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Section 1

1e Alkaline extraction of the green alga Cladophora rupestris after
hot water and chlorite treatments produced a heteropolysaccharide
‘a], + 57°, consisting of galactose (8.4), glucose (3.4), arabinose
(A-B). xylose (140)and rhamnose (trace)s Acetylation and chloroform
extraction of the polysaccharide acetate yilelded a polymer which on
deacetylation produced a pure Glucan I, [u.]D + 187°%

Again, treatment of the alkaline extract from C, rupes with
iodine in potassium iodide precipitated a polysaccharide laip ¢ 176*,
which hydrolysed to give only glucose. Fracticnation of this material
with thymol gave Glucan IIa [a]y + 1706° and Glucan IIb [u.]p + 182°,

2e The alcohol extracted weed Ehter m .cgmgregsg on hot water
treatment yielded a polysaccharide [a], - 49° composed of glucose (1.0),

xylose S1.3k) and rhamnose (6¢7) residues, together with sulphate ester
(11.457) and uronic acid groups (17.2%). Fractionation of this polymer
by iodine ovrecipitation gave a Glucan III which was separated into
3lucan IIla, [a]p + 177° ané Glucan I1Ib, [a]p + 190°, by the thymol
method. :

Se Examination of the iodine staining properties of the above Glucans
indicated that Glucans I-II1Ia resembled degraded amylose types and
Glucan IIIb was similar to an amylopectin, The "blue-values" were in
keeping with these results. Potentiometric iodine titration of
Glucans I and IIIa revealed iodine binding values (mge iodine bound/
100 mge polysaccharide) of 1,05 and 10.,47% respectivelye.

e Viscosity measurements on these Glucans gave low values indicative
of a small molecule.

Se Salivary a-anylolysis of Glucans I, IIa, IIXIa and IIIb gave PM
(# conversion tc maltose) values typical of starch-type polymers.
B=Amylolysis showed Glucan IIIb to be a true amylopectin but results
obtained for Glucans I-IIIa secm to indicate a polymer with branching
though to a iesser extent than amylopectin.

6. Periodate oxidation experiments gave resulis indicative of 1,4' -

linked glucose polymers except in the case of Glucan IIa (0,582 moles

periodate/Cq anhydro unit)e Vo unattacked glucose was evident in the
hydrolysed oxo-polysaccharides.

le “ethylation of' Glucans I and 1Ib supported the evidence obtained
from amylolysis and periodate experiments and confirmed the degraded
nature of the polymers, The number average molecular weight of
methylated Glucan I was found to be 7,200 by the isothermal distillation
methode. Hydrolysis and chromatographic separation of the methylated
sugars yielded 2,3,L,6-tetra=-0O-methylglucose, 2,3,6-tri-O-methylglucose
and a mixture of dimethyl glucoses.

8e It is concluded that the starches of the grecn algae C. rupestris
and E, compressa are similar in many respects to the starches of land
plants.
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ection
1 Aqueous extraction of the green alga Ulva lggt%cg produced 2
polysaccharide containing 15,97 uronic acid material. Partial acid

hydrolysis of this polymer and column chromatographic resoclution
(cellulose or Amberlite CG=-45 resin) of the hydrolysate gave a major
acid fraction consisting of an aldoblouronic acid.

2. The acid had [a]y = 2241°, Rgal.Acid 1406, equivalent weight 347
and on esterificationy reduction and hyérolysis produced eguimolar
proportions of glucose and rhamnnose. Periodate oxidation of the
disaccharide glycoside resulted in the reduction of 3 moles per mole,
indicative of a 1,2'- or 1,4'-linked disaccharide. Ilethylation,
hydrolysis and separation of the methylated sugars resulted in the
isolation of 2,3,4,6=-tetra~O-methylglucose and 2, 3-di-O-methylrhamnose,

e It is concluded that the acid is 4=0=-f-D=-glucuroncsyl~L-rhamnose.
ection

Te Hot water extraction of Enteromorpha compressa ylelded the polymer
described in Section I.2 of this abstract.

24 Alkaline hydrolysis of this material reduced the sulphate content
but rapidly degraded the polymer,

e Various fractionation experiments indicated that the polymer con-
sisted of a neutral glucan and an acidic polysaccharides. The glucan
ITT separated by iodine precipitation as discussed in Section I of this
summary. The residual polysaccharide (L) had [a]p = 87°, ash 13%,
sulphate 16,07 and uronic acid 18.3%, and equivalent weight 310, It
contained glucose, xylose ané rhamnose in the ratios 1.0 : 2.7 ¢ 8.1

Lo All attempts to fractionate this polysacecharide were unsuccessfuls.

De The polysaccharide was desulphated using dry methanolic hydrogen
chloride to give a material (¥), a]D ~ 88°, sulphate 0,75/, uronic
acid 23.2? and consisting of glucose, xylose and rhamnose in the ratios
10 3 16 ! 50

6 Periodate oxidation of (L) and (M) indicated & high proportion of
1,3'=1linked residues and/or a branched molecule, The presence of a
larger number of free -0H groups in (¥) and investigation of the molar
proportiong eof the sugars in the respective oxo-polysaccharides

indicated that rhamnose was attacked to a greater extent in polysaccharide
(). guantitative estimation of the rhamnose in polysaecharides (L)

and (M) and thelr oxo~-polysaccharides have confirmed this.

{o These resulis, together with those of infrared analysis provide
evidence that at least some of the sulphate residues in the polymer are
sited at positioca Cy, of rhamnose.
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INTRODUCTICON



1, GLENIRAL INTRCDUCTION

the algae belong to the rhallophyta, a group of plants
devoid of the physical characteristics of higher land plants,
Their form has not changed since their first appearance, and
it is probable that an investigation of the products of
metabolism of such plants will provide & link between marine
life and terrestrial vegetation, It is to be expected that
the green seaweeds, members of this group of plants, will
resemble the land plants most closely since chlorophyll plays
a major role in metaboiic processes,

A layman's interest in seaweed usually stems from the
knowledge that it was at one time & scurce of iodine, However,
practical use was made of many algal species centuries prior to
their discovery as an iodine scurce, especially in China, Japan
and Polonesia, The cultivation of seaweeds plays & considerable
part in the economy of Japan even today. 4 casual inspection
of any seashore is enough to show that seaweeds are of varying
colour and in fact they fall largely into four well-known

groups depending on the major pigment in the plant,

SEAWBLDS
Phaeophycesae tthodophyceae vyanophyceae Chlorophyceae
(Brown ) (Red) (Blue-urecn) |Green)

Fucoxanthin Aanthophyll Fhyco xanthin Chlorophyll



From the first two groups come the major commercial
produc ts in use today and for this reason they have recelved
the most attention during the past few decades,  However, the
others are no less important and it is probable that, in these
times of increasing population and food shortage all four groups
may assume much greater importamce, shrough the centuries the
fortunes of the seaweed industry have varied considerably. In
early times it was used mainly as a food for humans and animals
end also as a manure, some ¢f the Chlorophyceae being particularly
rich in nitrogen., Some varieties are still consumed, as for example,
Forphyra in South Vales. Uith the introduction of the Kelp industry
in the 18th Century the harvesting of seaweeds increased
considerably and at the turm of the Last century the discovery of
alginic acid as & constituent of the brown algae by Stanford {1883)
led to a revival of interest in seaweeds, and indeed, modern uses
of alginic acid and its derivatives are very numerous in the textile
end paper indusiries, in emulsions, plastics, linoleum, imitation
leather, paints, ice-cream and confecticnery.

Like the polysaccharides of the land plants algal polysaccharides
can be di vided into food reserve materials snd those with structural
significance, In the former category are starches similar to those
of higher plants for example floridean starch, cyamophycean starch
and other glucans such as laminarin, lUxamples oif structural
poelysaccharides are to be found in the many seaweeds waich contain

cellulose in the inuner walls of the plant snd this hes been shown



to be the case in Cladophora rupestris and Chaetomorpha

Crenshaw
melagoniun (Preston 1988 ), vrhe galactan sulphates of the
Rhodophycese and alginic acid in the rhaecphyceae are also
cons idered t o be structural polymers.

2, GENSRaL PROBLEMS IN STRUCTURAL STUDLES UF alGal
PULYBACCHARL DS

the general methods in polysaccharide analysis such as
hydrolysis, methylation and periodate oxidation have been applied
in the structural investigation of algal polysaccharides with
varying success, mmany difficulties are encouutered in the
examination of such polysaccharides and these vary in degree
depending on the algal source (i.e. brown, green, etc,).

in the first case, identification of the alga is not always
a simple matter and botanists still disagree over many points in
this field, 1% is of interest t¢ note that botanically similar
species have been found to contain rather similar polysaccharides

€, 8. Ulva lactuca and EZnteromorpha compressa, while cother cases

have been reported in which the polysaccharides of two similar

species bear no resemblance Lo each other, e.g._Cladophora

rupestris and acrosiphonia centralig (Spongomorpha arcta).

sLgain, the algae are known to undergo wide seasonal variations
in the proportions of their major components (Black 1948 ) and for
this reason care must be taken in'obtainins & comparatlve sample,

One of the major problems encountered in the analysis of
polysaccharides from the Chlorophyceae ls their purification from
colouring matter and protein contaminants, an obstacle not always

surmountable, Lhis 1s lllustrated by investigations on the



mucilage of Cladophora rupestris which contained up to 25§
protein which defied complete separation by the conventional
methods (Fisher 19566)., ‘his cannot apparently be completely
removed without extensive degradation of the polysaecharide,
Further major obstacles which confront the investigator
in structural detemminations on the polysaccharides of the
Chlorophyceae is their heterogeneity and the presence of
sulphate and uronic acid residues, it is no criterion that
morphologically simple plants like algae have simple metabolic
processes and this is shown by the variety of components found
in water-soluble extracts of the green weeds that have sc far

been investi gated, (see Table 1),

TABLS

Molar proportions of;

T s Rlatium ppinkia fulei iijgte
19566) 1954) 19569) 1966) 1960)
Galactose 2.8 - 0.1 - 2.3
Glucose 0.2 1.0 1.0 T8 8.4
Mannose - - 0.2 - 1.1
Arabinose 3.7 - - - 0.5
Xylose 1.0 1.3 1.6 1.0 1.1
Rhamnose 0.4 4,4 l.4 9.8 0.2
Uronic acid # 3.0 (%) 20,8 19,3 16.4 ca.7 (7)
Sulphate % 19.6 17,5 7.8 20.0 7.5
agh % 13,7 19,0 10,0 30.8 13,6

[aé] D + 69° - 47° - 31° - 256° + 120°



Whereas the brown und many of the red weeds appear %o
cansist of homopolysaccharides which are relatively easily
fractionated, this is not so in the Chlorophyceae, few instances
of the separation of homopolysaccharides fran the latter having
been reported. (Mackie 1959 and 1960). Many fractionation
procedures applicable to polysaccharides haia failed,

inother feature of fundamental importance in algal
polysaccharides is the occcurrence of sulphafe esters R.0503H,
Sulphated polysacchhridea have been isolated from all three
major groups of seaweeds yet their occurrence is rare in all
non-al gal plent species although well known in animdl.
polysaccharides such as the Chondroitin sulphates and the blood
anti-coagulant heparin, Their presence in polysaccharides gives
rise to many problems in structural investigations, Unequivocable
proof of their location in the individual sugar units is difficult,
They are exceptionally stable towards alkali and in faot under
alkaline conditions the polysaccharide degrades more rapidly
than sulphate is liberated, Furthemore, the strength of acid
requ ired for their cleavage also hydrolyses the glyocosidic links,
1f the sulphate groups were easily removable without alteration
of the polysaccharide structure then it would be relatively easy
to determine the point of linkage since a comparison of the
methylated sugars present in the hydrolysates of the methylated
sulphated and desulphated polymers would give the required

information,



Percival (1949a) was able to show that sulphate esters
having & free trans hydroxyl on an adjacent carbon atom
hydrolyses in alkaline solution with epoxide ring formation

and simultaneous Walden inversion, (fig.(i))

\.ci*J.Sojnla,- 1/ OH/
| |

OH fig.ii)

\O

4,6 - Anhydrogalactose residues are of common occurrence
in the galactans lsolated from red seaweeds. (lMori 1953).
necently Rees (1961), working on the enzymes of the red seaweed
Porphyra, has been able to show that galactose  6-sulphate
units present in the water-soiuble polysaccharide extracted
from thls seaweed are enzymatically converted into 9,6~ anhydro -
L - galactose residues without cleavage of the molecule, thus
providing for the first time an explenation of the origin of
these anhydro units and evidence that they are not artefacts
produced during the extraction of the polysaccharide, Hence
the sulphate group appears to be directly involved in the
biosynthesis of one of the major polysaccharides of the
Rhodophyceae,

In those sulphate-containing polysaccharides of the gréen
and brow algae which are devoid of galactose no evidence of
anhydro -sugar unite has been obtained and the functicns of the
sulphate groups is completely unknown, It will be seen later

that in these polysaccharides the ma jor sugar residues in meny



of the green algae are rhamnose and glucuronic acid, and in
the brown algae fucose mannuronic and guluronic acids and it
is possible that L-rhamnose and L-fucose have the sume metabolic
function as the anhydro-sugars in the galactans, at the same
time glucose-containing polysaccharides are to be found in the
ma jority of seaweeds. However, other than conferring upon the
polysaccharides those properties of a hydrophilic group, little
can be sald of the sulphate residues in the green seaweed
polysaccharides since no indication cof their position has been
glven, It has been suggested that the hydrophilic nature of the
0.503H, group aots as an ionic seive excluding any material
harmful tc¢ the plant's growth., Furthermore, it seems likely
that the 4,6~ anhydro-galuctose confers upon the polysaccharides
the ability to gel, while it may be that sulphated polysaccharides
play an important part in forming the protective slime found on
the surfaces of seaweeds,

the presence of uronic acids in &l gul polysaccharides is

widespread for example in_Llaminarie digitatal.cloustoni etc,

However, most of the green weeds so far investigated also contain

uronic acids, although there are notable exceptions (e.,g.C.rupestris).
The major difficulty in uronic acid containing materials is

due to the high resistance of the uronosyl linkage to acid

hydrolysis, and degradation oI the mono-uronide occurs rapidly

under conditions necessary for its cleavage, fhis has been of

use however, in analysing acid Ifragnents of polysaccharides

containing both uronic acid and neutral sugsar residues, Controllied



acid hydrolysis of such substances produces aldobiuronic,
triuronic, etec, acids and elucidation of the sgtructure of
these compounds by reduction and methylation yields valuable
infomationaZto the structure of the main polysaccharide,



Se POLYSaCCHARIDES UF THE PHABCPHYCEASD

The brown seaweeds (e, g. Laminaria and Macrocystis spp.),
are among the largest to be found, some growing to 150-200 feet
in length and weighing almost one hundred pounds, In physical

characterlstics they can broadly be compared to land plents
having an obvious stem or stipe which bears a leaf-like lamina
at it s upper end.

Polysaccharides typical of this group are (1) laminarin,

(2) fucoidin, (3) alginic scid,
(1) Laminarin is the major carbohydrate constituent of the sub=-
littoral brown algsae, particularly the Laminaris spp. &8 & food
reserve the amount of laminarin in seaweeds shows considerable
seasonal variation (Black 1948 ) and may constitute more than 456,
of the dry weight of the weed, (Colin 1930).

Laninarin exists in two forms which differ in soiubility.

L, digitata contains a soluble form whilst other species exhibit
an insoluble laminarin which precipitates on standing in cold
water, Ilethylation studies carried out by Barry (1959) showed
that insoluble laminarin consisted of 1,3! linked /5 -D -
glucopyranose units and this was substantiated by the isolation
of the disaccharide 3~ tfg'-gr glucopyranosyl) -D- glucose
or laminaribiose, from laminarin treated with a luminarase from

Helix pomatia. (Barry 1941).




w 10 =

Laminaribiose (fig.ii).

The yield of tetra-0-methyl-D-glucose liberated on
hydrolysis of methylated laminarin corresponded t¢ a chain
length of 20 D-glucose units (Connell 1950 )although earlier
oxidation studies by Barry (1942) using periodate and bromine
indicated an apparent chain length of 16 D-glucose resldues,
Ident ical methylation results were c¢btained from "soluble"
leminarin (Percival 1951 ) indicating the essential similarity
between the two forms.

Hecent investigations have indicated that the structure
of ;aminarin is more complicated than previously supposed.
Hence Peat (1955) and his colleagues isolated 6- ({A{ =D-
glucopyranosyl) -D- glucose, (geatiobiose)(fig.iv), mannitol,
Lulis /45’ -D- glucosyl-mannitol (fig,iii) l-O-leaminaribiosyl-

mannitol and other glucose ollgosaccharides fram a partial acid

hydrolysate of laminarin,
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1eG~ 75 ~D=gl noogylemannitol, (£ig.iii) gentiobiose. (£l g.iv)

The isolation of & small quantity of gentiobiose together

with two isomeric trisaccharides indicated the presence of
/5’ -1,6' linkages in the polymer (Peat 19 35 ),

The isolation of the above oligosaccharides was considered
to be evidence thut a proportion of laminarin molecules was
teminated by mannitol residues, and a measure of the amcunt
of mannitol present was obtained by asnderson gt al (1987),

Reduction of laminarin with sodium borokydride converts the
glucose units at the reducing ends of the chains to sorbitol
producing laminaritol, The increase in the production of
formaldehyde during periodate oxidation of laminaritol in
comparison with unreduced laminarin (2 moles formaldehyde/mole
sorbitol) gives & measure of the proportion of glucose-ended

chains and hence of mannitol present. (ga., 27)

HoH



Smith and his co-workers (1959) demonstrated thut the
reduwcing fraction, laminarose, after oxidation to the acid,
"laminaric acid", could be separated from the non-reducing
mannitol-terminated entity by anion exchange Hesin, Nannitol
was then found only in the non-reducing fraction bf the molecule
and they sug.ested that it functioned as an aglycone residue
for two glucose chains ;-

Q!—— O _IC.MZ Rl“e’.?,g Cj[ [SQI])\
QZ_ 0 _?‘l
CHoH
(CHon),
CHLOH
(£ig, v)

In addition they have forwarded fu rther evidence for the
presence of )5 -1,6%'-linkages in laminarin (Smith 1969a). By
subjecting the non-reducing mannitol-ended fraetion to periodate
oxidation followed by reduction with borohydride and mild =cid
hydrolysis ethylene glycol was cbtained, Laminarose, the
glucose-ended fraction, likewise qffotﬁed ethylene glycol. The

proposed reaction was te

Gr— 3G1.

(1) Oxidation
(2) Reduction l

($) Mildnydrolysis



C
I

CH, 0H

(1) oxidation
(2) Reduction
(3) Mild hydrolysis

G — 341 o CH,

CH,0H

Cﬁpw

Repucing SugarRs +
CHyoH

(fig.vi)

The amcunt of ethylene glycol measured by chromotropic acid
showed that the non-reducing laminuaritol contained two /éz~l,6'-
linkages whilst the reducing laminarose only contained one such

link per molecule.



- Lk -

1the recent report by Smith (1lv09b) that mannose is present
in the laminarin molecule to the extent of 1 in 7 glucose residues
does not appear to be true for all samples of laminarin since cther

workers have been unable to confirm this,

(2) Fucoidin

rucoidin, a mucilaginous'sulphated polysaccharide, is present
in the interceliular tissues of all brown seaweeds, It is most
abundant in the Fucaceae where it possibly acts as a focd reserve.
Kylin (1913) demonstrated that the polysaccharide contained
L-fucose (6-deoxy -L- galactose) by isolation of Lefucose
phenylosazone,

Pure fucolidin preparations are difficult toc achieve due to
retent ion of solvents, whilst small smounts of galactose, xXylose,
and uronic acld residues alsc contaminate extracts, possibly from
closely associated polysaccharides (Percival 19560), <The high
sulphate content (38,.,5,0) of fucoidin indicated that the main
residue was L-fucose monosulphate and it has been shown that 90
of these residues are alkali stable, (Conchie 1956C),

Methylation followed by methanolysis of fucolidin gave rise to
me thyl 3-0- methyl -L-fucoside (88 ,.), methyl L-fucoside (ga.2/) and
methyl 2,5-0i-U-methyl -L-fucoside (¢&.20/). +his indicated t hat
Cg and €4 were involved in linkage with adjacent residues or with
sulphate groups @nd it is considered that the main repeating unit is
a 1,2- linked L-fucose sulphated on Ugalthough 1,4' linked units
may alsc occur, <vthe presence of free L-fucose wus accounteu for

either by the existence of & branching point with linkages at U



Cp and Uy or by a residue containing sulphate groups at C3 and C4.
the presence of 1,2"'- linked residues in fucoidin was ratified
by the isolation, on mild acetolysis and reduction of
2-0- £ «L- fucopyranosyl -L- fucitol (fig.vii), the structure of
which was proved by perlcdate oxidation., (O"Heill 1954).
QHzOH
0 ?H
H,T.OH
H.CIL.OH
OH He. C. M

I
CH,

T

2-0= ol ~L= fucopyranosyl -L- fucitol (fig. vii)
cotd (1959) verified the presence of 1,4'- linked entities in

a similar experiment which yielded 4-0- o =L~ fucopyranosyl =L-
fucose and he suggested that 1,2'- and 1,4'- linked units might

arise from different polysaccharides present in different
proportions, Indeed it is worth noting that two peaks were obtained
on electrophoresis of a purified fucoidin ssmple, (0O'Neill 1954),

{3) alginic aecid
Alginic acid is the most commercially important algal

pelysaccharide and as such has received a great deal of attemntion
both t¢ chemical and physical properties, It plays an important
part in the constitution of the cell wall of the Phaeophyceae along
with cellulose and other polymers and like laminarin shows a marked
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gseasonal variation, reaching & minimum (12,%) in the late summer,
(Black 1948 ).

slginic acid was first ldentified by Stanford (1883) although
he was unable to obtaln a pure sample, Ainitially much difficulty
wus encountered in identifying the uronic &cid unit and 10 was not
until 1930 that D-manunuronic acid was isoluted, in lactone form
(Nelson 1930C), Lhe drastid condit ions requir ed for complete
hydrolysis of the polymer caused decomposition of the uronic aecid
and theoretical ylelds of D-mannurono-lactone have never been
achieved, for example the highest ylield, by formic acid hydrolysis
produced 454 of the lactone, (Spoehr 1947),

the postulation of & -1,4'~ linkages by Lunde gt al (198 ) based
on chemical and X-ray data was supported by the methylation
experiments of Hirst and co-workers (1939). BExperiencing difiiculty
in complete methylation of alginic acid, they cbtained a partially
degraded acid by subjecting it to hydrolysis with methanolic
hydrogen chloride, which they were then able to methylate ( QMe 43,).
Although hydrolysis of the methyl euher was also accompanied by
degradation they were able to isolate 2,5-di-0- methyl -D- manruroniec
acid (504 yield based on the degraded material) which they
characterised by oxidation to mego-dimethoxysuccinic acid (fig,viii)

via 2,5-0i-0- methyl -D- manncsaccharic aecid

CouH
——0

\HDH '—Bﬂi—b

I

PME Vt Hzo
Ho '\

| |




- 17 -

Co, H
HOWE 2

meso-dimethoxysuccinic_scid (fig, viii)

viscoslity measurements by Chanda, Hirst and rercival (1952)

on a less degraded methylated alginic acid indicated a chain length
of ca., 100 units, rormic acid hydrolysis ol this material fo.ilowed
by reduction and hydrolysis of the methyl man.osides produced,
2,5=d1«0= methyl-D- mannose s the maulin component thus indicating
that a large proportion of the alginic acid molecule consigsted of
1,4'~ linked mannuronic acid residues, ®%he high negative rotation
of alginic soid ( [X]) -16F) mnd its salte suggests a /5’ - link,

hence ;=



f—"z” |
| o
N | 797/ om OH
/1 H OH
sl . 9 H 0
Co, H

alginic acid (fig, ix)
The presence of L-guluronic acid in the alginic acid molecule

first reported by Fischer and Dorfel (1965) upset the genmerally
accepted conception of the structure of alginic acid, Lhey
examined twenty-two species of Phaeophyceae and determined the
ratio of the two acids in each, examining under varying conditions
the possibility that guluronic acid was an artefact produced by Cg
epimerisation of mannuronic acid., |Hirst (1958) suggested that
an alternative in vivo transfo mation was the transfer of H and OH
between position Cg and C; in the D-glucose molecule followed by
enzymic transfomation cf the glucose moiety to gulose,

CHOH),

CHyOH

H
L - gulose

The presence of L- (fig.x) guluronic acid was confirmed by
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Drummond & Percival (1968 ) who have shown it to be 1,4'- linked
by subjecting alginic acid to oxidation by periodate them bromine
oxidation, separating both erythraric (mesg-) and L- threaric

(L (+) - tartaric) acids on hydrolysis of the oxopolysaccharide.
It is considered that the L (+) - tartaric acid could only have
arisen from 1,4'- linked guluronic acid, the optically inactive

isomer deriving £from the 1,4'-D - mannuronic acid units,

‘ CHo

+ I
=5 CoH

_L-threaric (L { +) - tartarie) acid
Co,H
—0- - |

HY  H.C.0H CHo

/ | + |
(o HO,C H.C .o 02t

(fig.x1) Brythraric (gego-tartaric) acid




More recently partial Lydrolysates of alginic acid have
yielded oligosaccharides (Vincent (196C) which on reduction
contained mannose and gulose in varying ratios indicating that
mannuronic acid and guluronic acid are chemically combined in
alginic acid, rhe fractionation of alginic acid by Haug (1959)
does not conflict with these results, aAlthough two distinct
fractions of alginic acid were obtained both contained mannuronic

end guluronic acids in varying proportions,

4., POLYSACCHARIDES COF WHE BHODOPHYCEAL

a number of polysaccharides characteristic of the Rhodophyceae
have been isolated and they have been shown to be useful in the
food industry as stabilizing, thﬁckening and gelling agents; in
the cosmetics industry for "beauty" preparations ete,, in
photography, pharmacy, medicine (e,g. agar plates) and many other
commercial undertakings, T'hese polysaccharides are characterised
by the presence of galactose sulphates und 3,6- anhydrogalactose,
and include agar, carrageenin and the muciluge from Dilsea edulis,
In addition to these galactan sulphates there are other
polysaccharides devold cf sulphate, including the glucan from
D, edulis mucilage (Floridean starch), the mannan from Porphyra sp.

and the Xylan from Rhodymenia pa;mata.

a) agar
agar is u gel-forming water-soluble extract of several varieties

of red seaweeds including Gelidium and Graeciluria species, LCuch

agar bearing weeds are called agarophytes,
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although more extensive work has been applied tc this than
to practically any cther red algal polysaccharide the constitution
still evudes complete solution, 4gar has been reported to contain
D- galactose (40j) (Bauer 1884), 3,6- anhydro-L-galactose (Hands
1938; araki 1938), pyruvic acid, and small amounts of L-galactose
(Pirie 19%6) and D-glucuronic acid (Cotterell 1942), 1rhe presence
of ester sulphate was first reported by Neuberg and Chle (1921)
since when the sulphur content of several agurophyt es has been
reported to vary between 0.3 and 2,25 (Percival 1944), 1t is the
opinion of scme workers that the sulphated material is a contaminant,

By methanolysis of methylated agar Percival (1937 ) and reat
(1942) isolated 2,4,6 -tri-O-methyl- X - D - galactose (fig. xii)
(9 moles) to ether with 2,4 -di-(O-methyl-3, 6~anhydro-L-galactose
(fig. xiii) (1 mole) and hence suggested that the main part of the
molecule consisted of 1,3'~ linked D- galactose residues,

2,4,6 -tri-O-methyl-x-D- gaiactose, 2,64~ di-Q-methyl-s, 6~ anhydro=
L-— b'&lactos e,

(fige. xii) (figexiii)
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the isoiation of 2 4~ di-O-methyl- ¢, 6~ anhyaro-L-galactose
by these workers, and later by araki and arai (194C) showed that
the free anhydro-sugar was an integral part oflthe sgar molecule
and much speculation occurred as to its origin, Peat (1942) and
his collieagues were of the opinion that it was an artefact produced
during alkaline methylation of agar by desulphation and concurrent
ring closure of the L-galactose-6-sulphute molety supposedly present
in agar, Percival (1939) and rorbes preferred to consider it an
integral part of the agar molecule pointing out that the sulphate
eontent was too low to account for the proportion of 3, 6-anhydro-
L-galactose present, iheir belief was confirmed by the isclation
of 3, 6=anhydro-L-galactose dimethyl acetal on complete methanolysis
of agar (Araki 1944 ) and further verified by mercaptolysis and
sepuration of crystalline 3, 6-anhydro-L-galactose diethyl
dithiocacetal from commerclial agar, (araki 19083),

Chloroform extraction oi both abetyluted and methylated agar
indicated that the polysaccharide wes a mixture of at least two
fractions (araxki 1937)., whe chloroform soluble fraction (70,:) was
named iAgarose while the insoluble (30,) was designated agaropectin,
Agarose, the more thoroughly investigaved pclymer, consists of
3, 6=anhydro-L-galactose and D-galactose, It contains no sulphate or
pyruvic acid and is thought to constitute the principal polysaccharide
of agar., lkethylation of agurose has indicated that the D-galactose
residues are connected through positions C; and Cz with the
neighbouring units in the agarose molecule whilst the anhydro-sugar

linkages involve Uy and Cy.
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a major advance in the structwe of agar involved the
isolation of & disaccharide agarcobiose (araki 1944a) by partial
acld hydrolysis of agar from Gelidium amansii, Since then
agarobiose has been isolated as its diethyl dithiocacetal (b) and
diwethyl acetal (c) (Hirase 1954) by partial mercaptolysis and
partial methanolysis respectively. Its struoture has been published
as 4-0=- ,g ~D=galactopyranosyl-s, 6-anhydro-L-galactose (a).

CH,oH
Q R =@ CHO,
s o e,
ek =B CH(SCH),.
| H o @) CH(ocHs),.
: OH 2(d) CH,OH.

CH

agarobiose (flig.xlv)
agar digesting bacteria from Pseudomonas kyotoensis produced
a di fferent oligosaccharide neoagarobiose in which the 3,6 6-anhydro
~L-galactose was the non-reducing function (araki 1956),
Neoagarobliose was shown to have the structure 3-0- ($,6-anhydro-L-
galactopyranosyl )=Degalactose., (fig. xv) :=-
CHyOH

Ho

| \ HoH
o/
!

