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ALGAL POLYSACCHARIDES 

Algae differ from organisms such as bacteria, fungi and 

protozoa in having a chemical economy based upon photosynthesis, 

in which the accumulation rather than the breakdown of organic 

matter predominates. In bulk of material involved this algal 

type of metabolism perhaps exceeds any other. The total yield 

of carbohydrate synthesised in the oceans, in which algae are the 

only photosynthetic organisms, has been estimated to be from 

1.6 to 15.5 x lO10 tons of carbon fixed per year and is evidently 

at least as much as that from land plants. All animals in the 

sea must derive their food from this plant synthesis, these algae 

thus support the fisheries upon which man relies for food. In 

soil and in freshwaters algal metabolism is generally on a lesser 

scale, but is nevertheless of considerable importance. Algae 

contribute to the fertility of soil by nitrogen fixation and as 

a source of trace elements. 

The metabolic processes which characterise the algae may be 

similar to land plants in the initial act of photosynthesis and 

in many cases similar enzyme systems may be present, however 

from a study of the structure of the main components there are 

also metabolic activities peculiar to the algae. 

Carbohydrate extracts of algae have many present day uses 

in the drugs, cosmetics, pharmaceuticals, textile, food and 

fishing industries. Seaweeds have been used as a source of 

food since ancient times and nowadays are valuable as a source 
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of minerals, trace elements and vitamins for animal feeding 

stuffs. The possibility of the growth of unicellular algae in 

culture as a source of human food on prolonged space flights in 

the solar system is being investigated. 

The algae may be classified on morphological grounds. 

The photosynthetic pigments often afford the simplest and most 

certain means of recognising representatives of different classes. 

Phaeophyceae 

The majority of the members are bulky parenchymatous forms, 

the brown seaweeds, e.g. Laminaria, Ascophyllum, r`ucus and 

Pelvetia. Some simpler filamentous forms also occur. Phaeo- 

phyceae have brown chromatophores, which contain, apart from the 

usual pigments, fucoxanthin. The products of photosynthesis 

are laminarin and mannitol. Cell wall constituents are algin, 

fucoidin and cellulose. 

Algin (1) is a large polyuronide molecule, comprising 
f 

1,4- linked D- mannuronic and L-guluronic acid residues. The 

arrangement of the acid residues within the molecule has yet to 

be established. 

C0014 

I,4- LINKED D- MANNURONIC ACID 

UNITS. 
IA_ LINKED L- GULURON IC ACID 

UNITS. 
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r`ucoidin (1) is a heavily sulphated polysaccharide 

consisting of 1,2- linked fucose residues carrying a sulphate 

group on C. Some branching of the molecule is probable. 

Recently Cate (2) has isolated 4- 0 -cc -L- fucopyranosyl -L- fucose 

from a partial hydrolysate of fucoidin, suggesting, in addition, 

the presence of 1,4- linked fucose residues- 

0 0 

O O 3 O 

-SOO ,SOO -SOO 

OH OH OH FUCOIDIN 

Laminarin is the food reserve polysaccharide of the brown 

seaweeds. It is a ?-1,3- linked glucan containing approximately 

2% of mannitol Bine details of its structure will be discussed 

in greater detail in the introduction to Part I of this thesis. 

Rhodophyeeae 

±his ' class distinguished by red and blue chromatophores 

containing apart from the usual pigments the red, phycoerythrin 

and the blue, phycocyanin. All but a few species are marine 

algae comprising the red seaweeds, e.g. Porphyral Gelidium, 

Chondrus, Rhodymenia, and Gigartina genera i'o flagellate 

members are known, the simplest forms are filamentous- However, 
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the majority attain considerable complexity of structure. The 

products of assimilation are Floridean starch and f loridosides. 

Cell wall components are polygalactose sulphate esters and 

cellulose. 

In the red alga, C hondrus crispus, the structural material 

is a heavily sulphated polysaccharide, carrageenin; similar 

polysaccharides have been isolated from the closely related 

seaweeds, Gigartina stellata and C hondrus ocellatus. 

Carrageenin (3,4) is now believed to be a complex mixture of at 

least five different polysaccharides. The two main components 

are jC -carrageenin and ¡\ -carrageenin. These differ in that 

theme -component is composed of sulphated D- ate- galactose 
and 3:6 anhydro D-- galactose residues in the approximate ratio 

of 1.2:1 while i\ -carrageenin is composed almost entirely of 
ca.ti3 L- 

sulphated D1-galactose. 

Recently evidence of a third component in carrageenin has 

been presented (5). From commercial carrageenin, a poly- 

saccharide differing from -carrageenin in containing galactose 

6- sulphate units in place of some of the 3:6- anhydrogalactose 

units has been isolated. It is believed to be the biological 

precursor of K -carrageenin, the transformation of galactose 
6- sulphate units to 3:6 anhydrogalactose units taking place 

enzymically. 

Agar -agar is a gel -forming polysaccharide, obtained from a 

variety of seaweeds, especially the Gelidium and Gracillaria 

genera of the red algae. It is much used in bacteriological 
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laboratories as a base for the culture of micro -organisms. It 

is considered to be a mixture of at least two polysaccharides, 

agaropectin and agarose (6). 

Agaropectin contains chains of 1,3- linked D- galactose and 

1,4- linked 3 :6 anhydro L- galactose residues, with perhaps uronic 

acid and sulphate groups and 1% of pyruvic acid, but little is 

yet known of its detailed structure. lore is known of the 

structure of agarose. From it two disaccharides, agarobiose 

-(D- galactosyl) -3 ;6 anhydro L- galactose) and neo- 

agarobiose (3- 0- n.(3:6 anhydro L- galactopyranosyl) -D- galactose , 

have been isolated. Agarose is considered as being composed of 
04, 

a linear arrangement of agarobiose residues joined by y--113- 

linkages. 

AGAROBIOSE 

NEOAGAROBIOSE 

Floridean starch and a sulphated galactan are found in 

Dilsea edulis (7,8). The latter polysaccharide consists of a 

main chain of 1,3- linked D- galactose together with small amounts 

of 3 :6- anhydro -D- galactose units, to which are attached chains 

composed of D- glucuronic acid as terminal residues, 1,3- linked 
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D- xylose units and 1,4-- linked sulphated D- galactose residues. 

The reserve polysaccharide of the red algae is Floridean 

starch. It is believed to be an d,-114-linked glucopyranose 

polymer, which possibly contains a small percentage of o - 1,6- 
branch points and 1,3- linked glucose residues (9). Recent 

physical measurements by Greenwood and Thomson (59) have shown 

Floridean starch to have a structure of the amylopectin type. 

Mannose is of rare occurrence in red seaweeds, a mannan, 

however, occurs in Forphyra umbilicalis, one of the red algae. 

Structural studies have shown this to be composed of p -1,4- 

linked mannose residues (10). 

Xylose plays an important part in the metabolism of 

Rhodymenia palmata. A xylan containing 1,4- and 1,3- linked 

xylose residues in the ratio of 4:1 has been isolated from this 

weed. Oligosaccharides containing both these linkages have 

been separated, thus it seems likely that 1,4 and 1,3 links do 

occur in the same molecule. The exact arrangement of these 

linkages within the molecule has yet to be established (11,12). 

Chlorophyceae 

This is a large group sub -divided into several orders. 

Members of the green algae are Chlamydomonas, Chlorella, (Java, 

Cladophora, Codium, Dunaliella, etc. The class is more widely 

distributed in fresh than in salt water. The pigmentation of 

the chromatophores is essentially identical with that found in 

higher plants, the two chlorophylls being accompanied by only 



relatively small amounts of the yellow pigments. Flagellate, 

coccoid,and filamentous forms are found. Pyrenoids are usually 

present in the chloroplasts. Starch has been shown, by staining 

techniques, to be frequently aggregated round the pyrenoids and 

is believed to be the reserve food of this class. In the 

diversity of type of plant body, pigmentation of the cbrom.ato- 

phores and the course of photosynthesis, the Chlorophyceae stand 

nearer to the main lines of evolution of the higher plants than 

any of the other algal classes. 

In the green algae a variety of sugar residues are found, 

and, since fractionation is difficult, it is not possible to say 

whether the polysaccharides isolated are in fact single entities (13). 

J?rom Cladophora rupestris (14) a sulphated polysaccharide 

containing arabinose, galactose and xylose with small amounts of 

rhamnose and glucose has been isolated. Structural investigation 

established the presence of some 1,3- linked arabinose, galactose 

and rhamnose and some 1,4- linked xylose residues. Isolation of 

oligosaccharides containing arabinose, xylose, and galactose 

suggests that these units are joined in the polysaccharide. 

Sulphated polysaccharides from Ulva lactuca (15) and Acrosiphonia 

centralis (16) consisting of L- rhamnose, D- xylose, D- glucose and 

D-glucuronic acid residues, together with D- galactose and D- mannose 

in the latter weed, have been obtained. In the above three algae 

a glucose polymer resembling starch has been found and also in the 

unicellular salt water alga, Dunaliella bioculata (17). 

Recently a xylan has been found in Caulerpa filiformis (18) 



8. 

of the green algae, consisting entirely of 3 -1,3-linked xylose 

residues. No evidence for the presence of 1,4- linkages or 

branch points has been obtained. A manan isolated from Codium 

fragile (19) is believed to be similar to that of rorphyra 

umbilical is. 

The polysaccharides of Chlorella (20), a unicellular member 

of the green algae, have recently been investigated. Two hemi- 

celluloses, designated A and B, and a starch have been isolated 

by alkaline extraction, in the ratio of 9 :2 :1. J urifi cation of 

the polysaccharides was brought about by treatment with salivary 

r -amylase, separation on a glass powder electrophoresis column 

and fractionation with cetyltrimethylammonium bromide. 

Hemicellulose A was shown by physical measurements to have 

a molecular weight of 32,000. Evidence of the homogeneity of 

the molecular size of the material was obtained by labelling the 

reducing end with radioactive sodium cyanide (C14) and calculating 

the number average molecular weight, which was found to be 35,000. 

The sugars present in the molecule are galactose, rhamnose, 

arabinose and xylose with smaller amounts of mannose and glucose. 

Enzymic, methylation, and periodate oxidation studies showed the 

polysaccharide to be a p -linked galacto- rhamnan, with galactose 

and mannose as terminal non -reducing end units and branching 

occurring on galactose residues. A trisaccharide containing 

galactose, arabinose and rhamnose has been isolated after 

acetolysis. 

Hemicellulose B, which had a molecular weight of 18,000, 
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Coï ï ° .ucose, galactose, and rhamnose with smaller amounts 

Of m:- .':, zylose, and arabinose. the starch is closely 

asoc e. with hemicellulose B, it contains glucose only and 

'-ists of 9 N Amylopectin and 7% of amylose. It was found by 

ion to have a chain length of 9 units, and was 

by salivary (C -amylase after separation from 

áue;1_ ae ... _ p,se B. 

Some species of Algae exude soluble polysaccharides into 

the growth medium. These soluble polysaccharides and others 

extracted 7.4th water and dilute alkali of eighteen Ohlamydomonas 

been investigated by Lewin (21) . The constituent 

f te extracted polysaccharides were identified by 

en 3,matography. 

all species but one, galactose and Arabinose are the 

main components of the polysaccharides; in the exception 

glucose and xylose predominate. Associated sugar moieties 

include fucose, rhamno s e , manno s e and uronic acids. The 

percentage of polysaccharide by weight in the organisms varies 

from 4 to 50%. 
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General Methods of Investigation (58) 

The classical methods of structural investigation of algal 

polysaccharides are methylation, periodate oxidation, and partial 

hydrolysis. While there are other methods of investigation 

suited to particular polysaccharides the present studies are 

mainly concerned with: 

1. hydrolytic studies; 

2. Periodate oxidation; 

3. Methylation. 

1. Hydrolysis 

In order to identify the monosaccharide residues of a 

polysaccharide it is necessary first to cleave the glycosidic 

linkages and re -form the parent sugars before their presence in 

the polysaccharide can be established. Dilute sulphuric or 

hydrochloric acids are the usual reagents employed. For neutral 

polysaccharides normal acid is sufficient to bring about 

hydrolysis within a number of hours. The course of hydrolysis 

may be followed by the change in optical rotation of the solution. 

The components of the mixture may be tentatively identified 

by paper chromato vaphy (22) . Following separation on thick 

paper (23) the sugars present may be estimated quantitatively. 

They can be located by cutting off and spraying narrow side 

strips. After elution from the paper each sugar is estimated 

either colorimetrically (24) or cuprimetrically (25). Another 

method involves the comparison of colour intensities produced 
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by the sugars after development of the chromatogram with a 

suitable reagent (26). The coloured spots produced and those 

of standard solutions of known concentration are eluted and 

their colour intensities compared spectrophotometrically. 

Final characterisationt of the component monosaccharidesdepends 

on the isolation and identification of crystalline derivatives. 

Under carefully controlled conditions, using very dilute 

acids, partial hydrolysis of the polysaccharides may be brought 

about. The molecule is broken up at random to give oligo- 

saccharides. The identification of these fragments gives 

information concerning units occurring contiguously in the 

molecule; no information is given however, concerning the 

position of the fragments in the macromolecule. 

2. Periodate Oxidation 

Periodate oxidation (27) gives useful information in structural 

investigation. Sodium metaperiodate under mild aqueous conditions 

will oxidise hydroxyl groups on adjacent carbon atoms. If more 

than two contiguous hydroxyl groups are present formic acid is 

produced. Primary alcohol end groups give rise to formaldehyde. 

Thus a 1,3- linked polyglucan will only be attacked by periodate 

at the reducing and non-reducing end with the liberation of one 

mole of formaldehyde per molecule (Fig. I) . 

HOH CHOH 
2 

O /1_2 O 

F I G.Y. HCOIÎH 
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Each internal residue in a 1,4- linked polymer will reduce 

1 mole of periodate, the terminal reducing and non -reducing 

residues will reduce 3 and 2 moles respectively (Fig. II). 

FIG 11. 

Dextran (1,6-linked glucopyranose polymer) reduces 2 moles 

of periodate with the production of 1 mole of formic acid per 

anhydrocglucose unit. ivo formaldehyde is produced (Fig. III). 

FIG;III. 

o 

-N 

H OH 

YOd 

CHOR CH 

O 

ÑO CO 
i OH 00H OH C 

It is possible for a 1,3-linked glucan to be t' overoxidised" 

by periodate by a stepwise procedure from the reducing end, due 

to the formation of a malondialdehyde derivative which contains 

an activated hydrogen atom and is further subject to periodate 

2HCOOH 
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oxidation (28). This "overoxidation" takes place slowly at 

room temperature but much more quickly at pH 8 and 35 °C. This 

process proceeds with the liberation of 1 mole of formaldehyde 

from each sugar residue. If a unit substituted in the 6 position 

is encountered, no further oxidation occurs (Fig. IV). 

F'G.SL. 

OVER OX IDAT I ON 

HOH 
ro, H20 

HOH 

OH / H 

MALOND IALDE HYDE E 

DERIVAT IV E 

104 

CHO 

HC OOH 

HCHQ 

HC. OOµ 

Estimation of the amount of formaldehyde released indicates 

the number of glucose units degraded. 

By lowering the temperature of the reaction the reagent may 

be made more selective. At 2° the reducing end group of a poly- 

saccharide is oxidised to form a formyl ester, which is stable at 

this temperature and no formaldehyde is released from the primary 

alcohol group (Fig. V). 

F G.. 
F{QH 

2 
o 

T 04 
HOH 

H O FORMYL ESTER 
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If a C1 substituted hexitol is present in the molecule, 

however, formaldehyde is produced from the primary alcohol group 

under these conditions. i3y calcuiationdfrom the yield of 

formaldehyde, the percentage of hexitol in the molecule can be 

obtained. The percentage of mannitol in laminarin has been 

found in this way. 

{3G1J_O-C H2 
N # 

HO- C-H 

HO- C- H 

1 

H- C- OH 

H- C-O H 

r 
CH OH 

HO 

OH 

HCOOH 

o o- 
L 
3 G( 0-C H 

N CPtO 

3HC 00H 

Hr.HO 

3. Methylation 

ethylation gives valuable information concerning the modes 

of linkage of sugar residues in a molecule. In methylation the 

hydroxyl groups involved in glycosidic linkages are unattacked, 

hence on subsequent hydrolysis and identification of the products 

the positions of the free hydroxyl groups in the partially 

methylated sugars indicates the point of linkage. The number of 

free hydroxyl groups indicates whether the residue is present as 

an end group, as a member of a straight chain, or as a branch point. 

Again no indication of the relative positionsof the different sugar 

residues in a heteropolysaccharide is given. 

The usual method of methylation is iaworth's procedure (29) 

using dimethyl sulphate and sodium hydroxide. This gives a 
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partially methylated product, soluble in organic solvents, which 

can be fully methylated by rurdie's method (30), in which the 

niethylating agents are methyl iodide and silver oxide. 

In polysaccharides where groups are unstable to alkali or 

where resistance to Haworth's methylation occurs, thallium 

hydroxide and methyl iodide (Iienzies Method) (31,32) or sodium 

and methyl iodide in liquid ammonia (33) have proved useful. 

This latter method has been adapted to the micro -scale (34), 

potassium, replacing sodium, is added to the polysaccharide in 

measured quantities. The ammonia is removed by distillation 

and methyl iodide introduced in the same way. The polysaccnaride 

is never exposed to harsh alkaline conditions as in the Haworth. 

and Menzies procedures. The liquid ammonia is treated with 

sodium before use to remove traces of iron which would catalyse 

the formation of potassamide, which is known to cause some 

depolymerisation of the polysaccharide (35). Excess potassium 

is also kept to a minimum. 

The fully methylated polysaccharide may be hydrolysed, by 

boiling with a methanolic solution of hydrogen chloride (3e), to 

the methyl glycosides which may be identified by as phase chroma- 

tography (37). Hydrolysis to the free sugars is then completed 

by treatment with hot dilute mineral acid. Direct hydrolysis 

may be effected by hot 90% formic acid (34) , followed by dilution 

with water and further heating to hydrolyse f ormyl esters. 

Direct hydrolysis with hot inorganic acids is less successful as 

tibe methylated polysaccharides are insoluble in water. 
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The methylated sugars may be separated on cellulose (38) 

or on paper by chromatography. 

This thesis describes in Part I an investigation into the 

structure of crystalline leucosin isolated from a mixture of 

diatoms of the Bacillariophyceae, and in Part II, the poly- 

saccharides synthesised by Monodus subterraneus, a non -motile, 

unicellular member of the Xanthophyceae. 



PART 1. 

AN IïNESTIGèTION OF THE STRUCTURE OF IF,UCOSIN 

(C HRYS OLAHI i tARI id) 
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IINTRODUCTION TO PARA I 

Laminarin 

In some of the brown seaweeds especially Laminaria spp. the 

reserve polysaccharide is a 3 -glucan termed laminarin. Two 

forms of this polysaccharide have been described differing in 

their solubility. Laminarin from L. digitata remains in aqueous 

solution on cooling, whereas that from L. cloustoni aggregates 

and precipitates out on standing. Although there are slight 

chemical differences between the two forms, the reason for this 

difference in solubility is not fully understood. Smith (39) 

considers laminarin to be an unstable colloid, an increase in 

colloid particle size occurring, by aggregation, until precipi- 

tation takes place. Thus the difference between the "soluble" 

and "insoluble {' forms lies in the size of the colloid particles. 

Early methylation studies (40) showed that the principal 

linkage in laminarin is of the 1,3 -type between 3 -D- gluco- 

pyranose units. The yield of tetramethylglucopyranose indicated 

a chain length of about 20 glucose units, this was supported by 

periodate oxidation results (41). Acidic and enzymic hydrolysis 

of laminarin produced a disaccharide, which was shown by synthesis 

to be 3 -0 -( -D- glucopyranosyl) -D- glucose (42) . 

Partial hydrolysis (43) of insoluble laminarin produced the 

laminaribiose series of oligosaccharides and in addition D- mannitol, 

gentibiose, 1 -0 -ß -glucosylmannitol, 3- 0- gentiobiosylglucose, 

6 -0- )3 -laminaribiosylglucose and 1 -0 -)3 -laminaribiosylmannitol. 
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This provided evidence for the presence of 1,6- linkages in 

-1,3 chains. It was considered that a proportion of the 

chains are terminated at the reducing end by mannitol linked 

through C1 or C6 (ii-chains), the rest of the molecules being 

terminated by reducing glucose units (G- chains). Soluble 

laminarin was believed to have a similar structure, probably 

containing a higher proportion of mannitol and 116-links. 

Evidence for the presence of 1,6 -links as branch points was 

provided by Anderson et al. (44) who found the degree of poly- 

merisation to be much larger than the chain length and deduced 

that a proportion of the chains must be branched. Following 

periodate oxidation at 2° formaldehyde is only released from 

M- chains, G- chains forming stable formyl esters under these 

conditions (see p.13 ) . The yield of formaldehyde obtained 

by these workers at this temperature indicated that 46% of the 

laminarin molecules comprised ìV- chains. 

Goldstein, Smith and Unrau (45) separated laminarin into 

two components by oxidation of the reducing molecules to the 

acid, laminarie acid. By means of an anion exchange resin, the 

laminaric acid was separated from the non -reducing fraction 

(M- chains) 1aminaritol. Periodate oxidation, followed by 

determination of formaldehyde, showed laminaritoi and laminaric 

acid to have a degree of polymerisation of 28 and 17 respectively. 

It was postulated that the mannitol acts as an aglycone residue 

for two glucose chains joined to C1 and C2 (structure I). Since 

following periodate oxidation, reduction, and hydrolysis of 
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laminarin the only products obtained were glucose and glycerol (46). 

If the mannitol were joined only through C1 or CF, as in structure II 

ethylene glycol would be obtained in addition. 

GI-[3G1 Ñ 

G I -[3G1 
N 

-01 H2 

--0-C -H 

H O-C- H 

H-G-OH 

H-G-OH 

G OH 

STRUCTURE I 

G-3G1- oc H t 
N H O-C -H 

H OC-H 

H-C O N 

H-G-O H 

CNOH 
2 

STRUCTURE II 

CHOH 

, 2 O 

' CHOH 
10 

4 
H OH2 

REDUCT ION 

-0-43G li u a2 

[3G ]-- 0--C H 

N I 

CH H 

AS 

ABOVE 

HOH 
2 

o 

C20H / 

H OH2 CI 

HYDROLYSIS 
GLUCOSE 

3 GLYCEROL 

GLUCOSE 
3G 

N 
- o-c H 

2 
AS 

I ETHYLENE 
CHOR ABOVE GLYCOL 2 

GLYCEROL 

Glycerol is also produced from the non -reducing terminal 

glucose unit and from 1,6- linked units, should they be present, 

by this series of reactions. The amount of glycerol obtained 

suggested the presence of 1,6- linkages in the chain. 

Further proof of the presence of 1,6-linkages in both the 

reducing and non- reducing components of laminarin has been obtained 

by a new method involving periodate oxidation, reduction and mild 

hydrolysis (47). When either com_oonent is treated in the above 

manner glycerol glycosides are formed. On further treaLment of 
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these glycosides as before only glycerol was released; however 

when the reaction products were completely hydrolysed ethylene 

glycol was formed. It is believed this arises from 1,6- linked 

D- glucopyranose units as indicated in the formulae below. 

G1 [a.iJ n 0 H2 
0 

O >r° H 

Gl OCH2 

OH 

H\OH 
/ 

-0 GI] [3 ñ 
O 

OH 

Periodate oxidation 
Reduction V Mild Hydrolysis 

0 -CH2 

O-C-H 

HO -C -H 

H-C-OH 

H-C=QH 

CH2OH 

Glycerol + G1 [3 GIJ 
n-1 

0-CH 2 G1 1314 n-1 
OCH2 

I . 

H-C-0H al-- 
G3]. n-1 OCH 

CH2OH CH2OH 

Periodate oxidation 
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v Mild Hydrolysis 

Glycerol + Gi 434 
n-2 

0-CH2 Gl - r3G1 OCH2 
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CH2OH Gl fGl n_2 OCH 
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`/ 

CH OH 
I 

CH2OH 
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OH H2OH 
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OH 
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CH2OH 

CHOH 
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Glycerol 
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The amount of ethylene glycol produced indicated two 

1,6- linkages in laminaritol and one in laminarose. 

1,6- Linkages involved in branch points would not be detected 

by this procedure. Although the presence of branch points in 

laminarin has been postulated (44) , confirmation of this must 

await further study. 

The presence of mannose in laminarin has been reported by 

Smith et al. (57) but other workers have been unable to detect 

this residue in laminarin, and it may be that some samples contain 

a small proportion of mannose while others are devoid of this sugar. 

Leucosin 

Leucosin is a reserve substance formed in vast amounts by 

planktonic organisms, and hence it plays an outstanding role in 

the material economy of the sea. Since the time of Klebs (48) 

it has generally been regarded as a polysaccharide. In many 

cases leucosin occurs as a prominent mass at the posterior end 

of the motile stages. PringsSheim (49) has critically reviewed 

the term leucosin and considers that it is given to very different 

substances. It has been described as a poly fructose resembling 

inulin, and a polyglucose similar to laminarin. Another little 

known cellular inclusion in algae metachromatin granules 

believed to be identical with volutin, stated to occur in diverse 

Chl.orophyceae as well as in Diatoms, EuGlenineae, and ïVïyxophyceae. 

Smith (50) has expressed the opinion that there is little 

to differentiate the volutin of diatoms from the leucosin of the 

Chrysophyceae both of which appear as glistening rounded bodies 
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in the cells. Garaudin (51) also identifies metachromatin 

granules with the leucosin of Chrysophyceae. 

