of 1,2'-linked fucose units, sulphated on C^, although the presence of
. • ■ 4 '

free fucose would be accounted for if some fucose units were sulphated on and

C3 while 2,3-di-O-methyl-Ir-fucose could have arisen from 1,4"-linked fucose
residues.

The isolation by O'Neill (44) of 2-<* -L-fucopyranosyl-Ir-fucitol

from the reduced aeetolysate of fucoidin is consistent with the postulated

structure of £C -1,2'-linked fucose units sulphated on and/or C3 (XII) with
possible branching on C3 (XIII)
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2FS1 - 2FS - 4F1 - 2FS1 - 2FS1
I
3

S04-
(XII)

2FS1 - 2FS - AF1 - 2FS1 - 2FS1
I

3
FS

(XIII)

(FS = L-fucopyranose 4 or 3 sulphate
(F = L-fucopyraaose

^ /
Further acetolysis experiments by Cote (45) have led to the

isolation, in addition to the above disaccharlde, of 4^°c-I>'fucopyrano3yl-

L-fucose and a small amount of the 1,3-linked isomer. It is therefore

evident that a number of 1,4'- linked in addition to 1,2'- linked fueose

residues are present in fucoidin but it is not at all certain that they are

constituents of the same molecule.

Ill FOOD RESERVE POLYSACCHARIDES

As in the case of land plants, it is believed that the energy

reserves of many algae take the form of glucose containing polymers, the amount

of which varies considerably depending on the season.

(a) Inmftnyfo

Laminarin is the water soluble polysaccharide which occurs in

many of the brown algae, particularly the sp. From some varieties

it can be obtained in yields greater than 40$ of the dry weight of the weed (46).

On hydrolysis D-glucose is obtained as the sole sugar while sulphate ester
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groups are absent. One interesting feature which has been the subject of

much investigation is the solubility; laminarin from JL>. digitata remains

in aqueous solution on cooling whereas the material from L. cloustonl

precipitates out on standing. Early studies by the raethylation method (47)

and by periodate oxidation (48) showed that there was little, if any, chemical

difference between the two forms, both of which contained 1,3'-linked gluco-

pyranose residues. These results were substantiated by the isolation of a

disaecharide when laminarln was partially hydrolysed with an enzyme from Hsik

nomatia (49). This disaccharide has been characterised as 3-(/3-D-gluco-

pyranosyl)-D-glucose (XIV)

C HiOH C HxOH

OH

C UjOH
Ov

OH
OH OH

OH

c H*

ou

OH

-o.

o

OH

fosflnaribiose (*<y Gentiobjppe (xv) os-Sot-^
However, recant investigations, employing new methods of analysis

have revealed that laminarin is more complex than had at first been supposed.

The isolation by Peat and hi3 colleagues (50) of 6-(/3-D-glucopyranosyl)-D-
glucose (XV), mannitol, 1-0-[b -D-gluoosyl-mannitol, l-O-laainaribiosyl-mannitol,

in addition to the laminaribiose series of oligosaccharides, is strong evidence

that a proportion of the laminarin molecules are terminated at the reducing end

by mannitol linked through or C&. A measure of the amount of mannitol

present as end group has been obtained by Hirst and his colleagues from
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periodate oxidation studies on laminarin (51)* Laaiaarin molecules,

terminated at the reducing end by glucose (G-chains) or by mannitol (M-cliains),
on periodate oxidation will give rise to one mole, formaldehyde fro® either

chain. However, when laminarin has been previously reduced the terminal

glucose units are converted to sorbitol residues linked through C^, and two
moles formaldehyde will be produced fro® each of the original G~ chains.

By measuring the amount of formaldehyde released in both instances, it was

calculated that of the chains were terminated by mannitol. It was

suggested that a proportion of the molecules were branched through [b -1,6

glucosidic linkages.

Even so, the question of the fine structure of laainarin is far

from settled as reoent work by Hhrau and Smith (52) has thrown new light on

the nature of the reducing and non-reducing components. The reducing

fraction after conversion to the acid was separated from the non-reducing

fraction by anion exchange resins. It was found that mannitol occurred

only in the non-reducing fraction and it has been suggested that instead of

being at the reducing end of the molecule, mannitol is in tee centre and acts

as an aglycone residue for two glucose chains*

G1 - (30l)n - 6G1 - (3Gl)ffi - CH2
G1 - (3Gl)n - 6G1 - (3Gl)m - Cf^

(CHGH)
I

OIL)OH

(G = D-glucopyranose)
Further support for 1,6'-linkages in laminarin has been obtained

by a method of analysis involving periodate oxidation followed by reduction

and mild hydrolysis (55)• After treating either tee reducing or non-reducing
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component of laminarin in this manner, the oligosaccharide fragments of

glycerol which were formed (see below) were subj eoted to the same treatment.

On complete acid hydrolysis of the resulting oligosaccharides, ethylene

glycol was produced.

G f (l>G l) C Ha. o h> ^ 0

G- I

Ho
OH

OH

1,6'-linkage in laminarin
1

CH-

l) PiLriodat* oxidation.

^ R. sl cL uct I o

3^ i I«A hi^ci rol^bis.

H— C—OH
I
C H*OH

Glycerol oligosaccharide

v

CH:

j) P.a.r-lodat* ox»d u_t tok..
R*.cL utt iok _

b) Pallid KtjcJrol^ ?>IS.

h.-i

Ethylene glycol oligosaccharide
^ Htjdro|tjbi5

Reducing sugars + ethylene glycol

This method, hot/ever, cannot detect 1,6'-linkages which are involved in

branch points.
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Estimations of the degree of polymerisation have been made by

both chemical and physical methods. A value of jja. 20 units was originally

obtained by Percival and Ross (47) and this has been confirmed by other

vjorkers (51) (52) but higher values have also been reported (53) (54).

Smith and Ids colleagues have recently reported that mannose is present

in laminarin to the extent of 1 in 7 glucose units (52.) but whether this is

significant or not has yet to be established. It is possible that the

aannose is present as a contaminant, the amount depending on the source of

laminarin.

(b) Floridean Starch

Floridean starch (the food reserve polysaccharide of the Red

algae) was first reported by Colin (56) in 1933. Kylin observed that the

polysaccharide from T?yrn«^tn-rt« fastigiata could be degraded by dialysed malt

extract to maltose and in this respect it was similar to glycogen and amylo-

peotin. A similar polysaccharide from Dilaea was first examined by

Barry, Halsall, Hirst and Jones (57) by the periodate oxidation method.

In a 1,4'-linked glucose polymer each sugar residue has two adjacent hydroxyl

groups, on C2 and C3 and consequently the consumption of periodate is one

mole per sugar residue. As a value of ca. 0.6 moles per hexes© unit was

obtained, it was postulated that some of the linkages must be through and

C3.

However, mors recent studies (58)(59) have revealed that the

consumption is ca. one mole periodate per hexose unit. This value has been

further confirmed by nitrogen and sulphur analysis of the thio-semicarbazid®

and isoniaaid derivatives of the periodste-oxidised polysaccharide. In
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addition enayiais studies have shown that there 13 ao evidence for 1,3'-

lialaiges. The percentage conversion to maltose by -amylase was comparable

to that of aaylopeetln and in particular the fb -limit (percentage conversion
to maltose bv /ff - amylase) could be increased from 46 to 54$ If the poly¬

saccharide was pre-treated with a de-branching snsyae such as iao-amvlaae.

It was also found that an X-ray powder photograph resembled closely that of

a normal starch (60). This evidence would suggest that Floridean starch is

an oC -l, 4»- linked glusopyranose polymer with branching on the 0^ of the

glucose unit.

It now seems likely that the early values for periodate consumption

could be explained by incomplete oxidation. One significant point is the

short average chain length (C.L 9 - 13 glucose units) which corresponds to

the value for glycogen (animal starch), cf., ,£§. 21 for the C.L. of asylo-

pectin. Despite the above conclusions a small amount of nigerose (3-0-* -

(D-glucopyranosyl)-D-glucose (ca. 0.5$) has been obtained on partial acid

hydrolysis of Floridean starch (61).

jffSS CQPQN POMCSACCIimLS

JjjBSSSfi

ilannoee has been found only rarely In seaweeds and then only as a

minor constituent of polysaccharide extracts. There is, however, one notable

exception, the raannan from Porphvra umbilicalis (Red alga)(62), After

exhaustive extraction of the weed with dilute acid to remove galactose and

fnoose containing polysaecliarides, the mannan was obtained by extraction with

20$ sodium hydroxide solution. On. hydrolysis, maanoae only was obtained and

1 mole periodate was consumed per anhydro maimose unit. Tide evidence,
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together with information obtained from metfoylatioa studies lad Jones to

suggest that the polymer consisted of oc-1,4'- linked mannose residues.

Pentosans

Of the pentose sugars D-xylose is the only one which has been

reported in either the Red or the Brown seaweeds. (In the Blue-green and

Green weeds, xylose and arabinose are common constituents of many of the

polysaccharides).

Of special significance is the xylan which occurs in Rhodvmenia

palmata (Red alga) (63) (64). On hydrolysis D-xylose was obtained and

periodate oxidation studies showed that only ca. 80% of the xylose residues

possessed °<-glycol groups. It was therefore suggested that the remaining

20% of the molecule contained 1,3 "-linked xylose residues. This idea was

confirmed by methylation studies which showed that the ratio of 1,4. '-linked

to 1,3'-linked xylose units was 4s1, and that the average chain length was

ca. 17.

As it was not possible to fractionate the polysaccharide extract

it was thought that the 1,3'- and 1,4'-linkages occurred in the same molecule.

Support for this idea has been obtained from studies involving the Barry

degradation procedure (65) (see under Cladonhora ruoestris). and from partial

©nzymic and acid hydrolysis where oligosaccharides containing both 1,3'- and

1,4'- linked xylose residues were isolated (66). There is reason to believe

that the degree of polymerisation of the molecule is small, but the relative

arrangement of the 1,3'- and 1,4'-linked residues has not been established.

pCTOffigHftW or M Wff

As no single characteristic polysaccharide has been isolated, few
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generalisations are possible at this stage. Sulphated polysaccharide

mucilages are normally obtained by aqueous extraction but in contrast to the

extracts of the red and the broun algae, a more complex mixture of sugar

residues is found. So far, all attempts to fractionate "these extracts by

the normal methods (e.g. formation of insoluble complexes with metallic ions

or with long chain quaternary ammonium salts) have been unsuccessful. Even

so, it is not at all certain that these mucilages are single polysaccharides.

In addition protein contamination is often as high as 25 % (67).

(a) JMfee ism Jflsa 2§§&as§

The first green seaweed extract to be investigated in any detail

was tint from Ulva lactuca (67). The mucilage was obtained by extraction

with sodium carbonate solution and on hydrolysis the following molar proportions

of sugars were obtained -

L-rhamnose s D-xyloss % D-glucose
4.4 1.3 1.0

Sulphate ester groups were present to the extent of 15»9%> together

with uronic acid (19.2$). Protein contamination (g§. 25%) could be partially

removed by the Sevag process (73) but at the same time considerable loss of

polysaccharide occurred.

On methanolysis, an acidic fraction was obtained in addition to the

above neutral sugars. Methylation studies on this material provided evidence

for the presence of D- glucuronic acid residues. The consumption of periodate

was 1 mole per 960 g., indicating that every fifth unit contained -glycol

groups.

Indications that "the extract was heterogeneous was obtained on

chloroform extraction of the methyl ether whereby a chloroform soluble fraction
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was obtained. It had a low sulphate content (ga. 2.5$) and after further

mediation it was shown to contain the following residuess

R- -401- -4G1-
6

I
: : ;! ; J, ' if 0 . i!

While chromatographic evidence only was obtained for the chloroform insoluble

fraction, it appeared to contains

X- -4X1- R- -4R1-

X = D-xylopyranoa©
G - D-glucopyranose
R = J^-rhaimopyrancsa

(b) GMSPMS rjjge^sii (68) (69)
On hot water extraction of Cladoohora rupestris polysaccharide

material was obtained in 11.5$ yield. It contained sulphate (ca. 20$),
, *. *

uronic acid (less than 5$) and was contaminated with protein to the extent of

,0$. 18$. Treatment with a 4$ trichloroacetic acid solution reduced the protein

content to ca. 7$.

Cn hydrolysis the following molar proportions of sugars were obtained s

L-arabinose i D-galactose t D-xylose s L-rhaanose i D-glucose
3.7 2.8 1.0 0.4 0.2

On partial acid hydrolysis, di~ and trisaccharides were isolated

containing arabinose, xylose and galactose, suggesting that these sugars must

form contiguous units in the polysaccharide. Of special interest was the

isolation of oligosaccharides containing arabinose only, evidence for the presence

of several arabinose units adjacent to one another in the parent molecule.

Chloroform extraction of the acetylsted product yielded a glucose-rich



fraction (4$) which was essentially resistant to periodat© attack. This

evidence together with its susceptibility to hydrolysis with y3 -amylase (an

enzyme specific for f3 -glucoaidic linkages) pointed to a laminariik-lyp©

gluean. All attempts to fractionate further the chloroform insoluble

material were unsuccessful* Msthylatloa studies on this glucose-free

fraction provided evidence for the following main linkages?

Gal 1 - -6Gal 1 - -6Gal f 1- -6 Gal 1 -

3

—3A1— —3A1— —3A1—
2
I

XI- -4X1- -3R1- -3R1-
2

I

Gal = D-galactopyranose
Gal f = D-galactofuranose

A = L-arabinopyranose
X = D-xylopyranosa
R - L-rhamnopyranose

These conclusions have been supported by evidence obtained from

periodate oxidation studies, all the xylose and two thirds of the galactose

residues being destroyed by this reagent. Xylose and galactose must therefore

possess two contiguous hydroxyl groups| the xylose as 1,4'~ units and the

galactose as 1,6'- linked omits both satisfy this condition. The residual

polysaccharide (oxo-polysaccharide), sulphate ca. 20$, consisted of galactose

and arabinose units in the ratio 1»3, suggesting that arabinose in addition

to galactose may be sulphated.

More recently the Barry degradation procedure has been applied to

C. ruoestris (69). A single Barry degradation procedure involves sodium

periodate oxidation of a polysaccharide, in which only the end residues are
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attacked by the reagent, followed by treatment with hot phenyHydrazine under

mildly acid conditions. This combined operation removes all tho residues

which contain oc -glycol groups and simultaneously exposes residues with

vicinal hydrouyl groups. Ey repeated treatments it is possible to strip off

the outer residues of a polysaccharide molecule so that the "core15 can be

isolated.

In the present experiment the degraded polymer contained arabinose,

galactose and rhamnose units and it was still highly sulphated (ca. 15%).

Matbylation studies on this "core" revealed that the following linkages were

presenti I
2

-3R1- -3A1- -3A1- -3R1-
A A

1 ; i
A A

-3Gal 1- -3 Gal 1 -3 Gal 1-
2 2
I I

(Nomenclaturei As in previous formula;

The general picture obtained is in agreement with earlier theories

on the structure of the molecule - a highly branched polymer, the core of which

contains galactose, arabinose and rhamnose units. Sulphate ester groups are

evenly distributed over the whole molecule.

(c) fftic^lflge frpm centralis (70)
A polysaccharide mucilage has been obtained by extracting the weed

with ammonium oxalate solution. It contained uronic acid (ca. 20%), sulphate

7.8% and on hydrolysis the following molar proportions of sugars were obtained:

galactose t xylose t rhamnose : glucose t mannose
0.1 1.6 1,4 1.0 0.2

Fractionation of the uronic acid portion, obtained on partial acid
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hydrolysis, led to the separation of aldobi- and oligo- uronic acids.

From methylation and other studies it was shown that D-glucuronic acid was

glycosidically linked to of L-rhamaose.

Qa periodate oxidation of the polysaccharide a -value ofpa. 1 mole

per anhydro unit was obtained indicating that many of the residues have

contiguous hydroxyl groups. However, xylose and rhamnos© residues were

detected in the hydrolysate of the oxo-polysaccharide, and they may have

arisen from branch points or 1,3'-linked units.

Acetylation, followed by chloroform extraction gave a chloroform

soluble glucose-rich fraction (9%) which was devoid of sulphate. Methylation,

followed by hydrolysis of the methylated sugars, indicated that this polymer

consisted of chains of °C-1,4.'-linked glucose residues. Mannose units were

also found, probably due to incomplete fractionation and they too appeared to

be linked through and C4.
The chloroform insoluble material, on the basis of methylation data,

was shown to contain the following -

GA— -4R1- —4HI- —4X1—
3

25% 21% '21% 21%

—4G1— —4-Grl—
6

1.7J6 1 0.(>%

GA = D-glucuronic acid
R = L-rhamnopyrano se
G = D-glucopyranose
X = D~xylopyranose

All the uronic acid was present as end-group glycosidically linked to of

L-rhamnone.

While no definite evidence for the location of the sulphate ester
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groups was obtained the large amount of mono-O-aethylrhamnose isolated from

the methylated hydrolysate would indicate association with L-rhamnose units.

sy»m qr «■ em omt algae
j' : . ■ '■ ' ' *

v< • ( J . •' V t

Cladophora rupqptrig affords a highly sulphated mucilage, the main

constituent sugars being arabinose, galactose and xylose. Uronic acids, if

present at all, do not comprise more than 5% of the molecule. Fractionation

attempts on the glucose-free sulphated material were not successful.

Ulva laotuca and Acrositronia centralis both afford mucilages which

contain xylose, rhamnose and glucose residues together with ca. 20% D-

glucuronic acid. Ulva lactuca extract, however, has a higher proportion of

rhamnose and sulphate. In both cases a glucose polymer closely resembling

starch has been found. This is consistent with the accumulating evidence

that such a polymer is the characteristic food reserve material of green

algae (71).

Although fractionation attempts on the above extracts have proved

impossible, it is very likely that more than a single polysaccharide is

present. Until either, definite proof of homogeneity or an effective means

of fractionation is obtained, little progress can be expected in establishing

a unique structure for these polymers.
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CAUI£BPA SP. (72)

Hi® Caulerpa sp. of green algae do not occur around the shores

of Britain but they are abundant in Mediterranean and Tropical waters, where

they often cover extensive tract® of the sea floor#

In this group are found some of the few alga® which resemble land

plants in possessing, not only a similar upright structure, but also an actual

root system, in contrast to the more usual "holdfast" of seaweeds.

This thesis describes the structural investigation of the poly¬

saccharides found in the aqueous and alkaline extracts of Caulerpa filiformis

GENERAL METHODS OF INVESTIGATION

Principal chromatographic solvents

(1) benzene : butan-l-ol : pyridine t water (1 i 5 j 3 % 3)

(2) ethyl acetate s pyridine s water (10 s 4 t 3)

(3) ethyl acetate : acetic acid s formic acid 1 water (18 3 3 s 1 1

(4) butan-l-ol : ethanol s water (4*1*5)

(5) butan-l-ol t pyridine : water (10 * 3 * 3)

Where the systems were two phase, the upper layers were used.

Paper ohromatograms IMless otherwise stated chromatograms were run with

control sugars on Whatman No. 1 paper, sprayed, after air-drying, with a

saturated aqueous solution of aniline oxalate and developed at 120° for ca.

5 minutes.
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The following abbreviations have been used to describe the

distances travelled by sugars on paper chromatograms s

% « fljptqnge travelled by pugg?
Distance travelled fey solvent front

&G = Distance travelled tar sugar ___
Distance travelled fey 2,3,4,6 tetra-O-metbyl glucose

R„1 - Distance travelled bv sugar
Distance travelled by galactose

% = Dlatance travelled fey sugar
Distance travelled by xylose

lonophoresig was carried out on Whatman No.l paper at 750 volts, in borate

buffer at pH 10 (4 hours). The chromatograns were sprayed with a saturated

aqueous solution of aniline oxalate containing 5% acetic acid (74) •

Cellulose nnlnims were packed with dry cellulose} cellulose powder was poured

in to a depth of jgg. 1 inch and shaken down fey tapping many times on the floor.

The cellulose was pressed gently with a flattened glass rod and the process

repeated. When sufficient cellulose had been added, the column was eluted

with water (1 litre), feutan-l-ol saturated with water (1 litre) and finally

with the solvent to fee used for separating the sugars (ca. 500 ml.).

Small columns were prepared fey pouring in a slurry of cellulose in acetone.

Purification of column solvents

(a) Light petroleum (fe.p. 100-120°) was shaken 3 times with 10$

sulphuric acid, washed with sodium bicarbonate solution and water and finally

re-distilled.

(b) Butan-l-ol was refluxed with a 1$ (V/Q potassium hydroxide for

30 minutes and re-distilled.

Evaporations were carried out at 45°/15 mm.
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Specific rotations were measured in water in a 1 dm. tube at room temperature

unless otherwise stated.
Ash determinations were carried out by igniting 50 mg. samples in a platinum

crucible until constant weight was attained.

Methoxyl determinations on methylated polysaccharides were carried out on films

prepared from chloroform solution and dried under vacuum. All methasyl deter¬

minations were done by a micro-modification of the Zeisel method (75)*

Acetyl determinations were carried out according to the method described by

Belcher and Godbert (76).

nitrogen analyses were carried out by a semi-micro-modification of the

Kjeldahl method (77).

Sulphate determinations were carried out by digesting samples (£a. 50 mg)

of the polysaccharide in 8N hydrochloric acid (ca. 15 ml), containing 1-2 drops

conc. nitric acid for 6 hours at 100°. The solution, after filtration, was

diluted to ca. 200 mi, 3% barium chloride was added and the precipitated barium

sulphate via.a estimated gravimetrieally.

firHUna derivatives of methylated sugars were prepared by refluxing 20 ag of

the sugar in a nitrogen atmosphere with an ©qui-molar amount of freshly

distilled aniline in ethanol (5 ml) in the absence of light. The solvent

was removed under reduced pressure.

Hydrolysis of a polysaccharide. A sample (ca. 50 mg) was heated under reflux

with N sulphuric acid (2 ml) at 100° for 4 hours. The resulting solution was

cooled and neutralised with solid barium carbonate. The precipitated barium

salts were filtered and washed thoroughly with cold water and the filtrate and

washings were concentrated to a syrup.