Neoagarobiose (fig. xv)
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the same workers were also able to isolate the
neoagarotetraose, thus it 1is probable that agarose is a linear
polysaccharide composed of alternuting residues of 1,3'- linked
/8 -Qigalactoae and 1,4"- linked &,6-anhydro-L-galactose.

the structure of agaropectin is much less clear and although
it is known to contain the principal components ol agarose these
are;;saociated with sulphate ester, pyruvic acid and glucuronic
aoid; Hirase (1907 ) was able to isolate a crystalline compound
on partial methanolysis of commercial agar consisting of pyruvic
acid and agaroblose dimethyl acetal thus providing some indication
of the incorporation of pyruvic acid into the agar molecule, but

the position of the glucuronic acid and sulphate entities remain

as CyHet unso Lved,
|3/O\c”

2

Hooc -C

QH (fige. xvi).
(b) Carrageenin
varrageenin, the water-soluble polysaccharide found in
Chondrus crispus, wigartina gtellata and other related seawecds, is
similar to agar in many respecte, rhere are, however, some

important differences. The ma jor components ol carrageenin are



D-galactose (30-40/) ester sulphate {30,.) (Mori 1953) and
8,6-anhydro-D-gelactose (ca 125) (Percival 1954, 0'Neill 1955)
whilst the presence of Le-galactose (Johnston 1950) and D-glucose
(Buchanan 1943 ) have also been reported although the latter is
probably & contaminant, The presence of the anhydro-sugar
expected from positive ketose reactions was confimed by the
isolation of the diethyl mercaptal of 3, 6=anhydro-b-galactose
ef, agar L-form), (Percival 1954, O'Neill 1955),.

The principal linkage in the carrageenin molecule was
demonstrated to be 1,3', a result achieved by several workers who
found the main product of methylation to be 2,4,6-tri-(-methyl-D=-
galactose, (Mori 1941, Johnston 19560 end Dillon 19561), The
isolation of a fraction consisting of 2, 64-di-0O-methyl-D-galactose
suggested that the carrageenin molecule must be brunched,  Lewar
and Percival (1950; Buchanan 194%) indicated that the sulphate
ester group vwhich was approximately one per hexose residue,
occupied position C4.

Carrageenin has been fractionated into K -carrageenin (40))
and )»-earragamin (60/2) by potassium chloride precipitation
(Smith 1963), The fractionation appears to be analogous to that
of agar, O'Neill (1955) has shown K -carrageenin to be composed
of D-galactose, &,6-anhydro-D-galactose end sulphate residues in
the approximate ratio 6; 5; 7.

again partial mercaptolysis of K -carrageenin led to the
isolatior of the diethyl dithioucetal of carrabiose, the structure

of which was shown tc be 4-0—/4 ~D-galuctopyranosyl -3, 6-anhydro=-
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-L-galactose. (0'Neill 195ba). (fig. xvii).

Carrabiose. (fig. xvii)

In the light of these findings ('Neill (1905) stated that
I -carrageenin consisted of alternating residues of /g -D-
galactopyranosyl-4-sulphate and 3,6-anhydro- e -D= galuctopyranose,
connected through C; and Cz, and C3 and C4 respectively in 4

CH,0H similar manner to the agarose molecule,

OH
Carrageenin, (fig. xviii)

Every tenth D-galactose residue forms a bramch point to Cg

of which is atiached a bi-sulphated D-galactose unit as a non-
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reducing end group.

1that .A.-csrrageenin consi sted almost entirely of sulphated
D-galactose units was confirmed by acetolysis of ;X -garrageenin
which led tc the isolation of D-galactose, 3-0- X -D-galactopyr-
anosyl-D-galactose and a crystalline trisaccharide tentatively
jdentified as O= o =Degalactopyranosyl -(1l-3)-0- « =D
gelactopyranosyl - (l-3)-D-galactose, (Morgan 1959).

Recently Rees (19613 working on the )»-component of carrageenin
presented evidence for the presence of galactose -6- sulphate
residues in the polymer and furthermore was able to convert these
residues to 3,6-anhydro-galactose without marked degradation‘of the
poiysaccharide, It is therefore possible that A-oarrageenin
containg a large quantity of that poliysaccharide which is the
biological precursor of K -carrageenin, differing from the latter
in containing galactose-6-sulphate units in place of 3,6 6-anhydrogal-
actose,

While carrageanin differs from agar in consisting of  -linked
galactose residues and the D-form of anhydro-galactose it is
interesting that no reports of the isolation of a "neo-carrabiose”"
by enzymic hydrolysis snalogous to neoagarobiose, have been
intimated, it is probable that the enzyme would be inhibited
by the 4-C-sulphate group, or by the presence of the different
anomeric linkage,

(c) Galactan Sulphate of Dilsea edulis.

Barry and Dillon (1945) sug.ested that the main structural



feature of the dilute-acid soluble polysaccharide from D, edulis
consisted of a repeating unit of five D-galuctopyranose residues
the first four linked 1,3'~ while the fifth was linked 1,6'- and
carried sulphate on (4, ‘These sugyestions were advanced on the
basis of periodate oxidation studies and on the alkaline
stability of the sulphate.
Dillon and lKeKenna (1960) subsequently showed that uronie
acid was present to the extent of 107 probably in the form of
the lactone, and was associated with nine D-galactose residues and
two sulphuric acid units, they showed that by complete
methylation of a sulphate free polysaccharide acetate followed
by hydrolysis, a high yield of 2, 4, 6-tri-0-methyl-D-galactose
was obtained indicating a predominantly 1,3'- linked chain,
The methylation experiments did not confirm the hypothesis of
1,6'- links advanced to explain the periodate oxidation results.
Later Barry (1957) intimated the presence of D-xylose (7i)
and traces of 3,66-anhydro-D-galactose, By successive
applications of the method of periodate oxidation and phenylhydra-
zine degradation (Barry degradation) he demonstrated that the
polymer was indeed composed of & backbone of 1,3"-linked D-galactose
flanked by 6-sulphated 1,3'~ linked galactose units which were
removed by successive oxidation and degradution, ZHnhanced
guantities of 3, 6-anhydro-De-galactosazone in the neutralised
hydrolysate indicated from experiments with barium galactose-
6-sulphate that some of the sulphate residues in the polymer

were located at 06.
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rhe isolation of erythrosazone by parry degradation showed

for the first time the presence of 1,4'- linked galactose,

CH 0 CHyoH CHzN.NH , H,
e MR o o W |

| B | i IC-'-N.NH.QH,
OA H.C.oH

CHo  OHC
\ ' CHZOH

(fig, xix)

Also, since the once-oxidised mucilage still contained Xylose and
glucuronic acid, these residues must be 1,3'- linked, their
elimination on & second degradation indicating that they were
apparently part of & side-chain although no indication of the

position was given,.

{d) Floridean Starch

the food reserve polysaccharide of Dilsea and Furceliaria
sppe. first isolated by volin (1933) has been designated by many
workers as a true starch, ‘The evidence now avallable indicates
that it also resembles glucans isolated from other algae
(ieeuse 1954) e,g. Qdonthalia and Ulva expensa, Barly studies
on U, edulis floridean starch by oxidation with potassium
metaperiodate (Barxy 1949 ) indicated a consumption of 0.6 moles

periodate per glucose residue, sug.esting the presence of 405



1,5'- linked glucose residues, +this result was, however,
invalidated by the observation that the periodate-oxidised
polysaccharide condensed with thiosemicarbazide and isoniazid

to an extent indicative of an uptake of ga. on; mole pericdate
per hexose unit (Barry 1964), Further, the acid hydrolysed
oxopolysaccharide gave no chromatographic evidence for unoxidised
glucose, Hecent studies have revealed that the consumption is
ca.,one mole per glucose residue (Fleming 1966), the possible
reagon for the low results attained earlier being under-oxidation,
Henece the polysaccharide appears to be devoid of units linked
through C) and Cz.

Enzymic investigations with «-and fﬁ'-amylaae to both ofwhich
floridean starch was initially reported to be resistant (Barry
1949 ) have shown the polymer to have a Py value (apparent
percentage conversion to maltose) of 66 with & -amylase (Fleming
1956); the effect of sweet potato/g- anylase produced a 4574
conversion to meltose, this being increased %o 54, by initial
incubation with yeast iso-amylase (an X 1,6~ gluccsidase).

These properties, and the significantly short average chain
length (C.L9-13 units, of, amylopectin ga, 21) suggest that
floridean starch is similar to the animal reserve polysaccharide
glycogen, In contrast recent physicochemical studies on floridean
starch (Greenwood 1961) have shown it o have a structure of the
amylopectin type.

The isolation of a small amount of nigerose (8=0- oL =D-
glucopyranosyl-D-glucose) on partial acid hydrolysis of floridean
starch has recently been reported by Peat (1959), but later studies
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in this laboratory indicate that this may be an artefact,

(e) Mannan from Porphyra umbilicalis

Manmmose 18 a comparatively rare component of the algze found

only until recently in the red seaweed Porphyra umbilicalis

(Jones 1950), It has now been reported as a major constituent
of the green seaweed Codium fragile (Iriki 1960, Love 1961),
The Porphyra mannan was obtained by extraction of the weed with
20% sodium hydroxide solution after exhaustive treatment with
dilute acid to remove galactose snd fucose containing polysaocc-
harides., Purification was achieved by the formation of an
insoluble copper complex of the mannen, Periodate oxidation
of the polymer led to a consumption of one mole periodate per
anhydro-mannose unit, and this, combined with the results of
methylation, indicated that the polysaccharide was composed of
1,4'-/€ -linked mannose residues, End group assay showed the
polysaccharide to be branched with an average repeating unit of

about 1l2-1% D-mannose residues,

(£) Aylsm from Rhodymenis palmata
Dilute hydrochloric acid extraction of the red weed

Rhodymenis palmats yields a polysaccharide composed entirely of
Dexylose (Percival 1960), Periodate oxidation degraded 80%

of the polymer sugsesting the presence of 20 1,%'- linked Xxylose
and tuis was confirmed by methylation studies which showed that
the ratio of 1,4"~ linked to 1,5'- linked Xylose units was 4:1,

and that the average chain length was ga. 17,



The failure of all attempts to Ifractionute the
poiysaccharide suggested that both types of linkege (i,e,
1,4'- s&nd 1,8'-) occurred in the same molecule, Support for
this 1desa hus been cbtained from studies invoiving the Barry
degradstion (Barry 19564), and from partisl enzymic and scid
Lydrolysis where oligosaccharides containing both 1,8'- and
1,4'« linked xylose residues were isolated (Howard 1907),
No indication of the relative arrangement of the 1,5"~ and 1,4"'-

linked residues has been established,

The author feels that while certain aspeots of the
polyeaccharides of the Chlorophygeus musl be discussed in &
general section, those intreductions related to the different
experimental sections of the thesis would be more conveniently
described at the beginning of the appropriate seoction,

The structural studies of the green ulgsl polysaocharides
is mueh less advanced than those of the two preceding groups,
Ingpecticon cf Table 1 (p. 4 ) dndicates that these polysaccharides
are gomplex in nuture, rarely c¢ontaining fewer than four ditrprcnt
monosacochurides, in this respeot they appesar to reseuble the
higher land plunts whoge metabolism seems to require a number of
different sugur-units in order tc¢ function eflfeotively, In most
cages the Rhodophycese «nd Phaepphyceae utilise two, or sometimes
three monosaccharides at the most,

The implications arising from the presence of sulphate or
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uronic acid residues have already been discussed, lany green
seaweeds however, metabolise polysaccharides containing both
these residues (e.g. &, compressa, U, lactuca). <The

contiguous presence of these units has conferred upon these
polysaccharides two similarly charged negative groups and their
reactions with regard to electrophoresis or complex-forming
properties (e,g. "cetavlion", Fehling's solution, ete,) are alike,
A slready intimated, the sulphate groups, which are readily
hydrolysed by acid, show marked stability %c alkall, such
hydrolysis causing degradation of the polysaccharide; methylation
is hampered by their presence, Ildeally, desulphation of the
polysaccharide would solve many of the associated problems, but
hitherto this has only been achieved with animal polysaccharides
(Kantor 19567; Danishefsky 1960) such as chondroitin sulphate and
heparin, Likewise, the interference of uronic acids could be
removed by reduction to the corresponding free sugar, This
however, requires the esterification of the carboxyl group which
is impeded by the presence of sulphate, It is obvious therefors,
that before the structure of such polysaccharides can be
elucidated & means muwst be found by which one at least of the
functional groups is deactivated,

Present investigations seem to indicate that the polysacc-
harides of the Chlorophyceae can be divided into thrcé groups,
One group contains those seaweeds which metabolise mainly
arabinose, galactose and sulphate residues with little or no

uronic @cid content, such as species of Cladophora and
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Chaetomorpha, Those having both uronic acid and sulphate

and usually Le-rhamnose, but no arabinose-galactose polymer
constitute a second group and include Ulva and Acrosiphonia
species, Finally there are those weeds which consist mainly
of some monosaccharide other than arabinose or galactose e.g.,
xylose in Caulerpa sp, and mannose in Codium species and these
polysaccharides appear to replace cellulose as the skeletal
polysaccharide, In all cases there are indications of the
presence of a gmall proportion of & polymer resembling starch,
and indeed the isoclation of one such polysaccharide has recently
been reported (Mackie 1960) and is dealt with moare fully in
Section I of +this thesis,

(2) Mucilage from Ulva lactuga (Brading 1954).
A preliminary study of the comstitulon of the water-soliuble

material from Ulva lactuca gave a first indication of the
complexity of the problem faced by investigators of greem algal
polysaccharides.

Hydrolysis of the sodium carbonate extracted polysaccharide
from this species produced as component monosaccharides
Dexylose (9.4%) L-rhamnose (31%) and D-glucose (7,7%) accompanied
by uronic acid (19.2%) and sulphate ester groups (15,9%).
Protein contamination (g¢a, 25x) could be partially removed by the
Sevag process (Sevag 1938), The acid was tentatively identified
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ag D-glucuronic acid by the isolation of methyl 2,9,4-trimethyl-
glucuronosidamide,

The polysaccharide was difficult to methylate fully but
chloroform extraction produced a fraction (17%) with a methoxyl
content of 31/ which upon hydrolysis afforded 2,3,4-tri-0O-methyl-
L-rhamnose, 2,4-di-0-methyl-D-glucose and 2,3,6-tri-O-methyl-D-
gluco se,

While chromdtographio evidence only was obtained for the
chlorcform insoluble fraction, it appeared to contain 2,3, 4-tri-
O-methyl-D-xylose, 2,6 3-di-0-methyl-D-xylose, 2,9,4~tri-Q-methyl-
Lerbhamnose and 2, 3=di-O-methyl-L-rhamnose,

No further attempt was made to fractionate the polysaccharide,
No evidence wasg presented for the mode of linkage of the uronie
acid ucits and investigations on the acid fraction of U,lactuca

constitute part I1 of this thesis,

(b) Mucilage from Uladophora rupestris.
er 1906, onnell 1999 ]

The polysaccharide material extracted from C.rupestris by

boiling water or dilute acid contained L-arabinose, D-galactose,
D-xylose, Le-rhamnose and D-glucose in the molar ratios of 3.7:
2,8; 1.0: 0.4: 0.2, 1rhe sulphate content was ga, 20% and
protein contaminant was reduced from 25i to 7% by trichloroacetic
acid treatment,

Chloroform extraction of an acetylated product separated
& glucose-rich polymer (4j%) resembling laminarin the properties
of which are discussed in section 1 of this thesis, 4ll attempts

at further fractiomation proved unsuccessful,



Methylation of the glucose-free polysaccharide yielded a
complex mixture of products from which it was possible to deduce
the presence of some 1,3'- linked arabinose, galactose and
rhamnose along with some 1,4'- linked Xylose, rurther, it was
evident that a proportion of the galactose and xylose occurred
as end-group sugars.

these conclusions were supported by evidence obtained from
periodate oxidation studies, all the Xylose and 66, of the
galactose residues being destroyed by this reagent, Aiylose and
galactose must therefore possess two adjacent hydroxyl groups:
the xylose as 1,4"'~ units and the galactose as 1,6"'~ linked units
both satisfy this condition, {he residual polysaccharide (oXo=~
polysaccharide), sulphate ga. 207, consisted of galuctose and
arabinose units in the ratio 1:;3, suggesting that arabinose in
addition to galactose may be sulphated,

Partial hydrolysis of the polysaccharide yielded di- amnd
trisaccharides containing arabinose xylose and galactose,
indication of their existence as adjacent units within the polymer,
In addition the separation of oligosaccharides containing only
arabinose presented evidence for the presence of several contiguous
arabinose residues in the polysaccharide, From this and other
evidence it is not surprising that the glucose-free polymer
resisted all attempted fractionations,

application of the Barry degradation toohnique to the water-
soluble extract from C, rupesgtrig (O'Donnell 1959) produced a
residual polysaccharide containing arabinose, galactose, and

rhamnose residues thus confirming the fact that these units are



contained in the main chain of the polymer. A high proportion
of sulphate groups were present in the residual material,

(e) sorogiphonia gcentralis mucilage. (0'Donnell 1959a)

Acrosiphonia centralis (Spongomorpha areta), & closely

related botanical species to O, rupestris, after removal of

colouring matter and free sugars with agqueous ethanol, yielded
& sulphated water-soluble polysaccharide whioch contained uronic
acid (ga. 20%) and on hydrolysis gave the following molar

proportions of free sugars ;=

galaotose : Xylose ; rhamnose : glucose : mannose
0.1 1.6 1.4 1.0 C.2
The sulphate content was 7,8/,

The periodate consumption by the polysaccharide corresponds
to ga. 1 mole and the formic acid release to ga, 0,6 mole for
every anhydro-sugar residue, Phese results indicate that many
of the residues have adjacent free hydroxyl groups.

The presence of both xylose and rhamnose residues in the
hydrolysate of the oxopolysaccharide suggests that 1,3"- links
or branch polnts, or both, also exist in the molecule,

As in C, rupestria the isolation of a glucose-rich fraction
(9%) was achieved by chloroform extraction of the acetylated
polysaccharide, In contrast, however, this material resembled
starch rather than laminarin and methylation, followed by
isolation of the methylated sugers indicated that it consisted
of chains ofa{‘-l,é'- linked residues, 2,3,64ff1-0-methyl mannose
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(gas10%) was also separated from the hydrolysate of methylated
glucose-rioh polysaccharide proving the presence of 1,4'- linked
mannose residues and suggesting the presence of a small quantity
of & mamnan or gluco-mannan.

Methylation of the glucose-free material resulted, after
hydrolysis, in the characterisation of 2,8, 4=tri-0-nethyl«D=
xylose (1 part), 2,8-di-O-methyl-D-xylose (3 parts), 2, 63-di-
O-methyl-L-rhamnose (3 parts) and 2-0-methyl-L-rhamnose (5 parts).

The isolation of an acld-containing fraction was achieved
by partial hydrolysis and ¢ iis material is more fully discussed
in Section II of this thesis,

Finally, the isolation of a large amount of mono-methyle
rhamnose is evidence either that rhamnose occurs at a branch point

in the molecule or that it carries sulpbate groups.

() Mueilage from Ceulerps filiformis (lackie 19569 ; 1961)

The addition of cetyltrimethylammonium hydroxide tc the
weter-~goluble sulphated polysaccharide mixture from the South
africem alga Caulerpa filiformis precipitated sulphated
polymeric material and left in the supernatant liguid a pure
vnsulphated glucan [_o(];lb&" which is further described in
Section 1 of this thesis,

The precipated sulphated polysaccharide was shown to be
similar to water-soluble polysaccharides c¢f cther green algae,
contalning & complex mixture of monosaccharides :-

Galactose $ Mannose H Aylose

) 2 1
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The extract had [9.{,]».,. lﬂ.'?o : ash 14,0%; total sulphate 16.4%,

Practional precipitation of the polysaccharide with
ethanol, acetone, Fehling's solution (Chande 1951) cupric acetate
(Brekine 1966), cetyl-trimethylammonium hydroxide at various pH
(Scott 19556; Barker 1957) and cetylepyridinium chloride (Scott
1965; Barker 19567 ) all yielded precipitates which contained the
sane proportions of sugars as the original materials, Partial
fractionation of the free acid polysaccharide was achieved wisth
saturated barium hydroxide (Meier 1958 ) resulting in a partial
fractionation into & sulphated galactose-rich polysaccharide and
a mannose-xylose containing material.

After extrsction of ¢t he water-soluble material mild treatment
of the insoluble residual weed with chlorite (Wise 1945) was
foilowed by extraction with dilute sodium hydroxide at room
temperature, acidification of the alkaline extraot afforded a
polymer [g(]b- 1°, consisting of xylose (90/) and glucose (10k).
Aqueous leaching of this material removed all but 41 of the glucose,
Repeated methylat ion of the leached xylan followed by hydrolysis
produced 2,3,4~tri-O-methylxylose (2,9%), 2,4-di~0-methylxylose
(95,2%) and a mixture of 2- and 4-mono-O-methylxylose (1,9%),
clearly indicating that the polysaccharide was composed of linear
chains of 1,3'- linked /g -D-xylopyranose residues the /5’.. con-
figuration being inferred from the negative rotation, 4 small
proportion of 2,3,6~tri-C-methyl-D-glucoge was also cbbalined,
indication of slight contamination by & starch-type polymer,

The contaminating starch could be removed by prolonged aqueous



leaching but this alsc removed about 20% of the xylan., The
results from periodate oxidation confirmed the methylation
experiments,

Xylose is & common constituent of the agueous extracts
of the green algae but experimental evidence in these instances
indicates the presence malnly of 1,4'- linked Xylose residues
similar to those found in the hemicellulosesof land plamts,

SCOPE OF PRESENT WORK

The present thesis descﬂbea the isolution, fractionation
end structural investigation of polysaccharides from C, rupestris,
U, lactuca and Enteromorpha compressa with a view to examining
the following points ;-

I, The nature of the glucan in €, rupestris.
I1. The structure of the acid fraction of U, lactuca.
I11. The structure of the water-soluble polysaccharide

from Enteromorpha compressa.
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GENERAL METHODS
The following general methods have been used throughout
this work, Specific methods are described in the appropriate

section,

1. Drying of Extraocts.
Pclysaccharides were el ther freeze-dried, or precipitated

with aloohol and washed with alochol and ether and finally
evacuated in a deslccator, In every case, prior tc estimation,
gsamples were dried in & pistol drier at 60° over phosphorus

pentoxide,

2, Optical Rotations,
Optical rotations were measured in a 1 dm, polarimeter tube

at room temperature, Water was used as the sclvent unless other-

wisge sbtated,

3. Lﬂ Comwt.
Ash determinations were carried out by igniting polysaccharide

(ca. 50 mg.) 4in a platinum crucible until constant weight was
attained,

4. Eitro EQEO

Nitrogen content was determined by & semi-mliero modification of
the Kjeldahl method (Belcher 1945) using & copper sulphate;
sodiun selenate: potassium sulphate 20 ; 1 ; 80 (w/w) catalyst.
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5. Sulphate.
Sulphate estimations were executed (a) by digesting samples

(30 - 50mg, ) of polysaccharide in 8N hydrochloric aeid (ea, 16ml,)
containing l-2 drops of concentrated nitric acid for 6 hours ab
100°, The solution, after filtration, was diluted to ga, 10Qml.,,
3% barium chloride was added and the precipitated barium sulphate
estimated gravimetrically; or (b) by digesting samples (% - Smg.)
of polysaccharide in sanalar concentrated nitric acid (ga, 1 ml,)
in sealed tubes overnight at 100° followed by evaporation to dryness
and two evaporations with analuar concentrated hydrochloric acid.
The residue was dissolved in water (0.bml.) and 0,19% chloroamino-
diphenyl (0.5ml,) added and the resultant precipitate centrifuged,
a sample of the supernatant (0.2ml,) was diluted to 26ml, with
analar 0,1lN hydrochloric acid and the solution measured in a
Beckmann 5,P.500 Spectrophotometer at 264 mu o & blank was run
simultanecusly.

6. lethoxyl,
Methoxyl detemninations on methylated polymers were carried

out by a micro-modification of the Zeisel method,

7. acetyl,
Acetyl deteminat ions were made according to the method

described by Belcher (1945),

8. Aoid ydrolysis.
Hydrolyseis of a polysaccharide sample (50 - 100mg.) was

achieved by heating under reflux with N sgulphuric acid (Sml,) at



100° for 8 hours, ‘The resulting solution was cooled and
neutralised with solid barium carbonate or §% di-n-octyl
methylamine in chloroform, The neutral solution was concen-
trated to a syrup.

In the case of amylose or amylopectin control experiments
showed that the necessary conditions for these polysaccharides
were heating at 100 with 2N sulphurioc acid for 1,56-2 hours,

No destruction of glucose was observed even after heating with 2N
sulphuric acid for 3 hours., Complete acid hydrolysis of these
polysaccharides was therefore effected by heating samples at 100°
for 2 hours with 2N sulphuric acid, 4aecid hydrolysates were
neutralised with sodium hydroxide to phenolphthalein and then made
Just acid by the addition of 1 drop O.2N sulphuric acid, The
reducing sugar was then estimated by the Somogyli (1952) method,

9, Lstimation of Heducing Sugsars,

Glucose and maltose were estimated with the Somogyi (1952)
reagent calibrated against known quentities of the respective sugars.
Concent rations of standard sugar solutions were determined polari-
metrically. ‘the ratio, mg, sugar; titre difference from blank
(ml.0.018 sodium thiosulphate) was found to be 0,310 for glucose
and 0,560 for maltose, these figures remaining constant to within

£ 0,01 for different preparations c¢f the reagent, IThe gopper
reagent was kept between 35° end 40° to prevent corystallization,
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Dialysis of a polysaccharide solution was effected in

cellophane tubes suspended in running water for 3 days. Toluene

wasg added to avold bacterial action,

1l, Paper Chromatography.

whatman No.,l péper was used unless otherwise stated, 1In

préparatiﬁ work Whatman No,l7 pgper was employed, having first

been washed with the separating solvent,

e v o @ Ik
a ° . a -

I=
L]

1.
2,

Be

The foliowing solvent systems were used :=
Bthyl acetate ; pyridine ; water (10 : 4: 3),
Benzene : buten~l-ol ; pyridine ; water (1 ; 5; 3: 3).
Ethyl acetate ; acetic acid ; formic acid:water (18 ; 3 ; 1 : 4).
Butan-l-0l ; ethanol ; water (40 ; 11 ; 19).
Ethyl acetate : acetio acid ; water (9 ;: 2 ; 2),
Ethyl methyl ketone 50% saturated with water + 1 drop of
concentrated ammonia,

Sugars were located by means of the following reagents ;-
A saturated aqueous solution of aniline oxalate.
1% (saturated) solution of silver nitrate in acetone followed
‘oé 0.5N sodium hydroxide in 70 ethanol followed by 2/ sodium
thiosulphate, <The psper was dipped in each solution and dried
between each operation,
0.1% bromocresol green in ethanol, with alkali until just blue,
the solution being filtered if necessary.

Unless otherwige gtated solution 1 was used,
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12, Blectrophoresis.

Blectrc phoresis was carried out on iWhatman No.,l paper
at 750 volts for 5 hours, in the buffer solution indicated in the
text, = The papers were dried at 100° folliowed by development with
No.l solution above containing 5% acetioc acid.

N .,B. Digtance travelled b ar
" "o = v0,4,6-Fetra~-0-Me-glucose
= Digtance travelled b
"o glucoge

\ =« Distance travelled b ar
RBgal ,acid _u"_!—"_'——‘%turonic acid
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SECTION 1
STARCH-TYPE POLYSACCHARIDES F‘R% CLADOPHORA RUPESTRIS
DN 4 COMPRESSA,

1 (a) INIZEODUCTION
Starch is the fcood reserve polysaccharide of most green plants,

It occurs as disorete granules showing distinoet physical properties
depending on the source, Starches generally consist of two
structurally different polymers, Amylose and amylopectin, the
latter component comprising the major fraction in most plants and
some like the waxy cereal starches are almost devoid of amylose,

Amylose is a limear &« -1,4'- glucan of D,P. (degree of
polymerization) ga, 50 - 6000 depending on the source and the methed
of extraction, Periodate oxidation studies (Potter 1951) in
conjunction with molecular weight determinations on various amyloses
sug.est the possibility of a low degree of branching in the amylose
molecule while enzymic degradation studies by Peat (1962) reveal
similar "anomalies", The nature of the anomalous linkage is still
unknown, while the guestion of its origin (e.g., natural to amylose
or introduced by oxidation during extraction amd purification) has
been the subject of much research (Cowie 1957; Gilbert 1958).

The amylopectin component of starch is composed of 05-1,4'-
linked D-glucopyranose chains which may number from several hundred
to several thousamd, The average chain length varies from 20-25
glucopyrancse units, Methylation (Hirst 1949) and periodate
oxidation studies (Hirst 1948) show that the majority of the
interchain linkages are of the X -1,6'~ type. an a(-configuration
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Reducing end- group.
Non-reducing end- group.
1,4- linked glucose.

14,6 -linked glucose.
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for the interchain linkage is indicated by the isolation of
igsomsltose (0= X =D=glucopyranosyl =(l — 6) «0=-Deglucopyrancse) and
penose (0= « <Deglucopyranosyl={l —6) =0=( =Deglucopyranosyl-
(lL—>4) -0=-D=glucopyranose from partial acid hydrolysates of
amylopectin (Wolfrom 1951 ; "hompson 1951 ; Thompson 19563),
The isolation of nigerose (0= X =D-glucopyranosyl =(l — 3)=0=D=
glucopyranose) in small yield from partial acid hydrolysis
(Thompson & lVolfrom 1955) however, sug ests the presence of other
linkages in amylopectin sl though it has been pointed cut that this
may arise from acid catalysed transglucosidation, (Geerdes 19957),

Several struoctures have been proposed for the amylopectin
macromolecule but it appears that the highly ramified structure
of Meyer (1940) best fulfils the conditions imposed by the physical,
chemical and enzymic evidence, (fig.=<0 ),

The importance of enzymic synthesis and degradation in the
elucidation of the structures of amylose and amylopectin cannot
be exaggerated. It is, however, considered t o be without the scope
of this thesis to give in detail the known properties of each active
enzyme, - and /45’- amylase bear description since they are
included in the experimental work of this section,

(a) &- hmylase.,

The occurrence of o- amylases is widespread in nature,
Pure enzyme samples have been isolated from cereals, moulds,
bacteria and mammalian pancreatic and sal ivary secretions. The
exact specificity of X-amylase for 1,4'- linkages near a
1,6'- interchain linkage anc such properties as ptl optinrum and
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speci fic inhibition varies according to the source, Largely,
however, /X -amylase caetalyses the random hydrolysis of £ =-1,4'-
linkages producing X -maltose as the major product, The X -amylase
can circumvent x -1,6'- linkages and thus degrade the interior
parts of the amylopectin molecule giving maltose and a series of

K -1limit dextrims. In the case of salivary X -amylase the
smallest of these is a tetrasaccharide (- X =D=-glucopyranosyl-
(1 — 6)=0=~ 5 =D=glucopyranosyl =(1l —4)=0= x =Deglucopyranosyl-
(L— 4)-0-D-glucopyrencse (6°-  -glucesylmaltotriose) (Nordin
1958 ) although it appears likely that the product is dependent
upon the concentration of enzyme sincee walker and Whelan (1960)
reported that by varying this concentration salivary  -amylolysis
proceeds in two stages, The first stage products from amylopectin
are maltose, maltotriose and branched / -limit dextrins, of which

the smallest is the tetragaccharide menticned above,

(b) S-smylase.

This emnzyme which occurs in the seeds and other parts of
higher plants, catalyses the stepwise hydrolysis of alternate
linkages in chaing of 4/ =1,4'- linked glucose residues starting
at the nom-reducing ends, producing /d' -maltose, it is classified
as an exo-enzyme (of, / -amylase an endo-enzyme), The enzyme
action is arrested by the presence of linkages olher than & -1,4',
Thus linear amyloses are completely degraded by /6’ -amyléase whereas
branched o« -1,4"= linked glucosans such as amylopectin yield
maltose and higher molecular weight limit dextrins with exterior



- 49 -

chain stubs whiﬁh are 2-3 glucose units in length (Peat 1952 ;
Manners 1953).