Von Stosch (52) has isolated from freshwater diatoms a 

soluble and an insoluble form of leucosin (cf. the soluble and 

insoluble forms of laminarin). The insoluble form precipitating 

on standing in the form of spherical crystals from an aqueous 

alcohol extract. The soluble form was obtained from the super- 

natant by alcohol precipitation. Von Stosch (53) found the 

refractive index of the diatom cell to be proportional to its 

leucosin content and calculated the content of Schroederella 

cells of the IvIeeres plankton to be 20% of the fresh weight. 

The chemical nature of leucosin extracted from Hydrurus 

foetidus (Chrysophyceae) has been examined by Quillet (54). 

He found leucosin gives no stain with iodine and only glucose 

on hydrolysis. It bad a low negative rotation, 17C = -6 °, 

resembling laminarin. From a paper chromatogram of a partial 

hydrolysate, showing 6 evenly spaced spots, Quillet concluded 

that leucosin is constituted of at least 8 anhydro- glucose 

units. He considers it should be called chrysolaminarin in 

view of its chemical nature. 

The reserve polysaccharide of the flagellated protozoon 

Ochromonas malhamensis (55) appears to resemble leucosin. It 

has L + 10 °. Partial hydrolysis gave a series of oligo- 
n 

saccharides with RG values corresponding to the lam inari -biose 

to -pentóse series. Periodate studies indicated the poly- 

saccharide to have a degree of polymerisation of 36 -40, and it 
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is named leucosin. h polysaccharide, termed paramylon, 

isolated from the protozoa Peranema trichophorum (56) of the 

Euglenineae has been characterised as a p -glucan. Partial 

hydrolysis, which gave the laminaribiose series of oli;o- 

saccharides, and a low reduction of periodate indicated the 

linkage of the -glucan to be of the 1,3 type, as in laminarin. 

The following structural investigation was carried out on 

0.5 gm of crystalline leucosin (hereinafter called ciryso- 

laminarin) kindly supplied by Professor d. A. von Stosch. In 

view of the limited supply of material parallel experiments were 

performed, for the purposes of comparison, on insoluble laminarin 

isolated from Laminaria cloustoni. 

The leucosin was extracted from the diatoms i it zschia 

sigmoidae, Cymatophenia solea, Pinnularia sp. and Lelosira 

variens, growing as a water bloom on a small pond in the 

Botanical garden of Damstadt in early spring. 

The diatoms (Bacillariophyceae) are a class of the Chryso- 

phyta. They have yellow or golden brown chromatophores. 

Chrysolaminarin is the product of photosynthesis. A cell wall 

is always present and is composed partly of pectic substances 

and partly of silica. Diatoms are unicellular and are widely 

distributed in freshwater, marine and terrestrial habitats. 



EXPERIMENTAL SECTION 

General Procedures 

G.P. 1 

a) Princi al Chromatorra hic Solvents 

A) n- butanol - pyridine - benzene -water (5:3:1:3) 

B) ethyl methyl ketone - acetic acid - water (saturated with 

boric acid) (9 :1:1) 

C) ethyl acetate - pyridine - water (10:4:3) 

D) ethyl acetate - acetic acid - formic acid - water (18 :3:1 :4) 

E) n- butanol - ethanol - water (4 :1 :5) 

F) ethyl methyl ketone - water (+ 1% NH4OH) (10:1) 

G) n- butanol - pyridine - water (10 :3:3) 

H) n- butanol - pyridine - water (6:4:3) 

b) The following chromatographic sprays were used, where appropriate, 

to develop chromatograms, which were run, unless otherwise stated on 

Whatman No. 1 paper, with control sugars, and air dried: 

1) A saturated solution of aniline oxalate, followed by heating 

at 120° for ca 5 minutes. 

2) A saturated aqueous solution of silver nitrate (0.5 ml) diluted 

with acetone (99.5 ml) (sufficient water was added to dissolve 

the precipitate); after which the chromatograms were dried and 

sprayed with 0.5 M sodium hydroxide in ethanol. The background 

colour was removed by immersion in 0.1 M sodium thiosulphate, 

followed by washing with water. 
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3) 0.5% ;solution of sodium metaperiodate, followed, after 5 

minutes, by dipping in benzidine reagent, consisting of 10 

volumes of 0.1 M benzidine in 50% alcohol, 2 volumes of 

acetone and 1 volume of 0.2 N hydrochloric acid. 

4) Bromocresol green (0.1% solution in 95íó ethanol made alkaline 

with sodium hydroxide). 

The following abbreviations have been used to describe the 

distances travelled by sugars on paper chromatograms: 

distance travelled b sugar 
RG distance travelled by 2,3,4,6- tetra- 0- methylglucose 

RG1 
distance travelled by sugar 
distance travelled by glucose 

G.P. 2 

Electrophoresis. Separation on +Nhacman No. 1 paper was effected 

in an apparatus described by Foster (60) at 750 v and 10 mA. 

Borate buffer, pH 10.0, was used. The ionphoretograms were 

sprayed with a saturated aqueous solution of aniline oxalate, 

containing 5% acetic acid. 

G.P. 3 

Acid hydrolysis. Complete acid hydrolysis was carried out by 

heating the polysaccharide with N- sulphuric acid at 100 °, until 

the rotation was constant. 

G.P. 4 

Dialysis of polysaccharide solutions was carried out in cellophane 

tubes against running water (3 days), toluene being added to 

prevent bacterial contamination. 
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G.P. 5 

Moisture content of polysaccharides was determined by drying at 60° 

under 15 mm pressure, over phosphorus pentoxide, until constant 

weight was attained. 

G.P. 6 

Optical rotations were measured in a 1 dm tube at room temperature. 

G.P. 7 

Sulphate determinations were carried out by digesting the carbo- 

hydrate (ca 20 mg) overnight with Analar concentrated nitric acid, 

in a closed tube, on a boiling water bath. The tube was opened, 

sodium chloride (1 mg) added and the solution cautiously evaporated 

in a bunsen flame. Concentrated hydrochloric acid (0.5 ml) was 

added and evaporated from the residue, likewise water (0.5 ml). The 

tube was placed in an oven at 1100, for several hours. After 

cooling the residue was dissolved in water and the sulphate content 

determined by the micro colorimetric method of Jones and Letham (61). 

G.P. 8 

Anhydro- or keo- su t gars were tested for by heating the polysaccharide 

(20 mg) with N- hydrochloric acid (1 ml) for 1 hour at 100° and 

treating the resulting solution with 2% alcoholic resorcinol (1 ml). 

A deep red colour indicated a positive test. 

G.P. 9 

Reducing powers were determined cuprimetrically by the method of 

Somogyi (63). 
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G.P. 10 

Dry methanol was prepared by adding methanol (50.75 ml) to clean 

dry magnesium turnings (5 g) and iodine (0.5 g) in a 2 litre flask 

fitted with a double surface condenser and a drying tube. The 

mixture was warmed until the iodine disappeared. Heating was 

continued until all the magnesium reacted. Methanol (900 ml) was 

then added and the mixture refluxed for z hour. The methanol was 

distilled off directly into a storage bottle. 

For convenience the following abbreviations have been used: 

A.G.U. - anhydroglucose unit 

D.P. - degree of polymerisation 

From experiment 4 onwards the weights of polysaccharides given 

are dry weights. 

Micro- methods of Formaldeh de Estimation 

G.P. 11 

1) The method of Hough,_ Powell and Woods (64) 

Suitable calibration graphs were prepared for the determination 

of formaldehyde release in unbuffered phosphate, and acetate buffer 

solutions, following periodate oxidation. 

Reagents 

A. 2 volumes of an aqueous 2% solution of Analar potassium ferri- 

cyanide mixed with 5 volumes of concentrated hydrochloric acid. 

B. A l solution of freshly recrystallised phenylhydrazine hydro- 

chloride in 0.2 M sodium acetate - acetic acid buffer pH 3.5. 
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C. A mixture of 4 volumes of saturated aqueous barium chloride 

solution and 1 volume of saturated aqueous sodium bicarbonate 

solution, from which the precipitate had been removed by 

centrifugation. 

Reagents A and C were prepared as required. 

(i) Calibration in unbuffered solutions 

To each of 0, 1, 2, 3, 4 ml of a standard formaldehyde solution 

197,.0 jzgm/ml; concentration determined by means of standard iodine 

and sodium thiosulphate solutions (65) was added 0.3 M sodium meta - 

periodate solution (2 ml) and the mixtures made up to 2:5 ml with 

water. The solutions were stored in the dark for $4 hi°. Aliquots 

(2 ml) were withdrawn and mixed with reagent C (2 ml). After 

standing the mixture was clarified by centrifugation. Aliquots 

(2 ml) of the supernatant were mixed with reagent B (2 ml) in a 

50 ml graduated flask and set aside in the dark for 30 minutes. 

Reagent A (7 ml) was then added and after 3 minutes the solutions 

were diluted to 50 ml with water and thoroughly mixed. The 

absorptions of the colours produced were determined against the 

reagent blank (solution containing no formaldehyde) in 1 cm cells 

in a Unicam Spectrophotometer, S.P. 500, at 518 mg. 

(ii) Calibration in the presence of phosphate buffer 

Mixtures of formaldehyde and sodium metaperiodate were prepared 

as above, phosphate buffer (12.5 ml; 0.1 M; pH 8) was added to each, 

in a total volume of 25 ml. The colour intensities produced were 

measured as before. 
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Calibration of Formaldehyde 

HCHO concn 
in )1g/m1 

Unicam Reading at 518 1912 

Unbuffered Phosphate buffer 

7.6 0.093 0.081 

15.3 0.176 0.155 

22.9 0.260 0.230 

31.0 0.352 0.310 

38.2 0.430 0.380 

(iii) Calibration in the presence of acetate buffer 

To aliquots (2, 3, 1+, 5, 6 ml) of the standard formaldehyde 

solution were added acetate buffer pH 1.03 (5 ml) (66) and 0.3 M 

sodium metaperiodate (3 ml) and the solutions diluted to 15 ml and 

placed in an incubator at 50 °C. After 4 hr. portions (1 ml) were 

withdrawn and added to reagent C (3 ml).After centrifugation 

aliquots (2 ml) of the supernatant were withdrawn and placed in a 

50 ml graduated flask. Reagent B (2 ml) was added to each and, 

after 30 minutes in the dark, reagent A (7 ml). The solutions were 

diluted to 50 ml and the colour intensities read as before. 
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Calibration of Formaldehyde 

HCHO conca 
in )lg /0.5 

ml 

Unicam reading 

Acetate buffer 

12.7 0.160 

19.1 0.240 

25.5 0.315 

31.9 0.390 

38.2 0.475 

2) Chromotropic acid method (67) 

Reagents 

1) A 0.2% solution of chromotropic acid in sulphuric acid prepared 

by dissolving the sodium salt (1 g) of chromotropic acid in water 

(100 ml) followed by dilution to 500 ml with 66% (v/v) Analar 

sulphuric acid . The reagent was stored at Oo in a dark bottle. 

2) An aqueous 26.5% solution of sodium sulphite (hydrated). 

3) An aqueous 4.6% solution of thiourea. 

Erythritol (24.92 mg) was dissolved in water and made up to 

50 ml in a standard flask. An aliquot (5 ml) of this solution was 

added to 0.3 M sodium metaperiodate (3 ml) and water (7 ml). The 

solution was shaken for an hour in the dark. Aliquots (0.1, 0.2, 

0.3, 0.4 ml) of this solution (containing 1226 pg of HCHO in 1,.5 ml) 

were withdrawn and placed in B 19 Quickfit boiling tubes. Sodium 

sulphite (0.5 ml) and chromotropic acid (9 ml) were added to each 

in a total volume of 10 ml. A blank solution was prepared by 
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mixing 0.3 M sodium metaperiodate (3 ml), water (7 ml) and 26.5% 

sodium sulphite (15 ml) and adding the standard erythritol solution 

(5 ml). The mixture was sampled (1 ml) and chromotropic acid 

(9 ml) added. After heating at 100° for 30 minutes the tubes were 

cooled and 4.6% thiourea solution (2 ml) added to each. The colour 

intensities of the solutions were read against the blank in the 

Unicam Spectrophotometer, S.P. 500, in 1 cm cells at 570 m}i. 

Calibration in acetate buffer 

A mixture of erythritol solution and sodium metaperiodate was 

prepared as above, acetate buffer pH 1.03 (5 ml) was added in a total 

volume of 15 ml. The solution was placed in an incubator at 50° for 

4 hr. Aliquots were analysed for formaldehyde as described in the 

previous experiment. 

A similar calibration graph was obtained. 

Calibration of Formaldehyde 

HCHO conca 
in )1g /0.5 ml 

Unicam reading 

Acetate buffer 

8.2 0.398 

16.3 0.700 

24.5 1.020 

32.7 1.350 
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G.P. 12 

The Colorimetric Method of Schaefer and Van Cleve for the Estimation 

of Methylated Sugars (68) 

Reagents 

A) 2.4% (w /v) Solution of aniline phthalate in methanol prepared 

from aniline (0.91 ml) and phthalic acid (1.66 g) in methanol 

(100 ml) . The reagent was stored at 00. 

B) 0.9% (w /v) Solution of tetraethylene glycol dimethyl ether in 

methanol. 

Calibration graphs for the estimation of 2,3,4,6- tetra -0- methyl -, 

2,4,6,- tri -0- methyl - and 2,4 -di -0- methyl -glucose were prepared. 

Appropriate quantities of 2,3,4,6- tetra -0- methyl -glucose 

(0 - 200 )lg) were spotted at intervals along the starting line of a 

chromatogram paper, using an Agla micrometer syringe, and eluted 

overnight with solvent E. The sugars were located by guide strips. 

The required sections of paper were cut out and extracted with 

reagent B (5 ml) under reflux for 20 minutes. Reagent A (1 ml) was 

added to each solution and the methanol removed under reduced 

pressure at 300. The residual liquid was heated for 35 minutes at 

98° and cooled quickly to room temperature. Commercial ethanol 

(10 ml) was added to each flask and the absorptions of the coloured 

solutions read against ethanol at 415 m,3Z in a Unlearn Spectrophoto- 

meter, S.P. 500. 

A calibration graph was drawn. Similar calibrations were 

prepared for 2,4,6- tri -0- methyl - and 2,4 -di -0- methyl -glucose. 
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Experiment 1 

33. 

PART I 

Experimental 

Properties of Chrysolaminarin 

The chrysolaminarin supplied by Professor von Stosch as a white 

crystalline solid had M.P. 273 °, ©KJ D18 -6° (c. 2.0 in water), 

moisture content 11%, and was soluble on gentle warming in water. 

It gave no colouration with dilute iodine solution. 

The sample of insoluble laminarin used in this investigation, 

prepared by Dr. W.A.P. Black of the Institute of Seaweed Research, 

Inveresk, was extracted from the fronds of L. cloustoni with dilute 

hydrochloric acid (pH 3.4) at 55° for one hour. It had glucose 

content, 82 %, moisture 15% and L°<jD18 _-o (in water). 

Experiment 2 

Hydrolysis of Chrysolaminarin and of Laminarin 

Chrysolaminarin (40 mg) and laminarin (30 mg) were each 

hydrolysed with N- sulphuric acid at 100° for 4 hr. After neutrali- 

sation with a5/ solution of di -n -octyl methylamine in chloroform, 

and concentration, paper chromatographic examination of the resulting 

syrups (spray 1, solvent C) revealed two spots, RG1 1.0 and 0.52, 

respectively, from chrysolaminarin. The faster spot was identical 

with glucose run as a control and the spot of RG1 0.52 corresponded 

to laminari .triose. No trace of mannitol (spray 3, solvent B) 
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could be found. A distinct spot which was identical in speed with 

mannitol run as a control was revealed in the laminarin hydrolysate. 

A portion of the syrup and a similar quantity of glucose, both 

in aqueous solution, were each incubated with the specific enzyme, 

glucose oxidase, at 350 overnight. After removal of denatured 

protein, filtration and concentration, paper chromatographic examina- 

tion showed the absence of glucose and the presence of gluconic acid 

(spray 4, solvent D) in both the chrysolaminarin hydrolysate and the 

control solution. 

Chrysolaminarin (5 7.4 mg) was treated with N- sulphuric acid 

(3 ml) at 100° and the course of the hydrolysis followed polari- 

metrically. 

Time (hr.) 0 2 4 6 8 

V\ D -11° +730 920 
950 95o 

In order to determine the concentration of sugar and hence the 

specific rotation, the hydrolysis solution was transferred to a 

standard flask and made up to 10 ml. The solution had an ski) of 30 °. 

The concentration of glucose in the solution determined cuprimetri- 

cally (G.P.9) was 57.7 mg (cf. expected yield of 63.78 mg allowing 

for conversion of anhydro sugar to glucose). Hence the % of glucose 

in chrysolaminarin is 90% and the L * D of the solution is 52° 

(subsequent experiments revealed ca 10% moisture in the chryso- 

laminarin). 

After neutralisation of the hydrolysate with barium carbonate 

followed by filtration and concentration the resulting syrup 

crystallised. The crystals had melting point and mixed melting point 

with glucose hydrate, 83 °. 
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Glucose Content of Chrysolaminarin 

Chrysolaminarin (9.46 mg) was dissolved in water and the 

solution made up to 10 ml in a standard flask. Aliquots (1 ml) 

were withdrawn, 2 N- sulphuric acid (1 ml) was added to each followed 

by hydrolysis at 100° for 6 hr. The solutions were neutralised 

(sodium hydroxide, phenolphthalein) and their reducing power 

determined cuprimetrically (see G.P.9} 88% - 89% of sugar 

calculated as glucose was found to be produced on hydrolysis. 

Experiment 4 

Periodate Oxidation of Chrysolaminarin 

and of Laminarin 

1) Determination of the Periodate reduced (69) 

Chrysolaminarin (17.69 mg, 12.50 mg) and laminarin (21.64 mg, 

15.81 mg) were oxidised with 0.015 M sodium metaperiodate (20 ml) 

in the dark at 2 °. Aliquots were withdrawn at intervals and diluted 

to 250 ml in a standard flask. The absorptions of these solutions 

were read in the Unicam Spectrophotometer, S.P. 500, in 1 cm cells 

against water at 222.5 m » Aliquots of 0.015 M sodium metaperiodate 

(1 ml) and 0.015 M potassium iodate (1 ml) were diluted to 250 ml and 

their absorptions read under the same conditions. The periodate 

uptake of the polysaccharides was determined by comparison with the 

standard solutions. The results are shown in Table 1. 
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2) Determination of the Formaldehyde Released 

Samples (2 ml) of the above solutions and of a glucose control 

solution \21.0 mg of glucose in 0.015 M sodium metaperiodate (100 ml5] 

were withdrawn and analysed for formaldehyde by the method of Hough 

et al. (G.P. 11(i)). The release of formaldehyde was constant 

after 24 hours (see Table 2). 

The residual solutions after 48 hours at 20 were allowed to 

stand at room temperature and further aliquots were withdrawn and 

analysed for formaldehyde content (see Table 2). 

Experiment 5 

Reduction of Laminarin and of Chrysolaminarin to 

the Corresponding Alcohols (70) (71) 

a) Laminarin (170 mg) was dissolved in water (10 ml) and potassium 

borohydride (100 mg) added. After 48 hours the mixture was passed 

through an Amberlite IR 120 (H) resin and evaporated to dryness. 

The excess borate was then removed by distillation under reduced 

pressure with methanol (3 x 40 ml). Finally the residue was 

dissolved in water and shaken with Amberlite IR 4 B (OH) resin to 

remove the last traces of borate. The mixture was filtered and the 

filtrate freeze -dried. 

Yield of laminaritol 
% Yield of laminaritol 
Glucose content of laminaritol 

= 
= 
= 

195.5 mg 
115% 
80% 

The presence of borate in this material was confirmed by mixing 

a portion to a paste with 2 ml concentrated sulphuric acid in a 

porcelain basin. Following the addition of a little alcohol with 
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stirring, the mixture was ignited; it burned with a green -edged 

flame, the confirmatory test for borate. 

b) Laminarin (170 mg) and chrysolaminarin (135.5 mg) were reduced 

with potassium borohydride (100 mg) in water (10 ml) for 48 hours. 

The mixtures were neutralised (acetic acid, pH = 7) and the poly - 

alcohols precipitated with excess alcohol. They were isolated by 

centrifugation, redissolved in warm water and reprecipitated. 

After redissolving and precipitating once more the remaining traces 

of alcohol were removed by evaporation in a vacuum desiccator. 

The polysaccharide material was dissolved in water and freeze -dried. 

Yield of chrysolaminaritol = 123fmgYield of laminaritol = 161' mg 
% 

ti tt It = 91% It It It = 95% 
Glucose content " = 92% Glucose content " = 93% 

The reducing power of laminaritol (100 mg) was determined by the 

method of Sornogyi (G.P.9) and found to be nil. Therewas insufficient 

chrysolaminaritol to determine its reducing power but as it had been 

prepared under identical conditions to the laminaritol it was assumed 

to be completely reduced. 

Experiment 6 

Hydrolysis of Chrysolaminaritol and of Laminaritol 

Portions (30 mg) of chrysolaminaritol and laminaritol were 

hydrolysed with N- sulphuric acid for 5 hr. at 100° and the derived 

sugars were examined chromatographically (spray 3, solvent B). 

From laminaritol spots corresponding to glucose, mannitol and 

sorbitol run as controls were obtained, from chrysolaminaritollglucose 
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and sorbitol. Visually equal quantities of mannitol and sorbitol 

were obtained from laminaritol and a higher concentration of sorbitol 

from chrysolaminaritol. 

Experiment l 

Periodate Oxidation of Chr solaminaritol and of Laminaritol 

Determination of formaldeh de release 

Laminaritol (19.54 mg, 20.60 mg) and chrysolaminaritol (16.66 mg, 

16.40 mg) were dissolved in 0.015 M sodium metaperiodate (15 ml) at 2 °. 

Aliquots (2 ml) were withdrawn and analysed for formaldehyde at this 

temperature and later at room temperature (G.P. il(i)). The results 

are given in Table 4. 

Experiment 8 

Periodate Oxidation of Sorbitol 

Sorbitol (24.07 mg) was dissolved in 0.015 M sodium metaperiodate 

(100 ml) at 2 °. Aliquots (2 ml) were withdrawn and analysed for 

formaldehyde content (G.P. 11(i)). The solution was allowed to 

attain room temperature after four days and further analysed (see 

Table 4). 

Experiment 9 

Overoxidation of Chr solaminarin and of Laminarin 

and their Alcohols (28) 

Portions (1 ml) of each of the polysaccharide solutions prepared 
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as described in Expts. 4 and 7 were withdrawn immediately after 

preparation and phosphate buffer (5.0 ml, pH 8) and sodium meta - 

periodate (1 ml, 0.3 M) were added and the solutions diluted to 

10 ml with water. The solutions were incubated at 35 °, samples 

(1 ml) were withdrawn at intervals and analysed for formaldehyde 

release (G.P. 11(ii)). The yield of formaldehyde was found to be 

constant after 48 hours (see Table 5). 

Experiment 10 

Partial Hydrolysis Studies 

Laminarin and the oxopolysaccharide of chrysolaminarin were 

hydrolysed with 0.1 N sulphuric acid at 100° for 1 hour. Sufficient 

sulphuric acid was added to the combined residual periodate oxidised 

polysaccharide solutions of chrysolaminarin (after dialysis) to make 

the final solution 0.1 N. The acid solutions after cooling were 

neutralised with barium carbonate, filtered and evaporated to dryness. 

Chromatographic examination of the residues in water (0.5 ml) 

after development in solvent G for 132 hours (spray 1) revealed the 

following series of spots from both polysaccharides RG1 0.71, 0.43, 

0.26 and 0.15. Laminaribiose and laminaritriose run as controls had 

RG1 0.71 and 0.43 respectively. The hydrolysate from laminarin 

revealed in addition to the above series two spots of RG1 0.35 

(gentibiose) and 0.21. 
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Experiment 11 

Oxidation with Potassium Metaperiodate and 

Measurement of the Formic Acid Released 

Chrysolaminarin (82.17 mg) and laminarin (102.6 mg) were each 

treated with 3 potassium chloride (40 ml) and 4% sodium meta - 

periodate (10 ml) at 22.5° in the dark. Aliquots were withdrawn 

at intervals and excess periodate was destroyed by the addition of 

ethylene glycol (0.5 ml). The solutions were set aside for 30 

minutes and the formic acid release determined by titration with 

0.01 N sodium hydroxide (B.D.H. standard reagent using a tapless 

burette). Methyl red indicator was used. The results are given 

in Table 3 (see Fig. 3). 

Experiment 12 

Oxidation of Laminarin with Bromine Water 

Laminarin (283 mg) was oxidised with bromine water for 4 days. 

The solution was thin aerated to remove the residual bromine. The 

oxidised polysaccharide was precipitated with alcohol, isolated, 

redissolved and reprecipitated twice more to remove all traces of 

h ydxobromic acid. The polysaccharide was dissolved in water and 

passed on to a column of Amberlite IR 400 (OH) resin on to which the 

oxidised molecules from the laminarie acid (G- chains) were adsorbed 

while the non -reducing molecules (laminaritol, the M- chains) passed 

through. The laminaric acid was elutedfrom the resin with N- ammonium 

carbonate. The eluate was shakin with Amberlite IR 120 (H) resin 
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to remove ammonium ions and filtered. The solution was evaporated 

to dryness and the derived syrups hydrolysed with 1.5 N sulphuric 

acid for 4 hrs. at 1000. After cooling, neutralisation with 

barium carbonate, filtration and concentration, the syrup obtained 

was examined chromatographically (solvents C, H, sprays, 2, 3) and 

only glucose was found to be present. No trace of mannose could 

be found; similarly no mannose was detected in the laminaritol, 

following hydrolysis. 