Dialysis of polysaccharide solutions was carried out in cellophane tubes against

running water (2 days) and then against frequently changed distilled water (1 day).



PART I

WATKm30LUBI£ EXTRACT OF C. FILIFORMIS
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?ART 1(a)
EXPERIMENTAL

Three latches of the green, seaweed Caulerra filifofmls were

obtained - in February 1957, February 1958, and November 1959, all three

batches having been collected from the same source near Capetown, South

Africa. Each sample yielded the same polysaccharide material although the

relative proportions of the sugar residues in the dilute acid extract varied

to a slight extent.

1* mHMPW ALCOHQLIC BEERACTffM

Before any attempts wore made to extract th© polysaccharide from the

weed, all samples were exhaustively extracted with 30% aqueous ethanol in a

Soxhlet apparatus. This treatment removed most of the green colouring matter

together with mono- and di- saccharides.
... >. . « . , . . I . \ ! I :'' ' . . .

2. OF THE AifflQpc gTOQT

The alcoholic chlorophyll containing solution was clarified id.th

bariua hydroxide and cadmium sulphate solutions (78) and then daionisou by ion-

exchange electrodialysls (79)• The resulting solution was concentrated and on

paper chromatographic examination (Solvent 1) it was found to contain mainly

sucrose with a smaller amount of glucose.

3. FACTION PRQCEDpEg

The residual alcohol extracted weed (original weight 10 g) was

extracted further under the following conditions*
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(a) Gold water (2 x 200 ml).

(b) Further extraction of the wed from (a) with water (200 ml) at 100° ,

(2x8 hr).

(c) 0,5% sodium carbonate solution at roan temperature on the weed from (b).

(d) Dilute hydrochloric acid, pH 3-4# (200 ml) at 70° on the aqueous extracted

weed residue (b). (2x6 hr).

(e) Dilute hydrochloric acid, pH 3-4# (200 ml) at 70° on the alcohol extracted

weed (2x6 hr),

(f) 12% sulphuric acid (110) on the weed residues from (e).

(g) Mild chlorite treatment (80) of the weed residues from (e) followed by

extraction with M-sodium hydroxide solution (81) at roan temperature.

In each experiment the polysaccharide was isolated by freesa-diying

the solution obtained after dialysis and concentration. The yields and the

constituent sugars of the respective polysaccharide materials isolated are

given in Table I,

TABLE I

Sugars obtained after hydrolysis

Glucose Ga lactose Xylose Mannose
Extract

(a)

(b)

(c)

<d)

(•)

(f)

(g)

Yield
{%)

2.8

4.6

0.7

3.5

10.1

4.3

xxxxx

xxxxx

xxxxx

xxxxx

XX

XX

XXX

XXX

X

XXX

XX

XX

XX

XX

XXX

xxxxx

xxxxx

XX

XX

XX

XX

Rhamnose

X

X

X

xxxxx - major component
x = trace



-33-

As the yield of polysaccharide was highest (ca. 10$) from the

dilute acid extraction and as the material differed little from the aqueous

extract, it was used for all subsequent investigations. This polysaccharide

material will be referred to as the: "Water-soluble Polysaccharide Mixture".

4. PRELIMINARY EXAMINATION CF THE WATER-SOLUBLE POLYSACCHARIDE MIXTURE

The polysaccharide material obtained on freeze drying the dialysed

extract had the following properties:

[<*] D + 120°, ash 13.5$# sulphated ash 15.4$, sulphate in
ash 3*8$ (as weight of polysaccharide), total sulphate 7.5$, N 2.6$.

Uronio acid, as calculated from the yield of carbon dioxide on decarboxy¬

lation of an acid digest, 5 - 9$ (82).

Seliwanoff test (83)

The polysaccharide (50 mg) was heated with N hydrochloric acid

(1 ml) for 1 hour at 100° and on treating the resulting solution with 2$

alcoholic resorcinol (2 ml) a deep red colour developed while a blank

remained colourless.

Anthrone test (84)

An aqueous solution of the polysaccharide and its hydrolysate were

spotted on paper. After spraying with anthrone reagent and heating at 110°

(ca. 5 mins) a yellow-brown spot developed.

5. QUANTITATIVE ESTIMATION OF THE RELATIVE PROPORTIONS OF TUB SUGARS IN THE
HYDROLYSATE OF THE WATER-SOLUBLE POLYSACCHARIDE MIXTURE

(a) By periodate oxidation (85)

The polysaccharide (ca. 50 mg), after hydrolysis with N sulphuric
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acid (2 ml) was neutralised with barium carbonate. The resulting solution was

concentrated and made up to 10 ml in a graduated flask. Using an Agla-

semiraicro syringe,0-5000 ml of this solution was applied along the starting line

of a paper chromatog-am (20 x 40 cm), together with spots for side strips.

The paper was irrigated with solvent (1) for 60 hours and dried in vacuum for

24 hours at room temperature. The positions of the sugars were located by

spraying the side strips, which had been cut out, with aniline oxalate.

The chromatogram was then divided into the appropriate sections from xdiich

the sugars were exhaustively extracted with water. These solutions (ca• 5»0

ml) were heated with sodium periodste (0.25 M, 3 ml) in stoppered tubes for 30

minutes at 100°, allowed to cool and excess periodate was then destroyed by

the addition of ethylene glycol (1 ml). After 30 minutes the liberated

formic acid was estimated by titration with sodium hydroxide solution (0.0135 N)

using methyl red as indicator. A blank was run simultaneously.

TABLE 2

Relative proportions of the sugars in the water-soluble polysaccharide mixture

Sugar Titre (ml) Wt.of Sugar Approximate
in 10 ml. molar
(rag) proportions

Galactose 0*422 4*1 4

Glucose 1.536 15.2 14

Mannose 0.202 2.0 2

Xylose 0.166 1.7 2

Rhamnose 0.038 0.4 0.5
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(b) By a colouriaetrio method (86)

A synthetic mixture of sugars was prepared by dissolving milli-

molar amounts of the respective sugars in water, followed by dilution to

25 ml in a standard flask. Accurately measured volumes were spotted on to

the starling line of a paper chromatogram (4.0 x 20 cm) together with suitable

amounts of Hie polysaccharide hydrolysate.

The chromatograas were eluted with solvent (1) for 60 hours and

then air-dried. The paper was sprayed with a freshly prepared p-anisidin©

hydrochloride solution (recrystallised p-anisidine hydrochloride in 10 ml

methanol, diluted to 100 ml with butan-l-ol), and developed at 110° for 10

minutes.

Each of the coloured spots, which had developed, was cut out and

eluted by shaking with 95% aqueous methanol (3.5 ml), in small tubes. The

absorbance of each sugar solution was measured within 30 minutes in a Uoicam

Spectrophotometer. S.P. 500 at the wave length of maximum absorbance for the

particular sugar under examination (4-00 myu. for hexoses and 510 m/< for
pentoses and deoxy hexoses). On plotting the absorbance against the weight

of each sugar a straight line graph was obtained. The relative weights of

the sugars in the polysaccharide bydrolysate could then be determined directly

from the corresponding calibration graphs. In all cases the absorbance of

a sugar solution was measured against that of a blank. For the determination

of glucose and galactose in the polysaccharide it was necessary to dilute to

10 and 2 volumes respectively, because of their relatively high concentrations.



 



-36-

TABLS 3

Relative proportion of the guaars in the water-soluble polysaccharide mixture

Sugar Absorbance Wt.of sugar Approximate
( M gm) molar
' proportions

Galactose 0.240 198.0 4

Glucose 0.161 685.0 15

Jfennose 0.175 78.0 2

Xylose 0.162 35.5 1

Rhamnose 0.080 9.5 0.2

6. REMOVAL OF PROTEIN (87)

The dilute acid extract (e) from 10 g. dry wed was concentrated to

ca. 100 ml and a solution of tri-chloroacetic acid was added to give a final

concentration of U%* After standing for two days the denatured protein deposit

was removed on the centrifuge and the polysaccharide was recovered in the usual

manner (yield* 0.68 gj found N, 1.5$).

In all subsequent extractions this tri-chloroacetic acid treatment

was included.

• ■ : i ,■ v * * "> ?• ' ? : • lv-«. • , , , . ,| j
7. FRACTIONATION ATTEMPTS ON THE EATER-SOLUBLE POLYSACGiiARIDE MIXTURE

Chloroform Extraction of the Acetvlated Material (68)

Acetvlatlon tmscarried out as follow*

The polysaccharide (3.0 g) was dispersed in dried pyridine (100 ml)

containing formamide (5 ml) and acetic anhydride (40 ml) was added with stirring.
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After shaking the mixture for three days at room temperature in the dark,

the resulting brown solution was poured into ice-water (500 ml). The poly¬

saccharide material which precipitated out was washed with water and freeze-

dried (yield, 1,9 g). On repeating the acetylatioa procedure on the poly¬

saccharide (1.8 g) the final product was obtained as a Groan coloured powder

(yield 1.4 g$ found acetyl 39*7$).

Chloroform extraction The acctylated polysaccharide (1.3 g) was extracted

for 16 hours in a Scxhlsi apparatus with chloroform in which It dissolved.

Hydrolysis and chromatographic examination of this material (solvent 1)

revealed that the main constituent was glucose although galactose, osnnose

and xylose could be detected.

FRACTlO^na BY PREyHREIITj^b PRECJfflTATIQN

(a) Ethflnpl Eh-aqtlpngtipn

Ethanol was added in stages to a solution of the polysaccharide
.

(490 mg) in water (50 ml). After each addition of ethanol (10 ml) the

precipitated polysaccharide material was removed. The ethanol concentration

was increased in this manner until no further precipitation of polysaccharide

material took place.

(b) Cetyltrimsthylammonium bromide (O.T.A.) fractionation (89)

To the polysaccharide (574 nsg) in water (50 ml) was added drop-wise

20% of aqueous C.T.A. (0.5 ml) with stirring. AvMte flocculent precipitate

was deposited immediately (18 mg, after washing with water and drying with

ethanol and ether). On adding ethanol (3 vols) to the supernatant a second

fraction (246 mg) x*as obtained.
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(c) Getyltrimethvlaawooiiaa. hydroxide (C.T.A.-0H.1 In Boric Acid Solution (90)
To an aqueous solution of the polysaccharide (590 r%* in 100 ml water)

was added with stirring 0.6 M boric acid (40 ml). On adding dropwise a solution

of C.T.A.-OE (5 ml# 0.1 N) with sodium hydroxide (0.2 ml# 0.5 N)? a white

flocculent precipitate ms obtained. Ones the precipitate had settled out a

further addition of C.T.A.-&? (5 ml) and sodium hydroxide (0.2 ml) was made but

no further precipitation occurred. After removing the G,T,A,-eoaple>q (Precipi¬

tate A), on the centrifuge a second fraction was obtained when ethaneI (3 vols)

was added to the supernatant (Precipitate B).

After washing with water to remove contaminating C,T,A,, the

precipitate (A) was decomposed by dissolution in N sodium chloride solution

(100 ml). The polysaccharide was finally obtained from this solution by

precipitation with ethanol, followed by drying with ethanol and ether (yield

67 tag).

The alcohol precipitated material (B) after washing with ethanol

was dried with ethanol and other (yield 270 mg).

Chromatographic examination of the hydrolyaates of the different

fractions obtained under (a) allowed that all the sugars were present in each

fraction in the same relative amounts. In contrast the hydrolys&te of the

C,T,A.- complexes obtained under (b) and (o) revealed a smaller relative

proportion of glucose while that of the alcohol precipitated polysaccharides

tinder (b) consisted mainly of glucose with smaller relative amounts of the

other sugars. The corresponding fraction obtained under (c), Precipitate

(B)# on hydrolysis was found to contain only glucose.
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8. LARGE SCALE FRACTIONATION OF THE h'ATER-SQLUBLE POLYSACCHARIDE MIXTURE
UITH C.T.A.-OH g BORIC ACID

The polysaccharide (12 g) in water (1000 ml) was acidified with

0.6 M boric acid (400 ml), and C.T.A.-OH (180 ml, 0.1 N), together with sodium

hydroxide (<4 ml# 0.5 N) were added.

The C.T.A.-complex was fully precipitated on a single treatment

with the reagent as further addition of C.T.A.-OH (50 ml) and sodium hydroxide

(0.5 ml) precipitated in insignificant amount of polysaccharide ( < 10 mg).

The C.T.A.-complex was decomposed, as before, and the polysaccharide material

x-jas obtained as a light-brown powder (C) after alcoholic precipitation

followed by drying with ethanol and ether (field: 6.3 g).

The glucan was precipitated from the supernatant solution by

ethanol (3 vols) and was finally obtained as a white powder (3.9 g). Full

details of the purification and investigations carried out on this glucan are

given in part II of this thesis.

9. REMOVAL OF THE GLUCAN FROM THE WATER-SOLUBLE POLYSACCHARIDE MIXTURE -

ISOLATION OF A GALACTOSE-RICH FRACTION

(a) -ayiyloMs (59) of the polys^ccl^ride \Q,
To the polysaccharide (C) (250 mg) (see page 31 ) in water (100 ml)

was added an aqueous solution of salivary €>C -amylase and sodium chloride (50

mg). The digest was then incubated at 37°. After 24. hours when an aliquot

gave a negative starch test with iodine, the digest was heated in a boiling

water-bath for ca. 5 minutes and the denatured protein which precipitated out

was removed on the centrifuge. The supernatant solution xmis dialysed and the

residual polysaccharide (D) was precipitated with ethanol (3 vols) (Yield: 75 mg).
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Chromatographic analysis of a hydrolysate of this polysaccharide

showed that galactose, mannose, xylose and rhamnose were present in the ratio :

4 » 2 i 2 i <0,5 (Visual examination)

On heav^ spotting, however, and on examination under U.V. light a

trace amount of glucose was detected.

(b) Direct -amvlolYsis of the "Water-soluble Polysaccharide Mixture"

The "water-soluble polysaccharide mixture" (500 mg) (see page 33 )

in water (100 ml) was digested with salivary ^-amylase at 37°. After

subjecting the digest to the same treatments as under 9(a), the polysaccharide

material (116 mg) was isolated. Visual chromatographic examination of a

hydrolysate showed that the relative amount of galactose, mannose, xylose and

rhamnose were the same as in the L 'drolysata from the polysaccharide (D).

At this stage in the work, as a sufficient quantity of glucan had

been extracted for investigation (see Part II), it was decided to omit the

C.T.A.-OH fractionation and to subject the original "Water-soluble Poly¬

saccharide Mixture" to the action of salivary "^-amylase.

10. DIRECT ISOLATION OF A SULPHATKD GALACTQSE-RICH FRACTION

(a) Fr<?m C^erpa fiUfors^, Batch 2 (see page 31 )

From the dry weed (150 g.) by dilute acid extraction (see page 32 ),

followed by two treatments of the extract with salivary -amylase and a single

treatment with trichloroacetic acid, polysaccharide material was finally

obtained (4.0 g) (Sulphated galactose-rich polysaccharide E).

(b) Qaql?rpa f^jjfqrmj,?, Batch 3 (see page 3l)

Instead of extracting the polysaccharides by the normal method with

dilute acid at 70°, the weed residues from 430 g. dried weed, after alcoholic

extraction were stirred in cold water (A 1) under nitrogen (?L hours}. After
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4 extractions, each involving 4 litres of water, the combined extracts were

reduced to ca. 500 ml. This solution was digested twice with salivary

amylase for 24 hours and the polysaccharide material was isolated by precipi¬

tation and drying with ethanol. Baproteinisation iss effected with tri¬

chloroacetic acid, as before, and ionic material was removed by dialysis.

The polysaccharide material was recovered after precipitation and drying with

ethenol as an off-whit© powder (3.2 g, 0.75?) - the "Sulphatod galactose-

rich polysaccharide (F).)
11. GENERAL PROPERTIES OF THE "SULPH&TED GALACTOSE-RICH POLYSACCHARIDES. Ie)and (F>'

The two polysaccharides were readily soluble in cold water and gave

negative starch tests with iodine. The following constants were obtained s

Polysaccharide % Ash % Sulphate [°^]p $ Protein
E 14.0 16.4 +10.7 19.4

F 15.2 17.6 +12.8 18.8

I!ydrolysates (N sulphuric acid at 100° for 7 hours) of the two poly¬

saccharides revealed on chromatographic analysis (solvents 1 and 3) that the

syrup from (E) contained mainly galactose narmose and xylose while that from (F)

contained in addition arabinose.

12. DETERMINATION OF THE RELATIVE MOLAR PROPORTIONS OF THE SUGARS PRESENT IN
THE SgPltOHfSATE OF THE S'JLPHAIEP MIACTOSB-alCH fOLBjACCiaBIDESlElMW

(a) Sulphated galao toee-rleh polysaccharide (El

The determination was carried out by the method of Pridham (86) as

described on page 35 » except that the chromatograms were eluted in solvent (3).

(*>) gUlPhflW ffl^otope-rjch wJLmcchqrid? (Fl
In this case a more recent colourimetric method of determination (91)
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was used. Instead of developing i/ith p-anisidine hydrochloride reagent,

aniline hydrogen phihalate is used.

After spraying with this reagent the chromatograms were heated at

110° for ca. 5 rainutes and the coloured spots which developed were cut out and

©luted with a solution of 0.7 N hydrochloric acid in &Q% aqueous ethanol.

The absorbancas of the resulting coloured solutions were measured, after one

hour, in a Unicorn Spectrophotometer S.P. 500 at 390 mfor hexoses and 360 m/"
for pentoses*

As for the Prldhant method the weights of the sugars in the hydroly-

sate were obtained from the corresponding calibration graphs of absorbance

against wight of sugar g.).

TABLE L

Relative molar proportions of sugars in the sulphated galactose-rich
Polysaccharides (E)and (F)

Polysaccharide (E) Polysaccharide (F)
Sugar Absorbance Wt (^g.) Approx.

molar
proport¬
ions

Sugar Absorbanc© Wt

Galactose 0.275 112.5 5 Galactose 0.746 151.0

Mannose 0.086 40.5 2 Mannose 0.360 69.0

Xylose 0.070 19.5 1 Arabinose 0.300 23.5

molar
proport¬
ions

Xylose 0*421 42.0

5

2

1

2

Unless otherwise stated all further work was done on the sulphated

galactose-rich polysaccharide (E).
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13. isolation and exai-zhatioi; of a mohosagciiaiiide sulphate from tie; £ulphated
~~"""~^L^GTOSE-RIGH" POLYSACCHARIDES (E) and (F)

(a) Partial Acid Evdrolvsis

The polysaccharide (987 mg) was dissolved in sulphuric acid (100 ml,

0.25 K) and the solution was heated under reflux for 1 hour at 100°. To the

cooled solution barium hydroxide was added until pH 7.5 was attained. The

precipitated polysaccharide material and barium sulphate were centrifuged off

and the supernatant solution was eluted through a column of Amberlite resin

IR 45 (oh), 200 cc. at the rate of eg. 200 ml per hour. After washing with

water (2 1), the column was eluted finally with ammonia (200 ml, 211) and the

ammoniacal eluate was then evaporated to dryness at room temperature (Yield*

4.4 mg of monosaccharide sulphate).

The above partial acid hydrolysis procedure was repeated on a sample

of carrageenin, 0*3 ^ 1-Lfl, (5g.) extracted from Chondrua orisnua, from which
a galactose sulphate was obtained (Yield* 11.6 mg).

Purification of the sulphate sugars was achieved by dissolution in

the minimum volume of water, followed by precipitation with ethanol (5 vols).

The precipitated sulphate sugar was removed on the centrifuge, washed with

ethanol and ether and dried in vacuum over phosphoric oxide. Difficulty was

found in removing completely all the non-organically bound sulphate as evidence

for this free sulphate was obtained on the starting line of chromatograms,

(b). EXAMINATION OF THE SULPHATE SUGARS

(a) On chromatographic analysis (16 hours in solvent 3), using

Whatman Ho.4 paper, the sulphate sugars were detected as elliptical spots on

developing with aniline hydrogen phfchalate (92). In both cases a brown spot

(^Gal* vas observed similar to that given by galactose 6 sulphate run
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as control. When toluidine blue reagent (93) was used as developer, dark

blue spots of the sane mobility (R^-^,0.32) were observed.

4 hours at 100°) and on chromatographic analysis (solvent 3) of the hydrolysate

galactose only was obtained from both sulphates.

(b) Periodate oxidation of the galactose sulphates

brucine salt of galactose 6 sulphate (15*37 mg) and glucose (3*10 mg) were

dissolved in sodium periodate solution (15 ml, 0.015M) in stoppered tubes

which were maintained at 37°. Aliquots (1 ml) and (0.5 ml) were vriLthdrawn

at intervals for the determination of periodate reduction (94) and released

formaldehyde (95) respectively.

1. Determination of the reduction of periodate

Aliquots (1 ml) of the periodate solution were diluted to 250 ml

and the absorbances of the resulting solutions were measured in a Unieam

Spectrophotometer S.P. 500 at 223 mJ-*- • The fraction of periodate reduced
was determined graphically from a calibration plot of the absorbance of

periodate solution between 100 and 0% concentration.

TABLE 5

Samples (ca. 1.0 mg) were hydrolysed (N sulphuric acid (2 ml) for

In separate experiments the galactose sulphates (ca. 2.0 mg)

Glucose

Sugar Moles periodate consumed / sugar unit
(24 hrs) (48 hrs) (72 hrs)

5.1 — —

Galactose 6 sulphate 3*15 3.39 4.15

Galactose sulphate
(Chondrus crisnus)

3.17 3.17 4.30

Galactose sulphate
(Caulerna filiformis)

3.1 3.1 4.3
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2, Determination of formaldehyde released

The formaldehyde present In the aliquots (0.5 ml) was determined

by the method described by MacFadyen (95)* the absorbances of the coloured

solutions being measured against a blank at 570 syu, in a Unlearn Spectro¬
photometer S.P. 500.