”5 -amylase has been used to detect anomalous linkages in
amyloses (Peat 19562) and to detemine exterior chain lengths
of branched o« -1,4'- linked polymers,

tarch-Type P accharides QOccuring in Algsae,.

Many algae and protozoa metabolise starch-type polysaccharides
as their food reserve material (Fogg 1953) but the structure of
relatively few has been investigated in detall, Thus while
it is generally accepted that the reserve carbohydrate of Chlcrella
is & starch precise structural detalls have not yet been reported,

X-ray difiraction studies by liesuse and Kreger (1954) on an
iodophilic polysaccharide from Ulva expsnsa, & member of the
Chlorophyceze, suggests a starch-like polymer yet shows no
appreciable birefringence and gives an abnormal X-ray powder
diagram, Later X-ray studies by these authors (Meeuse 1959) on
green and red algae have indicated that while many of these contain
én apparently true starch, they differ in some respects from the
starches found in higher plants, The samples investigated
included Cladophora and Lnteromorpha spp.,both of which Ibnp part
of the present work, and these were shown to have grain sizes of
5-1%/‘ and a-qﬁ.reqpectivaly. However, while Cladophora showed
the U-type spectrum typical of Ulva starch, Lnteromorpha showed
an A-type spectrum typical of the spectrum of cereal gtarches,

Polysaccharides, from Qgecillatoria have been characterised
by Hough Jones and Wadnan (1952) as an amylopectin-type polyglucosan



of average chain length of 23 glucose units., 4lso these workers
forwarded evidence for a ,5 -glucan of the cellulose type in the
blue-green alga Nitells, ;hioh has recently been shown to
metabolise a starch-type polysaecharide as well. (King 1960),

Eddy, Fleming and lanners (1958 ) have isolated a glucose-
containing polysaccharide from the unicellular salt-water alga
Dunaliella biooulata, They reported that it resembled plant
starches in many respects but contained only 1375 of amylose
(c£.20-30% in the majority of plent starches), and the amylopectin
oomponent—had & chain length of 15-16 glucose units (¢f,20-26),
Both components were incompletely degraded by/;f-amglase, the
barriers tc this enzyme being hydrolysed by Z-enzyme and iso~-
amylase respectively., VWhile the anylose content of this and other
algal starches (Bourme 1950) appears t¢ be low in comparison with
those of land plants, the author feels that this may be partially
accounted for by degrudation during the methods of extraction
employed, (e,g. with perchloric acid),

the isolation of an emylopectin-type glucan from the green
seaweed Caulerpa filiformis (lackie 1960) was achieved in this
laboratory by the addition of "cetawlon" (cetyltrimethylammonium
hydroxide) to the borate complexes of the mixture of water-soluble
polysaccharides., <he glucan could not be fractiomated into two
starch components, but in all, its properties resembled the
emylopectin of land plant starches closely, <Lable I1I gives a

comparison of this material with similar glucans from other socurces.



a) a) (a)
Property lopecti Floride Glycogen O.r%tiro!mil

Starch
[«]p1n Bgo 212° 176° 196° 154°
Iodine colowur Purple Deep reddisgh~ Reddish- Purple
brown brown
},m of iodine ‘
complex 540 500 460 540
Optical demnsity
at M pax, 1.06 0.84 0.34 0.68
ﬁ ~amylolysis limit 54 46 45 87
iso~ andﬁ -guylolysis
limit 76 54 57 83
X -amylolysis (/Pu*) 88 65 70 90
Reduction 104 (moles/
Average chain length 20 9 iz 21
Limiting viscosity
numb er gca, 160 - 10 16

% Py = apparent conversion to maltose,

(a) Fleming, Hirst and lanners (1956); Manners und Viright 1960,

Methylation and periodate oxidation provided evidence that the
Qaulerps glucan contained o -1,4'- linked glucose units with
branches at Cg and had an average chain length of ga.21 glucose
 units, Treatment with salivary « -amylase gave & Py of 90 while
| /5’ -amylolysis showed 57/ conversion to maltose this value being
increased to 834 by pre-treatment with igo-amylase.

Other green algae have been reported to contain starch-t
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polysaccharides (0O'Donnell 195%) while there is evidence to
suggest that laminarin-type glucans are also metabolised,
Thus Fisher (1957) was able to isolate from_C estrig a
small glucose-rich fraction which gave no colour with lodine
and was essentially resistant to periodate attack - furthermore
it yielded & disaccharide with the same chromatographic speed
as laminaribiose (Rg 0.81) on partial &cid hydrolysis. There
are indications that other weeds contain this asmall proportion
of laminarin in addition to the more usual starch reserve,

The presemnt thesis describes the isolation and character-

isation of a starch-type glucan from the green seaweeds

C, rupestris and B, compressa.

I (b) EXPERIMENTAL
Ae CLADOPHORA RUPESIRIS

EXPT,l., EXPRACTION OF THE WELD,
fwo semples of the green weed Cladophors rupestris were
collected,one in October 1958 and the other in November 1969,

both from the same site near Lunbar between high and low tide
levels, The samples were steeped in commercial aloohol for

24 hows without previous drying treatment after which they were
exhaustively extracted with 80/ ethanol at 78°, The weed retained
& high proportion of its colouring matter, fhe residusl,

alcohol extracted weed (1000g, wet weight) was further extracted
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under the following conditions ;=

(A) Hot water extractions were repeated until the extract
oontained a negligible quant ity of carbohydrate (lkiolisch's test),

(B) The residual weed from (A) was given a mild chlorite
treatment at 70° according to the method of Wise (1946).

(C) The weed residue from (B) was washed with cold distilled
water and extracted at room temperature with 47 sodium hydroxide
solution in an atmosphere of nitrogen (Chanda 1951) for 12 hours,.

(D) The weed remaining after extraction (C) was digested in
18% sodium hydroxide for 24 hours at room temperature,

- (B) after removal of all alkali soluble carbohydrate
the residual weed was washed free of sodium hydroxide and allowed
to steep for 36 hours in 72% concentrated sulphuric acid (lionier-
Williams 1921) followed by ﬁydnolyaia for 12 hours with N acid
at 100°,

Analysis and characterisation of extraot (4) has been
reported by Fisher (1957) and for this reason the water-soluble
material was not examined further, LExtracts (B), (C) and (D)
were isolated after concentration and dialysis either by alcohol
precipitation or freeze-drying,

BXPT,2, PRELIMINARY EXAMINATION OF BATRACES (B),(C) and (D)
Polysaecharides (B), (C) and (D) were found to have the
following properties :=-



Edn N Sulphated Agh# Uronic acidi
(B) +100 4 13,6 14,78 5.02
(c) + 54 7 1,85 11,15 6,56
‘D) - 8 - 35.5 -

Visual examination of a chromatogram (solvent B) of the

hydrolysates of (B), (C) amd (D) indicated the following sugars ;-

Galactose Glucose Arabinogse Aylose Hhamnose
(B) XXXXX x XXXXX xx x
(c) xx XXXXX XX x
(D) XXXXX x

XXXXX ¢ major component

x = Lrace

The high glucose content of polysaccharide (C) together with
its ability to produce a blue colour with iodine indicated the
presence of a starch-like polymer, all further work in tids

sect ion desoribes the glucan from polysaccharide (C).

EXPT,3, EPURLI:SICATION OF POLYSACCHARIDE (C)

The nitrogen content (7/4) polysaccharide (C) indicated high
protein contamination, Treatment of a dilute alkaline solution
of the polysaccharide (8,2g.) with 4% trichloroacetic acid to pH 4,
(Stumpf 1948) precipitated a dark-green protein-rich material which
was removed on the Sharple's high-speed centrifuge, ‘'he
centrifugate was dialysed for 3 days, concentrated under reduced

pressure and freeze dried to yield polysaccharide (F) (Yield 3.,3g).
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BXPT .4, PHYSICAL PROPERTIES CF POLYSACCHsRIDE (F)

The purified alkali-soluble material (F) had the following
properties ;=
[{]p +57 (c.0.85 in alkali) N 2,83%, sulphate 1,85%,
ash 6,565, The uronic acid content as calculated by th; yield
of carben diexide on decarboxylution of an aoid digest ga. 5.0%
(Swenson 1946),

Standard solutions of control sugars were prepared by

weighing out milli-molar quantities of these and diluting to 25ml,
in a graduated flask, Accurately measured volumes of these
solutions were spotted on to the starting line of a paper
chromatogram and eluted for 60 hours in solvent B, After
thorough air-drying the chromatogram was sprayed with a freshly
prepared solution of aniline phthalate (l.66g. O-phthalic acid

and redistilled aniline(0,.9lml,)dissolved in butanol (48ml,)

ether (48ml,) and water (4ml.)) and developed at 100-110° for

5 minutes,

Each of the coloured spots which appeared was cut out and
eluted from the paper by shaking with O,7N hydrochloric aecid in
80/ ethanol (v/v 4ml,) (prepared by adding 367 hydrochloric acid
(29ml,) to 95/, ethanol (420ml,) and making up to 500ml, with
distilled water in a graduated flask), The absorbance of the
sugar solutions was measured in a Unicam Spectrophotometer S.P.500

at the wavelength of maximum absorption for the particular sugar
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under exemination (390mu for hexoses and deoXy-hexoses, 360m M
for pentoses), A linear relationship was obtained on plotting
absorbance ageinst weight of each sugar., (fig.2l1).

The relative weights of the sugars in a polysaccharide
hydrolysate were then detemined directly from the corresponding
calibration graph for the particular sugar,each absorbance being
compared with that of a blenk solution, The method was found
to be reproducible within t56% and it was found unnecessary to
repeat the calibration with each est imation,

An examination of the neutral sugars present in the
hydrolysate of poliysaccharide (F) gave the resulb s shown in
Table 111,

TABIE 11X
Relative proportions of the sugars in the hydrolysate of
polysaccharide (¥

Sugar Absorbance Wt .of sugar (/u 8 ) lkolar ratio
Galactose 0.123 57,5 8.4
Glucose 0,520 202,.0 54,0
Arabinose 0.091 22,5 4.3
iylose 0.06 6.0 1.0
Rhamnose C.03 tr. tr.

EAPT, 6, ACEPYLATION (F POLYSACCHARIDE (F)

The polysaccharide (2.9g.) was dispersed in dry pyridine
(200ml,) and dimethyl formemide (26ml,) in & high-speed "Ato-mix"
agitator, To this gel-like dispersion was added acetic anhydride



(65ml, ) @and the mixture was shaken for four days at room
temperature in a dark bottle. The product was precipitated

by addition of the dark brown solution to rapidly stirred ice-
water and isclated after dialysis, by freesze drying a suspension
in water, Two further acetylations unﬂef gimilar conditions
yielded a pure white polysaccharide acetate (Wt, 1.,1g, Found ;
acetyl 38,7%, sulphate nil, N 1.8/%).

Chloroform extraction of the acetylated polysaccharide.

The acetylated polysacchuride (l.lg.) was coantinuously
extracted with chloroform (150ml,) in a Soxhlet extractor for
24 nours at 60°, The chloroform was concentrated to ca, 1loml,
and & white flocoulent precipitate was obtained on addition of the
solution to light petroleum (b,p.60°-80°) (4 vols.) (Yield 730 mg.

Ll}p-fl&d’0,0.Q& in chloroform). Chromatographie investigation
(solvent 4) of a hydrolysate showed glucose with a trace of xylose,
Deacetylation of the acetate.

During the course of the work two methods of deacetylation
were employed., (&) The acetate (98mg,) was treated with dry
methanol (1l0ml,) and freshly cut potassium (ca. 20mg.), the
solution being heated on a steam bath for 3 minutes, The mixture
was al.owed to stand at room temperature for 15 hours after which
distilled water (5ml,) was added and the potassium precipitated
by titration with commercial 60/ perchloric acid to a potentio-
metrically detemined end-point using a pH meter (pH8.,15). The
precipitated potassium perchlorate was filtered off, rinsed with
water and the filtrate and washings freeze-dried, (Yield 48.2mg.)
(Bonner 1948,.,). (b) The same method as described in (a) except



that the potassium was removed by dialysis of an aqueous solution
of the deacetylated material followed by concentration and
freecze drying,

Total yleld of glucan 416mg, from 716mg, acetate. Hydrolysis
of a sample (10mg,) followed by chromatograsphic investigation
indicated the presence of glucose only, This material isolated
after acetylation and chlorofomm extraction of the acetate will
henceforth be callied Glucan I,

EXPT, 7, IODING PRECIPIZATION CF » GLUCAN FROM POLYSACCHARIDE (F)
(Steiner 1944).

A second series of extractions (160g,dry weed) under the
same conditions as reported in Expt,l except that all the
operat ions were ocarried out in an atmosphere of nitrogen,produced
a polysaccharide (F) (Yield 2.8g.) having essentially similar
properties to the material described in Expt .4,

Polysaccharide (F) (2.7g.,) was mixed with celite (3g.) and
dispersed in 0,03 N ammonium carbonate (1l00ml.)., The solution,
in a oconical flask, was placed in an cil-bath at 117-120° under
nitrogen for 40 minutes with stirring, 1t was then cooled to
room temperature and 207 aqueous sodium chloride (50ml,) together
with 127 iodine in 20% potassium iodide solution (5ml.) introduced,
the flask being filled with water (ga, 200ml,) and shaken
vigorously., After 5 minutes the preocipitate was centrifuged
off and immediately redispersed in 20/ sodium chloride (50ml,).,
The solution was stirred rapidly while the iodine complex wasg
destroyed by dropwise addit ion of 0.9 N sodium thiosulphate



(ca, 5ml.), excess of the reagent being avoided, at this stage
the celite was removed on the centrifugs,

To the starch solution was now added N hydrochloric acid
(20ml,) and a further volume of the icdine, potassium iodide
solution (l0ml,). The re-precipitated starch-iodine complex was
centrifuged off and suspended in 95% ethanol (20(ml.) when the
complex was again destroyed by dropwise addit ion of thiosulphate
uctil the blue colour had disappeared (ga.%ml.). The final
concemtration of ethanol was reduced to 70% by the addition of
distilled water and the starch isolated after dialysis &and
concent ration by freeze-drying, (Yield 200mg, 7.2% [oé] D+1'?0°
Cylel in alkali).

This material will be referred tc as Glucan 11,

B, ERTEROMORFHs COMPRESSa

DIRE PRECIPATION OF A GLUCAN FRCM POLYSACCHARIDE (G
einer

The water-soluble polysaccharide (G) (15g.) from the
green weed E, compressa, the properties of which are given in
Expt4l Section III, was treated in the manner described in
Expt.7 with the following modifications in quantities ;=

0.08 § Ammoniun carbonate 500ml,.

20% aqueous sodium chloride 200ml, in each application.
Iodine-pot assium iodide 26ml, " " “

0.5 N sodium thiosulphate ga.25ml,

N hydrochloric acid 60ml.,

The polysaccharide was isolated as a pure-white material



(600mg, 3.5%) aftér dialysis and freeze-drying,
This glucan will be called Glucan I1I1I henceforth,

C, IBVESTIGATION OF THE STRUCIURES CF GLUCANS I, I1 and

EXPT,9, ZIHYMOL FRACTIONAT ION OF THE GLUCANS, (Haworth 1946),
The glucan (e.g,l00mg,) was suspended in distilled water

(10ml,) and added to vigorously stirred boiling water (40ml,).

The solution was heated at 90° for 20 minutes and then allowed
to cool,an atmosphere of nitrogen being maintained throughout,
The small insoluble residue was filtered off and the clear
solution heated at 60° with powdered thymol (C.5g.) for 30
minutes, again under nitrogen., Finally the mixture was get
aside at room temperature for two days. The precipitate which
formed was redispersed immediately after separation in distilled
water (50ml,) at 96° under nitrogen and redistilied butanol (5ml, )
added, The solution was maintained at this temperature for 30
minutes then allowed to cool slowly to room temperature and the
butanol-amylose complex removed by centrifugation, The amylose
was purified by two further precipitations with butanol and
isolated by treatment of the butanol complex with butanol.

TABLE I
Weight of Amylose and amylopectin in Glucang I, II and 111,
Glucan lieight amylose Amylopect in
1 10lmg. - 65mg.
11 200mg., 46,6mg, (II(a)) 110.6mge(1I(b))

111 500mg, 118.0mg. (I1I(a)) 302,0mg. (III(b))



Henceforth, the glucans will be referred to by the

above suffixes,

EXPT,10, PRELIMINARY BAAMINATION OF PHE PROPERTIES OF
‘G_'j'._.n_ Al S a and s

The properties of the glucans obtained in the preceding

experiments were found to be as shown in Table V,

TABLE V
Properties of C, rupestris and B, compressa Glucans,

Glucen K], EE  asmi B ETiose " loaine solour
1 + 187 0,78 1.0 92,5 blue
1la + 176 031 0.90 83,0 blue
1 + 182 - 0.51 90.0 blue
I1la +177 1.01 3.0 80.0 blue
I1Iv +190 - 0,92 21,0 purple

The glucans were readily soluble in dllute sodium hydroxide
solution and remained in sclution after dialysis. The amylose
fractions l1la and Illa showed & marked tendency to retrograde
from acid solutions,

A sample of each glucan (ca.20mg.) was heated with 2 N
sulphuric acid under the stated hydrolysis conditions (p.s4d )
neutralised with socdium hydroxide, made just acid with sulphuriec
acid and finally diluted to & known volume in a standard flask,
Analysis of the reducing power of aliquots of these solutions by
cuprimetric titration (Somogyi 1952) led to the estimation of the
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percentage purity of each fraction (Table V). The remaining
solution, containing the hydrolysed polysaccharide material,

was concentrated to a gyrup and analysed chromatographically
(solvent 4A) when a single spot was revealed which was identical
with glucose run as a control, The remainder of the hydrolysate
wag incubated with glucose oxidase for 24 hours at 30° when the
sole product visible on & paper chromatogram was found to have

the sane speed as an authentic specimen of gluconie aeid, (Spray 3)

EXPT,11., PROPERTIES OF THE IODINE COMPLEX,
(a) Examination of the Spectra.

Amylopectin solution containing 2,.8mg. polysaccharide was
introduced intoc a 26ml, graduated flask with one drop of 6 N
hydrochloric acid and iodine solution (2,5ml ; 0,2% iodine
in 20 potassium iodide) and the mixture diluted to 25ml. with
distilled water, The extinction (E) of the resulting poly-
saccharide-iodine complex was examined in a Unicam S5,P.500
Specotrophotometer over the range 420-70%}« ag&;inst an iodine-
water blank, in lcm, silica cells, The wavelength of maximum
absorption { kmax.’ wag taken as the mid-point of the peak
obtained by plotting wavelength against optical density, the

optical density at A ___ being termed &,

The extinction coefficient (L) of amylose solutions
(I-11la) under these conditions was too great tc measure and

the )max for these sampleg was studied under "Blue value"
.

conditions as discussed in Expt.ll(Dd).
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A

max,
Glucan 11V 600
Glucan IIID 650
The lm ax, OF Kerr's Pink potato amylopectin studied

~under the above conditions was 545,

(b) Blue value (Bourne 1948),

Amylose and smylopeetin were studied under "blue-value"
conditions as follows ;=

Polysaccharide solution containing a known quant ity of
solute (bmg,) as determined by cuprimetric titratiom (Somogyi
1962) was transferred to a 500ml, standard flask and stained with
the standard iodine solution (bml.)s The coloured solution was
diluted to 500ml, with distilled water after addition of (.28ml,
6 N hydrochloric acid, 1The spectrum was exémined between 450
and 700 %ﬂ' against an iodine-water blank, The blue value
(B,V.) is defined as the E at 680 q/¢ualng 4om, cells or the
B x 4 using lom. cells,

The Aax. of amylose solutions was studied under the above
conditions,
TABLE ViI(a)
A
Glucan I 610
1la 610
I1lla 610

Kerr's Pink potato
anmylose 610



DABLE VII(b

Semple B.V.
Glucan 1 0.800
1la 0.475
1iv 0.800
11la 0660
111b 0.140

the "blue-value" of Kerr's Pink amylose and amylopectin
controls were found to be 0,590 and 0,132 respectively. ‘the
plots of wavelength against extincetion are shown in fig.,22,

EXPT,12, POTENTIQMETRIC IODINE TITRATION,
(a) A semple of the C, rupestris Glucam 1 (Smg.) was

examined by the potentiometriec iodine titration method of snierson

and Greenwood (1955) when the ocurve shown in fig.2%(a) was
obtained indicating an iodine binding power of 1.055%.

(b) Glucan Il1la, 4 sample of the glucan (14.i6mg.]
dissolved in 0,5 M potassium hydroxide (lOml,) and neutralised with
0«8 N hydrochloric acid, was treated with 0.5 N potassium iodide
(10ml,) and diluted to 100ml, with distilled water, <The solution
was then titrated potentiometrically against 0,000843 N iodine
solution in C.05 N potassium icdideusing a saturated calomel
electrode, 'The iodine solution was added in aliquots (2ml,), the
galvanometer reading being taken O minutes after each addition;
the aliquots were reduced to lml, &s the end-point was neared

(i.e. 13-14ml,.). ‘he true end-point was found by plotting the
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free iodine in solution against the percentage iodine bound

per 100mg, polysaccharide., (fig.23b).

TABLE VI
dd !
Ia:ife added g%%§¥g;gL :/1 g
0 182 0
2 22% 0.6
4 232 1.9
6 285 1.9
8 238 2,2
10 243 .2
12 261 6,0
14 261 15,0
15 264 20.0
16 268 29,5
a7 270 34,0
18 272 40.0
19 2786 51,5
EXPT,13,

dependant upon the concentration of the soclution, the ratio

Greenwood 1997 ).

The specific viscosity ( ﬁ#'l of & polymer solution is

_;gg_;gg%gg Bound iodin
g/l x 10

being designated the viscosity number,

or intrinsic viscosity Eq]

0
22,2
43.1
63,8
88,7
102,2
118,.2
127 .4
131.2
151.5
154,0
137.0
134.0

2

0
1,68
.22
4,86
6,50
8.10
9.55
10,42
10.85
11.00
11,30
11.60
11,60

VI1SCOSITY MEASUREMENT S ON THE GLUCANS, (Bottle 1953 ;

The limiting viscosity

ig the value obtained by

extrapolation of THVE to infinite dilution,
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M)« A e

where ¢ = concentration in g, per ml,

For the determination of n* an&fﬂ] a modified Ubbelohde
viscometer was used, the expression for the specific viscosity

in dilute solution being given by :=-

T - 1o
T = &=
where T is the golution flow time and To the solvent flow
time in seconds,

An approximately 1% solution of the glucan in M potassium
hydroxide was prepared ;nd the exact concentration of
polysaccharide detemnined by ocuprimetric titration (Somogyi
1962) of a hydrolysed, neutralised aliquot of the solution.
lMeasurements were made in a constant temperature bath at 25°
with the viscometer clamped in & vertical position. Polysaco-
haride solutions were filtered through G4 sintered glass before

use, ag was the solvent,

’
Two methods for detemmining viscosities were uged ;-

(a) Solution (10-15ml,) was placed in the viscometer and the

flow time measured, Solvent (Sml,) was added and the flow time

redetemined after each addition, approximately 30 minutes being

allowed each time far the equilibration of temperature, The

solvent flow time was determined separately,

(b) Solvent (l0ml,) was placed in the viscometer and the

flow time established, sliguots (6ml,) of solution were added



FIG. 24a. UBBELOHDE VISCOMETER.
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-

FIG. 24b. ISOTHERMAL DISTILLATION
APPARATUS.
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and the flow times measured after each addition,

The latter method was more practical as the solvent flow

time could be measured without removing the solution from the

viscometer,

However, the former metlod lends itself to

meagurements in which only small quantities of material are

available,

The following resulis were obtained ;=

(a/1.)

Glucan I.
0.00303
C,00202
0.001562

TABLE VIII

Viscogities of Glucan samples.

T - To
(secs, ) 7“"

To = 287,30 seconds,

251,90 14,60 0.0615
246,81 9.49 © 0.0400
244,60 7480 00807

[’)ﬂ was found grephically to be £20.0

Glucan Ila
0.00890
0.002568
0.00194

To « 237,00 seconds,

262 25 0.105
2563,6 16,6 0.070
249 .2 12,2 0.0615

["[] was found graphically to be 26,9

208
19.8
20,9

£27.00
27.00
264850



’ I T - To ’
( ml, ) (Bﬁoﬁo ) 7% h
luesn 111 To = 236,90 seconds
0.00354 273,91 37.01 0.166 44,0
0.00235 264,0 27.10 0,114 48,5
0.00177 265,87 18,47 0.078 44,0

[’rd was found graphically to be 44.0.

Glucan I11b To = 128,1 seconds
0.0060 163, 6 36,5 0.276 47,6
0.0040 145,9 17.8 0.138 44,5
0.0030 143,5 14,4 0.112 37 .6

[‘7] was found graephleally to be 35,0.

Contrmwl K,P, amylose.

0.00603 622 585 1.62 268
0.00402 459 222 0.94 234
0.,00301 391 154 0.68 216
0.00241 354 117 0,49 206

Limiting viscosity h] 165,

EXPT,14, AMYLOLYSIS EXPERIMENTS ON THE GLUCANS,

(1) o(-amylolma with salivary o(-&lgxlaae. (Liddle 1957),

The apparent conversion to maltose (Py) of the glucan
samples was detemined using corystalline salivary o(-amylaso.
The polysaccharide sample was di ssolved in dilute alkali and made
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neutral with hydrochloric aecid, To an aliquot of the solution,
containing a known amount of polysaccharide as determined by
cuprimetric titration (Somogyi 1952), was added sodium chloride
(Smg, ) and freeze-dried salivary & -amylase (bmg.) in a totsal
volume of 25 or 50 ml, The solution was incubated at 3¢ for

43 hours,
TABLE IX
Time (krs.) it, of maltose (mg ) Py

(a) Glucan I, 26.5mg ; < -amylase 2,5mg. ; Digest 50ml,
Aliquots (5ml,)

3 15,6 63
10 17,9 71
24 19,85 78

(b) Glucan Ila 3875 mg. ; od-amylaao 2mg. § Digest 20ml,
Aliquots (Snml,)

3 C.70 856.0
10 Q.74 0.1
24 0.76 92,5

(¢) Glugan 11la =2.88mg, ; X -amylaese lmg. ; Digest l0ml.,
Aliquots (4ml,)
B 0.84 69 40
24 1.03 85,1



Dime (hrs,) Wt, of maltose (mg.) Py

(d) Glucan 111b 3,98mg, ; 7< -anylase 2mg, ; Digest 10ml,
iAliquots (4ml,)
3 1.29 7%.2
24 1.51 90.11

Control experimenis using Kerr's Pink potato amylose and
amylopectin gave Py values of 93 and 88 respectively.

(i1) ~znylolysis,

A comnercial sample of /4 -amylase from the Wallerstein
Laboratories (New York) was used for this work, The enzyme was
free from maltase but contained a trace of Z-enzyme, The
activity of the preparation was 110 units/mg., as determined by -
the method of Hobson Whelan and Peat (1950).

{5 -~anylolysis of amylose components was carried out by
digesting the sample (1l0-30mg,) with 0,04 M acetate buffier at
PH 3.6 and 4.6 with & -amylase (100 wnits/mg, at pH 3,6 ;

50 units/mg. at pH 4.6) at 37° for 48 hours, The digests
were aunalysed for their maltose content as described in Expt,
14(i). At pH 3.6,/5 -amylase was preincubated with the buffer
for 0.5 hours at room temperature prior to addition of the
polysaccharide,

Toluene (l-2 drops) was adied to all digests as an anti-
septic, Polysaccharide concentrations were detemmined by acid
hydrolysis of aliquots removed from the digests themselves, or

from the polysaccharide solution before addition to the digests.,
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/5 ~smylolysis of amylopectin (l0-50mg.) was effected
by incubation of the polysaccharide at 37° with 0.04 M acetate
buffer at pH 4,6 with /6 -amylase (25 units/mg.). Aliquots
(2-5ml, ) were removed after 24 and 48 hours for estimation of
the maltose produced, the result being expressed as a percentage
conversion, It has been shown (ﬁright 1960) that when enzyme
concentration is increased to 50 units/mg, or more at pH 4.6
& gradual increase in the meltose production is observed due
to 4Z-enzyme action and it was therefore imperative that the
enzyme concentration was maintained below 25 units/mg. so that
a true{/g -~anylolysis limit could be obtained,

TABLE X
-amylolysis limits of Seaweed glucans.
Glucan Digest Time teight of maltose -1limit
rse Dge )
1 25,81mg,./20ml,
pH 3.6 24 92,11 40,2
43 11.12 49,1
pH 4.6 24 13,4 59.0
48 14,2 63,1

1la 1l.6mg, /25ml,

pH 3,6 24 0.535 36,5
48 0,745 51,0
pH 4.6 24 0,760 52,0

48 0.970 66.2



Glucan Digest Lime eight of maltose _Q3 -limit
Erﬂo mnge 7

1lla 14,.4mg,/25ml,

pH 3,6 24 0.645 26,6

48 0.760 51.4

pH 4,6 24 1,70 71.0

48 1,85 7640

I111b 14,93mg./ml, 24 1.41 56,0
48 1.46 58,0

Control experiments using Kerr's Fink potato amylose at
pH 5,6 and 4,6 and smylopectin at pH 4,6 gave 72,4 and 108%
and 55 respectively.

BAPT,15, %\_;DAT ION G T HE GLUCANS WITH SCODIUM METAPERIODATE
aspinall 195

Yolysaccharide samples (1l0-30mg.) were oxidised using
0,016 M sodium metaperiodate in the dark at 2°, 4t intervals,
the reduction of periocodate was measured by removing an aligquot
(lml, ) of the reaction mixture and diluting 250 times before
reading the absorption on a Unicam S.P,500 Spectrophotometer at
222,56 m against & water blank, The fraction of periodate
reduced was then found from a calibration graph obtained by
measuring the absorbances of 0,015 M sodium meta-periodate and

0.015 M iodate under the same conditions.
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TABLE XI

Periodate uptake by sesweed glucans at 2%,

Seample and Time Pracn,10% lMoles 10'4 reduced/
Concentration (hrs,) Absorbance gconsumed  mole Cg anhydro-unit
Glucan 1 ¥ o 0.590 - -
18.80mg./ HOml , 1 0.542 0.082 0.78

24 0.523 0.118 0.12

48 0.515 0.145 1.%8

Ve 0.505 0.153 1,46

96 0.505 0.1538 1.46
Glucan 1la 0 0.590 - -
17 .20mg, /50ml., 1 0.576 0.022 0.156

24 0.546 0.076 0.540

48 0.540 0.087 0.615

72 0.537 0,097 0,682

96 0.537 0.097 0,682
Glucan 1lla 0 0.612
12,80mg, /26ml, 1 0.551 0,109 0,576

23 0,542 0.132 0.640

24 0.521 0,169 0.810

48 0,510 0.190 0.900

72 0,500 0.202 0.980

96 0.488 0.228 1.08



Sample and Time Fraen,10%s loles 10'4 reduced/
Concent ration (brs,) Absorbence gconsumed. mole Cg anhydro-unit

Glucan I1IIID 0 0.612
19.8mg, /25ml. 1 0.5%2 0eld4 0450
& 0.520 0,169 0,620
24 0.488 0.228 0.720
48 0.480 0.244 0.800
72 0.468 0,266 0.820
926 0.456 0.288 0900

Oxidation of Kerr's Pink amylopectin samplesg were carried out
simultanecusly &s control experimentse, typical results for these
being 0,900 and 0,970 moles per Cg anhydro-unit,

After oxidation was complete (ga. 72-120 hours) the reaction
wag stopped by the addition cf ethylene giycol (6ml,) after which
the solution wag dialysed, concentrated %o drynaa:iiﬂg'%xanmed'
chromatographically (solvent 4). In no case was there evidence
for glucose in the oxXopolysaccharide hydrolysates.