Experiment 13. 

Determination of the Degree of Polymerisation 

of Chrysolaminarin and of Laminarin (72) 

The rate of overoxidation of these polysaccharides is compared 

with the rate of overoxidation of laminaribiose and laminaritriose, 

on periodate oxidation at 500 in acetate buffer at pH 2. 

1) Oxidation of laminaribiose and laminaritriose 

Laminaribiose (5.05 mg) and laminaritriose (5.13 mg) were 

each dissolved in water (5 ml), acetate buffer, pH 1.03, 0.3 M 

sodium metaperiodate (3 ml) and water (2 ml) were added to each. 

The solutions were placed in an incubator at 500. Samples 

(0.5 ml) were withdrawn at intervals and analysed for formaldehyde 

(G.P. 11(2)). The results are given in Table 6. 

2) Oxidation of laminarin 

The formaldehyde release from laminarin was measured using a 
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suitable calibration graph for acetate buffer (G.P. 11(iii) and 

at intervals by the chromotropic acid method (G.P. 11(2)). 

Laminarin (4.70 mg) was dissolved in water (5 ml), acetate 

buffer metaperiodate ,were (pH 1.03, 5 ml) and 0.3 M sodium metaperiodate were added 

and the solution made up to 15 ml with distilled water. The 

final pH of the solution was 2 (measured potentiometrically). 

It was placed in an incubator at 500. Portions (1 ml) were 

withdrawn at intervals and analysed for formaldehyde. The 

results are given in Table 7. 

3) The proportion of mannitol terminated chains in laminarin 

A more concentrated solution of laminarin was oxidised to 

obtain more accurate measurements of the initial release of 

formaldehyde. 

Laminarin (21.00 mg) was dissolved in water (5 ml), acetate 

buffer (5 ml) and 0.3 M sodium metaperiodate (3 ml) were added 

and the solution diluted to 15 ml with distilled water. The 

solution was placed in an incubator at 500. Samples (1 ml) were 

withdrawn and analysed for formaldehyde (G.P. 11(2)). The 

results are given in Table 8. 

4) Oxidation of chrysolaminarin 

Uhrysolaminarin (5.01 mg) was dissolved in water (5 ml), 

L3 -() 
acetate buffer (5 ml) and 0.3 M sodium metaperiodate were added 

and the solution diluted to 15 ml with distilled water. It was 

placed in an incubator at 500. Aliquots (0.5 ml) were withdrawn 
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at intervals and analysed for formaldehyde by the chromotropic 

acid method (G.P. 11(2)). The results are given in Table 9. 

5) The roortion of mannitol terminated chains in chr solaminarin 

Chrysolaminarin (5.5 mg) was dissolved in water, 0.3 M sodium 

metaperiodate (1 ml) and acetate buffer (1.6 ml) were added and 

the solution diluted to 5 ml with distilled water. It was placed 

in an incubator at 50 °. Aliquots (0.5 ml) were withdrawn and 

analysed for formaldehyde (G.P. 11(iii)) (see Table 10). 

6) Control experiment 

Laminarin (20 mg) was dissolved in water, acetate buffer 

(5 ml) was added and the solution diluted to 15 ml with distilled 

water. The solution was placed in an incubator and samples (1 ml) 

were withdrawn at intervals and the reducing power determined 

cuprimetrically (G.P. 9). 

Experiment 14. 

Methylation of Chrysolaminarin and of Laminarin 

Methylation was carried out in the micro -apparatus devised 

by Isbell et al. (34) (Fig. 1). 

The following modifications were employed in the procedure: 

1) More efficient condensation of ammonia was achieved when 

acetone replaced the chlorobenzene in the cold finger, E. 

2) A flat base to the reaction vessel (A) lessened the possibility 

of the magnetic stirrer sticking. 
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3) The most satisfactory grease for the glass stopcocks was 

found to be B.D.H. paraffin and rubber lubricant. 

4) An additional stopcock in a tube at right angles to the 

sidearm, K, from which the potassium was introduced, permitted 

re- evacuation of this arm whenever a fresh supply of potassium 

was introduced, and thus prevented a slight loss of vacuum in 

the main apparatus. 

5) A hairdryer was convenient for de- frosting the stopcock used 

for potassium addition and for removing gases from the glass 

parts of the apparatus. 

6) To ensure easy removal of the cold finger the acetone in D, 

which during the methylation was probably diluted with moisture, 

was renewed after each methylation. 

7) In subsequent methylations a large stopcock at 1 facilitated 

the addition of potassium and held a much bettdr vacuum in the 

main apparatus. 

Chrysolaminarin (85 mg) was dried in vacuum over phosphorus perk- 

oxide. It was mixed with 200 mg of filter cell and the mixture 

transferred to the reaction vessel (A). The apparatus was 

evacuated. Ammonia was collected over sodium in the reservoir F. 

The finger E was filltd with acetone and solid carbon dioxide and 

3 ml of ammonia were collected in the reaction vessel (A) also 

immersed in an acetone solid carbon dioxide bath. The ammonia 

reservoir was sealed off by closing stopcocks 3 and 4 and the 

ammonia in (A) was allowed to reflux. Potassium in a glass 

capillary was added through stopcock 1 and ammonia condensing 
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off (E) carried it into the reaction vessel. Potassium in 

portions of ca. 5 mg was added until the reaction mixture became 

permanently blue (5 hrs.). The ammonia was then transferred back 

to the reservoir by removal of (E) and appropriate settings of the 

stopcocks 3 and 4. Last traces of ammonia were removed by heating 

(A) and (D) with a hairdryer. 

Methyl iodide was distilled into reaction vessel (A) from (B), 

by means of a liquid nitrogen bath round (A). The mixture was 

then refluxed with stirring for 18 hours. Sufficient heat was 

generated by the stirrer to allow the methyl iodide to reflux. 

After this time methyl iodide was withdrawn from the reaction 

vessel, and one methylation cycle was completed. Chrysolaminarin 

was given five further methylations. 

Laminarin (50 mg) was given two methylations by the above 

procedure. 

Ekperiment 15 

Hydrolysis of the Methylated Polysaccharides 

The polysaccharide and Filter -Cel mixtures were hydrolysed in 

a sealed tube with 90% formic acid (1 ml) in an atmosphere of 

carbon dioxide for 4 hr. at 100 °. After this time the tubes were 

opened and water (5 ml) added. Heating was continued for a 

further hour to hydrolyse formyl esters. The mixtures were passed 

through a column of mixed -bed resin C2 x IR 4 B(OH) + 1 x IR 120(H5J 

(20 g) and the column washed with water and methanol. The effluents 

were combined, evaporated to dryness and examined chromatographically. 



46. 

Experiment 16. 

Examination of Methylated Chrysolaminarin 

The partly crystalline methylated sugars (70 mg) on chromato- 

graphic examination (spray 1, solvent E) gave spots with speeds 

corresponding to 2,4- di- 0- methylglucose, 2,4,6- tri -0- methylglucose 

and 2,5,4,6- tetra -0- methylglucose. 

No trace of 4,6-di-O-methylglucose was obtained when the 

hydrolysate was exa!dned ionphoretically: 

MG value 2,4 -di -0- methylglucose = 0.09 

It n 4,6- 11 tf = 0.20 

Experiment 17 

Characterisation of 2,4,6- tri -0- methylglucose 

Crystals were removed from the semi -crystalline mass of the 

hydrolysate and washed with ether to free them from adhering syrup. 

These had melting point and mixed melting point, 118 °, with 

authentic 2,4,6- tri -0- methylglucose. 

Experiment 18 

Colorimetric Estimation of the Relative Molar Proportions of 

the Methylated Sugars by the Method of Schaefer and 

Van Cleve (G.P. 12) 

The methylated hydrolysate (2 mg) of chrysolaminarin was 

spotted on the starting line of a paper chromatogram and eluted 

for 24.hr in solvent E. The chromatogram was air dried and the 
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sugars located by means of guide strips. The appropriate sections 

of paper were cut out and the sugars eluted with reagent B (5 ml). 

The tri -0- methyl sugar solution was diluted ten times with this 

reagent before colorimetric estimation of the sugars. 

Table 11 

Libsorption 
conca of 
sugar 

2,4- di- 0- methylglucose 

2,3,4,6- tetra -0- methylglucose 

2,4,6- tri -0- methylglucose 

0.280 

0.520 

0.530 

36 y 
90 ug 

960 pg 

The relative molar proportion of tetra- to tri- to di -0- 

methylglucose is 1:10.5:0.46. 

Ilckerinient 19 

Identification of 2,3,4- tri -0- methylglucose 

Paper chromatographic analysis of the methylated hydrolysates 

of both chrysolaminarin and laminarin in solvent F showed the spot 

corresponding to 2,4,6- tri -0- methylglucose to be elongated and on 

addition of l% ammonia to the solvent a separate spot corresponding 

to 2,3,4- tri -0- methylglucose run as control was obtained. 
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Experiment 20 

Reduction and Periodate Oxidation of the Tri -O- methyl Sugars 

from Lethyla.ted Chrysolamina.rin (73) 

Suitable quantities of the methylated chrysolaminarin 

hydrolysate were separated on Whatman 3 mm paper in solvent E. 

The mixed tri -0- methyl sugars were extracted from the paper with 

methanol and the extracts evaporated to dryness. The tri -0- methyl 

glucoses (5.0 mg, 9.5 mg) were dissolved in water (2 ml) and 

reduced with potassium borohydride (8 mg). After 2 hours the 

solutions were neutralised with sulphuric acid and 0.3 M sodium 

metaperiodate (0.3 nil) added. The solutions were each made up 

to 3 ml and set aside for 30 minutes. A sample (0.5 ml) was 

removed from each and the formaldehyde content determined by the 

chromotropic acid method (G.P. 11(2)). The yields of formaldehyde 

obtained (57.6 pg, 114 pg) in 3 ml corresponded to ca 0.43 and 

0.84 mg of 2,3,4- tri -0- methylglucose respectively. Thus 1 unit 

of 2,3,4- tri- O- methylglucose is present to every 11 units of tri- 

0- methyl sugar. 

2,4,6- Tri- O- methylglucose (2 mg), 2,4,6- tri- 0- methylgiucitol 

(2 mg) and the eluate from an appropriate area of chromatography 

paper were oxidised with 0.3 IV! sodium metaperiodate (0.3 ml) in a 

total volume of 3 nil. Aliquots (0.5 ml) were analysed for 

formaldehyde. None was found. 



49. 

Experirneut 21 

Chromatographic Examination of the Periodate oxidised 

Tri -O- methyl Sugars from Methylated Chrysolaminarin 

Ethylene glygol (0.5 ml) was added to the residual solution 

of the above, reduced, periodate oxidised tri -O- methyl sugars to 

destroy excess periodate. The solution was deionised with 

Amberlite IP 120 (H) and 4B (OH) resins, and, after filtration, 

evaporated to dryness and examined chromatographically (spray 1, 

solvent E). 

A spot with a mobility identical to that of 2,x,4- tri -O- 

methylxylose was obtained. 

)eriment 22 

Examination of the Hydrolysate of Methylated Laminaria 

The relative molar proportions of the sugars present in the 

methylated laminarin hydrolysate were estimated by the colorimetric 

method of Schaefer and Van Cleve (G.P. 12). 

Table 12 

Absorption coney of 
sugar 

2,3,4,b- tetra- O- methylglucose 

2,4,6- tri- 0- methylglucose 

Di- o- methylglucose 

0.630 

0.460 

0.390 

118 yg 

1775 pg 

63 pg 
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The tri -0- methylglucose solution was diluted 25 times with 

reagent B before colour development. 

Hence the relative molar proportion of tetra- to tri- to 

di- 0- methylglucose is 1 :16 :0.6. 

Experiment 23 

Identification of the Tri- O- methylglucoses 

Uhromatographic examination of the tri -0- methyl fraction gave 

spots corresponding to 2,3,4- and 2,4,6- tri- O- methylglucoses when 

developed with solvent F. This fraction (11.2 mg) was separated 

on Whatman 3 mm paper. After reduction and periodate oxidation 

it released 101 pg of formaldehyde in a total volume of 3 ml. 

This corresponds to ca 0.75 mg of 2,3,4- tri -O- methylglucose and 

therefore to the presence of one residue of this sugar in 15 tri- 

0-methylglucose residues. 
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DISCUSSION 

Isolation of the L.hrysolaminarin 

The crystalline material provided by Professor H.A. VOL Stosch 

had been isolated from diatoms growing in the form of a 'water- bloom' 

on the surface of a pond in Damstadt. The following species of 

diatoms were present: Nitzschia sigmoidea, Cymatopleura solea, 

Pinnularia sp. and Melosira varians. The organisms were extracted 

with 50f aqueous ethanol by warming at 600. After filtration, the 

filtrate was reduced to small volume and insoluble chrysolaminarin 

precipitated spontaneously. After removal of this precipitate, 

the supernatant was further reduced in volume and precipitation 

again occurred. The two precipitates were combined and deproteinised 

by treatment with basic lead acetate and hydrogen sulphide. The 

chrysolaminarin was recovered from solution by the addition of a 

few millilitres of dilute hydrochloric acid. After standing for 

three days in the cold, a heavy precipitate of insoluble crystalline 

chrysolaminarin was obtained. The material isolated from twelve 

different collections of "water bloom" was pooled. In other 

experiments the organisms were extracted directly with boiling 

water, the product recrystallised from diacetin and washed with 

ethanol and ether. The extracts were finally combined and re- 

crystallised twice from water. A portion (0.5 g) of this material 

was given to Edinburgh for investigation. 
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Properties of the Chrysolaminarin 

chrysolaminarin, a white crystalline material, has melting 

point 273 °, [O D18 _6°, contained 11% of moisture and was soluble, 

on gentle warming, in water. In its low negative specific rotation 

it resembles la.minarin D18 _9o. 

Chromatographic examination (Expt. 2) of a hydrolysate of 

chrysolaminarin gave two spots. A strong spot with the mobility 

of glucose, and a fainter spot, which travelled at the same rate 

as laminar i triose run as a control. This latter spot indicated 

the presence of 1,3- linkages in the macro molecule. Whereas a 

spot corresponding to mannitol was readily detected in a comparable 

hydrolysate of laminarin, no trace of the presence of mannitol was 

obtained in the chrysolaminarin hydrolysate. 

Cuprimetric titration of an aliquot of the chrysolaminarin 

hydrolysate gave a glucose contant of 88 -89 %, assuming that the 

starting material consisted solely of anhydroglucose units. Since 

the material contained 11% of moisture this represents a theoretical 

yield of glucose. This was confirmed by the specific rotation 

L©-_ID + 52° (cf. glucose [C]j) + 52.7 °) of the hydrolysis solution. 

The sugar was finally characterised as glucose by its complete 

oxidation to glucon.ic acid, on incubation with the specific enzyme, 

glucose oxidase, and by the recovery from the hydrolysate of 

crystalline glucose hydrate having melting pout and mixed melting 

point, 83 °, with authentic glucose hydrate. 
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Reduction of Laminarin and of Chr solaminarin to 

their Respective Alcohols (Expt. 5) 

Reduction of these two polysaccharides with potassium boro- 

hydride converts all the potential reducing glucose units into 

sorbitol units. Mannitol residues are unaffected by reduction. 

In view of the limited quantity of chrysolaminarin available, 

laminarin was reduced first and the best method of isolation of 

the reduced polysaccharide investigated. It was found impossible, 

by the method of Bourne (Expt. 5(a)), to free the product from 

contaminating borate and therefore chrysolaminaritol was isolated 

by method (b). This consisted in precipitating the alcohol with 

ethanol, after neutralising the borohydride with acid. The two 

alcohols were twice purified by dissolution and reprecipitation. 

Chrysolaminaritol was obtained in a yield of 917E and had a glucose 

content of 92 ¡L. From laminarin a 95% yield of laminaritol was 

obtained, which had a glucose content of 93. 

The laminaritol was found to be devoid of reducing power. 

Insufficient chrysolaminaritol was available for this measurement, 

however, since both alcohols were prepared under identical 

conditions, it was assumed that the conversion of terminal glucose 

units to sorbitol was complete in this latter polysaccharide. 

Hydrolysis of the alcohols and chromatographic examination of 

the products revealed the presence of glucose, mannitol and sorbitol 

in the hydrolysate from laminaritol, and glucose and sorbitol in 

that from chrysolaminaritol. It was decided that there were 
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visually equal quantities of mannitol and sorbitol from laminaritol 

and a higher concentration of sorbitol from chrysolaminaritol. 

Periodate Oxidation of Chr solaminarin and of Laminarin 

(Expt. 4(i)) 

In laminarin (Fig. 2) the interior 13-1,3- linked glucopyranose 

units are unattacked on treatment with periodate, as they contain 

no adjacent 0: -glycol groupings, only the terminal residues are 

oxidised. At room temperature glucose terminated chains 0- chains), 

Fig. 2(1I)] and mannitol ended chains ÇM_chains), Fig. 2(I)) each reduce 

5 moles of periodate, two moles are reduced by the non -reducing 

terminal glucose unit with the production of one mole of formic acid, 

and three moles by the reducing glucose unit and,Oby the mannitol 

unit, assuming the latter to be present as an aglycone residue joined 

through C1 <At C,. At 2° the oxidation of the reducing glucose units 

is arrested after the reduction of one mole of periodate, owing to 

the formation of a formyl ester (Fig. 2(IIb)) which is only slowly 

hydrolysed under these conditions. Therefore at 

SIx 
three moles of periodate and M- chains fivc moles. 

20, G- chains reduce 

On average four oa.v,d 1-10-11- 

moles would be reduced by laminarin, assuming M- chains to be present 

to the extent of 50%. 
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Table 1 

Reduction of Periodate 

NaI04 consumed in moles /A.G.U. 

Temp. 2° 20 Room temperature 

Time in days 2 4 6 

Laminarin 

'21.64 mg 

15.81 mg 

0.223 

0.221 0.221 

0.360 0.364 

0.345 

Chrysolaminarin 

17.69 mg 

12.50 mg 

0.291 

0.259 0.309 

0.400 0.445 

0.513 

The small reduction of periodate by chrysolaminarin and by 

laminarin (Table 1) indicates a similarity in structure between the 

two and the presence of a high proportion of 1,3- linkages in both 

polysaccharides. 

At 2° chrysolaminarin and laminarin reduced 0.30 and 0.22 moles 

of periodate for every anhydroglucose unit, respectively. Assuming 

chrysolaminarin to be comprised solely of G- chains this corresponds 

to an average chain length of 13, whereas the calculated average 

chain length of laminarin from this reduction is W.. At room 

temperature 0.445 and 0.360 moles of periodate are reduced for each 

anhydroglucose unit by chrysolaminarin and laminarin, respectively, 

indicating an average chain length of 11 for the former and of 19 
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for the latter polysaccharide. 

The lower value for the chain length calculated from the 

reduction of periodate at room temperature could be explained by 

the occurrence of a small amount of overoxidation, although the 

comparable formaldehyde release was constant (see Table 2). 

Formaldehyde Released (Expt. 4(2)) 

One mole of formaldehyde is released on periodate oxidation of 

laminarin at room temperature from each G- and M- chain, thus the 

quantity of formaldehyde released gives an estimate of the average 

degree of polymerisation. At 2° no formaldehyde is released from 

G- chains due to formyl ester formation, M- chains, however, release 

one mole of formaldehyde under these conditions, and from the amount 

of formaldehyde produced the percentage of M- chains present in the 

molecule may be calculated. 

Table 2 

Formaldehyde Release 

HCHO release in moles /A.G.U. 

Temp. 2° room temperature 

Time (deis) ( const. ) 2 3 4 5 6 7 

Laminarin 

21.64 mg 0.028 0.034 0.042 0.047 0.047 

15.81 mg 0.028 0.037 0.048 0.049 

Chrysolaminarin 

17.69 mg 0.009 0.024 0.036 0.047 0.047 

12.50 mg 0.008 0.034 0.046 0.o47 

Glucose 0.009 0.99 1.01 1.01 
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The release of 0.028 moles of formaldehyde for each anhydro- 

glucose unit from laminarin at 2° corresponds to ca 2 ¡ó of mannitol 

and 50;0 of M- chains in the molecule which is in agreement with the 

results of other workers (74). The formaldehyde release of 0.008 

moles for each anhydroglucose unit from chrysolaminarin is the same 

as that from a glucose control, indicating that very slight 

hydrolysis of formyl esters occurs, and confirms the absence of 

T'1- chains in this polysaccharide. 

The degree of polymerisation calculated from the formaldehyde 

().047 moles, Table 21, released at room temperature by both poly- 

saccharides is 21. 

Formic Acid Released on Periodate Oxidation of Laminarin 

and of Chrysolaminarin 

The hydrolysis of the formyl esters, formed initially at the 

reducing end of the G- chains of laminarin during the oxidation with 

potassium metaperiodate, takes place very slowly and the formic acid 

released from these chains during the primary oxidation with this 

reagent is virtually all derived from the non -reducing terminal 

glucose units, and from 1,6- linked residues, should they be present 

in the molecule. In addition, from the M- chains, two moles of 

formic acid will be liberated during this oxidation. 

Chrysolaminarin and laminarin release (Table 3, Fig. 3) approxi- 

mately 0.08 and 0.10 moles of formic acid for every anhydroglucose 

unit respectively during this initial primary oxidation. In the 

absence of M- chains in chrysolaminarin, this indicates the presence 
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Table 3 

Release of Formic Acid 

Time 
in hours 

HCOOH in moles /A.G.U. 

Laminarin Chrysolaminarin 

2 0.109 0.070 

4 0.110 0.077 

6 0.106 0.091 

11 0.123 0.098 

15 0.125 0.114 

20 0.130 0.133 

25 0.134 0.140 

31.3 0.145 0.159 

35 0.156 0.170 

48 0.167 0.208 

60.5 0.184 0.240 

75 0.187 0.260 

80 0.190 0.270 

91 0.202 0.275 

115.3 0.222 0.318 

162.8 0.248 0.395 

180 0.268 0.418 

210 0.441 
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of shorter chains than in laminarin, and of branch points or of 

1,6- linkages in addition to 1,3- linkages in the molecule. The 

value of 0.10 mole from laminarin is in excellent agreement with 

the results of Anderson et al. (7+). The subsequent rate of 

release of formic acid from chrysolaminarin (Fig. 3) (ca 0.0025 

moles /A.G.U. /hr.), following the hydrolysis of formyl esters, is 

almost twice that from laminarin (Fig. 3) (ca 0.0013 moles /A.G.U. /hr.). 

This is to be expected since the M- chains are not subject to further 

oxidation and is further evidence of their absence in chrysolaminarin. 

Periodate Oxidation of Laminaritol and of Chrysolaminaritol 

Periodate oxidation of laminaritol gives rise to from 40 -50% 

more formaldehyde than the corresponding yield from laminarin. 

This results from the fact that sorbitol end groups give rise to 

two moles of formaldehyde (Fig. 2(I1I)) on oxidation, as compared 

with the release of one mole obtained, before reduction, from the 

reducing glucose residues. In the absence of M- chains in chryso- 

laminaritol (Fig. 2), the yield of formaldehyde on oxidation should 

be twice as great as that from chrysolaminarin. 
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Table 4 

Formaldehyde Release 

HCHO in moles /A.G.U. 

Temp. 2° Room temperature 

Time in days 2 4 3 4 5 

Laminaritol 

19.54 mg 

20.60 mg 

0.056 

0.056 0.056 

0.056 

0.066 

0.062 

0.069 

0.069 

Chrysolaminaritol 

16.66 mg 

16.40 mg 

0.060 

0.056 

0.056 

0.066 

0.077 0.080 

0.080 

Sorbitol 1.54 1.54 1.82 1.82 

The figure obtained, 0.08 moles of formaldehyde per anhydro- 

glucose unit, is lower than the expected value (0.09 moles per 

anhydroglucose unit). This may be due either to the loss of low 

molecular weight material during the isolation of the chrysolaminaritol, 

or to incomplete release of formaldehyde from the sorbitol residues. 

A control experiment on sorbitol gave 68 of the theoretical yield 

of formaldehyde after oxidation at 2° for 96 hours, at room temperature 

91% of the theoretical yield was obtained. The formaldehyde releases 

from laminaritol and chrysolaminaritol at 2° are in reasonable 

agreement with this. 

Cantley Hough and Pittet (75) have observed that the periodate 

oxidation of 3 -0- methyl -D- glucitol (Fig. 4(I)) is incomplete at pH 3.6. 
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It is postulated that in addition to the usual oxidation 50% of the 

material is selectively oxidised between C5 and C6, giving by 

cyclisation of the aldehydo form, 3 -0- methyl- L- xylopyranose 

(Fig. 4(II)), which on oxidation yielded 4-O-formy1-2-O- methyl -L- 

threose (Fig. 4(II1)), this being protected from further oxidation 

by the stability of the formyl ester group at pH 3.6. 

The low yield of formaldehyde in the present experiments which 

were carried out in unbuffered solution at pH ca 3 to 4.2, may be 

similarly explained. 

Overoxidation of Chrysolaminarin and of Laminarin 

and of their Respective Alcohols (Expt. 9) 

Oxidation of laminarin, chrysolaminarin and their respective 

alcohols with periodate at pH 8 results in overoxidation (see p. 12 ), 

with the stepwise degradation of glucose and sorbitol units through 

the formation of an intermediary maló.ndialdehyde grouping (Fig.IV) 

One mole of formaldehyde is released from each successive glucose 

unit as it is oxidised. This oxidation process is inhibited by 

the presence of mannitol and of 1,6- linkage; since these give rise 

to stable acetaldehyde derivatives (see II below). 