TABLE 6

Moles formaldehyde released / sugar unit
(24 hrs) (72 hrs)

Glucose 0.8 1,13

Galactose 6 sulphate

Galactose sulphate - 0.18
(CM™ Qrjspus)

Galactose sulphate - 0.15
(Gaulerm filiformis)

The exact concentrations of the galactose sulphates (from Chondrus crispus and

Cauleraa filifonais) were determined, by calculation from the concentration of

the unsulphated sugar in an acid hydrolysate, as found by cuprimetric titration

(96). In the case of galactose sulphate from C. filiformis. an exact figure could

not be determined. The values for periodate consumption and formaldehyde released,

did, however, approximate to those of Chondrus crisous.

14. C 11ARA.C TERISATION OF TiiE CQMPCKEHT SUGARS OF THE SULPHATED GALACTQSS-RICH

The precipitated polysaccharide material, together with the eyrup

obtained from the first 500 ml of eluate from the Amberlite resin IR 45 (OH)

(see under 13.a), were hydrolysed further with N sulphuric acid (ICO ml) for

8 hours. After neutralisation with barium carbonate, the hydrolysate was
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filtered and the insoluble residue washed with cold water (500 ml). The

combined filtrate and washings were eluted through resins 1R 120 (H) and IE 45 (OH)

to remove residual ionic material. The resulting solution was then concentrated

to a syrup (0.52 g.) and then applied to the top of a cellulose column (2.4. x 50

cm), After draining the top of the column several times with butan-l-ol, half-

saturated with water (the eluting solvent), cellulose powder (1 cc.) was packed

on top. The column was then eluted, 9 ml fractions being collected every 30

minutes in an automatic fraction collector. Every 10th tube was concentrated

and analysed chromatographically, those containing the same fractions being

combined. Before weighing a fraction, purification was effected by dissolving

in water, filtering and evaporating to dryness in a weighed flask. The weights

were recorded after drying in vacuum over phosphoric oxide. Rp values refer
to solvent 1.

TABLE 7

Tubes Fraction Rp Colour of spot a' %

0-50 - - - <M»

50 - 70 I 0.55 Yellow-brown 8.2

70 - 75 - w» - -

75 - 80 II 0.47 Pink 3.6

80 - 85 III 0.45 Yellow-brown 2.9

85 - 110 IV 0.42 Pink 36.3

110 * 150 IV V VI 71.1

150 - 170 VI 0.36 Brovm 72.0

0at0s - f - -

190 - 210 VII 0.31 Brown 6.5

210 - 300 VIII 0.25 Brown 231.2

Total: 431.8

% return = $3*1%
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Fraction I. a syrup Mp *7.8° (c.0.8), On chromatographic examination
(solvents 1, 2 and 3) it gave a spot identical to that given by rhamnose.

Fraction II. The syrup had a positive rotation and was chromatographically

indistinguishable from an authentic specimen of D-ribos© (Solvents 1, 2 and 3)*
Fraction III The syrup had a negative rotation and gave a spot identical

to that given by L-fucose.

Fraction IV, Crystalline D-xylose, l-^Jg ♦ 19.6° (c.l.o) had m.p. and mixed
m.p. 143°. The derived dibenzylidene dimethyl acetal (98) had m.p. 210°

undepressed by admixture with a sample prepared from authentic D-xylose.

Fraction V. Rp 0.36. Chromatographic analysis (Solvents 1 and 3) showed

that this fraction was contaminated with Fractions IV and VI. After separation

on Whatman No. 3 paper, a syrup was obtained (17.2 mg), IaG^ + 105°, (c.1.7).
It gave a single pink spot on a chromatogram identical to that given by L-arabinose.

The syrup was fully characterised by the formation of the benzoylhydraaone

derivative (99) which had m.p. and mixed a.p. l&fi

Fraction VI The syrup, Mq * 14.2 (c.1.2) was chromatographically identical
to D-aafinose (Solvents 1 and 3). The derived pn-rylhydrazone (100) had m.p.

and mixed m.p. 196°.

Fraction VII. On chromatographic examination (Solvents 1 and 3) the syrup

gave a brown spot identical to that of glucose.

Fraction VIII. Crystalline D-galactose, + 75.5° (c.1.1) had m.p. and

mixed m.p, 167°. It gave a spot on a chromatogram (Solvent 1 and 3) identical

to that given by authentic galactose. The identity was confirmed by forming

the diethylmercaptal derivative (101) which had m.p. and mixed m.p. 140°.
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15. ATTfl-ffTLU FRACTIONATION OF THE SULPHATED GalLAGTOSE~RICH

(a) FgfrLjng's solution (81)

The polysaccharide (170 rag) in water (15 ml) was treated with an

equal volume of Fehling's solution. After standing for two days the precipitate

which had formed was centrifuged off, and on adding ethanol to the supernatant

solution a further precipitate was obtained.

(k) Gupric acetate (103)

To the polysaccharide (92 mg) in water (10 ml) was added an equal

volume of 7% aqueous cupric acetate. After allowing the mixture to stand for

24 hours the polysaccharide which had deposited was removed on the centrifuge.

As in 15(a) a further precipitate was obtained on adding ethanol to the super¬

natant solution.

(c) Fractional precipitation with organic solvents

In two separate experiments, acetone and ethanol were added in 10 ml

volumes to an aqueous solution of the polysaccharide (150 mg in 20 ml water).

After addition of organic solvent, the material which had deposited was removed

on the centrifuge. Successive additions of solvent were made in this manner,

until complete precipitation of the polysaccharide had occurred.

(<0 QtTtAi preqjpltat^n at y^riqqs pH (104)

In separate experiments a 20% (w^) aqueous C.T.A. solution was added

dropwise to the polysaccharide, dissolved in the following solution*

(1) N sodium hydroxide (50 mg in 10 ml)

(2) Water (50 rag in 10 ml)

(3) Buffered solution at pH 1. (200 mg in 50 ml).

In all cases it was found that the C.T.A. precipitated completely

the polysaccharide material as the addition of ethanol to the supernatant
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solution failed to baring about any further precipitation.

(Q) Cetyto/ridiniun chloride precipitation (1C>4

On adding a 20% aqueous solution of cetylpyrid inium chloride to

an aqueous solution of the polysaccharide (250 rag in 50 ml water), complete

precipitation of the polysaccharide material occurred.

(f) M Potassium chloride precipitation (13)

When N potassium chloride was added to a rapidly stirred aqueous

solution of the polysaccharide (500 mg in 100 ml water), no precipitation

occurred, even after standing for several days at 0°.

(g) Bgofrangq resin (Amber11to IR. 400 (OH)

An aqueous solution of the po^saccharide (80 rag in 20 ml inter)

was re-cycled six times through a column of Amberlite resin IR. 400 (CSI).
The eluate was concentrated and polysaccharide material (76 mg) was precipi¬

tated with ethanol.

The column was finally eluted with concentrated ammonia (30 ml)

but no carbohydrate material was found in this solution.

(h) Attempted extraction of a water-soluble polysaccharide from the C.T.A. complex

A G.T.A. complex (ca. 200 mg) was extracted exhaustively with boiling

water in a Soxhlet thimble for four days. On concentrating the aqueous washings

no carbohydrate material was obtained.

On chromatographic examination of the hydrolysates of the above

fractions, it was found that the same sugars were present in the same relative

proportions in each fraction. The same result was obtained when the C.T.A.

and cetylpyridiniu® complexes were only partially precipitated.
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16. FRACTIONAIIOH VJITH SATUliATED BARIUM HYDROXIDE SOLUTIOH (107)

The sulphatod galactoss-rich polysaccharide (P) was re-cycled six

times through a column of nmberlite rosin IR 120 (H), (SO cc). The resulting

acid solution (pH 3.5) was diluted to 1000 ml with water and on adding

dropid.se, a saturated solution of barium hydroxide precipitation of poly¬

saccharide material occurred. The addition was continued until precipitation

was complete (Precipitate I),

The supernatant solution, after dialysis and concentration, was

added to ethanol (3 vols) and the residual polysaccharide was precipitated.

To ensure that complete fractionation had been achieved the

alcohol precipitated material was re-dissolved in water (500 ml) and re¬

converted to 'the free acid form, as above. On adding barium hydroxide

solution a precipitate was obtained (Precipitate Ila).

The supernatant solution, after dialysis and concentration,

yielded a further amount of polysaccharide (Precipitate lib).

barium hydroxide, then stirred rapidly in 6% acetic acid solution. The

regenerated polysaccharide was recovered by othanol precipitation, followed

by drying with ethanol and ether.

All three fractions were washed with water to remove contaminating

TABLE 8

Fraction Wt. Sulphate M
D

(mg)
128

%

Ila

lib

I

222

93 18.1

17.4

18.3

+12.6 (c.1.1)

+12.7 (c.5.0)

+13.2 (c.1.2)
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The relative molar proportions of the sugars in the hydrolysates

were determined by the method described by Wilson (91) (see page 42 )•
The values obtained are given in Table 9, in which they are compared with

those for the unfractionated polysaccharide.

TABLE 9

% Molar Proportions of Sugars

Polysaccharide Galactose Mannose Arabinose Xylose

Unfrac tionated poly- 49.4 22.5 9.2 17.9
saccharide

Precipitate I 46.1 25.5 6.9 21.5

Precipitate Ila 61.3 13.1 12.0 13.6

Precipitate lib 62.2 12.5 12.1 13.2

17. HYDROLYSIS OF THE SPLPHATED GAIACTQSB-RICH POLYSACCHARIDE (F) WITH
"TAKA-DIASTASE" (108)

Preliminary chromatographic examination (solvent 1) of an aqueous

solution of a commercial Taka-Diastase preparation revealed the presence of

galactose, glucose and an oligosaccharide consisting of glucose and galactose.

Before any quantitative investigations on the polysaccharide were carried out

with this enzyme, these sugars were removed completely by dialysing the

enzyme in aqueous solution.

The polysaccharide (199 mg) in water (50 ml) was treated with

dialysed Taka-Diastase (20 mg) and the digest, in a dialysis sac, was

incubated at 37° in 250 ml water. After 24 hours an aliquot (100 ml) of

the dialysate was concentrated and on chromatographic examination it \jas

found to contain arabinose with smaller amounts of galactose sannose and

xvlose. After digesting the polysaccharide for 7 days, with frequent renewals
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of the water surrounding the dialysis sac, the residual polysaccharide

material was isolated (104 &3J found, sulphate 17.9%).

The concentrated dialysate was de-ionised try dissolution in

ethanol and the syrup obtained (52.0 mg) was found to contain galactose,

mannose, arabinose and xylose (visual chromatographic examination), while

a hydrolysate of the residual polysaccharide revealed the presence of these

sugars in virtually the same relative proportion as in that cf the original

polysaccharide,

18. SODIUM PKRICDATB OKIDATIQN^OF T33 SULPHATSD GALACTQSK-RICH
The polysaccharide (174.9 nig) was dissolved in sodium periodste

solution (0,1030 M) and made up to 50 ml with the same solution. The

oxidation was then allowed to proceed at room temperature in the dark, a

blank experiment being carried out simultaneously.

The consumption of periodate was measured as follows s

At intervals aliquots (1 ml) were withdrawn and added to a sodium

arsenite solution (10 ml, 0.0505 N), followed by the addition of sodium

bicarbonate (1 g) and 25% potassium iodide (1 ml). After standing for 30

minutes the residual arsenite was titrated with a standard iodine solution

(0.0203 N).

Resultst

10 ml arsenite solution (0.0505 N) = 24.84 ml iodine (0.0203 N)

1 ml periodste (0.1032 M) )
) = 13.98 ml 3 «

♦ 10 ml arsenite solution )
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96

14*50

0.^52

After 96 hours 1 mole periodate was reduced per 686 g. polysacc¬

haride (assuming that the contaminating protein had no action on the periodate).

The oxidation was then stopped by adding excess ethylene glycol

.10 ml). After dialysis and concentration, freeae-drying afforded 108,2 mg

of residual polysaccharide.

Examination of the residual polysaccharide (oxo-noLvsaccharlde)

Chromatographic examination of a hydrolysate showed that galactose,
...... 4- '

mannose, arabinose and xylose were present and in addition, trace amounts of

glucose and rhamnose. In a second experiment, when the oxidation was allowed

to proceed for 14 days, the same sugars were detected. As far as could be

judged visually these sugars appeared to be present in the same relative

proportions as in the hydrolysate of the unoxidised polysaccharide.

19* QUANTITATIVE DETERMINATION OF THE % 3.6~AMIffDRO HEXOBE III THE SULPIIATEP
GAIACTOSE-RICH POLYSACCHARIDE FTTH "

Samples (ca. 25 mg) of the above polysaccharide F, and of carrageenin

(Chondrus crispus) were hydrolysed with bydrochloricacid (2 ml, 0.15 N) in

stoppered tubes for 8 hours. The solution was then neutralised with barium

carbonate, filtered into 10 ml graduated flasks and diluted to the mark.

Aliquots (1 ml) were withdrawn, diluted to 50 ml and the absorbances of the

resulting solutions were measured in a Unlearn Spectrophotometer 3.P. 500 at

285 m/«- , the characteristic absorption maximum for 5-hydroxy methyl 2-

furfuraldehyde. As the molar extinction coefficient for this compound is

known (16,500) its concentration in the polysaccharide hydrolysates could

Time (hr) 0 6 24 43

Iodine titro (ml) 13.98 14*31 14*42 14*43

i.e. s 0 0.33 0.43 O.J&O
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be calculated.

Polysaccharide Wt.(mg) Absorbance H.M.F. Anhydro
% % Hexose %

Sulphated galactoae-rich 28,0, 18.6 0,050, 0.045 0.9, 0,8 1,2, 1.1
polysaccharide F

Garrageenin (Chondrus 25,1, 25.9 0.316, 0.390 4,8, 5.8 6.1, 7.4
qr^pus)
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PART I (b)
!"« IB, a."JS

DISCUSSION

The Caulerpa species of green seaweeds, as already mentioned,

are unknown around Britain, being confined to warmer vjaters of the Tropics and

the Mediterranean. C. racemosa is fairly abundant off Western Australia and

Puerto Rico, while C. nrolifera is well represented in the Mediterranean.

In general the weeds are characterised by comparatively small upright growths

which are attached to an extensive root system. There is, however, a

considerable variation in the habitat of individual specie3j C. prolifera

is found often in deep muddy water while C. racemosa is confined mainly to

coral reefs.

The present investigations have been carried out on Caulerpa

filiformis. harvested from a single region of coastline near Cape Town,

South Africa. This particular weed occurs as small fibrous tufts, none of

which are more than 20 cm. long. Collection is therefore laborious as

kilogram quantities of weed are required to afford even 500 g of the dried

material. At this stage I would like to record our thanks to Dr. Stephen

and Mr. Simons for collecting and drying samples 1 and 2 and to Professor

Isaacs and Miss McGillivary for sample 3. The first two samples were

collected during February 1957 and 1958 'whereas the third sample was collected

in November 1959J in all ca. 1000 g of dried wed was obtained. As&r as

the author is aware there is no record of any previous investigation of the

carbohydrate constituents of this species of seaweed.



EXTRACTION OF THE WEED

Preliminary extraction of the dried, milled weed with 80%

aqueous ethanol (73) removed virtually all of the chlorophyll and other

colouring matter. This is in contrast to similar extractions of Cladophora

runestris (68) and Acrosiphonia centralis (70) when only partial removal of

the green colouring matter took place.

Chromatographic examination of the deproteinised, deionised

concentrated alcoholic extract showed the presence of very small amounts of

sucrose and glucose. In contrast to similar extracts on other seaweeds there

was no evidence for the presence of mannitol.

Various methods of extraction of polysaccharide material were

investigated in order to ensure the highest yield of pure material and at the

same time to determine if extraction under different conditions led to the

isolation of different polysaccharides. The former consideration was

particularly important as the amount of dried weed available for investigation

was strictly limited.

Extraction with cold, and hot water, and with dilute acid each

gave polysaccharide material which contained mainly D-galactose, D-glucose,

D-mannose and D-xylose residues with a lesser quantity of b-rhamnose. In

contrast, extraction of the weed residues with dilute acid after aqueous

extraction yielded polysaccharide material which had a higher glucose content

than the previous extracts, indicating that at least two polysaccharides were

present. Direct dilute acid extraction (pH 3-4.) of the alcohol extracted weed

led to the isolation of the highest yield of polysaccharide material (10.1$)

and this method was adopted for large scale extraction of samples 1 and 2 of

the wed. It was hoped to fractionate the resulting extract into it®
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constituent polysaccharides#

Subsequent aqueous extraction in the cold under nitrogen of sample 3

led to the isolation of polysaccharide material (3.2 g from 430 g. dried weed),

similar to that from Samples 1 and 2 but containing in addition a significant

quantity of L-arabinose. Whether the presence of this sugar is due to

seasonal variations in the metabolism of the plant or whether it is present

as arabofuranoss units which were lost during the more drastic extraction

conditions used for samples 1 and 2, has not so far been decided. It should

perhaps be mentioned that arabofuranose residues have previously been detected

in the polysaccharide isolated from the green seaweed Cladonhora rupsstris (68).

The polysaccharide extract which was isolated after dialysis was

found to be contaminated with about 20$ protein. The presence of protein in

association with the polysaccharides appears to be a characteristic of the

green seaweeds; both the extract from C. runestria and Ulva laetuea (67)
contained ea. 20$ protein. In view of the difficulty experienced in prefer¬

entially removing this contaminant in the ease of the latter two extracts, it

was decided in Hie present experiments to attempt to precipitate protein with

4$ trichloroacetic acid, this method having proved to be successful with C.

runestris extract. As in His case of this latter extract only partial,

removal of the protein was effected, the purified polysaccharide from j£.

filiforais containing 13$ nitrogen. All subsequent investigations were

carried out on this material which has been termed the "Water-soluble poly¬

saccharide mixture".

GENERAL PROPERTIES OF THE "WATER-SOLUBLE POLYSACCHARIDE MIXTURE" (Exp.4)

This material had + 120° and contained D-galactose D-glucose,

D-mannose D-xylose and L-rhamnose residues in the ratio of 4*14*2*2s <0.5,
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7.5$ sulphate, 3.8$ sulphate in ash, 5-9% uronic acid and it gave a positive

test for the presence of 3>6-anhydro galactose units.

That the sulphate groups are present as etherially linked residues

follows from the fact that sulphate in ash was half the total sulphate,

ignition resulting in the loss of half the sulphate as sulphur trioxide0

The uronic anhydride content was determined by decarboxylation

and measurement of the liberated carbondioxide (82). Part of this at least

\4a.Q due to the pentose residues present in the polysaccharide material; uronic

acid residues if present can only occur in very small proportions. Indeed all

attempts to chromatographically detect uronic acids in the various hydrolysates

of the polysaccharides were unsuccessful. In particular the water washings of

the cellulose column used in the separation of neutral sugars were devoid of

carbohydrate material. In this respect there is a similarity to the mucilage

from C. rupestris whereas the polysaccharides from A. centralis and U. lactuca

both contain ca. 25$ glucuronic acid.

FRACTIONATION OP THE "WATER-SOLUBLE POLYSACCHARIDE MIXTURE" FROM SAMPLES 1 and 2
(Exp. 7)

Since chloroform extraction of the acetylated polysaccharides from

C. rupestris and centralis separated a glucose-rich fraction, this fraction¬

ation procedure was applied to the "Water-soluble polysaccharide mixture" from

C. filiformis. In this case, however, the acetate was completely soluble in

chloroform and contained only a slightly higher proportion of glucose. The

method was therefore abandoned.

While graded precipitation of the polysaccharide mixture in aqueous

solution failed to bring about any fractionation, experiments with cetyltri-

methylammonium hydroxide (C.T.A.-OH) were successful. Cetyltrimethylammonium
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bromide (C.T.A.) has been used to separate acidic from a mixture of neutral

and acidic polysaccharides (104). The quaternary ammonium salt which is formed

with the acidic polysaccharide is precipitated out of solution while the neutral

polysaccharide remains in the supernatant solution.

This, in effect, was what happened when O.T.A. was added to a boric

acid solution of the polysaccharide mixture; the insoluble complex afforded

a sulphated polysaccharide which contained D-galactose, D-glucose D-mannose,

D-xylose and L-rhamnose residues, while the neutral polysaccharide which

remained in solution contained D-glucose units only. A similar, although

less complete, fractionation was obtained on adding G.T.A. to an aqueous

solution of the polysaccharide (103).

A structural investigation of the separated glucan forms the subject

of Part IX of this thesis.

The hydrolysate of the polysaccharide material regenerated from the

insoluble C.T.A.- complex still contained a considerable amount of D-glucose.

It appeared very probable that this ma due to the co-precipitation of part

of the glucan. As will be seen in Part II, the separated glucan vaa an <x -

l,4'-linked starch-type polysaccharide which could be hydrolysad by salivary

oC —amylase. In order to test this probability the regenerated polysaccharide

was subjected to the action of salivary <X-amylase (Exp.9a). -.fter removal of

the enzyme followed ly dialysis of the solution, the residual polysaccharide (£),
[<*] B * 10.7, was found to be almost devoid of glucose and to consist mainly of

D-galactose with lesser amounts of D-xylose, D-mannose and L-rhamnose.

At this stage in the work, as sufficient glucan had been isolated

for the investigations of Part II, further quantities of the sulphated galactose-

rich polysaccharide were obtained by direct £<1-amylolysis of the ^Water-soluble
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polysaceh^rlde mixture" (Exp. 10a). Again, only trace amounts of glucose could

bo detected in a hydrolymte of the resulting polysaccharide (E).

In view of the separation of a 1,3'-linked glucose polymer of the

laminarin type from the xylan (see Part III) it is considered that the glucose

arose from a small quantity of laminarin in the material.