Thus summarizing uptakes of periodate by the various glucan

samples we have after four days oxidation at 29;-

Glucan Moles periodate/Cs anhydro-unit,
1 1.46
1la 0.682
I1la 1.08
11Ib 04900

and XK.P, amylopectin 0,870



FIG. 25 LIQUID AMMONIA
METHYLATION APPARATUS
(FRUSH, ISBELL et al. 1957)




BEXPT,16, METHYLATION OF GLUCANS I and II(b),

lMethylation was accomplished by the micro-technique of
Isbell (1957) using the apparatus as shown in f£ig.25,

The polysaccharide (I and IIb, 1l00mg. and 70mg, respectively)
previously dried over phosphorous pentoxide was placed in reaction
vessel (A) along with dry filter-cel (ca. 100mg.)e The vessel
was evacuated through tap 4 and liquid ammonia issuing from storage
flask (F) was allowed to condense from the acetone/carbon dioxide
gooled condenser (D) in to (A) which was similarly cooled, Aafter
& suiteble quantity (ga. %ml.,) of ammonia covered the polysaccharide-
celite mixture, the ammonia storage vessel was re-immersed in an
acetone/carbon d.ioxido bath and this part of the apparatus
isolated by closing taz &, By removing the cooling flask from
(4) the ammonia was allowed to reflux on to potassium which was
introduced into tap 1 through the side-amm (K) by means of a
soft-glass capillary. The potassium was thus washed into the
polysaccharide which was gtirred by a magnetic stirrer, The
addition of potassium in such a manner was continued until the
polymer contained an excess, indicated by & permanent blue colour,
The whole process was carried out under vacuum,

At this stage the ammonia in (4) was returned to the storage
vessel by raising the cooling finger (L) and opening tap 3,
Complete removal of the ammonia was essential and was best achieved
by warming the reaction vessel and tubes with u hair drier, The
reaction vessel (A) was then isoclated by closing taps 1 and 2 and
pure methyl iodide (ga, dml,) was introduced from (B) through tap &
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by cooling (i) with liquid nitrogen, Finally, (i) was completely
closed off and the methyl iodide allowed to reflux overnight,

the heat from the magnetic stirrer being sufficient to ensure
this, The methyl iodide was ultimately returned to (B) by
cooling again in liquid nitrogen and simultaneously warming (4),
This completed one methylation cycle,

The polysaccharide was given three such methylations, after
which it was extracted from the filter-cel, glass residue by
repeated shaking with dry chloroform (6 x 30ml,) and finally
concentrated to a pale yellow mobile syrup (I 105.2mg. ;
1Ib 50mg. #(L:160° (¢, 0473 in chlorofom) soluble in benzene
methanol, and to a lesser extent in water, [0 blue colouration

with iodine wag observed,

EXPPL17, DE&EE%IHATIOH (F THE NUMBER AVERAGE MOLECULAR WEIGHT
oF ¢ METH YLATSD GLUCAN 1 BY ISOTHGBRMAL DLIOTLLuATLON,
ee 40 ).

The number average molecular weight of methylated poly-
saccharides has been detemined by the method of isothermal
distiliation within the range 1,000-20,000 (Broatch 1956 ; lackie
1960), The most reproducible results were obtained with benzene
as the soivent,

A 1,0039% solution of the methylated glucan I (103,24mg,.)
previously dried over phosphorous pentoxide, was prepared by
dissolution in dried "inalar" benzene (10,17894g.). The solution
(ca, 4ml,) was introduced into one limb of &n isothemmal distill-
at ion apparatus and pure solvent (ga. 5ml,) was placed in the other

limb, The liquids were degassed by the recommended method of



freezing in liquid air folilowed by evacuating the apparatus,
After repeating the process twice the aspparatus was evacuated
and sealed, It was then immersed in a constant temperature
bath at 26,12° and after being allowed to equilibrate for one
hour it was inverted into the "distillation position®,

Readings of the increase in level of the solution and the
corresponding decrease in the level of the solvent were made by
means of a travelling mioroscope at intervals over a period of
8iX days.

If R = observed rate of distillation (mm, of measuring tube
per hour) and _%_2 = relative lowering of vapour pressure
caloulated from the mole fraction of solute in solution,

the results are expressed as ;=

R.x. .k vwsold

where K is the apparatus ccnstant, A preliminary experiment
was carried out using triolein (M,Wt, 885.4) as the solute,
from which the constant (XK) was found to be 2,4 x :I.':.‘.";5 « 'the
folloving results were obtained for the polysaccharide solution ;-
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P4BLE X11
Isothemal distillation of the methylated glucan,

Time Soluti increase Solv Decreage
ﬁ,_)_ Height uéve zero Height above zerg

0 - =
16.5 0.931 . 2,613 -
22,6 0,945 0.014 2,595 0.018
41,5 1,040 0.109 2,504 04109
66,00 1.169 0.238 2,398 0.216
88,26 1,272 0.341 2. 284 0,529

112,25 1.398 0,467 2,165 0,448

136,25 1,558 04607 24063 04550

The graph cbtained by plotting the change in the level of
the liquid in either limb against time is shown in f£ig.26, From
the slope of this graph was found the rate of transfer (R) of
the solvent (3.82/8%mm,/hr,) and hence the number average molecular

weight (M, ) was detemmined ;-

Lala iégﬁ X 2.4 x 1070 L.‘%C_EE

- —

98,996 . 1.0039
8 My

e @ H = 7200
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BXPT,18, HYDROLYSIS OF THE METHYLATED GLUCAN I ARD
L UANE IPATLVE BOTIMADION (F THE RBLADIVE FROPORTIOHQ
EE HE NeiHYLLTLD UGARS, (Sohaefer 1906).

(a) _Hydrolysis. The methylated glucan (72mg.) was hydrolysed
with 90% formic acid (4ml.) in an atmosphere of carbon dioxide

in a sealed tube at 100° for 6 hours, The solution was cooled
and neutralised by passage through a column of asmberlite

IR 4B(0H) resin followed by concentration %o a pale yellow syrup
(62, Tmg. ).

(b) Estimation of the relative proportions of methylated sugars,
Standard solutions of methylated sugars were prepared as

described in Expt,.b, Aocurately measured volumes of the control
solutions were spotted on the starting line of a paper chromato=-
gram end eluted for 24 hours in solvent D,

In order to compile calibration graphs, the methylated sugar
spots were located by means of control strips and the sugar-bearing
areas thus indicated were cut out and extracted with 0,90% (w/v)
tetraethylene glycol dimethyl ether (5ml.) under reflux in boiling
tubes for 20 minutes, To the eluate thus obtained was added
aniline phthalate in methanol (lml,) and the methanol them removed
at 30° under reduced pressure, The residual liguid was heated
at 98° for 35 minutes and the residue dissolved in 95% ethanol
(10ml,). The absorbanos of the sugar solutions was measured in a
Unicam S,P,500 Spectrophotometer at 415 m for methylated
aldohexoses, against ethanol as a blank, The graph (fig.27) of
the absorbance against the weight of each sugar gave a linear

relat ionship,
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The relative molar proportions of the methylated sugars
in the hydrolysate of the methylated glucan 1 were then estimated
by the method described sbove, the weight of each sugar being
obtained by reference to the graph,

TABLE X111
Relat ive proportions of the methylated sugars,

Sugar Absorbance W, of sugar . Meolar ratio
lll/d JA8e

Lo 2,3, 6-tri-0-
methyl glucose 0.790 276 14,6
2,3 4, 6-tetra-0-
methyl gluoose 0.190 20 p 8

2, 2,3,6-tri-0-
methyl élum se 2.700 190 16
2,5,4, 6-tetra-(O-
methyl glucose 0.19 11 1

EXPT,19, GAS-LIQUID CH :
* -
EETIANOLISIESD LETHYL RED oLUCLIE Y enT tha

The methylated glucems (1l5mg, ) were heated under reflux with

dry methanolic hydrogen chloride (2% ; 6ml,) until the rotation
was constant (6 howrs)., The solution was allowed to cool after
vhich it was neutralized with dry silver carbonate, filtered and
the solution de-ionised with IR 120(H) snd IR 45(CH) resins, after

removal of the resins the solution was concentrated to a syrup,

(ca, llmg., in each case).



'GAS CHROMATOGRAMS OF

FIG. 28

METHYLATED GLUCANS.

Oak starch.



DABLE XIV
Gag liguid chromatography of methylated glucans.

Pgak No. Methylated sugar .

1 Methyl 2,3, 4, 6-tetra-0-methyl- /o” -glucoside 1,37
2 n " i RN (IR 5.96
3 Unknown .81
4 liethyl 2,3, 6-tri-Oemethyle /3 -glucoside 26,81
5 " . om P 61.82
6 A dimethyl glucoside (anot 2,3) 0.898

Glucan IIb (fig.28)

1 liethyl 2,3,4,6-tetrasg-methyl- & -glucoside 5,76
2 " " " " el - " 10,60
3 Methyl 2,3,6-trie0-me thyl- /3' -glucoside 27.80
4 Unknown 2 .20
5 Kethyl 2,8, 6-tri-0-methyl- & -glucoside 55,0

6 Methyl 2, 3-di-0-methyle /3 ~glucoside trace

Comparison of the relative retention times of each glucoside
with those of control substances indicated the regpectively
methylated sugars,

A sample of a methylated starch from oak sapwood was examined
for comparison (fig.28) and it was noted that besides giving a
larger proportion of dimethyl glucosides it also gave an unknown

peak intermediate between the a/- and /5- trimethyl isomers,
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EAPT .20, SEPARATION AND CHaRACTERISATION CF THE LETEYLATED
SUGARS IN THS HYDROLYSATE OF THE MGTHYLATED GLUCAN I
The remainder of the hydrolysed glucan syrup (60.0mg.) was
applied to the starting line of a paper chromatogram (Whatman
3 MM ; 20 x 40cm, ) and eluted for 24 houra in solvent D, The
sugars were located as usual by developing side-strips and the
sugar-retaining areas thus indicated were cut out and eluted with
distilled water containing l0j% methanol (l00ml,)., Care was taken
to avoid the inclusion of overlapping fractions where the
separation was not complete,
The eluate obtained from each strip was concentrated under
reduced pressure and investigated as follows =

Fraction 1, Crystalline 2 ,3,4,6-tetra-O-methyl glucose (7.0mg,)
chromatographically and Jonophoretically identical with an authentic
specimen run as a comtrol., It had a m,p. and mixed m,p. 849,
while that of the derived anilide was 137° undepressed by admixture
with authentic 2,5,4,6-tetra-0O-methyl glucose anilide, (Irvine
1908).

Fraction 11. Crystalline 2,3, 6~tri-O-methyl glucose (35mg.)

[o[ ] p*68° (G,1.48 in water)., It wes identical with un authentio
specimen both ohrdmatographioally (Rg 0.856) end on elcctrophoresis
in borate buffer (Mg €.0 ), It had m,p, and mixed m,p. 115° after
reorystallisation from ether, The deriveddiethyl mercaptal
(Woifrom 1937) had m.p. 70°,

Braction 111, Syrupy dimethyl glucose (dmg, ), {a[] D+58°, (¢y0,33 in
water) Rg 0,61 (solvent D)., Ionophoretically identical with 2,6-di-
O-methyl glucose (kg 0.06) and containing & trace of 3, 66-di-0-meth>"

#lucosa (Mg (.66
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APPENDIX TO C, RUPHESTRIS SECTION

The major part of section 1 deals directly with the
separation and investigation of starch-type materials from the
alkaline extract of C, rupestris and from the water-soluble
material from E, compressa. The former and other extraots
from C, rupestris were subjected to fractionation which are best
discussed in an wppendix, The investigation of the residual
B, compressa polysaccharide forms sectlion 3 of this thesis.

BiPT.R1 . ATT%&Q%ED FPRaCLIONATION COF POLYSAGCHARIDE (F)
G AVLO

Polysaccharide (F) (page 99) (50(mg.) was dissolved in wamm

distilled water (100ml,) a small insoluble residue being removed

by filtration, To the filtrate was added 0.6 M boric acid (150ml,)
and an aqueous solution of 0,1 N cetyltrimethylammonium hydroxide
(40ml.) and 0,5 N sodium hydroxide (lml,) with vigorous stirring,

A Tloceulent off-white precipitate was obtained which was removed

on the centrifuge, washed with water and immediately suspended
with rapid stirring in 10/ sodium chloride solution (10Cml,) to
decompose thq complex, The solution tiug obtained was dialysed
for 3 days after which the polysaccharide was isolated by

concent ration and alcohol precipitation, (185mg.).

The supernatant solution at the centrifuging stage was likewise
dialysed and alcohol precipitated after concentration (205,.mg.).
Chromatographioc examination (solvent B) of the sugars presemt in
the hydrolysate of the two fractions indicated the same mono-



saccharides as in the parent polysaecharide (i.,e, galactose,
glucose, arabinose, Xylose and rhamnose), 4 slight decrease

in the relative amount of glucose in the precipitated material

wag obvious from visual exemination, but no absolute fractionation

weag achieved,

BAPT,.22, ATLENPIED mr;cmtmﬂwn_ -

POLYSACCHARIDE(F) USING

Polysaccharide (F) (3g.) was dissolved in water (lOCml.) and
mixed Fehling's solution (40ml,) added with vigorous stirring,

The mixture was shaken for 12 hours but no copper complex
precipitate was obtained, The copper solution was treated with
dilute hydrochloric acid until colourless, then with two batches

of acetoreto 40/ and 604 concentration respectively, the precipitates
being removed on the centrifuge after each addition, and dried in
alcohol and ether,

Chromatographic analysis (solvent B) of the hydrolysates of
each fraction indicated the presonée of the same sugars in approXe
imately the same molar proportions, Hence it was concluded that
no fractionation was achieved either by copper complexing or

fractional precipitation,

EXPP,23. PRELILIRARY INVESTIGATION (F POLYSACCHARIDSE (B).

(a) Polysaccharide (B) (page 94), the material obtained from

the mother liquor after treatment of C, rupestris water-extracted

residue with sodium chlorite at 70° was shown to¢ have the physical

properties related in Bxpt,.Z2,
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Investigation of the molar ratios of sugars present in
& hydrolysate of polysaccharide (B) by the method of Wilson (1959)
gave the following results :-
LABLE XV

Molar ratio of gugars present in a hydrolysate of
Tolysaccharide (B)

Sugar absorbance 1y Ht,0f sugar mu olar ratio
Galactose C.820 298 18,6
Glucose 0.020 16 1,0
Arabinose 0.680 150 11,2
Xylose 0.160¢ _ 46 4,0
Rhannose trace - trace

(v) ZTreatment of polysaccharide (B) with salivary £ -amylase.
The polysaccharide (260mg. ) was dissolved in distilled water

(25ml.) and fresh salivary ,/ -amylase added, The solution was
treated with toluene and allowed to incubate at 37° for 24 hours,
After a second 24 hour treatment with fresh a( -amylase the solution
was heated at 765° for 5 minutes to destroy the enzyme, filtered and
the polysaccharide precipitated with alcohol and dried with alecohol
and ether (202mg,) (Found [ﬂ/]]) +94°, N 4%, S04 13.8%, ash 16%)
Investigation of the molar ratios of monosaccharides in the

hydrolysate of this material gave ;=
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LABLE XVI
Molar ratios of sugars in & hydrolysate of o -smylage treated

Approximate
Sugar sbeorbance (mu ) Wb,0f sugar (ue) E‘E{;Tgarm.gg
Galactese 0.500 200 6
Glucose -~ - -
aArabinose 0.472 022 3,25
Aylose 0,170 28 1
Rhamnose 0.0356 trace trace

Thus salivaery o/ -amylase completely removed the glucose
containing polysaccharide leaving a material containing the same

sugars in approximately the same molar-ratios,

(¢) Aattempted fractionation of polysaeccharide (B).

(1) Barium hydroxide (Meier 19568), To polysaccharide (B)

(40Cmg,) dissolved in water (50Cml,) was added a saturated solution
of barium hydroxide (50ml.) dropwise with vigorous stdrring.
The mixture was shaken for 24 hours but no preecipitation was
achieved,

(i1) Potassium chloride (O'"Neill 1655), Vhen N potassium
chloride was added to a rapidly stirred solution of the
polysaccharide (500mg., in 100ml, water), no precipitation ococurred

even after standing for several days at 09,

EXPT,24., INVESPIGATION CF EXTRACPS (D) and (BE),
Polysaccharide (D) extracted from C, rupestr s using 184%

sodium hydroxide was found to consist mainly of glucose with a



trace of Xylose, The extract was obtained in poor yield and
had a high ash content (ga., 35%) and was not further investigated.
The weed residue after exhaustive alcohol, water, chlorite
and alkall treatments in turn, was subjected to the lonier-
#dlliams (1921) treatment with 72% concentrated sulphurie acid
for $6 hours followed by 12 hours hydrolysis with N acid at 100°.,
After neutralisation the hydrolysate was investigated chromatoe
graphically in solvent C when mainly glucose with a trace of

xylose was detected.
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1 (o) DISCUSSION

The Cladophora species of green seaweeds is fairly common
to British coastal waters, growing in relatively small colonies,
often found in close association with some species of brown
seaweeds such as Fugus, The weed is small and filamentous in
structure and very dark green in colour,

Preliminary extraction with 80/ agueous alcohol (Laidlaw 19562)
for several days was found to remove only some of the chlorophyll
and colouring matter, while other solvents were found to be no
more successful,

The water-solubdle polysaccharide obtained from the alcohol
extracted weed by hot-water extractions, was set aside, its
structure having been investigated by Fisher (1957) and described
in the introduction to this thesis, It should be noted however,
that this material contained a glucan similar %o laminarin there
being no evidence for a starch-like polymer at this stage of the
extraction,

¥ild chlorite treatment of the weed residue after exhaustive
aqueous extraction completely removed the remaining colouring
matter (Expt,l); furthermore, ga. 7% of a polysaccharide (B)
composed of galactose, glucose, arabinose, Xylose and rhamnose
in the molar ratios 18,6 ; 1 ; 11,2 ; 4 ; trace was extracted,
This polysaccharide which was not fully investigated cwing to
shortage of time, showed [O(] D +100:, N 4% sulphate 13,65, ash
14,78% and uronic acid ga, 5.0% (Swenson 1946), & préliminary



investigation of this polysaccharide (B) (Zxpt.23) indicated
that the glucose could be completely removed by treatment with
galivary o ~amylase, and the polysaccharide then obtained was
fouud to consist of the following sugars in the given ratios :=-

Galactose ; Arabinose : Aylose : Rhamnose
6.0 3.25 1.0 tracse

It had []p+94°, W 4.0%, sulphate 15.8%, and ash 15%,
Thus, this polymer appears to be similar in constitution to the
water-soluble polysaccharide and must constitute the major
hemicellulose fraction of the weed, Chlorite extraction also
removes a small proportion of an o -1,4'- linked glucan,

Subsequent alkaline extraction of the chlorite treated
material yielded a polymer which geve a deep blue lodine stain
indicative of a starch polymer, & preliminary analysis (Bxpt.2)
of this material revealed the presence of much protein (ca. 35%),
this difficulty being encountered by Fisher during his investigation
of the water-soluble material, [Trichlorcacetic acid treatment
considerably reduced this contamination yielding a polysaccharide
(F) composed of the following proportions of sugars ;

Galactose : Glucose ; arabinose ; Xylose ; Rhamnose
8.4 44 4,3 1 trace
Polysaccharide (F) had {o(] D+5'I'°, ash 6,56/, sulphate 1,85k,
N 2,83% and uronic acid ga. 5.,0%, this latter figure possibly
being derived not from uronic acid but being due to pentoses since
the estiwmation was carried out by decarboxylation with 19%

hydrochloric acid,



The determmination of the relative sugar ratios of the
hydrolysed polysaoccharide (Bxpt.5) was carried ocut by the recent
method of Wilson (1969) involving aniline phthalate, *his method
was found to be superior to thut of Pridham (1956) with respeot
to reproducibility and stability of the coloured complex,
Measuremente could be made several hours after elution of the
spots from the chromatogram, in contrast to the 30 minutes
maximum for pentoses, as required by the met lod of Pridham, The
wilson method was also found tc be preferable to the method of
Piper and Bernardin (1967) employing g-amino-diphenyl, aniline
phthalate being much cheaper and more easily obtainsable,

The persistence of contaminating preotein in these polysaccharide
extraots was thought tc indicate the possibility of some form of
linkage between the polysaccharide and the protein molecule (c.f.
the blood group polysaccharides where it has alsc been found
impossgible to remove the protein without serious destruction of
the polysaccharide molecule), it was therefore decided to prooceed
with investigations without further attempting te remove protein,

The strong alkaline (18%) extract (Expt.24) appeared to
consist of glucose and trace amounts of xylose, but the yield and
ash content were such than an analysis would yield little
structural information, The final residual weed, however, after
the Monier-Williems (1921) treatment revealed glucose cnly, thus
confirming the work of Cronshaw, Myers and Preston (1958) in which
Lderay examination of this weed residue gave a diagram typical of
cellulose 1,
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Ih several cases separation of a glucose-rich material has
been achieved from a parent polysaccharide by acetylation and
chloroform extraction of the acetate (Fisher 1957, 0'Donunell 1959)
and this method was applied to polysacchuride (F) in an attempt
to isolate a pure glucan (Expt.6)., Three acetylations of the
polysaccharide followed by chloroform extraction of the acetate
produced a pure white material which had [oqn +160°, =&
considerable amount (ga.307%) of a dirty brown residue rem=ined
after this extraction, probably mainly protein since the glucan
ultimately separated had a very much reduced nitrogen content,

Deacetylation of the polysaccharide acetate by the method of
Bonner (1948) yielded a pure white polysaccharide (glucan 1) in
0.02 yield based on the initial weight of weed. This material
was shown to contain only glucose on chromatographic investigation

of a hydrolysate,

A subsequent investigation of the polysaccharide obtained
by acetylation and chloroform extraction showed it to be a
relatively degraded starch polymer with certain unusual properties,
it was hoped that the less vigorous conditions of iodine precipitat-
ion might produce a starch more representative of the natural
material present in the Uladophora spp.. 4application of this
technique (Expt.7), first used by Steiner (1944) in the isolation
of pure tuber starches, was found to yield 7.2, of a starch
(Glucan II) froam Cladophora polysaccharide (F) (ca., 0.16% based on
the dry weight of weed),



It wag also found possible to isplate a starch polymer
(Glucan I1I) from t he water-soluble polysaccharide of &, Gompressa
(Bxpt .8), this material being obtained in 3.5% yield based on the
water-soluble material (G). The method appeared to function
reagonably well although it has been suggested that the starch
polymer should conmstitute not less than 10% of the polysaccharide

mixture,

The amylose of starches can be separated from the amylopeotin
ag an insoluble complex by the addition of an alcohol of low
solubility such as butanol (Schoch 1942) or thymol (Haworth 1946)
to an aqueous solution of the starch; an amylose-aloohol complex
forms and slowly precipitates from solution, leaving the soluble
amylopectin in the supernatamnt,

Application of this technique to the tw glucams (I and I1I)
from Cladophora and the glucan (I1I) from B, compressa yielded
complexes (Ila and 1Ila) from samples 11 and II1 and, in addit ion,
polysaccharides (IIb and IIIb) were precipitated from the
respective supernatents (Expt.9), 1t should be realized, however,
that the failure to complex with thymol does not indicate the
absence of an amylose fraction but may mean that the molecular
slize of the amylose 1is too small to form an insoluble complex,

On the other hand, inability of Glucan I %o form & complex is not
surprising. The conditions necessary for 1ts extraction and

purification would most certainly degrade any amylose present in
the natural polysaccharide and this degraded material would then
probably be of a size and shape to pass through the dialysis saec



during purification, Unfortunately omission of dialysis and
isolation by preocipitation with alcohol and ether invariably
prodnced lower yields of more highly contaminated polysaccharide,

The properties of glucans I, 1la, IIb, IIla, IIIb are shown
in Teble V (p.61 ). It is seen that all the specific rotations
are similar and somewhat low for a true ataroh([a(]n g§.+800°h
Cuprimetric estimation of the purity of each sample indicated a
certain degree of contamination in all semples, but the small amounts
of polymer available disoogg_#g'ﬁ'_d further purification, ‘

Glucan I1Ib was aoluble. in water and gave a purple colour with
iodine, similar to that exhibited by amylopectin, the branched
fraction of the starch macro-molecule, whereas glucans I-IIIla all
showed & reluctance to dissolvo. in water but were readily soluble
in dilute alkalil; they produced a deep blue colour when treated
with iodine, resembling a normal gtarch,

Chromatographic enalysis of a hydrelysate of the polysaccharide
in each case revealed only glucose, this product being character-

ised by its conversion by oxidative degradation to gluconic aecid,
(Bxpt,10).

The most characteristic reaction of any starch is its ability
to form a coloured complex with iodine, The significant difference
in the degree to which amylose and amylopectin bind icdine has long

been & major factor in their distinction,

Apart from the obvious coliour difference exhibited, the

wavelength of maximum absorption of the complex is 515-550mw for



amylopectin and 6@-680 m w for amylose,

1t has been sugyested that the complex with iodine and
amylose or amylopectin can be ascribed partly to the absorption
of iodine moleoculesor triiodide ions and partly tc the endwise
axial arrangement of iodine molecules inside a series of hellces
of X -1,4'- linked glucose residues (Higginbotham 1949), Lach
coil of the helix is believed to contain six glucose residues and
one iodine molecule and it is most probable that a minimum of
three coils are necessary to produce a stain, Thus an amylose type
chain must contain eighteen or more glucose units, This hag
recently been substantiated by Bailley snd wWhelan (1961) who have
shown, with synthetic amyloses, that the chains become iodine~
staining when they are 18 units long, Thereafter, the blue value
increases rapidly and linearly with the chain length until about
72 units at which point the rate of increase falls to about 67
of the initial value., The blue value of naturally ocourring
amyloses (g8, l.4) is not reached until the chains exceed 400 units.

The wavelength of meximum absorption of the glucans was
studied under standard conditione for the presumed amylopectin
fractions (1IIb), and under "Blue-valwe " conditions for amyloses
(I-I1la) since the latter gave solutions whidh were too dark to
measure under amylopeetin conditions, (Expt.ll), The following
results were obtained ;-

Glucan I ila 1Iv 1lla I1I%®

A 610 610 600 610 550
max,

It ie apparent, therefore, that while II1b definitely resembles



an amylopeotin, gluocans I-IIIa display A .y, more typical
of small-chain amylose of the type described by Bailey and Whelan
(1961), having a D,P, between 100 and 180 glucose residues, 4s
far as the author is aware no reports of the value of A pax,
for degraded amylopectins have been forwarded,

Similar results were indicated by the values obtained under
the conditions of Boume (1948) for the "Blue-value" ;-

Glucan X 1la Iiv I1la IIIv

Bo Ve 0,800 0,475 0,800 0.660 0.140

The B,V, of a true amylose is expected to be ga, 1.4 while
of an amylopectin is of the order 0.1 - 0,16, although IIIb
again has the correct value for an amylopectin, the other four
samples have blue values which are intermediate between a typical
amylopeotin and & true amylose,

Bstimation of the iodine binding power of Glucans I and 1lla
(Bates 1943) gave values of 1,05/ and 10,47% of bound iodine
respectively. Schoch (1949) has found the iodine affinity for
several amyloses to vary between 18,5 and 20.,0% and sn average val ue
of 19,2/ is often accepted as the percentage binding power of an
amylose as compared with ga. 0,5/ for an amylopeotin, On this
bagis Glucans 1 and 11Ia have binding powers well below those of
a typical amylose but many factors includ ing moiecular weight and
its distribution, may influence these results,

In view of the limited supply of materisl and for reascns
which will be discussed later it wag decided to reserve the
remaining portion of fraction 11Ib for methylation studies,
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The limiting viscosities of the glucans detailed below
were measured in molar potassium hydroxide solution (Expt.l3),
the following valuee being obtained :~-

Glw an 1 Ila Iila 1IId
[-1 ] 20.0 26,9 44,0 35
D.P. 192 324

From & consideration of the limiting viscositles of amylose
and amylopectin from other scurces (ga. 400 and 150 respectively)
it is obvicus that all these samples investigated are much
degraded molecules,

Cowie and Greenwood (1957) have shown the approximate
relationship, D.P. = 7.4 x limiting viscosity, to hold for potato
anyloses of reasonzble chain length and this equation has been
applied to the "supposed" amyloses separated from the seaweed
glucans as shown above, It cen be readily seen that they are very
much smaller than the highly purified smylose of potato D,P.3,200,
but amylose 1l1la shows the same order of magnitude as that reported
for emylose preparations from maize (ca.X0) (Nussembaum 1951),
malted barley (ca.550) (Aspinall 195&) and protozoal amylose from
Chilomonas paramecium (¢a,300) (archibald 1960). In view of the
methods of extraction of the glucan samples from C, rupestris
(involving Chlorite at 70° and alkali) it is not surprising as

already mentioned thaut they are more degraded than the hot-water



extracted Glucan Illa from E, compressa. The probability of
degradation is further enhanced by the necessity of trichloroacetic
acid purification of the original extracts.

It should be mentioned here that the limiting viscosity
nunber of amylose and amylopectin is dependant upon the shape
rather than the size of the molecule, Peterkin (1950) has shown
by viscosity measurements on amylose acetate that the results
for a linear molecule can belinterpreted in tems of a random coil,
rather than the rigid rod advocated by some workers, The lower
intrinsic viscosity exhibited by amylopectin on the other hand,
indicates a more compact and probably spherical molecule, although
viscosity measurements on the !6 -limit dextrin indicate that an

elongated molecule is possible, (Greenwood 1956).

The hydrolysis of & polysaccharide by a purified and tested
enzyme preparation has the advantage of specificity, and the
degradative action may follow paths which cannot be covered by
present chemical methods, it is essential tc ensure that the
enzyme preparation is free from contaminating materisl., Ffor
example, salivary « -amylase is often contaminated to a slight
extent with maltase which specifically hydrolyses maltose to
glucose, consequently its presence increases the Py value (apparent u
conversion to maltose), The oC ~amylase used in these experiments
was produced by Nutritional Biochemicals Corp., snd was free of
maltase activity.