- -- 0.CH2. CH(OH) 4.CII2OH 4- 0.CH2.CHO + 3HCO2H + HCHO 

M -chain (I) (II) 

Thus in laminarin, chrysolaminarin and their alcohols, only the 

G- chains and S- chains will be degraded by oxidation under these 

conditions. 
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Table 5 

Formaldehyde Released during Overoxidation 

Moles HCHO /A.G.U. 

Time in days 2 4 6 

Laminarin 

21.64 mg 0.600 0.603 0.610 

Laminaritol 

19.54 mg 0.530 0.530 0.530 

20.60 mg 0.603 0.600 0.603 

Chrysolaminarin 

17.69 mg 0.590 0.580 0.590 

12.50 mg 0.610 0.605 

Chrysolaminaritol 

16.40 mg 0.563 0.560 

16.66 mg 0.470 0.478 0.475 

The release of 0.5 -0.6 moles of formaldehyde per anhydroglucose 

unit from laminarin and laminaritol is in reasonable agreement with 

the values, 0.52 and 0.55 moles, respectively, found by Anderson 

et al. This indicates that laminarin contains approximately equal 

numbers of M- and G- chains, many of the latter being linear. 

Since the overoxidation of chrysolaminarin and its alcohol 

(Table 5) did not go to completion, 0.59 moles of formaldehyde per 

aahydroglucose unit being released, it is possible in the absence 
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of M- chains, that a branch point or anomalous linkage, on an 

average approximately half -way along the chain, has arrested the 

oxidation. 

Partial H drol sis Studies (Expt. 10) 

Insufficient chrysolaminarin was available to carry out a 

partial hydrolysis. The oxopolysaccharide was therefore recovered, 

after dialysis, from the combined periodate oxidation solutions of 

chrysolaminarin and this material was partially hydrolysed. 

Chromatographic analysis revealed spots with R 
Gi 

0.71, 0.43, 0.26 

and 0.15 corresponding to the laminari -biose ->- pentaose series of 

oligosaccharides. Laminarin on the other hand gave additional 

spots, with Rc;, 0.35 (gentiobiose) 0.21 and 0.13. The absence of 

a spot with the mobility of gentiobiose in the hydrolysate of 

oxidised chrysolaminarin is not surprising, when it is remembered 

that any 1,6- linked units present in this polysaccharide would have 

been cleaved by the periodate. 

Oxidation. of Laminarin with Bromine Water (Expt. 12) 

The presence of mannose in laminarin has been reported by 

Smith (76), after subjection of the polysaccharide to bromine 

oxidation. This converts the G- chains into gluconic acid terminated 

chains (laminaric acid), which were then separated on a basic resin 

column. As no evidence of mannose could be found in the present 

sample of laminarin, it seemed possible that the mannose might have 

been derived, by epimerisation, from glucose units during contact 
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with the basic resin. The present sample of laminarin was, 

therefore, oxidised with bromine water and the derived laminarie 

acid separated from the unoxidised M- chains (laminaritol) by addition 

to a strongly basic resin Amberlite 1R 400 (OH) column. The 

laminarie acid was adsorbed while the laminaritol passed through 

the column. The former was eluted later with ammonium carbonate 

and both types of molecule were isolated and hydrolysed. No mannose 

was found in either hydrolysate, although it has been shown in these 

laboratories that as little as 2 -3% of mannose can be detected in 

artificial mixtures of glucose and mannose. 

Determination of the De ree of Pol merisation 

of Chrvsolaminarin and of Laminarin (Expt. 13) 

Whelan and Parrish (72) have shown that the rate of the over - 

oxidation of polysaccharides, which takes place on prolonged treat- 

ment with periodate, is a measure of the average size of the molecule 

since it is dependent on the proportion of reducing end groups present. 

The rate of this overoxidation may be greatly increased by carrying 

out the reaction at pH 2 and 50° as in experiment 13. These authors 

measured the rate at which formaldehyde is released from the 

laminaribiose- pentaose series of oligosaccharides and showed that 

this decreased proportionately with the increase in size of the 

molecule. Thus, by comparison of the average rate of formaldehyde 

release from these laminaridextrins with the rate of overoxidation 

of laminarin, it is possible to calculate the apparent degree of 

polymerisation of laminarin in terms of the proportion of free 
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reducing end groups. 

Initially the M- chains in laminarin release 1 mole of 

formaldehyde and the value for this may be determined by extra- 

polation of the graph of formaldehyde production back to zero time. 

From this figure the number of glucose and mannitol units per 

mannitol unit can be calculated. These two determined quantities 

thus give the total number of reducing end and mannitol terminated 

end (M- chain) groups in the laminarin molecule and hence the average 

degree of polymerisation may be calculated. 

Table 6 

Formaldeh de Released on Periodate Oxidation 

Time 
in 

hours 

Laminaribiose Laminaritriose 

Moles HCHO 
/A.G.U. 

Moles HCHO 
/mole 

Moles ECHO 
/A.G.U. 

Moles HCHO 
/mole 

1 0.269 0.538 0.256 0.77 

2 0.696 1.392 0.512 1.54 

3 0.894 1.788 0.752 2.26 

4 0.958 1.920 0.852 2.56 

5 0.981 1.960 0.881 2.64 

6 1.01 2.02 0.963 2.89 

In the present experiments the reducing end -group content of 

laminarin was determined by comparison with the rates of over - 

oxidation of laminari -biose and -triose (the latter kindly supplied 

by Dr. Whelan) (Table 6). The rates of formaldehyde release 

(0.750 moles per hour) from these two oligosaccharides wire identical 
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with those found by Parrish (77). This value was obtained from 

the average formaldehyde release over the first hour and three 

hours, for laminari -biose and -triose, respectively (Fig. 5). 

The average figure for the rate of formaldehyde release from 

laminarin is taken over the first 14 hours from the linear portion 

of the graph of formaldehyde release against time (0.021 mg /hr., 

Table 7, line 3) . 

Thus the rate of formaldehyde (molecular weight, 30) release 

from 

laminarin = 0.3201 moles per hour. 

Hence rate of formaldehyde liberation from the 

G- chains = 0.3201 moles per hour. 

Hence rate of formaldehyde liberation from G- chains 

0.021 x M 
30 x .7 02 

moles formaldehyde /reducing end group /hour 

where M = wt. in g. of laminarin containing one reducing group. 

Hence molecular weight in g. of laminarin 

'10 x 4.702 x 0.750 
0.021 

= 5040 

Therefore the number of glucose and mannitol units /reducing end 

group - 
5162 

- 31. 

The oxidation of laminarin apparently reached completion in 

thirty hours using the phenylhydrazine method of Hough (G.P. ll(iii)) 

to determine the formaldehyde release, whereas Parrish (77) found 

that the overoxidation of laminarin was incomplete after twenty -one 

days, using the chromotropic acid method (G.P. 11(2)). Some 
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. 
measurements of formaldehyde were therefore repeated using the 

chromotropic acid method (G.P. 11(2)), but reasonable agreement was 

obtained between the two methods (Table 7). The final figure of 
is 

formaldehyde release from laminarin (0.550 moles /A.G.U.) /comparable 

with the overoxidation figure (0.60 moles /A.G.U.) at pH 8 and 35° 

(Table 5). 

The Proportion of Mannitol terminated Chains in Laminarin 

(Expt. 13(3)) 

The proportion of mannitol ended chains in laminarin may be 

determined by extrapolation of the graph (Fig. 6) of formaldehyde 

release against time to zero time. A more concentrated solution 

of laminarin was oxidised to obtain more accurate measurements of 

the initial release of formaldehyde. 

Table 8 

Formaldehyde Released from Laminarin 

Time 
in mins. 

HCHO in 
moles /A.G.U. 

10 0.0308 

20 0.0308 

30 0.0336 

60 0.0380 

Thus one mannitol unit is contained in 32 glucose and mannitol 

units. Thus it follows that 49% of M- chains and 51% of G- chains 

are present in laminarin with an average degree of polymerisation 
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of 16. This value is lower than that obtained by measurement of 

the formaldehyde release at room temperature, and this is due to 

the high rate of release of formaldehyde, which could be explained 

by hydrolysis of the polysaccharide occurring. However, no 

evidence of hydrolysis of laminarin was obtained cuprimetrically, 

under the conditions of pH and temperature used in this experiment 

Expt. 13(6) . 

Degree of Polymerisation of Chrysolaminarin (Expt. 13(4)) 

All the evidence obtained so far indicates that chrysolaminarin 

consists solely of G- chains. If this is so, then the rate of 

release of formaldehyde from the laminaridextrins should be directly 

proportional to the rate of release from chrysolaminarin. 

The average formaldehyde release over the first 6.25 hours 

(i.e. linear portion of the graph of formaldehyde release against 

time) (Fig. 6) = 0.045 mg formaldehyde /hour from 5.01 mg of 

chrysolaminarin. 

Rate of formaldehyde release from G- chains in chrysolaminarin 

= 0.0 moles /hour. 
30 

Rate of formaldehyde release 

0.04 x M moles HCHO /reducing end group /hour 
30 5.01 

where M = weight in g. of chrysolaminarin containing one reducing 

end group. 

Hence molecular weight of chrysolaminarin = 5.01 x :0 O x 30 

Therefore degree of polymerisation of chrysolaminarin 

.Ol x 30 x O./ O = 16. 
162 0.0 5 
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Measurements of the initial formaldehyde release from 

chrysolaminarin were made on a more concentrated solution. 

Table 10 

Formaldehyde Released from Chrysolaminarin (Expt. 13(5)) 

Time 
in mins. 

HCHO in 
moles /A.G.U. 

15 0.013 

30 0.025 

45 0.044 

6o o.o54 

On extrapolation of the release of formaldehyde from chryso- 

laminarin back to zero time (Fig. 6) the initial release is < 0.01 

moles, confirming that very few if any 1- or 6- linked terminal 

mannitol residues could be present. 

Subsequent methylation experiments and measurement of formic 

acid release on periodate oxidation of both laminarin and chryso- 

laminarin provided evidence of the presence of 1,6- linkages in the 

1,3- linked chains of both these polysaccharides. The presence of 

such linkages would arrest the overoxidation and the rate of 

formaldehyde release would therefore be lower, and the apparent 

degree of polymerisation, higher. The actual degree of polymerisation 

obtained, however, for laminarin is lower than that obtained by other 

methods. Therefore, unless these linkages are situated near the 

1educing end of the molecule, they may not greatly inhibit the rate 

of release of formaldehyde over the first six and fourteen hours 

from chrysolaminarin and laminarin, respectively. 
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Methylation of Chrysolaminarin and Laminarin (Expt. 14) 

The polysaccharides were methylated in the micro -methylation 

apparatus of Isbell et al. (34). This micro -method was evolved 

for the methylation of small amounts of radioactive materials. It 

is based on the liquid ammonia macro -method of Muskat (33). Isbell 

et al. have successfully methylated from two to twenty milligrammes 

of polysaccharide by this method. 

The use of Filter -Cel disperses the material, allowing methyla- 

tion to take place easily, and facilitating the sampling of the 

product for hydrolysis of small amounts, at different stages of the 

methylation. The extent of methylation was judged by chromato- 

graphic examination of the hydrolysate of the methylated product. 

The absence of glucose and mono- and di- methyl sugars was taken as 

proof of complete methylation. 

Hydrolysis of the methylated chrysolaminarin and laminarin was 

brought about by 90% formic acid in an atmosphere of carbon dioxide 

(Expt. 15). Croon et al. (78) have found this method to cause the 

minimum of demethylation and degradation of the methylated sugars. 

Characterisation of the Methylated Sugars in the 

Hydrolysate of Methylated Chrysolaminarin 

Chromatographic examination of the partly crystalline hydrolysate 

of methylated chrysolaminarin (Expt. 16) revealed the presence of 

spots with mobilities identical with those of 2,1+- di- 0- methylglucose, 

2,4,6- tri -0- methylglucose and 2,3, 4,6- tetra -0- methylglucose. The 

relative molar proportions of the methylated sugars were estimated 
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colorimetri.cally (Expt. 18), after separation by paper chromato- 

graphy. The ratio of tetra- to tri- to di -O- methylglucose 

obtained was 1:10.5 :0.46. If the di -O- methyl sugar had arisen 

through under -methylation of the polysaccharide 4,6-di-O-methyl- 

glucose would also be expected to be present. However, paper 

ionophoresis of the hydrolysate of the methylated polysaccharide 

(Expt. 16) failed to reveal any trace of 4,6 -di -O- methylglucose 

(M6 0.20) although a strong spot for the 2,4 -di -O- methyl 

derivative (M6 0.09) was obtained. This dimethyl sugar was 

subsequently separated on thick chromatographic paper and the 

absence of substitution on C6 proved by the liberation of 

formaldehyde on periodate oxidation. The presence of 2,4 -di -0- 

methylglucose may be taken as evidence of some branching at C6 in 

the macromolecule, the proportion corresponding to one branch point 

per molecule. 

The identity of the 2,4,6- tri -O- methylglucose was confirmed 

(Expt. 17) by the separation and purification of crystals from the 

hydrolysate which had melting point and mixed melting point with 

authentic 2,4,6- tri -O- methylglucose of 118 °. The tri -O- methylglucose 

gave an elongated spot on chromatograms developed in solvent F 

(Expt. 19). On addition of ammonia to this solvent, which prevents 

the formation of the anomeric forms of the sugar, this was resolved 

into two distinct spots. The second spot had the mobility of 

2,3,4- tri -O- methylglucose run as a control. It was hoped to 

characterise and determine the proportion of this sugar, after 

separation of the tri -O- methyl fraction, by periodate oxidation and 
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measurement of the formaldehyde released. Model experiments had 

revealed that whereas 2,3,4- tri -0- methylglucose (Fig. 7(I)) gave a 

low yield of formaldehyde on oxidation its reduction product 

2,3,4- tri- 0- methylglucitol (Fig. 7(II)) gave a quantitative yield 

(unreported experiment) together with 2,3,4- tri -0- methylxylose 

(see Fig. 7(III)). 

The amount of formaldehyde produced following periodate 

oxidation of the reduced tri -0- methylglucoses from chrysolaminarin 

(Expt. 20) corresponded to one unit of 2,3,4- tri -0- methylglucose 

to every eleven units of tri -0- methyl sugar. Control periodate 

experiments on 2,4,6- tri -0- methyl -glucose, -glucitol and the eluate 

from an appropriate area of chromatography paper confirmed that the 

formaldehyde was not derived from any of these sources but had 

indeed been derived from 2,3,4- tri -0- methylglucose. This was 

further confirmed by chromatographic identification of 2,4,6- tri -0- 

methylxylose in the reduced, periodate oxidised tri -0- methyl 

fraction from the hydrolysate of methylated chrysolaminarin. 

It follows from these results that while the majority of the 

glucose units in chrysolaminarin are 1,3- linked, one in every eleven 

residues is 1,6- linked. This result confirms the conclusion drawn 

from the amount of formic acid released on periodate oxidation of 

the polysaccharide (see p. 57 ) and is also in agreement with the 

other periodate oxidation and partial hydrolysis studies. 
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Examination of the Hydrolysate of Methylated Laminarin 

Colorimetric estimation of the relative molar proportions of 

the methylated sugars in the hydrolysate of methylated laminarin 

gave the ratio of tetra- to tri- to di-O-methylglucose of 1:16 :0.6 

(Expt. 22) . The ratio of one part of di- 0- methyl sugar in 2l parts 

of methylated sugars indicates the presence of one branch point per 

molecule. The proportion of tetra-O-methylglucose in the methylated 

hydrolysate gives a calculated chain length of 16 in laminarin, as 

tetra -0- methylglucose can only arise from the non -reducing glucose 

units. This value is in agreement with the results of periodate 

oxidation, 18 and 14, and with those of Barry, who obtained a chain 

length of 16 by studies involving successive oxidation with periodate 

and bromine C c o3 ) 

Chromatographic examination of the tri -0- methyl fraction in 

solvent F gave two spots corresponding to 2,3,4- and 2,4,6- tri -0- 

methylglucose. The formaldehyde released on periodate oxidation 

after reduction to the respective alcohols indicated the presence 

of one 2,3,4- tri -0- methylglucose residue in 15 tri -0- methylglucose 

residues, thus one 1,6- linkage is present in each laminarin chain. 

This is in accordance with the interpretation of Smith and Unau of 

their results from periodate oxidation and reduction of laminarin (79). 

Much of this work has been published in the Biochemical Journal 

and a reprint of this publication will be found at the end of the 

thesis. 
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CONCLUSION 

Chrysolaminarin, the reserve polysaccharide of the 

Bacillariophyceae, resembles laminarin in many respects. It is 

composed of 13 -1,3- linked glucopyranose units with a small proportion 

of 1,6- linkages present. Methylation studies 's u st one branch 

point to be present in the molecule at C6. The results of over - 

oxidation of the polysaccharide by periodate indicate this branch 

point to be situated on average half -way along the polymer. The 

molecular size of the polysaccharides is similar, the release of 

formaldehyde from both on periodate oxidation corresponding to a 

degree of polymerisation of 21. Chrysolaminarin has a chain length 

of li, calculated from methylation and periodate oxidation studies, 
cs- 

shorter than that of laminarin, which has been found to be413 by 

these methods. 

Chrysolaminarin differs from laminarin, however, in that it 

contains no mannitol residues and therefore more closely resembles 

the glucose terminated chains present in laminarin. 
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IiVTRODUCTI01d TO PAï'2 II 

A polysaccharide containing 0-1,4- linked glucopyranose residues has 

been isolated from Monodus subterraneus and it is appropriate to discuss here 

glucose polymers which comprise this type of linkage. 

Cellulose 

Cellulose is of wide industrial importance and has been extensively 

studied. It is the main structural material of plants (80) and is laid down 

in the cell wall as long, thin,crystalline threads, known as microfibrils. 

These fibrils are aligned to form the native cellulose fibre. The cellulose 

molecules are believed to traverse ordered crystalline and disordered amorphous 

regions. These latter areas may present a greater surface area for the rapid 

initial chemical and enzymic degradation. One molecule may pass through 

several of these regions. The X -ray diffraction pattern of the microfibrils 

is characteristic and has been widely used in their study. Chemical methods 

of periodate oxidation, methylation and hydrolysis have been used in the 

structural analysis of cellulose. It has been found to consist of chains of 

several thousand 15 -1,4- linked anhydroglucopyranose residues (81). Evidence 

has been advanced for and against the presence of a small number of anomalous 

linkages in the chains. Celluloses from different sources are thought to 

differ only in chain length and minor physical properties. 

A cellulose -like substance has long been known to be present in brown 

seaweeds (82), :ca.nci was obtained as an insoluble residue after the extraction 

of algin. It gave the characteristic staining properties of cellulose with 

iodine and sulphuric acid)was found to be soluble in cuprammonium hydroxide 

and was assumed to be identical to plant cellulose. 
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Dillon and O'Tuama (83) obtained a sugar by hydrolysis of this material, 

from which they prepared glucosazone; it was also converted into a viscose and 

acetyl and methyl derivatives were obtained. Algal cellulose from Laminaria 

cloUsttoni, L. digitata and r'ucus vesiculosus have been investigated by Percival 

and Ross (84). Hydrolysis showed glucose, obtained in 8O,o yield, to be the 

only sugar present in the molecule. The isolation of cellobiose octa -acetate, 

from the acetylated algal material, provided evidence that the glucose residues 

are joined by -1,4- linkages. This was confirmed by periodate oxidation, one 

mole of periodate being reduced by each D- glucose unit. The amount of formic 

acid liberated indicated an average chain length of 160 units. The presence 

of 1,3 or 1,6- linkages is unlikely, in view of these results, as the former 

would not react with periodate and the latter would reduce two moles per glucose 

residue. Crystallographic studies on this algal cellulose gave the character- 

istic pattern of normal cellulose. 

In the cell walls of the Phaeophyceae, Chlorophyceae and Rhodophyceae 

cellulose, present in small amounts, is thought to be of wide occurrence. That 

from Rhodymebial one of the red algae, yields approximately equal amounts of 

glucose and xylose, on hydrolysis. It has been shown, however by Dennis and 

Preston (85) that non -glucose sugars are confined to the outer layers of the 

cellulose microfibrils, the core being composed of 'true' cellulose. ri -rte,- 

studies have indicated cellulose to be the skeletal material of Tribonema (a 

member of the Xanthophyceae) (86), although it is generally thought to be 

lacking in the Chrysophyta i.e. Xanthophyceae, Dacillariophyceae and Chryso- 

phyceae (87). 

Lichenin 

Lichenin occurs as an important cell constituent of the lichens and was 
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considered to be a modified form of cellulose. Cellobiose octa.- acetate was 

isolated as a product of acetolysis by Karrer, Joos.and Staub (88) and on 

methanolysis of the methylated polysaccharide 2,3,6- tri -0- methylglucose has 

been obtained (89). Lichenin differs from cellulose, however, in its solubility 

in hot water, from which it precipitates on cooling. 

Lichenin occurs in Iceland moss (Cetraria islandica) with isolichenin 

and hemicelluloses. Meyer and Gtirtl_ar (90) on investigation of lichenin from 

this source, provided evidence of the difference between lichenin and cellulose 

by the isolation of 2,4,6 -tß-0- methylglucose in addition to tetra -0- methylglucose 

and 2,3,6- tri -O- methylglucose, from the hydrolysate of methylated lichenin. The 

proportion of tetramethylsugar was equivalent to a chain length of ca 170 units, 

the presence of both tri- 0- methylglucoses indicated 1,3- and 1,4- linkages to be 

present in the molecule. The amount of periodate reduced corresponded to the 

presence of 27w of 1,3- linkages. Chanda,I-3irst and Manners (91) confirmed these 

.findings by periodate oxidation and methylation studies. Partial acid hydrolysis 

(92) provided evidence that lichenin has a linear structure of repeating fcellotriose 

units joined through 1,3- bonds. Recently support for this has been obtained by 

the isolation of the trisaccharide, 3- 0- 0-- cellobtiosyl -D- glucose (93). The same 

trisaccharide has also been obtained from enzymically treated oat glucan (94), a 

polysaccharide shown from methylation studies to have a similar structure to 

lichenin (92). 

MO TODUS SUBTERIU.. E US PETERS&J 
The Xsnthophyceae are quanttatively important in the microfloras of 

freshwater and soils (95). The chromatophores of this class are yellowish green 

due to the presence of an excess of the yellow pigment, Xanthophyll. Chrysolaminarin 

is thought to be the customary storage product, starch being absent. The members 
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usually have a cell wall, which is often rich in pectic compounds, although 

silica and what is thought to be cellulose, may be present. The motile cells 

usually possess two very unequal flagella, although some species only have a 

single flagellum. The more advanced forms have a simple filamentous habit. 

The class is more widely distributed in freshwater than in the sea. 

Monoclus subterraneus Petersen is a non -motile unicellular member of 

this class. The adult cells measure approximately 5yß x 9/. No motile stages 

have been observed and reproduction is by cell division. M. subterraneus was 

first described from a sandy agricultural soil in Denmark (96). The strain 

used in the following investigation was isolated from wet rocks in a stream near 

Marion, Connecticut by Dr. R.A. Lewin, and grown in bacteria -free culture by 

Dr. Fogg and Dr. Miller in London who kindly supplied 25 g. of the freeze dried 

organisms. 



EXPEL/DENT 9L SECTION 

Extraction of Monodus has led to the isolation of the following 

carbohydrate material: - 

Alkali soluble glucan hereinafter called Glucan A comprising (after 

purification) 2Z0 of the calculated. carbohydrate content of Nonodus. Water 

soluble purified glucan derived from hot water and 50,6 aqueous ethanolic 

extractions hereinafter called glucan B (4). 

Cold water soluble crude polysaccharide C (4) 

Hot water soluble crude polysaccharide D 

$J Aqueous ethanol soluble crude polysaccharide D1 (10 

Chlorite extracted crude polysaccharide E (110 

Low molecular weight crude material (2$0 

The general procedures where they apply will be found at the beginning 

of the experimental section in Part I. Additional methods are given below. 

G.P. 13. 

Clarification by treatment with barium hydroxide and cadmium sulphate (97). 

Reagents. 

(1) Cadmium sulphate (6.3 g. CdSO4.SH20 in 100 ml. water) 

(2) A saturated aqueous solution of barium hydroxide in water (ca O.36N). 

A small amount of water was added and the solution was stored in a bottle protected 

from carbon dioxide by a soda -lime trap. 

The barium hydroxide solution was ti traced against the cadmium m sulphate 

using phenolphthalein as indicator. 

10 ml. CdSO4 solution = 10.1 ml. Ba(OH)2 solution. 
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The glucan (200.mg.) was heated to 95 °C in water for an hour with 

stirring. Cadmium sulphate solution (5 ml.) and barium hydroxide (5 ml.) 

were added simultaneously. Cadmium hydroxide was thus precipitated. The 

mixture was maintained at 95 °C for 3 minutes and then rapidly cooled and 

filtered through Filter -Cel. The filtrate was treated with excess alcohol 

and the precipitate obtained was isolated by freeze -drying after dissolution 

in water. 

G.P. 14. 

dowoprofsky's 1.eagent for cellulose detection. 

Zinc chloride (50 g.) and potassium iodide (16 g.) were dissolved in 

water 07,m1.) and excess iodine was added. The mixture was allowed to stand 

for 3 days and was then clarified by centrifugation. The viscous orange 

supernatant solution was retained. This reagent gave a blue colouration with 

filter paper. 

G.P. 15. 

Homogeniser. 