Similar treatment of the "Water-soluble polysaccharide mixture"

separated from sample 3 led to the isolation of polysaccharide material (F )

[od] -i ♦ 12,3° (Exp. 10b). Both materials (E) and (F) were contaminated with

about 13% protein and had a sulphate ca. 17% and ash ca. 15%. The percentage

relative proportions of the main sugars in the two polysaccharides are*

Polysaccharide (E) Galactose 63.8 Mannose 23.0 Arabinose nil Xylose 13.3

Polysaccharide (F) " 49.4 " 22.6 " 9.2 " 13.3

As mentioned earlier, the absence of arabinose in polysaccharide (E)

could be explained by the more drastic conditions used in the initial extraction
■

of polysaccharide (E). Both extracts were subsequently subjected to identical

treatments and it is difficult to explain the increased galactose content in the

one and the decreased xylose content in the other, unless a galactan and xylan

are present as individual polysaccharides. If this is correct the different

proportions of the two sugars could be explained as being due to a seasonal

variation in the rates of synthesis of these two polysaccharides.

It is worthy of note that the determination of the relative proportion

of the sugars in the hydrolysate of polysaccharide (F) was carried out by a new

colourimetric method involving aniline hydrogen phth&late (91) (Exp.12b).

It was found that this method was superior to the earlier one (86) (Exp.12a)

especially as far as the stability of the coloured complex was concerned;
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measurements could be made several hours after elution of the spots from a

chromatogram, in contrast to the 30 minute maximum, for pentoses, as required

by the method of Pridham.

The persistence of contaminating protein in these polysaccharide

extracts might be taken as evidence of some form of linkage between the poly¬

saccharides and the protein molecules (c.f., the blood group polysaccharides

xhere it has also been found impossible to remove the protein without serious

destruction of the polysaccharide molecule). It was therefore decided to

proceed with the structural investigations of the polysaccharides without

attempting further removal of the protein.

As in the case of the initial "Water-soluble polysaccharide mixture"

evidence was obtained for the presence of a 3,6-anhydro, or ketose sugar.

Positive tests were obtained with the Seliwanoff and Anthrone reagents for

both polysaccharides (E) and (F). In view of the absence of any spots

corresponding to ketose sugars on the chromatograms of the various hydroly-

sates and the frequent occurrence of 3,6-anhydro galactose as a constituent

of sulphated polysaccharides, it is considered that the positive reactions are

evidence for the presence of 3,6-anhydro hexose in these polysaccharides.

It has been established (13) that acid hydrolysis of 3,6-anhydro

galactose yields 5-hydroxymethylfurfuraldehyde (H.M.F.), the concentration

of which can be determined by measuring the absorbance of a known volume of

solution at 285 ® *

Absorbance = E.o.l. E = Molar extinction
coefficient of 5-Kydroxy-
methylfurfuraldehyde.

1 = Length of tube,
c = Molar concentration

Parallel experiments were carried out on polysaccharide (F) and on
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carrageenin, isolated from Chondrus erisous. Both polysaccharides

were bydrolysed under identical conditions but, whereas 5*3% H.M.F. (i.e. 6.8%

anhydro hexoae) was obtained for carrageenin only 0.9$ H.M.F. (i.e. 1.2$ anhydro

hexose) was obtained for polysaccharide (F). although the value obtained for

carrageenin is somewhat lower than that recorded by O'Neill (13 % (24$ of K«

carrageenin = oa. 9*6$ of the unfraetionated polysaccharide), it is clear that

the proportion of anbydro sugar in the polysaccharide is considerably smaller.

This is not altogether surprising in view of the complexity of the materials

the anbydro sugar which is most probably 3»6-anhydro galactose will occur

exclusively in the galactan which itself comprises only jga. 50$ of the poly¬

saccharide (F). It-was impossible to determine the exact identity of the 3,6-

anhydro sugar but whei sufficient polysaccharide material is available it should

be possible to isolate and characterise it as the dietbylmercaptal (14).

ATTEMPTED FRACTIONATION OF THE GALACTOSE-RICH POLYSACCHARIDES (E) AND (F)

Since it appeared very probable that these two extracts were mixtures

of polysaccharides, a wide variety of fractionation methods were investigated,

in an attempt to separate single polysaccharides. Some success was achieved in

the separation of acidic non-sulphated polysaccharides from sulphated poly¬

saccharides by preferential precipitation of the sulphated polymer with C.T.A.

(104). The application of this technique at various pH and with less than the

amount of G.T.A. required for complete precipitation failed to fractionate the

present polysaccharide mixtures. Likewise attempts with Fehlings solution,

cupric acetate, organic solvents, potassium chloride were unsuccessful; nor

could one of the polysaccharides be preferentially adsorbed on an anion exchange

resin (Exp .£5 ).

In contrast the addition of saturated barium hydroxide solution to a
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0.2# aqueous solution of polysaccharide (F) (Exp.36) precipitated part of the

polysaccharide material. Analysis of this fraction revealed a relatively-

lower galactose and arabinose content with a corresponding increase in the

proportion of mannose and xylose. Analysis of the residual polysaccharide

materials precipitated by the addition of ethanol to the supernatant solution,

confirmed that partial fractionation had occurred, this latter material being

relatively richer in galactose and arabinose, and poorer in xylose and marinese.

In view of the small quantity of polysaccharide material available,

its complexity and the difficulty of completely me thylating sulphatod poly¬

saccharides, it was decided that until more complete fractionation could be

achieved little structural information could be gained from nethylation

experiments.

EXPERIMENTS WITH "TAKA-DIA3TASE"

Commercial Taka-Diastase is known to be a highly complex mixture of

enzymes and consequently it is capable of attacking many polysaccharide systems.

Courtois, Keda and Petch observed that it will break down a galacto-mannan (108)

into galactose, mannos© and mannosyl-mannose. While it was found that Taka-

Diastase attacked the sulphated galactose-rich polysaccharide (F), the action

appeared to be indiscriminate and no evidence for the presence of di- or oligo¬

saccharides could be obtained. Although arabinose appeared to be preferentially

liberated at least initially, this might tentatively be taken as evidence that

this sugar is present as end-units. Cm continuing the digestion, all the sugars

present in the polysaccharide could be detected in the dialysate of the digest.

Indeed, examination of the hydrolysate of the residual polysaccharide (Yield,



ca. 50$) Isolated after digestion for one \/eek, showed that it contained all

the sugars present in polysaccharide (F) in the same relative proportion (visual

examination of a chromatograa).

SODIUM PERIODATE EXPERIilM'IS

The polysaccharide (F) was oxidised to a slight extent only with

sodium periodate (Exp.18)3 1 mole periodate was reduced by 686 g. polysaccharide,
■ polysaccharide

a value comparable to that obtained for laminarin (1 mole per 710 g. periodate).

No particular polysaccharide or sugar appeared to be cleaved preferentially as

the oxo-polyaaccharides isolated after 96 hours and L4 days oxidation each

contained the original sugars in the same relative proportions. This would

suggest that there is, either a preponderance of 1,3'-linked residues or, if

l,4'-linked, the sulphate ester groups are in such positions as to inhibit the

attack of the periodate ion. It is of interest that a trace of glucose in the

hydrolysate of the oxo-polysaccbaride could be detected, providing further

evidence for the presence of a small amount of 1,3'-linked glucose residues.

Direct evidence for the position of the linkages of the sulphate

groups in algal polysaccharides has not so far been obtained. In all that

have as yet been examined the sulphate groups have been stable to alkali and

the strength of the acid necessary for their hydrolysis has simultaneously

cleaved the glycosidic linkages. Treatment with dilute meth&nolic hydrogen

chloride under the conditions used by Kanton and Schubert (122) for the removal

of sulphate residues from mucopolysaccharides, degraded the algal polysaccharide

as fast as it cleaved the sulphate groups (123). In consequence a comparison

of the methylated sugars derived from the methylated sulphated polysaccharides

with those from methylated desulphated polysaccharides has not been possible.

Tentative allocation of the sulphate groups to particular' hydroxyl groups has
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been mad© from evidence obtained from studies on monosaccharide sulphates

(124.) • In these compounds the sulphate is labile to alkali only if it is in

a "trans" position to a neighbouring free hydroxyl group, or if its removal

can result in the formation of a 3,6-anhydro ring. It follows from these

conclusions that in the oarrageenin polysaccharide which consists of 1,3f-

linked galactose residues, some, at least, of the sulphate groups are linked to

of the sugar units (125). However, the possibility that some of the units

might carry sulphate residues on Cg or Cg, has not been eliminated.
All previous attempts to isolate mono- and oligo-saccharide sul¬

phates from partial hydrolysates of these polysaccharides have been unsuccessful.

In the present experiment hydrolysis for one hour and adsorption on anion exchange

resins has led to the isolation of milligram quantities of monosaccharide sulphates

both from carrageenin (Chondrus crlspua) and from polysaccharide (F) (Exp.13).

Both sulphates gave a single spot with identical mobility in a number of eluants

on paper chromatograms and each could be detected with aniline hydrogen phthalate

and toluidine blue sprays, the latter reagent being diagnostic of sulphate groups

(93)• The amounts of periodate reduced by each of these galactose sulphates,

authentic galactose 6 sulphate, and glucose, as control, were determined (see

table in exp.l3b). Both sugar sulphates consumed approximately the same amount

of periodate as galactose 6 sulphate, the theoretical quantity of 4. moles of

periodate per sugar residue being reached after 72 hours. That a certain

amount of steric hindrance occurred, due to the presence of the sulphate

groups, was apparent from the fact that oxidation of the glucose was complete

after 24- hours. Had the sulphate ester group been attached to C., only 3 moles4

of periodate would have been reduced and at the same time 1 mole cf formaldehyde

would have been released. This, however, did not take place and even after 72
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hours, only 0.18 moles of formaldehyde was obtained from both the carrageenin

and the polysaccharide (F) monosaccharide sulphates, the amounts liberated in

a shorter period of oxidation being too small to be measured with accuracy.

The authentic galactose 6 sulphate liberated no formaldehyde even after 72

hours. Prior to purification the sulphates from carrageenin and from poly¬

saccharide (F) contained a small quantity of galactose and the negligible

release of formaldehyde from these two sugars could be due to a trace of

galactose which had escaped detection.

It would, therefore, appear from these experiments that at least

some of the galactose residues in carrageenin carry sulphate on C&, and that

in polysaccharide (F) the galactan is sulphated. The quantity of the mono¬

saccharide sulphate isolated from the latter was very small mg) and

accurate determination of the weight used in the periodste experiment was

difficult. Consequently the allocation of the sulphate group to of the

galactose units in the polysaccharide can only be regarded as tentative.

The sulphate content of the polysaccharide (F) is ca. 17% and

when ca. 20% protein is taken into account this value corresponds to ca. 26%

of the sugar units. Assuming, however, that galactose units only are

sulphated, there would be one sulphate ester group per anhydro galactose

residue.

Certain broad conclusions concerning the "Water-soluble poly¬

saccharide mixture" can be drawn from these experiments.

After separation of an oc -gluean -toe residual purified, sulpha ted



-67-

polysaccharide material consisted of D-galactose, D-mannose, L-arabinose and

D-xylose with lesser amounts of Ir-rharanose, a 3,6-anhydro-hexose, trace

quantities of glucose and probably L-fucose. The rotation of the polysacchar¬

ide was low, indicating that the majority of glycosidic linkages are/3 .

This material resisted further fractionation, although evidence is

presented that more than a single polysaccharide is present. The failure to

achieve separation may be, in part, due to the presence of contaminating protein

which appears to be linked to the polysaccharides.

The alkaline extraction of a water insoluble 1,3'-linked xylan from

the residual xmed after aqueous extraction suggests that the xylose units in

the "Water-soluble polysaccharide mixture" may be due to contamination from

this source. Indeed, its immunity to oxidation by periods,te adds support to

these conclusions.

The galactan which constitutes ca. 50% of the sugar moiety carries

some, if not all, of the sulphate residues and it is possibly linked with the

small proportion of arabinosa units. Again the immunity to attack by periodate

indicates a 1,3'-linkage for galactose (and arabinose units), in common with

the sulphated galactans isolated from the red algae.

Up to the present mannans have rarely been isolated from algae,

the only reported instance being the 1,4'-linked raannan from Porphvra umbilical!s

(62). In addition a small amount of mannose was detected in the hydrolysate of

the water-soluble polysaccharides from Acrosiphonia centralis (70)• In the

present instance, unless the raannan is sulphated it must be 1,3'-linked, as

it is unattached by periodate.

The presence of a small amount of glucose-containing material which

is unattached by salivary cxl -amylase or periodate is interesting, in that it
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indicates the presence of a lamina,rin type polysaccharide, a polymer which

is synthesised in large quantities in the brown algae*

Further conclusions concerning the polysaccharides of £* filiforals

and a comparison with those of other green seaweeds will be given at the end

of Part III.
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PART II (a.)

experimental

1. PURIFIGATIOU OF THE GLUCAE

The polysaccharide material which remained in the supernatant

from the "C.T.A." fractionation (Exp.l, Part I) was precipi'bated by the

addition of othanol (3 vols). The crude material, after dissolution in

water, followed by dialysis against distilled water for 3 days, was finally

precipitated with ethanol (3 vols). After thorough washing with ethanol and

ether, a white amorphous powder was obtained (Yield: 3«9 g).

2. PROPERTIES OF THE GLUCAN

The glucan, [°^1 j) + 154° («• 1.0 in water) was readily soluble in

cold water and gave a purple colour with iodine. After pro-treatment with

salivary oC -amylase no colouration was produced. (Found: sulphate, nil,

N, nil and ash 0.9$).

3. HYDROIZSIS OF THE GLXA1I

The glucan (155*5 mg) was heated at 100° in N sulphuric acid (15

ml) and the rato of hydrolysis was followed by measurement of the rotation.

This was constant after 4»5 hours.

Time (hrs) 0 1 2 3 4 .5 10

M D + 154° +143° +118° +73° +52° +52°
After cooling and neutralisation with barium carbonate, followed

by filtration and concentration of the filtrate the resulting syrup crystall¬

ised on standing (148 mg). Chromatographic examination revealed the presence

of glucose only. This result was further confirmed from the rotation,



ABSORPTION SPECTRUM OF THE

OF THE 6-LQCAN,I OD1NE - COMPLEX



-70-

p, + 52°, (C 1.0) and the m.p. 82°, which was undepressed on admixture
with authentic glucose hydrate.

Conversion to glucose and measurement of the reducing power

A second sample (88.3 mg) of the glucan was dissolved in water

and made up to 10 ml. Aliquots (l ml) were withdrawn, hydrolysed for 4

hours at 100° and their reducing power was measured by cuprimetric titration

(96). It was shown that 98% of sugar, calculated as glucose, was produced

on hydrolysis.

4. ABSORPTION SPECTRUM OF THE IODINE-COMPLEX (114)

To 5 ml of the glucan (50 mg in 100 ml water) was added a 0.2%

iodine solution in 2% potassium iodide (2.5 ml) and the mixture was diluted

to 25 ml. The absorption spectrum was measured from 400-700 m^ in a

Unicorn Spectrophotometer, S.P. 500, in 1 cm cells against an iodine blank

(0.2% in 2% potassium iodide). As shown on the graph opposite, a maximum

at 540 m yu (absorption 0.68) was obtained.

5. ATTEMPTED SEPARATION OF AN AMH.QSE FRACTION (126)

The glucan (200 mg) was dissolved in cold water, with stirring.

The solution was then heated to 70° in a nitrogen atmosphere, thymol (100 mg)

was added and heating was continued to maintain this temperature for 30 minutes.

The mixture was set aside in a stoppered flask at room temperature for two days,

and the material which precipitated out was removed on the centrifuge. This

proved to be devoid of amylose since it dissolved completely in ethanol. On

adding ethanol to the supernatant solution, unchanged glucan 194 mg,[<*] p

+ 155° was obtained as a white powder, after drying with ethanol and ether.
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6. VISCOSITY MBASURiMbiITS OH THE GLUCAN (115)

An approx. 1% solution of the gluean in 0.1 M sodium chloride

was prepared and the exact concentration of the polysaccharide was determined

by cuprlmetric titration (96) of the bydrolysate of a 2 ml sample. The specific

viscositySp^ was determined at suitable dilutions at 22.5°. The following
results were obtained:

From a graph of 7,

TAPLb 1
r *1

c

g/ml
T

(sees)
% - To f-fr )

To Inmj 1%
0.00895 738.0 0.1401 15.66

0.00671 714.18 0.1032 15.38

0.00537 700.14 0.0816 15.20

0.00447 691.50 0.0683 15.30

L' s%
obtained for the limiting viscosity number

concentration tends to 0.

c = concn. in g/ml.
T = solution flow time

To = solvent flow time (64-7.33)

against (c. x 103), a value of 14.5 was

7 which equals "7, % as the

7. PEiqCDATE QXfDATION EXPERpiEiiTS

(a) Measurement of perlodate reduced

The glucan (446.6 rag) was treated with 3% souium raetaperiodate

solution (50 ml) and the oxidation was allowed to proceed in the dark with

constant agitation. At suitable intervals samples (l ml) were withdrawn and

added to sodium araenite solution, 10.inl, 0.05 N), together with potassium iodide

solution (1 ml) and sodium bicarbonate (1 g) (112). After standing for 30
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minutes the residual arsenite was titrated against an iodine solution (0.0105 N)

TABLE 2
: '' "v .• ■ < \ V v •: :v: A. ' . C : : V V: V ■-

Time (hrs) 1 3i 4k 24 76 96 120

Iodine titre (ml) 7.76 8.90 9.06 9.80 10.05 10.09 10.29
, • l . v . . J • "■ / • * t <• x s

Moles periodate reduced 0.739 0.349 0.864 0.933 0.947 0,960 0.980
per %%005 unit

The value <£ periodate reduced during the primary oxidation was

therefore 0.95 moles per anhydro glucose unit, i.e.s jja. 1 mole periodate per

C6H10°5 uni**

(b) Isolation of the oxo-polysaocharide

A second oxidation was carried out on the glucan (103.4 mg) in 3%

sodium periodate solution (25 ml). After 120 hours the oxidation was stopped

by adding ethylene glycol (5 ml). The solution was dialysed for 3 days and

then freeze-dried to give the oxo-polysaccharide (84.7 mg). Chromatographic

analysis of the hydrolysate of this material showed that all the glucose units

had been cleaved by the periodate.

(c) ^easurement of the average chain length by oxidation with potassium periodate
The glucan (159.0 mg) was dissolved in 3% potassium chloride (80 ml)

and 4/'- sodium metaperiodate solution (20 ml, %) was added. The oxidation was

allowed to proceed in the dark at room temperature under constant agitation.

At intervals samples (10 ml) were withdrawn and the excess periodate was

destroyed by the addition of ethylene glycol (1.5 ml). After standing for

30 minutes the liberated formic acid was 'titrated with carbonate-free sodium

hydroxide solution (0.0103 N), using methyl red as indicator.
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TABLB 3

Time (hr) 16 64 88 160 208 256

NaOH titre (ml) 0.09 0.30 0.38 0.42 0.4& O.46

Moles formic acid per 0.91 3.1 3.8 4.2 4.7 4.7

C6Hi005 unit

This corresponds to the liberation of 1 mole formic acid for every 21,1

anbydro glucose units. A second experiment gave a value of 20.6 for this

average chain length.

The combined residual solutions, after oxidation for 250 hours,

afforded oxo-polysaccharide as above. On chromatographic examination of the

neutralised, concentrated hydrolysate no glucose could be detected,

(d) Determination of the amount of formaldehyde released.

The glucan (119.5 mg) was treated with sodium periodate solution

(25 ml, 0.025 M) and the oxidation was allowed to proceed at room temperature,

as above. At intervals aliquots (2 ml) were withdrawn and the concentration

of formaldehyde was measured by the method of Hough (117). The absorption

of the phenylhydraaine complex was measured against a blank at 518 m

and -the concentration of formaldehyde in g/ml was then obtained graphically
(see page opposite).

TABLE L

2 4

Absorbance 0.023 0.050

f g HCH0 per ml. 4.15 7.10

After 90 hours the release

15 18 22 90

0.065 0.095 0.130 0.130

8.60 11.75 15.26 15.26

of formaldehyde ceased, corresponding to
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15.26 Z^g/ml • It therefore follows that 1 mole formaldehyde is liberated

from 9445 g. of glucan, corresponding to a D.P. of 59 anhydro glucose units.

8. ENZYKEC HYDROLYSIS OF THE GLUCAH

(a) Salivary ^-amylase

The apparent conversion to maltose (P^) of the glucan and of amylo-

pectin ("Kerr's Pink" potato), run as control, were determined. The poly¬

saccharides (26.2 and 25.8 mg), dissolved in water (10 ml), were treated with

salivary oC -amylase solution (5.5 ®g in 1 ml) and sodium chloride (5 mg).

The mixtures were then diluted to 50 ml and the digests were incubated at 35°.

Aliquots (5 ml) were withdrawn after 7.5 and 25 hours and the apparent conversion

to maltose (P^) was determined by cuprimetric titration (96). In the same

manner the concentration of glucose in an acid hydrolysate of 1 ml samples

allowed for the exact concentration of the original polysaccharide to be

determined.

Polysaccharide Time
(hr)

TABLE g

Titre of
sodium thio-

Maltose Theoretical
maltose

rM

sulphate (ml) (mg)

Glucan 7.5 4*66 24.5 27.7 88.5

25 5.04 26.5 27.7 95.7

Amylopectin 7.5 4.66 24.5 27.2 90.1

25 4.85 25.5 27.2 93.7

(b) ft -amylase (by Fir, bright)

The glucan (12.8 mg) was treated with 0.2 H acetate buffer (pH 4.6,

3 ml) containing soya bean [S -amylase (0.05 mlj 1000 units). The digest was
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diluted to 25 ml with water and then incubated at 37° for 48 hours and the

apparent concentration of maltose was determined as above. The amount of

maltose produced (7.65 mg) was equivalent to a /3 -amylolysis unit of 57%.
(c) Iso-amvlase and /3 -amylase (by Mr. Might)

i) Iso-amylase

The glucan (20 mg, in 3 ml water) was treated with 0.2 M acetate

buffer (pH 5.9, 3 ml), iso-amylase (50 mg) and water (5 ml). Hie incubation

was allowed to proceed at room temperature for 65 hours. The enzyme was

then destroyed by heating to 100° and the precipitated de-natured protein was

removed on the centrifuge.

i3-) /*>-amylase

To the above supernatant solution (10 ml) were added 0.2 M acetate

buffer (pH 4»6, 5 ml) and soya bean ^3 -amylase (20 units/mg polysaccharide).
The digest was diluted to 25 ml with water and after incubation at 37° for

48 hours, the apparent conversion to maltose was determined, as before, by

cuprimetric titration. The value obtained was 83%.