Digestion of the glucan samples under investigation with

salivary & -smylase gave the foilowing results, (Expt.l4) ;=
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Gluean I 1la 111a +  IIIb
By 78 92,5 85,1 90,11

Control experiments with Kerr's Pink potato amylose and
amylopeoctin gave Py walues of 93 (theory requires166) and 88
respectively. Thus glucan 11Ib shows a result typical of an
anylopectin, It is difficult to deduce anything of the finer
details of structure of the other glucans from this experiment
because of ¢t heir tendency and als o that of K.P. amylose to
retrograde and precipitate out of solution during incubation
with the enzyme, even under the conditions suggested by lieyer
(1940 ), Nevertheless it does provide proof that all the glucans
under investigation possess & baain starch-type structure comprising
mainly 0("1,4'- linked glucose units,

The gemeral observation that purified J -amylase causes only
ga. 70/ degradation of amylose has been confirmed by many workers
{Neufeld 19565 ; Cowie e al 195%, 1958, and Bddy 1958), However,
it is accepted that amorphous preparations of soya-besan /5 -amylase
cause ga., 100/ conversion, the difference belng accounted for by
the presence of Ze-enzyme (Peat 1952), The /5 -amylase used in the
present experiments was prepared by Wallerstein Laboratories and
had %-enzyme but no maltgse activity (Expt,14), The results
cbtained were :=

Glucan 1 1la 1lla 11Ib
pH 3.6 49,1 51.0 3l.4 -
pH 4,6 63,1 66.2 76.0 58



A% pH 3,6 the Z-emzyme action is inhibited,

Gluwe an IIIb again shows a conversion similar to that obtained
from the majority of amylopectins, i.e,55%, Once ageain the
difficulty of retrogradation was encountered for the other samples,
especially at pH 3,6 but in keeping with many of their other
properties they appear to have ai/g ~amololysis limit intermediate
between an amylose and an amylopectin, At the same time these
results also support a besiec a(-l,&'- linkage. It should be
pointed out here that the treatment with chlorite prior to
extraction besgides degrading the starch-type polysaccharide, very
probably also oxidises some of the residues in the molecule to
0X0~ Or carboxy-units and the presence of such amomalous residues
may be the explanation for the low amylolysis figures in these
materials rather than a property of the native starch,

In aquecus solution, periodate will oxidise compounds
containing o -f- diol or o- /3~ ¥-triol groups with the formation
of aldehydes, iodate and in certain cases formic aeid, formaldehyde
end carbon dioxide., The arrangement of diol or triol ( o -glycol)
groups may be deduced from measurements of the reduction cf
periodate and the nature of the oxidation products, Thus the
oxidation of a 1,4 '~ linked glucose polymer involves the reduction
of one mole of periodate for every unit in the polymer except at
branch points and of two moles of periodate and the release of one
mole of farmic acid from each non-reducing end-group., Furthermore,
if oconditions are such that oxidation proceeds beyond the normal
Malapradian oxidation with the hydrolysis of formyl esters then
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instead of the reduction of ome moie of periodate, one mole

of formaldehyde and two moles of formic aoid are released, with
the reduction of three moles of periodate at the reducing end

of the molecule, Hough and Perry (1956) h&vo shown that this
reaction will occur readily at pH 8.0, and that 1,3'- or 1,4'-
linked aldohexose polymers are completely oxidised by a stepwise
process with production of 1 mole formaldehydé per hexose residue,
Oxidation under these conditions also makes it possible to detect
the presence of 1,6~ linkages which arrest the oxidation in a
1,3= or 1,4~ linked polymer, Over-oxidation of this type occurs
if the oxidation is carried out in the presence of a large excess
of oxidant, at an elevated temperature (> 20°), in alkaline
solution or in sunlight (Head and Hughes 1962), A careful
control of the oxidation conditions is tierefore essential,

Acid hydrolysis of the periodate-oxidised polysaccharide is a
useful procedure for the identification of moncsaccharide residues
devoid of o{ -glycol groupings, (Hirst 1948), Thus glucose can
be detected in the hydrolysate of the residual oXo-polysaccharide
of a 1,3"~- linked glucan oxidised under controlled conditions,

A model starch should therefore reduce one mole of periodate for
every anhydro-gluccse unit if the reaction is carried out under
carefully contro.led conditions, In the present experiment

(Expt.15) the following results were obtained on oxidation ;-

Glucan I Ila illa I1Ib

Periodate reduced/
Cg anhydro unit 1.46 0.682 . 1,08 0.900
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In spite of the standardised conditions it appears that
over-oxidation has occurred in the case of Glucan I, whereas
I11Ia and I1I1Ib have consumed ¢a, one mole per hexose residue
as would be expected of an amylose or amylopectin, The low
result obtained for Ila is not in keeping with the other glucans
and cannot be explained by under-oxidation since no indication
of unattacked glucose was obtained from this or any of the other

oxopolysaccharides,

The micromethylat ion technique of Isbell (1l957) was upplied
to glucan sample I (Expt,16) and was found to have several
advantages compared with the macro-method of Muskat (1934),

Apart from the obvious advantage of the relatively small gquantity

to which the method is applicable, the fact that methylation is
carried out under reduced pressure snd hence virtuallyin the absence
of oxygen, avoids oxidation of the potassium and thereby facilitates
the reaction; furthermore, the polysaccharide is less likely to
suffer degradation in the absence of oxygen, especlially since it

is known that sodamlide and potassamide will degrade polysaccharides,
(Hodge 1951), Finally, the reaction product does not have to be
removed from the vessel after each methylat ion, thereby avoiding
manipulative loss,

On completion of the methylat ion it was found difficult to
effect complete removal of the filter-cel from the methylated
product, However, indication of the degree of methylation was
obtained from the sugars found in the hydrolysed methylated

glucan, the presence of only a trace of mono-methylglucose being
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noted, The yleld of methylated product was high (756%) in
comparison with other methods but it must be remembered that a
small proportion of filter-cel was present, 1he product was
soluble in chlorofom, methanol, benzene and to & lesgser extent
in water, ‘the methylated product gave no blue colour with
iodine in common with other amylopectins,

kieasurement of the molecular weight of the methylated glucan
I was carried out in benzene solution by the Isothermal Listiliation
method (Broatch 19566) (Expt.l7). Such measurements are based
on the rate of transfer of solvent to a solution of the polysacc-
haride under investigation, this being dependant on the molecular
weight of the solute, 1t has been found that the method is best
applied to benzene-soluble materials which have molecular weight
within the range 1000-20,000, 1In the present investigation on
Gluwan I & molecular weight of 7,200 was obtained, hence confiming
that the algal starch has a very mmall molecule or more probably
extensive degradation of the molecule had occurred,

Methanolysis of the methylated glucan I (Lxpt,19) produced
a mixture of methyl glycosides of the methylated monosaccharide
component s, Anaiysia of these by gas-liquid chromatography
on & polyester column at 20(P very kindly carried out by Dr, Mers
provided evidence for the following proportions of methylated

sugars ;-
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1
2,3,4, 6-tetra-O-methylyglucose sa, 7 parts
2,8,6-tri-C-methylgluco se ga. 88 =
2, 8- -0-nethylgluco se -
A-dimethyl-glucose (not 2,65-) 0,3 "
Unknown a8, 4 "

Formic acid hydrolysis of the remainder of the methylated
glucan 1 produced 2,3,4,6-tetra~-0-methyl-glucose (1 part) and
2,3,6-tri-0-methyl-glucose (ga.ld parts) (Schaeffer and van
Cleve 1956) giving a ratio of tetra/tri methylglucoses of 1/15
& result within experimental erro;;of that obtained by gas
chromatographic analysis, Hence, we have further evidemce that
this is a relatively short chain molecule,

Since isothemal distillation gave & D,P. of ga.,45 glucose
units for this material it follows from the proportion of tetra-
to tri-C-methylglucose in the methylated hydrolysate that there
must be & small degree of branching in this glucan, However,
the apparent complete ubsence of 2, ,d-di~0-methyl glucose, the
derivative cobtained fram the branch points of a methylated
anylopectin, appears to contradict this conclusion, At the same
time it must be pointed cut that an smylose with a D.,P. of 16
would not have the iodine staining properties of the glucam in
question and it can only be concluded that some type of branching
is present, It is true that gas chromatogrpphic analysis of the
methylated hydrolysate reveals ca., 44 of an unknown constituent

which might conceivably be the units at the branch points of this



polysaecharide, This, however, does not seem to be very
probable since the methylated methanelysate of oak sapwood
starch gives an identical peak of unknown material on a gas
chromatogram, This material could not be detected in an
acid hydrolysate of the glucan and must therefore be there as
a non-reducing substance or a derivative labile to acid,

In order to confirm the absence of 2 3-dimethyl-glucose
in the methylated hydrolysate of the algal glucan the presumed
amylopectin 1Ib fractionated from Cladophorsa glucan 11 was
subjeeted to methylation under conditions detailed for glucan
1., Analysis by gas-liquid chr omatography of the met hanolysate
of the derived material on & polyester column at 206’by-tha
kindness of Dr, aAspinall gave the following proportions of

methylated sugars ;=

2,6,4,6-tetra-0O-methylgluco se (ca. 16 parts)

2,6,6-tri-O-methylglucose (ca, 82 parts)
2, 6-di-0-methylglucose (1 part)
Unknown 2 parts

This second methylation confirms the results of glwan 1.
Although a trace of 2 3, -di-O-methylglucose is present in this
second methylated material it is not nearly sufficieant to
agcommodate the very high proportion of tetra-(O-methylglucose.
It is more noteworthy that in this second methylated material
the proportion of unknown material appears to have decreased
approximately to the extent of the appearance of the 2,35 di-
methyl derivative, It is tempting to conclude that there is

some connection between the two and that both occur at the
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branch points of the molecule, 4 final decision on this
point must however, await characterisation of the unknown
material,

While it is not possible to say with certainty whether
the small proportion of 2,66~ and trace of & 6-dimethylglucoses
in the hydrolysate of methylated glucan I arise from demethyl-
ation during hydrolysis or undermethylation, it is considered
that the latter possibility is more likely. The same explanuation
may be applied to the occurrence of trace quantities of mono-
methylglucose,

2,8, 4,6-tetra-C-methylglucose and 2,%,6-tri-0-methylglucose
were obtained crystalline, The former wag identified by
chromatographic and ionophoretic mobility, melting point and
preparat ion of the derived anmilide, the latter by chromatographie
and ionophoretic mobility, rotation, melting point and format ion
of the diethyl mercaptal derivative,

The high proportion of 2 5,6 6-tri-Q-methylglucose in both
methylated glucans further confirms the presence of 1,4'-

linkages in the molecules,

The isolation of starch-type polysaccharides from Cladophora
rupestris and tnteromorpha compressa is in keeping with
acoumulati ng evidence that this polymer is the food reserve
material of the green ulgae, as dl scussed in the introduction
to this section,

However, before a true estimation of the fine structure of
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these polysaccharides can be made, it is evident that the
techniques for their isolation must be improved, 4 variety of
methods have been reported for extracting starches from other
scurves, suoh as 0,0l M mercuric chloride (Banks 19569 ; Greenwood
1959); aguecus leaching after liguid ammonia pretreatment
(Greenwood 1961 ); perchloric acid digestion (King 1960), dimethyl
sulphoxide extraction (Haaglund and Lindberg 195 ); and chloral
hydrate extraction (Meyer 1940C), The latter two methods were
unsuccessful when applied to B, compressa. Much depends,
naturally, on degree to which the starch polysaccharide is bound
in the structural matrix of the plant, Thus, while tuber
starches are readily separated from extraneous material in a
relatively undegraded form starch polysaccharides in the algae
invariably require fractionation from protein and other poly-

saccharides, One feature, for example, in the case of O, rupestris

starch is the fact that it apparently cannot be extracted until
after the material has undergone chlerite treatment, an indication
of the manner in which it must be held within the cell walls,

Thus it appears that until a method of cleaving the cell walls
without degrading the starch has been found then 1t will always

be degraded to a greater or lesser extent on eitraotion, as 1is
evident from the structural results obtained., In the C, rupestris
starch, however, there are many anomalies in the structure, That
these can all be attributed to the drastic methods necegsary for
the isolution of the material is not at all certain, The apparent
fract ionation of glucan 11 into an amylose and an amylopeotin

type molecule is not substantiated by their properties and
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appears to be more probably a separation of polymers of
similar constitution but different &ize,

The iodine binding properties are more in keeping with
those of a degraded amylose-type moleculé, whereas the enzymioc
experiments denote somet hing between an amylose and amylopectin
and this is supported by methylation studies, which indicate
anall molecules of of =-1,4'- linked gluccse molecules with some
branch points of unknown constituwion, While emphasis in this
disoussion has been laid on the probable alteration in constitution
dur ing extraction of these materials, it is significant that
although Glucan 1I was separated from other polysaccharide
msterial under milder conditions than Gluwan I, there is no
out standing difference in their properties and it may be that
this algal polysaccharide is different from a true starch,

The E,compregsa starch, on the other hand, is much more
readily extracted, but protein contamination of the mixture
of polysaccharides obtained was reduced by trichloroacetic acid
treatment, and thus it is evident that some degradation has
oceurred, This polysacchsride much more closely resembles the
starch of land plants comprising both an amylose and an amylo-
pectin fraction, The amylose fraction represents 2875 of the
whole starch, which is in keeping with the amylose content of
most starches (ga. 25/), but very much lower than the values
reported for starches from wrinkled pea (Senti 19569) and corn
(Wolff et al 1955). wﬁile the amylopectin has the characteristic
iodine staining and amylopectin properties of a land plant
amylopectin, it is unfortunate that time did not pemmit

methylation studies of this material,
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SECTION 11

h, THE ACILD FRACTION CF ULVA LACTUCA
II(a) INTRCDUCTION

The stability of the uronosyl linkage in acid-containing
polysaccharides is such that even after vigorous acid hydrolysis
there remains & fraction which is incompletely hydrolysed, This
fract ion consists of aldobiuronic acids together with higher oligo-
wronic acids and neutral sugars, lsolation of such acids and
elucidation of thei r structure has provided considerable
struetural information regarding the mode of linkage present in
the undegraded polymer, This technique has been upplied with
success to the structural analysis of the plant gums and mucilages.
D-galacturonic, D-glucuronic and 4-0-methyl-L-glucuronic acids
emerge as the most common acid components of gums &and some of the
neutral sugar residues to which they are linked is evident from
Table XVII,

The presence of uronic acids is common in algal polysaccharides
egpecially in t he Phaeophyceae and Chlorophyceae, The occurrence
of alginic acid, & polymer consisting of D-mannurconic and Le-guluroniec
acids in certain species of brown seaweeds is characteristic of
those sources and has been described earlier in the introduction to
this thesis, WWhereas these wronic acids have polymerised to form
a major polysaccharide component in the Phaeophyceae, the same is
not true of the polysaccharides of the Chlorophyceae and

Rhodophycese, Uronic acid containing polysaccharides have been
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reported to occur in U,lactuca (Brading 1954), E. compressa

(Lowe 1966), A, gentralis (0'Donnell 1959) and D, edulis (Dillon
1950) and in all these cases the uronie acid, which is D-glucuronie
acid, is incorporated in a heteropolysaccharide containing at

leagt two other monosaccharides and constituting not more than

20% of the polymer, Thus, for example, it is found along with
xylose and rhamnose residues in t he water-soluble extracts of

B, compressa and U, lactuca to the extent of 16-18j7 and slthough
no direct evidence of the position of the gluouronia acid in the
polymer has been obtained indications are that at least some of
those occupy end group positions, Owing to the stability of the
uronosyl link, under the drastic conditions necessary for hydrolysis
glucuronic aeid is degraded as repidly as it is liberated and
therefore no report of the isolation of the acid or its lactone has
been given,

The isolation of 4~0= /é’ =D=glucuronosyl-L-rhamnopyranose by
O'Donnell (1959) from the acid hydrolysate of the water-soluble
extract from A, centralis (Spongomorpha areta) was the £irst report
of the separation and characterisation of an aldobiuronic acid from
& green algal polysaeccharide, The aeid, had high chromatographie
mobility (Rg 1.0 of, 2-0-D~ glucurcnosyl-L-rhemnose Rg 0.24) and it
secmed likely that in the free state it existed as the lactone,
Evidence in favour of this presumption was attained by the
produc tion of & second slower spot on treatment of the &cid with

ammonia prior to elution on a paper chromatogram. Its constitution
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was established by reduction and hydrolysis of the glyceside

ester whioh afforded equimolar proporticns of glucese and rhamnose,
while hydrolysis of the methylated disaccharide glycoside yielded
erystalline 2,3,4, 6-tetra-O-methyl glucose and syrupy 2,3-0i-0-
methyl rhamnose, Periodate uptake by the glycoside was in

acco rdance with these results and in agreement with the above
structurs.

In view of the similarity in the constituents of the
water-soluble extracts from aseorosiphonia centralis, Ulva lactuca
and tnteromorpha compressa, it was decided to investigate the acid
fractions of the latter two materials and the next part of this
thesis desoribes the isolatyon and characterisation of aldobiuronie
acids from partial aecid hydrolysates of the water-soluble extracts

 from these two green seaweeds,

I b BXPERIMENTAL
EXPP .25, EXTRACTION CF THE ACID POLYSACCUHARIDE.

Two batches of Ulva lactuga were collected at Kames Bay,
Millport in May 1968 and June 19569, total dry weight 600g. The
weed was extracted with 857 aqueous acetone at room temperature
for 24 hours to yield practically colourless tissue, In a pilot
eéxXperiment the weed was given a preliminary dimethyl sulphoxide
treatuent prior to 8567 acetone extraction, but this was found to
remove polysaccharide material and was not repeated on the larger

bulk of weed, ‘that the dimethyl sulphoxide extract contained all
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the monosaccharides present in the water-soluble polysaccharide
bydrolysate (i.e, glucose, xylose, rhamnose and uronic acid) was
shown by chromatographic analysis in solvent a,

The acetone-extracted residual weed was extracted with cold
distilled water (4 x 21,), the combined extracts being dlalysed
and concentrated, The wncentrated solution, whicdh formed a
stiff gel on standing, was freeze dried yiclding un off-white
flaky solid (35,9g., 6/5).

EXPT,26, PROPERTIES (F THE WaoTER-S0LUBLE POLYSACCHARIDS.
The above water-soluble polysaccharide material had the

folloving properties ;=
M’.w (¢,1.1 in water) ash, 16,0%, total sulphate 18,25,
K 0,43» Uronic acid, as calculated from the yield of carbon dioxide
on decarbo¥ylation 15,9 (Swenson 1946),
Chromato graphic analysis (solvent 4) of an aeid hydrolysate
of this material indicated the following sugars ; Glucose, Xylose,

rhamnose and a number of oligosaccharides.

BXPT .27, BEQUIVALENT WEIGHT DEIERMINATIONS,
The polysaccharide (171,7Tmg,) was dissolved in distilled

water (10ml,) and passed through a column of smberlite IR 120(4)
resin six times, The resultant acid solution (pH 2-3) was freeze
dried to & white powder (ash 1,95, sulphate 18,2%), The
equivalent weight was then determined by dissolving samples (20mg, )
in water (6ml,) and titrating against 0.01l26N sodium hydroxide
solution using phenolphthalein indicator, The mean of several

determinations gave & value of 3l%g, for the free-acid
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polysaccharide,

EXPT,28, BSMaLl SCALS HYDROLYSIS OF THE POLYSACCHARIDE.
The polysaccharide (0,5g.) was hydrolysed at 100° with N
sulphuric acid (40ml.) until a constant rotation was achieved ;-

Time @ 0.5 1 2 4 6 8 10

[o/]-b-sz.3° 28,50 23,00 -17,6° -7,6° 3,70 4,0° 4,1°
The solution waes cooled and neutralised by the addition of

barium hydroxide then barium carbonate, the precipitate being
filtered off, The filtrate was shaken with IR 120(H) resin and,
after removal of the resin, wag coneentrated to a syrup., Chromato-
graphic investigation in solvent A revealed the presence of
rhidnose, xylose, glucose @nd slower spots; investigation in
solvent C, spraylng with sclution % indicated three acidic spots
with Rgay so1a 1406, 0.62 and 0,27,

EXP?,29, LARGE SCALE SEPARATION OF Al 4LDOBIURONIC 4CID
FRON_THE WATER=-S0LUB] OLYSACCHARI DS,

The water-soluble polysaccharide (10g,) was hydrolysed with
N sulphuric acid (300ml,) at 10(°for 5,6 hours, The hydrolysate
was ccoled and neutralised with barium hydroxide and barium
oarbonate, filtered end concentrated toc a syrup. (ca., 8.4g.).

The syrup was applied to the top of a cellulose column
(¢ x 50am.,) and the neutral sugars (6,05g,) were eluted with &
solution of redistilled tutan-l-ol half saturated with water (ca,l6L),
The eluate finally gave a negative Molisch test,

The column was then eluted with butan-l-0l : acetic acid ;

water (2 ; 1 ; 1), and fractions (20ml,) collected on a fraction
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cutter, ZEvery Oth tube was unalysed by paper chromatography
(solvent C) like fractions being combined,

TABLE XVIIL
Separation of agcids from U,lactuwca, on celiulose ¢olumn,
Colour of
Lubes Frection Rgal,icid  SRO® eight(mg. )
1-49 1 1.06 Yellow browa 892,0
50=-62 11 1,06; (.53 a . 190.0
63-95 111 1.06; 0,63 23.1
96-130 iv .53 Red brown 12,6
131-170 v 0.53; 0.27 18.3
171-200 Vi 0.65; 0.27 trace,

In a second separation the syrup (9.4g.) as the free acid
mixture wes pipetted on to a colunn {4 x 50am,) cont aining
Amberlite CG-45 resin in the formate fom, The neutral sugars
(7.30g.) were removed by eluting with water until the eluate gave
& negative Molisch test, The acid sugars were then removed from
the column by gradient elution with formmic acid (0-2N), The
fractions were collected as before, every S5th tube being analysed
chromatographically (solvemt C), like fractions being comdbined,
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TABLE ALIX

Separation of acids from U,lactuca, on CG-45 resin column,

Colour of

Tubes Fraction  RBgy ,uosa  SROE lieight (mg.)
1-50 1 1.06 Yellow brown 765,0

51-120 11 1.,06; 0,68 Yellow & red brownld2,5
121-170 111 0,868 Red brown 51.4
171-200 IV 0.,98; 0,26 Hed brown 18,3
201-2560 v streak -

Mixed fractions were separated by application of the free-
acid oligosaccharide to the starting line of VWhatman No,l7 paper
chromato grams (ca, 400mg.per paper) followed by development in
solvent C for 438 hours, The papers were either sprgyed with
reagent 3 and the yellow scid sections cut out, eluted with water
and treated with charcoal in 15j ethanol to remove the indicator;
or the sugars were located by blotting the thick paper with
Whatman No,l paper immediately after removal from the chromato-
graphy tank, the positions of sugars being indicated on the No.l
paper by spraying with aniline oxalate, The positions were
then marked off on the thick paper, the areas cut out and eluted

with water,

BiPT,30, PROPERIIES (P THE ALDOBIURONIC ACID,
Fraction 1 (890.Tmg.) bhad [43 22,19 Rgal,scia ++06 (solvent

¢) (ef, 4~0-glucuronosyl-rhamnose (Rg 1.07) from a, centralis.)
No second spot could be obtained by treating a spot of this syrup

on a paper chromatogram with ammonium hydroxide before elution,
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Further, treatment of the acid (8mg.) with dry pyridine (2ml,)
at 12¢° far one hour produced no change in the mobility of this
acid =nd gave no evidence for & seoond spot when run on a
chromatogram in solvent C., It had Mg 0.80 (of Mg0.76 for
A, centralig acid) in borate buffer (pH 10); in acetate buffer
(pH 5.0) run under the ssme conditions, it gave two spots one of
which diffused backwards for ga. 2om, by electroendosmosis;
glucurone behaved similarly, The ma,j-.or component travelled
forward at appreximately the same speed as galacturonic aecid,
Determination of the equivalent weight of the acid was
carried out by titration against 0,0126 N sodium hydroxide
solution using phenolphthalein as indicator ;-
81.0mg. aldobiuronic acid 18,5ml, 0,0126 K alkali
i.e, Houivalent welght 547,

Calculated for a glucuronosyl-rhamnose 340.

EAPT,31, CONVBRSION (F ©HS aALDOBIURCNIC 4CID T¢ THE LSPER
G'LT-LGS_E-Q—L AND REDUCTION 10 THE NSUTRAL DISACCHARIDE

The aldobiuronic acid (504.,7mg.) was converted to the methyl
ester methyl glycoside by refluxing with 2,6% dry methanolic
hydrogen chloride (30ml,) until the rotation was constant ;-

Time 0 1 3 5 7 8
{o(]n -51°  -28° .25° -23° 219 -22°

The solution was neutralised with dry silver carbonate and
filtered, The residue was exhaustively extracted with dry

methanol, and the filtrate and extracts on evaporation to dryness

yielded the ester glycoside as u pure syrup (515mg.).
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fwo methods were used for the reduction of the acld to

the disaccharide methyl ester :=-

(a) Lithium aluminium hydride (Nystrom 1947). The syrup

(e.go 100mg.) was suspended in dry tetrahydrofuran (20ml,) which
had been carefully dried by distillation from sodium and from
lithium aluminium hydride, and a saturated suspension of the hydride
in tetrahydrofuran (bml,) was then added dropwise and the mixture
refluxed for 90 minutes, Addition of water (30ml,) precipitated
aluminium hydroxide which was remove. on the centrifuge. <The
centrifugate was treated with amberlite IR 120(H) resin to remove
dissolved cations after which the organic solvent was removnd.

under reduced pressure, The disaccharide glyqoside thus obtained
was a clear gyrup, (Yield 70.2mg. E{}D -12.6°?f0,1.6)).

(b) Botassium Borohydride, (frush 1966)., The ester glycoside
(300mgs ) in 0.4M boric scid (40ml.) pH 4,4 was cooled to 2° in an
ice-water bath and the addition of an agqueous scolution of

potassium borohydride (300mg., in 10ml,) made dropwise with stirring,
The solution was allowed to stamd at 2° overnight, The final pH

of the reaction mixture was pH 9.

After standing the solution was adjusted to pH 7 with glacial
acetic acid to destroy residusl potassium borohydride and then
shaken with IR 120(H) resin followed by repeated evaporation with
methanol until all methyl borate was removed, finally being

concentrated to a clear syrup. (244mg,).
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E2PT,82, HYDROLI-:IS (J." THE ‘DIBAGCHARIDL GLYDOSIIJ.. AND

the disaccharide glycoside (30mg,.) was hydrolysed with
N sulphuric acid (3ml,) for 4'“1-1c-ura at 1009 asfter cooling the
solution was neutralised by treatment with amberlite IR 120(H)
and IR 45(0H) resins &nd concentrated to a syrup (26,4mg.).
Chromatographic analysis in solvent A revealeu the presence of
glucose and rhamnose, i‘he moiar proportioms of the sugars in
this hydrolysate were determined by the VWilson (1959) methed
a8 described in Expt.

TABLL XX

Molar raties of sugars present in the hydrolysate of the reduced
aldobiuronic acid.,

Sugay Abso rbance (n}n.) ieight (mg.) lolar ratios.
Glucose 0,300 120 1,09
Rhannosge 0.432 111 1.0

Lthe remaining syrup (ga.25 mg,) was treated with glucose
oxidase in the presence of two drope of hydrogen peroxide (100 vols,)
(Keilin 1948), The digest was incubated at 30° for 36 hours after
which the removal of the enzyme was effected by treatment with
;:sadmimn sulphate and barium hydroxide solutions followed by
filtration of the resultant precipitate. Methanol extraction
of the concentrated regidue afforded a pale yelliow gyrup which
showed only rhamnose on & paper chromatogrem (solvent a)., That it
was indeed rhamnose was confirmed by preparation of the phenylosazone

derivative (Freudenberg 1929 ) which had m,p. and mixed m.p. 190°,



0§

(s4y) Sw
0y 0€ 0C

o
®

)

*04u0)
*3P1IDY22DSIQ

'3014VHOOVSIO 40 NOILVAIXO 31vaoiy3d

62914

S o o
™ o~ >z

Jobns 3)0Ul /3)ppoiiad SIOW

S
~




- 119 -

BAPT o35, PERIODATE OXIDATION CF THE DISACCHARIDE GLYCOSIDE,
Aspinall 19567 ).

The disacchuride glycoside (5.42mg.) was dissolved in
distilled water (5ml,) and made up to 10ml, in a standard flask
with 0,03 M sodium metaperiodate, The solution, and & control
solution containing A -methyl cellobioside (4.04mg.) and
sodium metaperiodate, were incubated in the dark at 30°,
Aliquote (lml,) were removed and analysed as detailed in Expt,.l1ld
Section 1 b,

LTABLE
Periodate uptake by disaccharide glycoside.

Time sbsorbance Fraction 10'4 koles 10'4 reduced/
(hrs, ) 223{::7;. ) consumed mole sugar,
0 O.021 0 0
0.5 0,525 0.174 1.62
0.570 0.093 1.17
1 0,513 0200 1.87
0.660 0.109 1,87
3 0.490 0,245 2,30
0.529 0.174 2 420
24 0.450 04815 2.80
0.500 Ce217 2,69
48 C.456 C.%48 10

0.496 0,285 2,98
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The first reading at each time refers to the disaccharide, the
second to the control of A -methyl cellobioside,

Extrapolation of the graph (fig. 29 ) of time against moles
of sodium periodate reduced, indicated an uptake of periodate

of 3 moles per mole of sugar,

EiPT 34, METHYLATION OF THE DISACCHARIDE GLYCOSIDE,
The remaining weight of disaccharide glycoside (235mg.)

was dissolved in distilled water (25ml,) and cooled to 2°. The
solution was treated with 30% sodium hydroxide (20ml,) and
dimethyl sulphate (8ml,) add;d dropwise over a period of 6 hours.
The mixture was allowed to attain room temperature and stirred
overnight, after which a further quantity of the methylating
reagent s wag added as before, Following & third methylation

toe mixture was brought to pH 8 with sulphuric acid and exhsust-
ively extracted with chloroform (4 x 100ml.). On evaporation of
the organic solvent the methylated disaccharide glycoside was
obtained, (Yield 264nmg, ).

An aligquot (16mg,) of the syrup was hydrolysed with N
hydrochloric acid in 20 methanol and neutralised with silver
carbonate, The residue was extracted with methanol and the
filtrate and washings combined and concentrated to afford a clear
Sy rup, Chromato graphic analysis in solvent F indicated the
presence of 2,6 9,4,6-tetra-0-nethyl-D-glucose, 2,5~di-0-methyl-
L-rhamnose Rg 0,66 and some mono-methyl rhamnose, Rg 0.32,

Methanolysis of an aliquot (1lSmg.) of the methylated



digaccharide giycoside was effected with dry 3, methanolio
hydrogen chloride for 6 hours at 1000, followed by neutraligation
with & lver carbonute and extraction of the methylated sugar
glycosides with chlorofomn, [Finally the chloroform extract

was concentrated to a syrup (13.2mg.). The syrup was analysed
by gas-liquid chromatography or en Apiezon M column at 15¢ when

the mixture was shown to combain ;=

ar

Peak Glyco side &,
1 2,3,4,6-tetra-0-methyl- ﬁ -glucoside 13,0
2 . L * o~~~ P 55,0
3 2 ,6-di-0-methyl- /5 -rheamnos ide 23,0
4 " " " X - " 2,6
5 2,6,4 tri-Q-methyl-rhamnoside 5.0

The presence of mono-O-methyl rhamnose suggested that the
disaccharide was not fully methylated, The material was
therefore further methylated under conditions used by Kuhn (1958),
The partially methylated disaccharide (210mg, ) was dissolved
in dry dimethyl formamide (6ml,) and methyl icdide (2 .5ml,).