The Monodus cell slurry was treated in a homogeniser (supplied by 

Jencons, Hemel Hempstead, sierts) consisting of a thick glass tube (6" x 1 ") 

fitted with a plunger (9 ") with a ground glass head, attached to an electric 

stirrer. After stirring for 10 minutes in this apparatus, the cell material 

was very finely dispersed for subsequent extraction. 

Carbohydrate. Content of Monodus subterraneus Organisms. 

Experiment 24. 

Portions (4 mg.) of freeze -dried bacteria -free 1ionodus subterraneous 

organisms in the form of a green powder were hydrolysed with N- sulphuric acid 
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at 100° for 4 hours. After neutralisation (sodium hydroxide, phenolphthalein) 

the sugar content (calculated as glucose) of the solutions was determined 

cuprimetrically (G.P.9) and found to be ca 25`/o. 

Experiment 25. 

The organisms (20 mg.) were hydrolysed with A- sulphuric acid (4 hr. at 

100 °). After cooling) neutralisation with barium carbonate, filtration and 

concentration, the resulting syrup revealed on paper chromatographic examination 

spots corresponding to glucose (as the main component) galactose, mannosejxylose 

and ribose (solvents C and D, spray 1). Elution in solvent B followed by 

development with spray 3 revealed a spot corresponding to mannitol. 

Preliminary Extractions 

Experiment 26. 

The cell walls of the whole organism (20 mg.) were disintegrated by 

grinding with silver sand in a little water. The material was then extracted 

with 25 ml: 

(a) saturated sodium chloride 

(b) water at 70° 

(c) 50;. aqueous ethanol at 70° 

After filtration the filtrate was evaporated to ca 3 ml. under reduced 

pressure and the solution allowed to stand in the cold for 48 hr. Method (a) 

proved unsatisfactory due to the deposition of sodium chloride. Methods (b) 

and (c) both gave apparently white deposits resemblingcbrysolaminarin in 

appearance. On isolation t he precipitates became greenish -white due to 

contamination with chlorophyll. 

In view of this contamination the Monodus was given a preliminary 

extraction with organic solvents. 
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Experiment 27. 

Monodus (1.5 g.) was extracted with ether for 3 days followed by 

extraction with methanol for 9 days. The methanolic extract was evaporated 

to dryness treated with water, warmed and filtered. Lead acetate was added 

to the solution which was filtered. The filtrate was treated with hydrogen 

sulphide, filtered, taken to dryness and examined chromatographically. A 

spot corresponding to mannitol run as a control was obtained (solvent B, 

spray 3). The mannitol crystallised and had melting point and mixed melting 

point, 166° with authentic D- mannitol. 

The residual Monodus was then extracted as under Expt. 26. After hot 

aqueous, and 500 aqueous ethanolic extractions the residual material, following 

hydrolysis, gave paper chromatograms similar to those of the hydrolysate of the 

whole organism, and evidently still contained polysaccharide material. 

Experiment 28. 

The freeze -dried whole Monodus was therefore given a preliminary treatment 

by immersion: 

(i) in liquid ammonia 

(ii) in water and subjected to alternate freezing and thawing 

(iii) in dimethly sulphoxide 

It was hoped that one or other of these treatments would cause swelling 

and disintegration of the cells and so facilitate subsequent extraction of the 

polysaccharides. 

(1) Monodus organisms (1.5 g.) in an evacuated flask, were cooled to 

-700 (in acetone and solid carbon dioxide)) liquid ammonia was allowed to distil 

into the flask until the organisms were completely immersed. The flask was then 

opened to the atmosphere and allowed to stand at room temperature for 30-40 hours. 



The last traces of ammonia were removed by evacuation (high vacuum pump) at 35°. 

After further disintegragion of the cells of the resultant material, by 

grinding with silver sand and treatment in a homogeniser (G.P.15), the organisms 

were extracted with water.(200 ml.) for 3 hours on a boiling water -bath. The 

mixture was centrifuged and the supernatant solution was evaporated, under reduced 

pressure, to small volume (ca 20 ml.) and allowed to stand at 2° for 3 days, 

during which time a white precipitate was deposited. This was centrifuged down, 

recrystallised from hot water, redissolved in hot water and freeze -dried. 

Yield = 21.0 mg. 

(ii) Monodus (1.5 g.) in water (10 ml.) was subjected to repeated 

freezing and thawing (acetone and carbon dioxide). The cells were subsequently 

further disintegrated by grinding with silver sand and by treatment in a homo- 

geniser and then extracted with hot water as described in (i). Yield = 15 mg. 

(iii) Monodus organisms (1.5 g.) were stirred overnight with dimethyl- 

sulphoxide (120 ml.) in an atmosphere of nitrogen. The cell material was 

centrifuged down and washed with ice -cold water (5 x 20 ml.). The cells were 

disintegrated as described in (ii) and following hot water extraction, a white 

precipitate was isolated as in the previous experiment. Yield = 20 mg. 

The dimethyl sulphoxide extracted most of the chlorophyll from the cells. 

Addition of excess acetone (5 volumes) to this derived dimethyl sulphoxide solution 

produced only a s;ight precipitate (5 mg.), evidence that very little extraction 

of polysaccharide material occurred during this treatment. 

The residual cell material was extracted with 50% aqueous ethanol (200 ml.) 

for 3 hours under reflux on a boiling water bath.After centrifugation the supernatant 

solution was evaporated to ca 20 ml. under reduced pressure and allowed to stand 

at 2° for 3 days. A slight yield of polysaccharide (10 mg.) was obtained. 

Hydrolysis of a portion of the residual cell material with N- sulphuric acid 

(4 hr. at 100 °) revealed on chromatographic analysis of the derived syrup that 
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glucose, galactose and xylose were present. 

To free the remaining carbohydrate material the residual organism was 

subjected to a chlorite treatment. 

Experiment 29. 

Chlorite Treatment of the Residue derived from Expt. 28 (iii). 

The residue from the above extraction ca 1.2 g. was heated to 70° in 

aqueous acetic acid (0.1 ml. in 25 ml. water) and sodium chlorite (3 x 0.5 g.) 

was added at hourly intervals. This treatment bleached the cell material. The 

mixture was centrifuged and the solid matter washed thoroughly with distilled 

water. The centrifugate and washings were treated with excess alcohol, a white 

flocculent precipitate (polysaccharide E) was obtained. This was dissolved in 

water, dialysed and freeze- dried. 

The solid material remaining after chlorite t_eatment was extracted with 

water (100 ïiil.) for 1 hour on a boiling water bath. Ater centrifugation the 

centrifugate was treated with excess ethanol. Negligible precipitation occurred. 

Experiment 30. 

Al ,ïai i ne Extraction of the Residual rionodus Oruazi sms remaining after 
Chlorite Treatment. 

The bleached cell material was treated with sodium hydroxide (50.0 ml.) 

in an atmosphere of nitrogen for 5 minutes. The slight residue remaining was 

filtered from the solution and the filtrate neutralised (acetic acid pH 5). A 

faint precipitate was obtained at this stage. On addition to 5 volumes of acetone 

a white flocculent precipitate (Glucan A) was obtained. This material was iso- 

lated, reprecipitated twice from water with acetone, dried, dissolved in water and 

freeze- dried. Yield = 228 mg. 

Chromatographic examination of this material following hydrolysis with 
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N sulphuric acid (4 hr at 100 °) cooling neutralisation and concentration showed 

glucose to be the only sugar present. (Solvents G, B sprays 1 and 3). No trace 

of mannitol was obtained. 

Cuprimettc titration of a hydrolysate gave a glucose content of this 

material of ca 50k. 

E_periment 11. 

Attempted Purification of Glucan A. 

(1) with trichloracetic acid. 

(2) by dilute acid treatment. 

(1) The Glucan A (250 mg. glucose content 500 was dissolved in water 

after heating for 1 hour at 100 °0. The solution was cooled and a concentrated 

solution of trichloracetic acid was added so that the final volume had a con- 

centration of 4; trichloracetic acid. The solution was allowed to stand for 

two days and a precipitate of protein settled out from the solution. After 

filtration the solution was dialysed to neutrality (4 days) concentrated and 

freeze -dried. Yield = 20 mg. (glucose content = 75). 

(2) The glucan A (250 mg.) was dissolved in water (10 ml.) and a few 

drops of N-hydrochloric acid were added. Material (. was immediately precipitated. 

This was centrifuged off and the supernatant solution was treated with excess 

ethanol (5 volumes). A white precipitate (Glucan A) was obtained. This was 

isolated, dried, dissolved in water and freeze -dried. The material (x) was 

redissolved in alkali (0.5 N). The solution was neutralised with acetic acid 

(pH 5) and on addition of excess ethanol a white flocculent precipitate was 

obtained. This was isolated and dissolved in water and a few drops of N 

hydrochloric acid were added. Removal of the resulting precipitate and addition 

of alcohol to the remaining solution gave a further precipitate of glucan A. The 
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combined glucans were retreated as above to give a purified glucan A. (105 mg.) 

Glucose content 98. 

Experiment 32. 

Direct extraction of Monodus with alkali prior to a chlorite treatment 

was carried out in the hope that it was unnecessary to use this drastic treatment 

to free the carbohydrate material. Extraction with dilute hydrochloric acid was 

also investigated. 

Extraction with al tca1i. 

Monodus (250 mg.) after treatment with dimethyl sulphoxide and disinte- 

gration of the cell walls as in Expt. 28(iii) was extracted with water for 3 

hours on a boiling water bath. The mixture was filtered and the residue stirred 

with 4`jó sodium hydroxide (12.5 inl.) for 1 hour. The alkaline supernatant solution 

was neutralised (acetic acid) and treated with excess ethanol. No appreciable 

precipitation of polysaccharide material occurred. 

Similarly extraction with dilute hydrochloric acid (pH 3.4, 15 ml.) for 

several hours failed to yield any polysaccharide material. 

Experiment 33. 

Large Scale Extraction of Nonodus subterraneus. 

The organisms were extracted in batches of 3 g. (a total of 12 g.) as this 

was considered to be the most suitable quantity for efficient extrction. 

(1) Cold Water Extraction. 

The colouring matter was removed from the cells (3 g.) by stirring overnight 

with dimethyl sulphoxide (240 ml.) in an atmosphere of nitrogen. The cell material 

was isolated by centrifugation and freed from dimethyl sulphoxide by rapid washing 

with cold water and then ground with sand and processed in a homogeniser in order 



to rupture the cell walls. TheTzshings were combined and on the addition of 

excess alcohol (5 volumes) a slight white precipitate (polysaccharide C) was 

obtained. Yield of Polysaccharide C = 19 mg. 

(2) Hot Aqueous Extraction. 

The disintegrated cell material was extracted with water (500 ml.) for 

3 hours on a boiling water bath. The hot mixture was centrifuged and the colour- 

less supernatant solution was concentrated under reduced pressure to 50 ml, This 

solution was allowed to stand at 2° in a cold room for 3 days. fine white 

precipitate, ( Glucan B) settled out. This was isolated by centrifugation, purified 

by recrystallisation from hot water, redissolved and freeze- dried. Yield of 

Glucan B = 40 mg. 

The supernatant solution remaining after removal of this precipitate was 

treated with excess ethanol (5 vols.) a white flocculent precipitate (polysaccharide 

D) was obtained. This was isolated and freeze -dried. Yield of polysaccharide D = 

90 mg. 

(3) 50iß Aqueous Àlcoholic Extract. 

The residual Monodus was refluxed with 50í0 aqueous ethanol (500 ml) for 3 

hours on a boiling water -bath. After separation of the cell material the extract 

was reduced to a small volume (50 ml.) under reduced pressure and left to stand at 

2° for 3 days. The material which precipitated (Glucan B) was isolated and 

freeze -dried. Yield of Glucan B = 40 mg. 

After removal of glucan E the supernatant solution, on addition of excess 

ethanol, yielded a further precipitate (polysaccharide D) which was isolated and 

freeze dried. Yield of polysaccharide D1 = 11 mg. 

(4) Chlorite Treatment of the Residual Monodus. 

The residual organisms in aqueous acetic acid (0.25 ml. glacial acetic acid 

in 70 ml. water) were treated with solid sodium chlorite (3 x 400 mg.) added at 
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hourly intervals. After removal of the iíonodus residue the chlorite solution was 

dialysed. Addition of alcohol to the dialysed solution precipitated polysaccharide 

E which was isolated by centrifugation, dried, dissolved in water and freeze -dried. 

Yield of polysaccharide E = 80 mg. 

(5) Alkaline Extraction. 

Treatment of the colourless residual cell material with 4 sodium hydroxide 

(100 ml.) in an atmosphere of nitrogen for five minutes at room temperature, caused 

complete dissolution of the solid matter. After neutralisation of the solution 

(acetic acid pH 5) and the addition of excess ethanol, a white precipitate (Glucan A) 

was deposited. This was separated, dried, dissolved in water and freeze -dried. 

Yield of Glucan A = 360 mg. 

The glucose content of this material (determined cuprimetrically) varied 

from 50 - 6026 in different extractions. The material was purified by the method 

given in Experiment 31 (2). Yield = 200 mg. 

Experiment 34. 

Examination of the Various Supernatanï, Solutions. 

The total yield of crude polysaccharide material obtained from these 

extractions amounts to ca 20',. The total carbohydrate content of the cells estimated 

cuprimetrically was found to. be 2526 (Expt. 25). The supernatant solutions from the 

hot water 50p aqueous ethanol and sodium hydroxide precipitations from one 3 g. 

batch were concentrated to dryness, weighed and examined chromatographically. 

(a) The hot water supernatant (49 mg.) when examined chromatographically in 

solvent showed a spot comparable to glucose run as a control together with some 

oligosaccharides. A portion (40 mg.) was hydrolysed, glucose, marnose and 

traces of ribose were indicated on chromatographic examination of this hydrolysate. 

(b) Chromatographic examination of the 50¡; aqueous ethanol extract material 
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(51.5 mg.) revealed no free sugars. After hydrolysis (J- sulphuric acid, 5 hr. 

at 100 °) neutralisation, filtration and concentration, however, spots with the 

mobility of glucose, mannose and galactose (visually in equal amounts) with smaller 

amounts of xylose, ribose and possibly a trace of rhamnose were revealed (solvents 

A, C spray 1). 

(c) Carbohydrate material (100 mg.) was obtained from the alkaline supernatant. 

Paper chromatographic examination of an acid hydrolysate of this material (100 mg.) 

revealed glucose to be present. 

The yields of polysaccharide obtained from the supernatants of these extracts 

(ca 200 mg. from a 3 gm. batch) bring the total crude carbohydrate material to 

ca 27i,;. 

Experiment 35. 

Examination of Polysaccharide C (the Cold Water Extract) 

(1) This material isolated as a white powder contained 14 sulphate. It was.. 

thought that this might be present as free sulphate or may have arisen by contam- 

ination with traces of dimethyl sulphoxide. The material was therefore, dissolved 

in water, dialysed for 5 days and freeze- dried. Portions (20 mg.) were analysed 

for sulphate, a value of 14 sulphate was obtained. Polysaccharide C gave a 

negative test for anhydro sugars (&.P.ß ). 

In a control experiment laminarin (100 mg.) known to be devoid of sulphate, 

was stirred with dimethyl sulphoxide (20 ml.) overnight. The polysaccharide was 

precipitated, washed with ice -cold water (5 x 20 ml.) and dried. Portions (20 mg.) 

were analysed for sulphate; none was found to be present. 

Chromatographic examination of an acid hycrolysate (N. sulphuric acid at 100° 

for 4 hr.) of polysaccharide C (76 mg.) revealed glucose, mannose and galactose with 

traces of xylose and ribose. 
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Experiment 36. 

Examination of Glucan B derived from the Hot Water and 50,,, aqueous Ethanol Extractions. 

The polysaccharide materials, deposited from the hot water and aqueous ethanol 

extracts on standing, appeared to be very similar. Chromatographic examination of 

acid hydrolysates showed a strong spot from both extracts corresponding to glucose 

(solvent C, spray 1). a faint spot corresponding to mannitol (solvent B, spray 3) 

was also detected in the hydrolysate of the hot water extracted material. The glucose 

content of portions (4 mg.) was determined cuprimetrically and found to be 14;0 for 

both extracts. 4ualitatively nitrogen was found to be present Lassaigne element 

test (96) ( Found, i, 220. In view of the small amount of material available 

these two extracts were combined and called Glucan B. 

Experiment 37. 

Purification of Glucan B. 

Glucan 3, ûeposited from the aqueous ethanolic extracted, was slightly 

contaminated by chlorophyll. Attempts were made to clarify a solution of this 

glucan by treatment with barium hydroxide and cadmium sulphate (G.P. 13). A 

negligible yield of polysaccharide was obtained. To the above combined glucan 

(áa 300 mg.) sodium hydroxide (0.2 N) was slowly added with stirring until it had 

all dissolved (ca 9 ml.). On-neutralisation with hydrochloric acid (pH 7),,a 

precipitate was obtained this was removed by centrifugationand the supernatant 

solution on treatment with excess ethanol (5 volumes) bave a white flocculent 

precipitate. This was isolated,dried, dissolved in water and freeze- dried. 

Yield = 37.9 mg. 
18 

This polysaccharide (Glucan B) had 

hydroxide) and glucose content 99. 

b(3 - 8° (ç 2.0 in 0.5 N sodium 
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Experiment 38. 

Methylation of the Glucan B. 

The Glucan (30 mg.) was dried over phosphorus pentoxide under 15 mm. 

pressure and then mixed with Filter -Cel. (200 mg.). The mixture was transferred 

to the reaction vessel of the micromethylation apparatus (see Fig. 1) and subjected 

to four complete methylation cycles (see Expt.0 i- ). 

The methylated product was 'extracted with dry, boiling chloroform for 2 

hours. After centrifugation the chloroform solution was evaporated to dryness 

under reduced pressure. Yield = 20 mg. 

Experiment 39. 

Methanolysis of the Methylated Glucan. 

(1) The chloroform soluble methylated glucan was refluxed with 3i, methanolic 

hydrogen chloride (5 ml.). Due to the presence of contaminating grease and traces 

of Filter --Cel: it was impossible to follow the reaction polarimetrically. After 6 

hours the methanolic solution was cooled, neutralised with silver carbonate, filtered 

and concentrated. The resulting syrupy methyl glycosides went examined by gas 

chromatography. The chloroform insoluble methylated material was similarly 

methanolysised. 

Experiment 40. 

Examination of the Methyl glycosides of the Methylated Sugars by Gas 
Chromatography. 

(1) The methylglycosides were separated on columns 4' in length, packed with 

Apiezon M (200 on celite at 150 °, buta:n -1,4 -diol succinate polyester (15x) on 

celite at 175° and polyphenol (100 on celite at 200 °. 

The following methylglycosides were present:- 
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oC - methyl 2, 3, 4., 6- tetra- 0- methylglucoside 

- methyl 2, 3, 4, 6- tetra- 0-methylglucoside 

p( - methyl 2, 3, 6- tri -0- methyl glucoside 

f3 - methyl 2, 3, 6- tri -0- methyl glucoside 

possibly a trace of 2, 4, 6 tri-O-methyl glucoside and a small unknown peak which 

was detected between the tetra and the tri- methyl fractions. 

No attempt was made to determine the proportion of di -0- methyl sugars in 

this material. 

(2) The chloroform insoluble methylated residue was methanolysised in the same 

way as the chloroform soluble material and the resulting methyl glucosides examined 

by gas chromatography on a column 4 feet long packed with 15`w butan -1,4 diol 

succinate polyester at a temperature of 155° (see Fig. 10). 

The following methyl glycosides were presents- 

p( - methyl 2, 4, 6-tri-O-methylglucoside 

g - methyl 2, 3, 4, 6- tetra -0- methylglucoside 

Experiment 41. 

Periodate o.idation of Glucan B and Determination of the Formaldehyde 

Released. 

Glucan B (5.2 mg.) was treated with 0.015 P4 sodium metaperiodate (5 ml.) 

at 2 °. Aliquots (0..5 ml.) were analysed for formaldehyde at intervals. The 

results are given in Table 18 page 124 

Experiment 42. 

Examination of the Soluble Polsaccharide D Extracted b Hot Water. 

(1) This material (20 mg.) which was devoid of suiphLte (G.P. 7) was hydrolysised 

and the neutralised hydrolysate examined chromatographically. Spots corresponding 
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to glucose and galactose (visually in equal amounts) and a trace of fucose 

were present 

(2) The extract (50 mg.) was hydrolysed with N- sulphuric acid for 5.5 hours 

at 100 °. The solution, after cooling, was neutralised with barium carbonate, 

filtered and concentrated to a syrup. This was spotted along the starting line 

of a Whatman No. 17 thick paper chromatogram (20 x 50 cm.) and eluted overnight 

with solventdD. The chromatogram had been previously irrigated with the solvent, 

dried, washed with water and again dried. The sugars were located by guide 

strips and the appropriate squares of paper were cut out and eluted with cold 

water. The sugar solutions were concentrated to dryness under reduced pressure, 

re- extracted with ethanol, transferred to weighed tubes and taken to dryness. 

Tube 1. A syrup (6 mg.) on chromatographic examination revealed a 

spot corresponding to D- galactose run as a control (solvents A, C). Its identity 

was confirmed by forming the diethyl mercaptal derivative (99) which had melting 

point and mixed melting point with authentic D- galactose diethyl mercaptal derivative 

140 °. 

Tube 2. Crystalline D- glucose (17 mg.) M.P. 146 °. The crystals were 

chromatographically identical to D- glucose (solvents A, C). The sugar was fully 

characterised by incubation with the specific enzyme, glucose oxidase, at 350 

overnight in aqueous solution. After removal of denaturated protein, filtration 

and concentration, paper chromatographic examination showed the absence of glucose 

and the presence of gluconic acid (spray 4, solvent D). 

Tube 3. A syrup (0.9 mg.) chromatographically identical with fucose 

run as a control (solvents C and D, spray 1). It is hoped to characterise this 

sugar as the methylphenylhydrazone. 
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Experiment 43. 

Periodate Oxidation and Examination of the Residual Polysaccharide D. 

This extract (30 mg.) was treated with 0.15 M sodium metaperiodate (10 ml.) 

at 2° for 1 week. Excess periodate was destroyed with ethylene glycol (2 ml.). 

After dialysis sufficient sulphuric acid was added to make the solution 1N and 

the solution heated at 100° for 5.5. hours. After cooling, neutralisation with 

barium carbonate, filtration and concentration the derived syrup was examined 

chromatographically. Spots corresponding to glucose and a trace of fucose, run 

as controls were present. 

Experiment 44. 

Examination of Pol saccharide D1 Extracted by 50;, aqueous Ethanol. 

This material (20 mg.) was hydrolysed with H- sulphuric acid (5.5 hr. at 

100 °) neutralised (barium carbonate) filtered,concentrated and examined chromato- 

graphically. A strong spot corresponding to glucose was obtained and two faint 

spots corresponding to galactose and ripose. 

The polysaccharide (10 mg.) was analysed for sulphate (G.P.7). None 

was found to be present. 

Experiment 45. 

Periodate Oxidation and Examination of the Residual Polysaccharide. 

The freeze -dried material (D1) (15 mg.) was treated with 0.15 M sodium 

metaperiodate at 2° for 1 week. Excess periodate was destroyed with ethylene 

glycol (2 ml.). After dialysis the dialysate was made IN with sulphuric acid 

and the solution heated at 100° for 5.5 hours. Chromatographic examination of 

the neutralised hydrolysate (barium carbonate) revealed a faint spot corresponding 

to glucose. 
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Experiment _L. 

Examination of Polysaccharide E, the Chlorite Extracted Material. 

Chromatographic examination of an acid hydrolysate (N.H2.304. 5.5 hrs. 

at 100 °) of this extract (40 mg.) revealed spots with the mobility of glucose 

(heavy) ribose (heavy) xylose and galactose (trace). 

Periodate oxidation of this. extract (40 mg.) and subsequent hydrolysis 

of the oxopolysaccharide as in Expt. 43 revealed spots corresponding to glucose 

(major), xylose and rhamnose (trace) (see Table 21). 

Experiment 47. 

H rolysis of Polysaccharide E and Characterisation of Glucose and Xylose. 

The extract (50 mg.) was hydrolysed with N-sulphuric acid for 5.5 hours 

at 100 °. After cooling the hydrolysate was worked up in the usual way. The 

derived syrup was spotted along the starting line of a Whatman No. 17 paper 

chromatogram (20 x 50 cm.) and eluted with solvent D for 30 hours. 

The sugars were located by guide strips and eluted with water. lifter 

concentration the syrups were transferred to weighed tubes with methanol, concentrated, 

and dried in a desiccator. 

Tube 1. D- Glucose 20 m . ie4 ° 
( g ) C 53 was characterised by incubation with 

the specific enzyme, glucose oxidase. Chromatographic examination of the filtered 

concentrated solution revealed a spot with the mobility of gluconic acid, and the 

absence of glucose (solvent D, sprays 1 and 4). 

Tube 2. The xylose ( 3 mg.) crystallised and had melting point 142 °. It 

was characterised as D- xylose by formation of the dibenzylidtne dimethyl acetal 

derivative (100) which had melting point and mixed melting point with authentic 

D- xylose dibenzylidkne dimethyl acetal 211 °. 
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Experiment 48. 

Examination of Glucan A Extracted with Sodium Hydroxide. 

This material had [1] - 17° (e 2.0 in dilute sodium hydroxide) was 

partially soluble on warming in water and contained no sulphate. Chromatographic 

examination of an acid hydrolysate (1 -N HsSoyat 100° 6 hr) revealed a d;rong spot 

with the mobility of glucose. 

The glucan (50.7 rag.) was heated at 100° in N sulphuric acid (3 ml.) and 

the rate of hydrolysis was followed polarimetrically. 