9. MfLATjQlf OF THE CftUCp

Methylation in liquid ammonia under anhydrous conditions (118)

(See diagram on page opposite).

The glucan (3.0 g), previously dried in vacuum over phosphoric

oxide, was transferred to a 3 necked flask, fitted with a stirrer (D) which

could be sealed against the atmosphere, and a condenser (C), containing a

methanol-carbondioxide freezing mixture. Hedistilled ammonia was passed in

via the third neck and when 200 ml distillate had been collected in the reaction

flask (E), the supply was disconnected.
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To the stirred solution was added mechanically pure sodium (4

cubes, ca. 230 mg each) from a special container (A) which eliminated any

contact of the sodium with the atmosphere. After 0.5 hour, when the blue

colour due to free sodium bad disappeared, methyl iodide (4.0 ml) was added.

Four further additions of sodium and methyl iodide were made at alternate 30

minute intervals.

Thereafter, the condenser (C) was replaced by a calcium chloride

tube and the ammonia was allowed to evaporate overnight.

The ammonia-free residue was treated with water (200 ml) and the

resulting solution was dialysed for 3 days. After concentrating to small

volume and freeze-drying the product was obtained as a white, brittle material

(1.7 g, found: QMe 18.58$).

The partially methylated gluean was subjected to two further

methylations under the same conditions. The final product, (1.4 g)
+ 200° (C.1.0 in chloroform) was a white powdery material soluble, in chloroform,

benzene, methanol and to a less extent in water. No colouration with iodine

wa3 observed. (Found: CMe, 4.5.3$? calc. for tri-O-methylglucan, OMe 45.6$).

10. HYDROLYSIS OF THIS METHYLATED GLUCAN AND SEPARATION OF THE METHHATKD SUGARS

(a) Hydrolysis of the methylated glucan

The methylated glucan (1.1 g) was heated under reflux in 3$ methanolic

hydrogen chloride (150 ml), until the rotation was constant (7 hr). Water

(150 ml) was added and after removal of the methanol under reduced pressure,

the mixture was heated at 100° until the rotation was constant (6 hr).

The hydrolysate was then neutralised with silver carbonate, filtered,

and the filtrate together with washings was de-ionised with hydrogen sulphide and

Amberlite resins IR 120 (H) and IR 45 (OH). On concentrating the resulting
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solution a pale yellow syrup was obtained (0.9 g).

(b) Separation of the methylated sugars

The mixture of methylated sugars was dissolved in water (ca. 50 ml),

cellulose powder (oa. 5 g) uas added and the whole was freese-dried. The dry

powder was then packed on top of a cellulose column (2.8 x 30 cm) and after

soaking with small volumes of the solvent to be used for elution water

saturated mixture of light petroleum (b.p. 100-120°) t butan-l-ol (7 » 3^,
cellulose powder (ca. 1 cc) was packed on top. The column was then eluted

at the rate of eg.. 26 ml per hour.

The eluate was collected in 10 ml tubes by means of an automatic

fraction collector, every 10th tub© being examined chromatographically (solvent

5), so that tubes containing the same sugar could be combined. After the di-0-

metbylglucose fraction had been eluted, the solvent was changed to butan-l-ol,

half-saturated with water. Finally, after removal of the mono-0-methylglucose

fraction, the column was eluted with water but no carbohydrate material was

obtained.

Rq values are given for solvent U* and the weights were recorded

after purification by dissoltion in water, filtration through "Filter-eel",

concentration, dissolution in methanol, filtration and concentration to

dryness.
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TABL£ 6

Tubes

0-70

70 - 190

190 - 620

620 - 1000

1000 - 1390

1390 - 1730

(1730 - 184.0

1840 - 2150

2150 - 2460

2460 - 2515

Water wash

Fraction I

This fraction was obtained as a crystalline mass which had m.p. 40°

and Mjj -16° (C .1.0 in water). Chromatographic analysis revealed a reddish-
brown spot which was identical with 2,3,4>6-tetra-0-methylglucose run as control.

These properties indicated that this fraction was a mixture of 2,3,4>6-tetra-0-

metbylglucose and methyl, 2,3,6-tri-0-methylglucoside. It was therefore hydro-

lysed x-rilth N hydrochloric acid (5 ml) at 100° until the rotation was constant

(14 hr). After neutralisation with silver carbonate, followed by filtration

and de-ionisation with resins IE 120 (H) and IR 45 (OH), the resulting solution

was concentrated to a syrup and separated on a cellulose column (30 x 1.5 cm).

Fraction Rq

I 1.0

II

III 0.83

IV (trace III) 0.54

V 0.54

VI 0.51

VII 0.25

Colour of spot Weight (mg)

Reddish-brown 95.7

- 228

Brown 259

Brown 19.5

Brown 8.0

Brown 34.0

Brown 8.3

Totals 651.7 mg

% Recoverys 72.4»
from column
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The solvent system used for eluting the sugars was the above Hght petroleum-

butan-l-ol mixture.

Fraction 1(a) (Crystalline 2,3,4,6-tetra-O-methylglucose (25 mg)[^2D + 80°
(C.1.0 in water). It was chromatographicsally identical with an authentic

specimen run as control and had m.p, and mixed m.p. 84° (after recrystallisation

from ether). The derived anilide had m.p. and mixed m.p. 135°.

Fraction 1(b) (Crystalline 2,3»6-tri-0-methylglucosa (70 rag). The brown spot

obtained on chromatographic examination was identical with that of an authentic

specimen run as control. It had m«p. and mixed m.p. H5°» after recrystallisat¬

ion from ether. (Founds Cite, 41»0$ calc. for C^H^O^: (Mb 41.9).
Fraction II As no spot appeared on chromatographic examination, this

fraction was hydrolysed with N hydrochloric acid (5 ml) at 100° for 14 hours.

The resulting syrup, after neutralisation, as above, gave syrupy 2,3,6-tri-0-

methylglucose (228 rag), M p ♦ 70° (C.2.3 in water). The value was identical

with that given by 2,3,6-tri-O-methylglucose.
Fraction III Crystalline 2,3,6-tri-O-methylglucosej after two recxystallisat-

lons in ether had m.p. and mixed m.p. 115°. The brown spot Rq 0.83, obtained
on chromatographic examination, was identical with that given by an authentic

specimen. It had [°"0 p + 98° (initial)—> + 70° (constant) (C.2.5 in water),
and M D + 700 > -35° (C.1.0 in 1% methanolic hydrogen chloride at 13°).
(Founds OMe 41*1)•

Total yield of 2,3,6-tri-O-methylglucose » 557 mg.

Fraction IV Syrupy 2,3-di-O-methylglucose containing a trace of 2,3,6-tri-O-

methylglucose. Chromatographic examination revealed a brown spot Rq 0.54>
identical with that of authentic 2,3-di-O-methylglucose and a trace amount of
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material Rg 0.83 identical with 2,3,6-tri-CMnethylglucose. It had + 53°
(C.2.0 in water) and on ionophoresis in borate buffer (74) it gave a spot, Mq

1.0. identical x/ith that given by an authentic specimen of 2,3-di-0-methylglucose.

Fraction V Syrupy 2,3-di-O-rnethyIglucose had (p/J p + 48° (G.0.8 in water) and
gave a brown spot Rq 0.54 identical with that for 2,3-di-O-methylglucose. The

derived anilide had m.p. and mixed m.p. 132°.
Fraction VI This fraction, * 42° (C.3.4 in water) did not crystallise

and appeared to be a mixture of 2,6- and 3*6- di-O-methylglucosos. Chromato¬

graphic examination revealed a single spot, Rq 0.51, but on examination by

ionophoresis, two spots were obtained, Mq 0.05 and 0.65 corresponding to 2,6-

3,6-di-0-msthylglucose respectively.

Fraction VII A syrup which, on chromatographic examination, gave a brown spot

Rq 0.25, corresponding to mono-O-methylglucose. Examination by ionophoresis
revealed a spot which had the same mobility as 3-0-metbylglueose.

11. DETERMINATION OF THE NUMBER AVERAGE MOLECULAR HEIGHT CF THE METHYLATED
W BY ISOTHERMAL DIST^WON (220)

The isothermal distillation method of determining molecular weights

has been applied to methylated polysaccharides (121), The most accurate results

have been obtained when benzene is used as solvent and when the molecular weight

of the polysaccharide falls within the range 1000 - 20,000.

A 1.05$ solution of the methylated glucan (0.0734 g), previously

dried to constant weight at 80°/-^ m (24 hr) over phosphoric oxide, was
obtained by dissolution in dried Analar benzene (6.953 g). The solution (ca.

3 ml) was introduced into one limb of an isothermal distillation apparatus and

pure solvent (s§. 3.5 ml) was placed in the other limb. The liquids were

then de-gassed by the recommended method of freezing in liquid air followed by

evacuation of the apparatus. After repeating the process tvrice the apparatus
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was evacuated and sealed# It was then immersed in a constant temperature

(25.0°) bath and after equilibrating for one hour it was inverted into the

"distillation position".

At intervals over a period of 100 hours the increase in level of

the solution and the corresponding decrease in level of the solvent was

measured by means of a travelling microscope.

To determine the apparatus constant (K) a run was carried out

using triolein (Mol.Wt., 885,4.) us the solute. From RaouLt's Law the

following equation can be applied and hence a value of K (2.2 x 1(T^) can

be determined s

Rate of transfer of solvent x K = solute mole fraction

From the slope of the graph of change in the level of liquid in

either limb agairst time (see page opposite), the rate of transfer of solvent

was obtained ( 2 * ^m/br) ? a1** hence by substitution in the above equation,

the number ave. 3 molecular weight was determined (M^)

i.e. 2.37/rt„ x 2.2 x 10-3 =/95
1.05/

k
'4

Rence = 15, 120

= 75.84 anhydro glucose units
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DISGUSSION

After removal of a sulphated polysaccharide from the aqueous

extract of Caulerm fillformis. as an insoluble complex with the cetyltri-

methylammoniuni ion, a neutral polysaccharide was recovered from the supernatant

solution. This was isolated as a white amorphous powder.

PROPERTIES OF HIE NEUTRAL POLYSACCHARIDE (Exp.2)

This material had MD + 154° > sulphate nil, nitrogen nil, ash

0.9% and was readily soluble in water. Chromatographic examination in several

solvents and with different sprays indicated that glucose was the only sugar

obtained on acid hydrolysis. By cuprimetric titration it was found that 98$

of the theoretical amount of glucose was in fact produced. The hydrolysate

crystallised and complete identification of the sugar as c>d -D-glucose was

obtained from the specific rotation (+52°, const.) and the m.p. which was

undepressed on admixture with authentic ^ -D-glucose.

An aqueous solution of the polysaccharide was stained with iodine,

a property characteristic of starch-type polysaccharides. The deep purple

colour obtained was in contrast to the deep blue produced fcy a normal starch,

and corresponded more to the colour exhibited with the amylopectin or, branched

fraction of starch, and iodine. A further similarity to amylopectin was

obtained when the absorption spectra of the glucan (Exp.4) and amylopectin

were compared between 400 and 700 myu. . In both cases maximum absorption
occurred at 540 m yu. in contrast to 4&0 and 600 m j*- respectively for
glycogen (animal starch) and anylose (the unbranched component of starch).

However, when viscosity measurements (Exp.6) were made on the glucan,
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an anomalous result was obtained} the limiting viscosity number

being 15.5 corresponding to that of glycogen. Araylopectin on the other

bnnd exhibits a limiting viscosity number of ca.100. It should be mentioned

that this difference in the limiting viscosity number of amylopectin and

glycogen is not a reflection of size, but rather the shape of the molecule}

botli glycogen and amylopectin are multi-branched, high molecular weight

polymers. Furthermore, degraded ainylopectin-typ© polymers exhibit low

values (115), indicating that removal of the outer chains produces a poly¬

saccharide which more readily resembles glycogen in shape. In view of its

other properties, the glucan from C. filiformis is probably a degraded aaylo-

pectin-type polymer. This probability is enhanced as the conditions necessary

for its extraction and purification involved dilute hydrochloric acid (pH 3-4-)

at 70°, and trichloroacetic acid at room temperature, both of which are

liable to degrade starch-type polysaccharides.

ATTEMPTED SEPARATION OF AN AMLQSE FRACTION (Exp. 5}

It is possible to separate out the amylose component by adding an

alcohol of low solubility such as butan-l-ol (128) or thymol (126) to an aqueous

solution of starch} an alcohol-amylose complex forms and slowly precipitates

from the solution. However, when such an attempt was made on this particular

glucan, no complex formation took place, indicating that this starch is devoid

of anyloss.

PERIQDATE OXIDATION EXPERIMENTS

When a 1,4 '-linked hexose polysaccharide is oxidised with periodate

the identity of each sugar unit is destroyed} the adjacent hydroxyl groups on

Cg and C3 are cleaved with the production of a di-aldehyde, while two moles of
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periodate are reduced and one mole of formic acid is liberated from each non-

reducing end group. In addition, if the oxidation is carried out under

conditions which hydrolase forsayl esters, one mole formaldehyde and tiro moles

formic acid are released, with the reduction of three moles periodate at the

reducing end of the molecule. (See below)

Consequently in a reasonably largo polysaccharide one mole of

periodate would be expected to be reduced for every sugar unit while one mole

formaldehyde would be released from the whole molecule (over-oxidation). In a

highly branched type of polysaccharide, the amount of formic acid released from

the reducing end group is small in comparison with that from the non-reducing

ends and can normally be ignored when determining the moles formic aoid released.

It therefore follows that the number of anhydro sugar units which correspond to
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one mole formic acid is an estimate of the average length of the chains.

In doing such a determination it is necessary to keep "over-oxidation" to

a minimum, and for this reason, the sparingly soluble potassium periodate

is often used instead of the more soluble sodium salt.

If linkages such as 1,3'- occur in the molecule, evidence for

their presence can be obtained on examination of the hydrolysate of the

residual oxo-polysaccharide when unattached glucose units can be detected.

In the present experiment (Exp. 7) ca. one mole of periodate was

reduced per anhydro sugar residue. In support of the suggestion that the

majority of the glucose units are l,4'-linked, and from measurements of the

formic aoid released, an average chain length ofj2§. .21 units was obtained.

However, it appeared that the molecule was relatively small, as one mole,

formaldehyde was released from ca. 10,000 g of the polymer (ca. 60 anhydro

glucose units). Amylopectin on the other hand has an estimated molecular

weight of ca. 10? (127).

When a hydrolyoate of the oxo-polysaccharide was examined chromato-
h I

graphically no evidence for the presence of glucose could be obtained, indicating

the absence of 1,3'-linkages.

It would thus appear from these periodate oxidation experiments that

the polysaccharide molecule is small and that it consists of l,4'-linked units.

The difference in the average chain length and the degree of polymerisation may

be regarded as evidence for a limited degree of branching.

EHZYMIC STODIES (Exp.8)

The hydrolytic action of an enzyme on a polysaccharide is only of

real value in the investigation of structure if its specific action is known.

Salivary -amylase, for example, will randomly endohydrolyse oC- l,4'-linked
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glueose units to maltose and higher oligosaccharides (131), the apparent conversion

to maltose (P^ value) being measured by cuprimetric titration of this final

solution. It is therefore essential to ensure that a pure preparation of enzyme

is being used as contamination with another active enayme would nullify the

results. Salivary OC -amylase is often contaminated to a slight extent with

maltase, an enzyme specific for the hydrolysis of maltose to glucose. Conse¬

quently if a significant amount of this enzyme is present, a very much higher

PM value is obtained. Digestion of the glucan under investigation with salivary
&C -asylase gave a % value of 95*1%, whereas, with a control experiment on

potato amylopectin a value of 93• 7$ was obtained. Is the normal value for

araylopectin is ca. 88$, it follows that the sample of enzyme xjas contaminated

with a small amount of maltase. Applying the appropriate correction the true

PM value for the C. filiform!3 glucan is ca. 90%,

ft -amylase on the other hand is even more specific. Again alternate

al -1,4-'-linked residues are cleaved but in this instance the enzyme attacks

the non-reducing ends of the glucan with the stepwise removal of maltose units.

The action is arrested by the presence of linkages other than oc -1,4'- such

as 1,6'-branch points. The final result is a "dextrin", containing short

exterior chains. Consequently if the molecule is highly branched a relatively

low Pj4 value is obtained. The value determined for the glucan from C. filiformis

was 5"% comparable to 54$ for a true amylopectin, but in contrast to the 45$ for

a glycogen. The lox^er value for glycogen has been attributed to shorter exterior

chains.

Evidence for the presence of 1,6'- branch points can be obtained by

pre-incubation of the polysaccharide with a specific de-branching enzyme such as

iso-arnylase. As the linkages which previously arrested the action of fi> -amylase
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are now removed the enzyme can attac- a greater number of the chains*

This is reflected in a corresponding increase in the PM value.
when the present glucan was subjected to attack by the tiro enzymes

the [?> -amylase degradation was increased from 57 to 83$ (Exp.8c). The value

is somewhat higher than that of amylopectin (ca. 76$) and may, in part, be due

to the more readily accessible 1,6 '-linkages in the relatively small molecule.

The enzymic studies are in full agreement with the periodate oxid¬

ation experiments. Both these investigations indicate that C. filiformis giucan

molecule consists of chains of Cxi -1,4'-linked anhydro glucose units which are

branched occasionally through 1,6 '-linkages, the -linkage being inferred

from the high positive rotation of the glucan.

jji-.yir^Tioi? Qf the qi^UGAij

The glucan was fully methylated with sodium and methyl iodide in

liquid ammonia (Exp.9) according to the method of Hodge, Karjala and Hibbert

(118). As it is known that the sodaraide will degrade polysaccharides (118),

the concentration of the sodium was kept to a minimum by adding alternately

sodium and methyl iodide. After five such additions, the partially methylated

material had 18.6$ methoxyl but on repeating the methylation process twice more

the fully methylated ether was obtained. After each methylation the product

was freed from inorganic material by dissolution in water, followed by dialysis

and freeze-drying. As the yield of the final methylated material was low

( < 50$) it is considered that this vjas due to appreciable loss of lower molecular

weight material on dialysis after methylation. The tri-0-methyl ether had OKe,

45.3$, D + 200° (c.f. i +204° for the methylated amylopectin fraction ofbarley

starch (132)) and was soluble in chloroform, benzene, methanol and to a lesser

extent in water. The colouration with iodine was obtained in common with other
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methylated amylopectine (129).
Measurements of the molecular weight of polysaccharides have been

carried out in bensene solution by the Isothermal Distillation method (121).

Such determinations are based on the measurement of the amount of solvent

transferred from pure solvent to a solution of the material under investigation,

the rate of transfer being dependent on the molecular weight of the solute.

It has been found that the method is applicable to benzene-soluble materials which

have molecular weight within 1,000 to 20,000 range. In the present instance a

value of ca. 15,000 was obtained, further confirmation for a small molecule.

The tri-0-ciethyl derivative was heated under reflux with methanolic

hydrogen chloride (Exp. 10a) and the resulting methylated methyl glycosides were

hydrolysed with aqueous hydrochloric acid. After neutralisation with silver

carbonate and de-ionisation with resins a syrup consisting of the methylated

reducing sugars was obtained. This mixture was separated on a cellulose column,

into the following components :

2,3,4j6-tetra-0-raethylglucosQ (c§. 1 part)

2,3,6-tri-O-methylglucose (ca. 22 parts)

2,3-di-O-methylglucose (ca. 1 part)

2,6 and 3,6-di-0-methylglucose (ca. 1 part)

Trace mono-0-methylglucose

2,3,4j6-tetra-0-methylglucosG and the 2,3,6-tri-0-®ethylglucose

were obtained crystalline. The former was identified by chromatographic

mobility, rotation, melting-point and by the formation of an anilide, and the

latter by chromatographic mobility, rotation, melting-point and by its inversion

of optical rotation in cold methanolic hydrogen chloride solution (132). All

the di-0-methylglucoses were obtained as syrups, the 2,3 being characterised
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methylglucoses were identified by ionophoresis. In addition a trace of

mono-O-methylglucose was found but there was no evidence for any free glucose.

These results confirm previous findings regarding the structure of

the glucan. In particular the amount of 2,3,4,6-tetra-0-methylglucose is

approximately one part in twenty-four of the molecule and as this sugar can

be obtained only from the non-reducing end of the molecule, the value would

indicate an average chain length of eg. 24 glucose units. It is considered

that the slight difference between this value and that obtained from periodate

studies (ca. 21) could be explained by the loss of low molecular weight material

during dialysis of the methylated glucan. The overwhelming preponderance of

2,3,6-tri-0-methylglucose provides further evidence for the presence of 1,4'-

linkages in the molecule and as no evidence for 2,4*6-tri-O-raethylglucose was

obtained the absence of 1,3'-linkages is confirmed. Nonetheless, it must be

borne in mind that a trace amount of 2,4»6-tri-0-methylglucose would be very

difficult to detect when present with such a large excess of the 2,3,6 isomer.

It is of interest that 0.1 and 0.5$ of nigerose (3-0.<*-(D-glucopyranosyl)-D-

glucose have been isolated from the partial acid hydrolysis products of amylo-

pectin (73) and Floridean starch (61) respectively.

The isolation of 2,3-di-O-methylglucose is in keeping \d.th the

presence of branch points -through C& of the l,4'-linked units.

OC H a. O —

OH
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While it is not possible to say xrith certainty xdiether the 2,6-

and/or 3,6-di-O-methylglucoses arise from 1,4,3*- or 1,4,2'-linked units or

as products of demethylation during hydrolysis, it is considered that the

latter possibility is more likely. Hie same explanation may also be applied

to the occurrence of mono-O-methylglucose. The general picture for the

molecule from methylation data is, a ^ -1,4*-linked glucose polymer with

branch points through Ci and C£>. The relatively high yield of tetra-0-

methylglucose is indicative of a branched molecule, the chains of which are

ca. 24 anhydro units long.