The addition of dry silver oxide (2,6g,) was made over a period
of 45 minutes with vigorous stirring. The temperature was not
allowed to rise above 300, After addition of the silver oxide,
the mixture was shaken for 12 hours in a well-stoppered flask and
then extracted with chloxoform (2 X 5ml,) and dimethyl formamide,
To the combined extracts was added successively distilled water
(60ml.) and potassium cyanide (0.5g.) and the mixture finally
extracted four times with chloroform (4 x 50ml,). Ultimately
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the ohloroformm wasg washed with water, dried over anhydrous scdium

sulphate and concentrated to z gyrup. (180mg, ).

The methylated disaccharide (180mg.) was hydrolysed at 100°
for & hours using N hydrochloric acid in 207 methanol (5ml,),
gooled, nemtralised with eilver carbonate and extracted with
me thanol, The removal of silver salts was completed by
precipitation as silver sulphide, and the filtrate concentrated
to & pale yellow mobile syrup., (154 mg,)
The methylated sugar mixture was applied to the starting
line of Whatman 3uM chromatogram (20 x 40ecm,) and eluted cvernight
in solvent D, The major fractions were located by devel oping
control strips and the sugar posit ions thus indicated were cut
out and eluted with 50/ methanol. The eluates were concentrated
to ga, 10ml, filtered through hard filter paper and finally
concentrated to syrups.
Fraction 1 Crystalline 2,2,4, 6 6-tetra-0-methyl-D-glucose (78,5 mg,)
D ?a"b.(wﬁ)chromatograph_ically (solvents D and F) identical with

an authentic specimen run as control. It had m,p. and mixed
MePo 84°,

Fraction I1 Syrupy 2,3-die-0-methyl-Lerhamnose(°%0 mg, )

It showed the same chromatographic mobility (solvents D and F)
Rg 0.66 as authentic 2, 3-di-methyl rhamnose snd had Mg0.O4which
also compared favourably. Furthermore, this material showed the
same properties as the sample obtained from the green alga

A, centralis (0O"Donnell 1969) by a similar series of experiments,
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Demethylation of a sample (ca,5mg.,) of each of these fractions
by the method of Allen (1958) was effected by treatment with
dichloromethane (2ml,) end redistilled boron trichloride (&ml.)
at -80° (cardice and acetons) for 30 minutes after which the
reaction mixture was allowed to attain room temperature in a
vaocuun desiccator, The remalning solvent was removed under
vacuum and aqueous methanol (5ml,) added to decompose the residuwe,
The solution was taken to dryness and investigated on a psper
chromatogram (solvent a), Fraction I showed glucose with a
trace of rhamnose (visible only under ultra violet light ) while

fraction 11 showed only rhamnose.

E.PT56, INVESTIGATION COF HIGHER ACID FRACTION,
The higher uecid fractioms (II1I-V) containing an acid

Rgal,.aci 30«53 were combined and purified by separation on Whatman
No.l7 paper as described in BExpt,29 (Yield 41mg.[d]p+2°(.10)

The syrup which had Rggl,icidl+2¢ in solvent C was found to
have an equivalent weight of 270g. (caloulated for diglucuronosyl
rhamnose 275g, ). Conversion to the ester glycoside followed
by reduction (potassium borohydride) and hydrolysis as described
for the aldobiuronic acid yielded a syrup (%0mg.). Chromatographic
investigation of the molar ratios of sugars (Wilson 1959) gave
the folloving results ;-

TABLE XXII
Molar ratios of the sugars in a hydrolysate of the disaccharide,
sugar Absorbance (mu.) Weight (ug.) Molar ratio
Gluco se 0,462 184 2.4

Rhamnose 06307 76 1.0
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Be THE ACID FRACTION OF ENTEROMORPHA COMPRESSA.

During investigation of the water-soluble polysaccharide
from B, compressa (this thesis Seotion I1I) it was noticed thut
acid hydrolysates of this material contained an ueid component
of similar chromatographic mobility to the aldobiuronic acid
of U, lactuoca and it was thought that a preliminary investigation
might reveal certain similarities between the two materials,
BAPL,37, SHEPARATION CF AN 4CID FRACT ION FROM E,COMPRESSa.

WATER-S0LUBLE POLYSaCCHARIDE AND PRELIMINARY INVESTIGAPICN

The polysaccharide (2g,) whose properties are fully described
in BExpt, Section III of this thesis, was hydrolysed with RN
sulphuric acid (40ml,) for 4 hours at 100°, The cooled solution
was neutralised with barium carbonate and filtered, the filtrate
being passed through a column of amberlite IR-120(E) resin six
times, to & final pH 2, The free-acid polysaccharide soclution
was then passed down a column (4 x 30am,) containing asmberlite
IR-45(0H) resin, and washed continuously with water until the
eluate gave & negative lolisch test,

The o¢olumn was then washed with 2N smmonia (ga. 200ml,)
and the eluate taken to a syrup (Wt, lé3mg.) after removal of
the ammonia by repeated distiliations with distilled water under
reduced pressure, Chromatographic analysis (solvent C) revealed
& major component Rgoy ,0391+06 and three slower moving acids,

The main component was separated from the other acids by
paper chromatography on hatman 3MM paper using solvent C, (Yield
s2mg, ). [«]p -12°. It had Rgal,.o141+06 ldentical with the

aldobiuronic aocid reported. It was converted to the methyl ester



methyl glycoside, and reduced with potassium borohydride in

O.4M boric acid. (Frush 1956) as described in Expt., 31  (Yield
40mg. ). Hydrolysis of an aliquot (1lOmg, ) of this syrup yielded
an equimolar mixture of rhamnose and glucose as shown chromato-

graphically in solvent C,

SECTION II (o

DISCUSSION
Ulva lactuea is an algal species common to the British

coastline and is t herefore readi ly available, It is easily
recognised by its broad leaf-like fronds and is frequently termed
the "sea-lettuce™, Supplies of the weed collected in kay 1958
and June 1959 at Kames Bay, WMillport were kindly presented by Mr,
Harry Powell and I take this opportunity of recording my thanks
%o him, |
Preliminary structural examination of t he water-soluble
polysaccharide from U, lactuca by Brading (1954) and her collesagues
has been discussed in the introduoction tc this thesis. (Pageli4 ).
tthile these authors were able to show the uronic acid to be D-
glucuronic acid, characterised by isolation of methyl 2,3 4-tri-
O-methyl=-D=-glucurcnosgidate and formation of the derived amide,
they were unable to provide any indication of the mode of linkage
of the uronic acid residue, From the results obtained in this

work it is shown that it is linked to L-rhamnose in position C4.
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Preliminary extraction of the dried milled weed with 80%
aqueous ethanol (Laidlaw 1952) removed practically all the
chlorophyll and other colouring matter., (Expt.28). 4an attempt
to increase the yield on subsequent extraction of water-soluble
material, by decolourising and swelling with dimethyl sulphoxide
(Haaglund and Lindberg 1956) was found to rewmove a proportion
of the water-soluble polysaccharide and for this reascn the
procedure was not repeated,

The decolourised weed was extracted repeatedly with cold
water and the extract isolated, after dialysis and concentration,
by freeze-drying (Yield 6%), The cold end hot water extracts
were found to bave the pame composition of neutral sugars and
uronic acid but the former had a considerably lower protein
content and there being no shortage of the weed, only the cold
water extract was investigated, (Expt,.26),

This material had [¢{]p -50° and contained D-glucose,
D-xylose and L-rhemnose residues, 16; ash, 18.2j. sulphate and
15,9% uronic aeid, The free-acid polysaccharide had an equivalent
of 313, Assuming the absence of sulphate and ash & polysaccharide
containing 15,.,9% uronic acid would have an equivalent weight of
1100, The neuﬁral polysaccharide contained 18,2/ sulphate which
corresponds to 200g. of sulphate in 1100g., or 2,08 equivalents
of sulphate, Thus an equivalent of 1100 corresponds to 3,08
equivalents, and hence & polysaccharide with 18,27 sulphate and
15,9% uronic acid should have an equivalent weight of 1100/3.08



- 358, Since analyses for sulphate and uronic acid content
were made on & polysaccharide containing 164 ash the final
calculated value for the equivalent becomes 300 which is in
relatively good agreement with that obtained by direct titration,

Prolonged acid hydrolysis of the polysaccharide failed
to yield any indication of glucurcnic aeid or its lactone, leading
only to degradation of the polysaccharide, However, partial
aeid hydrolysis led to the isolation of & hydrolysate 25-30/
of whioh consisted of the barium salts of acid oligosaccharides
énd an optimum amount of an aldobiuronic acid was atiained after
hydrolysis with N sulphuric acid at 100° for & hours, The barium
uronates from such & hydrolysate were geparated from the neutral
sugars on & cellulose column and on amberlite CG-45 resin,
(Bxpt,29). 1In the former case 72/ of neutral sugars and 17%
of barium uronates were geparated and in the letter 78% of
neutral sugars and 135 of acidic oligosaccharides were isolated,
From both methods a pure aldobiuronic aseid was obtained constitut-
ing 75-78% of the acidic material, 4 small quantity of a
triuronic acid was separated on thick psper from the mixed
fractions containing higher oligo-saccharides.

Two methods of locating the acids in the preparative paper
chromatography were investigated; that using an acid indicator
which was subsequently removed by charcoal was superior to
blotting the wet chromatogram and detecting the acids on the
blotter, The latvter gave indistinct interfaces between the

fractions.,



The aldobiuronic acid was degraded on severe methanolysis
end hydrolysis, but was shown to comprise glucuronic acid wnd
rhamnose by reducotion of the ester glycoside followed by
hydrolysis (Eapt.51), The biuronic acid, |«]p -22° had an
equivalent weight of 347g.,, the caloulated weight for glucuronosyl-
O-rhamnose being 540g., 1t had chromatographic mobility,
Rig1,aciat+06, indistinguishable from that recorded by 0'Domnell
and Percival (1959) for the aldobiuronic acid 4-0-glucuronosyl-
rhamnose (Rggy, .oiqte07) isolated from Acrosiphonia centralig
water-goluble polysaccharide, Furthermore, both acids had compar -

"able Mg values 0.80, on electrophoresis in borate buffer (pH 10).
In contrast to the acid from A, centraliis however, the present
acid failed to yield a second spot when treated with ammonium
hydroxide prior to elution on & paper chromatogram, Similarly,
treatment with dry pyridine did not yield a componemt with a
smaller Rg value; on the other hand ionophoresis in acetate buffer
(pE 5.0) produced two spots, ome which diffused backwards at the
same rate as glucurone and the other forwards at approximately
the same speed as galacturonic acld, thus confirming the presence
of both charged and uncharged groups at this pH, It is difficult
to correlate these findings with the apparent ident ity of the
two acids,.

The ester glycoside was insoluble in tetrahydrofuran and

reduction in this manner was therefore less satisfactory than the
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aqueous phase reduction with potassium borohydride, The
hydrolysed product as stated, revealed chromatographically
the presence of equimolar proportions of glucose and rhamnose,
the former being characterised enzymatically and the latter by
formation of the authentic crystalline phenylosazone, The
glucose must have arisen from the reduction of glycosidically-
linked glucuronic acid, |

lieagsurement of the periodate uptake of the disaccharide
glycoside (2xpt,33) by the method of Aspinall and Ferrier (19567)
gave a value of 3,1 moles per mole at 30°, A control sample
of ﬂ -methyl cellobioside consumed 2.98 moles per mole under
the same conditions, That the oxidation was complete after 48
hours was indicated by the uptake of the cantrol sample, and other
experiments with disaccharide glycosides (Ferrier 1956), Thus the
mode of linkage is through Cg or C4 of the rhamnose residue,
liethyl 2~ or 4= glucuronosyl rhamnose (fig.xxxiii)requires 3 moles
of periodate for ocomplete oxidation, whereas methyl J-glucuronosyle

rhamnose (figxxxiv) consumes only 2 moles,

OH

fig, (xxxiii) fig, (*xxiv)



kethylation of the disaccharide glycoside was effected
by three applications of the Haworth technique and the partially
metylated dimer finally treated with methyl iodide and silver
oxide according to Kuhn (1955) (Bxpt,.34)., Gas liquid chromato-
graphy of a methanolisised aliquot of the methylated disaccharide
on & polyester column at 200° indicsted the presemes of methyl
2,3,4,6-tetra-0emethyl-D-glucoside, methyl 2 3=di-0emethyle-L=-
rhamnoside and methyl- 2 35,4-~tri-O-nmethyl-L-rhannoside indicating
the main linkage in the disaccharide to be on Cg¢ of rhamnose,

This wag confimmed by hydrolysis and thick paper separation
of bhe hydrolysed syrup., Crystalline 2 5,4 6-tetra~Q-methylglucose
and syrupy 2,3-di-0O-methylrhamnose were geparated; the fommer
wag characterised by its rotation, melting point chromatographiec
and ionophoretic mobilities, the latter by its rotation and
chromatographic and icnophoretic mobilities, Both methylated
sugars were further characterised by demethylation to the parent
SUZArs, The quantity of tri-O-methylrhamnose was toc small to
be isclated, It is oconsidered to have arisen freom a small portion
of the aldobiuronic acid and/or disaccharide which was
inadvertantly hydrolysed prior to methylation,

The aldobiuronic acid separated from U, lactuca is therefore
4-0= /9 =glucuronosyl-L-rhamnose, the same as that reported to be

pregent in the hydrolysate from the water-soluble polysaccharide
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from ascrosiphonia cemtralis (0'lonnell and Percival 1969,
That its rotation is slightly more negative mgy be due to the
purity of the saumple,

the triuronic acid had an equivalent weight of 270;
a structure such as glucuronosyl-O-rhamnosyl-0O=-glucurcniec acid
or diglucuronosyl-rhemnose would regquire 257, Reduotion and
hydrolysls afforded rhamnose and glucose in the approximate
molar ratios of ga. 2 ; 1 lending weight to the equivalent value
and indicating that the triuronic acid was a diglucuronosyle

rhamnose,



SECTIOR
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SECTION III

THi watER-SOLUBLE POLYSACCHARIDS FROM ENTEROMORPHA COMPRESSa.
111(e) INTRODUCTION.

Znteromorpha spp., belong to the class Ulvaceae, a group
of algae cccurring commonly in British waters, both in fresh and
salt-water forms, liembers of this class show a reference for
estuarine growth, especially where there is an influx of sewage,
Enteromorpha spp. grow in the form of long tendrils, frequently
iﬁtarwovcn with other groups of weed and the collection of any
one member of this genus is therefore difficult,

An investigation of the carbohydrate components of a mixture
of B, torta, L, compressa and E, integtinalig (Lowe 1956) has
shown that dilute acid extracted polysaccharide ccnsists of at
least two polymers, Hydrolysis of the polysaccharide indicated
the presence of D-glucose, L-rhmanose, D-xylose, J-0-methyl-L=-
rhamnose, D-glucuronic acid and sulphate residues, Fractionation
of this material by ochloroform extraction of the methylated polymer
yielded a soluble fraction containing a glucan, and a residue
consieting of a mixture of the methyl ethers of the other mono-
saccharide components, practically devoid of glucose, Bxamination
of the proportion of nethylated sugars showed fully methylated
rhamnose (18j%), partially methylated rhamnose znd xylose (65))
and unmethylated rhamnose (15/5), indication of a high degree of
branching in the polymer, No evidence was given for the position

of the sulphate group and no other work on Enteromorpha,as far as

the author is aware ,has been recorded,

The present thesis describes the investigation of a water=-
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soluble polysaccharide from a pure sample of &, compressa, with
particular reference t o the possible posit ion of the sulphate
group.

The glucose containing polysaccharide separated from thls
water-gsoluble material is discussed along with the glucan from

Cs rupestrig in Seoction I of this thnais.



LLI(b) EXPERINENPAL,

Three batches of the green seaweed Enteromorphs compressa

were procured from kir, H, Powell of lillport for this investigation,
each sample yielding approximately the same polysaccharide
material,

BXPT,38, FPRELIMINARY ALCOHOLIC EXTRACT ION

Prior to extraction of the polysaccharide material from
the weed, each sample wasg exhaustively extracted with 857 agueous
ethanol in a Soxhlet apparatus, This treatment removed most

of the colouring matter together with mono- and di-saccharides,

EXPP,39, EXAMINATION CF IHS ALCOHOLIC EXTRACE,

The alcoholic chlorophyll containing solution was clarified
with barium hydroxide and cadmium sulphate solutions (Laidlaw
1962) and then de-ionised by ion exchange eleotrodialysis

(anderson 1960) using Permutit Femmaplex 4~10 and C-1l0 membranes,
The resultant clear solution was concentrated and on paper chrom-
atographic investigation (solvent B) was found to contain glucose

and a trace of suerose.

BXPT,40, EXTRACTION CF THE POLYSACCHARIDE MATERIALS,

The residual aloohol extracted weed (170g.,) was successively
treated with the following solvents under the conditions stated ;-
() Distilled water at 70° in an atmosphere of nitrogen until
further treatment gave a negative liolisch test,

(H) The weed from the above treatment was stirred at 70° in
agueous acetic acid (4ml, glacial acetic acid per litre) with
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addition of batches of sodium chlorite (10g.) (Wise 1945), until
the weed was decolourised,

(1) The residual weed from (H) was washed thoroughly with cold
water then treated, under nitrogen, with 47 sodium hydroxide
solut ion (Chanda 1951) at room temperature for 24 hours,

(J) The residue from (1) was further extracted with 187 sodium
hydroxide under the same conditions,

(K) 72% sulphuric acid (Monier-williams 1921) on the weed
residue from (J) (see page 53),

In each case the polysaccharide was isolated by freeze-
drying the solution cbtained after dislysis and concentration,
Chromatographiec investigation of the hydrolysed polysaccharides
provided a visual estimation of the wmounts of the constituent

sugars, as shown in Table XXIII together with the respective

yields,
TABLE XXIII
Extract 4 Yield Glucose Aylose [Hhamnose Uronie acid
G 16,8 XX xx XXXXX xx
H 6.0 b4 XXX XXXXX b 4
1 10.1 xx xx XXXX XXX
J 4,0 XEXXX XX xx -
K XXXXX XX xx O

IXXXX major component X trace.
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BXPT.4l, PRELIMINARY BEXAMINATION OF THE EXTRACIS.

The physical properties of the above polysaccharides were

shown to be ;=

TABLE XA1
Extract [o]p ashi sulphatef NZ  Usomie seid
G -4l 13,0 9.6 3.0 17.0
H -79 23 .4 id1.9 2,86 iz,8
I =46 10,0 8.3 249 16.6
Jd - 40,0 - - -

Since the best yield was the hot-water extracted polysaccharide,
and there was no apparent fractionation in the other extracts, all
subsequent investigations refer to extract (G) whieh will hence-
forth be designated the "Water-soluble Polysaccharide”,

BEPT,42, REMOVAL ial"‘ PROTEIN FROM THE WATER-SOLUBLE POLYSACCHARI DE,
Ssump o

The water-soluble polysaccharide (G) (28.6g.) from the dried
weed was treated, with stirring at room temperature, with
trichloroacetic acid to give a final concentration of 4%, after
standing for two days the denatured precipitated protein was
removed on the high speed centrifuge (12,000r.p.m,) and the
polysaccharide recovered as a friable white solid after dialysis
and concentration, by freeze-drying,

Yield of purified polysaccharide, 26g..



@iPT.43, PROPERTIES (F THE PURIPIED WATER-SOLUBLE POLYSACCHARIDE.

The above freeze-dried polysaocharide had the following
properties ;=

Ei{p -49° (e,1.,1), ash 11.0%, sulphated ash 13.2%, total
sulphate 11,455, N 1l.4%. Uronic acid by decarboxylation 17.2%
(Swenson 1946); -

Conversion to the free-acid polysaccharide was achieved by
repeated passage of a solution of the water-soluble polysaccharide
(G) thr ugh a column of amberlite IR-120(H) resin to pH 2-3,

The equivalent weight of the free~acid material (200.4mg., &sh
2.3%, salphate 9,7%) was determined by titratiom of aliquots
against stan dard sodium hydroxide solution using methyl red as
indicator,.

21.80mg, polysaccharide (G)® 5,0lml, 0.,0123 N sodium hydroxide

.". Equivalent 346,

The polysaccharide gave a negative Seliwanoff test, end

stained blue-purple on addition of dilute iodine solution,

EXPT, 44,

QUANT T&TIVE ESTIMATION CF THE RELAT IVE PROPORTIONS
s HYDROLYSATE COF WalBER-SOLUBLA

The estimation of the relative proportions of the mono-
saccharides present in a N sulphuric acid hydrolysate of the water-
soluble polysaccharide was carried out by the method of wilson
{1959) as described in Section I Expt.5. |
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TABLE XXV
Molar ratios of the sugars e t in the hydrolysed water-solub

0 accharide

spproximate
Sugar Abgorbance (3ﬁ ) lLt.of sugar {/&3.] molar ratios

Glucos e 0.040 24 1,00
iylose 0.178 28 1,34
Rhamno se 0,625 168 6,70

Egtimation of the uronic acid content of the hydrolysate
provided erratic results due to degradative hydrolysis of the
uronosyl linkage.

GXPT,45, ALKALINE HYDROLYSIS CF THE WATER-SOLUBLE POLYSACCHARI DE
Rencgval of the sulphate residues was attempted by heating

the polysaccharide (1,55g.) in N sodium hydroxide solution
(200ml.) at 100°, aliguots (10ml,) were removed at known
intervals, filtered, made acid with concentrated hydrochlorie
acid and the sulphate estimated gravimetrically with 37 barium
chloride,

sfter 4 hours it appeared from the weight of barium sulphate
that more than 1007 of the sulphate residues had been liberated
end the reaction was stopped. the solution was Gooled, dialysed
and concentrated, and alcohol precipitated to yield 0.,35g. (21l%)
of a dirty polysaccharide material containing only 47 sulphate,
Hydrolysis of this material followed by chromatographic analysis
(solvent C) revealed a complicated mixture of reducing sugars
including glucose, Xylose, rhamnose and a number of other spots

Wth Bguoose 0077, 1.2 and 1,36,
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EAPT,46, ATTEMPTED PRACTIONATION (F THE WATER-SOLUBLE
' ACC DE W TH & ASE, (Howard 1957).

The above polysaccharide (51.5mg.) was dissolved in a buffer
solution pH 6,8 [0.2 M discdium hydrogen phosphate (15,45ml,)
and 0.1 M citric acid (4.55mg.)]. To this solution was added
the xylanase (2.,2mg,, from sheep's rumen very kindly supplied by
Dr, B,H, Howard of the Rowett Research Institute) and the flask
flushed out with nitrogen and incubated at 37° for 26 hours. The
solution wag heated to 60° to deactivate the enzyme followed by
dialysis in a closed gystem, Hydrolysis of the solution retained
in the dialysis sac¢ and chromatographic examination of the derived
syrup (solvent A) showed the monosaccharide constituents to be
unchanged and the proportions of each approximately the same asg in
the original polysaccharide, Chromatographic examination (solvent
A) of the concentrated dialysate failed t¢ reveal any xXylose,.

BXPP .47, IRBATMENT (F THE WAPER-SOLUBLE POLYSACCHARIDE WITH
SALIVARY o( =AlYLASBe

The water-soluble polysaccharide (45,2mg,) was dissolved in

distilled water (10ml,) and fresh salivary « -amylase added, The
mixture, with a few drops of toluene, was incubated at 37° over-
night, after which a second introduction of the enzyme was made,
Following a further 24 hours incubation, the enzyme was deactivated
by heating to 70° for ten minutes, and the solution dialysed in a
closed system, Analysis by chromatography (solvent 4A) of an
hydrolysate of the undialysable material indiceted a large decrease

in the glucose content of the polysaccharide, although not complete



removal, In contrast, xXylose and rhamnose were present in the
same propoertions relative to each other, The concentrated
dialysate was found to contain maltose with a trace of glucose,
(paper chromatogram solvent 4),

BXPT,48, ATTEMPTED CEIAVLON FRACTICNATION OF THE WADER-SOLUBLE
POLYSACCHARL DB, E—

(a) Cetfltximethxlammonium bromide (C,1,4,) fractionation,

Bera 1995).

To the polysaccharide (255mg,) in water (20ml,) was added
dropwise 20% agueous C,T.,i, (C.5ml.) with stirring, No precipitate

was obtained even after prolonged stirring,

{(b) Cetyltrimethylammonium ?*d:oxido (C.D,A,-0H) in Boric acid
golution, (Bouveng 1988 ). :

To an aqueous solution of the polysaccharide (600ng, in l0Gml,

water) was added with stirring 0.6 K boric aecid (60ml,). Dropwise
addition of a solution of C,T.a.-0H (8ml,; O.1 N) comtaining
sodium hydroxide (Q.2ml, ; 0.5 N), yielded a white precipitate,
Further addition of the precipitating reagents produced no further
precipitate, Removal of the complex () was effected by filtrat-
ion and the filtrate on treatment with ethanol (4 volumes)
produced a small precipitate (B) which was washed thoroughly

with ethanol and dried in et hanol and ether (58mg.).

After waghing with water to remove contaminating C.T .A.-CH,
the precipitate (4) was treated with excess molar sodium chloride
in order to decompose the complex, This was found to be
extremely difficult as was & similar attempt using 2 N acetic acid.
The poliysaccharide was isolated eventually by alcohol precipitation

of the partially decomposed complex, (%28mg.).
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(c) Ireatment with C,T.,s, at pH 0,5, (Scott 1955),

To a buffered solution of the polysaccharide (10(mg. in
50ml, N sodium acetate/N hydrochloric acid, pH 0.5) was added
Colohe (16ml, 10% w/w), with vigorous stirring, The solution
became turbid, buf no precipitation occcurred, Further addition
of C.T.a. had no efiect,

(d) Arguad 16-(50%) precipitation,

Precipitation under conditions described in (b) above was

made using commercially pure iArgquad 16 - 50% (a hexadecyltrimethyl-
ammonium chloride) when a flocculent white precipitate (A) was
obtained, Addition of ethanol to the supernatant produced é
precipitate (B) which was dried with alocohol and ether,
Decomposition of complex (A) was even more difficult than
previously,

Chromatographle examination of the hydrolysates of the
different fractions obtained under (b) and (d4) indicated that
the "cetavlon" complexes contained a smaller relative proportion
of glucose, while the alcochol precipitated un-complexed material
contained glucose with only traces of Xylose and rhamnose, Thus
it would appear that the polysaccharide can be fractionated inte
two components using "cetavlion". However, the low yield of
glucan material and the relative diffioculty in regaining the
precipitated polysaccharide from the complex made this method

impracticable from the point of view of a preparative fraction-

ation,
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BXPT.49, FR&CT%OHATIDH OF A GLUCAN FROM THE WATER-SOLUBLE
ARL. C 3 A . (Steiner 1944),

This method of fractionation was applied with otiibt to
the alkali-soluble polymer from C, rupestrig and the experimental
details are described in Section I Expt,.7. Only the relative

welghts of material, therefo re, are given here,

Polysaccharide (G) 15g.
0.03 N ammonium carbonate S500ml,
207% aqueous sodium chloride 2 x 200ml,
0¢d N sodium thiosulphate ca, 26ml,
R hydrochloric aeid 60ml .,

Yield of iodine precipitated glucan III 500mg. (3.5%).
Yield of residual polysaocharide 9,6g. (65%)«
The characterisation of glucan III is fully discussed in
Section I of this thesis.

BIPT,50, PERTIES (F POLYSACCHARIDE (L), THE RESIDUE AFTER
OVAL CF GLUC: .