Time in 
hours 

CY. 
D 

0 1 2 3 4 5 6 7 

-28° -5° + 29° +56° +70° +88° +97° +97° 

After cooling the hydrolysate was transferred to a standard flask and 

diluted to 10 ml. with distilled water. The rotation of the solution was +290. 

The concentration of glucose in the solution was 56 mg. determined cuprimentrically 

(G.P.9) and hence the calculated [../2 of the solution was +520. 

After neutralisation with barium carbonate, filtration, and concentration 

the resulting syrup crystallised on standing. Chromatographic examination 

revealed the presence of glucose only. The crystals had melting point 83° 

underpressed on admixture with authentic D- glucose hydrate. 

Experiment 49. 

Glucose content of Glucan A. 

The glucan (10.20 mg) was hydrolysed with N-sulphuric acid (3 ml.) for 

6 hours at 100 °. The solution was diluted to 10 ml. in a standard flask. 

Aliquots (1 ml.) were withdrawn, neutralised with podium hydroxide and their 

reducing power measured by cuprimetric titration (G.P.9). It was found that 
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98;a of sugar, calculated as glucose, was produced on hydrolysis. 

Experiment 50. 

Periodate Oxidation of Glucan A.. 

The Glucan (20.02 mg.) was treated with 0.015 ißí sodium metaperiodate 

(20 nil.) at 2° and, after 25 days, at room temperature. Aliquots were withdrawn 

at intervals and analysed for (a) periodate reduction and (b) formic acid release. 

(a) Samples (1 ml.) were withdrawn and diluted to 250 ml. in a standard flask. 

The absorption of these solutions were compared with that of 0.015 t,í sodium 

metaperiodate and potassium iodate solutions, similarly diluted in a Unicam 

Spectrophotometer at 222.5 m4. See Table 15 for the results and Fig. 8. 

(b) Samples (1 L'1.) were withdrawn, excess periodate was destroyed with 

ethylene glycol (0.1 ml.) and the formic acid present wds titrated against 0.1N: 

sodium hydroxide. The results are shown in Table 15. 

Overoxidation of Glucan A. 

An aliquott (1 ml.) of the above solution was withdrawn, phosphate buffer 

(5 ml. pH 8) and 0.3M sodium metaperiodate (1 ml.) were added and the solution 

diluted to 10 ml. and placed in an incubator at 30 °. Samples (1 ml.) were 

withdrawn and analysed for formaldehyde (G.P. 11 (iii,)). The results are 

given in Table 15. 

Experiment 51. 
Methylation of Glucan A 

The glucgn (100 mg.) was mixed with Filter -Cel (200 mg.) and the mixture 

transferred to the reaction vessel (A) of the micro -methylation apparatus and 

methylated four times. 

The methylated product was extracted with dry boiling chloroform (20 ml.) 

for 2 hours. The insoluble residue was removed by centrifugation and the 

supernatant concentrated under reduced pressure. The derived syrup was freed 
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from grease and Filter -Cell by repeated solution in dry methanol and chloroform 

and filtration. It was finally dried and weighed (60 mg.). It had CDC] -to 

(ç 2.1 in methanol) . 

o 

Experiment 52. 

Hydrolysis of the Methylated Glucan. 

A portion of the chloroform soluble Glucan A (10 mg.) was hydrolysed with 

90 formic acid (0.2 ml.) at 100° for 4 hours in a sealed tube. The tube was 

opened and diluted to 1 ml. with distilled water and heated for a further hour 

to hydrolyse any formyl esters. The solution was deionised by treatment with 

Amberlite resins IPA 120(H) and 4B(OH) filtered, concentrated and examined 

chromatographically in solvents E and'F (spray 1). Spots corresponding to 

2,3,4,6 -tetra 07methylglucose, 2,3,6- tri- O- methylglucose and a trace of 2,4,6 -tri- 

and di-O-methylglucose were obtained. 

Experiment 53. 

Methanolysis of Methylated Glucan A. 

The remaining chloroform soluble methylated Glucan A was heated under 

reflux with methanolic hydrogen chloride (5 ml.) until the rotation was constant 

(6 hr.). The solution was cooled, neutralised with silver carbonate filtered, 

concentrated under reduced pressure and the methyl glycosides present were 

analysed by gas chromatography. (See Fig. 9). The methyl glycosides present 

were:- 

Methyl 2, 3, 4, 6- #etra-0- methylz glucoside = 1 part 

Methyl 2, 3 -6 tr O- methyl : glp.coside = 16 parts 

and possibly a trace of methyl 2,4,6- tri -O- methyl :glucoside 

Experiment 54. 

Fractionation of Glucan by Iodine -Complex Formation (101) 

Glucan A (240 mg. Glucose content SOO was mixed with Filter -Cel (0.6 g.) 
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and stirred with ammonium carbonate (12 ml, 3 g.1.1) in a 4uickfit boiling tube 

at 117 ° -1200 (oil bath) for 30 minutes. The mixture was cooled to room 

temperature, sodium chloride (4.0 ml. 200 g`l. and iodine- potassium ioine 

solution (30 g. iodine and 50 g. possium iod.rae in 250 ml. water; 0.8 ml.) 

added. The tube was filled with water and shaken. It was allowed to stand 

for 15 minutes. A slight purple precipitate settled out. The Filter-Gel 

and precipitate were separated by centrifugation. The supernatant was 

decolourised with thiosulphate Solution (125 g. hydrate4/1.) and treated with 

excess alcohol (5 volumes). The precipitate obtained was isolated, redissolved 

and freeze -dried (Glucan A2 150 mg.). 

The iodine complexed precipitate was treated with sodium chloride 

(6.0 rail.) sodium thiosulphate was added dropwise until the purple colourisation 

was discharged (ca 0.3 ml.). ì'J- Hydrochloric acid (3 ml.) was added, iodine- 

potassium iodide solution (0.8 nil.) and water (5 ml.). The tube was shaken 

and after 10 minutes the precipitate and Filter -Gel were separated by centri- 

fugation/the precipitate was again suspended in sodium chloride (6.0 ml.) and 

decolourised with thiosulphate, the mixture was warmed gently. The Filter -Gel 

was removed by filtration and the filtrate dialysed. On the addition of alcohol 

to the dialysate a slight precipitate was obtained. This was isolated and 

freeze -dried _ s r ti (Glucan Al 5.4 mg.). 

A second portion of glucan A (214.7 mg., glucose content 750 was 

fractionated by this method. Yields of Glucan A2 (]18 mg.) and Al (13 mg.) 

were obtained. 

Experiment 55. 

Examination of Glucan Al. 

This material had E>C3 :ó am uc±y + 10° L 1:8 in dilute sodium 

hydroxide). It no longer gale any colour with dilute iodine solution. 
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Enzymic Studies 

Action of Salivary ox -Amylase. 

Glucan Al (5 mg.) was treated with salivary DC- amylase (5 ml.) and 

sodium chloride (1 mg.). The mixture was diluted to 10 ml. and incubated 

at 35 °. Aliquots (4 ml.) were withdrawn after 24 and 48 hours and their 

reducing power (determined cuprimetrically, G.P.9) was found to be nil. 

Action of Fs-Amylase. 

Glucan Al (8.6 mg.) in 0.2 ICI acetate buffer (pH 4.6, 3 ml.) was 

mixed with soya bean p -amylase (5 mg.). The digest was diluted to 25 ml. 

with water and then incubated at 37° for 48 hours. Aliquots (2 x 5 ml.) 

were withdrawn and their reducing power (determined cuprimetrically, G.P.9) 

was found to be nil. 

:action of Cellulase 

DIGESTS 
The residual salivary oc. -amylase and [3 -amylase^ were dialysed and 

freeze- dried. The material obtained (ca 5 mg.) and cellodextrin (10 mg.) 

Scpa..k 4J1 
in 0.2 M acetate buffer (pHI 4.6, 5 ml.) wereAtreateai with commercial cellulase 

(10 mg.). A drop of toluene was added to each to prevent bacterial contam- 

ination and the mixtures were incubated at 35° for 2.days. A control solution 

containing only cellulase (10 mg.) was treated similarly. The digests were 

filtered to remove denatured protein, deionised with Amberlite resin IF, 120 (iI) 

and 45 (OH) , concentrated and examined chromatographically. A strong spot 

with the mobility of glucose was obtained from both polysaccharide materials 

but this was absent in the digest containing only the enzyme. 

Experiment 56. 

Action of Periodate 

Glucan Al (4 mg.) was treated with 0.015 M sodium metaperiodate (5 ml.) 

at room temperature. Aliquots (1 ml.) were withdrawn at intervals and 
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analysed for reduction of pe :_iodate . (b9 ). The results are given in Table 

t',. 

Experiment 57. 

Examination of Glucan A2 

This glucan had pap_ 17° (e. 1.7 indilute alkali) glucose content 

8 and was partially soluble in warm water. It gave no colouration with 

dilute iodine solution or with Nowoprofsky's reagent. 

Methylation of Glucan A2. 

The glucan A2 (50 mg., from Expt. 54) was given four methylations in 

the micro -methylation apparatus. The methylated polysaccharide and Filter 

Cel mixture was extracted under reflux with boiling dry chloroform for 2 

hours. After centrifugation the methylated polysaccharide was recovered 

from the chloroform solution by evaporation. Yield = 25 mg. C°<; -= 5.6° 

(in methanol) . 

Experiment 58. 

iíethanolvsis of Meth7lated Glucan A2 

(1) The chloroform soluble methylated glucan was heated under reflux 

with 3,c methanolic hydrogen chloride until the rotation was constant (6 hr.). 

After neutralisation with silver carbonate, filtration and concentration the 

resulting syrup was analysed by gas chromatography. 

The following methyl glycosides were present : - 

Relative Proportions 

oC methyl 2,3,4,6- tetra -0- methylglucoside 2.3 

j3 methyl 2,3,4,6- tetra -0- methylglucoside 0.5 

aC methyl 2,3,6- tri -0- methylglucoside 41.0 

I methyl 2,3,6- tri -0- methylglucoside 12.0 

The ratio of methyl 2,3,4,6- tetra -0- methylglucoside to methyl 2,3,6- tri -0- 

methylglucoside is 1 : 17. 
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(2) The chloroform insoluble methylated glucan A2 was also methanolysised 

and analysed by gas chromatography.' 

The following methyl glycosides were present: - 

p( and r methyl 2, 4, 6- tri- O- methylglucoside 

D and r methyl 2, 3, 4, 6 tetra -O- methylglucoside 

Experiment 59. 

Periodate Oxidation of Glucan A2. 

Glucan A2 (38.4 mg.) was treated. with 0.015 M sodium metaperiodate 

(40 ml.) at 20 and later at room temperature. 

(1) Aliquots (1 ml.) were withdrawn and analysed for reduction of periodate, 

spect :ophotometrically (69). 

(2) Aliquots (1 ml.) were withdrawn, excess periodate was destroyed by 

the addition of ethylene glycol (0.1 ml.). After 30 minutes the formic 

acid present was titrated against sodium hydroxide (B.D.H. standard 

reagent). See Table 17 for the results. 

(3) Aliquots (0.5 ml.) were analysed for formaldehyde 6.P.11 (2) 

See Table 17 for the results. 

Experiment 60. 

Action of Cellulase on Glucan A2 

Glucan A2 (10 mg.) was _ncubated with cellulase as described in 

Expt. T5. The digest was filtered, deionised, concentrated and examined 

chromatographically. A strong spot with the mobility of glucose was obtained 

(solvent C spray 1). 

Experiment 61. 

Action of Salivary of -Amylase on Glucan A2 

Glucan A2 (18.2 mg.) in water was treated with salivary oC -amylase (7 ml.) 
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and sodium chloride (5 mg.). The mixture was diluted to 50 ml. and incubated 

at 35 °. Aliquots (5 ml.) were withdrawn after 24 and 48 hours and the reducing 

power, determined cuprimetrically, (G.P.9) was found to be nil. 

Experiment 62. 

Partial B_ydrolysis of Glucan A2 

The Glucan A2 (40 mg.) was partially hydrolysed by 0.1 N- sulphuric acid 

for 1.25hr.at 100 °. The undissolved residue (ca 15 mg.) was removed by filtration. 

The hydrolysate was neutralised with barium carbonate, filtered, concentrated, 

and examined chromatographically (solvent C spray 1). Spots were obtained with 

RGL 0.61, 0.42 (main component) 0.30, 0.16- Laminaribiose, cellobiose and 

laminaritricse run as controls)had RGL values of 0.61, 0.42 and 0.30 respectively. 
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DISCUSSION 

The Monodus subterraneus organisms used in this investigation were 

groon in bacteria -free culture in the Botany department, University College 

London by Dr. Miller. After spinning down, the resulting thick cell slurry 

was freeze -dried and had the appearance of a bright green powder. 

Hydrolysis of the organisms (Expt. 25) followed by chromatographic 

analysis of the neutralised hydrolysate revealed the presence of the following 

sugars and mannitol: 

TABLE 13 

Glucose Mannose Galactose Xylose Ribose 

xx XXX XX x 

xxxxx = major component xx = minor component 
x = trace 

The re ici_ng power of a hydrolysate of the 7.7W _e organism (Expt.2L; ) 

determined cuprimetrically (determined as glucose) showed the organisms to 

have a carbohydrate content of approximately 25 %. 

Complete extraction of the polysaccharides proved very difficult 

and a wide variety of extraction procedures were investigated. 

Preliminary extractions 

To facilitate the extraction of carbohydrate material the cell walls 

of the organisms were disintegrated. This was done by grinding the cells 

with silver sand and a little water in a pestle and mortar. In the 

subsequent extractions Mx-pt. 28) the cells were also ground in a glass 

homogeniser. This was found to break down any remaining aggregates of cells 

and to bring about complete dispersion of the material. 
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The preliminary extractions were carried out on small amounts of 

material and were in the first instance based on the methods used by Professor 

von Stosch in the extraction of chrysola_Tninarin from diatoms. Extraction 

with hot water, 50% aqueous ethanol at 70° and saturated sodium chloride in 

the cold were investigated (Expt. 26). On cooling the aqueous and alcoholic 

extracts an insoluble precipitate, glucan B, was obtained resembling chrysol- 

aminarin in appearance. Extraction with saturated sodium chloride proved 

unsatisfactory due to the deposition of inorganic material. Glucan B on 

isolation was contaminated with colouring matter and it was decided to extract 

the cell material with organic solvents prior to aqueous extraction. 

Extraction of the organisms with ether followed by methanol (Expt. 27) removed 

much of the colouring matter from the cells. The methanolic extract was taken 

to dryness, the residue was dissolved in water, de- proteinised, filtered and 

evaporated to a syrup which crystallised. The crystals had the chromatographic 

mobility of mannitol and melting point and mixed melting point.jof 166° with 

authentic D- mannitol. 

Following extraction with hot water and 50% aqueous ethanol chroma- 

tographic examination of an acid hydrolysate of the residual organism revealed 

that it still contained a considerable quantity of all its original poly - 

saccharides'in relatively the same proportions as the starting material. 

It was thought that extraction with organic solvents may harden the cell walls 

and for this reason the starting material was pre -treated in a variety of ways 

in attempts to liberate the polysaccharides from the cells;prior to extraction. 

These methods involved immersing the cell material in liquid ammonia, 

repeatedly freezing and thawing an aqueous suspension, and swelling with di- 

methyl sulphoxide. The yields (20 mg) of polysaccharides obtained from the 

subsequent extractions (Expt. 28) were approximately the same as from previous 
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extractions. However, treatment of the cells with dimethyl sulpho_ide 

prior to disintegration of the cell wall extracted most of the colouring 

matter and thus prevented subsequent contamination of the carbohydrate 

extracts, which occurred when the cells were pretreated with liquid ammonia 

or by freezing and thawing. It was found that dimethyl sulphoxide extracted 

very little polysaccharide material from the organisms (éa. 5 mg from 1.5 g 

Expt. 28). 

After hot aqueoús and 50% aqueous ethanolic extraction chromatographic 

examination of an acid hydrolysate of a portion of the residual material 

revealed a strong spot corresponding to glucose and traces of xylose and 

ribose run as controls. It was therefore decided to give this residual 

material a mild chlorite treatment in an attempt to free the remaining carbo- 

hydrate material (Expt. 29). 

Polysaccharide E was isolated from the chlorite solution by freeze - 

drying after dialysis and was examined later. The bleached residue remaining 

after chlorite treatment was treated with 4% sodium hydroxide in an atmosphere 

of nitrogen (Expt. 30) . Five minutes was found to be suffici ent, by which time 

most of the material had gone into solution. After neutralisation of the 

alkaline solution polysaccharide material (Glucan A) was obtained by precipi- 

tation with alcohol. This was found to be heavily contaminated with nitro- 

genous material (éa. 50%) possibly protein. On chromatographic examination 

glucose was the only sugar present in a hydrolysate. 

It was found that the chlorite treatment was necessary to free the 

residual carbohydrate material in Monodus; direct extraction of the organisms 

following hot aqueous extraction, with 4% sodium hydroxide (Expt. 32) and 

dilute hydrochloric acid f4iled to separate farther polysaccharide material. 

Since freeze- drying might have hardened the Monodus cell walls, Mrs. Perini 
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in the Botany department, University College, London, where the organism was 

grown, kindly extracted fresh cell material as described in Expt. 26. However, 

no improved yield of polysaccharide was obtained. 

Purification of Glucan J. 

An attempt to deproteinise this material was made by treatment with 

trichloracetic acid. The yield of pure polysaccharide obtained however was 

very small. A more satisfactory method was found to be the addition of a few 

drops of dilute N hydrochloric acid to an aqueous solution of the extract. 

Nitrogenous material was immediately precipitated and treatment of the super- 

natant solution with excess alcohol precipitated Glucan A. The nitrogenous 

material was re- extracted (Expt. 31(2)) with alkali and following neutralisation 

with acetic acid and precipitation with alcohol further Glucan A. was obtained. 

The combined materials were further purified by a repetition of the above 

procedure and pure glucan A (glucose 985) was obtained. 

Large scale Extractions 

Large scale extraction of Monodus (4 x 3 g.) by the methods investi- 

gated in the preliminary small scale experiments was then carried out (Expt. 33). 

After immersion of the organisms in dimethyl sulphoxide for 14 hours, they were 

repeatedly washed with ice -cold water and polysaccharide C was separated from 

the combined washings by precipitation with alcohol. A total yield of 0.6% 

(based on the dry weight of organisms) of this material was isolated. The 

residual organisms were then extracted with hot water. After concentration a 

crude glucan B (1.35) was deposited from the aqueous solution on standing in 

the cold and further polysaccharide material D (2.35) was precipitated from 

the supernatant by the addition of excess alcohol. This was followed by 

extraction of the residual Monodus with boiling 505 aqueous ethanol. Again 
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a further supply of crude Glucan B (1.3%) was deposited on standing in the 

cold and a small quantity of polysaccharide D (0.3 %) precipitated with alcohol. 

Chlorite treatment as in the preliminary experiments gave a 2.7 yield of 

polysaccharide E and subsequent alkaline extraction gave crude glucan A in 

12% yield. This was reduced to a 6.6% yield on purification. By this series 

of extractions a total yield of 20% of crude polysaccharide material was 

obtained. Since the total carbohydrate content of these organisms was of 

the order of 25% the supernatant solutions from the various extractions of a 

single 3 g. batch were investigated for carbohydrate material. From the hot 

water supernatant 1.6% of material comprising glucose and a number of oligo- 

saccharides was obtained (detected chromatographically). The aqueous ethanolic 

solution contained 1.7% of carbohydrate material. The sugars present after 

hydrolysis were tentatively identified as follows: 

TABLE 14 

Glucose Mann.ose Galactose Xvlose Rha.,-nnose x xx_CX XX x 

The alkaline supernatant solution contained carbohydrate material 

(3.3%) which on chromatographic analysis of a hydrolysate consisted of glucose 

units. The total crude carbohydrate material isolated from Monodus by these 

means was ca. 27% based on the original weight of freeze -dried Monodus. 

Structural investigation of Glucan A 

The major polysaccharides of Monodus was Glucan A and this was 

subjected to extensive structural investigations. After purification it had 

p( 
D 

-17 °, a glucose content of 98% (Expt. 49) and was devoid of sulphate 

and any other sugar units. It was slightly soluble in warm water. The glucose 

in an acid hydrolysate crystallised as the monohydrate and was characterised 
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by its [o4\ +52° (c. 2.0 in water) and melting point of 83 °, undepressed on 

admixture with authentic glucose hydrate. 

Periodate Oxidation Experiments. 

When a 1, 4 - linked glucopyranose polymer is oxidised by _ oeriodate 

the adjacent hydroxtyl groups on C2 and C3 of each anhydroglucose unit are 

cleaved with the reduction of one mole of periodate and the formation of a 

dialdehyde (page 12 Fig. II). At 2° the non -reducing and reducing glucose 

units reduce two moles of periodate with the production of two moles of formic 

acid. At room temperature the reducing glucose unit reduces three moles of 

periodate with the production of one mole of formaldehyde and two moles of 

formic acid. The total release of formic acid at room temperature is there- 

fore three moles per molecule. 

In practice the following results were obtained from Glucan A. 

TABLE 15. 

Periodate Oxidation of Glucan A. 

Tim;Casxp) 1 2 3 4 5 6 9 

Nioles ITaIO 4 0.172 0.205 
/A.G.U. at 2° 

Iïoles NaI04 
/A. G. U. at RT 

0.568 0.672 0.773 0.859 0.890 1.08 

Moles HCOOH 
Released /A.G.U. 
at RT. 

0.149 0.223 0.250 

Overoxidation 
HOHO in moles/ 0.29 0.30 0.30 
A.G.U. 

From the shape of the graph (see Fig. 8) of the periodate reduced it 

appears that slight overoxidation has occurred after 9 days at room temperature. 

The reduction of ca 0.90 moles after 6 days however indicates that the polymer 
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is mainly composed of 1,4- linked glucose units, but the presence of 1,3- linkages, 

to the extent of 14,, is in agreement with these results. 

On overoxidation with periodate (see p.12) the polysaccharide was not 

completely degraded, with the liberation of one mole of formaldehyde from each anhydro 

glucose unit, 0.30 moles of formaldehyde per anhydroglucose unit were released. The 

molecule therefore contains a proportion of glucose residues substituted C6, probably 

occurring as branch points in the chain, situated,on average relatively near the 

reducing end group. 

Methylation of Glucan A. 

The glucan was methylated four times in the micro- methylation apparatus 

(Expt. 51). The methylated polysaccharide was extracted from the Filter -Cel with 

dry chloroform and isolated. It was hoped to determine the molecular size of the 

material by isothermal distillation, but it proved impossible to free the poly- 

saccharide completely from traces of Filter -Cel and grease (unreported experiment). 

Hydrolysis of the Methylated Glucan A. 

Chromatographic examination of the hydrolysate of the chloroform soluble 

methylated glucan (Expt. 52) revealed spots corresponding to 2, 3, 4, 6- tetra -0- 

methylglucose, 2, 3, 6- tri- 0- methylglucose and a trace of 2, 4, 6-tri-O-methyl and 

di- 0- methyl4ucose. The presence of 1,4- linkages in the glucan was confirmed. 

Methanolysis of the Methylated Glucan i.. 

The syrup of the chloroform soluble methylated glucan A was methanolysised 

with 3s methanolic hydrogen chloride until the rotation was constant. The solution 

was neutralised and concentrated and the methyl glycosides present were analysed by 

gas chromatography. (See Fig. 9). 

The following methyl glycosides were present : - 

,r. 
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aelative Proportions 

0( 2, 3, 6- tri- 0- methylglucoside 28 

p 2, 3, 6- tri- 0- methylglucoside 3 

2, 3, 4, 6- tetra -0- methylglucoside 18 

1g 
2, 3, 4, 6- tetra - -0- methylglucoside 0.12 

and possibly a trace of methyl 2, 4, 6- tri -0- methylglucoside. The di -0- methyl 

material was not analysed by gas chromatography. 

The relative proportion of tetra -0- methylglucoside to tri -0- methylglucoside 

is 1 : 16 indicating the polysaccharide to have a chain length of 16 glucose units. 

These methylation results are in keeping with the periodate oxidation 

studies and provide further evidence that this glucan consists mainly of 
/3 
-1,4- 

linked glucose units. It was thought possible that a starch type of molecule may 

be present and the glucan A was treated with dilute iodine solution and examined. 

No blue colouration was visible to the naked eye, however, under the microscope. 

Certain granules were stained purple, resembling the type of colouration given 

by amylopectin. The glucan A was therefore fractionated-by the iodine precipitation 

method (Expt. 54). 

From the crude glucan A (450 mg.), polysaccharide Aí(15.4 mg.) was obtained 

which complexed.with iodine and polysaccharide A2 (268 mg.) was isolated from the 

supernatant solution of the complex by precipitation with alcohol, after decolourisatio: 

of the iodine with thiosulphate solution. 

Examination of Glucen Al 

Glucan Al had :42 o a + 10 °. It was impossible to obtain an accurate 

reading due to the opalescence of the solution, however, it was sufficiently clear 

to determine that the rotation lay within these figures (Expt. 55) and that the 

material did not have the high positive rotation typical of a starch. 

Recently it has been found that it is possible to fractionate unbranched 

molecules other than amylose from admixture with branched polysaccharides . by 

precipitation with iodine. Corn -cob hemi- cellulose in calcium chloride solution 
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gives a deep blue colouration with iodine. On separation of the complex it was 

found by P. Gaillard that the linear component of the hemi -cellulose had been 

precipitated while the branched molecules re.ned in solutions. It is possible 

that a similar type of fractionation has taken place here and that glucan Al 

consists of linear molecules. (102) 

Further confirmation that Glucan Al was not a starch was obtained by 

enzymic studies. Neither salivaryp(- amylase nor / -a ::'lase had any effect on 

this polysaccharide (,apt. 55). In contrast chromatographic evidence indicated 

that it was degraded to glucose by commercial cellulase (Expt. 55). In a control 

experiment cellodextrin was also degraded to glucose by the cellulase while an 

enzyme digest gave no spot corresponding Lo this sugar. 