While it is generally accepted that a starch type polysaccharide

constitutes the food reserve material of the green algae no such polymer has

previously been isolated and characterised. This has been due, in part, to

the difficulty in fractionating the complex polysaccharide mixtures which are

obtained on aqueous extraction of seaweeds. 0'Donnell and Percival, however,

were able to isolate a glucose-rich fraction by chloroform extraction of the

acetate from the water soluble extract of Acrosiuhonia centralis. While the

material waa contaminated with mannose and to a lesser extent with xylose, it

was established that the glucose units were l,4,-linked. In the present

instance, it can be concluded that the glucan resembles closely the amylopectin

of land plants in being an oc-l^.'-linked glucose polymer with branching through
C^. Its very much lower molecular size, limiting viscosity number and its

ready solubility in water, all suggest a degraded form of amylopectin, a feature

which could easily be explained by the method of extraction from the seaweed.

In the natural state it is very probable that the glucan exists as a very much

larger molecule.
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It is of interest to compare this glucan with Floridean starch,

the starch-type polymer which has been isolated from the red alga Dilsea

ednHa (59)* In the following table the main properties of these two

polymers are compared with those of amylopectin and glycogen.

TABLE

Property

L'^o
Iodine colouration

X max. of absorption
spectrum of iodine
complex.

Optical density at
A max.

[?> -<amylolysis limit
Iso- and Fb -araylolysis
limit.

PC -amylolysis limit.

Reduction of 10^
Moles/

Anhydro glucose
unit

Average chain length

Limiting viscosity
no.

Amylo¬
pectin

+212

Purple

540

1.06

54

76

83

1.04

<2a.20

ca.150

Floridean
Starch

+176

Deep reddish-
brown

500

0.84

46

54

65

1JD5

c§. 9

Glycogen Glucan

+196

Reddish-
brown

460

0.34

45

57

70

1.08

+154

Purple

540

0.68

57

83

90

0.95

ca.12 ca.21

ca.10 15

Both the glucan and Floridean starch show a similarity, although

the chain length of the latter approximates more to that of glycogen. This
a.n.<s

is reflected in the colour with iodine, the p> -limit from a p> -amylase
hydrolysis. Both, however, are starch-type polymers which differ only in
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fine structure. It is not possible to say whether this is due to different

modes of bio-synthesis or simply to different degrees of degradation which

have taken place during the extraction processes.



Kill

THE XYLAN
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KXPERIMiJI'IAL

1. PRELECENARY SODIUM CHLORITE TREATMENT (80)

The residual weed (ca. 40 g), after dilute acid extraction of dry-

weed (50 g) (See Exp.3(e), Part I) was heated to 70° in aqueous acetic acid

(1 ml glacial acetic acid in 250 ml water). Sodium chlorite was added at

hourly intervals in 4 batches of 3 g each. The weed was than separated on

the centrifuge and washed thoroughly with water.

2. ALKALINE EXTRACTION OF THE WEED RESIDUES

The weed residues obtained as above were stirred at room temper¬

ature for 3 days in M sodium hydroxide solution (125 ml). The resulting

slurry was centrifuged and the supernatant solution acidified with glacial

acetic acid.to pH 5* A white gelatinous precipitate giving a positive

"Molisch" test was deposited. On adding ethanol to the supernatant solution

no further precipitate was obtained. The gelatinous material was washed with

water, aqueous othanol and ether and finally dried in the air until most of

the ether had evaporated. The material was then powdered and dried over

phosphoric oxide in a vacuum dessicator. The crude product (2.5 g) had

[°(] D - 28° (C.0.8 in 0.1 N sodium hydroxide), ash 2.0, sulphate 3#6% and

was insoluble in xmter. Chromatographic examination revealed the presence

of xylose and a small amount of glucose.

A large scale fractionation of the xylan was later carried out on

the weed residues from 200 g dry weed, from which 11.4 g (Yield: 57%) of

crude xylan was obtained.
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3. DETERMINATION OF THE RELATIVE MOLAR PROPORTIONS OF GLUCOSE ARD XYLOSE BY
THE PKRIODAIB OXIDATION METHOD (85)

The polysaccharide (56.4 nig), after hydrolysis afforded 46.8 mg

of neutralised hydrolysate. This was dissolved in water, diluted to 10 ml

and the concentrations of glucose and xylose were determined as described in
' * ' '■ \ • . i > ■ • . • i •

experiment 5(a) (Part I).

TABLE 1

Sugar

Glucose

Xylose

Vol* of sodium
hydroxide (0.0103N)

(ml)

0.69

4.99

Wt. of sugar
in 10 ml

(mg)

5.0

37.4

Approx. %
molar pro¬
portion

10

90

Total = 42.4 mg (ca. 80$ yield)

4. PURIFICATION OF XYLAN

(a) Fehllng's solution (81)

The crude xylan (200 mg) wae dissolved with gentle heating in

0.5 N sodium hydroxide solution (150 ml). An equal volume of Fehling's

solution was added with stirring, precipitating the copper complex (182 mg).

(b} jg&gj&la (103)
The crude xylan (g§. 200 mg) was dissolved in 0.5 N sodium

hydroxide (150 ml) and cupric acetate (7$ in water) was added until no

further precipitation took place. (Yield of dried material; 189 mg).

(c) Jfened^ctla jalSSSSl

A solution of the xylan of the same concentration as above (150 ml)

was treated with an equal volume of Benedict's solution. No immediate precipi-
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tation took place but on standing overnight polysaccharide material deposited

out of solution (78 rag).

(d) CetyltrimethylaiTiHonlua bromide (C.T.A.) (89)

A precipitate was obtained on adding a 10$ solution of C.T.A. to

the xyian (200 mg in 150 ml, sodium hydroxide (0,5 N)) (Yield of regenerated

polysaccharide 101 mg).

The above copper complexes of the xylan were decomposed by

vigorous stirring in N hydrochloric acid for £a. 5 minutes. In the case of the

Benedict and C.T.A. precipitations further amounts of polysaccharide material,

95 and 36 mg. respectively, were obtained on adding ethanol to the supernatant

solutions. On chromatographic examination (solvents 1 and 2) of hydrolysates of

all the fractions it was found that the relative proportion of glucose to xylose

was unchanged#

(e) AqyteQiy? filing pi tfrq xyjfln

The xylan (5.0 g), suspended in cold water (500 ml), was agitated

continuously for 24 hours. The white powder (xylan A) which was obtained after

filtration and drying with ethanol and ether had the following propertiesi

kOp -31° (C. 0.5 in 0.5 N sodium hydroxide) sulphate, 2.4$.
As it was suspected that the small amount of sulphate was not

organically bound, attempts were made to remove it by dialysis. The xylan (A)

(4.7 g) was accordingly resuspended in water (500 ml) and dlalysed against

naming water (3 days) and distilled water (1 day), the water being changed at

frequent intervals. The aqueous suspension was then reduced in volume and the

polysaccharide (xylan (E)) was isolated by freese-dlying (Yields 4.5 g).
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This material had
D -31° (G.0.5 in 0.5 N sodium hydroxide) ash 0.5, sulphate

nil, uronic anhydride 2.6, nitrogen 0.6$ and gave a negative test for uronic

aoid with naptharesorcinol.

5. EXHAUSTIVE Amow EXTRACTIQN OF (g)

The xylan (B), (1.5 g) was extracted with water (500 ml) as in

(e), but the process was repeated many times. After each extraction (24- hours)
the aqueous washings were separated on the centrifuge and the xylan was then re-

extracted with water (500 ml).

After the final extraction a hydrolysato of the residual material

{xylan (C)), (1.1 g), Mj, -35° (G.0.5 in 0.5 N sodium hydroxide) was found to
be devoid of glucose. Chromatographic examination of a hydrolysate of the

polysaccharide material, recovered from the aqueous washings, revealed the

presence of glucose and xylose in approximately equal amounts.

6. DETERMINATION OF TIIS RELATIVE MOLAR PROPORTIONS OF XYLOSE AND GLUCOSE
WxxusTTSl

(a) Bv periodate oxidation (85)

The xylan (B), (51.6 mg) was hydrolysed, the neutralised hydrolysate

was diluted to 10 ml and the concentrations of the respective sugars were deter¬

mined as in exp. 3.

TABLE 2

Sugar Vol. of sodium Wt.of sugar Approx. %
lydroxide (0.0103N) in 10 ml. molar prop-

(rag) ortion

Glucose 0.22 1.6 3

Xylose 5.81 43.6 97
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(b) By a colourimetric method (86)

As described in exp, 5(b) (Part I) known volumes of standard

solutions of glucose and xylose were spotted on the starting line of a cliroma-

togram together with a suitable amount (_£§. 0,25 rag) of hydrolysate syrup.

The concentrations of xylose and glucose were determined in the usual manner.

TABLE 3

Sugar

Glucose

Xylose

Absorbance

0.036

0.67

Wt. of sugar

(/*• g)

9.5

166

Approx. %
molar
proportion

5

95

7. ISOLATION OF CRYSTALLINE XYLOSE FROM XYLAN (B)

The xylan (B) (150.3 rag) was hydrolysed under reflux with N

sulphuric acid for 4 hours at 100°. The hydrolysate was neutralised with

barium carbonate and the* filtrate and washings from the insoluble material were

concentrated to a syrup. De-ionlsation was effected by dissolution in ethanol

followed by concentration. The product was dissolved in the minimum volume

methanol, containing 5% water and was set aside. Crystalline D-xylose (137.2 mg),
'

m.p. 143-4°» d + 19.1° (C.1.0 constant) was separated. This was fully

characterised by the formation of the dibenaylidene dimethyl acetal derivative,

which, after recrystallisation from chloroform-light petroleum (b.p. 40-60°)

had m.p. and mixed m.p. 210°.

8. ATTEMPTED HYDROLYSIS OP CONTAMINATING GLUCAH KITH SALIVARY -AMYLASE

A digest was prepared by suspending the xylan (100 rag) in water

(100 ml), followed by the addition of salivary -amylase (eg. 5.0 mg).
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After incubating for 24 hours at 37°, the enzyme vas de-activated by heating and the

suspension was dialysed for 3 days. Chromatographic examination of the material

retained in the dialysis sac showed that glucose had not been attacked.

9. PERICDATE OXIDATION EXPERIMENTS (112)

(a) Reduction of perlodato b:/ xylan (B) and by the ftlucose-freo xylan (xvlan C)

Xylan (B), (361 rag) and (C), (312.4 mg) were each suspended in 3%

sodium perlodate solution (50 ml) in a dark bottle and the reduction of periodate

was measured as in exp. 18 (Part I).

Results fpr Xyl^n (B)
10 ml arsenite solution (0.0506 N) = 56.6 ml iodine (0.0089 N)

1 ml periodate (0.135 M) + 10 ml = 26.22 ml " M
arsenite solution

wula

Time (hr) 3 5 22 42 66 114

Iodine titre (ml) 26.41 26.54 26.89 27.00 27.05 27.07

Moles periodate
per CjHgO^ unit. 0.015 0.026 0.055 O.O64 0.070 0,070

Periodate reduced = 1 mole per 1,900 g xylan

i.e. s 1 mole per 14.4 anhydro xylose units

10 ml arsenite solution (0.0501) = 47.82 ml iodine (0.0106 N)

1.0 ml periodate (0.141 M) + 10 ml = 21.24 ml " "
arsenite solution
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TABLE 5

Time (hr) 5 11 24 48 70 96

Iodine titre (ml) 21.43 21.60 21.85 21.88 21.90 21.90

Moles periodate per 0.021 0.040 0.045 0.072 0.074 0.074
c5h8°4

Periodate reduced = 1 mole per 1,785 g xylan (C)
i.e.i 1 mole per 13.5 anhydro xylose units.

(b) Isolation and examination of the oxo-polvsaocharide (Xylan B)

After destroying the excess periodate with ethylene glycol (10 ml),

the solution containing the residual polysaccharide was dialysed against distilled

water for 3 days. The suspension was concentrated to ca. 10 ml and the oxo-

polysaccharide (337.8 mg) was isolated by freese-drying. Chromatographic

determination (86) of a lydrolysate of this material revealed the presence of

xylose (304 mg) and a trace of glucose.

(c) Determination of the formic acid released

The xylan (B) (498 mg) was suspended in sodium periodate solution

(50 ml, 0.1871 M) and at intervals aliquots (5 ml) were removed and treated with

excess ethylene glycol to destroy excess periodate. After standing for 15 mins.

the formic acid released was titrated with sodium hydroxide solution (0.0118 N),

using methyl red as indicator.

TABLE 6

Time (hr) 1.5 3 22 46 94 262 298 324

Sodium hydroxide 0.12 0.12 0.24 0.35 0.53 0.74 0.76 0.77
titre (ml)

Moles x 10-2 HD00H 0.37 0.37 0.75 1.1 1.6 2.3 2.35 2.40
per unit
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0.77 ml sodium hydroxide (0.0118 H) - 0.000091 moles formic acid

1 mole formic acid is liberated from 5,483 g xylan

(i.e. 41*5 anhydro xylose units)

(d) pfl^-vmlnntion of formaldehyde released

The xylan (B) (189.6 mg) was oxidised as above with sodium

periodste solution (0.025 M, 25 ml). At intervals, aliquots (2 ml) were

withdrawn and the weight of formaldehyde (J* g/ml) was determined graphically
by the method cf Hough, Powell and Woods (117). (See exp.7d, Part II)

TABLE 7

Time (hr) 1 5 23 48 72 96

Absorbance 0,013 0.019 0.042 0.068 0.075 0.073
V'.-'

. t • ' r. \ •• , 1 e i. > •:
_ .V } ' V." f ■

g. HCH0/al 1,8 2.6 5.9 9.7 10.6 10.5

After 96 hours the concentration of formaldehyde was 10.5 /*■ g/ml.
i.e.i 261 yxg formaldehyde are present in 25 ml solution. Hence 1 mole formal¬
dehyde is released from 162 anhydro xylose units.

10. DETERMINATION OF THE REDUCING POWER OF THE XYLAN (B) BY HYPOICDITE
OXIDATION (8lT

The xylan (77.3 mg) in sodium hydroxide (10 ml, 0.1 N) was treat®!

with iodine (1.00 ml, 0.0874 N). After standing in the dark at room temperature

for 36 hours the solution was acidified with 2 N sulphuric acid (25 ml) and the

liberated iodine was titrated against sodium thiosulphate (0.0103 N), a blank

being run simultaneously.

0.94 ml, 0.0103 N thiosulphate = 0.0049 ml, M iodine.

Hence 0.5 mole iodine = 7888 g xylan (i.e. ca. 60 anhydro xylose units
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11. METHYLATION OF TIES XYLAN (B)

(a) Haworth methvlation (81)

The xylan (8 g) was suspended in 50 ml water and 40% sodium

hydroxide solution (100 ml) was added with stirring under nitrogen for 4 hours

at room temperature. Dimethyl sulphate (90 ml) was then added dropvise over

8 hours, the contents of the flask being maintained at 0°. The stirring was

continued overnight and the mixture was heated on a water-bath for 1 hour.

After cooling, the precipitated xylan was dissolved in acetone (200 ml) and

the aethylation was repeated A times. The acetone was removed under reduced

pressure, the solution -was neutralised vdth N sulphuric acid and the precipi¬

tated xylan boiled vdth water, filtered and dried (Found! OMe, 30.3%). The

partially methylated xylan was dissolved in 80% aq. acetone and a second series

of five methylations was carried out (Yield: 8.7 g.j QMe, 31.5%).

(b) Purdie methvlntion (81)

The partially methylated xylan (8.5 g) was dissolved in methyl

iodide (200 ml), containing 5% methanol. Silver oxide (80 g) uas added and

the mixture was refluxed gently for 2A hours. After filtration and concen¬

tration the polysaccharide (7.9 g.J CMe, 32.4-%) -was precipitated by the

addition of ether. Four further treatments with methyl iodide and silver

oxide gave a white powder (6.0 g) (Found: OMe, 37.2j - 61° (C.1.0

in chloroform).

(c) Fractionation of the methylated xylan (81)

The methylated xylan (4.2 g) was fractionated by mixtures of

purified light petroleum (b.p. 65-66°) and chloroform, the amount of the

latter solvent being increased in stages. The fractionation procedure involved

refluxing the polysaccharide in the solvent mixture for 2 hours, and, after
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allowing the insoluble material to settle, separating off the supernatant

solution by decantatian. The following fractions were obtained :

TABLE 8

Fraction . Solvent Yield CMe n
chloroform - (mg) %,
light petroleum

1 0 i 100 - -

2 20 1 80 15 22.1
• ' ' V ,i

-26°

3 25 * 75 43 37.0 -61°

-4 30 t 70 727 37.4 -620

5 35 » 65 2560 37*1 -62°

Fractions 3-5 were recoabined as they appeared to be identical.
, ' • . f . .. . »

(d) Methvlatlon in liquid ammonia (113)

The fractions (3-5) were methylated in liquid ammonia as described

in exp. 9^ Part II, one methylation process only being carried out. The crude
product was dissolved in water and the methylated xylan was then extracted with

chloroform (3 x 100 ml). It was precipitated by ether (4 vols) from the

combined chloroform extracts as a white powder (2.97 g) and had [ °0 D - 600
(C.1.0 in chloroform), CMe 37.8$. (Calc. for C^H^pO^ : Ote, 38.75$).

12. HYDHOLYSIS OF THE METHYLATED XYLAN (B) AMD SEPARATION OF HIE

(a) by pqpgy bhron^tograpHy

The xylan (B) (60 mg) was treated with 6% methanolic hydrogen
-• ' ' > * : .

chloride (10 ml) under reflux for 18 hours and then hydrolysed with N hydro¬

chloric acid (10 ml) for a further 18 hours at 100°. The filtrate was

neutralised with silver carbonate, filtered, the silver salts thoroughly
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extractod vdth methanol and the combined filtrate find washings were de-

ionised with re3ins (Amherlite IP. 120 (H) and IR 45 (OH)). The clear

solution was evaporated to a syrup which crystallised on standing overnight.

On chromatographic examination (solvent 4) three main spots ware observed with

Rq values 0.94, 0.66, 040 corresponding to 2,3,4-tsd-O-methylxylose, 2,4-di-0-
methylaylose and monamsttiylxylose respectively. A fourth faint, buff-coloured

spot Rg 0.76 was also detected. This was shown later to be due to a tri-0-

metbylglucose.

Ifypoiedits determination (Exp.10) of the relative proportions of

the methylated xylose, after separation and elution from paper chromatograms

(81) gave the following results t

TABLE 9

Sodium thiosulphate Wt.cf sugar % molar
Sugar titre (0.0101 II) (mg) composition

(ml)

2,3,4-tri-O-methylxylose 0.221, 0.215 0.43, 0.42 2.2, 2.1

2,4«di-O-nothy3xylose 9.89 , 9.82 17.78, 17.66 96.5, 96.6

Jfono-O-methylxylose 0.140, 0.129 0.23, 0.21 1.3, 1.2

(b) Bv -She cellulose column

The xylan (B) (2.87 g) was boiled gently under reflux with 3%

methanelie hydrogen chloride (300 ml) until the rotation was constant}

[°4l p -62° (initial) > + 65° (6 hr constant). The filtrate, after

neutralisation with silver carbonate was concentrated to a syrup and then

hydrolysed with N hydrochloric acid (300 ml) at 95° (Mpi constant after 18
hours). The solution which was neutralised with silver carbonate and de-

ionised with hydrogen sulphide and Amberlite resins IR 120 (H) and IR 45 (OH),
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on concentrating, crystallised completely as a Eass of white crystals

(2.085 gs). The crystals vera dissolved in water (200 ml) and the

solution was mixed with cellulose powder (5 g) and tha whole was freose-

dried. Tha froeae-dried material was packed on top of a cellulose column

which was than olutad with light petroleum (b.p. 100-120°) - butan-l-ol (7 i 3)

saturated with water. The rate of Glutton from the column was ca. 30.0 ml

solvent per hour, the fractions being collected at 15 minute intervals in an

automatic fraction collector. Every tenth tube was evaporated and analysed

chromatograplaically (solvent 4), pure fractions being obtained by combining

tec- appropriate tubes. After 9.5 litres bad been collected tee solvent was

changed to butan-l-ol (100 ml) and then to butan-l-ol half saturated with

water to elute the mono-O-raethyl fraction more quickly. CSice this fraction

had been removed, (after 1.5 1), the column was finally eluted with water.

is shown in tee following table, six fractions were obtained,

each one having been weighed after filtration through "Filter Cel",

concentration to dryness, dissolution in methanol, filtration and concen¬

tration % values are recorded for solvent 4.
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TABLE 10

Tube Ho. Fraction
Colour of

spot
Wt.of fl

(mg

0 - 45 - - - 5

45 - 55 I Red-brown 1.0 -

55 - 80 - - -
mm

80 - 110 II Mauve 0.94 57.4

110 - 280 «* - -
-

280 - 305 III Red-brown 0.76 15.6

305 - 315 III IV 268.0

315 - 580 IV Pink 0.66 1,432.9

580 - 1110 mm mm - -

1110 - 1230 V Yellow-brown 0.46 8.0

1230 - 1450 mm - mm -

1450 - 1485 XI Pink 0.40 31.5

Water wash

Total recovery 1.813 g

i.e.* 87$

Fraction I This sugar was identified chromatographieally as 2,3,4,6-

tetra-O-methylglucose.

Fraction II Crystalline 2,3,4-tri-Onaethylxylose had Rq identical xdth
that of an authentic specimen run as control. After recrystallisation from

light petroleum it had m.p. and mixed m.p. 85-87°, p + 19.8° (C.1.1),
(Found* CMe, 48.2} calc. for CgH^Og s GMe, 48.4$).
Fraction III This fraction which crystallised on standing for several

days was shown to be 2,4,6-tri-0-ffletbylglucose. It had m.p. 126°, undepressed
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on admixture with an authentic specimen, and Wp + 108°—=> + 70° (C.1.5
in aq. methanol)*

Fraction III IV Chromatographic analysis showed that this was a mixture
»•

of 2,4,6-tri-O-metbylglucose and 2,4^1-0-«Qthylxylos3.