Polysaccharide (L) had the following properties ;-
[#]p -87° (0,0.89), ash 18,7% sulphate in ash 7.8%, total sulphate
16,0%, N C.86%, The uronic acid content calculated by decare
hoxyiation (Swemson 1946) 18,37

The polysaccharide was soluble in water, and did not give
a blue colour with iodine, The equivalent weight estimated
by titration of the free-acid polysaccharide (95mg.) with standard
sodium hydroxide was 310,
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BAPT ,61s QUANTIRATIVE ESTLM&TIOH bF 1 HE REL&TIYE PROPORDIONS OF
SUGARS 1IN LHK )

Hydrolysis of the polysaccharide (5Cmg.) in the usual
manner followed by paper chromatographic separation of the sugars
(solvent C) in the neutralised hydrolysate and estimation of the
relative proportions (Wilson 19569) indicated the following :-

TABLE AXVI,
Relative proportions of : present in the hydrolysed

Sugars sbsorbange (9)&) Wt, 0f sugar (/xg.) %ﬁ%ﬁﬁz%%%%gg
Glucose 0.059 24 1.0
iylose 0.142 76 2.7
Rhamnose 1.12 276 8.1

Thus glucose containing polymers were not completely

removed by iodine precipitation,

oL ION aND CEARACEBRISATION OF THE COMPONENT
SUGERS (F POLYSACUHARIDE (L},

Polysaccharide (L) (650mg, ) was hydrolysed for 8 hours with

N sulphuric aeid, After neutralisation with barium carbonate,
the solution was de-ionised with asmberlite IR-120(H) resin., The
resulting solution was then concentrated to a syrup (520mg.)

and applied to the starting line of a Whatman lo.l7 péper chrome
atogram (20 x 4Caem.)., After eluting with solvent & for 48 hours
the sugar bands were located by means of control strips and the
respective fractions cut out and e luted from the paper with water
(100ml.). Subsequent concentration of these solutions produced

the sugar componentis as separate entities,
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¥Fraction 1. Crystalline L-rhamnose (28lmg,) [oé]p-*?.e (0,0.,98)
had m,p. and mixed m,p. 92°, the derived phenylosazone
(Freudenberg 1929 ) had m.p. 190° undepressed by admixture with a
sanple prepared from authentic L-rhamnose,

Fraction II. Crystalline D-xylose (68mg.) Lflrlg.dptc.l.O) had
mePe. &nd mixed m.p. 1450. The derived dibenzylidene dimethyl
acetal (Breddy 1946) had m.p. and mixed m.p. 211°,

Fraction III, Syrupy D-glucose (42mg. ) B{JD+52° (c,0.6).
Incubation of a portion with glucose oxidase at 37° for 30 hours
caused complete conversion to D=-gluconic acid (Keilin 1948) as
revealed by chromatographic resolution in solvent C, spraying
with 0.1% bromocresol green solution,

Fraction 1V, Syrup, acidic sugar (42mg.) Rg 0.29 (solvent 4)

[o{,]p -12,2° (¢,0,84), Chrometography in solvent C revealed an

Rgal,scig ++06 identical with the 4-0- /5 -gluocuronosyl-L-rhamnose

isolated from Ulva lactuga. (Section II),

Polysaccharide (L) (l00mg.) was dissclved in a minimum of

water and applied to the starting line of a Whatman 3MM paper
chromatogram (16 x 40am,)., The chromatogram was irrigated for

24 hours in an ammonium formate buffer/propan-2-ol mixture (65/35),
Polysaccharide material carrying charged groups was located by
spraying control strips with azure 11 when two areas were revealed
as dark blue spots on a light blue background, one on the starting

line, one as a streak towards the solvent front, The appropriate
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sections of the main paper were cut ocut and extracted with
distilled water (50ml,), the solutions being concentrated to
syrups, Hydrolysis of these materials in the normal manner
followed by paper chromatographic investigation (solvent &)
showed both fractions fo contain xylose and rhannose with a
trace of gluocose,
Both unhydrolysed fractions gave positive tests for

gulphate when sprayed with sodium rhodizonate, (Lloyd 1960),

EXPT .54, TREATMENT CF POLYSACCHARIDE (L) WITH SALIVARY o -alYLASE,
Polysaccharide (L) (50mg.) was incubated at 37° with salivary

o0 -smylase 2s described in Expt.47, Seetion III, after
dialysis, the polysaccharide was isolated by alcohol precipitation
then hydrelysed in the usual way, Chromatographic evidence

(solvent B) for the presence of glucose was obtained,

EiPP,55, ATTHMPTED FRACT IONAT ION CF POLYSACCHARIDE (L) WITH
L 8 S04 . an e

To the polysaccharide (50Cmg, ) dissolved in water (70ml.)
wag added Fehling's solution (30ml.) with rapid stirring, After
standing overnight, the precipitate which formed was centrifuged
off, The complex was decomposed by addition of dilute aydro-
chloric acid to & suspension of the material in acetone, leaving
a white precipitave (1), Addition of ethanol to the supernatant
in two stages first to 40/ concentration and then to 607 yielded

precipitates (1T and (11D,
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TABLE XXV11
Visusl examination of the hydrolysed precipitates of polysacchuride
]ED?ETEE"?3§%TE§TE solution.
Frecipitate Wel ght Glucose Xylose Rhamnose
1 60ng, X XX XXXXX
1l 206mg. X XX XAXXX
111 180mg. X XX XXXXX

BiPT,56, ATfEHPTED =ARIUH_HYBROKID FRuGTIOHATIOH OF

Polysaccharide (L) (460mg.) dissolved in distilled water
(100ml,) was re-cycled through smberlite IR-120(H) resin to a
pH 23, The solubtion was diluted to 500ml, with water followed
by dropwise addition of a saturated solution of barium hydroxide,
The solution was allowed to stand for 48 hours but no precipitate
was obtained, Varistion of the polysaccharide concentration and
strength of the barium hydroxide still failed to yield a

precipitate,

BXPD,57, ATIEBMPTED POTASSIUM CHLORIDE FRACTIONATI ON, (O'Neill 1955),

addition of a solution of N potassium chloride solution
to & rapidly stirred aqueous solution of the polysaccharide
(600mg, in 50ml, water) produced no precipitate evem after standing
for several days, Variation in the concentration of the poly-

saocharide and of the potassium chloride did not alter the result,



BXPT?,58, HYDROLYSIS OF POLYSACCHARIDE (L) WITH TAKA DIASTASE
{Courtols 1958) AND WiTH HEMICBLLULASE, lP—e-rmgGl) A

=

To two separate samples of Polysaccharide (L) (each 20(mg,)
in dietilled water (50ml,) was added dialysed samples of
commercial Taka-diastase (40mg,) and hemicellulase (35mg.).

The solutions were incubated st 37° in dialysis sacs immersed in
distilied water (200ml,)., After stirring for 24 hours half the
dialysis water was removed from each experiment and concentrated
to syrups (8mg., and l2mg. respectively). Chromatographic
investigation (solvent C) revealed one spot in each case, both
having Rgal,acid 1.10 and giving a positive reaction to bromo-
ocresol green indicator spray,

The residue of‘the two syrups derived from the respective
dialysates were converted to the ester glycosides and reduced
under the conditions given in Expt.,51 |, Section II.

Chromato graphic analysis of the hydrolysates of the reauced
acids (solvenmt A) revealed the presenmce of glucose and rhemnose

in the relative proportions shown below ;=

IABLE XXVII1

Relative proportions of sugars in the hydrolysate of the enzyme
digests.

Sugar sbsorbance (mu.) WLelght of sugar (ug.) ratio
(a) Glucose 0.219 90 4,5
Rhamnose 0,097 20 1
(b) Glucose 0,302 120 40
Rhemnose C.148 40 1

(a) Taka diastase extrsot (b) Hemicellulase digest.
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The polysaccharide remaining in the dialysis sacs wasg
invesgtigated after hydrolysis by chromatography when the presence

of glucose, Xylose, rhamnose und uronic acid was detected,

BAPT,59. SODIUM ngggmm OXIDATION OF POLYSACCHARIDE (L)
(Fleury 19337,

The polysaccharide (273.0mg,.,) was dissolved in 00,1564 M
sodiwm metaperiodate and made up to 50ml, in a graduated flask
with the same solution, The oxidation was allowed to proceed
at room temperature in the dark, a blank experiment being carried
out simultaneocusly.

The reduction of periodate was measured by taking an aliquot
(lml,) anmd adding it to a solution of sodium arsenite (1lOml.,
0.0490 N), followed by addition of sodium bicarbonate (1lg,) and
25% potassium iodide (lml,), After standing for 30 minutes,
the residual arsenite was titrated against standard iodine
solution (0,0199 N),

Results ;
10ml, arsenite solution (0,049 K) ¥ 24,7ml, iodine (0.0199 N).

lml, periodate (00,1564 K )
10ml, arsenite solution ; Z 8.9ml, " *
Time (Hrs,) 0 12 36 60 84 108
Iodine titre (ml,) 8,91 12,40 1%,00 15,30 13,66 15,68
i.e, 0 C.21 0.243 0,262 0.280 0.283

After 108 hours, 1 mole of periodate was reduced per 460g,
polysaccharide (assuming that the contaminating protein had no
effect), The reaction was stopped by the addition of ethylene
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glycol (lOml,), After dialysis and freeze-drying the oXo-
polysaccharide was obta ned as a fluffy white solid, (190.0mg.),
B nation of the oXo-polysacchar

Uhromatogﬁphio examination of & hydrolysate showed that
glucose, Xylose and rhamnose were present, Furthermore, a
longer oxidation period failed to remove any one sugar residue
completely, Coloprimetric estimation of relative amounts of
sugars present in a hydrolysate (Wilson 1959) provided the
tabulated results ;-

TABLE XXIX

Relative proportions of sugars in the hydrolysed oXo-polysaccharide

[
eight of | Apptex, moler
Sugar ibsorbance (mu )  Bugar ( xg.) ratios,

Glucose 0.0% 38 1.6

Xylose 0,128 20 1

Rhamnose 0.200 85 3.6

BXPP,60, DESULPEATION OF POLYSACCHARIDE (L) USING DRY METHANOLIC
HYD @Qﬁ VHLCK IDE, (Kantor 1957).

A preliminary account of this work was read at the 407th

meeting of the Biochemical Society. (see back of thesis)

Infrared analysis of & sample of polysaccharide (L) in a
"nujol" mull on the Perkin-Elmer "Infrachord" Spectrophotometer
revealed the presence of axial sulphate with a peak at 6450{3
(fig.30 ) (Lloyd 196l1) together with a peak at 1240&55

indicative of a C-0-5 stretching fregquency.



The polysaccharide (%30mg,) was shaken with 0.09 M methan-
olic hydrogen chloride (50ml.,) for 24 hours at room temperature,
after which the undissolved polysaccharide was removed on the
centrifuge and washed with dry methanol until acid-free, It
was then dissolved in distilled water (50ml,) and dialysed for
é days. This was followed by concentration and freeze-drying.,
(Yield 2%0mge; 70/c)e Hydrolysis of a sample of this material
showed chromatogrephically (solvent B) giucose, xXylose, und
rhamnose to be present, The sulphate content (Jones 1954)
wag 2,1% ©f, 167 in the original polysaccharide (L).
1f one ﬁakes into consideration this reduction in sulphate contemt,
then the yield of sulphate-free polysaccharide corresgponds %o
81,6/ A second infrared analysis as described above, confirmed
this decrease in sulphate contemt (fig.30). The two psaks
detailed above had practically disappeared,

The methanolic hydrogen chloride solution used for the
desulphation was neutralised with dry silver carbonate and filtered,
the filtrate yielding a syrup (19.8mg.) on concentration, This
was shown to contain glucose, Xylose and rhamnose by paper chrom-
atography (solvent B),

A second desulphation (900mg.) for the longer period of
48 hours yielded 545mg, (71/%) of desulphated polymer (M) having
a sulphate content (Jones 1954) of 0.75%. The sulphate peaks
were no ionger evident, An attempt was made to follow the
release of sulphate by analysing aliquots of the supernatant
golution at known intervals for its sulphate content., This gave

inacourate results, however, due probably to the di ssolution of

a small quantity of polysaccharide,
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BXPT .61, PRELIMINARY EXAMINATION OF POLYSACCHARIDE ‘ll]
The polysaccharide (i) had the following properties ;-

[«]; -88°, ash 2.6}, total sulyhate 0,75, N 0.9%

Uronic aecid aé detemined by decarhoxylatioﬁ (Swenson 1946),
23,6%, The polysaccharide was soluble in water,

The equivalent weight by titration of the free-acid poly-
saccharide with standard sodium hydroxide solution was found

to be 655,

ESTIMALTION CF THE RELATIVE PROPORTIONS OF

SU G4 il OF POLYSACCHARLIDE (Bi)
Tﬁ%l‘éo‘ 'n""§519 9) . L s

The relative proportions of the sugars present in the

hydrolysed polysaccharide were estimsted colodrimetrically
with aniline phthalate., The following results were cbtained ;=
TABLE

Relative proportions of sugars in Polysaccharide (M),

Sugar absorbance (mu ) Wb, of sugar (/us-) %ﬁiﬁ%&&&&i!
proportions,
Glucose 0.124 56 1.0
Aylose 0,370 67 1.4
Rhannose 1.082 280 5.0

ODATE QXL DAT ION CF POLYSACCHARIDES (L) AND (M),

(a) Periodate uptake, The polysaccharides (L) and (M) (46,70mg,

and 43,.8mg, ) were dissolved in 0.2 M sodium acetate buffer, pH
3,6 (25ml,) (Hough 1956, Cantley 1969) and made up to 50ml, in a
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standard flask with 0,03 K sodium periodate dissolved in the
sane buffer, The periodate oxidation of polysaccharide
(L) was repeated here in order that a direct comparison of
results could be made, although its uptake has already been
studied by the method of Fleury and Lange (1933) (Expt, 59).

The samples were kept at 2° in the derk end the oxidation
of periodate was followed as desoribed in Expt,3% (Section II).
The following results were obtained ;-

TABLE XXXI

_Periodate uptake by Polysaecharides (1) and (M)
Fraction of 10% loles 10'4 reduced/

Time Absorbance (l:qu ) reduced - Cg anhydro unit,
0 0.620 - -
0.8 0.585 0.066 0.170

0.551 0.120 0,360

1,78 0.578 0.082 0.214
0.540 C.146 0.404

.0 0.570 0.098 0.242
0.520 0.184 0.510

5.0 0.552 0.124 0.522
0.515 0,195 0,542

24 0,547 0,136 0,355
0,515 0.196 0.542

48 0.540 0.147 0.382
0,915 0.196 0.542

72 0.540 0,147 0,382

0.5156 0.196 0,942
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In each case the first figure refers to (L), the second to ().
Results
After 72 hours oxidation at 2° we find ;e
1l mole periodate # J00g. polysaccharide (M)

ae ®* 0 » . £ 4256g. d (L) (of, 460g by
titration)

After 72 hours the solutions were allowed to rise to
room temperature when it was found that oXidation was complete
after a further 5 hours, One mole of sodium periodate was then
found to be equivalent 240g. polysaccharide (li) and 328g,.
polysaccharide (L),
(b) Lsolstion of the oXo-polysaccharide. cJhe reaction was
stopped by passing sulphur dioxide through/ solution for 15 minutes
and the oXo-polysaccharides were isolated by freeze-drying after
dialysis and concentration, Yields := (M) 3 0O.2mg., 695 ;
(L) 37.6ug., 81 '

Chromatographic analysis of the hydrolysed oxo-polysaccharides
(solvent C) indicated the presemce of glucose, xylose and rhamnose,
Coloyrimetric estimation (Wwilson 1969) of the relative proportions
of sugars in this hydrolysate gave the resulb s shown below ;-

TABLE AXLIL
Relative proportions of sugars in the oXo-polysaccharide (li).

223 A roximaigg
Sugar Abgorbanse (mu ) Wt.of sugar (/ug.] molar ratios
/
Glucose 0.012 18 2.6
Xylose 0.050 6.3 1.00

Rhamnose v.108 20 2,75
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Rhamnose reacts with oysteine hydrochloride in concentrated

sulphuric aeid to fam a reaction mixture which, although not
coloured, shows & sharp absorption maximum at 400€ﬂ « All
other classes of saccharides, Vviz, pentoses, hexoses, hexosamines
etc, produce coloured products in the primary cysteine reaction
which differ considerably from methyl pentosges in their absorption
curve,

A calibraetion graph (fig.32) was prepared by reacting
aliquots of a rhamnose solution of known concentration with
6 ; 1 sulphuric acid ; water mixture (4,5ml,) while cooling in
ice, followed by heating the solution at 100° for 3 minutes,
After being ocooled in tap water a 9% solution of cysteine hydro-
chloride (0.lml,) was added and the mixture well shaken, The
absorbance of the solution was read after 15 minutes in a
Unicam S.P.500 Spectrophotometer, the value (Esgng - EﬂE?ep )
being compared with that of a blank, 4 stralight line relation-
ship was cobtained for the plot of AL against concentration.

The estimation of the rhamnose contents of polysaeccharides
(L) and (M) and oxo-polysaccharides (L) and (M) was carried out
on an aqueous solution containing known weights of the respective
materials, the procedure being as described for the calibration
graph, from which the weight of rhamnose was obtained by

comparison, (see Table XXXIII),
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Concentration of polysaccharide solutions ;=

Polysaccharide (L)
. (1)

Oxo-polysaccharide (L)
" " (H.)

Estimation 1 was carried out on the polysaccharide
solutions above, Estimation 2 refers tc the same solutions
treated with potassium borohydride at 2° for 12 hours, thus
reducing the free aldehydic groups present in the oxo-

pelysaccharides,

lOﬂ.G/ug. per ml,

98,5 "
98,6 "
88,66 "
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EXPT,66. CARBAZOLE/SULPHURLC ACID ESTIMATION OF URONIC AQID

CONPENT OF POLYSACCHARLIDES (L) AND (W) aND PHEIR
RESPECTIVE OAOPOLYSACCHARIDES,

an attempt was made to estimate colojrimetrically

(McComb 1952) the uronic acid content of the four polysaccharidesg
using carbazecle and salphuric acid, The method incurred the
interaction of a sample (2ml,) of a solution of the unknown (as
in Expt,64) with analar concentrated sulphuric acid (l2ml.)

at 100° for 10 minutes., The solution was allowed to cool and
then treated with 0,1% carbazole solution (1lml,) and shaken, the
absorbance being estimated in an Unicam S.P,500 Speotrophotometer
at 540 mu against & blank, after 20 minutes, In theory,
comparison of the absorbance obtained with a standard graph

for gluocuronic acid gave the weight of acid present,

TABL G XXX
Polysaccharide absorbance (?y ) Wt, of acid (/ug.) %

(L) 0.063 11.0 6.00

(M) 0.125 220.0 10.2
oxo (L) 0,030 5.6 2.9
oxo (M) 0.032 5.8 548

Detailed investigation of the extracts (H)-(J) was not
pursued since they appeared to be similar in monosaccharide
composition to polysaccharide (G), except for (J), which had a
high ash content,



A preliminary examination of the 4% sodium hydroxide
extract (I) however, showad a considerably reduced rhamnose
content the ratios of glucose ; Xylose ; rhamnose being
1 : 1,12 : 1.88 (ef,(G) 1 : 1.34 ; 6.7),

Examinat ion of the sugar content of the 724 sulphurie
acid digest of the weed residme, after 3sxtractions (G)-(J)
by the Monier-Williams (1921) technique indicated the presence

of glucose, xylose and rhamnose,
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II11(d) DISCUSSION

The preliminary treatment of the green weed &, compressa
with 85/ aqueous ethanol removed a large proportion of the
colouring matter., Various solvents, including benzene ;
ethanol (2 ; 1), acetone, methanol and methylated spirits were
used in de-colouration of the weed, but in no case was the
colouring matter completely removed, 854 aquecus ethanol being
the most efflicient extractive, 1In view of the fact that
dimethyl sulphoxide was found to extract polymeric carbohydrate
material from U, lactuca to the extent of 6%,without preferential
fractionation of the polysaccharide, it was felt that omission
of this treatment was justifiable, although it was found to be
an excellent seolvent for organic colouring matter, and is known
to effect fractionation of certain peclysaccharide mixtures,

(Hagglund 1956),
Exhaustive hot-water extraction of the alcohol treated

residne yielded 16.8% of a flaky off-white polysaccharide material,
hereinafter caliled the water-soluble polysaccharide, This yield
compares favourably with those achieved from other green seaweeds

(cfs U, lactuca only 6%) and it was deemed unnecessary to

investigate further means of aqueous extraction, all work being
carried out on this hot water extract, The weed residue after
exhaustive hot water treatment was, however, given a hypochlorite
treatment (which removed 6/ polysaccharide) prior to extraction
with 4/ alkali in the cold, This was found to extract 10.17 of
a heterogeneous polysaccharide containing glucose, Xylose and

rhamnose with some uronic acid which in contrast with the hot
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water extract, showed a relatively low rhamnose content,

Further extraction of H. compressa with 18% alkall yielded an

impure polysaccharide (gca, 35-40/ ash) which was composed
largely of gluccose residues along with traces of Xylose and
rhemnose,

Final treatment of the fibrous weed residue after the
foregoing sequence of extractions produced, under the conditions
first described by Monier-Williems (1921) for commercial cellulose,
& syrup which showed glucose, Xylose and rhamnose on a paper
chromatogran, In this respect, therefore, E, compressa is
similar to U, luctuga (Cronshaw 1968) and A, centralis (0'Donnell
1969 ) in that the fine structure of the cell walls is not based
solely on cellulose 1, Indeed Hicolai and Preston (1952) have
shown Ulva and fnteromorpha spp. U0 give X-ray diagrams basically
different from that of cellulose 1, 1In contrast, however, the
cell walls of Cladophora rupestris and Chagtomorpha melagonium
have been shown toc be built up of many lamellae each of which
consists of straight microfibrils of cellulose I arranged
parallel to each other. This finding increases the points of
similarity found to exist between Ulva, Enteromorpha and

Acrogiphonia spp.

The water-soluble polysaccharide [aﬂn -49° (cf, U, lactuca

-50° s A, centralis -31°), was isolated mainly as the sodium salt

and was found to comprise about 8.76% protein, 1lj% ash and 11.45%
sulphate, The uronic acid content (17.2%) corresponds to about
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one uronic acid residue per five sugar unite which is comparable
to that of Ulva lactuca (1565-20%) but markedly different to
polysacchurides isolated from C, rupestris and Caulerpa filifomis
(ca, 5 end 7/ respectively). The presence of uronic acid in
the polymer presents much difficulty with respect to its complete
hydrolysis and as & result it was found that comparative
estimations of the proportiomns of sugars present in any hydrolysate
of the polysaccharide were erratic unless the same conditions were
used throughout for each hydrolysis.

The free-aeid polysaccharide had an equivalent weight of
346 (of, A, centralis 459,). The equivalent calculated on the

basis of & uwronic acid content of 17,2% would be expected to be
963, If one considers, however, that the neutral polysaccharide
contains 11.45% sulphate residues, which corresponds to llég,

of sulphate or‘l.14 equivalents, then it follows that 963
corresponds not %o 1 but to 2,14 equivalents, Lherefore, the

true equivalent weight of the neutral polymer will be 963/2,14 =
450, TFw ther, the uronic acid and sulphate estimations were

made on a meterial containing 11.,0% ash and 8,75% protein,
consideration of which reduces the value to 360 and thus agrees

favourably with the experimental results,

The molar proportions of the neutral sugars in the hydrolysate
of the polysaccharide (Expt.44) were determined by the 0010}ﬁ'1-
metric method of Wilson (19569), which was found to be more

reproducible and less cumbersome than the g-amino-diphenyl method
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of Piper (1958)., The polysacchuride was shown to contain

glucose , Xylose and rhamnose in the molar ratios 1 : 1,34 ; 6.7,
Efforts to estimate the uronic acid content colourimetrically

were hindered by the existence of the uronosyl link, which does

not break under normal hydrolysis conditions, and by the difficulty
encountered in separating the acidic material from the free

sugars, It was found thet in acid golvents this ran at
approximately the speed of glucose, while in neutral solvents

it showed the typical streaking efiect of uronic acid,

No indication was obtained for the presence of S-Q-methyl-
L-rhamnose in the polysaccharide hydrelysate, This methyl sugar
wasg reported to occur in the polysaccharide obtained from a
mixture of Enteromorpha spp. (Lowe 1956) and its absence from the
E, compressa polymer suggests that it originates either from

B, torta or E, intestinales,.

A wide variety of techniques fo. the fractionation of
polysaccharides was upplied %o this water-soluble extract,
Howard (1957) has shown that a xylanase from sheep's rumen could
completely hydrolyse the pentosan from wheat flour and that the
xylan from Rhodymenia palmata yielded a trisaccharide comns alning
both a & -1,8'- and /5 -1,4"- linkage, If the xylose units
in the present water-scluble material comprised a separate
xylan it was hoped to remove them by incubation with this enzyme
under the conditions described by Howard (LExpt.46), Since,

however, the polysaccharide recovered after this treatment
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contained the same proportion of xXylose it may be presumed that
this sugar forms an integral paert of the hetero-polysaccharide
and/or that fﬂ -1,4"- linked xylopyranose residues are largely
absent from this material,

The reaction of this extract with iodine was indicative
of the presence of a starch polymer but attempts to remove all
the glucose units with salivary & -amylase were unsuccessful
(Bxpt.47), After two consecutive treatments the glucose contemt
had only decreased from cne in nine to one in twelve, which
suggeste the presence of a laminarin-type glucan similar tc¢ that
found in the brown algae, There is accumulating evidence that
several of the green algae metabolise a small amount of
laminarin, 1t hus been reported in the water-soluble fraction
of C, rupestris (Fisher 1967) and of Acrosiphonia centralis.
However, there also rests the possibility that the glucose
residues are incorporated with the other sugar units in a hetero-
polysaccharide in such a manner as to be immune to & -amylase,
Stronger evidence for the presence of a laminarin-type polymer
is advanced for Caulerpa filiformis (Mackie 1959 ), where the
1,3 - linked glucan is extructed together with a 1,9 - linked
Xylen by aqueous alkali,

The use of quaternary ammonium salts to effect fractionation
of mixtures of acidic and neutral polysaccharides has been
reported in many instances in recent years (Scott 195656; 1960,
Barker 1957 ; volstenholme 19858). The addition of a solution
of the quaternary ammonium salt (e.g, "cetavlon") to the poly=-

saccharide solution, precipitates the "polyanion" while leavin
. 8
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neutral polysaccharides in solution,

Several attempts were made (Expt,48) to obtain a
fractionation using "cetavlon" and this was found to give a partial
separation in two exXperiments. In these instanoes the super-
natant material contained malnly glucose with traces of xylose
and rheamnose after one precipitation, but it was found necessary
to add more "cetavicn" to get a pure glucan; further since
some of the glucan appeared to co-precipitate with the rest
of the material the final yield of unprecipitated glucose-rich
material was very low, (ga. 1¥).

Purthemore, the quaternary ammonium salt-polysaccharide
complex was found to be extremely stable and in many cases
could not be completely decomposed, The method, therefo re,
although not practicable in this instance, served toc show that
the water-soluble polysaccharide consists of at least two
components, one & neutral glucose polymer, the other an acid

Xylose-rhamnose polysaccharide,

lhe addition of an iodine, potassium iodide solution to
a starch containing polysaccharide mixture has been shown to
preferentially precipitate the starch while leaving the other
polymers in solution (Steiner 1944)., Under the conditions
describved, the starch from sweet potatoes was found to be
relatively undegraded, exhiditing smoptioal rotation |« [;+200°.
The method was found to be applicable to materials containing
10% or more starch calculated on a moisture-free basis, The

water-soluble polysaccharide of E, compressa contained ga. 1ll%
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of glucose containing polymer caloulated from the molar
proportions of glucose in & hydrolysate but enzyme studles have
indicated that only a proportion of this has a starch type
gtructure, Attempted removal of all the glucose by precipitation
with iodine was unsuccessful (Bxpt,49), Only %,5% of a pure
starch, fc/a]Dﬂsz“, was separated leaving a residual polymer (L)
66/, which still conteined glucose units but which no longer
stained blue with icdine, confirming the earllier findings with
salivary & -asylase, The investigstion of the strmeture of the
iodine-precipitated starch Yype polysaccharide has already been
described in Section I of this thesis.

Investigation of the Residual water-solubie Folysaecharide,
The polysaccharide (L) had [&}D -87°% and was found to ook &in

ash 13,7%, total sulphate 16,0%, sulphate in ash 7.8%, and
nitrogem 0,86% (ca, 5,47 protein) (Expt.50). The relative
increage in the percentage sulphate and decrease in the protein

content suggests that considerable purification of the polymer has
been achieved during the dispersion and iodine prndipitation, and
thig would partially eocount for the considerable loss of material
(ca. 30%)., That the sulphate residues are present as ethereally
linked residues follows from the fact that the sulphate in the
ash wag half the total sulphate, ignition resulting in the loss
of half the sulphate as sulphur trioxide,

A polysaccharide analysing according to the figures given
in the previous paragraph can be oalculated (see page 162) to have
an equivalent of 301, The value found by titration was 310 which

agrees with the calculated result,
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Treatment of polysaccharide (L) with salivary & -amylase
(Expt.54) did not further reduce the glucose content of the
polymer which once again confirms the faoct that some glucose
occurs other than the starch entity.

Quantitative estimation of the percentage relative
proportions of sugars present in the polysaccharide gives ;-

Polysaccharide (L) Glucose 12, iylose 16,0, Rhamnose 72,0
c¢f, Polysaccharide (G) " 8.5, " 23.0, " 68.2

Besides the removal of glucose units it appears that a small
proportion of rhamnose units were lost during the fractionation
of the starch,

The character of each sugar component was confirmed by
isolation on thick paper chromatogrems, followed by determination
of rotational and chromatographic data, amd formation of
characteristic corystalline derivatives,

A variety of fractionation methods were investigated in an
attempt to isolate a homo-polysaccharide from this water-soluble
polysaccharide (L). 4As bhus already been stated, the application
of "cetavlon" at various pH's and concentrations to solutions
of the original polysaccharide (G) indicated that the Xylose,
rhamnose, glucuronlc 2cid material might form a single hetero-
polysaccharide, This was supported by attempts to fractionate
the material using Fehling's solution and organic solvents
(Bxpt, 55), barium hydroxide (Hxpt.56) potassium chloride
(Expt .57 ) and paper chromatographic separation (Expt.53), This

latter technique using varying ratios of ammonium fommate buffer
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(pH 4,3)/igo-propanol has been employed to effect separation of
mixtures of sulphated mucopolysaccherides (Spolter 1960), FWhen
applied to the algal polysaccharide in question it was found

that although a separation occurred, it appeared to be a differ-
entiation between two polysaccharides of different molecular
weights rather than an actual separation of differently
constituted polymers, since both fractions contained the same
sugars and sulphate content, The question of a molecular
weight distribution is &n interesting consideration since it has
been shown in this laboratory that the water-soluble poly-
saccharide from U, lactueca, which appears to be very similar to that
of B, compressa, ¢éan be separated into three fractions which have
the same rotation and constitution but which differ in their

intrinsic viscosities, (Wold 1961).

Commercial Taka-diastase is & highly complex mixture of
enzymes and in consequence it shows activity towards a variety
of polysaccharide gystems, Courtois, Keda and Petch (19568)
observed that it will break down a galacto-mannan inteo galactose,
mannose and mannosylmannose, Likewise commercial hemicellulase
has been shown to preferentially degrade certain polysaccharides
(Perila and Bishop 1961) with the production of oligosaccharides.
1t was hoped that incubation of these enzyme sgystems with the
water-soluble polysaccharide (BExpt,58) would result in the
production of neutral and/or different acidic oligosaccharides from
those isolated after acidic hydrolysis., 4An apparently single

aldobiuronic acid comprising glucurcnic acid and rhamnose with
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similur chromatographic mobility (Rgay, .eiq Le30) o the

el dobiuronic aecid ‘aGal.aaid 1,06) libverated by aoidic hydrolysis
(see Expt, 52) &appeared to be the only cleavage product from
both enzyme sgystens, Furthermore, the residusl pelysaccharide
isolated after incubation still contained rhamnose, glucuronic
acid, xylose and glucose units, ‘the molar ratios of glucose

and rhamnose in the cleaved fragments, however, suggesis the
posgibility of a mixture of two oligpsaccharides, a glucuronosyl-
glucose and & glucuronosyl-rhamnose &nd further investigation,

by iomnophoresis may clarify this peint, ihile failing to yield
the desired results it may be inferred from these experiments
that the gluocuronosyl-rhamnose occurs at the end of the poly-
saccharide chaing and at the same time lends further support

for the conclusion that the water-soluble material (L) comprises

@& single heteropolysaccharide is provided.

Normal acid hydrolysis of the polymer failed to produce
any evidence of sulphated monosaccharides, The acid hydrolysis
(0,26 N hydrochloric acid at 100°) of the B, compressa poly-
saccharide (L) has been studied, along with other algal sulphated
polysaccharides, by Dr, Rees (1961) in this laboratory, after
an initial rapid liberation of sulphate, the reaction has been
shown to follow lst order Kineties and yield 90/ of the sulphate
in 3.25 hours, The rate constant for the reaction (.56 houra-1 )
was fouad to be gsimilar to that for other secondary hydroxyl
sulphates. (e.g, K- carrageenin 0,71 }mm:'s"1 ) but quite
different to the value given by primary sulphate release (e.g.