The reduction of 0.98 moles of periodate per amhydroglucose unit by 

Glucan Ai (Table 16) confirms the presence of 1, 4-linkages. 

TABLE 16. 

Periodate Oxidation of Glucan Al 

3 4 5 6 7 
Time in days 

Room temperature 

NaI04 reduced 
moles /A.S.U. 

0.80 0.92 0.98 0.98 

The periodate oxidation and enzymic studies support the methylation evidence that 

the major component of glucan A is a p.1, 4-linked glucan of the cellulose -type. 

Examination of Glucan A2 

Glucan A2 had &Ca_ 170 Glucose content 98;0 and gave no colouration 

with iodine or with Nowoprofsky's reagent. Since iodine precipitation had removed 

a proportion of 1, 4- linked glucose polysaccharide it was hoped that glucan A2 would. 

be proportionately higher in 1,3- linked units and that these would '3e detected as 
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methyl 2, 4, 6-tri-O-methylglucoside in a methanolysate of this methylated glucan. 

Glucan A2 was given four methylations in the micro- methylation apparatus 

(Expt. 57). The mixture of Filter Gel and methylated polysaccharide was extracted 

with chloroform. The chloroform soluble polysaccharide had Ecij - 5.6° in methanol. 

It was methanolysised and the methyl glycosides of the methylated sugars were 

analysed by gas chromatography. (Expt. 58)t). 
The following methyl glycosides were present:- 

methyl 2, 3, 4, 6- tetra -0- methylglucoside 

N methyl 2, 3, 4, 6 -tetra 0- methylglucoside 

N/ methyl 2, 3, 6- tri -0- methylglucoside 

0 methyl 2, 3, 6-tri-O-methylglucoside 

Relativo Proportions 

2.3 

0.5 

41 

12 

The major polysaccharide present in ionodus is therefore a 1, 4-linked 

glucan. The ratio of tetra -(}- methylglucoside to tri -0- methylglucose indicates 

the molecule to have an average chain length of 17 glucose units. 

The chloroform insoluble methylated material was. also methanolysised and the 

derived glycosides were examined by gas chromatography as it was thought the 1,4- 

linked glucan might have been more highly methylated and hence have been preferentially 

extracted into the chloroform (see Fig. 10). 

The following methyl glycosides were present:- 

°¿ methyl 2, 3, 4, 6 tetra -0- methylglucoside 

04 methyl 2, 4, 6- tri -0- methylglucoside 

It is consistent with these results that glucan A2 also contains a small 

proportion of a 1,3- linked glucan. There is no apparent explanation for the 

relatively high ratio of tetra -0- methylglucoside to tri -0- methylglucoside in the 
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methanolysate of this material. 

The methylated glucan comprised of /3-1,4- linkages is evidently preferentially 

soluble in chloroform, although after methylation of the whole glucan A, a small amount 

of methyl 2, 4, 6- tri -0- methylglucoside was detected on analysis of the methyl 

glycosides of the chloroform soluble polysaccharide. It is possible that the 

cellulose -type polymer is more highly methylated than the 13- 1,3- linked glucan. 

A definite peak showing a small proportion of di- O- methyllucoside was 

present on gas chromatographic analysis of the chloroform soluble fraction of 

Glucan A2. Due to experimental difficulties this has not been examined further 

and it is not possible to say whether the molecules are straight chain or branched. 

The following results were obtained on periodate oxidation of Glucan A2 

TABLE 17 (Fig. 8a) 

Periodate Oxidation of the Glucan A2 

Time Temp NaI04 reduced HC00H released 
HCHO 

released 

1 2° 0.237 0.084 0.009 
2 2° 0.316 0.089 0.008 

1 RT 0.347 0.120 0.020 
3 RT 0.675 0.138 0.026 
4 RT 0.836 0.152 0.030 
5 RT 0.850 0.033 

The negligible yield of formaldehyde at 2° shows the absence of mannitol 

terminated chains in this polysaccharide. 

The amount of formaldehyde released at room temperature gives a calculated 

degree of polymerisation of 30 units assuming that one mole of formaldehyde is 

released from each reducing end group. 

The quantity of periodate reduced confirms that the polysaccharide is composed 

of 1,4- linked glucose residues to the extent of 85` ¡o. 
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Assuming the glucan to be composed entirely of 1,4, 1inked units the initial 

formic acid release at 2° (one mole from both the reducing and non -reducing glucose 

units) gives a calculated average chain length of 22. The formic acid release at 

room temperature following the hyrolysis of f ormyl esters indicates a chain length 

of 23 units. These figures are consistent with a small degree of branching within 

the molecule. 

Enzymic Studies. 

The glucan on incubation with salivarytX -amylase (Expt. 60) was unattacked 

by the enzyme and therefore the 1,4- linked glucopyranose units was not joined by 

o` -linkages. The polysaccharide was incubated With cellulase (apt. 61) however 

and chromatographic examination of the digest-showed glucose to be present. This 

sugar was present in control digest containing cellodextrin but not in a digest 

containing the cellulase enzyme, showing that the glucose had been produced from the 

polysaccharide and not from the enzyme. 

Partial Hydrolysis. 

Glucan A2 was partially hydrolysed with 0.1 N sulphuric acid (Expt. 62). 

The undissolved residue (ca 30;,) was removed by filtration; after neutralisation 

filtration and concentration the resulting syrup was examined chromatographically. 

Spots were obtained with RGL 0.61, 0.42 (main component) 0.30 0.16. Lam5naribiose, 

cellobiose and lem-inaritriose run as controls had RGL values of 0.61, 0.42 and 0.30 

respectively. The presence of cellobiose as the main component of the hydrolysate 

provides additional proof that polysaccharide A2 comprises mainlyi-' -1,4- linked 

glucose residues; the presence of ß -1,3 linked residues is also confirmed. The 

relatively higher proportion of ß -1,3- linked oligosaccharides than the periodate 

experiments indicate, is not surprising since a P-1,3-linked glucan of the 

laminarin -type is known to partially hydrolyse more readily than a cellulose -type 

molecule. 
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CONCLUSION 

Periodate oxidation, partial hydrolysis and enzymic studies indicate the 

main linkage in Glucan A. to be of the (-1,Z: -type although a proportion of 

I-1,3- linkages to the extent (410 -15 are also present. i4ethylation 

followed by chloroform extraction of the methylated polysaccharide separated 

a (.1,4- 1inked glucan from a /31,3- linked glucan, confirming that the 1,4 and 

1,3- linkages do not occur in the same polysaccharide, as in lichenin, but that 

two molecules are in fact present, a cellulose -type and a leminarin -type. 

The cellulose molecule gives no blue colouration typical of cellulose with 

Nowoproffsky's reagent; this may, however, be due to the low molecular size of 

the material; a degree of polymerisation of 30 being obtained from measure- 

ments of formaldehyde release. 

Examination of Glucan B 

This material resembled chrysolaminarin in the fact that it was 

deposited from aqueous and aqueous ethanolic solution on standing (Expt. 33) 

and in appearance,a -ac? ^ ; Chromatographic examination of an 

acid hydrolysate showed glucose and a faint trace of mannitol to be present. 

The glucose content of the materials determined cuprimetrically was found to 

be The contaminating material gave a positive qualitative test for 

nitrogen and was found to contain 22 ¡o. The presence of ribose has been 

found in hydrolysates of Ivionodus, this May be present as ribo- nucleic acid 

and possibly the nitrogenous material is proteinaceous in nature. 

Attempts were made to purify crude glucan B (Expt. 37) deposited from 

the aqueous ethanolic extract by treatment with cadmium sulphate and barium 

a 
hydroxide however negligible yield of polysaccharide was obtained. 

The hot water and aqueous ethanolic deposits were combined and 
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purified by solution in dilute alkali. On acidification the nitrogenous 

material was precipitated and the polysaccharide material was recovered by 

addition of alcohol to the supernatant. (12 yield). 

This purified material had glucose content 99io and P3I 8° in dilute 

alkali (Expt. 37) . cf. . chrysolarninarin tc2 6 °] . In view of the smell 

quantity of this glucan (37 mg.) available it was considered that methylation 

studies would provide the most information concerning its structure. 

methylation of Glucan B. 

The glucan was methylated four times in the micro-methylation apparatus 

(Expt. 38). The methylated polysaccharide was extracted with chloroform and 

the chloroform soluble and insoluble fractions were methanolysised (Expt. 39) 

and the resulting syrup of methyl glycosides were analysed by gas chromatography. 

The chloroform soluble fraction gave x and 3 methyl 2, 3, 4, 6 

tetra- O- methylglucosides and p( and 13 methyl 2, 3, 6- tri -0- methyl glucosides 

together with a small unknown peak between the tri - and tetra methylglycoside 

peaks which may be a methyl trimethyl- furanoside. from these results it seems 

that this glucan is essentially similar to Glucan A2. 

Examination of the chloroform insoluble fraction (see Fig. 10) showed of 

methyl 2, 3, 4, 6- tetra- 0- methylglucoside and -methyl 2, 4, 6 tri-O-methylgluco- 

side to be present and therefore derived from a 113-glucan. 

It is evident that a similar fractionation of the methylated polysaccharides 

has occurred here as in chloroform extraction of methylated glucan A2. Tho, hot 

water has probably extracted the cellulose molecules of shorter chain length. 

Mannitol was identified chromatographically in the hydrolysate of crude 

glucan B. This may have arisen by adsorption of free mannitol. Insufficient 

pure glucan B was available for hydrolysis however a portion was oxidised with 

periodate (Expt. 41) and the formaldehyde release at 2° was found to be 0.020 
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moles per anhydroglucose unit. This corresponds to 1 mannitol unit in 50 

i.ke 

glucose units and may represent a proportion of M-chains in 1, 3- linked glucan. 

-LS 18. 

Periodate Oxidation of Glucan B. 

Time in Days 

HCHO in Moles/ 
An . u. . 

1 2 3 

0.019 0.020 0.022 

Examination of Polysaccharide D. 

This material was precipitated from the supernatant solution of the 

hot water extract after removal of glucan B. Chromatographic examination of 

an acid hydrolysate (Expt. 42) showed the following proportions of sugars to 

be present on visual examination. 

T1 
nil 

I, ̂
 
19. 

Glucose Galactose Fucose Major Component XXXKK 
Minor Component cc 
Trace Component 

The sugars in the neutralised hydrolysate were separated on thick paper 

(Expt. 42 (2)), located by guide strips, eluted and isolated. The ratio of 

glucose to galactose by weight was approximately 3 to 1. 

The D- glucose cry =stallised and had melting point and mixed melting point, 

146 °, with authentic D- glucose. It was characterised by incubation with the 

specific enzyme glucose oxidase; the presence of a spot with the mobility of 

gluconic acid and the absence of a spot corresponding to glucose was shown 

chromatographically. 

The D- galactose was characterised by formation of the diethyl mercaptgl 

derivative which had melting point and mixed melting point of 1400 with authentic 
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D- galactose diethyl mercaptal. 

The third sugar was present in very small amount and was tentatively 

identified as fucose by chromatographic mobility. It is hoped to characterise 

this as fucose by formation of the methyl phenyl- hydrazone. 

Polysaccharide D was treated with periodate, and the o.opolysaccharide 

hydrolysed and examined chromatographically. The following sugars were present. 

T,LE 20. 

Glucose 2ucose 

The galactose residues were therefore cleaved by periodate and could not 

therezor.e be connected by 1,3- linkages. The decrease in the proportion of 

glucose in the oxopolysaccharide, however, suggests the presence of both 1,4, 

and 1,3- linked units in the polysaccharide. 

Fucose occurs as the repeating unit of fucoidin in the brown algae and 

has been identified chromatographically in some Chiamydomonas species of the 

Chlorophyceae. It is of comparatively rare occurrence in other algae. It is 

not possible to say on the present evidence whether polysaccharide D is a single 

hetero- polysaccharide or a mixture of homo- polysaccharides. In view of the 

isolation of 1,4, and 1,3- linked glucans from this organism it is probable that 

the. glucose containing material in this extract is merely another portion of 

these glucans. 

Examination of Polysaccharide E. 

This polysaccharide was isolated, by freeze- drying the dialysed chlorite 

solution in ii yield of crude material. Chromatographic examination of an acid 

hydrolysete, Expt. 46 showed the following sugars to be present on visual 

examination. 
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TABLE 21. 

Ribose Xylose Galactose 

Similar examination of the oxopolysaccharide revealed the following 

Glucose , lose liamnose 

The galactose residues are cleaved by periodate as in polysaccharide D, 

and the xylose appeared to be present in smaller amount in the oxidised poly- 

saccharides. A slight trace of rhamnose was detected which had been masked in 

the original polysaccharide extract. 

The xylose and glucose were characterised after separation of a hydro - 

lysate (Expt. 47) on thick paper. The D- xylose crystallised and was characterised 

by formation of the dibenzylidine dimethyl acetal which had melting point and 

mixed melting point with authentic D- xylose dibenzylidine dimethyl acetal of 

41-eataxi 

2119. The D- glucose was glucose oxidase, the presence of gluconic acid and the 
ti 

absence of glucose was observed chromatographically. The yield of recovered ' 

sugars following thick paper separation of the cdmponents of the hydrolysate was 

only 46. This low figure indicates that the carbohydrate content of the 

original polysaccharide E was not very high. 

Examination of Polysaccharide C 

Polysaccharide C was obtained on addition of excess ethanol to the cold 

water washings of the Mónodus cells following their immersion in ' dimethyl 

sulphoxide. After isolation by freeze- drying it had the appearance of a white 

power and contained 14 of sulphate (Expt. 35). The polysaccharide was 

dissolved in water and dialysed for 5 days and agiter this the sulphate content 
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was found to be unaltered and had therefore not arisen from, free sulphate. In a 

control experiment, laminarin, known to contain no sulphate was treated with dimethyl 

sulphoxide and isolated in a similar manner to polysaccharide C, no sulphate was 

found to be present in the laminarin and the sulphate had not therefore arisen 

through contact with dimethyl sulphoxide. 

Chromatographic examination of an acid hydrolysate showed the following 

sugars to be present. 

T iliuLE 22. 

Glucose Lannose Galactose Xylose Ribose 

The presence of sulphate is of interest as sulphuric acid esters occur, 

often in association with galactose- ¡6- anbydrogalactose polymers, in the Red 

seaweeds. No evidence for the presence of anhydrosugar residues was obtained in 

polysaccharide C however. (L.pt. 35). 
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C O: CLUSIOid 

Ionodus subterraneus synthesises a complex mi' re of polysaccharides. 

Glucose, galactose, mannose, xylose, ribose and traces of fucose, rhamnose and mannitol 

are liberated on hydrolysis; many tol is also present as the free alcohol, as in 

many seaweeds. 

The major polysaccharide (comprising 50;,> of the total carbohydrate content) 

has been shown by periodate oxidation, enzymic and methylation studies to be a 

13-- 1,:',- linked glucaz of the cellulose type, having a degree of polymerisation of 

ca30. The present of a small proportion of a la_iinarin -type of molecule has also 

been confirmed. 

In addition heterogeneous crude polysaccharide material was extracted by 

hot water and Ty chlorite solution containing glucose, galactose and possibly fucose 

(10L, of the total carbohydrate), and glucose, galactose and xylose (11`,x), respectively. 

The quantity of this material was too small for complete structural investigation, 

but the individual sugars were separated from hydrolysates and, apart from fucose, 

characterised as crystalline derivatives. A very small proportion of polysaccharide 

was extracted with cold water (ca 3iß of the total carbohydrate); the constituents of 

this were tentatively identified as glucose, mannose, galactose, xylose and 12,; of 

sulphate. Low molecular weight materials (ca 30¡. of the carbohydrate content) were 

recovered from the aqueous, ethanolic and alkaline supernatant solutions. These 

after hydrolysis were shown to contain glucose, mannose and ribose; glucose mannose, 

galactose with traces of xylose, ribose and rhamnose; and glucose, respectively. 

The majority of the extracts were contaminated by nitrogenous material, 

probably protein and/or ribonucleic acid. The glucans were fractionated from these 

contaminants out no attempt was made to purify the heteropolysaccharides. 
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à.PFr;rJDIX 

1. An investigation carried out on Cladophora flaelliformis weed 

collected by Dr. Stephen and Mr. Simons at Sea Post in Cape Province, in 

February 1957. The weed was dried at 600 and ground to a pale green powder. 

Dried Cladophora flagelliformis (10 g.) was extracted with 80ó aqueous 

ethanol under reflux until all the green colouring matter had been removed. 

__.f ter deproteinisation (GP.13) and deionisation this alcoholic extract was 

concentrated and the resulting syrup examined on a paper chromatogram; 

glucose glycerol and sucrose (trace) were found to be present. 

The residual weed was exhaustively extracted with boiling water. The 

aqueous extracts after concentration were treated with a solution of tri- 

chloracetic acid (final concentration 4 %). The precipitated protein was 

removed and the solution dialysed to neutrality. The polysaccharide (1 g. 

10%) was isolated by freeze -drying. 

The residual weed was subjected to a mild chlorite treatment and then 

extracted with M- sodium hydroxide during 3 days at room temperature -After 

acidification of the extract with glacial acetic acid polysaccharide material 

was precipitated by the addition of excess acetone. This was dried by 

successive washing with alcohol, acetone and ether (yield 0.04 g., 0.4 %). 

The residual weed was then stirred for 3 days with 18ó sodium hydroxide. 

On acidification of this extract as before a buff -coloured precipitate (0.2 g.) 

was deposited. 

These extracts were hydrolysed and the syrups obtained were examined 

chromatographically. 
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Glucose Xylose Arabinose Galactose Rhamnose 

X.MC xxDOCk MC MC 

XX XX XXX XX 

xxx xXx<rX MC 

xxxxx major component x trace 

The same sugars are present in these extracts as in similar extracts from 

Cladophora rupestris. The relative proportions appeared to be different 

however and the hot water extract was investigated further. 

Examination of the Hot Water Extract. 

This material had ash 9.6%, sulphated ash 11.07% and sulphate 17 %. 

The sugars in an acid hydrolysate (5 mg) were separated on paper, extracted 

with boiling water and estimated cuprimetrically. The relative molar 

proportions of the sugars present were compared with the comparable extract 

from C. ruperis. 

Relative molar proportions 

C. flagelliformis C. rupestris 

Rha.mnose 1.0 1.2 

Xylose 3.3 3. 0 

Arabinose 17.0 11.1 

Glucose 1.4 .6 

Galactose 2.4 804 

Periodate oxidation of the water -soluble polysaccharides 

The polysaccharide material (100 mg.) was treated with 0.15 M 

sodium metaperiodate for 5 days at 20. The oxopolysaccharide was isolated 
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and freeze -dried. Chromatographic examination of a hydrolysate showed 

galactose and arabinose in the same relative proportions as the original 

material together with possibly a trace of rhamnose. Similar results were 

obtained after oxidising the comparable extract from Cladophora rupestris, 

except that in the latter extract there was a greater relative fission of 

galactose residues. 

Incubation of the hot water extract from C. flagelliformis with 

salivary 04.-amylase followed by chromatographic analysis of an acid 

hydrolysate of the residual polysaccharide showed the presence of galactose, 

arabinose, xylose and rhamnose (trace) and the absence of glucose. The 

glucose polymer present in the hot water extract is therefore of the starch 

type. 

2. Cryptophyceae 

This is a relatively small class and most forms are flagellates; 

it is scantily represented in the sea and freshwaters. Starch is thought to 

be the usual product of photosynthesis. The pigmentation of the chromatophores, 

however, resembles that of the Pt?odophyceae and it is possible they may contain 

similar polysaccharides. Dr. L. Frovasoli kindly supplied 400 mg. of freeze - 

dried Chroomonas, a flagellate member of this class, for investigation. The 

sugars present in a hydrolysate of the organism and in a hot aqueous extract 

were identified chromatographically for the purposes of comparison with those 

from Monodus subterraneus. 

The sugars present in the whole organism were glucose, galactose, 

xylose and ribose. The organisms (90 mg) were disintegrated by grinding with 

sand in a little water. The mixture was diluted to 20 ml and heated for 3 



- 128 - 

hours on a boiling water bath. The insoluble residue was filtered off and 

the filtrate reduced to small volume and allowed to stand at 2° for 3 days. 

The deposit which settled out was isolated (5 mg). The supernatant solution 

was treated with excess alcohol and the resulting precipitate (Y) was 

separated. Both polysaccharide materials were hydrolysed and examined 

chromatographically. 

The insoluble material (E) contained glucose and galactose and 

was devoid of sulphate (GP 7). The soluble material (Y) contained glucose, 

galactose, ribose, xylose. 

The residual cell material remaining after hot aqueous extraction 

still contained polysaccharide, mainly composed of glucose. 

Both Chroomonas and Monodus synthesise mainly glucose containing 

polysaccharides together with smaller quantities of galactose and xylose 

containing polysaccharides. Oligosaccharides containing mannose have been 

ddected in Monodus, whereas Chroomonas appears to be devoid of carbohydrate 

material containing this sugar. 
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The Chrysophyceae comprise a large number of 
plankton and benthic algae of fresh and sea water; 
many, if not all, of the diatoms belonging to this 
Order synthesize an intracellular polysaccharide, 
described by the phycologists as leucosin. This 
carbohydrate occurs dissolved in the cell vacuole, 
the refractive index of the latter being proportional 
to its leucosin content. Pringsheim (1952) is, 
however, of the opinion that the term leucosin has 
been applied to very different substances; indeed 
this polysaccharide has been variously described 
as a polyfruotose resembling inulin and a poly - 
glucose similar to laminarin. Stosch (1951) 
separated an insoluble form of leucosin from fresh- 
water diatoms and both an insoluble and soluble 
form of this polysaccharide from marine diatoms 
(H. A. von Stosch, unpublished communication to 
the Third International Seaweed Symposium, 
Galway, 1958). This author considers that, in view 
of its solubilities and the chromatographic be- 
haviour of the derived mono - and di- saccharides, 
leucosin is closely related to the soluble and 
insoluble forms of laminarin, essentially linear 
ß -1:3'- linked glucans synthesized by various 
species of the brown marine algae (Phaeophyceae). 
A polysaccharide termed leucosin has also been 
separated from the flagellated protozoon Ochromo- 
nas malhamensis. Archibald, Manners & Ryley 
(1958) have established that this material resembles 
laminarin in that it, too, consists of ß -1:3'- linked 
glucose units, with a small proportion of other 
linkages also present. 

The difficulty of isolating sufficient leucosin from 
the Chrysophyceae has precluded systematic 
structural investigations on this polysaccharide. 
Quillet (1955) found that leucosin extracted from 
Hydrurus foetidus had [a]D -6 °, gave no stain with 
iodine and chromatographic examination of an acid 
hydrolysate revealed that glucose was the only 
sugar present. A paper chromatogram of a partial 
acid hydrolysate showed six evenly spaced spots 
together with several spots near the starting line, 
from which Quillet concluded that the polysac- 
charide contained at least eight anhydroglucose 
units. In view of the ambiguity of the term leuco- 
sin this author suggests that a better name for this 

material would be chrysolaminarin. The recent 
development of new techniques has made possible 
structural investigations of polysaccharides on 
milligram quantities and this paper describes the 
results obtained from 0.5 g. of crystalline (in- 
soluble) leucosin, hereinafter called chrysolamin- 
arin. This material was separated from a mixture 
of diatoms belonging to the Chrysophyceae, and 
was placed at the disposal of the authors through 
the generosity of Professor H. A. von Stosch. In 
view of the limited supply of polysaccharide, and 
of its possible identity with the laminarin isolated 
from the brown seaweeds, it appeared advisable to 
carry out parallel experiments on insoluble lamin- 
arin isolated from Laminaria cloustoni. The simi- 
larities and differences between the two polysac- 
charides are discussed. 

MATERIALS AND METHODS 

Analytical methods 

Chromatography. (a) Qualitative. Descending paper 
chromatograms were prepared at room temperature with 
Whatman no. 1 paper and butanol- pyridine - benzene- 
water (5:3:1:3, by vol.) (A), butan -2 -one (ethyl methyl 
ketone)- acetic acid -water saturated with boric acid 
(9:1:1, by vol.) (B), ethyl acetate-pyridine-water (10:4:3) 
(C), ethyl acetate -acetic acid -formic acid -water (18:3:1:4) 
(D), butanol -ethanol -water (4:1:5) (E), butan- 2 -one- 
water (10:1) (F) and butanol- pyridine -water (10:3:3) (G) 

as solvents Aniline oxalate (i), silver nitrate-sodium 
hydroxide (ii) [for details of (i) and (ii) see Bell (1955)1, 

periodate -benzidine (iii) (Cifonelli & Smith, 1954), bromo- 
cresol green (iv) (0.1 % soln. in 95 % ethanol made alkaline 
with sodium hydroxide) were used as spray reagents. The 
rate of movement of sugars is expressed relative to tetra -O- 

methylglucose (Bo values) or to glucose (B61 values). 
(b) Quantitative. The methylated sugars were estimated 

by the method of Schaefer & Van Cleve (1956). 
Electrophoresis. Separation on Whatman no. 1 paper was 

effected in an apparatus described by Foster (1952) at 
750 v and 10 ma. 0.1 M- Borate buffer, pH 10.0, was used. 