Fraction IV On concentrating this fraction a crystalline mass was obtained,

2,4-di-0-methylsylose, -26°—28° (C.1,0, 24 hr., constant). It

gave a pink spot RQ 0.76 identical with that obtained from an authentic
specimen, and had m.p. and mixed ra.p. 116°. An X-ray powder photograph

was found to be identical with that given by authentic material and different

from a similar photograph of 2,3-di-0-oethylxylose (Found* C, 47.44* H, 7.77j

OMe 34.3$ calc. for : C, 47.20j H, 7.86; CMet 34.8$).

Fraction V Because of the small amount of material, it was not possible to

purify it in the normal manner without serious loss. This syrup was shown to

be 4,6-di-O-methylglucose by chromatography and ionophoresis (74). On

spraying with jx -anisidine hydrochloride a brown spot Rq 0.46, was obtained,
identical with an authentic specimen, whereas 2,4-di-0-methylgl\»ose gave a

yellow spot (Rq 0.46). Further confirmation was obtained on lonophoresis

where the M value of 0.20 corresponded exactly to that of the authentic

material.

Fraction ¥1 Syrupy 2-0- and 4-0-methylxylose, D + 19° (C.3.1) gave a

single pink spot Rq 0.40 in solvent 4 but on running in solvent 5 two spots

were obtained, Rftjiamnose ^*9 and 10 corresponding to 2-0-methyl and 4-0-
methylxylose respectively. Oh spraying with /v-anisidine hydroeliloride reagent

the 2-O-methyl sugar gave a mauve spot whereas the 4-O-raethyIxylose gave a

reddish-brown spot. (Founds CMe, 17.4! calc. for s CMe 13.9$).
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13. ACETYLATION OF THE XHAN (B) (2)

The xylan (2.4 g) was heated, with stirring in pyridine (100 ml)
*

at 70° for 3 hours. After cooling to 0°, acetic anhydride (35 ml) was added

dropwise with shaking. The flask was then kept in the dark with occasional

shaking for 3 days. The contents were poured into water (500 ml) and the

product was washed with water and freose-dried. The aestylatton viae repeated

to give a white powder (2.75 g) -51° (C. 0.4 in M-cresol).

(Found: Ac, 39.5. Gale, for C^H^C^ t Ac 39.8/5).

14. VISCOSITY M'^SURiaffirrS Oh THE XYLAN AMD ITS METHYLATED AhD ACETYLATED

The viscosities of the xylan in sodium hydroxide (0.5 H) and its

derivatives in m-cresoi, were measured in Ostwaid viscometers No.l and 2

respectively at 20°. The following results were obtained 3

Xable ii

Material c*
Average time of flow (sees)

Solution Solvent
V

SP/C
Xylan (B) 0.0435 287.8 237.3 4.89

Xylan (C) 0.0331 283.3 237.3 5.01

Acetylated Xylan (B) 0.0191 319.4 238.0 17.96

Methylated Xylan (B) 0.0326 345.4 238.0 14.29

c = concentration of C^HgO^ units per litre

15. ATTEMPTED KMZMEC HYDROLYSIS OF XYLAU B WITH A "XYLAHASE" EXTRACT
(kindly gifted by Dr. B.H. Hoviard, Rowett Research Inst., Aberdeen)

The xylan (50.3 rag) was dissolved in phosphate-citric acid buffer

(pH 6.8) and the "xylanase" extract (eg. 5.0 mg) was added. After incubation
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for 48 hours at 38° ? the Insoluble material mo oentrifuged off and the

supernatant solution w.s evaporated to dryness. On chromatographic exam-

toatloa of this residue m trace of xylose or higher oligosaccharides was

obtained.

is. msm im wmsm&fsi*gi gasman«' qmqasBlKSB

The xylan (5 g) was suspended in sulphuric acid {200 ml, 0,1 I)

are! heated at 100° for 1 hour. The residual unhydrolysod, insoluble xylan

was centrifuged off and the supernatant solution ms neutralised with a U%

solution of di~a*octyl netiylontoe :In chloroform. This hydrolysis procedure

was repeal ted 10 times and the combined neutralised hydrolysates wore eonccEi-

tr&tod to a syrup (194 og)« Gfcroaatograpbte examination (solvent® 2 and 3)

revealed a series of oligosaccharides to approximately the sasa© relative

proportions. It was accordingly decided to attempt to separate these sugar's,

cm thick paper ('-batman Ma. 17).

(b) jimsa^gU2£^z3fla& idlgagafi^l^ffioa Mvkumm

The syrup was dissolved to a email volume of water (§§. 5 ml) and

applied along the starting line of a paper chromatogisua (25. x 60 en). After

irrigating the paper with solvent 3 for 48 hours, the positions of the different

sugars were located fey blotting the ohroeatograa with Whatman ilo.l paper which

was then developed with aniline oxalate spray. The sections on the chraaato-

gras which contained a stogie sugar wore cut into strips ant] olutotl with cold

water. The elmtoo obtained were concentrated to syrups and sot aside to

crystallise. In all, six fractions were obtained corresponding to xylose and

a scries of 1,3 •-linked xylose oligosaccharides from di- to hexa-. Only
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preliminary examination of these sugars has so far been carried out but it

is intended to characterise them at a later date.

TABLE 12

Fraction Sugar Wt.
fag)

%
Solvent

(2)

values
Solvent

(3)
Solvent

(5)

I Xylose 32.5 1 1 1

II 1,3'-xylobiosa 22.6 0.96 0.67 0.82

III 1,3 '-xylotriose 2-4.9 0.78 0.37 0.51

IV 1,3'-xylotetraose 18.5 0.66 0.22 0.3-4

V 1,3 '-xylopentaose 12. U 0.58 0.13 0.21

VI 1,3-xylohexaose 8.8 0.-49 0.07 0.12

'.Then the log (Vrf~ 3.) (88) of the oligosaccharides was plotted

against the degree of polymerisation of the xylose oligosaccharides a

straight line was obtained, (see page opposite). The Rp values were

calculated by multiplying the Rx values by the corresponding Rp value of

xylose in the same solvent. (Rp, xylose 0.3-4, (solvent 1); 0.16, (solvent

3)j 0.31, (solvent 5).
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PART III (b)

DISCUSSION

The weed residues from the dilute acid extraction (Exp. 3* Part I)

were treated with sodium chlorite to break down the micro-fibrils and so

allow further extraction of polysaccharide material. This latter treatment

is widely used to de-lignify grasses before extracting hemicallulosic material

with alkali (30). Likewise, in this instance, the chlorite treatment was

followed by extraction with dilute sodium hydroxide solution. Acidification

of the alkaline extract with glacial, acetic acid afforded a gelatinous

precipitate which was dried to a white powder (Yields ca. 6$ of the dry weight

of weed) (Exp.2). Chromatographic examination of a hydrolysate of this

material showed that xylose and glucose were present in the ratio of 10 to 1.

The polysaccharide material had -28°, (C.0.8 in sodium hydroxide (0.1 N),

ash 2.0, and sulphate 3.6$. In view of th© fact that glucose is frequently

present in homopolysaccharides in many seaweeds, it was suspected that the

present material comprised a xylan contaminated with a separate glucan.

Unsuccessful attempts were made to remove this polymer by copper complexing

(Exps. 4&, 4b, 4°) and by preferential precipitation with C.T.A. (4d).

While two fractions were sometimes obtained (4c, 4d) there was no significant

difference in the relative proportion of glucose present in each fraction.

However, extraction with cold water for 24 hours (Exp.4e), did reduce the

content to some extent} the polysaccharide remaining after aqueous extraction

Xylan (B) (Yield: A.5%) had -31°} ash 0.3} sulphate nHj uronic

anhydride 2.6, and nitrogen 0.6$. The uronic anhydride content was based

on "the liberated carbon dioxide obtained on decarboxylation with acid.

Pure xylans will gave an apparent uronic acid content of 3-4$ when determined
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by this method. Bearing this in mind and the fact that the xylan gives a

negative uronic acid test with naptharesoreinol, it is considered that xylan

(B) is devoid of uronic acid residues.

Chromatographic analysis of the hydrolysate from xylan (B) showed

that it still contained eg, of glucose residues. However, repeated

extraction of thi3 xylan with water eventually afforded a xylan devoid of

glucose residues. This material (xylan (C)) had -35°, and was obtained

in 3.3% yield of the dry weight of weed.

These experiments were carried out on the first sample of C.

fi Hfn-t-pia and it was uncertain whether additional material could bo obtained

from South Africa, In view of the loss of material on purification it was

decided to proceed with large scalo structural investigations on xylan (B).

The relative proportions of xylose and glucose in a hydrolysate of

this material were determined after separation on paper chrosatograms from

the amount of formic acid released on periodate oxidation of each sugar (85)

and the intensity of absorption of the coloured complexes which each formed

with -anisidine hydrochloride (86). Both determinations indicated that

the ratio of xylose to glucose was eg. % s 4. The identity of the D-

xylo3a was confirmed by the isolation of crystals of the sugar from a hydroly¬

sate of xylan (B). These had [od]D + 19.1° (const.), melting point and

mixed melting-point 143-4°, and formed the crystalline dibenzylidene dimethyl

acetal of D-xyloae which showed no depression on a mixed melting point deter¬

mination.

^thyfertfoq Studies

The xylan (B) was methylated with dimethyl sulphate and sodium

hydroxide (Exp. 11a) by the method of Haworth (81). After two series of five
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methylations in an atmosphere of nitrogen a partially methylated xylan

containing 31,5% msthoxyl was obtained. This material was further methylated

by four treatments with methyl iodide and silver oxide (Exp.lib), resulting in

an increase in methoxyl content to 37.2. (Gale, for a fully methylated xylan:

QHe 38,8%).

Fractional extraction of the methylated material with chloroform-

light petroleum gave a series of fractions which were chemically identical.

A final attempt was made to increase the methoxyl content by treating the

partially methylated xylan with sodium and methyl iodide in liquid ananonia

(Exp.lid). This gave a product, [°<0 D -60°, with a methoxyl content of
37,8%. Hydrolysis of this material with methanolic hydrogen chloride

yielded the methylated methyl glycosides which were hydrolysed further with

dilute hydrochloric acid (Exp.12). The reducing methylated sugars obtained

were then separated on a cellulose column into the following main fractions %

2,3,4-tri-0-methylxylose (2.9%)

2,4^-di-O-methylxylose (95*2%)

2- and 4^nono-0-methylxylose (1.9%)

The 2,3,4-tri-O-methylxylose and 2,4-di-O-methylxylose were obtained

crystalline, the former being characterised by melting point, chromatographic

mobility and specific rotation. The 2,4.-di-0-methylxylose was characterised

by melting point, specific rotation, X-ray powder photograph, chromatographic

mobility and by analysis of the carbon hydrogen and methoxyl contents. The

mono-O-methylxyloses were identified by methoxyl content and distinguished by

paper chromatographic and ionophoretic mobilities. The presence of this

small amount of a mixture of 2- and 4-raono-O-methylxylose is not considered
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to be of structural significance as it is probably due to under-methylation

of the jylan and/or demethylation during hydrolysis.

The tri-O-methylxylose could only have arisen from the non-reducing

end of the chains and, therefore, the amount obtained in relation "to the di-0=

methylxylose should give an estimate of the average chain length. In the

preparative separation these proportions can only be regarded as approximate

as the weights of the fractions were not recorded until after extensive

purification. However, a more accurate determination was carried out by-

paper chromatographic separation of small amounts of the hydrolysate and

estimation of each of the separated sugars by oxidation with sodium hypoiodite

(Exp.10). The results of this determination corresponded to one unit of tri-0-

mothylxylose to every 47 units of di-O-msthylxylose.

It can be concluded from these mothylatioa studies that the xylan

consists entirely of chains of -1,3'-linked D-xylopyranose units with little

or no branching, the p -configuration being inferred from the negative

rotation of the xylan and its methyl ether.

In addition to the methylxyloses small quantities of tri- and di-0-

methylglucoses were separated from the hydrolysate of the methylated Xylan (B).

The tri-O-methylglucoee which crystallised was characterised as 2,4,6-tri-O-

methylglucose ly its chromatographic mobility, specific rotation and melting

point, and the di-O-methylglucose (8.0 mg) as the 4,6-di-O-methyl sugar ly

ionophoretic and chromatographic mobility. Tetra-O-methylglucose was detected

in very small amount by chromatography.

Perjyiqt? W^on Studies

In contrast to a 1,4'- linked polymer of the glucan type (Part II),
a linear 1,3'-linked polysaccharide is essentially immune to oxidation by
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periodates as the Cj. and of each sugar unit are involved in inter-
residue giycosidic linkages, there are no adjacent free hydroxyl groups,

this condition being necessary for periodate oxidation. Consequently, the

molecule will be attacked only at the ends of the chain, with the reduction

c£ 3 moles of periodste and the release of one mole formic acid, provided that

the conditions of oxidation are such as to stabilise the foray1 ester produced

at the reducing end of the chain, thereby preventing over-cxidation (see below).

Additional proof that the xylan consists of 1,3 '-linked units was

obtained from the presence of 90% unattached xylose in the hydrolysate of the

oxo-polysaccliaid.de. Furthermore, one mole perioda "be was reduced for every 14.

xylose units. Assuming that "the molecule is unbranched tills corresponds to

an average chain length of 42 xylose units. As formic acid is liberated from

the non-reducing end of the molecule only, the number of xylose units
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corresponding to tha release of one mole formic acid is also a measure of

the average-length of the chains. By this method a value of ca. 42 was obtained.

Although a small amount of formaldehyde ms also released during

the oxidation, this was probably due to some hydrolysis of the formyl ester.

It is not possible, therefore, to baeeaay structural hypothesis on the results

obtained since it is probable that, during the extraction with sodium hydroxide,

some modification of the reducing group takes place*

While the above periodate measurements were carried out on xylan (B),

containing U% glucan, the presence of this 1,3 •-linked polymer (see axp.12)

should not affect the results significantly as it Is also immune to oxidation.

This was confirmed. then xylan (C), devoid of glucan,was oxidised with

periodate (©xp.9)* the values for the average chain length differed only

slightly from xylan (B) and could readily be explained as being due to

experimental error.

Taken as a whole the periodate studies support the methylation data,

which indicated that the molecule consisted, essentially, of linear chains of

p> -1,3 '-linked D-xylose units and that 1,4-'-linkages were absent. The
molecule did not appear to have been degraded during methylation as similar

viscosities were obtained from xylans (B) and (C), and the aeetylated and

methylated derivatives of xylan (B).

PAKTMh HipROLYSIff

Further evidence in favour of a linear molecule has been obtained

from partial acid hydrolysis studies. If a molecule is unbranched, acid

hydrolysis will break up the chain at random with the production of a homolo¬

gous series of oligosaccharides. This, in fact, happened on partial hydrolysis

of xylan (C) (exp.16). Chromatographic examination of the neutralised hydroly-

/
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sate revealed a series of pink spots with decreasing RF values corresponding
to such a homologous series. The RF values for all the spots, in three
different solvents (2) (3) and (5), were calculated and when the log. (Vrf" d
was plotted against the degree of polymerisation a straight line was obtained

in each case (see Fig. opposite page 1C9). The absence of oligosaccharide

plo^is outwith the straight lines is strong evidence for the absence of
anomalous linkages. It is worthy of note that an analogous series of 1,4'-

linked oligosaccharides have been isolated and characterised from the 1,4.'-linked

linear xylan of corn cob (105)•

This is the first time .-xylose oligosaccharides containing solely 1,3'-

linkages have been isolated. It should be mentioned that the l,3'-linked xylo-

biose isolated from a partial hydrolysate from Rhodymenia rw.lma.tn. (66) has a

recorded Rx value of 1.05 in solvent (2) which is slightly faster than the
same disaccharide Rx, 0.96 separated in the present experiments. These, 1,3'-
linked oligosaccharides are characterised by their high mobility; 1,3' xylo-

biose, for example, is twice as fast as the 1,4'-linked xylobiose in solvent

(5) while the trisaccharide has 0.51 in contrast to R^, 0.12 of the

corresponding 1,4-'-isomer.

The method of separating these sugars on -thick chromatographic

paper (No.17) was found to be preferable to the usual charcoal column technique

which is laborious and time consuming; after elution for 48 hours in solvent

(3) the sugars had separated sufficiently to allow for the isolation of the di~

to the hexa-saccharides.

Enzvmic studies (Exp.15)

If l,4'-linkages are present in a xylan it would be expected that a

specific enzyme such as "xylanase" would break down the polymer to xylobiose
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units. However, v;heii the xylan was incubated in phosphate-citric acid

buffer (pH 6,3) with an extract from cells of a "1,4'-linked xylan

fermenting bacteria", no hydrolysis was observed. This finding was

confirmed by Dr. B.II. Howard who carried out parallel experiments (116).

It can therefore be concluded that the alkaline extract of

Cauleroa filifomla affords a xylan which consists solely of [2> -1,3 *linkcd
linear chains of xylose units and a degree of polymerisation of ca. 45.

It must be borne in mind that considerable degradation most probably occurred

during the isolation and that the native xylan undoubtedly comprises a much

larger molecule.

Although this is the first recorded instance of a xylan with such

a structure, evidence has been advanced for 1,3'-linked units (ca.20%) in

association with 1,4'-linked units (30%) in the xylan from the red alga

fthpdymgnia p^lpa% (63) (64).
It is significant that there was no trace of 2,3,6-tri-O-methyIglucose,

the predominant sugar in the tydrolysate of the methylated glucan (Part II).

In contrast the methylation results on the glucose containing material in the

alkaline extract provide evidence for a small proportion of a [5 -1,3'- linked
glucan, the p -linkage being inferred from the small change in rotation of

xylan (B) (Mp-31°), on removal of the glucan (xylan (C) [*3 ^-35°).
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When a comparison is mad® of the polysaccharides syntljeslsed by

Caulorm rillToralfi and other green algae certain broad similarities, but at

the same time some major differences, are repealed. In the falloying table

the properties of the maer-soluble extract from Caulerpa filifomla aro

compared with thoso of similar extracts from Cladoofaora ruceafcrla (68),

(67), JSSateaMa (70) and ifoterqpprpfr} torta (113).

TAB'fl-.

1jolar proportions
of sugars

C.rupcstris TJ. lactuca A,centralis «aorta C.filifoa

Galactose 2.8 - 0.1 • 2.3

Glucose 0.2 1.0 1.0 7.5 8.4

Hannoae • • 0.2 - 1.1

AxmblnoM 3.7 - - - 0.5

Xylose 1.0 1.3 1.6 1.0 1.1

libasnose 0.4 4.4 1.4 9.8 0.2

ironic acid % 3.0
//> /

20.8 19.3 16.4 <?a.7

Sulphate % 16.1 17.5 7.8 20.0 7.5

Ash % 13.7 19.0 10.0 30.8 13.5

md +6gP -47° -31° -25° +120°

In all cases acpsoua extraction yields a complex mixture of uatex'-

soluble polysacclmridoo vhich have on the whole resisted fractionation into

simpler polymer's. Gome similarity can, liowovor, bo dram among the extraota

from A. coatrails. G. lactuca and 1;. torta» ail of which contain ca. 20% uremic
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acid la addition to mainly D-glucose D-xylose and Ir-rhamnose units.

C. runestris. hoover, yields a polysaccharide devoid of uronic acids, which

consists of L-arabinose, D-galactose, D-xylose and lesser quantities of D-glucose

and L-rhamnose. Cauleroa filiforais more closely rosembles G. rupestrls in that

this extract is devoid of uronic acids and consists mainly of D-glucose, D-

xylose and D-galactose with lesser amounts of L-rhaanose, L-arabinose and

D-mannose.

In contrast to all other green algae so far studied, n. f-n-f

contains a [2> -1,3'-linked xylan as a main polysaccharide constituent. Indeed,
even after exhaustive alkaline extraction, D-xylose residues remain in the weed.

It is considered that this polysaccharide is closely integrated into the cell

wall of the seaweed, replacing cellulose as the structural polysaccharide, a

feature which is in accord with a view expressed by Preston (109).

At the same time, G. a shows a remarkable similarity to

land plants in its capacity to synthesise an -1,4.'-linked glucan of the starch-

type. As further evidence for such a polymer has been obtained from studies

on A. centralis (70), G. runestris (130) and U« lactuca (67), it appears to be

a common constituent and it is very probably the food-reserve material of the

green algae,

111 C- ft1^,formes, all evidence points to the galactose units being

sulpha ted and in this respect there is a similarity to carrageanin of the red

algae (15) but a contrast to the extract from C. rupeatris which is believed to

be sulphated on rbamaose and arabinose units also.

However, until a method is developed of de-sulphating polysaccharides

without the destruction of the polymer, investigations into the constitution of

such polysaccharides must remain a difficult problem.
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227. The Constitution of Xylan from the Green Seaweed Caulerpa
filiformis.

By I. M. Mackie and Elizabeth Percival
After alcoholic and aqueous extraction of Caulerpa filiformis, dilute

alkaline extraction of the residual weed affords a xylan. Methylation and
other studies provide evidence for a structure comprising chains of (3-D-xylo-
pyranose residues linked between C(1) and C(3).

Comparatively little is known about the polysaccharides of the green seaweeds. Water-
soluble materials from Cladophora rupestris 1 and from XJlva lactuca 2 consist of complex
polysaccharide material containing a wide variety of sugar residues. In spite of repeated
fractionation with various reagents, no separation of these materials was achieved.
Chloroform extraction of acetylatcd cladophoran did, however, give a small yield of a
glucose-rich fraction. Preston and his colleagues,3 examining the cell-wall material of a
number of green seaweeds by X-ray and hydrolytic methods, have also revealed the com¬
plexity of their polysaccharide constituents.