1

Porphyran 0,26 hours ), Thus although the B, compressa
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sulphate residues showed some acid stability, it was felt that

it was not such that the isolation of monosaccharide sulphates
could be achieved effectively by the methed of Turvey and Rees
(1961), 1t was suggested by Dr, Rees that the rapid initial
liberation of sulphate from E, compressa could be accounted for

by the existence of some sugar di-sulphate residues in the polymer,

No evidence for the site of the sulphate groups in tha
heteropolysaccharide was derived from scidic or enzymic hydrolysis
experiments, Alkaline hydrolysis of the unfractionated
polysaccharide (Expt,45) resulted in the simultanmeous removal
of sulphate and degradation of the polysaccharide, The apparent
lability of the sulphate residues towards this reagent indicates
the presence of hydroxyl groups so placed as to favour anhydro-
ring formation (Percival 1948), However, the fact that aliquots
contained more sulphate than theory indicated, suggested some
error in the method of detemination of sulphate liberated, and
hence, an indication of whether such ring format lon had occurred
is impossible, This error may be dwe to the dissolution of
sulphated degraded polysaccharide in the aliquots; any sulphate
in this material would be liberated under the conditions for
sulphate determination and consequently give enhanced values for
the sulphate presemt, [Furthemore, an interpretation of the
regsults is difficult in the light of the state of the residual
polysaccharide, its low yield and the mixture of products obtained
on hydrolysis.
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Kantor and Schubert (1987) reported the complete removal
of sulphate groups from c¢hcndroitin sulphate by the action of
0,06 M methanolic hydrogem chloride without degradation of the
polysaccharide, while similar trestment of heparin resulted in
a partial removal of the sulphate groups and the production
of an undegraded polysaccharide containing equal amounts of N
and 8 (Danishefsky 1960). Application of this technigue to
fucoidin, the sulphated polysaccharide of the brown algae,
caused concomitant desulphation and degradation, giving a low
yield of polymer with slightly higher sulphate content thamn the
starting material,

In view of the fact that some ester sulphate hydrolysis of
the water-soluble polysaccharide from E, compressa was achieved
with alkali and there were indications of a fraction of easily
liverated sulphate, it was thought that it might be possible
to reduce the sulphate content by this less drastic treatment
without degradation of the polysaccharide., In practice after
hydrolysis with 0,09 M methanolic hydrogen chloride for 24 hours
an 81,6% yield of polysaccharide material was recovered in which
the sulphate content had been reduced to 2,1%, 4 second
desulphation carried out on fresh material for 48 hours led to
the isolation of & polysaccharide (M) containing only 0,75/
sulphate in 717 yield.

Analysis of the hydrolysate of polysaccharide (M) showed
a percentage monosaccharide composition very similar to the
originel sulphated polysaccharide (L) :-
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Gluocose Xylose Rhamnose Sulphate

Polysaccharide (M) 13.4 ; 19,6 68 : 0,76
Polysaccharide (L) 8.0 ; 22,8 16,0

&

Chromatographic analysis of this hydrolysate failed to
reveal any unusual sugars such as might be expected from the
trang-elimination of the sulphate group and it is suggested that
the sulphate residues are located such that this trang-elimination
has not occurred, a result which disagrees with those of alkaline
hydrolysis, This could be fulfilled by any of the following

structural units ;-
£l

0 0,
H 9= CHy \— 0 -
Ho - s ks I\| i/ |
OH OH OH -~--O—'J C|)H
fig. (xxxv) fig. (xxxvi) fig. (xxxvii)

(xxxv) 1,3'- linked xylose.
(xxxvi) 1,4'~ linked rhamnose,
(xxxvii) 1,3"« linked rhamnose.

This asswnes that the sulphate cccurs on either xylose or
rhannose or on both residues,

The polysaccharide (M) had [’d D -88° and contained ash
2,6%, total sulphate 0,765, N 0.9% (Expt.6l). The uronic acid
had risen proportionately-to 23.5% (cf, 18,34 in the
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sulphated polymer)., The equivalent weight estimated by
titration of & sample with standard alkeli was 665, Caloulation
of the equivalent based on the analytical figures (see page 162)
gives & value of 642 in reascnable agreement with the experimental

value,

Subjeotion of the sulphated and desulphated (S04 2.1%)
polysaccharides to periodate oxidation (Bxpt, 65 ) showed that
for every Cg sugar residue the reduction of periodate was (.28
mole and C.,54 mole reapeotivoiy. Under similar conditions the
polymer (i) obtained from the second desulphation (804 0.75j%)
reduced 0,68 mole of periodate for every Ug sugar residue,

The low reduoction of periodate by all these polysaccharides
indicates a high proportion of 1,3'- linked residues or that it is
bighly branched, The higher consumption of periodate by the
&oanlphaéed material reveéls that the removal of sulphate
produced additional units with adjacent free hydroxyl grouplings.

Estimation (wilson 1959) of the relative proportions of
the unattacked monosaccharides in the hydrolysates of the two
periodate oxidised polysaccharides gave the following results :=-

Oxopolysaccharide (L) Glucose 26, Xiylose 16,2, Rhamnose 58,
Oxopolysaccharide (k) Glucose 40, Xiylose 16 Rhamnos e 44,

|~

The lower proportion of rhamnose uuits in the oxidised
desulphated polysaccharide suggests that the sulphate groups are
mainly attached to rhamnose, In thelC. conformation of rhemnose

only Cp carries an axlial hydroxyl group, and since infrared
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analysis of the sulphated polysaccharide revealed a peak at
850cm,” 4indicating the presence of axial sulphate (Lloyd 1961),
it would appear, assuming that the rhamnose is present in the
polysaccharide in its stable conformation that Cy of rhamnose
carries at least some of the sulphate residues, This is in
agreement with isolation of a 4-0-glucuronosyl-rhamnose unit

(see Section 11).

Ho-——\ Q\\\\\\
H,ou

1C. conformation of rhemnose

apart from the galactan sulphate of Porphyra umbilicalis
(Purvey 1961), this is the first direct evidence of the site
of the sulphate group in algal sulphated polysaccharides,

Ag confirmation of the larger decrease of rhamnose in
the desulphated oxo-polysaccharide compuared with that of the
sulphated material, estimation of the absolute amount of
rhamnese in each polysaccharide and its oxidiged derivative was
made by the method Dische and Shettles (1948, 1949) (Bxpt.64),
This reaction is based on the fact that all saccharides, with
the exception of hexosamines, produce furfural or one of its
derivatives on mixing with concentrated sulphuric acid, The
addition of cysteine to the reaction mixture produces new

compounds which have characteristic absorption curves depending

on the particular furan derivatives presemt. Furthemore,
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the speed at whioch these derivatives fomm and the stability
of the finul reaction products differs from ome class of sugar
to another, Cn this basis it was found possible to measure
the rhamnose content of the polysaccharides in the presence
of other saccharides (in this case xylose, glucose and
glucuronic acid) by measuring the difference in absorption
at Bgeqp and 427%# at which wavelength the optical density
of the interfering compounds is equal, but at which that of
rhamnose at 427Qp is only a fraction of the 396%H value,
The accuraey of the method was helped by the large amount of
this sugar present in the polysaccharide,

It was considered that the free aldehydic groups present
in the oxopolysaccharides might give increased values for the
absorption of the cysteine complex and thus result in high
values, I'wo sets of results were prepared therefore, one on
the initial polysaccharides and their derived oxo-derivatives
and the second on the products after borchydride reduction of the

materials, Results of the estimation of rhamnose content were ;=

Egtn,L Estn,2
& rhamnose % Thamnos e

Polysaccharide (L) 3743 6540
" () 51,0 48,0
Oxopolysaccharide (L) 31,7 27,0
" (k) 7.0 29,0

All the reduced materials gave lower results and this
difference is greater in the two oXxo-polysaccharides,

Egtimation 2 is considered therefore to be the more accurate.



Comparison of these results with those calonlated for
rhamnose in the sulphated and desulphated polysaccharides gave
resultas in good agreement with each other, (see Table XXXV},

TABLE v

Polysacchauride (L) Polysaccharide (i)

Bhamnose by cysteine 35% 48%
Calculated :- | h
Protein 6.4 5.6
Sulphate 16,0 1.0
Agh 13.0 2.9
Uronie 18,3 23,5
Total 52.7% 33 .0%
& Free sugars 47 3% 67 %
Molar proportions l1:38 . 8 1l 1.4.: 5
o) Rhamnose 34,55 45.2%

Hence, from the rhannose estimations it is possible to say
that while 77,3% of the rhamnose remained un-oxidised in the
sulphated polysaccharide, only 60,5/ was unattacked in the de-
sulphated polymer, whioh represents an increase of 16,8% free
hydroxyl positions on the rhamnose residues, The incréaae in
periodate (0,38 mole - 0.66 mole) reduction is not fully
accounted for by this increase in free hydroxyl groups and it is
therefore likely that other residues than rhamnose carry
sulphate, 4 comparison of the proportions of unattacked glucose
and xylose (pagel73) in the two oxopolysaccharides indicates
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besides rhamnose an additional small proportion of the Xylose
units are also cleaved in the desulphated material and it is
possible that these units also carry sulphate groups.

A deolsion concerning the iumunity of the uronic aeid units
to periodate was difficult, Only pmall quantities of unattacked
uronic acid could be detected by paper chromatography of the
hydrolysates of the oxOpolyaacchariﬁ;a. quant itative deter-
mination by decarboxylation was obviously valusless since this
is based on the number of carboxyl groups in the matﬁrial and
therefore the coloyrimetric method of McComd and MoCready (1952)
utilizing carbazole and sulphuric acld was investigated, Vhile
the results obtalned bore ne relationship to those obtained
by denarboxylation for the unoxidised or oxidised polysaccharide,
they were similar and considerably lower for both the oxidised
materials, While this camot be regarded as proof that these
units in the original polysaccharide (L) are oxidised by
periodate, it at least indicates that this is probable and that

the uronioc acid residues may be present as end groups,



CONCLUS 10K
When a comparison of the water-soluble polysaccharide of
B, compressa is made with those metabolised by U, lactugs and
A, Centralis, ocertain striking similarities are revealed,
(see Table AXXV1),

PABLE XXXV
Molar propor- U, ;aotuoa.‘&) Ao Bentraliﬂ-(b) &, compressa
tions of sugars.
(G) (L)
Galactose 0 0.1 0 0
Glucose 1.0 1.0 1.0 1.0
Mennose 0 0.2 0 0
Arabinose 0 0 0 0
Aylose 1.3 1.6 1,54 2.7
Rhamnose 4,4 l.4 6,70 8.1
Glucuronic acid % 20.8 19,3 17.2 18,3
Sulphate % 17.5 7.8 11,45 16.0
ash 19.0 10,0 11.0 13,7
(o] 1n water -47° -31° -49° -87°
% starch (°) ca. 2,0 9.0 3.5 0
i,s'- linked xylose
and rhamnose X x X X
1,4'- linked xylose
and rhaunos e x X
4-0=-glucuronosyl
rhamnos e X X X X
Iodine stain purple purple purple -

(a) Brading 1954 ; Wold 1961,
(b) O©'"Donnell and Percival 1959.
(¢) Possibly influenced by seasonal variation,



Thus each weed metabolises a starch polymer similar in many
respects to land plant starches, and algo appears to contain
a small proportion of a laminarin-type glucan which is malnly
immune to oxidation by periodate. The main monosaccharide
residues in each case are glucose, Xylose and rhaunose, along
with ga, 207 gluouronic acid, the latter being attached to the
04.poa1tion of rhamnose and appaiently occupying an end-group
position, since each of the water-soluble polysaccharides on
acidic hydrolysis yleld 4-0O-glucuronosyl-L-rhamnose, Further-
more, the polysaccharides contain a comparable proportion of
sulphate ester groups some of which in E, compressa are now
knowa to be linked to position Cg of rhamnose; there are
indications that rhamnose &also carries sulphate in A, centralis
(O'Donneli and Percival 1969). 4sgain, it seems likely that,
since none of these weeds has & hexose as a major sugar unit,
the majority of sulphate residues &are attached to secondary
hydroxyl groups and will probably undergo desulphation in a
similar manner to those of E, compressa polysaccharide,

Examination of the oxopolysacocharides from each polymer

indicates the presence of many 1,3'- linked residues, since a
fairly high proportion of xylose and rhamnose units remain
unattacked, Furthermore, methylation of U, lactuca and
A, centralis showed the presence of both 1,4'- linked xylose

and rbamnose, as did methylation of mixed Enteromorpha spp.
by Lowe(1956).



The rotation of each water-soluble extract is similar,
the difference probably being due to the varying starch content
of the material, and it seems likely that the starch-free
polymers also have similar rotations,

5, compressa ad U, lactuca have |ofjp -87° and -71°
after removal of the starch-type glucan,

Atteanpts to effect a fraotionation of the Xylose-rhamnose-
gluecuronic acid complex from 4, centralis, E, compressa and
U, lactuea have failed, thus emphasizing that each comprises

& single heteropolysaccharide consisting of these unit s,

With the accumulation of infomation on the constitution
of the polysaccharides metabolised by Ulva lactuca, acrosiphonia

centralis and Enteromorpha compressa it becomes more and more

evident that the carbohydrate synthesis of these three species
0of green algae, if not identical, is indeed very similar and
the present studies on E, compressa have served to emphéalzc
these similarities, With the advent of desulphation of these
polysaccharides considerable progress in their structural
elucidation should now be possible, Methylation studies on
the original and desulphated material and comparison of the
hydrolysis products should provide definite proof of the site
of the sulphate ester groups and additiocnal infomation on the
types of linkage and shape of the molecule,



- 181 =~

BIBLIOGRAVHY

(1) Allen, Bonner, Bourne & Saville, (1956), CHEM.LIND,, 36, 630,

(2) anderson & Crowder, (1980), J.4,C.8,, 52, 3711,
(3) Anderson & VWylam, (1950), CHEM, & IND,, 141,

(4) Anderson & Greemwood, (19566), J,C.8., 3016,

(5) Anderson, Hirst & Manners, (1957), CHEM, & IND,
(€) aAraki, (1937), J, CHRM, SOC, JAPAN, 58, 1338,

(7) Araki, (1988), J, CHEM, S0C, JaP,, 58, 304,

(8) Araki & Arai, (1940), J, CHBi, SCC, JaP,, 61, 503,
(9) Araki, (1944), J, CHMM, SOC, JaPAN, 65, 725,

(10) Araki, (1944a), J, CHIM, 50C, JAPAN, 65,6 633; 627,
(11) Araki & Hirase, (1953), B 1E pA]

(12) Areki & Arai, (1966),
(1957 ), BU

(13) Archibald, Hirst, Manners & Ryley, (1960), J.C.S,., 556,

(14) Aspinall, Hirst & Wickstrom, (19656), J,C.S,, 1160,
(15) Aspinall, Hirst & Mearthur, (1965a), J,C,S8., 3076,
(16) Aspinall, Hirst & Matheson, (1956), J,C.S,, 989,
(17) Aspinall & Ferrier, (1957), CHEM, & IND., 1216,

(18) Bailey & Whelam, (1961), J, BIOL CHEM,, 236, 969,
(19) Banks, Greenwood & Thomson, (1959), MAKROMOL, CHEM,,
{20) Barker, Stacey & Zweifel, (1957), CHEM., & IND,, 330,
(21) Barry, (1939), SCI, PROC, ROY, DUBLIN S0C,, 22, 59.
(22) Barry, (1942), J.C.8,, 578,

(28) Barry & Dillon, (1945), PROC, ROY, IRISH ACAD,, 50B,
(24) Barry, Halsall, Hirst & Jones, (1949), J.C.,S., 1468,

(25) Barry, MoCormick & Mitchell, (1954), J.C.S., 5692,

31, 197,

349,



- 182 -

(26) Barry & MeCormiock, (1987), J.C.S., 2777,
(27) Bates, French & Rundle, (1943), J.n,C.8,, 65, 142,

(28) Bawer, (1884), J. PRAKT, CHEM,, 30, 367,

(29) Belcher & Godbert, (1945), "SHII-MICRO QUANTITATIVE ORGANIC
ANAL hﬁ‘@ﬁﬁ@gﬁl.

(30) Bera, Foster & Stacey, (1955), J.C.S,, 3788,

(31) Bishop, (1963), CANAD, J, CHEM,, 31, 134,

(32) Black, (1948), J, S0C, CHEM, IND,, 67, 165; 175,

(33) Bonner & Koehler, (1948), J.8,C.8., 70, 415,

(34) Bottle, Gilbert, Greemwood & Saad, (1953), CHEM, & IND,, 541,
(35) Bourne, Haworth, Macey & Peat, (1948), J.C.S., 924.

(36) Bourne, Stacey & Wilkinson, (1960), J,C.S., 2827,

(37) Bouveng & Lindberg, (1958), ACTA, CHEM, SCAND,, 12, 1977,
(38) Brading, Georg—Plant & Hardy, (1954), J.C.S,, 319,

(39) Breddy & Jones, (1945), J.C.8., 738,

(40) Broatch, (1956), PH,D, THESIS, EDINBURGH.

(41) Buchanan, Pereival E,B,, & Percival E,G.V,.,, (1943), J,C.8,, 6l.

(42) Butler & Cretsher, (1929), Jeu,C.S,, 51, 1519,

(43) Cantley, Hough & Pittet, (1969), CHEM, & IND,, 1126,

(44) Challinor, Heworth & Hirst, (1981), J.C.S., 258.

(45) Chenda, Hirst & Percival E.G.V., (1951), J.C.S., 1240.
(46) Chanda, Hirst & Percival L.G.V., (1962), J.C.5,, 1833,
(47) Charlson, Nunn & Stephen, (1955), J.4,C.5., 1428,

(48) Colin & Richard, (1930), BULL, SOC, CHIM, BIOL,, 12, 1392,
(49) Colin & augler, (1933), COMPT, REND,, 197, 423,

(60) Conchie & Percival E,G.V., (1950), J.C.S., 827,

(61) Connell, Hirst & Percival B.G.Ve, (1950), J.C.S., 3494,



- 183 -

(62) Comnell, Hainsworth, Hirst & Jones, (1950a), J.C,S,, 1696,
(63) Cotd, (1959), J.C.S., 2248,

(64) Cotterell & Percival B.G.V., (1942), J.C.S,, 749,

(65) Cowle & Greemwood, (1957), J.C.S,, 2862,

(66) Cowie, Fleming, Greenwood & Manners, (1967a), € & IND,, 634,
(1957a), Ss, .
(19568 ), Se, 697,

(67) Courtois, Keda & Petch, (1958), BULL, S0C. CHIM, BIOL., 40, 2031,
(58) Cronshaw, liyers & Presten, (1958), BIOCHIM, BIOPHYS ACTA, 27, 89,
(69) Cunneen & Smith (1948), J,C.8,, 1141,

(60) Danishefsky, Biber & Carr, (1960), ARCEI %F BIOCHEM ,BIOPHYS.,,
L]

(61) Dewar & Percival E.G.V., (1950), J.C.S., 199%,

(62) Dillon & O'Tauma, (1934), NaTURE, 133, 837,

(63) Dillon & 0'Colla, (1940), NATURE, 145, 749,

(64) Dillom & McKenna, (1950), PROC. ROY, IRISH ACAD,, 53B, 45.
(65) Dillon & 0'Colla, (1951), EROC. ROY, IRLSH ACAD,, 54B, 51,

(66) Dische & Shettles, (1948) BoC,, 178, 595,
' (1949, LB BT avs.

(67 ) Drummond & Pereival E.B,, (19568), CHEM, & IND,, 36, 1088,

(68 ) Edady, Fleming & menners, (1968), J.C,S., 2827,

(69)Erskine & Jones, (1956), CANAD, J, CHEM,, 821,

(70) Ferrer, (19566), PH.D, THESIS LDINBURGH.

(71) Fischer & Dbrfel, (1956), 4 PHYSIOL, CHEM,, 301, 224; 302, 186,
(72) Pisher & Percival H.H,, (1987), J.C.S,, 2666,

(76) Fleming, Hiret & Menners, (1966), J.,C.S8,, 2831,

(74) Fleury & Lange, (1933), J, PHARM, CHIM,, 17, 196,
(76) Fogg, (19563), "THE METABOLISM OF THE ALGAH, METHUEN'S & CO, LTD,

LONDON,



- 184 -

(76) Freudenberg & Raschig, (1929), BER, 62, 673,

(77) Frush & Isbell, (1956), J,4.,C.5,, 78, 2844,

(78) Gee, (1940), IRANS, FARADAY S0C,, 36, 1164,

(79) Geerdes, Lewis & Smith, (1987 ), J.n.C.8,, 79, 4209,
(80) Gilvert, Sthrke, (1958),_ 5, 95.

(81) Gill, Hirst & Jones, (1946), J.,C.S,, 1025,

(82 ) Greenwood, (1966), ADV, CARB, CHEM,,6 383,

(83 ) Greenwood & Thomson, (1959), J, INST, BREW,, 68, 348,
(84) Greenwood & Thomson, (1961), J.C.S,, 1534,

(85) Hagglund, Lindberg & licPherson, (1966), sCTa C SCA
(856) Hawg (1459), ALtn Ciem. Scann. (13, 1250, » "
(86) Hends & Peat, (1938), BaZURE, 142, 797,

(87) Haworth, Peat & Sagrott, (1946), NATRE, 157, 19,

(88) Howard, (1957), BIQCHEM, J., 61, 643,

(89) Head & Hughes, (1962), J,C.8,, 2046,

(90) Higginbotham, (1949), SHIRLEY INST, MEM,, 23, 171.
(91) Hirase & Araki, (1954), BULL, CHEM, SOC. JsPAN, 27, 105; 109,
(92) Hirase, (1967), BULL, CHEM, SUC. JAPAN, 30, 68.

(93 ) Hirst, Jones & Jones, (1939), NoIWRE, 143, 857,

(94) Hirst, Jones & Roudier, (1948), J,0.8,, 1779,

(96 ) Hirst, Hough & Jomes, (1949), J.C.S., 928,

(96) Hirst, (1968), PROC, CHEM, SOC,, 177,

(97) Hobson, Whelan & Peat, (1950), J.C.S5,, 4666,

(98) Hodge, Karjala & Hibbert, (1961), J.s,C.8,, 73, 8312,
(99) Hostettler & Deuel, (1951), HELV, CHIM, ACTA; 34, 2240,
(100) Hough, Jones & Wadman, (1952), J,C.£,., 3393,

(101) Hough & Perry, (1956), GHEM, & IND,, 768,




- 180 -

(102) Iriki & Miwa, (1960), HaTURE, 185, 178,
(103) Irvine & Moodie, (1908), J,.C.S., 83, 95.

(104) Isbell, Frush, Bruckner, Kowkabany & Vampler, (19567),
ANAL. CHim,, 29, 1523,

(105) Johnston, & Percival E.G.V.,, (1950), J,C.S,, 1994,
(106) Jones & Letham, (1954), CHmd, & IND,, 662,

(107) Jones, (1950), JeCeS., 325,

&‘38")) g&“{’id gqsﬁa);r’ur::q,'c'(glbg ):ﬁﬁmmm J., 42, 230,
(109) King, (1960), #»R.D, THESIS, EDINBURGH,

(110) Kuhn, (1955), ANGEW, CHEM,, 67, 32.

(111) Eylin, (1913), 4, PEYSIOL, CHEM,, 83, 171,

(112 ) Laidlaw & Reed, (1962), J, SCI, POCD AGRIC,, 3, 19.
(113) Liddle & Manners, (1957), J.C.S., %432,

(114) Lloyd, (1960), BIOCHEM, J., 75, 478,

(115) Lloyd, Dedgson, Price & Rose, (1961), EI'QOB%, BIOPHYS, ACTa,
08«
(1sa)

Love (Mfér) ,  FPRAT Commoniention.

(116 ) Lowe, (1956), RPH,D, THESIS, SaLFORD,
(117) Lunde, Heen & Oy, (1938 ), KOLLCID Z,, 83, 196,

(118) MoCombd & MeCready, (1952), ANAL, CHEM,, 34, 1630,
(119) Mackie & Percival H.B., (19569), J.C.S., 1151,

(120) Maokie & Percival E,.i,, (1960), J.C.S., 2381,
liackie & Percival E.B., (1961), J.Ce8,, 3010,

(121) Menners, (1956%), aliN, REPORTS, 51, 288,

(122) lanners & VWright, (1960), unpublished work,

(123) Meeuse & XKreger, (1954), BIOCHEM, BIOPHYS, 4CPA,, 13, 593,
(124 ) lieeuse & Kreger, (19569), BIOCH®M, BICPHYS, aCTa,, 35, 26,
(125) Mmeier, (1958), ACTa, CHEM, SCAND,, 12, 144,

(126) Meyer & Bernfeld, (1940), HELV, CHIM, aCTa,, 28, 875,




- 186 -

(127) Monier-Willisms, (1921), J,C.8,, 803,

(128) Morgan & O'Neill, (19569), CANAD, J, CHmM,, 37, 1201,

(129) Mori & Tsuchiya, (1941), J. AGR, CHEM, SOC, JaPaN, 14, 585,
(130) Mori, (195%), ADV, CiRB, CHEM,, 8, 3186,

(181)
(132)
(133)
(134)
(135)
(136)
(137)
(138)
(139)
(140)
(141)
(142)
(143 )
(144)
(145)
(146)
(147)
(148)
(149)
(150)
(151 )
(152)

uuskat, (1934), J.4.€.8., 56, 693,

Nelson & Cretcher, (1930), J.4.C.8,, 62, 430,

Nelson & Perclv&I;E.G.V., (1942), J.C,5,, 58,
Neuberg & Ohle, (1921), BIOCHEM, Z,, 125, 311,
Neufeld & Hassid, (1955), sRUH, BIOCHEM, BIOPHYS., 59, 405,

Nicolai & Preston, (1952), EROC, ROY. S0C, B, 140, 244,
Nordin & French, (1988), J.x.C.S., 8C, 1445,

Nussenbeum & Hassid, (1951), J, BIOL, CHEM,, 180, 673,

Nystrom & Brown, (1947), J.48,C.8,, 69, 1197,

0'Donnell & Percival &£, B,, (1959), J.C.S5,, 1739,

0'Donnell & Percival E,B,, (1959a), J.C,S., 2168,

O'Neill, (1954), J.4.C.8,, 76, 5074,

O'Neill, (1955), Jen.C.S,., 77, 2837,

O'Neill, (19566a), J.4.C. 8., 77, 6324,

O'Neill, Smith & Perlin, (1955b), CANAD, J, CHEM,, 33, 1362.

Peat, (1942), J,C.S5., 226,

Peat, Pirt & Whelan, (2952), J,C.S,, 7056, 714 & 7282,
Peat, whelan & Thomas, (1962a), J.,C.S5,, 4546,

Peat, Whelan & Leawley, (1955), CHEM., & IND,, 35.
Peat & Turvqy, (1969), HATWRE, 179, 262,

Percival E.i., (1954), CHEM, & IND,, 1487,

Percival E.,G,V, & Somerville, (1937), J.C.S,, 1615,



'18?"'

(153 ) Percival E.G.V, & Forbes, (1939), J,C.5,, 1844,

(154) Percival E.G,V., (1944), NATURE, 154, 673,

(155 ) Perocival E.G.V, & Ross, (1949), ,L__,__., 3041,

((gsg)) ;:;2;:1&1:;.;}% cha%g—gf(r‘iéso ), BATRE, 166, 787.
' '

(157 ) Percival £.G.V, & Ross, (l950a), JsC.8., 717,

(158) Pereival E.G,V, & Ross, (1951), J.C.8,, 720,

(169) Perila & Bishop, (1961), CaNAD, J, CHili,, 39, 815,

(160) Peterkin, (1950), J, POLYMER SCI,, 5, 473,

(161 ) Piper & Bernardin, (1988 ), TaPPI,, 41,16,

(162) Pirie, (1936), BLOCEMM, J,, 30, 369,

(163) Potter & Hassid, (1961), J.A.C.S., 18, 593,

(164) Pridhem, (1966), ANAL, CHEM,,6 28, 1967,

{165) Rees, (1961), PRIVATE CQUMUNICATION.

(166) Rees, (1961a), CHEM, & IND., 793,

(167 ) Roudier, (1958), COMP?. REND,, 287, 662.

(168) Schaeffer & Van Cleve, (1966), aNAL, CHEM,,6 28,1290,

(169 ) Schoch, (1942), J.4.C.8., 64, 2957,

(170) Sehogh, Lansky & Kooi, (1949), J.A.CeS., 71, 4066,

(171) seott, (1956), CHmi, & IND,, 1868,

(172) Scott, (1960), MEPHODS BIOCHEM. ANALYSIS, 8, 145,

(173) Semti & Dimler, (1969), FOUD TECHNOL, 13, 663,
073*) Sev Lu&km&.m(.i'.«urﬂm (_4'433) J. B a.CHem, 2 L2s

(174) Smith & Cook, (1953), ARCH, BIOOHml, & BIOPHYS,, 45, 232,
(175) Smith, Goldstein & Unraw, (19569), CHEM, & IND,, 124,
(176) Smith & Unrem, (1959a), CHiM, & IND,, 881,
(177) Smith & Unrau, (1959b), CHEM, & IND,, 636,

(178) Somogyi, (1962), J, BIOL, CHEM,, 195, 19,



- 188 -

(179) Spoehr, (1947), ARCH, BICCHEM,, 14, 153,

(180) Spolter & Marx, (1960), BIOCHIM, BIOPHYS, ACTa,., 38, 123,

(181) Stanford, (1883), CHmM, NEWS, 47, 254,

(182) Steiner & Guthrie, (1944), IND, ENG, CHEM,(ANAL, ED,), 16, 736,
(183) Stephen, (19561), J,C.S., 646,

(184) Stumpf, (1948), J.B,C., 176, 840,

(185) Swenson, lieCready & Maclay, (1946), 1ND, ENG, CH ANAL ;

(186) Thompson & Wolfrom, (195L), J.4,C,S,, 73, 5849,

(187) Thompson, Wolfrom & Quinn, (19563), J,4,C.S5., 176, %003,
(188) Tipson, Christman & Levene, (1959), J, BIOL, CHEM,, 128, 609.
(189) Turvey & Rees, (1961), TURS, 189, 831,

(190) Vincent, (1960), CHEM, & IND,, 38, 1109,

(191) Walker & Whelan, (1960), BIOCHEM, J., 76, 257.

(192) vhistler & Hough, (19563), J,4,C,.8,, 175, 4918,

(193) Whistler, Conrad & Hough, (19564), J.4,C.S., 76, 1668,
(194) White, (1947), J,4.CeB8., 69, 2264,

(196) wiliiams, (1957) PH,D, THESIS, LDINHRGH,.

(196 ) wilson, (1959), ANAL, CHEM,, 21, 1199,

(197) wise, (1945), 1IND, ENG, CHEM, ANAL, ED,, 17,6 63,

(198) viise, (1946), IND, ENG, CHEM,(ANAL,ED,), 290,

(199) Wold, (1961), PRIVATE COMMUNICATION.

(200) Wolff, Hofreiter, Watson, Deatherage & lacmasters, (1965),
Johs0e8,, 17, 1684,

(201) wolfrom & Georges, (1937), J,a.C,8., 59, 602,
(202) volfrom, Iyree, Galkoweki & O'Neill, (1951), J.h.C.S., 13, 4927,




- 189 -

(203) Wolfrom & Thomson, (1955), J.4,C,8,, 77, 6403,
(204) wWolstenholme & O'Conner, (1958), CIBa FCUNDATIONS SYMPOSIUM,

"CHEMISTRY AND BIOCLOGY OF MUCOPOLYSACCHARIDES", QHEEO&LL,

(205) wright, (1960), PH,D, THESIS, BEDINBURGH,



ACKNOWLEDGMENT §

The author wishes to record his thanks to Professor
BE.L, Hirst, F,R.S., for his interest in this work., He also
wishes to express his sincere gratitude to Dr; E.E. Percival
under whose supervision the experimental work was carried out,
In conclusion, the author is indebted to the Department
of Sclentific and Industrial Research whose financial

assitance made this research programme possible,