Acid hydrolysis. (a) Complete acid hydrolysis was carried 
out by heating the polysaccharide with v- sulphuric acid 
(1.5% soln., w /v) at 100° until the rotation was constant 
(6 hr.). Reducing sugar was determined with the Somogyi 
(1952) reagent calibrated against glucose. 

(b) Partial acid hydrolysis was effected by heating with 
0.1 x- sulphuric acid (0.5% soln., w /v) for 1 hr. at 100 °. 
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(c) Chrysolaminaritol and laminaritol were each hydro- 
lysed with x- sulphuric acid for 5 hr. at 100 °. 

(d) The methylated polysaccharides (see below) were 
hydrolysed with 90 % formic acid in a sealed tube under 
carbon dioxide for 4 hr. in a boiling -water bath, then diluted 
with water (5 vol.) and heated for a further 1 hr. The 
mixture was filtered from Filter -Cel and glass and the 
filtrate deionized by passage through a column of mixed - 
bed resin [Amberlite IR- 120(H) and IR- 4B(OH)]. The 
column was washed both with water and with methanol 
and the combined eluents, after filtration, were evaporated 
to dryness. 

Periodate oxidation. The consumption of periodate and 
production of formaldehyde were determined by the 
methods of Aspinall & Ferrier (1957) and Hough, Powell & 

Woods (1956) respectively. Formaldehyde was also deter: 
mined with the chromotropic acid reagent by the methods 
of MacFadyen, Watkins & Anderson (1945), as modified by 
Parrish (1959) and Hough & Perry (1956). The degree of 
polymerization was measured from the formaldehyde 
released on oxidation with periodate. All the experiments 
with periodate were carried out in duplicate. 

Moisture. The loss of weight on drying the chrysolamin- 
arin at 60 °/15 mm. mercury over phosphoric oxide for 
24 hr. was used to calculate the moisture content. 

RESULTS 

Isolation and purification of the chrysolaminarin 
The material used in these experiments was iso- 

lated by Professor H. A. von Stosch by the follow- 
ing procedure. 

The water bloom on a small pond in the Botanical 
Gardens of Darmstadt was collected in early spring. 
Microscopic examination showed that it contained 
the following species of diatoms: Nitzschia sig- 
moidea, Cymatopleura solea, Pinnularia sp. and 
Melosira varians. The mixed culture was extracted 
with aq. 50 % ethanol or hot water, and the extracts 
were deproteinized by treatment with basic lead 
acetate, followed by precipitation of the lead with 
hydrogen sulphide. In some experiments the 
chrysolaminarin was isolated by allowing it to 
deposit from the concentrated protein -free solution 
on standing. In other cases it was crystallized from 
diacetin and the product washed with ethanol and 
and ether. Twelve different collections of bloom 
were made and the crystalline . extracts were 
combined and recrystallized twice from water. 
Yield was about 1.0 g. 

Characterization of chrysolaminarin 

The crystalline chrysolaminarin has m.p. 273 °, 
[a]D - 6° in water (c, 2.0) (moisture, 11 %). The 
dried material has the same crystalline appearance 
under the microscope and the same m.p. as the 
initial material. An aqueous solution of the latter 
gave no colour with iodine solution. 

Glucose content. Hydrolysis of the dried chrysol- 
aminarin (50.4 mg.), followed by determination of 

the reducing value, indicated that the polysac- 
charide contained 99.5 % of glucose, assuming it to 
be a polymer of glucose. The hydrolysate had 
[a]D +52.8° in water (e, 0.5) and after neutraliza- 
tion with barium carbonate and concentration the 
resulting syrup crystallized. The crystals had m.p. 
and mixed m.p. with glucose hydrate 83 °. That 
glucose was the only sugar liberated by acid hydro- 
lysis was shown by incubating a sample of the 
hydrolysate with notatin, glucose oxidase, at 37° 
for 6 hr. The resulting solution was non -reducing 
and chromatographic examination (solvent D, 
spray iv) showed that the single spot given by the 
original hydrolysate (solvents A and C, spray i) 

had been replaced by a spot corresponding to 
gluconic acid. A hydrolysate derived from 
laminarin (50 mg.) showed on chromatographic 
examination (solvent B, spray iii) in addition to 
glucose a spot identical in speed and colour with 
mannitol run as a control. This spot was absent 
from a comparable chromatogram of the hydro - 
lysate from chrysolaminarin. 

Partial hydrolysis of laminarin gave a hydro - 
lysate which on chromatographic examination 
(solvent G, 132 hr. development) revealed spots 
with Ro10.71, 0.56, 0.43, 0.35, 0.26, 0.21, 0.15, 0.13, 
0.08. Laminari-biose and -triose run as controls 
had. Rá1 0.71 and 0.43 respectively. 

Borohydride reduction. Each of the dried poly- 
saccharides, chrysolaminarin (132.9 mg.) and lamin- 
arin (240 mg.), were reduced with potassium 
borohydride (0.1 g.) in water (10 ml.) with stirring 
for 48 hr. at room temperature. The mixtures were 
neutralized (pH 7, acetic acid) and the polysac- 
charides precipitated with ethanol. They were 
purified by twice dissolving in water and precipi- 
tating with ethanol. Chrysolaminaritol (91 % 
yield) and laminaritol (95 %) were isolated with 
92 % and 93 % glucose contents respectively. 
Insufficient material was available to determine the 
reducing power of the chrysolaminaritol, but the 
laminaritol (88 mg.) had no reducing power, and 
since the reduction of the two polysaccharides was 
carried out under identical conditions it may be 
assumed that the reduction of the chrysolaminarin 
was complete. Reduction with borohydride con- 
verts all the reducing glucose residues in laminarin 
and chrysolaminarin into sorbitol units. The man - 
nitol units are unattached. Hydrolysates of the 
two polysaccharide alcohols (30 mg.) were ex- 
amined by paper chromatography (solvent B, 
spray iii). From laminaritol spots, corresponding to 
glucose, mannitol and sorbitol were obtained, and 
from chrysolaminaritol, glucose and sorbitol. 
Visual examination indicated a relatively higher 
concentration of sorbitol from chrysolaminaritol. 

Methylation of chrysolaminarin. The dried poly- 
saccharide (85 mg.) was mixed with Filter -Cel 
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(200 mg.) and methylated in liquid ammonia 
(about 3 ml.) under less than atmospheric pressure 
in the micro- apparatus devised by Isbell, Frush, 
Bruchner, Kowkabany & Wampler (1957). Potas- 
sium (in portions of about 3 mg.) was added until 
the mixture became permanently blue (5 hr.). 
After complete removal of the ammonia, methyl 
iodide (2 ml.) was introduced into the reaction 
vessel and the mixture refluxed with stirring for 
18 hr. Then the methyl iodide was withdrawn 
from the reaction vessel and the methylation re- 
peated five times before isolation of the polysac- 
charide. The following minor modifications were 
introduced into the procedure: (1) More efficient 
condensation of ammonia was achieved when 
acetone replaced the chlorobenzene in the cold 
finger. (2) A fiat base to the reaction vessel 
lessened the possibility of the magnetic stirrer 
sticking. (3) The most satisfactory grease for the 
glass stopcocks was found to be paraffin and rubber 
lubricant (British Drug Houses Ltd.). (4) An 
additional stopcock in a tube at right angles to the 
side arm from which the potassium was introduced 
permitted re- evacuation of this arm whenever a 
fresh supply of potassium was introduced and thus 
prevented the slight loss of vacuum in the main 
apparatus. (5) It was found that a hair -drier was 
suitable for defrosting the stopcock used for the 
potassium addition, and also for heating the 
various parts of the glassware to remove completely 
both the ammonia and the methyl iodide. (6) To 
ensure easy removal of the cold finger it was found 
to be advantageous to renew the dry acetone in the 
outer part of the cold finger after each methylation. 

The methoxyl content of the final product was 
not determined because it proved impossible to 
free the methylated polymer from contaminating 
grease. 

Examination of the methylated hydrolysates. The 
partly crystalline solid (70 mg.) obtained on 
hydrolysis of the methylated chrysolaminarin was 
examined on a paper chromatogram (solvents E 
and F, spray i) and by electrophoresis. Spots with 
speeds identical with 2:3:4:6- tetra -, 2:4:6 -tri- and 
2:4- di- O- methylglucoses were obtained. No trace 
of 4:6- di- O- methylglucose was revealed on iono - 
phoresis (2:4 -di -O- methyl - and 4:6-di-O- methyl- 
glucose have MG 0.09 and 0.20 respectively; 
Mackie & Percival, 1959). Determination of the 
relative molar proportions of tetra- to tri- to di -0- 
methylglucose (Schaefer & Van Cleve, 1956) gave 
1:10.5:0.46. Some of the crystals were removed 
from the hydrolysate and freed from adhering 
syrup. They had m.p. and mixed m.p. with 2:4:6 - 
tri-O- methylglucose 118 °. 

The chromatographic spot corresponding to 
2:4:6- tri -0- methylglucose was elongated when 
developed in solvent F and it was suspected that a 

small proportion of 2:3:4- tri -O- methylglucose might 
be present. The methylated sugars (14.45 mg.) 
were separated on chromatography paper (solvent 
E). The tetra -, tri- and di -O- methyl sugars were 
located by means of guide strips. The areas of 
paper containing the different sugars were cut out 
and the latter was eluted with water. The quantity of 
2:3:4- tri -O- methylglucose in the tri -O- methyl frac- 
tion could not be determined by straightforward 
oxidation with periodate and determination of the 
quantity of formaldehyde released since steric 
factors prevent complete liberation of the latter. 
Prior reduction to the -straight -chain alcohol 
removes this effect and leads to a quantitative 
yield of formaldehyde. 

The tri -O- methyl sugars (5.0 mg.; 9.5 mg.) dis- 
solved in water (2 ml.) were reduced with potassium 
borohydride (8 mg.). After 2 hr. the solutions were 
neutralized with sulphuric acid, 0.3M- sodium 
periodate (0.3 ml.) was added and the solutions 
were each made up to 3 ml. and set aside for 
30 min. (see Perry & Jones, 1957). A sample 
(1 ml.) was removed from each and analysed for 
formaldehyde (MacFadyen et al. 1945; Parrish, 
1959). 2:4:6- Tri -O- methylglucose (2 mg.), 2:4:6 - 
tri -O- methylglucitol (2 mg.) and the eluate from a 
similar area of chromatography paper were 
oxidized with 0.3 M- sodium periodate as for the 
reduced tri -O- methyl fraction, and the resulting 
solutions were analysed for formaldehyde. Formal- 
dehyde (57.6 and 114µg.) was liberated from the 
solutions (3 ml.) derived from the methylated 
chrysolaminarin. In contrast no formaldehyde was 
released in the other three experiments. 

Confirmation of the presence of 2:3:4- tri -O- 
methylglucose was obtained by chromatographic 
examination of the residual periodate oxidation 
solution derived from methylated chrysolaminarin, 
after destruction of the excess of periodate with 
ethylene glycol and deionization. A spot corre- 
sponding to 2:3:4- tri- O- methylxylose (spray i) was 
revealed. Reduction of 2:3:4- tri -O- methylglucose 
followed by periodate oxidation yields 2:3:4- tri -O- 
methylxylose. 

The yield of formaldehyde from the tri -O- 
methyl fraction from methylated chrysolaminarin 
corresponds to 1 unit of 2:3:4- tri -O- methylglucose 
to every 11.0 units of tri -O- methyl sugar, that is 
approximately one 1:6'- linked glucose unit to 
every 11 1:3'- linked residues. 

Methylation of laminarin. Laminarin (50 mg.) 
was methylated twice and then hydrolysed under 
the conditions used for the chrysolaminarin. 
Subsequent estimation of the methylated sugars 
gave tetra- :tri- :di -O- methylglucose = 1:16:0.6. 
Chromatographic separation of the respective 
sugars and reduction and periodate oxidation 
of the tri -O- methyl (11.2 mg.) fraction released 
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101 µg. of formaldehyde. This corresponds to 
about 7 % of 2:3:4- tri -O- methylglucose and indi- 
cates that there is on an average approximately 
one 1:6'- linked glucose unit to 15 1:3'- linked units. 

The presence of one part of di -O- methylglucose 
in about 25 and parts of methylated sugars 
from chrysolamind and laminarin respectively, 
unless it is due to undermethylation or demethyl- 
ation or both during hydrolysis, provides evidence 
for the presence of about one branch point in every 
molecule. The high proportion of tetra-O- methyl- 
glucose from both methylated polysaccharides 
indicates that it is unlikely that either under - 
methylation or demethylation occurred to any 
appreciable extent in the present experiments. 

Oxidation with periodate. Dried laminarin 
(14.05 mg.), dried chrysolaminarin (18.59 mg.), la- 
minaritol (19.54mg.), chrysolaminaritol (16.66mg.), 
glucose (15.4 mg.) and sorbitol (24.07 mg.) were 
each dissolved in 0.015m- sodium periodate (15 ml.) 
and stored in the dark at 2 °. Samples (1 ml.) were 
analysed for periodate consumption and for 
formaldehyde release (Hough, Powell & Woods, 
1956). After 48 hr. the consumption of periodate 
appeared to be complete for both polysaccharides. 
After oxidation for 96 hr. at 2° the residual oxid- 
ation solutions were allowed to stand at room 
temperature and samples (1 ml.) were analysed as 
before (see Table 1). 

The relatively small quantity of periodate re- 
duced by laminarin provided evidence of chains of 
1:3'- linked glucose units (Anderson, Hirst, Manners 
& Ross, 1958). In the present experiments the 
similarity in the quantity of periodate consumed by 
the two polysaccharides indicates a similarity in 
structure and a high proportion of 1:3'- linked 
glucose residues in chrysolaminarin, a conclusion 

which finds support in the presence of a high pro- 
portion of unattacked glucose in the hydrolysates 
of the oxopolysaccharide and in the relatively 
large quantity of 2:4:6- tri -O- methylglucose in the 
hydrolysate of the methylated polysaccharide. 
A partial acid hydrolysate of the oxopolysac- 
charide of chrysolaminarin revealed on chromato- 
graphic analysis spots with Ro, 0.71, 0.43, 0.26 
and 0.15. The absence of spots with Ro, 0.56 
(gentiobiose), 0.35 (possibly 3-O-ß- gentiobiosyl- 
glucose or 1- 0- ß- laminaribiosylmannitol; Peat, 
Whelan & Lawley, 1958), 0.21, 0.13 given by a 
hydrolysate of unoxidized laminarin may be 
explained as due to cleavage of all the 1:6'- linked 
units in chrysolaminarin by the periodate and con- 
sequently the loss of all the 1:6'- linked oligosac- 
charides. 

The action of periodate on laminarin under 
various conditions is described in detail by Ander- 
son et al. (1958), and these and other workers (Peat 
et al. 1958) consider that laminarin, like starch, is 
made up of two molecular species. In one of these 
the chains of 1:3'- linked glucose units are termin- 
ated by reducing glucose residues (G- chains) and 
in the other these residues are replaced by mannitol 
units (M- chains) linked through Cols or Co). More 
recently Smith & Unrau (1959) have provided 
evidence that each mannitol unit in the mannitol- 
containing molecules is linked through Ca) and Coop 

(or Co» and Co)) to two glucose chains and that these 
molecules contain two 1:6'- linked glucose units, 
whereas the molecules devoid of mannitol contain 
only one 1:6'- linkage. 

When subjected to oxidation with periodate the 
residues in laminarin that are attacked are the 
1:6'- linked units and the residues at the non- 
reducing ends of the chains, each of which reduce 

Table 1. Oxidation of the polysaccharides with periodate 

Oxidation was carried out with 15 mm-sodium periodate in the dark. After 96 hr. at 2° the oxidation was 
continued at room temperature (18 °). Other details are given in the text. 

(a) NaI04 consumed (mole /anhydroglucose unit) 

Oxidation at 2° 

48 hr. 96 hr. 

Subsequent 
oxidation at 18° 

(6 days) 
Laminarin 0.221 0.221 0.364 
Chrysolaminarin 0.291 0.309 0.445 

(b) Formaldehyde produced (mole /anhydroglucose unit) 

Oxidation at 2° Subsequent oxidation at 18° 

24 hr. 48 hr. 96 hr. 96 hr. 5 days 6 days 7 days 
Laminarin 0.028 0.028 0.024 0.0468 0.0469 0.0469 
Chrysolaminarin 0.009 0.008 0.0462 0.0470 0.0470 
Glucose 0.009 0.009 
Laminaritol 0.056 0.056 0.066 0.069 
Chrysolaminaritol 0.060 0-056 0.077 0.080 
Sorbitol 0.77 0.91 
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2 moles of periodate with the release of 1 mole of 
formic acid. At the same time the units at the 
other ends of the chains are also cleaved. If the 
reaction is carried out at 2° the oxidation of these 
latter units in the G- chains is arrested after the 
reduction of 1 molecule of periodate owing to the 
formation of a formyl ester, which is hydrolysed 
very slowly at this temperature, and no formalde- 
hyde is formed. The mannitol units at this end of 
the chains release 1 mole of formaldehyde (Ander- 
son et al. 1958). 

The release of 0.028 mole of formaldehyde for 
each anbydroglucose unit in laminarin corresponds 
to 2 % of mannitol present in laminaria and is in 
agreement with the results of the earlier workers. 
The value recorded for chrysolaminarin (Table 1) is 
no greater than that for glucose, which is known to 
yield no formaldehyde under these conditions. This 
confirms the absence of M- chains in this polysac- 
charide. 

At room temperature both M- chains and G- 
chains release 1 mole of formaldehyde and from 
this release the average degree of polymerization of 
the polysaccharide may be calculated. In the 
present experiments (see Table 1) 1 mole of 
formaldehyde is released by every 21 anhydro- 
glucose units in both polysaccharides. 

The reduced chrysolaminarin should release 
2 moles of formaldehyde from each of the newly 
formed sorbitol units and, assuming the absence of 
M- chains, chrysolaminaritol should give about 
30 % more formaldehyde than laminaritol. In 
fact, the yield of formaldehyde on oxidation of 
chrysolaminaritol at room temperature almost 
reaches the expected figure: 0.08 mole /anhydro- 
glucose unit instead of the theoretical 0%090 mole 
for the complete absence of mannitol -ended 
chains. This yield is considerably higher than that 
from laminaritol and is further evidence that 
M- chains, if present in chrysolaminarin, must be 
very small in number. Comparable experiments 
with sorbitol show that 100 % release of formalde- 
hyde on oxidation with periodate is very difficult 
to attain and this may explain the slightly low 
yield from chrysolaminaritol. It will be observed 
from Table 1 that the yield of formaldehyde at 2° 
in 96 hr. is low, but this can be explained by the 
observed slow release from sorbitol at this temper- 
ature. 

Oxidation with excess of periodate at pH 8 and 35 °. 
Portions (1 ml.) of each of the polysaccharide 
solutions prepared as described in the previous 
section were withdrawn immediately after mixing, 
and phosphate buffer (6.8 ml., pH 8), together with 
excess of sodium periodate (1 ml., 0.3m), were 
added and the solutions diluted to 10 ml. with 
water. After incubation at 35° the release of 
formaldehyde was determined on samples (1 ml.) 

(Hough & Perry, 1956) and found to be complete 
after 48 hr. The amounts of formaldehyde released 
(mole /anhydroglucose unit) were: laminarin, 0.600; 
laminaritol, 0.603; chrysolaminarin, 0.610; chry- 
solaminaritol, 0.563. 

It has been observed (Anderson et al. 1958) that 
oxidation of this type of polysaccharide under 
these conditions results in the stepwise removal of 
glucose and sorbitol units from the ends of the 
chains originally carrying reducing groups, through 
the formation of an intermediate malonaldehyde 
grouping, and 1 mole of formaldehyde is liberated 
from each glucose residue that is degraded. 
Mannitol residues linked through C11j or Cm) and 
glucose units linked through Co) do not over - 
oxidize, as no malonaldehyde grouping is formed. 
The presence of 40 % of laminarin and laminaritol 
which is resistant to overoxidation is in agreement 
with the structure advanced by earlier workers. 

In the absence of M- chains the incomplete oxid- 
ation of chrysolaminarin and its alcohol confirms 
the presence in the molecule of 1:6'- linked glucose 
units or branch points (or both) which appear to 
occur on an average just over half way along the 
chains. 

DISCUSSION 

Results of these investigations agree with the 
earlier findings on laminarin that this polysac- 
charide consists essentially of chains of ß -1:3'- 
linked glucose units and that some of the chains 
are terminated at the reducing end by mannitol 
residues. The results provide the first definite 
evidence for the presence of 2:3:4-tri-O- methyl- 
glucose in the methylated hydrolysate and hence 
confirm the presence of 1:6'- linkages in a linear 
chain of ß- 1:3'- linked glucose residues. This is in 
accordance with the interpretation of Peat et al. 
(1958) from partial -hydrolysis studies on laminarin, 
and of Smith & Unrau (1959) from their periodate- 
oxidation and -reduction studies on this polysac- 
charide. Although the present experiments indicate 
that on an average 6 % of the units in the linear 
chains are 1:6'- ]inked they provide no evidence for 
the relative position of the 1:3'- and 1:6'- linkages in 
the molecule. The balance of evidence from 
previous work in these laboratories (Anderson et al. 
1958; Hirst, O'Donnell & Percival, 1958) was in 
favour of the occurrence of 1:6'- linked glucose units 
only at branch points in the laminarin molecule 
and the present methylation studies suggest that 
on an average one branch point at 0(6j is present in 
each molecule. It follows that 1:6'- linkages may be 
present in laminarin both in the linear chains and 
as interchain linkages. Further work is in progress 
to substantiate this. The proportion of tetra -0- 
methylglucose agrees with the chain length of 
16 glucose residues recorded by Barry (1942) from 
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successive oxidation with periodato and bromine. 
The lower proportion of tetra -O- methylglucose 
reported by other workers was not from whole 
laminarin but from fractions of higher molecular 
weight. 

It should be mentioned that the present results 
differ from those of Smith & Unrau (1959) in that 
no evidence could be obtained for the presence of 
marnose in the sample of laminarin under in- 
vestigation. 

Chrysolaminarin, the polysaccharide synthesized 
by diatoms, has been shown to resemble laminarin 
in many respects. It consists of ß -1:3'- and 1:6'- 
linked glucose units in the ratio of 11:1 (cf. 
laminarin 15:1) with an average of one branch 
point at Co) in every molecule. However, the 
average chain length, calculated from the pro - 
portion of tetra -0- methylglucose present in the 
methylated hydrolysate, appears to be smaller in 
the chrysolaminarin: 12 glucose units instead of 
16 units calculated for laminarin. Furthermore, 
whereas it was confirmed that a proportion of the 
laminarin molecules corresponding to 2 % of 
mannitol are terminated at the reducing end by 
this sugar alcohol, no evidence for the presence of 
any unit other than glucose at the reducing end of 
the chrysolaminarin molecules could be obtained. 
This polysaccharide appears to differ from lamin- 
arin therefore in that it comprises only one 
of the types of molecule (G- chains) found in the 
latter. 

From the formaldehyde liberated on oxidation 
with periodate both the chrysolaminarin and the 
sample of laminarin investigated appear to have 
a molecular weight of about 3500. This agrees 
with the figure reported by Broatch (1956) for 
methylated laminaritol. 

SUMMARY 

1. Crystalline chrysolaminarin separated from 
a mixture of diatoms (Chrysophyceae) had m.p. 
273 °, [a], - 6° and was shown to contain 99.5 % of 
glucose. Chromatographic examination of total 
hydrolysates of laminarin and of chrysolaminarin 
revealed the presence of mannitol in the former but 
not in the latter. 

2. The alcohols obtained on reduction of the 
polysaccharides with borohydride gave on hydro- 
lysis glucose, sorbitol and mannitol from laminarin 
and glucose and sorbitol from chrysolaminarin. 

3. 2:3:4:6- Tetra -0- methylglucose, tri-0- methyl- 
glucose and di -O- methylglucose in the ratio of 
1:10.5:0.46 and 1:16:0.6 were present in the 
hydrolysates of methylated chrysolaminarin and 
laminarin respectively. The presence of the di -O- 
methyl sugar indicates the possible presence of one 
branch point per molecule. 

4. The methylated sugars were separated on 
thick paper and evidence was obtained that both 
tri -O- methyl fractions consisted of a mixture of 
2:4:6 - and 2:3:4- tri- O- methylglucoses, in the ratio 
of about 11:1 and 15:1 in chrysolaminarin and 
laminarin respectively. This provides proof of the 
presence of 1:6'- linkages in the linear 1:3'- linked 
chains. 

5. The amount of periodate reduced by both 
polysaccharides is in agreement with the presence 
of a high proportion of 1:3'- linked glucose units. 

6. The quantity of formaldehyde released by 
laminarin and chrysolaminarin and their respective 
alcohols on oxidation with periodate confirms the 
presence of mannitol- terminated chains (M- chains) 
in laminarin. No evidence of M- chains in chryso- 
laminarin could be obtained. 

7. The degree of polymerization of both poly- 
saccharides calculated from formaldehyde release 
is about 21 glucose units. 

8. The incomplete oxidation of the two poly- 
saccharides under conditions which facilitate de- 
gradation of 1:3'- linked glucose chains provides 
confirmation of the presence of 1:6'- linked units in 
chrysolaminarin and of similar linkages or M- 
chains or both in laminarin. 

We are pleased to record our gratitude to Professor H. A. 
von Stosch for the supply of crystalline chrysolaminarin 
and are grateful to Dr W. C. Schaefer for the generous gift 
of 2:4 -di -0- methylglucose. One of us (A.B.) is indebted to 
the Institute of Seaweed Research for a Maintenance Grant. 
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