After removal of water-soluble sulphated polysaccharide material (which contains
glucose, galactose, mannose, xylose, rhamnose, and uronic acid residues) from the green
seaweed, Caulerpa filiformis, mild treatment of the insoluble residue with chlorite 4 was
followed by extraction with dilute sodium hydroxide solution at room temperature. Acidi¬
fication of the alkaline extract afforded a crude xylan (ca. 5-0% of the dried weight of weed)
(Ash, 2-0; S042", 3-6%) comprising xylose (90%) and glucose (10%). Precipitation with
various copper salts1'5'6 or with Cetavlon 7 failed to reduce the glucose content, but
extraction with water and dialysis afforded xylan (B) (4-5%) containing ca. 4% of glucose
(ash, 0-5%; S042~, nil). A pure xylan (C) (3-3% dried weight of weed) devoid of glucose
and sulphate residues was isolated after exhaustive extraction of material (B) with water.
In view of the limited quantity of weed available, and the loss of xylan during complete
purification, large-scale investigations were carried out on polysaccharide (B). The
extraction of the weed and its treatment with chlorite were carried out under mild condi¬
tions in order to minimise the possible degradation of the xylan. During the purification
no obvious signs of degradation were apparent; in particular the specific viscosities and
periodate consumption of xylan (B) and xylan (C) were similar.

Xylan (B) afforded 92% of crystalline D-xylose on hydrolysis. By two series of five
methylations, each with methyl sulphate and sodium hydroxide in an atmosphere of
nitrogen,5 a methylated xylan was prepared containing 31-5% of methoxyl. Four treat¬
ments with Purdie's reagents gave a product containing 37-2% of methoxyl. Fraction¬
ation using chloroform-light petroleum separated a negligible quantity of lower methylated
material (OMe, 22%). The major fractions (OMe, 37—37-4%) were recombined and
methylated with sodium and methyl iodide in liquid ammonia.8 The isolated material
had [a]D18 —60° and contained 37-8% of methoxyl (Calc. for C7H1404: OMe, 38-7%).
Repeated methylation and dialysis had not apparently degraded the xylan seriously, since
a xylan acetate prepared by mild acetylation had a specific viscosity of the same order as
had the methylated xylan measured under identical conditions.

The methylated xylan was hydrolysed with methanolic hydrogen chloride giving the
glycosides, and from them the methylated sugars were obtained by hydrolysis with dilute
hydrochloric acid. Separation on a cellulose column gave the following molar percentage
separation of methylated xyloses: 2 : 3 : 4-tri-O-methylxylose (2-9), 2 : 4-di-O-methyl-
xylose (95-2) and a mixture of 2- and 4-monomethylxylose (1-9). Both the tri- and the
di-O-methyl sugars were crystalline. The amount of trimethylxylose corresponds to one
non-reducing end group for every 34 xylose residues, but this figure can only be regarded
as very approximate as the weight of each fraction was recorded after extensive puri¬
fication. The value of one non-reducing end group for every 47 anhydro-xylose units
(average of two experiments), determined on the methylated hydrolysate by hypoiodite



oxidation after separation on a paper chromatogram,5 is probably a more accurate figure.
The presence of monomethylxylose (ca. T9%) is easily accounted for on the grounds of
under-methylation, and of demethylation during hydrolysis. Taken as a whole the mcthyl-
ation results show that the xylan is made up of linear chains of 1 : 3-linked p-d-xylopyranose
residues, and that the majority, at least, of the chains arc unbranched; the ^-configuration
being inferred from the negative rotation.

Periodate-oxidation studies were undertaken to obtain further evidence on the con¬

stitution of this polymer. A linear I : 3-linked xylan, with a reducing group at one end
of the molecule, would be attacked by periodate only at the ends of the chains with the
reduction of 3 mols. of periodatc and the formation of 1 mol. of formic acid and a stable
formyl ester, but no formaldehyde.!) On this assumption the consumption of one mol. of

ohc h ho^^cho
+ h-co2h

periodate for about 14 xylose units gives an average chain length of 42, and the yield of
formic acid gives a similar figure, since about 1 mol. of formic acid is liberated from 43
xylose units. The small yield of formaldehyde may be due to a small amount of hydrolysis
of the formyl ester during the oxidation. On the other hand it is very probable that during
the extraction of the xylan with alkali some modification of the reducing group takes place.
In the absence of definite knowledge regarding the nature of this group the interpretation
of the periodate oxidation results can only be regarded as tentative. The liberation of
free xylose (90%) on acid hydrolysis of the oxopolysaccharide does, however, provide
further evidence for a 1 : 3-xylosidic linkage.

The contaminating glucose in xylan (B) was separated from the methylated hydrolysate
as 2:3:4: 6-tetra-O-methylglucose (trace, paper chromatography), crystalline 2:4:6-
tri-O-mcthylglucose, and a small quantity of 4 : 6-di-O-methylglucose. Taken in con¬
junction with the small change in rotation of the xylan, on removal of this glucan, all the
evidence points to this polymer's being of the laminarin type with 1 : 3-(3-linked gluco-
pyranosc units. The periodate consumption of such a molecule would be of the same order
as that of the xylan, since again only the end residues are liable to attack by this reagent.
Evidence for this is the very similar uptake of periodate by xylan (B) (containing 4% of
glucose) and by xylan (C) which is glucose-free.

Bearing in mind all the results it seems justifiable to assign to the xylan from Caulerpa
filiformis a structure containing linear chains of d-xylopyranose units joined by 1 : 3-fi-
linkages.

Although xylose is a constituent of the polysaccharides of many green seaweeds 3 this
is the first time a pure xylan has been isolated from this source. 1 : 4-(3-Linked xylans
constitute the major polysaccharide of the hemicelluloses of land plants and a xylan con¬
taining 80% of 1 : 4-linked and 20% of 1 : 3-linked (3-d-xylopyranose units has been
separated from the red seaweed, Rhodymenia palmata,n The present xylan is unique in
consisting solely of 1 : 3-linked residues.

Experimental

Paper partition chromatography was carried out on Whatman No. 1 filter paper. Paper
ionophoresis was in borate buffer (pH 10) at 750 v for 5 hr. Evaporations were carried out at
40°/15 mm.

The green seaweed, Caulerpa filiformis, collected from rock pools near Cape Town in
February, 1957, was kindly made available to us by Dr. A. M. Stephen and Mr. R. H. Simons.
The weed was dried at (50° and ground to a pale green powder. Extraction of this dried powder
(15 g.) with 80% aqueous alcohol under reflux removed most of the colouring matter. Chromato¬
graphic examination of the alcoholic extract, after deproteinisation12 and deionisation,13



indicated the presence of sucrose and glucose. The residual weed was extracted with dilute
hydrochloric acid (pH 3—4) at 70° for 6 hr. (twice) and the combined extracts, after dialysis
and freeze-drying, gave an off-white powder (Found: N, 2-5%). Subsequent extracts were
therefore treated with trichloroacetic acid before dialysis. After several days the precipitated
protein was removed on the centrifuge and the supernatant liquid dialysed against running
water for several days. Concentration of the dialysed solution followed by freeze-drying gave
an off-white powder (1-5 g.), [a]D +120° (c 3-0 in water) [Ash (direct), 13-5; (as sulphate), 15-4;
S042~ in ash, 3-8% of dry weight of polysaccharide; total S042~, 7-5; uronic anhydride, ca.
8; N, 1-5%].

Chromatography of the hydrolysate (N-sulphuric acid at 100° for 4 hr.) by the method of
Flood, Hirst, and Jones 14 (a) and of Pridham 15 (b) showed that the polysaccharide material
contained the following approximate molar proportions of the sugars: galactose (a) 4, (b) 4;
glucose (a) 14, (b) 15; mannose (a) 2, (b) 2; xylose (a) 2, (b) 1; and rhamnose (a) 0-5, (b) 0-2.
The presence of anhydro- and/or ketose sugar residues in the hydrolysate and in the polysac¬
charide was indicated by the red colour given by a Seliwanoff test,16 and the yellow-brown spots
produced on filter paper with the anthrone reagent.17 Extraction with cold and hot water and
with 0-5% sodium carbonate solution of the alcohol-extracted weed gave similar polysaccharide
material (visual chromatographic examination of the hydrolysate).

Extraction of a Xylan.—The residual weed (from 50 g. of original dried weed), after extraction
with alcohol and dilute acid, was heated to 70° in water (250 c.c.) containing glacial acetic acid
(1 c.c.) and sodium chlorite 4 (4 x 3 g.) was added at hourly intervals during 4 hr. The weed
was then separated at the centrifuge, washed with water and extracted with N-sodium hydroxide
(125 c.c.) at room temperature with stirring during 3 days. The alkaline solution, freed from
weed, was acidified with glacial acetic acid to pH 5. A gel-like precipitate was deposited which
was washed with water to remove acid, followed by alcohol of increasing concentration and
finally with ether. The white, powdery solid (2-5 g.), after drying over phosphoric oxide in a
vacuum-desiccator, had [<*% —28° (c 0-8 in 0-lN-NaOH) (Ash, 2-0; S042", 3-6%). Hydrolysis
and quantitative chromatography 14 showed that the polysaccharide contained xylose (90%)
and glucose (10%).

Purification of the Xylan.—The xylan was precipitated from alkaline solution as the copper
complex with Fehling's solution,5 with copper acetate,6 and with Benedict's solution.1 Pre¬
cipitation was also brought about with 10% aqueous cetyltrimethylammonium bromide.7
Hydrolysates from each of the regenerated xylans contained ca. 10% of glucose. Suspension
of the crude polysaccharide (5 g.) in water (500 c.c.) with agitation for 24 hr. gave on filtration
and drying a white powder (A) (4-75 g.), [a]D —31° (c 0-5 in 0-5N-NaOH) (Found: S042-, 2-4%).
After dialysis against running water for 4 days the polysaccharide (4-5 g.) was isolated by freeze-
drying of the aqueous suspension. This material (B) was devoid of sulphate and contained
xylose 95%,15 97%,14 and glucose 5%,15 3% 14 (ash, 0-5%). Crystalline xylose, m. p. and mixed
m. p. 143—144°, [a]D +41-9° (c 0-9), was separated from the hydrolysate in 92% yield. This
was further characterised as the dibenzylidene dimethyl acetal derivative, m. p. mixed m. p.
210°. Repeated extraction of polysaccharide (B) (1-5 g.) with water finally led to the isolation
of xylan (C) (1-1 g.), [a]D —35°, containing only xylose residues.

Periodate Oxidation of Xylan.—(i) Uptake of periodate. Dry xylan (B) (361 mg.), (C) (312-4
mg.) was oxidised with 3% sodium metaperiodate (50 ml.) in the dark and the reduction of
periodate was measured.18 The moles of periodate consumed per C5H804 unit were determined:
(B) 0-015 (3 hr.), 0-026 (5 hr.), 0-055 (22 hr.), 0-064 (42 hr.), 0-070 (66 hr.), 0-070 (114 hr. const.).
(C) 0-021 (5 hr.), 0-040 (11 hr.), 0-045 (24 hr.), 0-072 (48 hr.), 0-074 (70 hr.), 0-074 (96 hr. const.).
The completely oxidised solution (170 hr.), after destruction of excess of periodate with ethylene
glycol, was dialysed against distilled water until free from inorganic ions (3 days) and concen¬
trated at 35°/15 mm. to 10—15 c.c. The oxopolysaccharide from (B) (337-8 mg., 98%), isolated
from this solution by freeze-drying, was hydrolysed with N-sulphuric acid. The resulting syrup
contained xylose 14 (304 mg.) and a trace of glucose.

(ii) Determination offormic acid released. Dry xylan (B) (498 mg.) was weighed into a dark
stoppered bottle and treated with sodium metaperiodate (50 c.c.; 0-187 1m) with continuous
agitation. Samples (5 c.c.) were removed at intervals, treated with ethylene glycol (1 c.c.),
and titrated with 0-0lN-sodium hydroxide from a micro-burette (Methyl Red). The following
results (moles x 10~2) of H-COaH per C6H804 unit were obtained: 1-5 hr., 0-37; 3 hr., 0-37;
22 hr., 0-75; 46 hr., 1-1; 94 hr., 1-6; 166 hr., 2-1; 262 hr., 2-3; 298 hr., 2-35; 324 hr., 2-4.



(iiij" Formaldehyde release. Dry xylan (B) (189-6 mg.) was oxidised with sodium meta-
periodate (50 c.c.; 0-025m) and the pg. of formaldehyde released measured at intervals: 19
1 hr., 1-8; 5 hr., 2-6; 23 hr., 5-9; 48 hr., 9-7; 72 hr., 10-6.

Reducing Power of the Xylan.—Hypoiodite oxidation. The polysaccharide (B) (100 mg.) in
water was treated with 2N-sodium hydroxide (10 ex.), followed by 0-ln-iodine (10 c.c.), and the
reducing power measured as for the esparto grass xylan.5 This gave a value of one reducing
group per 60 xylose residues.

Methylation ofXylan.—The polysaccharide (B) (8-0 g.) was methylated by sodium hydroxide
and methyl sulphate.5 After two series of five methylations the product was a white powder
(8-7 g.; OMe, 31-5%). This partly methylated material was subjected to four further methyl¬
ations with methyl iodide and silver oxide. The dried (over P205 to constant weight) white
powder (Found: OMe, 37-2; Calc. for C7H1204: OMe, 38-75%) had [a]D —61° (c 1-0 in CHC13).

Fractionation of the Methylated Xylan.—The methylated xylan (4-2 g.) was fractionated by
various mixtures of chloroform and purified light petroleum (b. p. 65—66°). The material
started dissolving in 20 : 80 chloroform-light petroleum and was completely soluble in a 35 : 65
mixture. The results are given below:

Solvent chloroform- Yield
Fraction light petroleum (mg-) OMe [<x]d

1 0 : 100 0
2 20:80 15 22 1 -26°
3 25:75 43 37-0 -61
4 30:70 727 37-4 -62
5 35:65 2560 37-1 -62

Fractions 3—5 were recombined.

Methylation in Liquid Ammonia.—The above combined fractions 3—5 (3-3 g.) were
thoroughly dried and introduced into a flask, fitted with a stirrer, which could be sealed against
the atmosphere.9 Ammonia (200 c.c.) was condensed in the flask, and metallic sodium (240 mg.)
was added with stirring. After 15 min. methyl iodide (1-0 c.c.) was added. Four further
additions of sodium and of methyl iodide were made alternately at 15 min. intervals. The
ammonia was allowed to evaporate at room temperature (2 hr.) and then at 50° (1 hr.). Sodium
iodide and sodium amide were dissolved by the dropwise addition of water (50 c.c.), and the
methylated polysaccharide extracted with chloroform (3 x 100 c.c.). ft was precipitated
from the dried concentrated chloroform solution as a white powder (2-97 g.) by the addition of
ether, and had [a]D18 —60° (c 1-0 in CHC13) and OMe, 37-8%.

Hydrolysis ofMethylated Xylan and Separation ofMethylated Xyloses.—(a) By paper chromato¬
graphy. The polysaccharide (60 mg.) was treated with 3% methanolic hydrogen chloride (10
c.c.) under reflux for 18 hr., and then hydrolysed with n-hydrochloric acid (10 c.c.) for 18 hr.
at 100°. After neutralisation with silver carbonate the filtrate was de-ionised with Amberlite

IR120(H) and IR45(OH) resins. The clear solution was concentrated to a syrup which crystal¬
lised completely overnight. Chromatography with butanol-ethanol-water (4 : 1:5), and
development with aniline oxalate, showed three main spots having Rq 0-94, 0-66, and 0-40,
identical with 2:3: 4-tri-O-methylxylose, 2 : 4-di-O-methylxylose, and a mono-O-methyl-
xylose respectively. A fourth faint buff-coloured spot, 0-76, was also detected. This is
shown later to be due to a trimethyl-glucose.

The methylated pentoses were estimated by alkaline hypoiodite after separation on the paper
chromatogram: 5

Sugar Wt. (mg.) Molar composition (%)
2 : 3 : 4-Tri-O-methylxylose 0-43; 0-42 2-2; 2-1
2 : 4-Di-O-methylxylose 17-78; 17-66 96-5; 96-6
Mono-O-methylxylose 0-23; 0-21 1-3; 1-2

(b) By the cellulose column. Methylated xylan (2-87 g.) was boiled gently under reflux
with 3% methanolic hydrogen chloride (300 c.c.), and the rotation observed: [a]D —62° (initial)
—>- +65" (6 hr., constant). After neutralisation with silver carbonate the filtrate was con¬
centrated to a syrup at 35°/15 mm. This was hydrolysed with n-hydrochloric acid (300 c.c.)
at 95° and then had aD +26° (18 hr. constant). Neutralisation of the cooled solution with
silver carbonate, followed by deionisation of the filtrate with hydrogen sulphide and Amberlite
resins IR120 and IR45 and concentration, gave crystals (2-085 g.). The crystals, dissolved in



water, were mixed with cellulose powder and the whole was freeze-dried. The freeze-dried
material was packed on top of a cellulose column (3-6 x 70 cm.) which was eluted with light
petroleum (b. p. 100—120°)-butan-l-ol (7 : 3) saturated with water. After 9-5 1. had been
collected the solvent was changed to butan-l-ol (100 c.c.) and to butan-l-ol half saturated with
water in order to elute the monomethylxylose more quickly. After another 1-5 1. had been
eluted the column was washed with water. Six fractions were collected. The fractions were

weighed after filtration through " Filter Cel," concentration to dryness, dissolution in methanol,
filtration, and concentration. The total recovery was 1-813 g. (87%). Ra values were measured
in butanol-ethanol-water (4 : 1:5), and the chromatograms sprayed with aniline oxalate.

Fraction 1 (340—410 c.c.). <5 mg., Ra 1-0 gave a yellow-brown spot identical with
2:3:4: 6-tetra-O-methylglucose run as a control.

Fraction 2 (600—820 c.c.), Crystalline 2:3: 4-tri-O-methylxylose (57-4 mg.) gave a mauve
spot, Rq 0-94, identical with 2:3: 4-tri-O-methylxylose. M. p. and mixed m. p. (after recrystal-
lisation from light petroleum) 85—87°, [a]D +19-8° (c 1-1 in H20) (Found: OMe, 48-2. Calc.
for C8H1605: OMe, 48-4%).

Fraction 3 (2-1—2-29 1.). Crystalline 2:4: 6-tri-O-methylglucose (15-6 mg. (gave a red
brown spot, R(r 0-76, identical with an authentic specimen. M. p. and mixed m. p. 126°, [a]D15
+ 108° —>- +70° (c 1-5 in MeOH).

Fraction 3(a) (2-29—2-35 1.) (268 mg.). Chromatography showed this to be a mixture of
2:4: 6-tri-O-methylglucose and 2 : 4-di-O-methylxylose.

Fraction 4 (2-35—4-35 1.). Crystalline 2 : 4-di-O-methylxylose (1-433 g.) gave a pink spot,
Ra 0-66, identical with an authentic specimen. M. p. and mixed m. p. 116°, [a]D15 —26° —>■
+ 28° (c 1-0in H20; 24hr. constant) (Found: C, 47-44; H,7-77; OMe, 34-3. Calc. for C7H1405:
C, 47-20; II, 7-86; OMe, 34-8%). It gave an X-ray powder photograph identical with that
given by authentic material and different from the photograph of 2 : 3-di-O-methylxylose.

Fraction 5 (8-3—9-2 1.). Syrupy 4 : 6-di-O-methyIglucose (8-0 mg., contaminated with
wax) gave a brown spot, Rr, 0-46, when sprayed with />-anisidine hydrochloride, as did authentic
material, whereas 2 : 4-di-O-methylglucose gave a yellow spot (paper chromatography). Its
identity was confirmed by ionophoresis.20 The Ma values of the different dimethylglucoses
are: 2 : 4-di-O-methyl, 0-09; 2 : 6-di-O-methyl, 0-05; 3 : 4-di-O-methyl, 0-35; 4 : 6-di-O-methyl,
0-2; 3 : 6-di-O-methyl, 0-65; 2 : 3-di-0-methyl, 0-10.

Fraction 6 (10-72—11-0 1.). Syrupy monomethylxylose (31-5 mg.) had [a]D15 +19° (c 3-1
in HaO) and gave a pink spot, Re, 0-40, with aniline oxalate (Found: OMe, 17-4. Calc. for
C6H1205: OMe, 18-9%). Paper chromatography in butan-l-ol-pyridine-water (10:3:3)
gave two spots, -ffRhamnoso 1'19 and 1-10, corresponding to authentic 2- and 4-O-methylxylose
respectively. Spraying with ^-anisidine hydrochloride gave a mauve spot with the 2-O-methyl
sugar and a reddish-brown spot for the 4-O-methyl sugar. Ionophoresis gave two distinct spots,
Mq 0-40 for 2-O-methylxylose and 0-25 for the 4-O-methylxylose.

The water-washings were devoid of carbohydrate material.
Acetylation of Xylan (B).—Xylan (2-4 g.) was acetylated as for esparto grass xylan 5 except

that the pyridine solution was cooled to 0° before addition of acetic anhydride and the product,
after thorough washing with water, was isolated by freeze-drying of its suspension in water.
A second acetylation gave a white powder (2-75 g.) which was insoluble in methanol, ethanol,
acetone, or chloroform, and had [a]D —51° (c 0-4 in m-cresol) (Found: Ac, 39-5. Calc. for

Viscosity Determinations of Xylan and its Derivatives.—The viscosities of xylan in 0-5n-
sodium hydroxide and its derivatives in m-cresol were measured in Ostwald viscometers Nos. 1
and 2 respectively at 20°. The results are tabulated.

C9H1206: Ac, 39-8%).

Average time of flow (sec.)

Xylan (B)
Xylan (C)
Acetylated xylan
Methylated xylan

0-0435
0-0381
0-0191
0-0316

c Solution
287-8
283-3
319-4
345-4

Solvent
237-3
237-3
238-0
238-0

Vsplc *
4-89
5-01

17-96
14-29

* c represents concentration of C5HE04 units.
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